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• PACKAGE INFORMATION 
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PACKAGE INFORMATION 

• Dual·in·line Plastic 

·Dp·22N 
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• Dual-ln-Iine Plastic 

• DP-28C 
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PACKAGE INFORMATION 
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PACKAGE INFORMATION 

• Zigzag-in-line Plastic 

• ZP-20 
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PACKAGE INFORMATION 

• Flat Package (J-bend Leads) Unit: mm (inch) Scale 3/2 
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PACKAGE INFORMATION 
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• RELIABILITY OF HITACHIIC MEMORIES 

1. STRUCTURE 
IC memories are basically classified into bipolar type and 
MaS type and utilized effectively by their characteristics. 
The characteristic of bipolar memories is high speed but 
small capacity, instead, MaS memories have large capacity. 
There are also differences in circuit design, layout pattern, 
degree of integration, and manufacturing process. These 
memories have been produced with the standardized con
cept of design and inspection all through the processes of 
designing, manufacturing and inspection. 

• Table 1. Basic Cell Circuit of IC Memories 

Classification 

Application 

Example of 
basic cell 
cirCUit 

Bipolar memory 
(RAM) 

Bipolar memory 
(PROM) 

Microcomputer 
control use 

Dies of IC memories are produced in various packages. In 
this process of packaging, Hitachi has also innovated new 
techniques and ensured to high level. As packages for IC 
memories, cerdip (glass-sealed) packages and plastic pack
ages are currently used. Also such packages as LCC (Lead
ess Chip Carrier) or SOP (Small Outline Package) have been 

• Table 2. IC Memory Package Outline 

• Cerdip 
• I6-Pin • IS-Pin 

~ ~ 
300G16 

3DOG18 

IC memories are constituted by the unit patterns called cells, 
which are integrated in high density. The knowhows based 
on our experience have been applied in every production 
stage. In addition, reliability has been ensured using TEG 
(Test Element Group) evaluation. Examples of cell circuits of 
bipolar and MaS memories are shown in Table 1. 

NMOS memory 
(Dynamic RAM) 

Main memory of compuler, 
microcomputer memory 

I--

NMOS memory 
(PROM) 

For 
microcomputer 
control 

0137-16 

developed for high density packaging. Cerdip packages 
sealed hermetically are suitable equipment requiring high re
liability. Plastic packages are widely applied to many kinds of 
equipment. Hitachi plastic packages have improved the reli
ability level as highly as that of the hermetically sealed pack
ages. Table 2 shows the outlines of the Hitachi packages. 

·20-Pin ·24-Pin 

~ 
3DDG20N 

3DDG24N 

$ HITACHI 
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Reliability of Hitachi IC Memories -------------------------_ 

• Cerdip (continued) 

-28-Pin with Lid 

• Plastic DIP 

-I6-Pin 

3DDP168 

- 24-Pin 

• Leadless Chip Carrier 

- 20-Pin 

-24-Pin 

•• 3DFP240 

3DDP24N 

3DCG20 

300028 

-I8-Pin 

" 3DOP188 

- 28-Pin 

- 22-Pin 

• PLCC 
- 28/32-Pin 

3DFP28D 

eHITACHI 

-20-Pin 

3DDP28 

3DCG22A 

-32-Pin with Lid 

3DDP20N 

-24-Pin 

- 28-Pin 

- 24-Pin 

~ 
~ 

300032 

3DDP24A 

3DDP28N 

3DCG24 

- I8-Pin - 20/26/28/32-Pin 

• 3OCP18 

30CP20D 
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2. RELIABILITY 

Results of reliability tests are listed below 

2.1 Reliability Test Data on Bipolar Memories 

The reliability test data on the bipolar memories are shown 
in Table 3 and 4. Since they are manufactured under the 

• Table 3. Results on Bipolar Memory Reliability Test (1) 

HMI0480-IS 

Test Item Test Sam-
Total 

Fail-
Failure 

Conditions pies 
Component Rate' 

Hours 
ures 

(I/Hr) 

High-
TA = 12S·C C.R. I/H 

Reliability of Hitachi IC Memories 

standardized design rules and quality control, there is no dif
ference in reliability among the various types. And the larger 
the capacity is, the higher the reliability per bit becomes. 

HM2144CG 

Test Sam-
Total 

Fail-
Failure 

Conditions pies 
Component Rate' 

Hours 
ures 

(l/Hr) 

TA = 12S·C C.H. l/H Temperature 340 0 120 0 
(Operating) VEE = -S.2V 3.4 x 105 2.7x 10- 6 VEE = -S.2V 1.2 x 105 7.7xlO- 6 

High-Temp 
TA = 2OO·C 3S1 3.S1 x 105 0 2.6x 10- 5 TA = 2OO·C 120 1.2 x 105 0 7.7x 10- 6 

Storage 

, Confidence level 60% 

• Table 4. Results on Bipolar Memory Reliability Test (2) 

HMI0480-IS HM2144CG 
Test Item Test Conditions 

Samples Failure Samples Failures 

Temperature Cycling - SS·C to + ISO·C, 10 Cycle 160 0 180 0 

Soldering Heat 260·C, 10 Seconds 3S 0 22 0 

Thermal Shock O·C to + lOOOC, 10 Cycles SO 0 SO 0 

Mechanical Shock ISOOG, O.S ms, Three Times Each for X, Y and Z 30 0 22 0 

Variable Frequency 100 to 200 Hz, 20G, Three Times Each for X, Y and Z 40 0 22 0 

Constant-Acceleration 20000G, I Minute, Each for X, Y and Z 

2.2 Reliability Test Data on Hi-BiCMOS Memory 

Hi-BiCMOS memory is newly designed based on the latest 
fine machining technologies (2m ~ 1 m), which features low 
electric consumption/high integrity by CMOS and high 
speed/high drivability by bipolar. This device also attains 
high speed close to ECl and low electric consumption as 
CMOS. Input and output level supports both ECl and TIL. 
Reliability test data of HM100490-15 (64k-words x l-bit) and 

• Table 5. Results on Hi-BiCMOS Memory Reliability Test (1) 

Test 
HMl00490-IS (Cerdip) 

Test 
Item Test 

Samples 
Total Test 

Failures 
Failure Item 

Conditions Time Rate 

High-

40 0 22 0 

HM6788P-25 (16k-words x 4-bits) are listed in Table 5 and 
Table 6. 

The above shows the sufficient reliability of high speed 
Hi-BiCMOS in the normal use with some limitations consid
ered from its own circuit composition. For further informa
tion, see each data sheet. Besides the caution points with 
CMOS and bipolar device, avoid abnormal use as in de
formed or slow wave form which causes malfunction and 
latch up. 

HM6788P-2S (Plastic) 

Test Total Test 
Failures 

Failure Remarks 

Conditions 
Samples 

Time Rate 

High-
Tempera-

'I 
ture TA = 12S·C C.H. I/H 

Tempera- Pulse Vee = S.OV 
420 

4.2 x 105 
1*1 

4.8x 10- 6 Foreign 

ture TA = 12S·C 
380 

C.H. 
0 l/H Opera- Matter 

Pulse VEE = -4.5V 3.8 x 105 2.4 x 10- 6 tion 
Opera-
tion Moisture 

8S·C8S% RH 
Endur-

SV 
210 2.1 x 105 0 4.8xlO- 6 

ance 

High-
Pressure Temp. TA = 2000C 330 3.3 x 105 0 3.0x 10- 6 121·C 100% RH 80 0.16 x 105 0 6.3x 10- 5 

Storage Cooker 

~HITACHI 
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• Table 6. Results on Hi-BiCMOS Memory Reliability Test (2) 

Test Item Test Conditions 
HM100490-15 (Cerdip) HM6788P-25 (Plastic) 

Samples Failure Samples Failure 

Temperature Cycling - 55·C- - 150·C 100 Cycles 180 0 180 0 

Soldering Heat 250·C 10 Seconds 22 0 22 0 

Thermal Shock O·C - 100·C 10 Cycles 50 0 50 0 

Mechanical Shock 1500G, 0.5 ms Three Times Each for X, Y and Z 22 0 - -

Variable Frequency 100 - 200 Hz, 20G Three Times Each for X, Y and Z 22 0 - -

Constant Acceleration 20000G, I Minute Each for X, Y and Z 22 0 - -

2.3 Reliability Test Data on MOS Memories 

2.3.1 Reliability Test Data on MOS DRAM and SRAM 

Table 7 and Table 8 shows the reliability test data on the 
representative types of 1M DRAM (HM511000/HM514256), 
256k SRAM (HM62256) 1M SRAM (HM628128FP). 

The life test is performed at high temperature and high volt
age to evaluate the reliability of products using fewer sam
ples. A" failures are caused in manufacturing process, so we 
feedback the data into manufacturing process to improve 
the quality and reliability. 

• Table 7. Reliability Data on 1M DRAM 

HM511000P/HM514256P HM511000JP/HM514256JP 

Test 
Series (DIP) Series (SOP) 

Test Item 
Conditions Failure Failure Remarks 

Sam- Total Fail-
Rate' 

Sam- Total Fail-
Rate' 

pies Test Time ures 
(VHr) 

pies Test Time ures 
(l/Hr) 

High- 125·C/5.5V 300 6.00 x 105 0 1.53 x 10- 6 200 4.00 x 105 0 2.30x 10- 6 

Temperature 125·C/7V 1252 4.50 x lOS I' 4.48 x 10- 6 3186 9.34 x 105 0 9.85 x 10- 7 

Pulse Operations 150·C/7V 200 4.00 x 105 0 2.30 x 10- 6 200 4.00 x 105 0 2.30x 10- 6 'I 

Moisture 85°C 85% RH Oxide Film 

Endurance 5.5V 
420 8.40 x 105 0 1.10 x 10- 6 682 1.36 x 106 0 6.74 x 10- 7 Failure xl 

Pressure 121·C/100% 
150 4.50 x 1()4 0 2.04 x 10- 5 200 6.00 x 104 0 

1.53 x 10- 5 
Cooker RH 

'Confidence level 60% 

• Table 8. Reliability Data on 256k and 1M SRAM 
~-

HM62256FP (SOP) HM628128FP (SOP) 

Test Item 
Test Failure Failure Remarks 

Conditions Sam- Total FaIl-
Rate' 

Sam- Total Fail-
Rate' 

pies Test Time ures 
(l/Hr) 

pies Test Time ures 
(l/Hr) 

High- 125·C/5.5V 3088 3.11 x 106 0 8.88 x 10- 7 1038 1.04 x 106 0 8.86xlO- 7 

Temperature I 25·C/7V 455 4.55 x 105 0 2.02 x 10- 6 951 5.33 x 105 1'1 3.79 x 10- 6 'I 

Pulse Operation 1500C/7V 103 1.00 x 105 ]*1 2.02 x 10- 5 80 1.60 x 105 0 5.75x 10- 6 
Foreign x 2 

Moisture 85·C/85% 
680 6.80 x 105 0 1.35 x 10- 6 127 2.54 x 105 0 3.62 x 10- 6 '2 Leak x I 

Endurance RH7V 

Pressure 121·C/lOO% 
320 6.40 x 1()4 1*2 3.16xlO- 5 90 2.70 x 104 0 3.41 x 10- 5 

Cooker RH 

'Confidence level 60% 
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2.3.2 Reliablity Test Data on EPROM 

EPROM has two types; conventional EPROM with transpar
ent window and one time programmable ROM (OTPROM) 
packaged in plastic package. Table 9 shows reliability test 

• Table 90 Reliability Data on 512k and 1M EPROM 

HN27S12 (Cerdip/Plastic) 

Test Item 
Test Failure 

Conditions Sam- Total Fail-
Rate" 

pies Test Time ures 
(I/Hr) 

Reliability of Hitachi IC Memories 

data on the representative EPROM types 512k EPROM 
(HN27512, HN27512P), 1M EPROM (HN27Cl0l, 
HN27C301). 

HN27CIOI/HN27C301 

Failure Remarks Sam- Total Fail-
Rate" 

pies Test Time ures 
(I/Hr) 

High- 12soCIS.SV 200 3.72 x 105 0 2.47 x 10- 6 180 3.24 x 105 0 2.84x 10- 6 
Temperature 

125°CI7V 530 7.95 x 105 0 1.16x 10- 6 327 6.54 x 105 0 1.41x10- 6 
Operation "I 

High- 175°C 260 4.91 x 105 0 1.87 x 10- 6 150 7.5 x 105 0 1.23 x 10- 6 Data 

Temperature 200"C 240 3.72 x 105 1*1 5.43 x 10-6 130 6.49 x 105 1*1 3.11 x 10- 6 Dissipation x 49 

Bake 2500C 180 1.89 x 105 7*1 4.44 x 10- 5 110 3.07 x lOS 40*1 1.30x4O- 4 

Moisture 85°C/85% 
290 5.22 x 105 0 1.76 x 10- 6 

Endurance RH5.5V - - - -
Dataof512k 

Pressure 121°C/loo% 0.10 x 105 9.20 x 10- 5 
OTPROM 

Cooker RH 
50 0 - - - -

• Confidence level 60% 

The failure shown in Table 9 is due to the data dissipation in 
memory cells. Getting thermal energy, electrons in memory 
cells are activated and go through the floating gate. In actu
al usage, however, it has no problem because this phenom
enon depends on temperature (about 1.0 eV of activated en
ergy) greatly. The moisture resistance of OTPROM is also 
satisfactory. 

Table 10 shows the example of PROM derating. When de
rating, the parameter is generally only the temperature be
cause other operating conditions are specified. Especially to 
lower the junction temperature during mounting is important 
for stabilizing the operation relative to access time, refresh 
time and other characteristics. 

• Table 100 Example of HN27C101/HN27C301 Derating 

Factor Temperature 

Failure Criteria 
Electrical Characteristics, 
Function Test 10' 

Failure Mechanism 
Increase of Leak Current / and Others 

10' 

/ Results: 
The result from high temperature baking of PROM 

! 10' 
is shown in the right figure. 1 ~ 

::I 10' 
f 

10' 

/ 10' 

h~ p ~ ~ g p 

~ 10' ~ "j i i ~ 
15 20 25 3.0 3.5 

lOOITJ (OK-') 

0137-1 

Note: Decreasing junction temperature shown in the figure will promise the higher reliability. The junction temperature can be calculated by 
a formula: Tl = TA + 61A ·P161A in about lOO"C/W with no airflow and about 60 to 700C/Wwith 2.5 mls air flow. 
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2.3.3 Reliability Data on MASK ROM 

Table 9 shows the reliability test data on 2M and 4M bit 
MASK ROM. MASK ROM is patterned according to ROM in-

• Table 11. Reliability Data on 2M and 4M MASK ROM 

HN62412P (plastic) 

Test Item Test 
Conditions Sam- Total Fail-

pies Test Time ures 

High.Temp. 12S·C/S.SV - - -
Pulse 

formation in manufacturing process, so data dissipation isn't 
occurred in high temperature like EPROM and EEPROM. 

HN62404P (plastic) 

Failure Failure Remarks 
Rate· Sam- Total Fail- Rate· 
(11Hr) pies Test Time ures (l/Hr) 

- 200 4.0 x 105 0 2.3x 10- 6 

Operation 12S·CI7V 120 1.2 x lOS 0 7.67 x 10- 6 300 3.0x 105 0 3.0xlO- 6 

Moisture 8S·C/8S% 120 1.2 x lOS 0 7.67 x 10- 6 120 1.20 x lOS 0 7.67 x 10-6 
Endurance RHS.SV 

Preasure 121·C/ 
45 2.3 x 1()4 0 4.1xlO-S 45 2.3 x 1()4 0 4.1xlO-S 

Cooker l00%RH 

·Confidence level 60% 

2.3.4 Reliability Data on MOS Memory (The result of 
environment test) 

Table 12 shows examples of each environment test data. 
They show good results without any failure even in severe 
environment. 

VTH of MOS transistor is one of the basic process parame
ters in MOS memory, which has almost no change using 
surface stabilization technology and clean process. Figure 4 
shows the examples of time changes for 1M DRAM; Voo 
min. (Vm,n> and access time (tRAcl in high temperature pulse 
test. 

• Table 12. Reliability Data on MOS Memories 

HMSllOOOP HMSllOOOJP HM622S6FP HM62128FP EPROM 

Test Item Test Conditions 
(DIP) (SOl) (SOP) (SOP) (Cerdip) 

Remarks 
Sam- Fail- Sam· Fail- Sam- Fail- Sam- Fail- Sam- Fail-
pies ures pies ures pies ures pies ures pies ures 

Temperature Cycling - SS·C to ISO"C 
3755 0 2786 0 3328 0 710 0 2790 0 10 Cycle 

Temperature Cycling - SS·C to ISO"C ISO 0 200 0 482 0 105 0 450 0 500 Cycle 

Thermal Shock - 6S·C to ISO"C 77 0 100 0 76 0 77 0 80 0 :S Cycle 

Soldering Heat 260·C, 22 0 22 0 22 0 22 0 22 0 10 Seconds 

Mechanical Shock I,SOOG, 0.5 ms 38 0 

Variable Frequency 100 to 2,000 Hz 200 38 0 

Constant-Acceleration 6000G 38 0 ·6,000G 

• HITACHI 
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2.4 Change of Electrical Characteristics on IC 
Memory 

The degradation of leBO and hFE are the main factors of 
degradation in inner cell transistor of bipolar memory. In ac-

Example 

Device Name HMl0480-15 

Test Conditions TA = 125°C, VEE = -5.2V 

Failure Criteria tAA = 15ns 

Failure Mechanism Surface Degradation 

Results: 
Access time is stabilized. 

Reliability of Hitachi IC Memories 

tual element designing, however, it is designed to operate in 
the range at which no degradation happen. Therefore no 
change of characteristics including access time are ob
served. Time dependence in access time for HM10470 are 
shown in Figure 1. 

Example of Time Change in Access Time for Bipolar Memory 

Test Condition 
20 V .. =-5.2V 2 MaxImum Ta=2S't Average 

MarchIng Patlern Minimum 

15 
M 
c -.. 
~ ."! 

10 

5 ,.. 
I I I l' 0 500 1,000 2.000 

T,me 'hrl 

0137-2 

.. 
Figure 1. Time Change in Access Time for Bipolar Memory 

Example Example of Time Change in Access Time for Hi-BiCMOS Memory 

Device Name HMl00490 

Test Conditions TA = 125°C, VEE = -4.5V 
All Bit Scanning T.Cooiooiao 

20 V .. =-4.5V Failure Criteria tAA = 15ns Ta=25't 2 ~ .. ,.,. 
Failure Mechanism Surface Degradation MIrC~I'" P.lltrn 

\\erll' 
\lInlnlum 

Results: 15 
Access time is stabilized. .. 

.5 

~ c 
c 

10 

5 

L I I I I 0 500 1,000 2,000 

T,me 'hrl 

0137-3 

Figure 2. Ttme Change m Access Time for HI-BICMOS Memory 
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Example Examples of Time Change in Vee Min and tAA for Hi-BiCMOS Memory 

Device Name HM6788P-2S 

Test Conditions TA = 12S·C, VEE = S.OV 5 
AU Bit Scanning 

Failure Criteria Vee = 4.SV, tAA = 2S os 
~ 4 

~ > 
-;; 3 

Failure Mechanism Surface Degradation E 
Results: II 2 Test Condition > V -5V 2 Maximum 
Both of Vee (min) and tAA arestabi1ized. 1 CC- Average 

ra=25'C Minimum 
0 Marching Pattern 

0 SOO 1.000 2.000 

Tlma (hr) 

'30 
Test Condition 
Same as above 

25 

.5 
~ = - 20 

15 
~ 

0 500 1.000 2.000 

T1me (hr) 
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Figure 3. Time Change In V CC Min and tAA for Hi-BICMOS Memory 

Example Example of Time Change in VDD Min and 
tRAe for MOS Memory 

Device Name HMSllOOOP 

Test Conditions TA = 12S·C, Vee = 7V 
AU Bit Scanning 5 

Fru1ure Criteria VDD = 4.SV, AVDD = 1.0V • 
Failure Mechanism Surface Degradation e ~ Q ~ ~ • Results: I 
Access time (tAA> is stabilized and is within the failure oJ 2 Test Condition Maximum criteria. Mar.bins pattern i Average 

1 ~:.~c. Minimum 

0 

0 500 J,OOO 2.000 
Time (br) 

110 Test Condition 
Same as above 

100 

1 90 

Note: Test Accuracy is O.2V, 2 ns. jlO t I I I 10 

10 

0 SOD 1.000 1,000 

Time (br) 
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Figure 4. Time Change in VDD Min and tRAC for MOS Memory 
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2.5 Failure Mode Rate 

Figures 5 and 6 show examples of failure more happened in 
users' application. Since IC memories require the finest pat
tern process technology, the percentage of failures, such as 
pinholes, defects on photoresist and foreign materials, tends 
to increase. To eliminate the defects in the manufacturing 

0197-6 

Figure 5. Failure Mode Rate of Bipolar Memory 

3. RELIABILITY OF SEMICONDUCTOR DEVICES 

3.1 Reliability Characteristics for Semiconductor 
Devices 

Hitachi semiconductor devices are designed, manufactured 
and inspected so as to achieve a high level of reliability. Ac
cordingly, system reliability can be improved by combining 
highly reliable components along proper environmental con
ditions. This section describes reliability characteristics, fail
ure types and their mechanisms in terms of devices. First, 
semiconductor device characteristics are examined in light 
of their reliability. 

(1) Semiconductor devices are essentially structure sensitive 
as seen in surface phenomenon. Fabricating the device 
requires precise control of a large number of process 
steps. 

(2) Device reliability is partly governed by electrode materials 
and package materials, as well as by the coordination of 
these materials with the device materials. 

(3) Devices employ thin-film and fine-processing techniques 
for metallization and bonding. Fine materials and thin film 
surfaces sometimes exhibit physically different character-
1st�cs from the bulks. 

(4) Semiconductor device technology advances drastically: 
Many new devices have been developed using new pro
cesses over a short period of time. Thus, conventional 
device reliability data cannot be used in some cases. 

Reliability of Hitachi IC Memories 

process, Hitachi has improved the process and performed 
100% burn-in screening under high temperature. Hitachi has 
been collecting and checking customers' process-data and 
marketing data for higher reliability of our products. To ana
lyze them is very helpful for the improvement of designing 
and manufacturing. 

0137-7 

Figure 6. Failure Mode Rate of MOS Memory 

(5) Semiconductor devices are characterized by volume pro
duction. Therefore, variations should be an important 
consideration. 

(6) Initial and accidental failures are only considered to be 
semiconductor device failures based on the fact that 
semiconductor devices are essentially operable semiper
manently. However, wear failures caused by worn materi
als and migration should also be reviewed when elec
trode and package materials are not suited for particular 
environmental conditions. 

(7) Component reliability may depend on device mounting, 
conditions for use, and environment. Device reliability is 
affected by such factors as voltage, electric field 
strength, current density, temperature, humidity, gas, 
dust, mechanical stress, vibration, mechanical shock, 
and radiation magnetic field strength. 

Rudom fadure NIlan 
: Constant future rate. (m = 1) 

Tunl! (t) 

I 
I 
1m. Welbull dlstnbuboD 
1 form parameter 
I 
I 

i 
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Figure 7. Typical Failure Rate Curve 
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Device reliability is generally represented by the failure 
rate. "Failure" means that a device loses its function, in
cluding intermittent degradation as well as complete de
struction. 

Generally, the failure rate of electric components and 
equipment is represented by the bathtub curve shown in 
Figure 7. For semiconductor devices, the configuration 
parameter of the Wei bull distribution is smaller than 1, 
which means an initial failure type. Such devices ensure 
a long lifetime unless extreme environmental stress is 
applied. Therefore, initial and accidental failures can be
come a problem for semiconductor devices. Semicon
ductor device reliability can be physically represented as 
well as statistically. Both aspects of failures have been 
thoroughly analyzed to establish a high level of reliability. 

3.2 Failure Types and Their Mechanisms 

3.2.1 Failure Physics 

Failure physics is, in a broad sense, a basic technology of 
"physics + engineering". It is used to examine the physical 
mechanism of failures in terms of atoms and molecules to 
improve device reliability. This physical approach was intro
duced to the reliability field with the demand for minimized 
development cost and period, as technology rapidly devel
oped and system performance increased, requiring more 
complex and higher levels of reliability. These conditions de
rived from the development of solid state physics (semicon
ductor physics) after World War II and associated device de
velopment. Failure physics have been employed to: 

1) Detect failed devices as soon as possible 

2) Establish models and equation used for failure prediction 

3) Evaluate reliability in short periods by accelerated life test 

The purpose of the failure physics approach is to contribute 
to reliability related fields such as product design, prediction, 
test, storage and usage by adding physics as a basic tech
nolog~ to conventional experimental and statistical ap
proaches. 

3.2.2 Failure Types and Their Mechanism 

Device failures are physically discussed in this section. 
Semiconductor device failures are basically categorized as 
disconnection, short-circuit, deterioration and miscellaneous 
failures. These failures and their causes are summarized in 
Table 11. Typical failure mechanisms are reviewed next. 

(1) Surface Deterioration 

The pn junction has a charge density of 1014 - 1020/cm3. 
If charges exceeding the above density are accumulated on 
the pn junction surface, particularly adjacent to a depletion 
layer, electric characteristics of the junction tend to be easily 
varied. Although the surface of such devices as planar tran
sistors is generally covered with a Si02 film and is in an in
active state, the possibility of deterioration caused by sur
face channels still exists. Surface deterioration depends 
heavily on applied temperature and voltage and is often han
dled by the reaction model. 

One example of recent failures is surface deterioration 
caused by hot carriers. Hot carriers are generated when 
such devices as MaS dynamic RAMs are operated at a 

voltage near the minimum breakdown voltage BVos by rais
ing internal voltage and when a strong electric field is estab
lished near the MaS device's drain resulting from reduced 
device geometry from 2 ",m to 0.8 ",m. Generated hot carri
ers may affect surface boundary characteristics on a part of 
the gate oxide film, resulting in degradation of threshold volt
age (VTH) and counter conductance (gm). Hitachi devices 
have employed improved design and process techniques to 
prevent these problems. However, as process becomes fin
er, surface deterioration may possibly become a serious 
problem. 

(2) Electrode-Related Failures 

Electrode-related failures have become increasingly impor
tant as multi-layer wiring has become more complicated. No
ticeable failures include electro-migration and AI wiring cor
rosion in plastiC sealed packages. 

<D Electromigration 

This is a phenomenon in which metal atoms are moved by a 
large current of about 106 AI cm2 supplied to the metal. 
When ionized atoms collide with current of about scattering 
electrons, an "electron wind" is produced. This wind moves 
the metal atoms in the opposite direction from the current 
flow, which generates voids at a negative electrode, and hil
lock and whiskers at an oppOSite one. The generated voids 
increase wiring resistance and cause excessive currents to 
flow in some areas, leading to disconnection. The generated 
whiskers may cause shortcircuits in multi-metal line. 

@ Multi-Metal Line Related Failures 
Major failures associated with multi-metal line include increased 
leak currents, shortcircuits caused by a failed dielectric interlay
er, and increased contact metal resistance and disconnection be
tween metal wirings. 

@ AI Line Corrosion and Disconnection 

When Plastic encapsulated devices are subjected to high
temperatures, high-humidity or a bias-applied condition, AI 
electrodes in devices can cause corrosion or disconnection 
(Figure 8). Under high-temperature and high-humidity, corro-
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Figure 8. Categorized Al Corrosion Mode 
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sions are randomly generated over the element surface. 
However, after an extended period of time, the corrosions 
have not significantly increased. Accordingly, this failure is 
possibly due to an initial failure associated with manufactur
ing. It is also verified that this type of failure can be generat
ed when the adhesion surface between an element and res
in is separated or when foreign materials are attached to the 
element with human saliva. Under a bias-applied, high-tem
perature, high-humidity condition, on the other hand, corro
sions are generated in higher potential areas while in lower 
potential areas, grain corrosion occurs. Once this failure oc
curs in part of a device, the device can become worn out in 
a relatively short time. This failure proves to depend on the 
hydroscopic volume resistivity of sealed resin. The AI line 
corrosion mechanism described above is summarized in Fig
ure 9. 

Figure 9. Plastic Package Cross Section 
and AI Corrosion Mechanism 

(3) Bonding Related Failures 

<D Degradation Caused by Intermetallic Formation 

0137-10 

Bonding strength degradation and contact resistance in
crease are caused by compounds formed in connections be
tween Au wire and AI film or between Au film and AI Wire. 
These are the most serious problems in terms of reliability. 
The compounds are formed rapidly during bonding and are 
increased through thermal treatment. Consequently, Hitachi 
products are subjected to a lower-temperature, shorter-peri
od bonding whenever possible. 

® Wire Creep 

Wire creep is wire neck destruction in an Au ball along an 
integranular system occurring when a plastiC sealed device 
is subjected to a long-term thermal cycling test. This failure 
results from increased crystal grains due to heat application 
when forming a ball at the top of an Au wire, or from an im
purity introducing to the intergranular system. Bonding under 
usual conditions with no loop configuration failures does not 

Reliability of Hitachi Ie Memories 

cause this failure unless a severe long-term thermal cycling 
test is applied. Accordingly, wire creep is not a problem in 
actual usage. 

@ Chip Crack 

With the increase in chip size associated with the increased 
number of incorporated functions, more problems have been 
occurring during assembly, such as chip cracks during bond
ing. Bonding methods include Au-silicon eutectic, soldering 
and Ag-paste. Soldering and Ag-paste exhibit few chip crack 
problems. For Au-silicon eutectic, in contrast, large stress is 
applied to a pellet due to its strength and high temperature 
resistance for attachment, which may result in critical chip 
defects. Today, the chip destruction limit can be determined 
by finite-element analysis and by distortion measurement us
ing a fine accuracy gauge. Ideally, Au-silicon eutectic should 
be evenly applied over the entire surface. However, this is 
difficult due to the existence of a silicon oxide film on the 
silicon back surface. Therefore, specifications for Au-silicon 
eutectic have been established based on stress analysis 
and thermal cycling test results. 

@) Reduced Maximum Power Dissipations 

For power devices, heat fatigue due to thermal expansion 
coefficient mismatch among different materials deteriorates 
thermal resistance. This results in decreased maximum pow
er disSipations. 

(4) Sealing Related Failures 

Hermetic sealing packages, including metal, glass, ceramic, 
and all other types, have the possibility of the following fail
ures. 

1. AI line corrosion on the chip surface due to slight mois
ture and reaction between the different ionized materials. 

2. Intermittent moving foreign metals short 

3. AI line corrosion due to extraneous H20 caused by her-
metic failure 

Moving foreign matter, even if it is a non-active solid, can be 
charged up within a cavity during movement, thereby induc
ing parasitic effects and metal shorts. The foreign matter de
tection method is specified by MIL-STD-883C, PIND (Particle 
Impact Noise Detection) Test. The PIND test consists of fil
tering a particle impact waveform (ultrasonic waveform), de
tecting it with a microphone, and then amplifying. 

(5) Disturbance 

<D Electrostatic Discharge Destruction 

Destruction caused by electrostatic discharge is a problem 
common to semiconductor devices. A recent report intro
duced three modes of this failure; the human body model, 
charged device model and field induced model. 

The human body is easily charged. A person just walking 
across a carpet can be charged up to 15000V. This voltage 
is high enough to destroy a device. An equivalent circuit of 
the human body model is shown in Figure 10. The human 
body's capaCitance Cb and resistance Rb are 100 to 200 pF 
and 1000 to 20000, respectively. Assuming a body is 
charged with 2000V, the dissipated energy is obtained as 
follows: With a time constant of 10-7 sec, the dissipated 
energy is 2 KW, which is enough to destroy a small area of 
a chip. 
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Figure 10. An Example of Moisture Resistance 
by High Temp. and High Humidity and Bias 
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Figure II. Relationship between Temperature 
and Time to 1% Failure (RH = 85%) 

r~~ 
Cb _. Human Body Capacity 
JIb - Human Body Resistance 
JU -- Device Resistance 
II< - Resistance Between Device and Ground 
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Figure 12. Equivalent Circuit of Human Body Model 

In the charged device model, charges are accumulated in a 
device, not a human body, and discharged through contact 
resistance during a short time. The equivalent circuit of this 
model is shown in Figure 13. Device size and device posi
tion relative to GND are important parameters in this model 
since the model depends on device capacity. 
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Figure 13. Equivalent Circuit of Charging Model 

In the field induced model a device is left under a strong 
electric field or is affected by neighboring high voltage mate
rial. Since the capacitor of device or lead of device acts like 
an antenna, the following cases will possibly cause destruc
tion. 1) a device is incorporated into a high electric field 
such as a CRT, 2) a device is left under a high frequency 
electric field and 3) a device is moved with a container 
charged at high voltage, such as a tube. 

@ Latch Up 

Latch up is a problem unique to CMOS devices. This prob
lem is a thyristor phenomenon caused by a parasitic PNP or 
NPN transistor formed in the CMOS configuration. Latch up 
occurs when an accidental surge voltage exceeding a maxi
mum rating, a power supply ripple, an unregulated power 
supply and noise is applied, or when a device is operated 
from two sources having different set-up voltages. These 
cases can cause input or output current to flow in the oppo
site direction from usual flow, which triggers parasitic thyri
stors. This results in excessive current flowing between a 
power supply and ground. This phenomenon continues until 
the power is off or the flowing current is forced to be re
duced to a certain level. Once latch up occurs in an operat
ing device, the device will be destroyed. 
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Much effort should be made in designing circuits to prevent 
latch up. Latch up triggering input or output currents start to 
flow under the following conditions. 

Vin < Vee or Vin < GND for input level 

Voul > Vee or VOUI < GND for input level 

Therefore, circuits should be designed so that no forward 
current flows through the input protection diodes or output 
parasitic diodes. 

@) Soft Errors 

When a particles are generated from uranium or thorium in 
a package the silicon surface of an LSI chip, electron-hole 
pairs are formed which act as noise to data lines and other 
floating nodes, causing temporary soft errors. This phenom
enon is shown in Figure 14. Only electrons from among the 
electron-hole pairs are only collected to a memory cell. As a 
result, the cell changes from a state of 1 to 0, which is a 
soft error. 

Hitachi devices have been subjected to simulation and irradi
ation tests to prevent soft errors. In some cases, organic 
material, PIQ, is applied to the surface of the device. 

• Table 13. Failure Causes and Mechanism 

Failure Related Causes 

Passivation Surface Oxide Film, 
Insulating Film between Wires 

Metallization Interconnection, 
Contact, Through Hole 

Connection Wire Bonding, Ball Bonding 

Wire Lead Internal Connection 

Diffusion, Junction Junction Diffusion, Isolation 

Die Bonding Connection between Die 
and Package 

Package Sealing Packaging, Hermetic Seal, 
Lead Plating, Hermetic Package and 
Plastic Package, Filler Gas 

Foreign Matter Foreign Matter in Package 

Input/Output Pin Electrostatistics, 
Excessive Voltage, Surge 

Disturbance a Particle 

High Electric Field 

Reliability of Hitachi IC Memories 

a 
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Figure 14. Soft Error Caused by 
a Particles in Dynamic Memory 

Failure Mechanisms Failure Modes 

Pin Hole, Crack, Uneven Withstanding Voltage 
Thickness, Contamination, Reduced, Short, Leak 
Surface Inversion, Current Increased, 
Hot Carrier Injected hFE Degraded, Threshold 

Voltage Variation, Noise 

Flaw, Void, Mechanical Damage, Open, Short, Resistance Increased 
Break Due to Uneven Surface, 
Non-ohmic Contact, Insufficient 
Adhesion Strength, 
Improper Thickness, 
Electromigration, Corrosion 

Bonding Runout, Open, Short 
Compounds between Metals, Resistance Increased 
Bonding Position Mismatch, 
Bonding Damaged 

Disconnection, Sagging, Short Open, Short 

Crystal Defect, Withstanding Voltage 
Crystallized Impurity, Reduced, Short 
Photo Resist Mismatching 

Peeling Chip, Crack Open, Short, Unstable 
Operation, Thermal 
Resistance Increased 

Integrity, Moisture Ingress, Short, Leak Current 
Impurity Gas, High Temperature, Increased, Open, Corrosion 
Surface Contamination, Lead Disconnection, Soldering Failure 
Rust, Lead Bend, Break 

Dirt, Conducting Foreign Short, Leak Current Increased 
Matter, Organic Carbide 

Electron Destroyed Short, Open, Fusing 

Electron Hole Generated Soft Error 

Surface Inversion Leak Current Increased 
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(6) Fine Geometry Related Problems 

In response to higher integration requirements for memories 
and microcomputers, LSI geometry has been reduced in the 
way of 3 ,..,m ~ 2 ,..,m ~ 1.3 ,..,m ~ 0.8 ,..,m. 

However power supply has not been scaled down used for 
5V, only line dimensions have been fined increasingly. Prob· 
lems associated with finer geometry are shown in Table 14. 

• Table 14. Finer Geometry Related Problems 

Item Problems Countermeasure 

5V Single Supply Voltage • Breakdown Voltage of Gate Oxide Films Oxide Film Formation Process Improved 
• Si02 Defects • Cleaning 

• Gettering 
• Screening 

Horizontal Dimension Reduction • Soft Errors by a Particles Surface Passivation Film Improved 
• Al Reliability Reduced • Metallization Improved 
• CMOS Latch Up • Design/Layout Improved 
• Mask Alignment Margin Reduced • Process Improved 
• Hot Carriers 

Vertical and Horizontal • Higher Breakdown Voltage Not Permitted Use of Low Voltage Examined 
Dimension Reduction • Electrostatic Discharge Resistance Reduced • Configuration Improved 

• Protection Circuits Enhanced 
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• QUALITY ASSURANCE OF IC MEMORY 

1. VIEWS ON QUALITY AND RELIABILITY 

Hitachi basic views on quality are to meet individual users' 
purpose and their required quality level and also to maintain 
the satisfied level for general application. Hitachi has made 
efforts to assure the standardized reliability of our IC memo
ries in actual usage. To meet users' requests and to cover 
expanding application, Hitachi performs the following: 

(1) Establish the reliability in design at the stage of new 
product development. 

(2) Establish the quality at all steps in manufacturing pro
cess. 

(3) Intensify the inspection and the assurance of reliability of 
products. 

(4) Improve the product quality based on marketing data. 

Furthermore, to get higher quality and reliability, we cooper
ate with our research laboratories. 

With the views and methods mentioned above, Hitachi 
makes the best efforts to meet the users' requirements. 

2. RELIABILITY DESIGN OF SEMICONDUCTOR 
DEVICES 

2.1 Reliability Target 

Establishment of reliability target is important in manufactur
ing and marketing as well as function and price. It is not 
practical to determine the reliability target based on the fail
ure rate under single common test condition. So, the reliabil
ity target is determined based on many factors such as each 
characteristics of equipment, reliability target of system, de
rating applied in deSign, operating condition and mainte
nance. 

2.2 Reliability Design 

Timely study and execution are essential to achieve the reli
ability based on reliability targets. The main items are the 
design standardization, device design including process and 
structural design, design review and reliability test. 

(1) DeSign Standardization 

Design standardization needs establishing design rules 
and standardizing parts, material, and process. When de
sign rules are established on circuit, cell, and layout de
sign, critical items about quality and reliability should be 
examined. Therefore, in using standardized process or 
material, even newly developed products would have 
high reliability, with the exception of special requirement 
on function. 

(2) Device Design 

It is important for device design to consider total balance 
of process deSign, structure design, circuit and layout de
sign. Especially in case of applying new process or new 
material, we study the technology prior to development 
of the device in detail. 

(3) Reliability Test by Test Site 

Test site is sometimes called Test Pattern. It is useful 
method for evaluating reliability of designing and pro
cessing ICs with complicated functions. 

1. Purposes of Test Site are as follows: 

• Making clear about fundamental failure mode. 

• Analysis of relation between failure mode and manufac
turing process condition. 

• Analysis of failure mechanism. 

• Establishment of QC point in manufacturing. 

2. Effects of evaluation by Test Site are as follows: 

• Common fundamental failure mode and failure mecha
nism in devices can be evaluated. 

• Factors dominating failure mode can be picked up, and 
compared with the process having been experienced in 
field. 

• Able to analyze relation between failure causes and 
manufacturing factors. 

• Easy to run tests. 

2.3 Design Review 

DeSign review is a method to confirm systematically whether 
or not design satisfies the performance required including by 
users, follows the specified ways, and whether or not the 
technical items accumulated in test data and application 
data are effectively applied. 

In addition, from the standpoint of competition with other 
products, the major purpose of design review is to insure 
quality and reliability of the product. In Hitachi, design review 
is performed in designing new products and also in changing 
products. 

The followings are the itmes to consider at design review. 

(1) Describe the products based on specified design docu
ments. 

(2) Considering the documents from the standpOint of each 
participant, plan and execute the sub-program such as 
calculation, experiments and investigation if unclear mat
ter is found. 

(3) Determine the contents and methods of reliability test 
based on deSign document and drawing. 

(4) Check process ability of manufacturing line to achieve 
design goal. 

(5) Arrange the preparation for production. 

(6) Plan and execute the sub-programs of design changes 
proposed by individual speCialists, for tests, experiments 
and calculation to confirm the design change. 

(7) Refer to the past failure experiences with similar devices, 
confirm the prevention against them, and plan and exe
cute the test program for confirmation of them. 

In Hitachi, these study and decision at deSign review are 
made using the individual check lists according to its ob
jects. 
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3. QUALITY ASSURANCE SYSTEM OF 
SEMICONDUCTOR DEVICES 

3.1 Activity of Quality Assurance 

3.2 Qualification 

To assure the quality and reliability, the qualification tests 
are done at each stage of trial production and mass produc· 
tion based on the reliability design described in Section 2. 

The following items are the general views of overall quality 
assurance in Hitachi; The following are the views on qualification in Hitachi: 

(1) Problems are solved in each process so that even the 
potential failure factors will be removed at final stage of 
production. 

(1) From the standpoint of customers, qualify the products 
objectively by a third party. 

(2) Consider the failure experiences and data from custom· 

(2) Feedback of information is made to insure satisfied level 
of process ability. 

ers. 

(3) Qualify every change in design and work. 

As the result, we assure the reliability. (4) Qualify intensively on parts and materials and process. 

(5) Considering the process ability and factor of manufactur· 

24 

Step 

lTUJlt't 
~Pf'('lflc.tlUn 

t 

Ill'''Kn II MatHlal,. ParI!. Jr-Trl,,1 
I'roductmn 

",pproval 

II Characteristics Approval Ir-

Ii Quality Approval (I) Ir-

Ii Qualtty Approval (2) Ir-
I Mass ,I Product Ion 

ing fluctuation, establish the control points in mass pro· 
duction. 

Considering the views mentioned above, qualification shown 
in Figure 1 is done. 

Contents Purpose 

DesIgn RevIew 

Characterlstl<..s of Material and 
ConfirmatIOn of ParIs 

Appearance CharacterIstics and 
DimensIOn Reltabiltty of Matertals 
Heat R~slstance 
ME-chanlcal and Parts 
Elect rlcal 
O'hers 

E1E"ct ncal 
Confirmation of Target Character!st ICS 

Function Spec. Mainly about 
VIJ!tagt-' Electrtcal 
Current 
Temperature Characteristics 
Otht"r~ 

Appearance. DimenSion 

Reltabiltty Test 
Life Test Conltrmation of QualIty 

Thermal Stress and Reliabiltty In Design 
MOIsture Resistance 
MechanIcal Stress 
Othe rs 

Reliabiltty Test Confirmation of Quality 

Process Check same as and Reliability in Mass 

Qua I ity Approva I (1) Production 

0138-1 

Figure 1. Flow Chart of Qualification 

~HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819' (415) 589·8300 



Quality Assurance of Ie Memory 

3.3 Quality and Reliability Control in Mass 3.3.1 Quality Control on Parts and Materials 
Production 

To assure quality in mass production, quality is controlled 
functionally by each department, mainly by manufacturing 
department and quality assurance department The total 
function flow is shown in Figure 2. 

With the tendency toward higher performance and higher re
liability of devices, quality control of parts and materials be
comes more important The terms such as crystal, lead 
frame, fine wire for wire bonding, package and materials re
quired in manufacturing process like mask pattern and 
chemicals, are all subject to inspection and control. 

Process Quality Control 

Inspection on Mater .. 1 and 

Parts for Semiconductor 

DevIces 

Manufacturing Eq"ipment. 

EnvIronment. Sub-mater .. l. 

Worker Control 

Inne r Process 

Quality Control 

100% InspectIon on 

Appearance and Electncal 

CharacteristIcs 

Sampling Inspection on 
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ReliabilIty Test 
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Figure 2. Flow Chart of Quality Control in Manufacturing Process 

@HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 

0138-2 

25 



Quality Assurance of IC Memory 

Besides qualification of parts and materials stated in 3.2, 
quality control of parts and materials is defined in incoming 
inspection. Incoming inspection is performed based on its 
purchase specification, drawing and mainly sampling test 
based on MIL-STD-105D. 

The other activities for quality assurance are as follows: 

(1) Technology Meeting with Vendors 

(2) Approval and Guidance of Vendors 

(3) Analysis and tests of physical chemistry 

The typical check points of parts and materials are shown in 
Table 1. 

• Table 1. Quality Control Check Points of Parts and 
Material (example) 

Material Important Point for Check 
Parts Control Items 

Appearance Damage and Contamina-
tion on Surface 

Wafer Dimension Flatness 
Sheet Resistance Resistance 
Defect Density Defect Numbers 
Crystal Axis 

Appearance Defect Numbers, Scratch 

Mask Dimension Dimension Level 
Resistoration 
Gradation Uniformity of Gradation 

Fine 
Appearance Contamination, Scratch, 

Wire for 
Bend, Twist 

Wire 
Dimension 

Bonding 
Purity Purity Level 
Elongation Ratio Mechanical Strength 

Appearance Contamination, Scratch 
Dimension Dimension Level 
Processing 

Frame Accuracy 
Plating Bondability, Solderability 
Mounting Heat Resistance 

Characteristics 

Appearance Contamination, Scratch 
Dimension Dimension Level 
Leak Resistance Airtightness 
Plating Bondability, Solderability 

Ceramic Mounting Heat Resistance 
Package Characteristics 

Electrical 
Characteristics 

Mechanical Mechanical Strength 
Strength 

Composition Characteristics of 
Plastic Material 

Electrical 
Characteristics 

Plastic 
Thermal 

Characteristics 
Molding Molding Performance 

Performance 
Mounting Mounting Characteristics 

Characteristics 

3.3.2 Inner Process Quality Control 

To control inner process quality is very significant for quality 
assurance of devices. The quality control of products in ev
ery stage of production is explained below. Figure 3 shows 
inner process quality control. 

(1) Quality Control of Products in Every Stage of Production 

Potential failure factors of devices should be removed in 
manufacturing process. Therefore, check points are set 
up in each process so as not to move the products with 
failure factors to the next process. Especially, for high re
liability devices, manufacturing lines are rigidly selected 
in order to control the quality in process. Additionally we 
perform rigid check per process or per lot, 100% inspec
tion in proper processes so as to remove failure factors 
caused by manufacturing fluctuation, and screenings de
pending on high temperature aging or temperature cy
cling. Contents of controlling quality under processing 
are as follows: 

• Control of conditions of equipment and workers and 
sampling test of uncompleted products. 

• Proposal and execution of working improvement. 

• Education of workers 

• Maintenance and improvement of yield 

• Picking up of quality problems and execution of coun
termeasures toward them. 

• Communication of quality information. 

(2) Quality Control of Manufacturing Facilities and Measuring 
Equipment 

Manufacturing facilities have been developed with the 
need of higher devices in performance and the automat
ed production. It is also important to determine quality 
and reliability. 

In Hitachi, automated manufacturing is promoted to avoid 
manufacturing fluctuation, and the operation of high per
formance equipment is controlled to function properly. 

As for maintenance inspection for quality control, daily 
and periodically inspections are performed based on 
specification on every check point. 

As for adjustment and maintenance of measuring equip
ment, the past data and specifications are clearly 
checked to keep and improve quality. 

(3) Quality Control of Manufacturing Circumstances and Sub
material. 

Quality and reliability of devices are affected especially 
by manufacturing process. Therefore, we thoroughly con
trol the manufacturing circumstances such as tempera
ture, humidity, dust, and the sub-materials like gas or 
pure water used in manufacturing process. 

Dust control is essential to realize higher integration and 
higher reliability of devices. To maintain and improve the 
clearness of manufacturing site, we take care of bUild
ings, facilities, air-conditioning system, materials, clothes 
and works. Moreover, we periodically check on floating 
dust in the air, fallen dust or dirtiness on floor. 
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Pr_. Control Point Purpo .. of Control 

Purchase of Material 

Wafer Wafer Characte r istics. Appea rance Scratch. Removal of Crystal 
Defect Wafer 

Surface Oxidahon Oxidation Assurance of ResIstance 
Inspection on Surface Appearance. ThIckness of Pinhole. Scratch 
OxidatIon OXIde Film 
Photo ResIst Photo 

Resist 
Inspecllon on Photo ResIst Dimension, Appearance Dimension Level 

o PQC Level Check Check of Photo Res ist 
D,ffusIOn DiffusIOn Diffusion Depth. Sheet Diffusion Status 

Resistance 
InspectIOn on DiffusIon Gate WIdth Control of BasIc Parameters 

o PQC Leve I Check Characteristics of Oxide Film (VTH. etc) Cleaness of surf ace. 
Breakdown Voltage Prior Check of VIH 

Breakdown Voltage Check 
EvaporatIon Evapo- Thickness of Vapor Film. Assurance of Standard 

ration Scratch. Contamination ThIckness 
Inspection on Evaporahon 

o PQC Leve I Check 
Wa fe r Inspec lion Wafer Thickness. VTH Character is- Prevention of Crack. 

tics Quality Assurance of Scribe 
Inspechon on ChIp Chip Electrical Characteristics 
Electrical CharacteristIcs 
ChIp ScrIbe Appearance of ChIp 
Inspection on Chip 
Appearance 

o PQC Lot Judgement 
Frame 

Assembltng Assembltng Appearance after ChIp Quality Check of Chip 
Bo~dlng Bonding 
Appearance after W,re Quality Check of W tre 
Bonding Bonding 

o PQC Leve I Check Pull Strength. Compresion PreventIon of Open and 
Width. Shear Strength Short 
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Figure 3. Example of Inner Process Quality Control 
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Quality Assurance of Ie Memory ----------------------------

3.3.3 Final Tests and Reliability Assurance 

(1) Final Tests 

The inspection is executed not only to confirm that the 
products meet users' requirement, but to consider poten
tial factors. Our lot inspection is based on MIL-STD-
105D. 

28 

(2) Reliability Assurance Tests 

Lot inspection is done by quality assurance department 
for the product passed in 100% test in final manufactur
ing process. Though 100% of passed products is expect
ed, sampling inspection is subjected to prevent mixture 
of failed products by mistake. 

To assure reliability, the reliability tests are performed pe
riodically, and performed on each manufacturing lot if 
user requires. 

r------------ --- --- ----------- ----1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

r-----~------~ I 
Failure Analysis 

Report 

Quality Assurance Dept. 

Countermeasure 
Execution of 
Countermeasure 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Follow-up and Confirmation I 
of Countermeasure Execution 

I 
I 

Report I L ___________ _ 
--------------------~ 

Sa les Eng inee r 109 Dept. 

Reply 

Customer 

Figure 4. Process Flow Chart of Coping with Failure to a Customer 
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• OUTLINE OF TESTING METHOD 

1. INSPECTION METHOD 
Compared to conventional core memories, IC memories 
contain all peripheral circuits, such as the decoder circuit, 
write circuit and read circuit. As a result, assembly and elec
trical inspection of ICs are all performed by IC manufactur
ers. Consequently, as the electrical inspection of IC memo
ries are becoming more systematic, conventional IC inspec
tion facilities are becoming useless. This has led to the de
velopment and introduction of a memory tester with pattern 
generator to generate the inspection pattern of the memory 
IC at high speed. A function test for such as TTL gates can 
be performed even by a simple DC parameter faCility. How
ever, when the address input becomes multiplexed as in 
16k, 64k and 256k memory, even the generation of the func
tion test pattern becomes a serious problem. 

In the memory IC inspection, its quality cannot be judged by 
DC test on external pins only, because the number of the 
element such as transistor which can be judged in the DC 
test is only 1/1000 of all elements. The following are the ad
dress patterns proposed to inspect whether the internal cir
cuits are functioning correctly. 

(1) All "Low", All "High" 
(2) Checker Flag 
(3) Stripe Pattern 
(4) Marching Pattern 
(5) Galloping 
(6) Waling 
(7) Ping-Pong 

Those are not all, but only representative ones. There are 
the pattern to check the mutual interference of bits and the 
pattern for the maximum power dissipation. Among the 
above mentioned patterns, those of (1) to (4) are called N 
pattern, which can check one sequence of N bit IC memory 
with the several times of N patterns at most. Those of (5) to 
(7) are called N2 pattern, which need several times of N2 
patterns to check one sequence of N bit IC memory. Serious 
problem arises in using N2 pattern in a large-capacity memo
ry. For example, inspection of 1Sk memory with galloping 
pattern takes a lot of time = about 30 minutes. (1), (2) and 
(3) are rather simple and good methods, however, they are 
not perfect to find any failure in decoder circuits. Marching is 
the most simple and necessary pattern to check the function 
of IC memories. 

2. MARCHING PATTERN 
The marching pattern, as its name indicates, is a pattern in 
which "1 "s march into all bits of "O"s. For example, a sim
ple addressing of 1S-bit memory is described below. 

(1) Clear all bits ........................... See Fig. 1 (a) 

(2) Read "0" from Oth address and check that the read data 
is "0". Hereafter, "Read" means "checking and judging 
data" 

(3) Write "1" on Oth address ................ See Fig. 1 (b) 

(4) Read "0" from 1 st address. 

(5) Write "1" on 1 st address. 

(S) Read "0" from nth address. 

(7) Write "1" on nth address ................ See Fig. 1 (c) 

(8) Repeat (6) to (7) to the last address. Finally, all data will 
be "1". 

(9) After all data become "1", repeat from (2) to (8) replac
ing "0" and "1". 

In this method, 5N address patterns are necessary for the 
N-bit memory. 

a b 

Figure I. Addressing method for 16-bit 
memory in the Marching pattern 

c 
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• APPLICATION 

1. VIDEO RAM 

1.1 Multiport Video RAM 

Figure 1·1 shows general idea of video RAM. Multiport video 
RAM provides an internal data register (SAM) with the mem
ory (RAM). Both of them can be accessed asynchronously. 

Effective graphic display memory is realized by using the 
random port of the RAM part for graphic processor drawing 
and the serial port of the SAM part for CRT display. 

RAM SAM I 

Random port 
DRAM 

~j'_:_·"_--M-",-, ... _rt_--.-JI ~i -~CRT ,~.. ["'J 
Drawing 

Figure 1-1. General Idea of Multi-Port Video RAM 

Figure 1-2 shows the block diagram of the 256-kbit multiport 
video RAM HM53461, and Table 1-1 shows the operation 
modes of the HM53461. 

110 

Dynamlr 
RAM 

memory 
cells 

DT/OE 

WE~--~------~ L_1---~ 

SC SOE 

Figure 1-2. Block Diagram of HM53461 

The operation modes shown in Table 1-1 are described as follows. 

• Table 1-1. Operation Modes of HM53461 

At the Falling Edge of RAS 
RAM Modes 

CAS DT/OE WE SOE 

H H H X ReadIWrite 

H H L X Temporary Write Mask Data Program 

H L H X Read Transfer 

H L L L Write Transfer 

H L L H Pseudo Transfer 

L X X X CBRRefresh 

H: High L: Low X: Don't Care 
Notes: I. Transfer cycle executed previously defines SIlO direction. 

2. SIlO is in high impedance state with SOE high, even if the direction is Souto 

0140-18 

0140-19 

SAM Modes 

SIlO Direction 

SinlSout 

SinlSout 

Sout 

Sin 

Sin 

SinlSout 

Notes 

1,2,3 

1,2,3 

2 

1,2 

3. The HM53461 starts write operation if WE is low at the falling edge of CAS or become low between the falling edge of 
CAS and the rising edge of RAS. 

~HITACHI 
30 Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 



Read/Write Operation: Read/write is performed on the 
random port in the same sequence as for a dynamic RAM 
(Figure 1-3). The HM53461 starts the read operation with 
WE high and the write operation at the falling edge of WE. 

1101-1/04 

AO-A? 

DRAM 
memory 

cen 

Figure 1-3. ReadIWrite Operation 

0140-20 

Temporary Write Mask Set and Temporary Masked 
Write Operation: The HM53461 provides temporary 
masked write operation which inhibits to write data bit-by-bit 
(write mask) during one RAS cycle. Temporary write mask 
set function defines the bits to be inhibited (Figure 1-4). This 
operation puts the data on 1/°1-1/°4 into the internal tem
porary write mask register. When 0 is programmed to the 
register, writing to the corresponding bit is inhibited. 

The temporary write mask register is reset at the rising edge 
of RAS. 

AO-A? 

DRAM ........ 
cell 

1/01-1/04 

0140-21 

Figure 1-4. Temporary Masked Write Operation 

Application 

Read Transfer Operation: In this cycle, the HM53461 
transfers the data of one row in RAM (1024 bits), which ad
dress is specified at the falling edge of RAS, to SAM (Figure 
1-5). The start address in SAM can be programmed at the 
falling edge of CAS in this cycle. After data transfer, the seri
al port turns to serial read mode at the rising edge of 
DT/OE. 

AO-A? 

DRAM 
memory 

",II 

Figure 1-5. Read Transfer Operation 

SilO 1 - SI/O< 

0140-22 

Write Transfer Operation: In this cycle, the HM53461 
transfers the data in the SAM data register (1024-bits) to 
one row in RAM, which address is specified at the falling 
edge of RAS (Figure 1-6). The start address in SAM can be 
programmed in this cycle. After data transfer, serial port 
turns to serial write mode. 

AO-A? 

DRAM 
memory 

",II 
51/01- 51/04 

0140-23 

Figure 1-6. Write Transfer Operation 
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Pseudo Transfer Operation: This operation switches the 
serial port to serial write mode (Figure 1-7). It does not per
form data transfer between RAM and SAM. Sam start ad
dress can be programmed in this cycle. 

AO-A7 

0140-24 

Figure 1-7. Pseudo Transfer Operation 

CAS Before RAS Refresh Operation: The HM53461 per
forms refresh by using the internal address counter in this 
operation (Figure 1-8). 

I CoI.mn I ra.;;t 
latch~ 

DRAM 
'"""0,>" 

",II 

Figure 1-8. CAS Before RAS Refresh 
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Serial Read/Write Operation: The HM53461 reads/writes 
the contents of the SAM data register in serial at the rising 
edge of SC (serial clock input) (Figure 1-9). The address for 
serial access is generated by the internal address pointer, 
independently of random port operation. It should be consid
ered that serial access is restricted in transfer cycles. The 
SAM, employing static-type data registers, requires no re
fresh. 

I Column I ~ 
latch ~ 

/ Row 
decode, 

DRAM 
memory 

",II 

\ 

.~ j 51/01-51/04 llit" 
~ JI 

Q 

0140-26 

Figure 1-9. Serial ReadIWrite Operation 

The HM53462 is a multiport video RAM, adding logic opera
tion capability to ttie advantages of HM53461. 

Figure 1-10 shows the block diagram. Table 1-2 describes 
the operation modes. 

,-----------------
I RAM 

-----I 
SAM I 

32 

1/0 

Random -
DRAM 
memory 

cells 

I 

I 

WE-+--------~----__ ~---------------J L ____ +-______ ~ I _____________ _......l 

sc SOE 

Figure 1-10. Block Diagram of HM53462 
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• Table 1-2. Operation Modes of HM53462 

At the Falling Edge of RAS SAM Modes 
RAM Modes 

CAS DTIOE WE SOE SIlO Direction Notes 

H H H X ReadIWrite SinlSout 1,2,3 

H H L X Temporary Masked Write ~n/Sout 1,2,3 

H L H X Read Transfer Sout 2 

H L L L Write Transfer Sin 

H L L H Pseudo Transfer Sm 

L X X X CAS Before RAS Refresh SmlSout 1,2 

L X L X Logic Operation Program 
SinlSout 1,2 

(CBR Refresh) 

H: High L: Low X: Don't Care 
Notes: I. Transfer cycle previously executed defines SIlO direction. 

2. SIlO is in high impedance with SOE high, even if SIlO direction is Souto 
3. HM53462 writes if WE is low at the falling edge of CAS or becomes low between the falling edge of CAS and the rising 

edge ofRAS. 

Logic Operation Programming: This function programs a 
logic operation (Figure 1-11). The logic operation is available 
uintil re-programmed or reset. In logic operation mode, 
HM53462 performs read-modify-write internally when data is 
written into random port. The result of the logic operation 
between memory data and written data is put into the ad
dress from which the memory data is transferred. 

In the logiC operation programming cycle, the mask register, 
which differs from the temporary mask register, is also pro
grammed. It is available until reprogrammed. 

AO-A7 

:' ~ t I Row 

:: ~~ , ' 

: i illill ' , . 
:: i 0--
I I i: ::::::-
I L.J" "0 r::: 

L_ V ~ .i 
d <3 

--------~ ~ I .... ______ ~ I 
I I L.J , , 
I I 
I I 
I I 
, I 
, I 

1/01-1/04 

, 
-~±'-----------

't' 
: DRAM 
1 memory 
I cell , 
I , 

(dotted lanes mdlcate wnte In JOllie operation mode) 

Figure 1-11. Logic Operation Programming 
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Notes: Notes on using HM53461 /HM53462 are as follows: 

• Dummy RAS Cycle. Devices should be initialized by 8 
dummy RAS cycles (minimum) before access to random 
port. Refresh cycle can be inserted for initialization. It is 
recommended that the system be initialized by dummy 
RAS cycle in the automatic reset time of the processor. 

• Bypass Capacitor. One bypass capacitor should be insert
ed between Vee and Vss to each device. The Vee pin 
should be connected to the capacitor by the shortest path. 
A capacitor of several ftF is suitable. 

• Negative Voltage Input. Negative polarity input level to in
put pin or I/O pin should be under -W. In this range, it 
has no effect on deVice characteristics or RAM/SAM data 
retention. 

• Initialization of logiC operation mode (HM53462). The logic 
operation programming cycle should be executed before 
access to the random port to initialize logiC operation 
mode after power on. At this point, the operation codes 
(0101) and all 1 write mask data are recommended. 

1.2 Line Memory 

Hitachi has produced a line memory for line buffers with sim
ple circuits, providing specific functions as described below. 

The line buffer can improve picture quality by storing 1 hori
zontal line data. It has following features. 

• Capacity to store 1 horizontal line data 

• High-speed operation matching the sampling speed of PAL 
TV signal (4 fsc/8 fsc) or NTSC TV signal (4 fsc/8 fsc). 

• Separate data inputs/outputs and capability of serial data 
inputs and outputs. 

The conventional line buffer composed of high speed static 
RAMs requires separate input! output for double buffer orga
nization. It also requires interleaving for high speed opera
tion, matching 4 fsc/8 fsc, where fsc is the subcarrier fre
quency. In addition, external circuits are needed for serial 
address scan. 
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The line memory provides all of these functions. Figure 1-12 
shows the standard ogranization of a conventional memory 
buffer and Figure 1-13 shows the block diagram of line 
memory. 

AdM.ss------t Address 
Concrol 

Figure 1-12. Standard Organization of 
Conventional Line Buffer 
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I----+---~k 

0140-30 

Figurer 1-13. Block Diagram of Line Memory 

The Hitachi HM63021 is a 2048-word x 8-bit line memory 
storing 2 horizontal lines of data. 

It has five different modes for various video graphic system 
applications. It realizes high speed operations for PAL and 
NTSC TV signals, and dissipates little power employing 
1.3 ).Lm CMOS technology and static-type memory cells. 

The features of the HM63021 are described as follows: 

• Five modes for various video graphic system applications 
-Delay line mode 
-Alternate 1 H/2H delay mode 
- TBC (Time-Base Corrector) mode 
-Double speed conversion mode 
-Time-base compression/expansion mode 

• High speed cycle time 
-HM63021-34: 34 ns min (corresponds to 8 fsc of NTSC 

TV signal) 
-HM63021-28: 28 ns min (corresponds to 8 fsc of PAL 

TV signal). 

Line memory in the system using digital signal processing 
technologies offers following applications: 

1. comb filter 
2. double-speed conversion (non-interface) 
3. compression/expansion of graphics (picture-in-picture) 
4. dropout canceller 
5. time-base corrector 
6. noise reducer 
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2. DYNAMIC RAM 

2.1 Dynamic RAM Memory Call 

The dynamic RAM memory cell conSists of 1 MOS transistor 
and 1 capacitor, as shown in Figure 2-1. It detects the data 
in the cell (lor 0) by the charge stored in capacitor. Dynam
ic RAM offers higher density than that of static RAM be
cause of fewer components per Chip. 

However, Dynamic RAM must rewrite data, called refresh, in 
a defined cycle because the charge stored in the capacitor 
leaks. 

0140-31 

Figure 2-1. Memory Cell of Dynamic RAM 

2.2 Power On Procedure 

After turning on power, to set the internal memory circuitry, 
hold for more than 100 I-'s, then apply eight or more dummy 
cycles before operation. The dummy cycle may be either a 

Ao-A9 Address Inputs 

CAS Column Address Strobe 

Din Data In 

Dout Data Out 

RAS Row Address Strobe 

WE ReadIWrite Input 

Vee Power (+ 5V) 

Vgg Ground 

Ao-As Refresh Address Inputs 

(a) Pin Arrangement 

Application 

normal read/write cycle or a refresh cycle. When using an 
internal refresh counter, eight or more CAS before RAS re
fresh cycles are required as dummy cycles. 

2.3 Address Multiplexing 

Dynamic RAMs are used to increase capacity because of 
their smaller cell area. In using dynamic RAMs in systems, 
however, it is desirable to increase the memory density by 
using smaller packages. To reduce the number of pins and 
the package size, address multiplexing is used. 

Using a l-Mbit dynamic RAM, 20-address signals are neces
sary to select one of 1,048,576 memory cells. Address multi
plexing allows address signals to be applied to each address 
pin. Thus only 10-address input pins are required to select 
one of 1,048,576 addresses. Multiplexed address inputs are 
latched as follows: RAS (Row Address Strobe) selects one 
of word lines according to the row address signal, and one 
of column decoders is selected by CAS (column address 
strobe) following column address signal. Although two extra 
signals, RAS and CAS, are required, the number of address 
pins is reduced to half. Figure 2-2 shows the pin arrange
ment, address latch waveform, and the block diagram of ad
dress-multiplexed l-Mbit dynamic RAM. Systems need an 
address multiplexer in order to latch the multiplexed address 
signals into the device. 

0140-32 

0140-33 

Figure 2-2. Address Multiplexing of Dynamic RAMs 
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2.4 Dynamic RAM Function 

Dou. 

(a) Read Cycle 0140-34 

m 

:J:iilmnll~ CAS 

Addre .. 

~ 
WE 

Don 

Dou. lIliIIi 

(Early Write) 
0140-36 

tRC: Random Read or Write Cycle Time 

tRCO: RAS to CAS Delay Time 

tRAC: Access Time from RAS 

tCAC: Access Time from CAS 

R: Row Address 

C: Column Address 

:Lknaol: 
HAS 

CAS 

Address 

=m~ 
WE 

DOl 

(Delayed Write) 
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(b) Write Cycle 

'''' 

Add .... :LJim2 tRWC: Read-Write Cycle Time 

D .. !ftJJJ/Ii~ 
Dout Hioh Z ( )-

(c) Read·Modify·Write Cycle 
0140-36 

Figure 2-3. Normal Function of Dynamic RAM 

Read Cycle: In the read cycle, a row address is latched at 
the falling edge of RAS, and a column address is latched at 
the falling edge of CAS after the RAS falling edge. If WE is 
high, the data is read out from Dout with the access time of 
tCAC (Access time from CAS) or tRAC (Access time from 
RAS). 
The tRCD maximum (RAS to CAS delay time) is specified 
only to guarantee the specified minimum values of other tim
ings such as the cycle time, RAS/CAS pulse width. There
fore, when using these timings with more than the specified 
minimum value, there is no need to limit the tRCD to the 
specified maximum value. 

Write Cycle: Dynamic RAM provides two write cycle modes: 
early write cycle and delayed write cycle. In the early write 
cycle, when WE is low, data is written into Din at the falling 
edge of CAS. In delayed write cycle, when WE is high, data 
is written into Din at the falling edge of WE after CAS falling. 

Read-Modlfy-Wrlte Cycle: The read-modify-write cycle is 
initiated by taking WE high. Data is read out from Dout at the 
falling edge of CAS with WE high. Then, when WE goes low, 
data is written into the same address from Din in the same 
cycle. 

The cycle time in the read-modify-write mode (tRWC> is long
er than the cycle time in read/write mode (tRC>' 
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2.5 High Speed Access Mode 

Dynamic RAM access time is typically longer than that of 
static RAMs. To realize higher speed operation, they have 
high speed access modes. 

The read operation in dynamic RAM is performed as follows: 

When a word line is selected by row address, all data in the 
memory cells connected to the selected word line is trans
ferred to sense amplifiers. One of these sense amplifiers is 
selected by the column address, and its contents are output. 

The output of data from other sense amplifiers is controlled 
only by the column address. 

Access controlled only by column address with the row ad
dress fixed is called high speed access mode. Table 2-1 
compares each mode. 

Page Mode: This is the most typical access mode in dynam
ic RAM. The column address is switched synchronized with 
CAS falling. 

Application 

Nibble Mode: In a nibble mode dynamic RAM, data from 4 
sequential addresses is stored in the 4-bit output latch cir
cuits. Output is provided by the CAS signal, which controls 
the latch circuits. 

When 4 addresses are accessed sequentially, the row ad
dresses on and after second bit need not be selected. 
Therefore, it facilitates the timing design. In nibble mode, the 
operation is limited to 4 addresses, however, it enables fast
er access (tNAcl than that in page mode. 

Static Column Mode: In static column mode, the column 
address is switched without the synchronized signal by high
speed static RAM technology in the peripheral circuits. 

High Speed Page Mode: This mode is the advanced mode 
of statiC column mode, with CAS providing the address latch 
function. 

• Table 2-1. Comparison of Dynamic RAM High Speed Access Modes 

Normal Mode R: Row Address 
C: Column Address 

0140-38 

RAS 

Page Mode CAS 

Address 

Dout 

0140-39 

Nibble Mode 

0140-40 

Static Column Mode 

0140-41 

RAS' I~ 
High-Speed Page Mode A:~:'~ DOO.= 

0140-42 
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2.6 Refresh 

Refresh operation is performed by accessing every word line 
within the specified time (refresh cycle). Table 2-2 compares 
the following refresh modes in dynamic RAM. 

RAS Only Refresh: In RAS only refresh mode, refresh can 
be completed by selecting only row addresses synchronized 
with RAS . 

• Table 2-2. Comparison of Dynamic RAM Refresh Modes 

Read A~:'~Z 
DDU' ---c::::::>-

RAS Only Refresh 

CAS Before RAS Refresh 

Dout -------

Hidden Refresh 

CAS Before RAS Refresh: This mode refreshes by the 
CAS falling edge before RAS in the period defined by the 
internal refresh address generator. This mode simplifies the 
external address multiplexer. 

Hidden Refresh: In hidden refresh, CAS before RAS refresh 
is performed while output data is valid. 

0140-43 

0140-44 

0140-45 

0140 46 

~: Don't care 
0140-47 
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3. INSTRUCTIONS FOR USING MEMORY DEVICES 

3.1 Prevention of Electrostatic Discharge 
As semiconductor memory designs are based on a very fine 
pattern, they can be subject to malfunction or defects 
caused by static electricity. Though the built-in protection cir
cuits assure unaffected reliability in normal use, devices 
should be handled according to the following instructions. 

1. In transporting and storing memory devices, put them in 
conductive magazine or put all pins of each device into a 
conductive mat so that they are kept at the same poten
tial. Manufacturers should give enough consideration to 
packing when shipping their products. 

2. When devices touch a human body in mounting or inspec
tion, the handler must be grounded. Do not forget to in
sert a resistor (1 Mfi approx. is desirable) in series to pro
tect the handles from electrical shock. 

3. Keep the relative ambient humidity at about 50% in pro
cess. 

4. For working clothes, cotton is preferrable to synthetic fab
rics. 

5. Use a soldering iron operating at low voltage (12V or 24V, 
if possible) with its tip grounded. 

6. In transporting the board with memory devices mounted 
on it, cover it with conductive sheets. 

7. Use conductive sheets of high resistance to protect devic
es from electrostatic discharge. For, if dropped onto con
ductive materials like a metal sheet, devices may deterio
rate or even breakdown owing to sudden discharge of the 
charge stored on the surface. 

8. Never set the system to which memory devices are ap
plied near anything that generates high voltage (e.g., CRT 
Anode electrode, etc.). 

3.2 Using CMOS Memories 
As shown in Figure 3-1, the input of a CMOS memory is 
connected to the gate of an inverter consisting of PMOS 

0140-71 

Figure 3-1. CMOS Inverter 
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and NMOS transistors. Figure 3-2 shows the relationship be
tween the input voltage and current in this inverter. The top 
and bottom transistors turn ON and make current flown 
when the input voltage becomes intermediate level. There
fore, it is necessary to keep the input voltage below 0.2V or 
above Vee - 0.2V in order to minimize power consumption. 
The data sheet specifies the stand-by current for both the 
cases of input level with minimum VIH and maximum VII_, 
and that with 0.2V or Vee - 0.2V, and the difference in val
ue is remarkably great. Some memory devices are designed 
to cut off such current flow in standby mode by the control 
of input signals, but it depends on device type. This should 
be confirmed in data sheets for each device type. 

._ 511"~5.0V ~ 4 

! 3 
.., 2 

}1 0123456 
Input Voltqe 
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Figure 3-2. Relationship between Input Voltage and 
Current in CMOS Inverter 

Another problem particular to CMOS devices is latCh-Up. Fig
ure 3-3 shows the cross section of a CMOS inverter and the 
structure of a parasitic bipolar transistor. The equivalent cir
cuit of the parasitic thyristor is shown in Figure 3-4. When 
positive DC current or pulse noise is applied (Figure 3-4 (a», 
TR3 is turned on owing to the bias voltage generated be
tween base and emitter. And trigger current flows into GND 
through Rp, the base resistance of TR2. As a result, TR2 
becomes conductive and current flows from power supply 
(Vee) through the base resistance of TR1 (RN), which puts 
TR1 into conduction, too. Then, as the base of TR2 is rebi
ased by collector current from TR1, the closed loop consist
ing of TR1 and TR2 reacts. Thus current flows constantly 
between power supply (Vee> and GND even without trigger 
current caused by outside noise. 

Latch-up can be caused by a negative pulse, too (Figure 3-4 
(bb». Most of semiconductor memory manufacturers are try
ing to improve latch-up immunity of their products. Hitachi 
provides enough guard band by applying diffusion layer 
around inputs and outputs, taking care not to connect input 
to p+ diffusion layer. Input voltage for 64K-bit static RAM 
HM6264A, for example, is specified as follows: 

VIH max 6.0V (not depending on Vee) 
VIL min 3.0V (pulse width = 50 ns) 
- 0.3V (DC level) 

Thus almost no consideration for latch-up is required in sys
tem design . 
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Application 
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Figure 3-3. Cross Section Structure of CMOS Inverter 
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Figure 3-4. Equivalent Circuit of Parasitic Thyristor 

3.3 Noise Prevention 

Noise in semiconductor memories is roughly classified into 
input signal noise and power supply noise. 

3.3.1 Input Signal Noise 

Input signal noise is caused by overshoot and undershoot. If 
either of them is out of recommended DC operating condi
tions, normal operation is hindered, and voltage over abso
lute maximum rating will break the device. In operating high 
speed systems, special care is required to prevent input sig
nal noise. 

The noise can be prevented by inserting a serial resistance 
of less than son into each input or a terminating resistance 
into the input line. Actually, however, input signal noise can 
be simply reduced by a stable power supply line, because it 
is often caused by unstable reference voltage (GND level). 

3.3.2 Power Supply Noise 

The power source noise can be classed as low-frequency 
noise and high-frequency noise as shown in Figure 3-5. To 
assure stable memory operation, the peak-to-peak power 
supply voltage in the presence of low-or high-frequency 
noise should be held below 10 percent of its standard level. 

Devices like dynamic RAMs, which operate from clock sig
nals, or high speed CMOS static RAMs, through which cur
rent flows during transition of signals, consume high peak 

0140-75 

Figure 3-5. Power Source Noise 

current. When a power supply does not have enough capac
ity for the peak current, voltage drops. And if the recovery 
rate of the power supply synchronizes with its time constant, 
it may start oscillating. To reduce the influence of the peak 
current, a bypass capaCitor of 0.1 - 0.01 ",F should be in
serted near the device. The following points must be consid
ered in designing pattern of the board: 

• For bypass capacitors, use titanium, ceramic, or tantalum 
capacitors which have better high-frequency characteris
tics. 

• Bypass capaCitors must be applied as near to the power 
supply pin of memory devices as pOSSible, and inductance 
in the path from Vee pin to Vss pin through the bypass 
capaCitor must be as little as possible. 
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• The line connected to the power supply on the board 
should be as wide as possible. 

Preferr .. d 

Vee V~S Vcr Vss Vee VS~ 
,---~.--~ 

D ... I/O 

Application 

• It is preferable for the power supply line to be at right an
gles to devices selected at the same time, lest too much 
peak current should flow through one power supply line at 
a time. 

Non-pre(err .. d 

F"=:::::~:::::~~~ -Faults-
1 Bypath Lines are too 

Long. 
2 Devices Selected at 

f":=:s.=~~-+ Sa~:M~7h:rn l~~:e 
Vee Vss 
"--------------.....----~ 

Data I/O 
0140-76 

Figure 3-6. Examples of Power Supply Board Pattern 

3.4 Address Input Waveform of Hi-BiCMOS Memory 

Data stored in memory might be destructed in case that Ad· 
dress Input of the HM6716, HM6719, HM6787, HM6788 and 
HM6789 series becomes floating and sticks at and around 
threshold voltage. (e.g., CPU does Address Bus to off state 
in Figure 1.) Consequently, the following three methods are 
recommended so as to preserve malfunction of memory de-
vice. 

A: Insert latch as shown in Figure 3-7 lest Address Input 
should become floating. 

B: Put CS into High while Address Input becomes floating. 
(Dotted line in Figure 3·8) 

C: Insert Pull-up Resistor (R) to hold time constant of Rising 
Edge waveform of Address Input pin (t, = R x C) below 
150 ns. 

Stable operation can be assured if you have already adopt
ed the above three methods (A, B, C), while if you have any 
problem, please contact our sales offices. 

.-------------------------------~ 

CPU 

Address 
Bu. 

cs· 
Control 

I 

Memory 
Input 

L __________________ ..J 
0140-77 

Figure 3·7 

_~4 \ Address 
input 

'---------

r------, 
I ' / , 

( \ 

Write Floating Read 
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Figure 3-8 
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Section 2 
MOS Dynamic RAM 
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HM514256AI AL Series 
262,144·Word x 4·Bit CMOS Dynamic RAM 

• DESCRIPTION 
The Hitachi HM514256A1AL is a CMOS dynamic RAM organized 262,144-word x 

4-bit. HM514256A/AL has realized higher density, higher performance and various 
functions by employing 1.3 ,...m CMOS technology and some new CMOS circuit de
sign technologies. The HM514256A1AL offers Fast Page Mode as a high speed ac
cess mode. 

Multiplexed address input permits the HM514256A1 AL to be packaged in stan
dard 20-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 

• FEATURES 
• Single 5V (± 10%) 
• High Speed 

Access Time ..................... 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
• Low Power 

Standby .......................... 11 mW (max), 1.7 mW (max) (L Version) 
Active ............. .495 mW/440 mW/363 mW/302.5 mW/258.5 mW (max) 

• Fast Page Mode Capability 
.512 Refresh Cycles ................................ (8 ms), (64 ms) (L Version) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• PIN OUT 
HM514256A1 ALP 

Series 

1/01 v" 
1/02 1/04 

WE 1/03 

RAS CAS 

NC OE 

AO AS 

Al A7 

A2 A6 

A3 AS 

Voe A4 

0136-1 

(Top View) 

HM514256A/ AUP 
Series 

rHitachi Pin N 01 
JEDEC Pin NO.

1 I I 
I/OI I 20 V" 1 "=F 26 
1/02 2 19 1/04 2 25 
WE 3 181/03 3 24 
HAS 4 17 CAS 4 23 
NC 5 16 OE 5 22 

AO 6 
Al 7 
A2 8 
A3 9 

VcclO 

9 
10 
11 
12 
13 

18 P J7p 
16 P 
15 P 
14 b 

15 A8 
14 A7 
13 AS 
12 AS 
11 A4 

0136-2 

(Top View) 

HM514256A1 ALZP 
Series 

CAS 2 lOE 
I/04 4 

31/03 

I/O! 6 5 V" 

WE8 
71/02 

HC 10 
9W 

AIl2 
HAO 
13A2 

A314 
15V" AIl6 
17A5 

MI8 
19A7 

A820 

0136-3 

(Top View) 

@HITACHI 

HM514256A/ ALP Series 

SDDP20NA 

(DP-20NA) 

HM514256A1 AUP Series 

3DCP20D 

(CP-20D) 

HM514256A1 ALZP Series 

3DZP20 

(ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-Ag Address Input 

Ao-Ag Refresh Address Input 

I/OI-I/04 Data Input/Data Output 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

OE Output Enable 

Vee Power Supply ( + 5V) 

VSS Ground 
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HM514256A1AL Series 

• ORDERING INFORMATION 

Part No. Access Time Package Part No. Access Time Package 

HM5l4256AP-6 60ns HM5l4256ALP-6 60ns 
HM5l4256AP-7 70ns 300-mil 20-pin HM5l4256ALP-7 70ns 300-mil 20-pin 
HM5l4256AP-8 80ns Plastic DIP HM5l4256ALP-8 80ns Plastic DIP 
HM5l4256AP-1O lOOns (DP-20NA) HM5l4256ALP-1O lOOns (DP-20NA) 
HM5l4256AP-12 l20ns HM5l4256ALP-12 l20ns 

HM5l4256AJP-6 60ns HM5l4256AUP-6 60ns 
HM5l4256AIP-7 70ns 300-mil20-pin HM5l4256AUP-7 70ns 300-mil20-pin 
HM5l4256AJP-8 80ns Plastic SOJ HM5l4256AUP-8 80ns Plastic SOl 
HM5l4256AJP-1O lOOns (CP-20D) HM5l4256AUP-1O lOOns (CP-20D) 
HM5l4256AJP-12 l20ns HM5l4256AUP-12 l20ns 

HM5l4256AZP-6 60ns HM5l4256ALZP-6 60ns 
HM5l4256AZP-7 70ns 400-mil 20-pm HM5l4256ALZP-7 70ns 400-miI20-pin 
HM5l4256AZP-8 80ns Plastic ZIP HM5l4256ALZP-8 80ns Plastic ZIP 
HM5l4256AZP-1O lOOns (ZP-20) HM5l4256ALZP-1O lOOns (ZP-20) 
HM5l4256AZP-12 l20ns HM5l4256ALZP-12 120ns 

• BLOCK DIAGRAM 

1/01 1/02 1/03 1/04 
1 1 1 1 

I I/O Buffer I I/O BUfferJ 

L.---l 
,..---

~ ~ ~ ~ 
~ ~ ~ , 

CD CD CD CD 
~ ~ 0 .. 0 0 0 

U; " > " ~ 
> 

~ U; - .§ - "'''' .§ 0 '" '" 00 '" '" 
0 

::! 256k all 256k ::! ::! 256k "" 256k ::! 

.:s U; 
~ 

U; z z U; 
~ Iii .:s Memory 0 .. 0 Memory ~~ Memory 0 0 Memory 

Ii ::! "0 ::! ci ci ::! "0 ::! Ii 
0 0 

E Cell !:. u !:. Cell E E Cell !:. u !:. Cell E 
<[ .. <[ <[ .. <[ 

Array Ii a Ii Array Array Ii a 
Ii Array =: ~ ~ ~ 

~ E c E ~ ~ E c E c c <[ E <[ c c <[ E <[ ~ ~ ~ ~ 

'" ~ " ~ "'''' " !/l 

~ 
(; 

~ 5: <5 5: u c u c 
~ ~ .. .. 
!/l !/l !/l !/l 

---'\ Word Driver 

I 
Word Driver Word O"ver I Word Driver 

-,I Row Decoder Row Decoder Row Decoder Row Oecoder 

I 
--1 Row Address Buffer I I Column Address Buffer I 

F " I AD-A8 I 
0136-4 
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HM514256A/AL Series 

• ABSOLUTE MAXIMUM RATINGS 

Item Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss VCC -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temerature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55· to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Item Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

VCC 4.5 5.0 5.5 V 1 

Input High Voltage VIH 2.4 - 6.5 V 1 

I I10Pin VIL -1.0 - O.S V 1 
Input Low Voltage 

J Others VIL -2.0 O.S V 1 -

Note: 1. All voltage reference to V ss. 

• DC Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV) 

HM514256 

Item Symbol AlAL-6 AlAL-7 AlAL-S AlAL-1O AlAL-12 Unit Test Note 
Conditions 

Min Max Min Max Min Max Min Max Min Max 

Operating 
ICCI - 90 - SO - 66 - 55 - 47 rnA 

RAS, CAS Cycling, 1,2 
Current tRC = Min 

RAS, CAS = VIH 
- 2 - 2 - 2 - 2 - 2 Dout = High-Z 

rnA TTL Interface 
Standby 

ICC2 RAS, CAS ~ V CC - 0.2V 
Current - 1 - 1 - 1 - 1 - 1 CMOS Interface 

- 300 - 300 - 300 - 300 - 300 f'-A 
Dout = High-Z 
CMOS Interface L-Version 

RASOnly 
Refresh ICC3 - 90 - SO - 66 - 55 - 47 rnA tRC = Min 2 
Current 

Battery Backup !ru;;... = 125 f'-s 
Current (Only ICC4 - 300 - 300 - 300 - 300 - 300 f'-A CAS Before 4 
for L-Version) RASCycling 

Standby RAS = VIH 
Iccs - 5 - 5 - 5 - 5 - 5 rnA CAS = VIL 1 

Current 
Dout = Enable 

CAS Before RAS 
ICC6 SO 70 66 55 47 rnA tRC = Min Refresh Current - - - - -

Fast Page 
ICC? - SO - 70 - 55 - 55 - 47 rnA tpc = Min 1,3 

Mode Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 f'-A OV :$ Yin :$ 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 -10 10 f'-A 

OV :$ Vout :$ 7V 
Current Dout = Disable 

• HITACHI 
Hitachi America, Ltd. • Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819 • (415) 589-8300 47 



HM514256A1AL Series 

• DC Characteristics (TA = 0 to + 70·C, Vee = 5V ± 10%, Vss = OV) (continued) 

HM514256 

Item Symbol AlAL·6 AlAL·7 AlAL·8 AlAL·1O AlAL·12 Unit Test Note 
Conditions 

Min Max Min Max Min Max Min Max Min Max 

Output High 
VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 mA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 mA Voltage 

Notes: I. Icc depends on output loading condition when the device is selected. Icc (max) is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL' 
3. Address can be changed once or less while CAS = V/H. 
4. tRAS = tRAS (min) to I p.s. 

Input Voltage: I/O Pins: VIR ~ Vcc - 0.2V, VIL S 0.2V or High·Z 
The Other Pins: VIH ~ VCC - 0.2V, or VIL S 0.2V 

• Capacitance (TA = 25·C, Vee ±10%) 

Item Symbol Typ Max 

Input Capacitance 
Address Cll - 5 

Clock CI2 - 7 

Input/Output Capacitance Data Input/Data Output CliO - 10 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V/H to disable D out . 

• AC Characteristics (TA = 0 to + 70·C, Vee = 5V ± 10%, Vss = OV)14 

Test Conditions 

Input Rise and Fall Times 5 ns 
Input Timing Reference Levels O.BV, 2.4V 
Output Load 2 TIL Gate + CL (100 pF) 

(Including Scope and Jig) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM514256 

Item Symbol AlAL·6 AlAL·7 AlAL·8 

Min Max Min Max Min Max 

Random Read or 
tRC 120 130 160 

Write Cycle Time - - -

RAS Precharge Time tRP 50 - 50 - 70 -
RAS Pulse Width tRAS 60 10000 70 10000 80 10000 

CAS Pulse Width tCAS 20 10000 20 10000 25 10000 

Row Address Setup Time tASR 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 12 -
Column Address Setup Time tASC 0 - 0 - 0 -

Column Address Hold Time tCAH 15 - 15 - 20 -

RAS to CAS Delay Time tRcD 20 40 20 50 22 55 

RAS to Column Delay Time tRAD 15 30 15 35 17 40 

RAS Hold Time tRSH 20 - 20 - 25 -
CAS Hold Time tCSH 60 - 70 - 80 -
CAS to RAS 

tCRP 10 10 10 
Precharge Time - - -

• HITACHI 

AlAL·1O 

Min Max 

190 -

80 -

100 10000 

25 10000 

0 -
15 -
0 -

20 -

25 75 

20 55 

25 -

100 -

10 -

Unit 

pF 

pF 

pF 

AlAL·12 

Min Max 

220 -

90 -
120 10000 

30 10000 

0 -
15 -

0 -

25 -

25 90 

20 65 

30 -
120 -

10 -
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Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns g 

ns 9 

ns 

ns 
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HM514256A/AL Series 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) (continued) 

HM514256 

Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-to A/AL-12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

OE to Dill Delay Time tODD 20 - 20 - 20 - 25 - 30 - ns 

OE Delay Time from Dm tDZO 0 - 0 - 0 - 0 - 0 - ns 

CAS Delay Time from Dm tDZC 0 - 0 - 0 - 0 - 0 - ns 

Transition Time 
tT 3 50 3 50 3 (Rise and Fall) 50 3 50 3 50 ns 1,7 

Refresh Period tREF - 8 - 8 - 8 - 8 - 8 ms 

Refresh Period 
tREF 64 64 64 64 64 

(Only for L-Version) - - - - - ms 

Read Cycle 

HM514256 

Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-to A/AL-12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - 80 - 100 - 120 ns 2,3 

Access Time from CAS tCAC - 20 - 20 - 25 - 25 - 30 ns 3,4 

Access Time from Address tAA - 30 - 35 - 40 - 45 - 55 ns 3,5 

Access Time from OE tOAC - 20 - 20 - 25 - 25 - 30 ns 

Read Command Setnp Time tRCS 0 - 0 - 0 - 0 - 0 - ns 

Read Command Hold 
tRCR 0 0 0 0 0 

Time to CAS - - - - - ns 

Read Command Hold 
tRRR to to to to to 

Time to RAS - - - - - ns 

Column Address to 
tRAL 30 35 40 45 55 -RAS Lead Time - - - - ns 

Output Buffer 
tOFFl - 20 - 20 - 20 - 25 - 30 ns 6 

Tum-off Time 

Output Buffer 
tOFF2 - 20 - 20 - 20 - 25 - 30 ns 6 

Tum-off to OE 

CAS to Din 
tCDD 20 - 20 - 20 - 25 - 30 - ns 

Delay Time 

Write Cycle 

HM514256 

Item Symbol A/AL-6 A/AL-7 A/AL-8 A/AL-to A/AL-12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - 0 - ns to 

Write Command Hold Time tWCR 15 - 15 - 20 - 20 - 25 - ns 

Write Command Pulse Width twp to - to - 15 - 15 - 20 - ns 

Write Command to 
tRWL 20 20 25 25 30 

RAS Lead Time - - - - - ns 

Write Command to 
tCWL 20 20 25 25 30 -

CAS Lead Time 
- - - - ns 

Data-in Setup Time tDS 0 - 0 - 0 - 0 - 0 - ns 11 

Data-in Hold time tDR 15 - 15 - 15 - 20 - 25 - ns II 

~HITACHI 
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HM514256A1AL Series 

Read-Modify-Write Cycle 

Item Symbol 

Read-Write Cycle Time tRWC 

RAS to WE Delay Time tRWD 

CAS to WE Delay Time tCWD 

Column Address to 
tAWD WE Delay Time 

OE Hold Time from WE tOEH 

Refresh Cycle 

Item Symbol 

AJAL-6 

Min Max 

170 -
S5 -
45 -

55 -

20 -

AJAL-6 

Min Max 

CAS Setup Time 
(CAS Before RAS tCSR 10 -
Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS tCHR 15 -
Refresh Cycle) 

RAS Precharge to 
tRPC 10 -CAS Hold Time 

Fast Page Mode Cycle 

Item Symbol AJAL-6 

Min Max 

Fast Page Mode 
tpc 45 -Cycle Time 

Fast Page Mode CAS tcp 10 -Precharge Time 

Fast Page Mode RAS 
tRASC - 100000 

Pulse Width 

Access Time from 
tACP 40 

CAS Precharge 
-

RAS Hold Time 
tRHCP 40 

from CAS Precharge 
-

Fast Page Mode 
tpCM 95 -Read-Write Cycle Tim,e 

Notes: I. AC measurements assume tT = 5 ns. 

AJAL-7 

Min Max 

ISO -
95 -
45 -

60 -

20 -

AJAL-7 

Min Max 

10 -

15 -

10 -

AJAL-7 

Min Max 

50 -

10 -

- 100000 

- 45 

45 -

100 -

HM514256 

AJAL-S AJAL-IO AJAL-12 Unit Note 

Min Max Min Max Min Max 

220 - 255 - 295 - ns 

110 - 135 - 160 - ns 10 

55 - 60 - 70 - ns 10 

70 - SO - 95 - ns 10 

25 - 25 - 30 - ns 

HM514256 

AJAL-S AJAL-IO AJAL-12 Unit Note 

Min Max Min Max Min Max 

10 - 10 - 10 - ns 

20 - 20 - 25 - ns 

10 - 10 - 10 - ns 

HM514256 

AJAL-S AJAL-IO AJAL-12 Unit Note 

Min Max Min Max Min Max 

55 - 55 - 65 - ns 

10 - 10 - 15 - ns 

- 100000 - 1000000 - 100000 ns 12 

- 50 - 50 - 60 ns 13 

50 - 50 - 60 - ns 

110 - 115 - 135 - ns 

2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

50 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TIL loads and 100 pF. 
4. Assumes that tRCD ~ tRCD (max) and tRAD S tRAD (max). 
5. Assumes that tRCD S tRCD (max) and tRAD ~ tRAD (max). 
6. tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. Transition times are measured between VIH and VIL. 
S. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
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HM514256A/AL Series 

10. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are inclnded in the data sheet as electrical 
characteristics only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; iftRWD ~ tRWD (min), tCWD ~ tCWD (min) and tAwD ~ tAWD (min), the 
cycle is a read-write and the data output will contain data read from the selected cell; if neither of the above sets of condi
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read-
modify-write cycles. 

12. tRASC is determined by RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA, tCAC or tACp. 
14. An initial pause of 100 p.s is required after power-up followed by eight or more initialization cycles (any combination of 

cycles containing RAS clock such as RAS only refresh). If the internal refresh counter is used, eight or more CAS before 
RAS refresh cycles are required . 

• TIMING WAVEFORMS 
• Read Cycle 

Address 

WE 

Dout 

Din 

OE 

Hlgh-Z 

tCAe 

tOAC 

~HITACHI 

101'1'1 

Valid 
Output 

101'1'1 

~: Don't care 
0136-5 
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HM514256A1AL Series 

• Early Write Cycle 

• Delayed Write Cycle 

RAS 

tT 
lRCD 

CAS 

Address 

WE 

Om 

Dout 

Address 

Dm 

Dout 

DE 

t.e 

'ItAS 

tM' 

tCAS 

tcs. 

t •• 

";"h-Z 

OE: Don't care 
twa ~ twa (min) 
~ : Don't care 

0136-6 

IZZZ1 : Doo't care 
0136-7 
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• Read-Modify-Write Cycle 

CAS 

Address 

WE 

DiD 

D~ ________ -+ __ H_~~-Z __ ~ 

t ... 

• RAS Only Refresh Cycle 

Dout 
H~-Z 

eHITACHI 

HM514256A/AL Series 

~ : Don't care 

OE, WE: Don" care 

~ : Don't eire 

0136-8 

0136-9 
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HM514256A1AL Series 

• CAS Before RAS Refresh Cycle 

CAS -------,OL 

• Fast Page Mode Read Cycle 

Address 

Din 

Dout 

~HITACHI 

Address,Din, WE : Don't care 
DODt : Hiah-Z 
~ : Don't care 

~ : Don't care 

54 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 
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• Fast Page Mode Early Write Cycle 

Address 

Don 

Dout 

• Fast Page Delayed Write Cycle 

DE 

Hlgh-Z 

• HITACHI 

OE : Don't care 

tZz.iI : Don't care 

~ '[)on'teare 

HM514256A/AL Series 

0136-12 

0136-13 
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HM514256A/AL Series 

• Fast Page Mode Read-Modlfy-Write Cycle 

CAS---i-+--..... 

Address 

Don 

~ : Doa't care 

0136-14 

• HITACHI 
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HM514258A Series 
262,144·Word X 4·Bit CMOS Dynamic RAM 

• DESCRIPTION 
The Hitachi HM514258A is a CMOS dynamic RAM organized 262144-word x 

4-bit. HM514258A has realized higher density, higher performance and various func
tions by employing 1.3 Mm CMOS technology and some new CMOS circuit design 
technologies. The HM514258A offers Static Column Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514258A to be packaged in standard 
20-pin plastic DIP, 20-pin plastic SOJ and 20~pin plastic ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ..................... 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
• Low Power 

Standby .................................................. 11 mW (max) 
Active ................. 495 mW/440 mW/413 mW/358 mW/303 mW (max) 

• Static Column Mode Capability 
• 512 Refresh Cycles .................................................. (8 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CS Before RAS Refresh 

• ORDERING INFORMATION 

Part No. Access Time 

HM514258AP-6 60 ns 
HM514258AP-7 70 ns 
HM514258AP-8 80 ns 
HM514258AP-1O 100 ns 
HM514258AP-12 120ns 

HM514258A1P-6 60 ns 
HM514258A1P-7 70 ns 
HM514258A1P-8 80 ns 
HM514258A1P-1O 100 ns 
HM514258A1P-12 120 ns 

HM514258AZP-6 60ns 
HM514258AZP-7 70ns 
HM514258AZP-8 80ns 
HM514258AZP-1O lOOns 
HM514258AZP-12 120ns 

• PIN OUT 
HM514258AP Series HM514258AJP Series 

I HitachI Pm NO.

1 
1/01 v. JEDEC Pin No. 
1102 1/04 I I WE 1/03 

1/01 1 I '=' " '" v. 
fiAs ~ 1/022 . 25 191/04 

NC ill: WE3 3 " 181/03 

RAS. . 23 17es 

AO A8 NC S S 22 160E 

AI A1 

A. A, 
AO. , 18 15 AS 

A3 AS 
AI 1 10 11 14 A7 

v~ .. "8 " 16 13 A6 

" , 12 IS 12 AS 

v"" 10 13 .. 11M 
0114-1 

(Top View) 0114-2 

(Top View) 

Package 

300 mil20-pin 
Plastic DIP 
(DP-20NA) 

300 mil20-pin 
Plastic SOJ 
(CP-20D) 

400 mil20-pin 
Plastic ZIP 
(ZP-20) 

HM514258AZP Series 

I OE 
es 2 

3 1/03 
1/04 .. 

5 VM 

1/01 6 
7 1/02 

WE 8 
iiAs 9 

NC 10 
11 AO 

At 12 
13 A2 

A3 14 
15 Vt:c 

A4 16 
17 AS 

AS 18 
19 A7 

AS 20 

0114-3 

(Bottom View) 

@HITACHI 

HM514258AP Series 

3DDP20NA 

(DP-20NA) 

HM514258AJP Series 

3DCP20D 

(CP-20D) 

HM514258AZP Series 

3DZP2Q 

(ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-Ag Address Input 

Ao-Ag Refresh Address Input 

I/Oo-1I04 Data Input/Data Output 

RAS Row Address Strobe 

CS Chip Select 

WE Write Enable 

OE Output Enable 

Vce Power Supply ( + 5V) 

Vss Ground 
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HM514258A Series 

• BLOCK DIAGRAM 

1/01 1/02 1/03 1/04 

I/O Buffer ~ 
r-

. ~ ~ , , 
'" '" 

m '" 
S'. ~ S'. Ui'(i) S'. ~ S'. 

U; - 0 00 256k .. .§ .. 256k 0 256k .. .. 256k 
"" " U; .. ~~ U; .. U; 

~ Memory 

i 
U; Memory Memory 0 j 0 Memory 

0 0 a ! " . Cell ! ! Cell E Cell ~ 
Cell 

E < < Array ~ Array 
~ 

Array a a Array 

j 
a . E g E E g E < < < < .li ~ ~ ~ j j ~ 
<ll <ll 

Word Driver 

1 
Word Driver Word Dnver J Word Dnver 

r' Row Decoder Row Decoder Row Decoder Row Decoder 

I 
~ Row Address Buffer I l Column Address Buffer _I 

11 
I AD AS I 

'T 

@HITACHI 

'" 0 
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E « 

i 

0114-4 
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HM514258A Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss Vcc -\.Oto +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70"C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIR 2.4 - 6.5 V 1 

Input Low I I/O Pin VIL -\.O - 0.8 V 1 

Voltage I Others VIL -2.0 - 0.8 V I 

Note: I. All voltage refereuced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70"C, Vee = 5V ± 10%, V SS = OV) 

HM514258A HM514258A HM514258A HM514258A HM514258A 

Parameter Symbol -6 -7 -8 -10 -12 Unit Test Conditions Note 

Min Max Min Max Min Max Min Max Min Max 

Operating Current ICCI - 90 - 80 - 75 - 65 - 55 rnA 
RAS, CS Cycling 

1,2 
tRC = Min 

TTL Interface 
- 2 - 2 - 2 - 2 - 2 rnA RAS, CS = VIR, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface, RAS, 
- I - I - 1 - I - I rnA CS 2: V CC - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 90 - 80 - 75 - 65 - 55 rnA tRC = Min 2 

Refresh Current 

RAS = VIR, 
Standby Current ICCS - 5 - 5 - 5 - 5 - 5 rnA CS = VIL, I 

Dout = Enable 

CS Before RAS 
ICC6 80 70 65 55 45 rnA tRC = Min 

Refresh Current 
- - - - -

Static Column 
ICC9 80 70 65 55 45 rnA tsc = Min 1,3 

Mode Current 
- - - - -

Iuput Leakage 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 ,.A OV:S Vin:S 7V 

Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 -10 10 ,.A 

OV :S Vout :S 7V, 
Current Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 Vcc 2.4 Vcc 2.4 Vcc 2.4 VCC V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: I. IcC depends on output load condition when the device is selected. ICC max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed once or less while CS = VIR. 

~HITACHI 
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HM514258A Series 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) CIl - 5 

Input Capacitance (Clocks) CI2 - 7 

Input/Output Capacitance (Data Input, Data Output) CliO - 10 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = V IH to disable Dout. 

• AC Characteristics (TA = 0 to + 70'C, Vee = 5V ± 10%, Vss = OV)17, 18 

Test Conditions 

Input Rise and Fall Times: 
Input timing reference levels: 
Output load: 

5 ns 
0.8V,2.4V 

2 TTL Gate + CL (100 pF) 
(Including scope and jig) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM514258A HM514258A HM514258A 
Parameter Symbol -6 -7 -8 

Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 120 - 130 - 160 -
RAS Precharge Time tRP 50 - 50 - 70 -
RAS Pulse Width tRAS 60 10000 70 10000 80 10000 

CS Pulse Width tsp 20 10000 20 10000 25 10000 

Row Address Setup Time tASR 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 12 -
Column Address Setup Time tASW 0 - 0 - 0 -
Column Address Hold Time tAHW 15 - 15 - 20 -
RAS to CS Delay Time tRCD 20 40 20 50 22 55 

RAS Hold Time tRSL 20 - 20 - 25 -
CSHold Time tCSH 60 - 70 - 80 -
CS to RAS Precharge Time tSRS 10 - 10 - 10 -

OE to DID Delay Time tODD 20 - 20 - 20 -

OE Delay Time from Din tDZO 0 - 0 - 0 -
CS Delay Time from DID tDZC 0 - 0 - 0 -
Transition Time (Rise and Fall) tT 3 50 3 50 3 50 

Refresh Period tREF - 8 - 8 - 8 

Read Cycle 

HM514258A HM514258A HM514258A 
Parameter Symbol -6 -7 -8 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - 80 

Access Time from CS tACS - 20 - 20 - 25 

Access Time from Address tAA - 30 - 35 - 40 

Access Time from OE tOAC - 20 - 20 - 25 

Read Command Setup Time tRCS 0 - 0 - 0 -

Read Command Hold Time to CS tRCH 0 - 0 - 0 -

Read Command Hold Time to RAS tRRH 10 - 10 - 10 -

~HITACHI 

HM514258A 
-10 

Min Max 

190 -
80 -

100 10000 

30 10000 

0 -

15 -

0 -
25 -
25 70 

30 -

100 -

10 -

25 -
0 -

0 -
3 50 

- 8 

HM514258A 
-10 

Min Max 

- 100 

- 30 

- 50 

- 25 

0 -
0 -

10 -

Unit 

pF 

pF 

pF 

HM514258A 
-12 

Min Max 

220 -
90 -

120 10000 

30 10000 

0 -

15 -

0 -
25 -
25 90 

30 -
120 -

10 -
30 -
0 -
0 -

3 50 

- 8 

HM514258A 
-12 

Min Max 

- 120 

- 30 

- 55 

- 30 

0 -

0 -

10 -
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I 

I 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 

ns 

ns 

ns 

ns 

ns 

ns 1,7 

ms 

Unit Note 

ns 2,3 

ns 3,4 

ns 3,5,14 

ns 

ns 

ns 

ns 



HM514258A Series 

Read Cycle (continued) 

HM514258A HM514258A HM514258A HM514258A HM514258A 
Parameter Symbol -6 -7 -8 -10 -12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

RAS to Column Address Hold Time tAHR 15 - 15 - 15 - 15 - 15 - ns 16 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 20 50 20 65 ns 9 

Column Address to RAS Lead Time tRAL 30 - 35 - 40 - 50 - 55 - ns 

Column Address Hold Time from RAS tAR 60 - 70 - 80 - 100 - 120 - ns 

Output ButTer Tum-off Time loFF - 20 - 20 - 20 - 25 - 30 ns 6 

Output ButTer Tum-off to OE loFF2 - 20 - 20 - 20 - 25 - 30 ns 6 

Output Hold Time from Address tAOH 5 - 5 - 5 - 5 - 5 - ns 

CS to Din Delay Time tCDD 20 - 20 - 20 - 25 - 30 - ns 

CS Hold Time from OE loCH 20 - 20 - 25 - 25 - 30 - ns 

OE Hold Time from RAS tROH 60 - 70 - 80 - 100 - 120 - ns 

OE Hold Time from CS tCOH 20 - 20 - 25 - 25 - 30 - ns 

OE Pulse Width tOEP 20 - 20 - 25 - 25 - 30 - ns 

Write Cycle 

HM514258A HM514258A HM514258A HM514258A HM514258A 
Parameter Symbol -6 -7 -8 -10 -12 Uuit Note 

Min Max Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 15 - 20 - 25 - 25 - ns 

Write Command Hold Time to RAS tWCR 55 - 65 - 75 - 95 - 115 - ns 

Write Command Pulse Width twp 10 - 10 - 15 - 15 - 20 - ns 

Write Command to RAS Lead Time tRwL 20 - 20 - 25 - 25 - 30 - ns 

Write Command to CS Lead Time tcwL 20 - 20 - 25 - 25 - 30 - ns 

Din Setup Time tDS 0 - 0 - 0 - 0 - 0 - ns 11 

Din Hold Time tDH 15 - 15 - 20 - 25 - 25 - ns 11 

Din Hold Time to RAS tDHR 55 - 65 - 75 - 95 - 115 - ns 

Column Address Hold Time from RAS tAWR 55 - 65 - 75 - 95 - 115 - ns 

Read-Modify-Write Cycle 

HM514258A HM514258A HM514258A HM514258A HM514258A 
Parameter Symbol -6 -7 -8 -10 -12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Read-Modify-Write Cycle Time tRwc 170 - 180 - 220 - 255 - 295 - ns 

RAS to WE Delay Time tRWD 85 - 93 - 110 - 135 - 160 - ns 10 

CS to WE Delay Time tCWD 45 - 45 - 55 - 65 - 70 - ns 10 

Column Address to WE Delay Time tAWD 55 - 60 - 70 - 85 - 95 - ns 10 

Refresh Cycle 

HM514258A HM514258A HM514258A HM514258A HM514258A 
Parameter Symbol -6 -7 -8 -10 -12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

CS Setup Time 
tCSR 10 - 10 - 10 - 10 - 10 - ns (CS Before RAS Refresh Cycle) 

CS Hold Time 
tcHR 15 15 20 20 25 (CS Before RAS Refresh Cycle) - - - - - ns 

RAS Precharge to CS Hold Time tZRH 10 - 10 - 10 - 10 - 10 - ns 

• HITACHI 
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HM514258A Series 

Static Column Mode Cycle 

HM514258A HM514258A HM514258A HM514258A HM514258A 
Parameter Symbol -6 -7 -8 -10 -12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Static Column Mode Cycle Time tsc 35 - 40 - 45 - 55 - 60 - ns 

Static Column Mode RAS Pulse Width tRASC - 100000 - 100000 - 100000 - 100000 - 100000 ns 

RAS to Second WE Delay Time tRSWD 70 - 80 - 90 - 110 - 135 - ns 

Static Column Mode CS Precharge Time tSI 10 - 10 - 10 - 10 - 15 - ns 

Static Column Mode WE Precharge Time tWI 10 - 10 - 10 - 10 - 15 - ns 

Static Column Mode Read-Modify-Write Cycle and Mixed Cycle 

HM514258A HM514258A HM514258A HM514258A HM514258A 
Parameter Symbol -6 -7 -8 -10 -12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Static Column Mode Cycle Time 
tSRW 90 100 120 140 160 ns 12 - - - - -on Read-Modify-Write 

Access Time from First WE tALW - 65 - 75 - 85 - 100 - 115 ns 3,13 

Last WE to Column Address Delay Time tLWAD 20 35 20 40 25 45 25 50 30 60 ns 15 

Last WE to Column Address Hold Time tAHLW 65 - 75 - 85 - 100 - 115 - ns 

Notes: I. AC measurements assume tT = 5 ns. 

64 

2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
4. Assumes that tRCD O!: tRCD (max) and tRAD :S tRAD (max). 
5. Assumes that tRCD S tRCD (max) and tRAD ~ tRAD (max). 
6. !oFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. Transition times are measured between V IH and V IL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tACS' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, tcWD and tA WD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs ~ !wCS (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; iftRWD ~ tRwD (min), tcwD ~ tCWD (min) and tAWD O!: tAWD (min) the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed write or read
modify-write cycles. 

12. tSRW (min) = tAWD (min) + tLWAD (max) + tT 
13. Assumes that tLWAD :S tLWAD (max). If tLWAD is greater than the maximum recommended value shown in this table, 

tALW exceeds the value shown. 
14. Assumes that tLwAD ~ tLWAD (max). 
15. Operation with the tLWAD (max) limit insures that tALW (max) can be met, tLwAD (max) is specified as a reference point 

only, if tLWAD is greater than the specified tLWAD (max) limit, then access time is controlled exclusively by tAA' 
16. tAHR is dermed as the time at which the column address hold is set. 
17. An initial pause of 100 p.s is required after power-up followed by eight or more initialization cycles (any combination of 

cycles containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CS before RAS 
refresh cycles are required. 

18. In delayed write or read-modify-write cycles, OE must disable output buffers prior to applying data to the device . 

• HITACHI 
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• TIMING WAVEFORMS 
• Read Cycle 

• Early Write Cycle 

cs 

Address 

WE 

Dout 

Address 

-WE 

Din 

Dout 

t.e 

High-Z·' 

!LZ1 : Don't care 

1JE : Don't care 
twcs~twcs (min) 

~ : Don't care 

~HITACHI 

HM514258A Series 

0114-5 

0114-6 
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HM514258A Series 

• Delayed Write Cycle 

Address 

Din 

Dout 

E:Z2j : Don'! care 

0114-7 

• Read-Modify-Write Cycle 

Address 

Din 

Dou! 

IZ2J : Don'! care. 
0114-8 

~HITACHI 
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• RAS Only Refresh Cycle 

Address 

Dout 

• CS Before RAS Refresh Cycle 

Address 

Dout 

• Static Column Mode Read Cycle 

Address 

Dout 

High-Z 

DE, WE : Don't care 
IL2d : Don't care 
Refresh address: AO-AB (AXO-AX8) 

Ijjj/l !II II! ////II////////! II I!I/// a 
High-Z 

WE, DE : Don't care 

!'22:l : Don't care 

~HITACHI 

HM514258A Series 

0114-9 

0114-10 

~ : Don't care. 

0114-11 
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HM514258A Series 

• Static Column Mode Write Cycle (1) 

Address 

Don 

Dou! 
High-Z" 

1. E2Zl : Don'! care 

2. !wcs<::!wcs(mln) 

3. OE : Don'! care 
0114-12 

• Static Column Mode Write Cycle (2) 

Address 

Din 

Dou! 
Hlgh-Z" 

1 . ~ : Don'! care. 

2. !wcs<:: !wcs(mln) 

3. OE: Don'! care. 

0114-13 
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HM514258A Series 

• Static Column Mode Read-Modify-Write Cycle 

Address 

Din 

Dou! 

~ : Don'! care. 

0114-14 
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HM514258A Series ---------------------------__ _ 
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HM514266 Series 
262,144-Word x 4-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514266A is a CMOS dynamic RAM organized 262,144-word x 

4-bit. HM514266A has realized higher denSity, higher performance and various func
tions by employing 1.3 p.m CMOS process technology and some new CMOS circuit 
design technologies. The HM514266A offers Fast Page Mode as a high speed ac
cess mode. 

Multiplexed address input permits the HM514266A to be packaged in standard 
20-pin plastiC DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 

• FEATURES 
• Single 5V (± 10%) 
• High Speed 

Access Time ..................... 60 ns/70 ns/80 ns/l00 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ........... 495 mW/440 mW/363 mW/303 mW/259 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• 512 Refresh Cycles .................................................. (8 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• Write per Bit Capability 

• ORDERING INFORMATION 

Part No. Access Time 

HMS14266AP-6 60ns 
HMS14266AP-7 70ns 
HMS14266AP-8 80ns 
HMS14266AP-1O lOOns 
HMS14266AP-12 120ns 

HMS14266AJP-6 60ns 
HMS14266AJP-7 70ns 
HMS14266AJP-8 80ns 
HMS14266AJP-1O lOOns 
HMS14266A]P-12 120ns 

HMS14266AZP-6 60ns 
HMSI4266AZP-7 70ns 
HMS14266AZP-8 80ns 
HMS14266AZP-1O lOOns 
HMS14266AZP-12 l20ns 

Package 

300 mil20-pin 
Plastic DIP 
(DP-20NA) 

300 mil 20-pin 
Plastic SO] 
(CP-20D) 

400 mil20-pin 
Plastic ZIP 
(ZP-20) 

~HITACHI 

HM514266AP Series 

3DDP20NA 

(DP-20NA) 

HM514266AJP Series 

3DCP20D 

(CP-20D) 

HM514266AZP Series 

3DZP20 

(ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-As Address Input 

Ao-As Refresh Address Input 

W]1I0]- Write Select! 
Wl/I04 Data-in/Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WB/WE Write Per Bit/Write Enable 

OE Output Enable 

Vee Power Supply ( + S.OV) 

Vss Ground 
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HM514266 Series 

• PIN OUT 

HM514266AP Series HM514266AJP Series 

Wl/101 
W2I102 

WBIWE 
RAS 

NC 
AO 
Al 

A2 
A3 
Vee 

(Top View) 

• BLOCK DIAGRAM 

Vss VOl 
W41104 V02 2 
W31103 WE 3 
CAS RAS 4 
OE NC 5 
A8 
A7 AO 6 
A6 Al 7 
AS A2 8 
A4 A3 9 

0118-1 Vcc 10 

18 1/03 
17 CAS 
16 OE 

15 AS 
14 A7 
13 A6 
12 AS 
11 A4 

0118-2 

(Top View) 

~ 
~ 

WlIlOI W2II02 W3II03 W4II04 

I I/O Buffer I I I/O Buffer I 
L....--I 
-

II> II> ., 
:;) :;) :;) 
III III III 

Ui ~ .~ ~ lUi Ui ~ 
0 256k 

o!S c o!S 
256k 00 256k 

.~ ::< Memory Ui o!S Ui Memory ::<::< Memory 
~ iii I~~ en 
ci. Cell 0 

'" 0 Cell 
i~l~ 

Cen 0 
Array ::< 8 ::< Array Array ::< 

E !!:.. !!:.. eo « .. «« .. ci. c ci. .. .. ~ c: II> E E II> ., E c: « E « c: c: « .. 2 ., .. 
en .. .. en en .. 

til 0 II> til c: () c: c: ., ., .. en en en 

...---J.. Word Driver -1 Word Driver Word Driver 
--r RaNDeoode RaNDeooder RaNDeoode 

1 
II> 
:;) 

iii III 
.~ ~ 0 o!S 
o!S 

Cii iii 
"8 

0 
::< eo .. c 
~ c: 
~ E 

;3 .. 
II> 
c: .. 
en 

256k 
Memory 

Cell 
Array 

HM514266AZP Series 

CAS 

1/04 

1101 

WE 

OE 

3 1103 

5 Vss 
7 1102 

9 RAS 
11 Ao 

13 A2 

15 Vcc 
17 As 

19A7 

(Bottom View) 

Ui 
0 
::< 
~ 
19-E « .. 

til 
c: .. en 

Word Driver 
RaNDeooder 

Row Address Buffer IColumn Address Bufferl 

-
0118-4 
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HM514266 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss vcc - 1.0 to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low I (I/O Pin) VIL -1.0 - 0.8 V I 
Voltage I (Others) VIL -2.0 - O.S V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to + 70°C, Vee = 5V ± 10%, Vss = OV) 

514266A-6 514266A-7 514266A-S 514266A-1O 514266A-12 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max Min Max Min Max 

Operating Current ICCI - 90 - SO - 66 - 55 - 47 rnA tRC = Min 1,2 

TTL Interface 
- 2 - 2 - 2 - 2 - 2 rnA RAS, CAS = V IH 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface 
- I - I - I - I - I rnA RAS, CAS 2: V CC - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 90 - SO - 66 - 55 - 47 rnA tRC = Min 2 

Refresh Current 

RAS = VIH, 
Standby Current ICC5 - 5 - 5 - 5 - 5 - 5 rnA CAS = VIL I 

Dout = Enable 

CAS Before RAS 
ICC6 SO 70 66 55 47 rnA tRC = Min Refresh Current 

- - - - -

Fast Page 
ICC7 - SO - 70 - 55 - 55 - 47 rnA tpc = Min 1,3 

Mode Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 /LA OV :s Yin :s 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 -10 10 /LA 

OV :s Vout :s 7V 
Current Dout = Disable 

Output High 
VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA Voltage 

Notes: I. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IV 
3. Address can be changed once or less while CAS = VIH' 

~HITACHI 
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• Capacitance (T A = 25°C, Vee = 5V ± 1 0%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cn - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 10 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout . 

• AC Characteristics (TA = Oto + 70°C, Vee = 5V ±10%, Vss = OV)1, 14 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

514266A-6 514266A-7 514266A-8 
Parameter Symbol 

Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 120 - 130 - 160 -

RAS Precharge Time tRP 50 - 50 - 70 -
RAS Pulse Width tRAS 60 10000 70 10000 80 10000 

CAS Pulse Width tCAS 20 10000 20 10000 25 10000 

Row Address Setup Time tASR 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 12 -
Column Address Setup Time tASC 0 - 0 - 0 -

Column Address Hold Time tCAH 15 - 15 - 20 -

RAS to CAS Delay Time tRCD 20 40 20 50 22 55 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 

RAS Hold Time tRSH 20 - 20 - 25 -

CAS Hold Time tCSH 60 - 70 - 80 -
CAS to RAS Precharge Time tCRP 10 - 10 - 10 -

OE to Din Delay Time toDD 20 - 20 - 20 -

OE Delay Time from Din tDZO 0 - 0 - 0 -

CAS Delay Time from Din tDZC 0 - 0 - 0 -

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 

Refresh Period tREF - 8 - 8 - 8 

Read Cycle 

514266A-6 514266A-7 514266A-8 
Parameter Symbol 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - 80 

Access Time from CAS tCAC - 20 - 20 - 25 

Access Time from Address tAA - 30 - 35 - 40 

Access Time from OE tOAC - 20 - 20 - 25 

Read Command Setup Time tRCS 0 - 0 - 0 -

Read Command Hold Time to CAS tRCH 0 - 0 - 0 -

Read Command Hold Time to RAS tRRH 10 - 10 - 10 -
Column Address to RAS Lead Time tRAL 20 - 35 - 40 -
Output Buffer Turn-off Time toFFI - 20 - 20 - 20 

Output Buffer Turn-off to OE toFF2 - 20 - 20 - 20 

CAS to Din Delay Time tCDD 20 - 20 - 20 -

~HITACHI 

514266A-1O 

Min Max 

190 -

80 -

100 10000 

25 10000 

0 -
15 -

0 -

20 -

25 75 

20 55 

25 -

100 -

10 -

25 -
0 -

0 -

3 50 

- 8 

514266A-1O 

Min Max 

- 100 

- 25 

- 45 

- 25 

0 -

0 -

10 -
45 -

- 25 

- 25 

25 -

HM514266 Series 

Unit Note 

pF 1 

pF 1 

pF 1,2 

514266A-12 
Unit Note 

Min Max 

220 - ns 

90 - ns 

120 10000 ns 

30 10000 ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

25 90 ns 8 

20 65 ns 9 

30 - ns 

120 - ns 

10 - ns 

30 - ns 

0 - ns 

0 - ns 

3 50 ns 7 

- 8 ms 

514266A-12 
Unit Note 

Min Max 

- 120 ns 2,3 

- 30 ns 3,4 

- 55 ns 3,5 

- 30 ns 

0 - ns 

0 - ns 

10 - ns 

55 - ns 

- 30 ns 6 

- 30 ns 6 

30 - ns 
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HM514266 Series 

Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data-in Setup Time 

Data-in Hold Time 

Read-Modify-Write Cycle 

Parameter 

Read-Write Cycle Time 

RAS to WE Delay Time 

CAS to WE Delay TIme 

Column Address to WE Delay Time 

OE Hold Time from WE 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Symbol 

twcs 

tWCH 

twp 

tRWL 

tCWL 

tDS 

tDH 

Symbol 

tRWC 

tRWD 

tCWD 

tAWD 

tOEH 

Symbol 

tCSR 

tCHR 

tRPC 

Symbol 

tpc 

Fast Page Mode CAS Precharge Time tcp 

Fast Page Mode RAS Pulse Width tRASC 

Access Time from CAS Precharge tACP 

RAS Hold Time from CAS Precharge tRHCP 
Fast Page Mode Read-Write 

tpCM Cycle Time 

Write Per Bit(15, 16) 

Parameter Symbol 

Write per Bit Setup Time tWBS 

Write per Bit Hold Time tWBH 

Write per Bit Selection Setup time tWDS 

Write per Bit Selection Hold Time tWDH 

514266A-6 514266A-7 514266A-8 

Min Max Min Max Min Max 

0 - 0 - 0 -
15 - 15 - 20 -

10 - 10 - 15 -
20 - 20 - 25 -

20 - 20 - 25 -
0 - 0 - 0 -
15 - 15 - 20 -

514266A-6 514266A-7 514266A-8 

Min Max Min Max Min Max 

170 - 180 - 220 -
85 - 95 - 110 -
45 - 45 - 55 -
55 - 60 - 70 -
20 - 20 - 25 -

514266A-6 514266A-7 514266A-8 

Min Max Min Max Min Max 

10 - 10 - 10 -

15 - 15 - 20 -

10 - 10 - 10 -

514266A-6 514266A-7 514266A-8 

Min Max Min Max Min Max 

45 - 50 - 55 -

10 - 10 - 10 -

- 100000 - 100000 - 100000 

- 40 - 45 - 50 

40 - 45 - 50 -

95 - 100 - 110 -

514266A-6 514266A-7 514266A-8 

Min Max Min Max Min Max 

0 - 0 - 0 -

10 - 10 - 12 -

0 - 0 - 0 -
10 - 10 - 12 -

~HITACHI 

514266A-1O 514266A-12 

Min Max Min Max 

0 - 0 -
20 - 25 -
15 - 20 -
25 - 30 -
25 - 30 -
0 - 0 -
20 - 25 -

514266A-1O 514266A-12 

Min Max Min Max 

255 - 295 -
135 - 160 -

60 - 70 -
80 - 95 -

25 - 30 -

514266A-1O 514266A-12 

Min Max Min Max 

10 - 10 -

20 - 25 -

10 - 10 -

514266A-1O 514266A-12 

Min Max Min Max 

55 - 65 -

10 - 15 -

- 100000 - 100000 

- 50 - 60 

50 - 60 -

115 - 135 -

514266A-1O 5l4266A-12 

Min Max Min Max 

0 - 0 -
15 - 15 -

0 - 0 -

15 - 15 -
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Unit Note 

ns 10 

ns 

ns 

ns 

ns 

ns 11 

ns 11 

Unit Note 

ns 

ns 10 

ns 10 

ns 10 

ns 

Unit Note 

ns 

ns 

ns 

Unit Note 

ns 

ns 

ns 12 

ns 13 

ns 

ns 

Unit Note 

ns 

ns 

ns 

ns 



HM514266 Series 

Notes: I. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD 2: tRCD (max) and tRAD :S tRAD (max). 
5. Assumes that tRCD :S tRCD (max) and tRAD 2: tRAD (max). 
6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIR and VIL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs 2: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; iftRWD 2: tRWD (min), tCWD 2: tCWD (min), and tAWD 2: tAWD (min), the 
cycle is a read-write and the data output will contain data read from the selected cell; if neither of the above sets of condi
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WB/WE leading edge in delayed write or 
read-modify-write cycles. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP' 
14. An initial pause of 100 ,...S is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). If the internal refresh counter is used, a minimum of eight CAS 
before RAS refresh cycles are required. 

15. When using the write-per-bit capability, WB/wE must be low as RAS falls. 
16. The data bits to which the write operation is applied can be specified by keeping Wi/IOi high with setup and hold time 

referenced to the RAS negative transition. 
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HM514266 Series -------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

Address 

WB,WE 

W1~'01 [Dout 

W4/104 ~"""""""r""7"7~'1"""'7'~ Hi-Z 
Din ~~------~~----~------r_----~ 

r'-.4-I.'-"'-~"-'-"'" 

Hi-Z 

toze 

. fI0/~ : Don't care 

0118-5 

~HITACHI 
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• Early Write Cycle 

Address 

WB/WE 

W1/101 [Din 
W4~04 Dout 

tCSH 

@HITACHI 

HM514266 Series 

tCRP 

OE : Don't care 
• 1"'7~-r~"";;~;":;' : Don't care 

0116-6 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819· (415) 589-8300 79 



HM514266 Series ------------------------------

• Delayed Write Cycle 

Address 

WB.WE 

W'\IO' [Din 

W4/104 
Dout 

'1 Invalid output 
. WM : Don't care 

0118-7 
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• Read-Modify-Write Cycle 

Address 

WB,WE 

W1/101 [Din 
W4~04 Dout 

OE 

_HITACHI 

HM514266 Series 

Valid Input 

tOEH 

W M : Don't care 

0118-8 
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HM514266 Series ------------------------------

• RAS Only Refresh Cycle 

RAS 

Address 

Dout 

1 OE, WE : Don't eare 

2 ~ : Don'teare 

0118-9 

• CAS Before RAS Refresh Cycle 

tCSR tCHR 

Address, Din, WE : Don't care 

Dout: Hlgh·Z 

0118-10 
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-------------------------- HM514266 Series 

• Fast Page Mode Read Cycle 

~ 
) ~ '-ICSH IRHCP 

Address 

IT .... I+-
Ipc IRSH 

IRCO Icp ~ ICRP 
ICAS ~p P ~ "----'1\ ---
~ IRAti lRAL 

f+t" lRAO lCAH ICAH ~H 
IASR IASC 

~ IASC foH" lASe 
14-'" Ir-l .... r-f4 

..... 

~ 
~ 

Row ~Col.~ Col. W//b W~//////,t 
- r-' RCS IRCS 

IRr IRC~ 
~ 

IRCH .... ~1 .. Ir ~r- IRCH 

WB,WE /'/////////f ~ V(j ~ 
~ 

lozc .. lozc ~ IRRH 
loZC. lco~ 

!<III 
Icoo ~ Icoo 

W1/101 Din /'///// ~ ~ ~ 1000 .... ~ lAA 
lCAC Ir ~ ICAC 

~ 

W4/104 Dout 

OE 

IACP 'IACP 1000 

lRAC IOFF 1 ....... ~~ ~ IOFF! 

~ 
1oFF! 

Hi-Z Hi-Z 'Vaid' HI-Z Valid 

IoAC !l:!!~ 
e§ Ouli:ut 

..... ~ooo IOFF2 

lozo ~ lozo 
"4:~OFF2 - [~: , IOFF2~ ~ 

A/"///h /////,lj 
IoAcJ- ..... 

• ~ : Don'l care 

0118-11 
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HM514266 Series -------------------------------

• Fast Page Mode Early Write Cycle 

84 

RAS 

CAS 

Address 

WB,WE 

W1/101 [Din 

W4~04 Dout 

tcSH 
tRCD 

tpc tRSH 
tcAS tcp 

Hi-Z 

• OE : Don't care 

• ~: Don't care 

~HITACHI 
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HM514266 Series 

• Fast Page Mode Read-Modify-Write Cycle 

RAS 

tPCM 

CAS 

Address 

WB/WE 

W1~'01 [Dout 

W41104 Din ----1-..:..:;...:;-1--<1 

OE 

~ : Don't care 

0118-13 
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HM511000A Series 
HM511000AL Series 
1048576·Word x 1·Bit CMOS Dynamic RAM 

• DESCRIPTION 
The Hitachi HM511 OOOAl AL series is a CMOS dynamic RAM organized 

1048576-word x 1-bi!. HM511000AlAL has realized higher density, higher perform
ance and various functions by employing 1.3 ",m CMOS process technology and 
some new CMOS circuit design technologies. 

The HM511000AlAL offers Fast Page Mode as a high speed access mode. 
Multiplexed address input permits the HM511 OOOAl AL to be packaged in stan

dard 18-pin plastic DIP, 20-pin plastic ZIP and 20-pin plastic SOJ. 

• FEATURES 
• High Speed 

Access Time ..................... 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode .......... .495 mW/440 mW/385 mW/330 mW/275 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Single 5V Supply (± 10%) 
• Fast Page Mode Capability 
• 512 Refresh Cycles .................................................. (8 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• PIN OUT 
HM511000A/ ALP Series HM511000A/AUP Series HM511000A/ALZP 

Series 

Do. V'" CAS 2 
I A9 

WE Dout 3 DOllt 
V" 4 

RAS CAS 5 Din 
WE 6 

TF" NC 7 RAS 
NC 8 

NC A9 9TFe i 

NC 10 
11 AO 

Al 12 
13 A2 

AO A8 
A3 14 

15 Vee 

Al A7 
A4 16 

17 A5 

A2 A6 A6 18 
19 A7 

A3 A5 A8 20 
0115-1 

Vee A4 0115-3 

0115-2 

(Top View) (Top View) (Bottom View) 

~HITACHI 

HM511000A/ ALP Series 

3DDP18C 

(DP-18C) 

HM511000A/ AUP Series 

aDCP200 

(CP-20D) 

HM511000A/ ALZP Series 

30ZP20 

(ZP-20) 

• PIN DESCRIPTION 

Pin Name Punction 

Ao-A9 Address Input 

Ao-As Refresh Address Input 

Din Data-in 

Don! Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadIWrite Input 

Tpl Test Punction 

Vee Power ( + 5V) 

VSS Ground 

Note: I. TF pin can be connected with 
any line or unconnected pro
vided the voltage level of TF 
pin must be kept lower than 
Vee + O.5V. 
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• ORDERING INFORMATION 

Part No. Access Time 

HM511000AP-6 60ns 
HM51l000AP-7 70ns 
HM511000AP-S SOns 
HM511000AP-1O lOOns 
HM511000AP-12 120ns 

HM51l000AJP-6 60ns 
HM511000AJP-7 70ns 
HM511000AJP-S SOns 
HM51l000AJP-1O lOOns 
HM511000AJP-12 120ns 

HM511000AZP-6 60ns 
HM511000AZP-7 70ns 
HM51l000AZP-S SOns 
HM511000AZP-IO lOOns 
HM511000AZP-12 120ns 

• BLOCK DIAGRAM 

en 
0 256k 
::IE 
z Memory 

" Cell 
E 
< Array 
" . c 
.l! 

~ 
Word Driver 
Row Decoder 

Package 

300 millS-pin 
Plastic DIP 
(DP-ISC) 

300 mil20-pin 
PlasticSOJ 
(CP-20D) 

400 mil 20-pin 
Plastic ZIP 
(ZP-20) 

WE' 

~ 
~ 

~ 

~ ~ 
~ ~ 
III 

~ 
III 

~ ~ U)U) ,:; - 00 

'" '" 256k ::IE ::IE o/j 

en ~ U; Memory 33 
0 'C 0 

ci ci ::IE 8 ! Cell 
~ ~ ~ " 0 
Ii Ii Array : ~ " ~ E E 

< ~.l! :;J 

= 8 .. . 
c c .. .. 
II) II) 

Word Driver 
Row Decoder 

'---I Row Address Buffer I 

I AO A9 

Part No. Access Time 

HM511000ALP-6 60ns 
HM511000ALP-7 70ns 
HM51l000ALP-S SOns 
HM511000ALP-1O lOOns 
HM51l000ALP-12 120ns 

HM511000ALIP-6 60ns 
HM511000AUP-7 70ns 
HM511000AUP-S SOns 
HM511000AUP-1O lOOns 
HM511000AUP-12 120ns 

HM511000ALZP-6 60ns 
HM511000ALZP-7 70ns 
HM511000ALZP-S SOns 
HM511000ALZP-1O lOOns 
HM51l000ALZP-12 120ns 

I/O Din 

Buffer Dou! 

l~ 

~ ~ 
~ ~ 

III III 

~ ~ 0 en > .... - ~ - 0 
256k '" '" 256k ::IE 

o/j 

Memory U; 
~ 

U; Memory ~ 
0 0 

" Cell ::IE 'C ::IE Cell 
~ 

0 
~ E u < .. Array Array Ii 0 Ii .. 

~ E " E c 
< E < .l! :;J 

" 8 .. . ~ c c .. .l! II) 

Word Driver Word Driver 
Row Decoder Row Deeoder 

I 
I Column Address Buffer I 

" I 

.HITACHI 

HM511000A Series 

Package 

300 millS-pin 
Plastic DIP 
(DP-ISC) 

300 mil 20-pin 
PlasticSOJ 
(CP-20D) 

400 mil 2O-pin 
Plastic ZIP 
(ZP-20) 

0115-4 
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HM511000A Series ----------------------------

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

VoItage on Any Pin Relative to V 88 VT -1.0to +7.0 V 

Supply Voltage Relative to V 88 Vcc -1.0to +7.0 V 

Short Circuit Output Current lout 50 mA 

Power Dissipation PT 1.0 W 

Operating Temperature Toor Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70"C) 

Parameter Symbol Min Typ Max Unit 

Supply Voltage Vcc 4.5 5.0 5.5 V 

Input High Voltage VIH 2.4 - 6.5 V 

Input Low Voltage VIL -2.0 - O.S V 

Note: All voltages referenced to V ss. 

• DC ElectrIcal Characteristics (Vee = 5V ± 10%, VSS = OV, TA = 0 to + 70·C) 

HM511000A HM511000A HM511000 HM511000 HM511000 
Parameter Symbol IAL-6 IAL-7 IA-S IA-1O IA-12 Unit Test Conditions Note 

Min Max Min Max Min Max Min Max Min Max 

Operating 
Icc! - 90 - SO - 70 - 60 - 50 rnA RAS, CAS Cycling, 1,2 

Current tRC = Min 

TTL Interface 
- 2 - 2 - 2 - 2 - 2 rnA RAS, CAS = VIH, 

Dout = High-Z 

Standby ICC2 
CMOS Interface 

Current - 1 - 1 - 1 - 1 - 1 mA 
RAS,CAS 
~ VCC - 0.2V 
Dout = High-Z 

300 300 300 300 300 /LA 
CMOS Interface - - - - - L-Version 

Refresh Current ICC3 - 90 - SO - 60 - 50 - 45 rnA RAS Only Refresh, 
2 

tRC = Min 

Battery Back Up tRC = 125~ 
Current (Only ICC4 - 300 - 300 - 300 - 300 - 300 p.A CAS Before RAS 4 
for L-Version) Cycling 

Standby RAS = VIH, 

Current Iccs - 5 - 5 - 5 - 5 - 5 rnA CAS = VIL, 1 
Dout = Enable 

Refresh 
CAS Before RAS 

Current ICC6 - SO - 70 - 60 - 50 - 40 mA Refresh 
tRC = Min 

Fast Page RAS = VIL, 

Mode Current ICC7 - 80 - 70 - 50 - 50 - 40 rnA CAS Cycling, 1,3 
tpc = Min 

• HITACHI 
88 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM511000A Series 

• DC Electrical Characteristics (Vee = 5V ± 10%, Vss = OV, TA = 0 to + 700C) (continued) 

HM511000A HM511000A HM511000 HM511000 HM511000 
Parameter Symbol /AL-6 /AL-7 IA-8 IA-IO IA-12 Unit Test Conditions Note 

Min Max Min Max Min Max Min Max Min Max 

Input 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 p.A Vin = Oto +7V Leakage 

Output 
ILO -10 10 -10 10 -10 10 -10 10 -10 10 p.A 

Vout = Oro +7V, 
Leakage Dout = Disable 

Output VOH 2.4 Vee 2.4 Vee 2.4 Vee 2.4 Vee 2.4 Vee V lout = -5mA 
Levels VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V lout = 4.2mA 

Notes: I. lee depends on output loading condition when the device is selected. lee max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL. 
3. Address can be changed once while CAS = VIH' 
4. tRAS = tRAS (min) to I p.s 

Input voltage: All pins: VIH ~ Vee - 0.2V or VIL S 0.2V. 

• Capacitance (Vee = 5V ±10%, TA = 25'C) 

Parameter Symbol Typ Max 

Address, Data Input Cn - 5 
Input Capacitance 

Clocks CI2 7 -
Output Capacitance Data Output Co - 7 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

• AC Characteristics (TA = 0 to +70'C, Vss = OV, Vee = 5V ±10%) 

Test Conditions 

Input rise and fall times: 5 ns 
Input timing reference levels: 0.8V, 2.4V (Including scope and jig) 
Output load: 2 TTL Gate + CL (100 pF) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM511000A HM511000A HM511000A 
Parameter Symbol IAL-6 IAL-7 IAL-8 

Min Max Min Max Min Max 

Random Read or Write 
tRe 120 130 160 Cycle Time - - -

RAS Precharge Time tRP 50 - 50 - 70 -
RAS Pulse Width tRAS 60 10000 70 10000 80 10000 

CAS Pulse Width teAS 20 10000 20 10000 25 10000 

Row Address Setup Time tASR 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 12 -

Column Address Setup Time tAse 0 - 0 - 0 -

Column Address Hold Time teAH 15 - 15 - 20 -
RAS to CAS Delay Time tRCD 20 40 20 50 22 55 

RAS to Column Address 
tRAD 15 30 15 35 17 40 Delay Time 

RAS Hold Time tRSH 20 - 20 - 25 -
CAS Hold Time tCSH 60 - 70 - 80 -
CAS to RAS Precharge Time teRP 10 - 10 - 10 -
Transition Time (Rise and Fall) tT 3 50 3 50 3 50 

Refresh Period lREF - 8 - 8 - 8 

Refresh Period 
tREF 64 64 64 (Only for L-Version) - - -

• HITACHI 

HM511000A 
IAL-IO 

Min Max 

190 -

80 -

100 10000 

25 10000 

0 -
15 -

0 -
20 -

25 75 

20 55 

25 -

100 -

10 -

3 50 

- 8 

- 64 

Unit 

pF 

pF 

pF 

HM511000A 
IAL-12 

Min Max 

220 -

90 -

120 10000 

30 10000 

0 -
15 -
0 -

25 -

25 90 

20 65 

30 -

120 -
10 -
3 50 

- 8 

- 64 
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Note 

I 

I 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 7 

ms 

ms 

89 



HM511000A Series 

Read Cycle 

Parameter 

Access Time from RAS 

Access Time from CAS 

Access Time from Address 

Read Command Setup Time 

Read Command Hold 
Time to CAS 

Read Command Hold 
Time to RAS 

Column Address to 
RASLeadTime 

Output Buffer Turn-off Time 

Write Cycle 

Symbol 

tRAC 

tCAc 

tAA 

tRCS 

tRCH 

tRRH 

tRAL 

tOFF 

HM511000A 
/AL-6 

Min Max 

- 60 

- 20 

- 30 

0 -

0 -

10 -

30 -

- 20 

HM511000A 
Parameter Symbol /AL-6 

Min Max 

Write Command Setup Time twcs 0 -
Write Command Hold Time twCH 15 -
Write Command Pulse Width twp 10 -
Write Command to 

tRWL 20 RAS Lead Time -
Write Command to 

tCWL 20 CAS Lead Time -
Data-in Setup Time tos 0 -
Data-in Hold Time tOH 15 -

Read-Modify-Write Cycle 

HM511000A 
Parameter Symbol /AL-6 

Min Max 

Read-Write Cycle Time tRWC 145 -

RAS to WE Delay Time tRWO 60 -
CAS to WE Delay Time tcwo 20 -
Column Address to 

tAWD 30 
WE Delay Time -

Refresh Cycle 

HM511000A 
Parameter Symbol /AL-6 

Min Max 

CAS Setup Time 
tCSR 10 -(CAS Before RAS Refresh) 

CAS Hold Time 
tCHR 15 (CAS Before RAS Refresh) -

RAS Precharge to CAS 
tRPC 10 -Hold Time 

HM511000A HM511000A HM511000A HM511000A 
/AL-7 /AL-8 /AL-IO /AL-12 

Min Max Min Max Min Max Min Max 

- 70 - 80 - 100 - 120 

- 20 - 25 - 25 - 30 

- 35 - 40 - 45 - 55 

0 - 0 - 0 - 0 -
0 - 0 - 0 - 0 -

10 - 10 - 10 - 10 -

35 - 40 - 45 - 55 -
- 20 - 20 - 25 - 30 

HM511000A HM511000A HM511000A HM511000A 
/AL-7 /AL-8 /AL-IO /AL-12 

Min Max Min Max Min Max Min Max 

0 - 0 - 0 - 0 -

15 - 20 - 20 - 25 -

10 - 15 - 15 - 20 -

20 - 25 - 25 - 30 -

20 - 25 - 25 - 30 -

0 - 0 - 0 - 0 -

15 - 20 - 20 - 25 -

HM511000A HM511000A HM511000A HM511000A 
/AL-7 /AL-8 /AL-IO /AL-12 

Min Max Min Max Min Max Min Max 

155 - 190 - 220 - 255 -
70 - 80 - 100 - 120 -

20 - 25 - 25 - 30 -

35 - 40 - 45 - 55 -

HM511000A HM511000A HM511000A HM511000A 
/AL-7 /AL-8 /AL-IO /AL-12 

Min Max Min Max Min Max Min Max 

10 - 10 - 10 - 10 -

15 - 20 - 20 - 25 -

10 - 10 - 0 - 0 -

.HITACHI 
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Unit Note 

os 2,3 

ns 3,4 

os 3,5 

ns 

ns 

ns 10 

os 

os 6 

Unit Note 

ns 10 

os 

os 

ns 

ns 

ns 11 

ns 11 

Unit Note 

os 

os 10 

ns 10 

ns 10 

Unit Note 

os 

os 

os 



HM511000A Series 

Fast Page Mode Cycle 

HM511000A HM511000A HM511000A HM511000A HM511000A 

Parameter Symbol /AL-6 /AL-7 /AL-8 /AL-IO /AL-12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 45 - 50 - 55 - 55 - 65 - ns 

CAS Precharge Time tcp 10 - 10 - 10 - 10 - 15 - ns 

Fast Page Mode RAS 
tRASC - 100000 - 100000 - 100000 - 100000 - 100000 ns 13 

Pulse Width 

Access Time from 
tACP 40 45 50 50 60 14 

CAS Precharge - - - - - us 

RAS Hold Time 
tRHCP 40 45 50 50 60 

from CAS Precharge - - - - - ns 

Fast Page Mode Read-Modify-Wrlte Cycle 

HM511000A HM511000A HM511000A HM511000A HM511000A 

Parameter Symbol /AL-6 /AL-7 /AL-8 /AL-IO /AL-12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Fast Page Mode Read-
tpCM 70 - 75 - 85 - 85 - 100 - ns 

Modify-Write Cycle Time 

Notes: I. AC measurements assume tT = 5 ns. 
2. Assumes that tRCO :S tRCO (max) and tRAo :S tRAD (max). If tRCO or tRAO is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCO ~ tRco (max), tRAO :S tRAO (max). 
5. Assumes that tRco :S tRCD (max), and tRAO ~ tRAD (max). 
6. tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. Transition times are measured between V IH and V IL. 
8. Operation with the tRCO (max) limit insures that tRAC (max) can be met, tRCO (max) is specified as a reference point only, 

if tRCO is greater than the specified tRCO (max) limit, then access time is controlled exclusively by tCAC. 
9. Operation with the tRAO (max) limit insures that tRAC (max) can be met, tRAO (max) is specified as a reference point only, 

if tRAo is greater than the specified tRAO (max) limit, then access time is controlled exclusively by tAA. 
10. twC8, tRWO, tcwo and tA WD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD ~ tRWD (min), tcWD ~ tCWD (min) and tAWO ~ tAWO (min), the 
cycle is a read/write and the data output will contain data read from the selected cell; if neither of the above sets of condi
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read
modify-write cycles. 

12. An initial pause of 100 I£s is required after power-up followed by eight or more initialization cycles (any combination of 
cycles containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CAS before RAS 
refresh cycles are required. 

13. tRASC is determined by RAS pulse width in fast page mode cycle. 
14. Access time is determined by the longer of tAA, tCAC or tACP . 

• HITACHI 
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HM511000A Series 

• TIMING WAVEFORMS 
• Read Cycle 

DOlI' 

• Early Write Cycle 

I"" - I-r.., / I. "--I-

I- I .... ICIII' 

I"" 

\ / 
'~ 

-!!!.orr- '~ :.!.5!!.. 
I .... I .... 

7lJ ---~ @ Row Column rllllill VJ /////11111/ ~r-' 

~r-- ...!~ 

'////1 ;//// V//////It 
,",< -r!!!!--

I .. 
I' ... · 

Valid 
Output 

I.." 

~:DOII""", 

DHt ____________________ H~~~-Z ____________________ __ 

• HITACHI 

Notes> .1.!:'Z2:Don·t ..... 
• 2.1_~I_(.ia> 

0115-5 

0115-6 
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HM511000A Series 

• Delayed Write Cycle 

I s. 
I ... 

Ilten I,.WL 

CAS ---++----.~I Ie" 

~----~~--------I/ 

ter" 

IASIt tUH IASC 

Address 

~ : Don't care. 
0115-7 

• Read-Modify-Write Cycle 

~: D ... ·lcore 
0115-8 
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HM511000A Series 

• RAS Only Refresh Cycle 

I • 

O~, ______________ ~mp~·~-z~ __________________________ __ 
~ : Dontt care 

0115-9 

• CAS Before RAS Refresh Cycle 

tCHR 

CAS 

Address ljj)!Ji 1I/1111///////Ji !II(/!/J//fl/flffll 
Dout ______________________ ~H~i~~-_Z ________________________ ___ 

17lZI : Don't care 
0115-10 

• Fast Page Mode Read Cycle 

Addreu 

WE 

Oout 

122l: 0 .. ·' .... 

0115-11 
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------------------------------ HM511000A Series 

• Fast Page Mode Write Cycle 

Addreo. 

Din 

DOIII 

• Fast Page Mode Read Modify Write Cycle 

lli&b-Z" 

N .... ) *l.@:D •• 'leare 

*2. ' .. csii:twcs(mlnl 

0115-12 

\~~~----------~----------------~~~~lu~~I'~ 
tllCD 'PCIt 

Address 

Din 

Doul 

I .... 

I 

~ 
\l'-------f 

I"". I .. e I"". 

• HITACHI 

ICIII' 

I." 
I IZZI: 0 •• 1 ..... 
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HM511000A Series 
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Supply Current (Active) 
vs Ambient Temperature 
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HM511000A Series 
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vs Ambient Temperature 
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HM511001A Series -----------
1,048,576·Word x 1·Bit CMOS Dynamic RAM 

• DESCRIPTION 
The Hitachi HM511001A series is a CMOS dynamic RAM organized 1,048,576-

word x l-bi!. HM511001A has realized higher density, higher performance and vari
ous functions by employing 1.3 p,m CMOS process technology and some new 
CMOS circuit design technologies. 

The HM511 001 A offers Nibble Mode as a high speed access mode. 
Multiplexed address input permits the HM511 001 A to be packaged in standard, 

18-pin plastic DIP, 20-pin plastic ZIP and 20-pin plastic SOJ. 

• FEATURES 
• High Speed 

Access Time ..................... 60 ns/70 ns/80 ns/l00 ns/120 ns (max) 
• Low Power 

Active ....................... 495 mW/440 mW/385 mW/330 mW/275 mW 
Standby ........................................................ 11 mW 

• Single 5V Supply (±10%) 
• Nibble Mode Capability 
• 512 Refresh Cycles .................................................. (8 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• PIN OUT 
HM511001AP Series 
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HM511001AJP Series 

Don V" 

WE Dou( 

RAS CAS 
TF· ' NC 

~C A9 

AO A8 

Al A7 

A2 A6 

A3 AS 

Vee A4 
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HM511001AZP Series 
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~HITACHI 

HM511001AP Series 

3DDP16C 

(DP-18C) 

HM51100 lAJP Series 

3DCP20D 

(CP-20D) 

HM511001AZP Series 

3DZP20 

(ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-As Refresh Address Input 

A9 Nibble Address Input 

Din Data Input 

DOUI Data Output 

RAS Row Address Strobe 

CAS Row Address Input 

WE Read/Write Input 

TF*l Test Function 

Vee Power ( + SV) 

Vss Ground 

Note: *1. TF pin can be connected with 
any line or unconnected pro
vided the voltage level of TF 
pin must be kept lower than 
Vee + O.SV. 
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• ORDERING INFORMATION 

Part No. Access Time 

HM511001AP-6 60ns 
HM51IOOIAP-7 70ns 
HM5I1ooIAP-8 80ns 
HM51IOOIAP-1O lOOns 
HM5I1ooIAP-12 120 ns 

HM5I1ooIAJP-6 60 ns 
HM5I1ooIAJP-7 70 ns 
HM5I1ooIAJP-8 80 ns 
HM5I1ooIAJP-1O lOOns 
HM511oo1AJP-12 120ns 

• BLOCK DIAGRAM 
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• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 

Voltage on Any Pin Relative to V SS VT 

Supply Voltage Relative to V ss Vee 

Short Circuit Output Current lout 

Power Dissipation PT 

Operating Temperature Topr 

Storage Temperature Tstg 
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HM511001A Series 

Package 

400 mil 
20-pin 
Plastic DIP 
(ZP-20) 
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HM511001A Series 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70"C) 

Parameter Symbol Min Typ Max Unit 

Supply Vcc 4.5 5.0 5.5 V 

Input High Voltage VIR 2.4 - 6.5 V 

Input Low Voltage VIL -2.0 - 0.8 V 

Note: I. All voltages referenced to V ss. 

• DC Characteristics (Vee = 5V ±10%, VSS = OV, TA = 0 to +70"C) 

HM51100IA 

Parameter Symbol -6 -7 -8 -10 -12 Unit Test Condition Note 

Min Max Min Max Min Max Min Max Min Max 

Operating 
ICCI - 90 - 80 - 70 - 60 - 50 mA 

RAS, CAS Cycling, 
Current tRC = Min 

2 2 2 2 2 RASCAS = VIR TTL - - - - - Dout = High-Z Interface Standby 
Current ICC2 mA RAS,CAS ~ CMOS - I - I - I - I - I VCC - 0.2V Interface Dout = High-Z 

Refresh 
ICC3 90 80 70 60 50 mA 

RAS Only Refresh, 
Current - - - - - tRC = Min 

Standby 
Iccs 5 5 5 5 5 mA RAS = VIR, CAS = VIV -Current - - - - Dout = Enable 

Refresh 
ICC6 80 70 60 50 40 mA 

CAS Before RAS 
Current - - - - - Refresh, tRC = Min 

Nibble RAS = VIL, 
Mode Iccs - 70 - 70 - 50 - 50 - 40 mA CAS Cycling, 
Current tNc = Min 

Input 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 ,.A 

VIN = Oto +7V 
Leakage 

Output 
ILO -10 10 -10 10 -10 10 -10 10 -10 10 p.A 

Vin = Oto +7V 
Leakage Dout = Disabled 

Output VOR 2.4 Vcc 2.4 VCC 2.4 VCC 2.4 VCC 2.4 Vcc V lout = -5mA 
Levels 

VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V lout = 4.2mA 

Notes: 1. Icc depends on output loading condition when the device is selected. ICC max IS specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL' 
3. Address can be changed once or less while CAS = VIR. 

• Capacitance (Vee = 5V ±10%, TA = 25'C) 

Parameter Symbol Typ Max 

Input Capacitance Address, Data Input CII - 5 

Clocks CI2 - 7 

Output Capacitance Data Output Co - 7 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Dout' 

.HITACHI 

Unit 

pF 

pF 

pF 
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• AC Characteristics (TA = 0 to +70"C, Vee = 5V ±10%, Vss = OV)l, 10 

Test Conditions 

HM511001A Series 

Input Rise and Fall Times ......................... 5 ns 
Input Timing Reference Levels ............... o.av, 2.4V 

Output Load .........•...... 2 TTL Gate + CL (100 pF) 
(Including Scope and Jig) 

Read, Write, Read-Modify-Wrlte and Refresh Cycles (Common Parameter) 

HM51100IA 

Parameter Symbol -6 -7 -8 -10 -12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Random Read or Write 
tRC 120 130 Cycle Time - - 160 - 190 - 220 - ns 

RAS Precharge Time tRP 50 - 50 - 70 - 80 - 90 - ns 

RAS Pulse Width tRAS 60 10000 70 10000 80 10000 100 10000 120 10000 ns 

CAS Pulse Width teAS 20 10000 20 10000 25 10000 25 10000 30 10000 ns 

Row Address Setup Time tASR 0 - 0 - 0 - 0 - 0 - ns 

Row Address Hold Time tRAM 10 - 10 - 12 - 15 - 15 - ns 

Column Address 
tASC 0 0 Setup Time - - 0 - 0 - 0 - ns 

Column Address 
teAH 15 15 20 20 25 ns 

Hold Time - - - - -
RAS to CAS 

tRCD 20 40 20 50 22 Delay Time 55 25 75 25 90 ns 7 

RAS to Column 
tRAD 15 30 15 35 17 

Address Delay Time 
40 20 55 20 65 ns II 

RAS Hold Time tRSH 20 - 20 - 25 - 25 - 30 - ns 

CAS Hold Time tCSH 60 - 70 - 80 - 100 - 120 - ns 

CAS to RAS 
tcRP 10 10 10 10 10 Precharge Time - - - - - ns 

Transition Time 
tT 3 50 3 50 3 50 3 50 3 50 ns 6 

(Rise and Fall) 

Refresh Period tREF - 8 - 8 - 8 - 8 - 8 ms 

Read Cycle 

HM51100IA 

Parameter Symbol -6 -7 -8 -10 -12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Access Time 
tRAC 60 70 80 100 - 120 2,3 

fromRAS - - - - ns 

Access Time 
tCAC 20 20 

from CAS - - - 25 - 25 - 30 ns 3,4 

Access Time 
tAA 30 35 40 45 55 3,4 

from Address - - - - - ns 

Read Command 
tRcS 0 0 0 0 0 

Setup Time - - - - - ns 

Read Command 
Hold Time tRCH 0 - 0 - 0 - 0 - 0 - ns 
Referenced to CAS 

Read Command 
Hold Time tRRH 10 - 10 - 10 - 10 - 10 - ns 
Referenced to RAS 

Column Address 
toRAS tRAL 30 - 35 - 40 - 45 - 55 - ns 
Lead Time 

Output Buffer 
laFF - 20 - 20 - 20 - 25 - 30 ns 5 

Turn-off Delay 

eHITACHI 
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HM511001A Series 

Write Cycle 

Parameter Symbol 

HM51l00IA 

-6 -7 -8 

Min Max Min Max Min Max 

Write Command 
twcs 0 0 0 Setup Time - - -

Write Command 
tWCH 15 15 20 Hold Time - - -

Write Command twp 10 10 15 Pulse Width - - -
Write Command to 

tRwL 20 20 25 RAS Lead Time - - -

Write Command to 
tCWL 20 20 25 CAS Lead Time - - -

Data-in Setup Time tos 0 - 0 - 0 -
Data-in Hold Time tOH 15 - 15 - 20 -

Read-Modify-Write Cycle 

HM51l00IA 

Parameter Symbol -6 -7 -8 

Min Max Min Max Min Max 

Read-Write Cycle Time tRWC 145 - 155 - 190 -
RAS to WE Delay Time tRwO 60 - 70 - 80 -
CAS to WE Delay Time tcwo 20 - 20 - 25 -
Column Address to 

tAWD 30 35 40 WE Delay Time - - -

Refresh Cycle 

HM51100IA 

Parameter Symbol -6 -7 -8 

Min Max Min Max Min Max 

CAS Setup Time 
tcsR 10 - 10 - 10 -(CAS Before RAS Refresh) 

CAS Hold Time 
tcHR 15 15 20 (CAS Before RAS Refresh) - - -

RAS Precharge to 
tRPC 10 - 10 - 10 -CAS Hold Time 

Nibble Mode Cycle 

HM51l00IA 

Parameter Symbol -6 -7 -8 

Min Max Min Max Min Max 

Nibble Mode Access Time tNAC - 20 - 20 - 25 

Nibble Mode Cycle Time tNC 40 - 40 - 45 -
Nibble Mode CAS 

tNCP 10 10 10 Precharge Time - - -
Nibble Mode CAS 

tNCA 20 20 25 Pulse Width - - -

Nibble Mode RAS 
tNRSH 20 20 25 Hold Time - - -

• HITACHI 

-10 -12 

Min Max Min Max 

0 - 0 -

20 - 25 -

15 - 20 -

25 - 30 -

25 - 30 -
0 - 0 -

20 - 25 -

-10 -12 

Min Max Min Max 

210 - 245 -
90 - 110 -
25 - 30 -

45 - 55 -

-10 -12 

Min Max Min Max 

10 - 10 -

20 - 25 -

10 - 10 -

-10 -12 

Min Max Min Max 

- 25 - 30 

45 - 50 -

10 - 10 -

25 - 30 -

25 - 30 -
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HM511001A Series 

Nibble Mode Read-Modify-Wrile Cycle 

HM51loo1A 

Parameter Symbol -6 -7 -8 -10 -12 Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Nibble Mode Read-Modify-
tNRWC 65 65 65 65 75 ns - - - - -Write Cycle Time 

Nibble Mode Write Command 
tNcwL 20 20 20 20 25 - - -CAS Lead Time - - ns 

Nibble Mode CAS to 
tNCWD 20 20 20 20 25 - - - - -WE Delay Time ns 

Notes: 1. 
2. 

3. 
4. 
5. 

6. 
7. 

8. 

AC measurements assume tT = 5 ns. 
Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
Assumes that tRCD <!: tRCD (max) and tRAD :S tRAD (max). 
tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 
Transition times are measured between VIH and VIL. 
Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
twcs and tcwD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 
only: if twcs <!: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tRWD <!: tRWD (min), tCWD <!: tCWD (min) and tAWD <!: tAWD (min), the cycle is a read
write and the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, 
the condition of the data out (at access time) is indeterminate. 

9. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read
modify-write cycles. 

10. An initial pause of 100 /1s is required after power-up followed by eight initialization cycles (any combination of cycles 
containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CAS before RAS refresh 
cycles are required. 

11. If tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 

@HITACHI 
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HM511001A Series 

• TIMING WAVEFORMS 
• Read Cycle 

t.CD 

t RAS 

tCSH 

~ ----1-r---------~1 

Address 

t.C 

wrrTrT~r.n~~~~----~==~~~~rrT7 
tCAC 

Dout 

• Early Write Cycle 

CAS ---+-t----'" 

Add ... s 

Din 

Dout 

IRe 

High-Z *2 

~HITACHI 

Valid 
Output 

E'ZZLl : Don't care 

Notes: 1.!2L.l: Don't care 

2. twcsE:twcs(min) 
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HM511001A Series 

• Delayed Write Cycle 

t.e 

ICSH 

RAS 

I7ln : Don't care 

0116-7 

• Read-Modify-Write Cycle 

t RwC 

CAS --+-1------.. 

Address 

Din 

Do~ --------------------------~ 

0116-8 
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HM511001A Series 

• RAS Only Refresh Cycle 

Dool -----------------------------------------------------

Notes 1. ~: Don't care 

2. Refresh addres1> AO-A8(AXO-AX8) 
0116-9 

• CAS Before RAS Refresh Cycle 

CAS --------..1 

Address //I///////////IIIIIIIT/// /IJI/ 
Hlgh-Z Dout ____________________________________________________________ __ 

~ . Don'l care 

0116-10 

• Nibble Mode Read Cycle 

tzZZl : Don't care 

0116-11 
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• Nibble Mode Write Cycle 

RAS 

CAS 

Address 

WE 

D," 

Dout 

• Nibble Mode Read-Modify-Write Cycle 

Y," 

Y," ___ ++-_"" 

Y," 
Address 

Din 

Dou! 

~HITACHI 

HM511001A Series 

Notes: 1. ~ . Don't care 

2 tlt'cs~twcs(mln) 

tZ2l : Don't care 

0116-12 
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HM511001A Series ------------------------------
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• HITACHI 
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----------------------------- HM511001A Series 
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RAS Access Time 
VS. Ambient Temperature 
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HM511002A Series 
1,048,576-word x l-bit CMOS Dynamic RAM 

• DESCRIPTION 
The Hitachi HM511002A Series is a CMOS dynamic RAM organized 1,048,576-

word x 1-bit. HM511 002A has realized higher density, higher performance and vari
ous functions by employing 1.3 J.tm CMOS process technology and some new 
CMOS circuit design technologies. The HM511 002A offers Static Column Mode as 
a high speed access mode. 

Multiplexed address input permits the HM511002A to be packaged in standard 
18-pin plastic DIP, 20-pin plastic SOJ and 20-pin plastic ZIP. 

• FEATURES 
• High Speed 

Access Time ..................... 60 ns170 ns/80 ns/100 ns/120 ns (max) 
• Low Power 

Standby ........................................................ 11 mW 
Active ....................... 495 mW/440 mW/385 mW/330 mW/275 mW 

• Single 5V Supply (±10%) 
• Static Column Mode Capability 
• 512 Refresh Cycles .................................................. (8 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• PIN OUT 
HM511002AP Series 

(Top View) 
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v" 
DoUI 

Cs" 
NC 

A9 

A8 

A7 

A6 

AS 

A. 

0117-2 

HM511002AP Series 

3DDP18C 

(DP-18C) 

HM511002AJP Series 

3DCP20D 

(CP-20D) 

HM511002AZP Series 

3DZP20 

(ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-As Refresh Address Input 

Din Data Input 

Dou! Data Output 

RAS Row Address Strobe 

CS Chip Select 

WE Write Enable 

Vee Power Supply ( + 5V) 

VSS Ground 

TF'1 Test Function 

Note: '1. TF pin can be connected 
with any line or unconnected 
provided the voltage level of 
TF pin must be kept lower 
than Vee + 0.5V. 
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• ORDERING INFORMATION 

Part No. Access Time Package 

HM511002AP-6 60ns 
HM511002AP-7 70ns 300 mill8-pin 
HM511oo2AP-8 80ns Plastic DIP 
HM51Ioo2AP-1O lOOns (DP-18C) 
HM511OO2AP-12 120 ns 

HM511oo2AJP-6 60 ns 
HM511oo2AJP-7 70ns 300 mil 20-pin 
HM511002AJP-8 80ns Plastic SOJ 
HM511002AJP-1O lOOns (CP-20D) 
HM511002AJP-12 l20ns 
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lr-

.. .. 
~ ~ 

III ... III 
0 

., 
.~ 0 

U; "-
C5 "-- -

0 
256k 011 011 ::; oil 256k z U; ~ U; 

~ Memory 0 ", 0 Memory 
I~ ::; 8 ::; 
E Cell ~ ., ~ Cell 
< c 

" Array ci c ci Array .. E E E I: < < ell ::J 

" 8 " .. .. 
I: I: 

" " III III 

r-'\ Word Driver 

I 
Word Driver 

-v Row Decoder Row Decoder 

------1 Row Address Buffer I 

l' I 

(i)(i) 
00 
::; ::; 
~~ 
ci ci 
E E 
< < 
" " .. .. 
I: I: 

ell ell 

AO ...... A9 

Part No. 

HM511oo2AZP-6 
HM511oo2AZP-7 
HM511002AZP-8 
HM511oo2AZP-1O 
HM511oo2AZP-12 

Access Time 

60ns 
70ns 
80ns 

lOOns 
120ns 

r- Din 

Dout 

r 

.. .. 
~ ~ 
III ... III 
0 

., 
0 

"- .~ "- U; - C5 -
011 011 0 

256k oil 256k ::; 
U; ~ U; ~ Memory ! 0 Memory ", 

0 ::; ci 
Cell 0 

~ Cell E ., 
< c 

Array ci ci Array " E c E .. 
E I: < ::J < ell " 8 " .. .. 

I: I: 

" " III III 

Word Driver Word Driver 
Row Decoder Row Decoder 

I Column Address Buffer I 

I , 

~HITACHI 

HM511002A Series 

Package 

400 mil 20-pin 
Plastic ZIP 
(ZP-20) 
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HM511002A Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss Vee -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 °C 

Storage Temperature Tstg - 55 to + 125 °C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vee 4.5 5.0 5.5 V 

Input High Voltage VIH 2.4 - 6.5 V 

Input Low Voltage VIL -2.0 - 0.8 V 

Note: I. All voltages referenced to V ss. 

• DC Electrical Characteristics (Vee = 5V ±10%, VSS = OV, TA = 0 to +70·C) 

HM5IIOO2A HM511002A HM5IIOO2A HM511002A HM511002A 

Parameter Symbol -6 -7 -8 -10 -12 Unit Test Conditions Note 

Min Max Min Max Min Max Min Max Min Max 

Operating 
Ieel - 90 - 80 - 70 - 60 - 50 rnA 

RAS, CS Cycling 
Current tRe = Min 

TTL Interface 
- 2 - 2 - 2 - 2 - 2 RAS,CS = VIH 

Standby 
IeC2 rnA 

Dout = High-Z 

Current CMOS Interface 
- I - I - I - I - I RAS, CS ~ Vee - 0.2V 

Dout = High-Z 

Refresh 
Iec3 90 80 60 50 45 rnA 

RAS Only Refresh 
Current 

- - - - -
tRC = Min 

Standby 
ICCS - 5 - 5 - 5 - 5 - 5 rnA RAS = VIH, CS = VIL, 

Current Dout = Enable 

Refresh 
ICC6 80 70 60 50 40 rnA 

CS Before RAS Refresh, 
Current - - - - -

tRC = Min 

Static Column 
ICC9 80 70 60 50 40 rnA tsc = Min Mode Current - - - - -

Input 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 p.A VIN=Oto+7V 

Leakage 

Output 
ILO -10 10 -10 10 -10 10 -10 10 -10 10 p.A 

Vout = Oto +7V, 
Leakage Dout = Disable 

Output VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V lout = -5mA 

Levels VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V lout = 4.2 rnA 

Notes: I. Ice depends on output loading condition when the device is selected. Iec max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL' 
3. Address can be changed once or less while CS = VIH. 

• Capacitance (Vee = 5V ±100/0 TA = 25·C) 

Parameter Symbol Typ Max 

Address, Data Input Cn - 5 
Input Capacitance 

Clocks CI2 7 -

Output Capacitance Data Output Co - 7 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = VIH to disable Dout. 

~HITACHI 

Unit 

pF 

pF 

pF 
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• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = 0V)1, 17 

Test Conditions 

Input Rise and Fall Times 5 ns 
Input Timing Reference Levels O.BV, 2.4V 
Output Load 2 TTL Gates + CL (100 pF) 

(Including scope and jig) 

Read, Write, Read-Modify-Write and Refresh Cycle (Common Parameters) 

HM51l002A-6 HM511002A-7 HM511002A-8 HM511002A-1O 
Parameter Symbol 

Min Max Min Max Min Max Min Max 

Random Read or 
tRC 120 130 160 190 Write Cycle Time - - - -

RAS Precharge 
tRP 50 - 50 - 70 - 80 -Time 

RAS Pulse Width tRAS 60 10000 70 10000 80 10000 100 10000 

CS Pulse Width tsp 20 10000 20 10000 25 10000 30 10000 

Row Address 
tASR 0 0 0 0 Setup Time - - - -

Row Address 
tRAH 10 10 12 15 

Hold Time - - - -
Column Address 

tASW 0 0 0 0 Setup Time - - - -
Column Address 

tAHW 15 15 20 25 
Hold Tune - - - -

RAS to CS 
tRCD 20 40 20 50 22 55 25 70 Delay Time 

RAS to Column 
tRAD 15 30 15 35 17 40 20 50 

Address Delay Time 

RAS Hold Time tRSL 20 - 20 - 25 - 30 -
CS Hold Time tCSH 60 - 70 - 80 - 100 -

CStoRAS 
tSRS 10 10 10 10 

Pre-charge Time - - - -

Transition Time 
tr 3 50 3 50 3 50 3 50 

(Rise to Fall) 

Refresh Period tREF - 8 - 8 - 8 - 8 

Read Cycle 

HM511002A-6 HM51l002A-7 HM51l002A-8 HM511002A-1O 
Parameter Symbol 

Min Max Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - 80 - 100 

Access Time from CS tACS - 20 - 20 - 25 - 30 

Access Time 
tAA 30 35 40 - 50 from Address - - -

Read Command 
tRCS 0 0 0 0 

Setup Time - - - -

Read Command Hold 
tRcH 0 0 0 0 

Time to CS - - - -

Read Command Hold 
tRRH 10 - 10 - 10 - 10 -Time to RAS 

Column Address to 
tRAL 30 35 40 - 50 -RAS Lead Time - -

~HITACHI 

HM511002A Series 

HM511002A-12 
Unit Note 

Min Max 

220 - ns 

90 - ns 

120 10000 ns 

30 10000 ns 

0 - ns 

15 - ns 

0 - os 

25 - os 

25 90 ns 8 

20 65 ns 9 

30 - ns 

120 - ns 

10 - ns 

3 50 ns 7 

- 8 ms 

HM511002A-12 
Unit Note 

Min Max 

- 120 ns 2,3 

- 30 ns 3,4 

- 55 ns 3,5,14 

0 - os 

0 - ns 

10 - ns 

55 - ns 
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HM511002A Series -------------------------------

Read Cycle (continued) 

HM511oo2A-6 HM511002A-7 HM511oo2A-8 HM511002A-1O HM511oo2A-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max Min Max 

RAS to Column Address 
tAHR 15 15 15 15 15 16 

Hold Time - - - - - ns 

Output Hold Time 
tAOH 5 - 5 - 5 - 5 - 5 - ns 

from Address 

Output Buffer 
tOFF - 20 - 20 - 20 - 25 - 30 ns 6 

Tum-olTTime 

Column Address Hold Time 
tAR 60 70 80 100 120 

to RAS on Read - - - - - ns 

Write Cycle 

HM511oo2A-6 HM511oo2A-7 HM511002A-8 HM511002A-1O HM511002A-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Write Command 
twcs 0 0 0 0 0 10 

Setup Time - - - - - ns 

Write Command 
tWCH 15 15 

Hold Time - - 20 - 25 - 25 - ns 

Write Command 
tWCR 55 65 75 95 115 

Hold Time to RS - - - - - ns 

Write Command 
twp 10 10 15 15 20 

Pulse Width - - - - - ns 

Write Command to 
tRWL 20 20 25 25 30 

RAS Lead Time - - - - - ns 

Write Command to 
tCWL 20 20 25 25 30 

CSLeadTime 
- - - - - ns 

Data-in 
tDS 0 0 0 0 0 11 

Setup Time - - - - - ns 

Data-in 
tDH 15 15 20 25 25 11 

Hold Time - - - - - ns 

Data-in Hold 
tDHR 55 65 75 95 115 

TimetoRAS - - - - - ns 

Column Address Hold 
tAWR 55 65 75 95 115 

Time to RAS or Write - - - - - ns 

Read-Modify-Wrlte Cycle 

HM511oo2A-6 HM511oo2A-7 HM511oo2A-8 HM511oo2A-1O HM511002A-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Read-Write 
tRwC 145 155 190 220 255 

Cycle Time - - - - - ns 

RAS to WE 
tRWD 60 70 80 100 120 10 

Delay Time - - - - - ns 

CStoWE 
tCWD 20 20 25 30 30 10 

Delay Time - - - - - ns 

Column Address to 
tAWD 30 35 40 50 55 10 

WE Delay Time - - - - - ns 

Output Hold Time 
tWOH 0 - 0 - 0 - 0 - 0 - ns 

from WE 

@HITACHI 
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HM511002A Series 

Refresh Cycle 

HM511002A-6 HM511002A-7 HM511002A-8 HM511002A-1O HM511002A-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max Min Max 

CS Setup Time 
tCSR 10 - 10 - 10 - 10 - 10 - ns (CS Before RAS Refresh) 

CSHoldTime 
tCHR 15 15 20 20 25 (CS Before RAS Refresh) 

- - - - - ns 

RAS Precharge to CS 
tZRH 10 - 10 - 10 - 10 - 10 - ns 

Hold Time 

SC Mode Cycle 

HM511002A-6 HM511002A-7 HM511002A-8 HM511002A-1O HM511002A-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max Min Max 

SCMode 
tsc 35 40 45 55 60 Cycle Time - - - - - ns 

SC Mode RAS 
tRASC 100000 100000 100000 100000 100000 

Pulse Width - - - - - ns 

RAS to Second WE 
tRSWD 70 80 90 110 135 

Delay Time 
- - - - - ns 

SCModeCS 
tSI 10 10 10 10 15 

Precharge Time 
- - - - - ns 

Write Invalid Time tWI 10 - 10 - 10 - 10 - 15 - ns 

SC Mode Read-Modify-Write and Mixed Cycle 

HM511002A-6 HM511002A-7 HM511 002A-8 HM511002A-1O HM511002A-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max Min Max 

SC Mode Cycle Time 
tSRW 70 - 80 - 90 - 105 - 120 - ns 12 

on Read-Write 

Access Time from 
tALW 65 75 85 100 115 3, 13 

Previous WE 
- - - - - ns 

Previous WE to Column 
tLWAD 20 35 20 40 25 45 25 50 30 60 15 Address Delay Time ns 

Column Address Hold 
tAHLW 65 75 85 100 115 

Time to Previous WE 
- - - - - ns 

Output Enable Time 
tow - 25 - 25 - 30 - 30 - 35 ns 

from WE 

@HITACHI 
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HM511002A Series 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD O!: tRCD (max), tRAD :S tRAD (max). 
5. Assumes that tRCD :S tRCD (max), tRAD O!: tRAD (max). 
6. tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. Transition times are measured between V IH and V IL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tACS. 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, tcwD and tAwD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs O!: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; iftRWD O!: tRWD (min), tCWD O!: tcwD (min) and tAWD O!: tAWD (min), the 
cycle is a read-write and the data output will contain data read from the selected cell; if neither of the above sets of condi
tions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CS leading edge in early write cycles and to WE leading edge in delayed write or read
modify-write cycles. 

12. tSRw (min) = tAWD (min) + tLwAD (max) + tT' 
13. Assumes that tL W AD :S tL W AD (max). If tL W AD is greater than the maximum recommended value shown in this table, 

tALW exceeds the value shown. 
14. Assumes that tLWAD O!: tLWAD (max). 
15. Operation with the tLwAD (max) limit insures that tALW (max) can be met, tLWAD (max) is specified as a reference point 

only; iftLWAD is greater than the specified tLwAD (max) limit, then access time is controlled exclusively by tAA' 
16. tAHR is defined as the time at which the column address hold. 
17. An initial pause of 100 I1-s is required after power-up followed by eight or more initialization cycles (any combination of 

cycles containing RAS clock such as RAS only refresh). If internal refresh counter is used, eight or more CAS before RAS 
refresh cycles are required . 

• TIMING WAVEFORMS 
• Read Cycle 

" 
iRAS 

1\ / tNI' l\--
1M' 

tACO I.,. " .. 
lCSH 

1\ / 
~ 

-,--IRAH 
tRAI ~ 

t!fAD 

Address 7lJ Row @ Column Kllillil 

i J -~ 
/////111/ _L1(!.1 I I I I 

lACS 

IAA 

~ 
Oout Valid Output 1> 

I 
fRA( 

r!IlJlJ: Don't Care 

0117-5 
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• Early Write Cycle 

l~CD 

Address 

twes 

D,n 

Dout 

IRe 

tus 

tD' 

Valid Input 

High·Z*2 

I. L 

'weB 

Notes) * 1.1ZZZZ2I : Dolo" Care 
.2. Iwcs ~ t.'cs (min) 

~HITACHI 

HM511002A Series 
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HM511002A Series -----------------------------

• Read-Modify-Write Cycle 

Add .... 

D,o 

0.., 
1 [17Zlj u"" c ... 

0117-7 

• RAS Only Refresh Cycle 

'Be 

Address 

HIch-z 
Notes) el.l?lZl2l: Doo', Care 

.2. Refresh address AO·AS (AXO·AXS) 

0117-8 
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HM511002A Series 

• CAS Before RAS Refresh Cycle 

IIC 

',AI 

ICH' 

Address I!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 

Dout IIiab-Z 

IZZZ23 : Don't cue 

• Static Column Mode Read Cycle 

Addres. 

I •• 

Dout 

I .. 

fZZ!ZZI : Don't Care 

0117-10 
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HM511002A Series -------------------------------

• Static Column Mode Write Cycle (1) 

RAS 

CS 

Address 

Din 

Dout 

120 

'RAse 

tRCD 

~HITACHI 

Notes) *1 ~ : Don', Care 
*2 t .. csOl:torcs(min) 
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• Static Column Mode Write Cycle (2) 

Addre •• 

Din 

Dout 

@HITACHI 

HM511002A Series 

Notes) "I. ~ : Don'\ c .... 
*2. twel ~ twcs(min) 
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HM511002A Series 

• Static Column Mode Read-Modify-Write Cycle 

Address 

Din 

Dout 

E2ZI : Don't care. 

0117-13 

• Static Column Mode Mixed Cycle 

tule 

Address 

Din 

Dout 

I· Early Write .,. Read .1 Read-Modify-Write 

t'L2l : Don't care. 

0117-14 
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------------------------------ HM511002A Series 
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SUPPLY CURRENT (ACTIVE) 
VS. AMBIENT TEMPERATURE 
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HM511002A Series --------------------------------

~ 
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u 
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HM511664 Series 
65,536·Word x 16·Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM511664 are CMOS dynamic RAM orga· 

nized as 65,536·word x 16·bit. HM511664 have realized 
higher density, higher performance and various functions by 
employing 0.8 ",m CMOS process technology and some 
new CMOS circuit design technologies. The HM511664 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM511664 to be 
packaged in standard 400 mil 40·pin plastic SOJ, standard 
475 mil 40·pin plastic ZI P. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ................... 80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ................................. TBD 
Standby Mode ........................ 11 mW (max) 

• Fast Page Mode Capability 
• Byte Write Capability 
• 256 Refresh Cycles ............................. (4 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM511664JP ·8 80ns 400 mil 4O·pin 
HM511664JP·1O lOOns Plastic SOJ 

(CPAOD) 

HM511664ZP·8 80ns 475 mil40·pin 
HM511664Zp·1O lOOns Plastic ZIP 

(ZP·40) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A7 Address Input 
Refresh Address Input 

I/Ol-I10 16 Data·inlData·out 

RAS Row Address Strobe 

CAS Column Address Strobe 

UW Read/Upper Byte Write Enable 

LW Read/Lower Byte Write Enable 

OE Output Enable 

Vee Power (+ 5V) 

Vss Ground 

NC No Connection 

Preliminary 

HM511664JP Series 

3DCP4QO 

(CP.40D) 

HM511664ZP Series 

3DZP40 

(ZP·40) 

• PIN OUT 

HM511664JP Series 

V"CJl 40pV,. 
I101CJZ 39~II016 
1/0ZQ3 38 II01S 
1I03Q4 17, 1/014 
1/04Q5 36PIl013 

~~~~ ~~ ~~ltJ ~~~~~ 
1I08 d9 3Z II09 

NC~10 31 NC 
Vss 11 30 V" 
UW lZ Z9 ill 
Liid13 Z8tJOE 

AAS"d14 Z7QNC 
AOej15 Z6PNC 
A1q16 Z5PNC 
AZQ17 Z4pA7 

A3Q18 Z3§A6 
A4q19 ZZ AS 

vccej",z-,-O __ -"Z",l V" 

0074-1 

(Top View) 

HM511664ZP Series 

~lNC 
1I09 !-_3 1/010 

1/011 ~5 1/0ll 
1I0ll 6 7 1/014 
1/015 8,....:...-=::.. ~9 1I016 

"o::s !.ul== ---, 

!/?Z !:~b=::r' :-=1~~ ~~~1 
. ',,3 .' 15 1/04 
1/05 16 17 II06 
1/07 18 19 Iloa 

!!f ZO '21 Vee 
~ZZ 23 LW 
RAS Z4 

A1 Z6 ----;Z5 AO 
A3 Z8h=Z7 AZ 

Z9 A4 

'"'[U"" NC 3Z I 
34 33 V" 

AS -35 A6 
~ 36, 37 NC 
OE 38 :.-.-139 CAS 
V,. 40 

0074-2 

(Bottom View) 
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HM511664 Series 

• TRUTH TABLE 

Inputs 

RAS CAS LW 

H H H 
L H H 
L L H 
L L L 
L L H 
L L L 
L L L 

• ABSOLUTE MAXIMUM RATINGS 

Parameter 

Voltage on Any Pin Relative to V ss 

Supply Voltage Relative to Vss 

Short Circuit Output Current 

Power Dissipation 

Operating Temperature 

Storage Temperature 

• ELECTRICAL CHARACTERISTICS 

UW OE 

H H 
H H 
H L 
H H 
L H 
L H 
L H 

Symbol 

VT 

Vee 

lout 

PT 

Topr 

Tstg 

• Recommended DC Operating Conditions (T A = 0 to + 70"C) 

Parameter Symbol Min 

Vss 0 
Supply Voltage 

Vee 4.5 

Input High Voltage Vm 2.4 

Input Low I (I/Oi Pin) VIL -0.5 
Voltage I (Others) VIL -\.O 

Notes: \. All voltage referenced to V ss. 

I/O Operatiou 
I/OI-I/Os I/0 9-IIOI6 

High-Z High-Z Standby 
High-Z High-Z Refresh 
Dout Dout Read 
Din Don't Care Lower Byte Write 
Don't Care Din Upper Byte Write 
Din Din Word Write 
High-Z High-Z 

Value Unit 

-\.Oto + 7.0 V 

-\.Oto + 7.0 V 

50 rnA 

0.8 W 

Oto + 70 °C 

- 55 to + 125 °C 

Typ Max Unit Note 

0 0 V 

5.0 5.5 V I 

- 6.5 V I 

- 0.8 V 1,2 

- 0.8 V 1,2 

2. The device will withstand undershoots to the - 2V level with a maximum pulse width of 20 ns at the - 1.5V level. (See 
figure \.) 

-1.0 V 

-1.5 V 

i'l- -2_0 V 

-') <E- 20 ns (max) 
0074-3 

Figure 1. Undershoot of input voltage 

• HITACHI 
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HM511664 Series 

• DC Electrical Characteristics (T A = 0 to + 70'C, Vee = 5V ± 10%, Vss = OV) 

HM511664-8 HM511664-1O 
Pararneter Syrnbol Unit Test Conditions Note 

Min Max Min Max 

Operating Current ICC! TBD rnA 
RAS, CAS Cycling 

1,2 
tRC = Min 

TTL Interface 
2 rnA RAS, CAS = V IH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
I rnA CAS <!: VCC - 0.2V, 

Dout = High-Z 

RAS Only Refresh Current ICC3 TBD rnA tRC = Min 2 

RAS = VIH, 
Standby Current ICC5 TBD rnA CAS = VIL, I 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 TBD rnA tRC = Min Current 

Fast Page Mode Current ICC7 TBD rnA tpc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 p.A OV :S Vm :S 6.5V 

Output Leakage Current ILO -10 10 -10 10 p.A 
OV :S Vout :S 5.5V, 
Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC V High lout = - 2.5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 V Low lout = 2.1 rnA 

Notes: I. ICC depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed once or less while RAS = V lL. 
3. Address can be changed once or less while CAS = VIH' 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) CII - 5 

Input Capacitance (Clocks) Cl2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 7 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

~HITACHI 

Unit 

pF 

pF 

pF 
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HM511664 Series 

• AC Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV)1, 14, 15, 16 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM5ll664-8 HM5 11 664-10 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 135 - 170 -

RAS Precharge Time tRP 45 - 60 -
RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width tCAS 30 10000 40 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 10 - 10 -
Column Address Setup Time tASC 0 - 0 -

Column Address Hold Time tCAH 15 - 15 -
RAS to CAS Delay Time tRCD 20 50 20 60 

RAS to Column Address Delay Time tRAD 15 35 15 45 

RAS Hold Time tRSH 30 - 40 -

CAS Hold Time tCSH 80 - 100 -

CAS to RAS Precharge Time tCRP 10 - 10 -

OE to Din Delay Time tODD 15 - 15 -
OE Delay Time from Din tDZO 0 - 0 -
CAS Setup Time from Din tDZC 0 - 0 -
Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 4 - 4 

Read Cycle 

HM5ll664-8 HM511664-1O 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 

Access Time from CAS tCAC - 30 - 40 

Access Time from Address tAA - 45 - 55 

Access Time from OE tOAC 30 - 40 

Read Command Setup Time tRCS 0 - 0 -

Read Command Hold Time to CAS tRCH 0 - 0 -
Read Command Hold Time to RAS tRRH 0 - 0 -
Column Address to RAS Lead Time tRAL 45 - 55 -
Output Buffer Tum-off Time tOFF! 0 20 0 20 

Output Buffer Tum-off to OE tOFF2 0 15 0 15 

CAS to Din Delay Time tCDD 20 - 20 -

RAS Hold Time Referenced to OE tROH 10 - 10 -

Write Cycle 

HM511664-8 HM5ll664-1O 
Parameter Symbol 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 -
Write Command Hold Time tWCH 15 - 15 -

Write Command Pulse Width twp 15 - 15 -
Write Command to RAS Lead Time tRWL 20 - 20 -

Write Command to CAS Lead Time tCWL 20 - 20 -
Data-in Setup Time tDS 0 - 0 -
Data-in Hold Time tDH 15 - 15 -

~HITACHI 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM511664 Series 

Read-Modify-Write Cycle 

HM511664-8 HM511664-10 
Parameter Symbol Unit Note 

Min Max Min Max 

Read-Modify-Write Cycle Time tRWC 185 - 220 - ns 

RAS to WE Delay Time tRwD 105 - 125 - ns 10 

CAS to WE Delay Time tCWD 55 - 65 - ns 10 

Column Address to WE Delay Time tAWD 70 - 80 - ns 10,13 

OE Hold Time from WE tOER 15 - 15 - ns 

Refresh Cycle 

HM51\664-8 HM51\664-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - ns (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tCRR 10 \0 (CAS Before RAS Refresh Cycle) - - ns 

RAS Precharge to CAS Hold Time tRPC \0 - 10 - ns 

CAS Precharge Time in Normal Mode tCPN 10 - \0 - ns 

Fast Page Mode Cycle 

HM511664-8 HM511664-10 
Parameter Symbol Unit Note 

Min Max Min Max 

Fast Page Mode Cycle Time tpc 55 - 65 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - \0 - ns 

Fast Page Mode RAS Pulse Width tRASC 80 100000 100 100000 ns 12 

Access Time from CAS Precharge tACP - 45 - 55 ns 3, \3 

RAS Hold Time from CAS Precharge tRRCP 45 - 55 - ns 

Fast Page Mode Read-Modify-
Write Cycle CAS Precharge tcpw 70 - 80 - ns 
to WE Delay Time 

Fast Page Mode Read-Modify-
tpCM 100 - 110 - ns Write Cycle Time 

Counter Test Cycle 

HM511664-8 HM511664-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

CAS Precharge Time in 
tCPT 40 - 40 - ns Counter Test Cycle 

Byte Write Mode 

HM511664-8 HM511664-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Masked Write Setup Time tMCS 0 - 0 - ns 

Masked Write Hold Time 
tMRR 0 0 

ns 
Referenced to RAS 

- -

Masked Write Hold Time 
tMCR 0 0 

ns 
Referenced to CAS 

- -

@HITACHI 
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HM511664 Series 

Notes: 1. AC measurements assume tT = 5 ns. 

130 

2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to I TTL load and 50 pF. 
4. Assumes that tRCD <!: tRCD (max) and (tRCD - tRAD) <!: [tRCD (max) - tRAD (max)]. 
5. Assumes that tRAD <!: tRAD (max) and (tRCD - tRAD) S [tRCD (max) - tRAD (max)]. tRAC. tCAe. and tAA are 

determined as follows. 

tRAD(ns] 
tAA 

tRAD = tRCD . [tRCD(max) . tRAD(max)] 
tRAD max. 

tCAC .. 
tRAC 

tRAD min. .. , , , , 

tRCD min. tRCD max. 

tRCD(ns] 
0074-4 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between VIR and VIL. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 

10. twcs, tRwD, tCWD and tA WD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs <!: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD <!: tRwD (min), tCWD <!: tcwD (min), tAWD <!: tAWD (min) and 
tcpw <!: tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

I!. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP' 
14. An initial pause of 100 ,...S is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. When both LW and UW go low at the same time, all 16-bits data are written into the device. LW and UW cannot be 

staggered within the same write cycle. 

~HITACHI 
Hitachi America, Ltd. • Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



HM511664 Series 

• TIMING WAVEFORMS 
• Read Cycle 

Address 

1/01-1/016 

Din 

0074-5 

~HITACHI 
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HM511664 Series 

• Early Write Cycle 

Address 

Din Din 

1/01-1/016 

Dout __________________________ ~H~i~g~h-~Z~ ____________________________ __ 

~HITACHI 

• ~ : V'H orV'L 

Of: V'H or V,L 
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HM511664 Series 

• Upper Byte Early Write Cycle 

t~. 

Address 

Din 

1/01-1108 

Din 

1/09-1/016 
Dout ___________________________ H~i~9~h~-Z~ ____________________________ __ 

'" ~ : VIHorVll 

*'" OE: V1H or V1l 

0074-7 
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HM511664 Series -------------------------------

• Lower Byte Early Write Cycle 

Address 

Din 

1/01-1108 

Dout _________________________ ~H~ig~h~-Z~ _______________ __ 

Din 

1109-1/016 
Dout _______________________ ~H~ig~h~-z~ ________________________ __ 

~HITACHI 

• ~ : VIHorV'L 

Of: VIHorV'L 
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HM511664 Series 

• Delayed Write Cycle 

tr 

Address 

Din 

1/01-1/016 

OE 

• ~: VIHorV'L 

•• Invaild Dout comes out, when OE is low level. 

0074-9 
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HM511664 Series ----------------------------

• Upper Byte Delayed Write Cycle 

tr 

~~ -- -----i~1I 

Address 

Din 

1/01·1108 

Din 

1109·11016 

Dout----------------~----~ 

• ~ : VrHorVrL 

•• Invalid Dout comes out, when Oe is low level. 
0074-10 
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HM511664 Series 

• Lower Byte Delayed Write Cycle 

tr 

tCAH 

Aodress Column 

Dm 

1/01-1/08 

Din 

1/09-1/016 

Dout----------------~~----~ 

• ~ . V'HorV 'L 

•• Invalid Dout comes out, wnen OE is low level. 

0074-11 

~HITACHI 
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HM511664 Series 

• Read-Modify-Write Cycle 

Address 

Din 

1/01-1/016 

Dout ---------------+--------~uou~~----~----------------------------

138 

tozo 

OE 

tOAe 

tOFF2 
--t+-*-

~HITACHI 
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HM511664 Series 

• Read Modify Upper Byte Write Cycle 

t~wc 

tT 

Address 

1/01-1/08 

Din 

1/09-1/016 

0074-13 
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HM511664 Series 

• Read Modify Lower Byte Write Cycle 

Address 

Din 

1/01-1/08 

Din ___ -

1/09-1/016 

0074-14 
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• RAS Only Refresh Cycle 

Address 

1/01-1/016 

Dout 

• CAS Before RAS Refresh Cycle 

High-Z 

* Ce, ow: LW' : VIH or VIL 

*. ~ :VIHorVIL 

HM511664 Series 

**. Refresh address: AO - A7 (AXO - AX7) 
0074-15 

** UW,LW,OE 

0074-16 
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HM511664 Series -------------------------------

• Hidden Refresh Cycle 

0074-17 

~HITACHI 
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HM511664 Series 

• Fast Page Mode Read Cycle 

Address 

Din 

Oout 

0074-18 
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HM511664 Series 

• Fast Page Mode Early Write Cycle 

Address 

1/01·/1016 

Dout _______________________ H_ig~h_._Z __________________________________ ___ 

• OE . V,H or V,L 

~ :VIHorV'L 

0074-19 

~HITACHI 
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HM511664 Series 

• Fast Page Mode Upper Byte Early Write Cycle 

Address 

1109-11016 
Dout ______________________ ~H~lg~h~.~Z __________________________________ ___ 

• OE : VIH or V1L 

~ :V1HorVIL 

0074-20 
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HM511664 Series ------------------------------

• Fast Page Mode Lower Byte Early Write Cycle 

Address 

LW 

oout ____________________ ~H~i~g~h.~Z~ ________________________________ ___ 

Din 

1109·11016 
oout ____________________ ~H~i~g~h~.Z~ __________________________________ _ 

• OE : V1H or V1L 

~ :V1HorV'L 

0074-21 
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HM511664 Series 

• Fast Page Mode Delayed Write Cycle 

0074-22 
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HM511664 Series -------------------------------

• Fast Page Mode Upper Byte Delayed Write Cycle 

0074-23 

~HITACHI 
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HM511664 Series 

• Fast Page Mode Lower Byte Delayed Write Cycle 

t~p 

0074-24 
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HM511664 Series 

• Fast Page Mode Read-Modify-Write Cycle 

0074-25 
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HM511664 Series 

• Fast Page Mode Read-Modify-Upper-Byte-Write Cycle 

0074-28 
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HM511664 Series -------------------------------

• Fast Page Mode Read-Modify-Lower-Byte-Write Cycle 

0074-27 

~HITACHI 
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HM511664 SerIes 

• CAS Before RAS Refresh Counter Check Cycle (Read) 

0074-28 
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HM511664 Series --------_______________________ _ 

• CAS Before RAS Refresh Counter Check Cycle (Write) 

top 

1/01-11016 

High-Z 
Dout------------~~~~---------------

• ~ : V'H orVIL 

0074-29 
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HM511664/L Series 
65,536-Word x 16-Bit Dynamic RAM 

• DESCRIPTION 
The Hitachi HM511664/HM511664L are CMOS dynamic 

RAM organized as 65,536-word x 16-bit. HM5116641 
HM511664L have realized higher density, higher perform
ance and various functions by employing 0.8 ",m CMOS pro
cess technology and some new CMOS circuit design tech
nologies. The HM511664/HM511664L offer Fast Page 
Mode as a high speed access mode. 

Multiplexed address input permits the HM5116641 
HM511664L to be packaged in standard 400 mil 40-pin plas
tic SOJ, standard 475 mil 40-pin plastic ZIP. 

• FEATURES 
• Single 5V (±IO%) 
• High Speed 

Access Time ................... 80 ns/l00 ns (max) 
• Low Power Dissipation 

Active Mode ................ 633 mW I 495 mW (max) 
Standby Mode (TTL) .................. II mW (max) 
Standby Mode (CMOS) ............... 5.5 mW (max) 

.... 1.1 mW (max) (L-Version) 
• Fast Page Mode Capability 
• Byte Write Capability 
• 256 Refresh Cycles ............................. (4 ms) 

................. (32 ms) (L-Version) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Battery Back-up Operation 
HM511664L Series (L-Version) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A7 Address Input 
Refresh Address Input 

I/0\-I/0\6 Data-in/Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

UW Read!Upper Byte Write Enable 

LW Read/Lower Byte Write Enable 

OE Output Enable 

Vee\ Power (+ 5V) 

VSS2 Ground 

NC No Connection 

Notes: 1. This device has 3 Vee pins (SOJ: 1, 11, 20 pin/ZIP: 
13, 21, 30 pin). All Vee pins must be connected 
with the same power-supply wiring on the memory 
board. 

2. This device has 3 Vss pins (Sm: 21, 30, 40 pin/ 
ZIP: 10, 33, 40 pin). All V ss pins must be connect
ed with the same ground wiring on the memory 
board. 

Preliminary 

HM511664JP Series 

3DCP40D 

(CP-40D) 

HM511664ZP Series 

3DZP40 

(ZP-40) 

• PIN OUT 

HM511664JP Series HM511664ZP Series 

Vee Vss NC 
1/01 1/016 !l09 

1/010 
1/0Z 1/015 1/011 

1/03 1/014 1/013 
1/014 

lI015 
1/04 I1013 II016 
1105 II012 
II06 IIOll 
1I07 1/010 
1/08 IIOg 

NC NC 
Vee 
UW 

AD NC 
Al 
AZ 
A3 
A4 

Vee V,,40 

0145-1 0145-2 

(Top View) (Bottom View) 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM511664JP-8 80 ns 
400 mil 4O-pin 

HM511664JP-1O 100 ns 
Plastic SOJ 

HM511664U-8 80ns (CP-40D) 
HM511664U-1O lOOns 

HM511664ZP-8 80ns 475 mi14O-pin 
HM511664ZP-1O lOOns 

Plastic ZIP 
HM511664LZ-8 80ns (ZP-4O) 
HM511664LZ-1O lOOns 

~HITACHI 
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HM511664/L Series -----------------------------

• BLOCK DIAGRAM 

I LW I I UW I RAS I CAS I r OE 1 
.l. .l. .l. .l. 1 

Lower Byte Upper Byte 
RAS Control 

- -
CAS Control OE Control 

Write Control 11 Write Control 

Circuit Circuit Circuit Circuit Circuit 

I I J. J. ,j,. 

I 11016 I I 11015 I I 11014 I I 1/013 I I 11012 I I 11011 I I 11010 I I 1109 I 
! ! ! ! 1 ! ! ! 

4\ I/0BulTer 1I0BulTer 1I0BulTer IIOBulTer 1I0BulTer 1I0BulTer 110 BulTer IIOBulTer I 
"'L- ,...--J "'L- ,...--J "'L- ,...--J t- ,...--J 

I 1108 I I 1107 I I 1106 I I 1105 I I 1104 I I 1103 I I 1I02 I I 1101 I 
! ! ! ! ! ! ! 1 

4l"0BulTer; H"OBulTer I10BulTerJ ~1I0BulTer 1I0BulTer1 ~I/OBulTer 1I0BulTer1 ~1I0BulTe;1 

~ .? ~, ~ ~ ~ ~, l? 

128k Column 128k 128k Column 128k 128k Column 128k 128k Column 128k 

Memory Decoder Memory Memory Decoder Memory Memory Decoder Memory Memory Decoder Memory 

Cell Sense Cen Cell Sense Cell Cell Sense Cell Cell Sense Cell 
Array Amp&. Array Array Amp&. Array Array Amp&. Array Array Amp&' Array 

110 Bus !/OBus 110 Bus 110 Bus 

1 T T 
I Row Decoder & Driver I 

T 
I Column Address Buffer I I Row Address Buffer 1 

T T 
Address AO·A 7 

0145-3 

@HITACHI 
156 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 



HM511664/L Series 

• TRUTH TABLE 

Inputs 1/0 
Operation 

RAS CAS LW UW OE 1I0l-1I0S 1I09-IIO l6 

H H H H H High-Z High-Z Standby 
L H H H H High-Z High-Z Refresh 
L L H H L Dout Dout Read 
L L L H H Om Don't Care Lower Byte Write 
L L H L H Don't Care Om Upper Byte Write 
L L L L H Din Din Word Write 
L L L L H High-Z High-Z 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss Vee -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 0.8 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

Vee 4.5 5.0 5.5 V I 

Input High Voltage VIR 2.4 - 6.5 V I 

Input Low I (I/Oi Pin) VIL -0.5 - 0.8 V 1,2 

Voltage I (Others) VIL -1.0 - 0.8 V 1,2 

Notes: I. All voltage referenced to VSS' 
2. The device will withstand undershoots to the - 2V level with a maximum pulse width of 20 ns at the - 1.5V level. (See 

figure I.) 

VIH 
J -1.0 V 

-1.5 V 
V 

-2.0 V 

--:;. <::-
20 ns(max) 

0145-4 

Figure 1. Undershoot of input voltage 
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HM511664/L Series 

• DC Electrical Characteristics (T A = 0 to + 70"C, Vee = 5V ± 10%, Vss = OV) 

HM511664-8 HM511664-1O 
Parameter Symbol HM511664L-8 HM511664L-I0 Unit Test Conditions Note 

Min Max Min Max 

Operating Current ICCI - 115 - 90 rnA 
RAS, CAS Cycling 

1,2 
tRC = Min 

TTL Interface 
2 rnA RAS, CAS = VIH, 4 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
I rnA CAS O!: Vee - 0.2V, 4 

Dout = High-Z 

(L-Version) CMOS Interface RAS, 
CAS...::. VIH, 

Standby Current ICC2 - 200 - 200 ".A WE, OE, Address and 5 
Din = VIHor VIL 
Dout = High-Z 

RAS Only Refresh Current ICC3 - 115 - 90 rnA tRC = Min 2 

CAS Before RAS Refresh 
ICC6 115 90 rnA tRC = Min Current - -

Fast Page Mode Current ICC7 - 100 - 85 rnA tpc = Min 1,3 

(L-Version) tRC = 1251's 
Battery Back-up !RAS:S lI's_ 
Operating 

IcCIO - 300 - 300 ".A WE = VIH, CAS = VIL 5 Current OE, Address and 
(Standby with Dm = VIHorVIL 
CBR Refresh) Dout = High-Z 

Input Leakage Current ILl -10 10 -10 10 ".A OV :S Vm :S 6.5V 

Output Leakage Current ILO -10 10 -10 10 ".A 
OV :S Vout :S 5.5V, 
Dout = Disable 

Output High Voltage VOH 2.4 Vee 2.4 Vcc V High lout = - 2.5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 V Low lout = 2.1 rnA 

Notes: I. ICC depends on output load condition when the device is selected, lee max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL. 
3. Address can be changed once or less while CAS = VIH. 
4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 
5. Vee - 0.2V :S VIH :S 6.5V and OV :S VIL :S 0.2V. 

• Capacitance (TA = 25°C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cn - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 7 

Noles: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

• HITACHI 
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• AC Characteristics (TA = 0 to +70·C, Vee = 5V ±100/0, Vss = OV)1, 14,15,16 

Test Conditions 

Input Rise and Fall Times: 
Input Timing Reference Levels: 
Output Load: 

5 ns 
0.8V,2.4V 

1 TTL Gate + CL (50 pF) 
(Including scope and jig) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM511664·8 HM511664-1O 
Parameter Symbol HM511664L-8 HM511664L-IO 

Min Max Min Max 

Random Read or Write Cycle Time tRC 135 - 170 -
RAS Precharge Time tRP 45 - 60 -
RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width teAS 30 10000 40 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 10 - 10 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time teAH 15 - 15 -
RAS to CAS Delay Time tRCD 20 50 20 60 

RAS to Column Address Delay Time tRAD 15 35 15 45 

RAS Hold Time tRSH 30 - 40 -
CAS Hold Time tCSH 80 - 100 -
CAS to RAS Precharge Time tCRP 10 - 10 -

OE to Din Delay Time toDD 15 - 15 -
OE Delay Time from Din tDZO 0 - 0 -
CAS Setup Time from Dm tDZC 0 - 0 -
Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF 
- 4 - 4 

- 32 - 32 

Read Cycle 

HM511664·8 HM511664-1O 
Parameter Symbol HM511664L·8 HM511664L· 10 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 

Access Time from CAS tCAC - 30 - 40 

Access Time from Address tAA - 45 - 55 

Access Time from OE toAC - 30 - 40 

Read Command Setup Time tRcs 0 - 0 -
Read Command Hold Time to CAS tRCH 0 - 0 -
Read Command Hold Time to RAS tRRH 0 - 0 -
Column Address to RAS Lead Time tRAL 45 - 55 -
Output Buffer Turn-off Time toFFI 0 20 0 20 

Output Buffer Turn-off to OE toFF2 0 15 0 15 

CAS to Din Delay Time teDD 20 - 20 -
RAS Hold Time Referenced to OE tROH 10 - 10 -

~HITACHI 

HM511664/L Series 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 

ms L-Version 

Unit Note 

ns 2,3 
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ns 3,5, \3 

ns 

ns 

ns 

ns 

ns 

ns 6 
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ns 

ns 
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HM511664/L Series ----------------------------

Write Cycle 

HM5Il664-8 HM5Il664-1O 
Parameter Symbol HM511664L-8 HM511664L-1O Unit Note 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - ns 10 

Write Command Hold Time tWCR 15 - 15 - ns 

Write Command Pulse Width twp 15 - 15 - ns 

Write Command to RAS Lead Time tRwL 20 - 20 - ns 

Write Command to CAS Lead Time tCWL 20 - 20 - ns 

Data-in Setup Time tos 0 - 0 - ns 11 

Data-in Hold Time tOR 15 - 15 - ns 11 

Read-Modify-Write Cycle 

HM5Il664-8 HM511664-1O 
Parameter Symbol HM511664L-8 HM5Il664L-1O Unit Note 

Min Max Min Max 

Read-Modify-Write Cycle Time tRWC 185 - 220 - ns 

RAS to WE Delay Time tRWO 105 - 125 - ns 10 

CAS to WE Delay Time tcwo 55 - 65 - ns 10 

Column Address to WE Delay Time tAwO 70 - 80 - ns 10,13 

OE Hold Time from WE toEH 15 - 15 - ns 

Refresh Cycle 

HM511664-8 HM5Il664-1O 
Parameter Symbol HM511664L-8 HM5Il664L-1O Unit Note 

Min Max Min Max 

CAS Setup Time 
tcsR 10 - 10 - ns (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tcHR 10 (CAS Before RAS Refresh Cycle) - 10 - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - ns 

CAS Precharge Time in Normal Mode tcPN 10 - 10 - ns 

Fast Page Mode Cycle 

HM511664-8 HM511664-1O 
Parameter Symbol HM5Il664L-8 HM511664L-1O Unit Note 

Min Max Min Max 

Fast Page Mode Cycle Time tpc 55 - 65 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - ns 

Fast Page Mode RAS Pulse Width tRASC 80 100000 100 100000 ns 12 

Access Time from CAS Precharge tACP - 50 - 60 ns 3,13 

RAS Hold Time from CAS Precharge tRHCP 45 - 55 - ns 

Fast Page Mode Read-Modify-
Write Cycle CAS Precharge tcpw 70 - 80 - ns 
to WE Delay Time 

Fast Page Mode Read-Modify-
tpCM 100 Write Cycle Time - 110 - ns 

Counter Test Cycle 

HM511664-8 HM511664-1O 
Parameter Symbol HM5Il664L-8 HM511664L-1O Unit Note 

Min Max Min Max 

CAS Precharge Time in 
tCPT 40 Counter Test Cycle - 40 - ns 

eHITACHI 
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HM511664/L Series 

Byte Write Mode 

HMS11664-8 HMSI1664-10 
Parameter Symbol HMS11664L-8 HMS11664L-1O Unit Note 

Min Max Min Max 

Masked Write Setup Time tMCS 0 - 0 - ns 

Masked Write Hold Time 
tMRR 0 0 - -Referenced to RAS ns 

Masked Write Hold Time 
tMCR 0 0 - -Referenced to CAS ns 

Notes: I. 
2. 

3. 
4. 
S. 

AC measurements assume tT = S ns. 
Assumes that tRCD ,;; tRCD (max) and tRAD ,;; tRAD (max). If tRcD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to I TTL load and SO pF. 
Assumes that tRCD 2: tRCD (max) and (tRCD - tRAD) 2: [tRCD (max) - tRAD (max)]. 
Assumes that tRAD 2: tRAD (max) and (tRCD - tRAD) ,;; [lRCD (max) - tRAD (max)]. tRAC> tCAC> and tAA are 
determined as follows. 

tRAD max. 

tRAD min. 

tRCD min. tRCD max. 

/ 

tRAD = tRCD - [tRCD(max) - tRAD(max)] 

tCAC 

0145-5 

6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between VIR and VIL. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 

10. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRwD 2: tRWD (min), tCWD 2: tcwD (min), tAwD 2: tAWD (min) and 
tcpw 2: tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAe or tACP' 
14. An imtial pause of 100 I'-s is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

IS. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. When both LW and UW go low at the same time, all 16-bits data are written into the device. LW and UW cannot be 

staggered within the same write cycle. 

@HITACHI 
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HM511664/L Series -----------------------------

• TIMING WAVEFORMS 
• Read Cycle 

tT 

tCRP 

Address 

I/O 1-1/0 16 

Din 

0145-6 

~HITACHI 
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HM511664/L Series 

• Early Write Cycle 

tCRP 

Address 

Din Din 

1/01-1/016 

Dout ____________________________ ~H~ig~h~-Z~ ____________________________ ___ 

0145-7 

~HITACHI 
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HM511664/L Series -----------------------------

• Upper Byte Early Write Cycle 

Address 

Din 

1/01-1/08 

Din Din 

1/09-1/016 

Dout __________________________ H~ig~h~.Z~ ______________________________ __ 

0145-8 
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------------------------------ HM511664/L Series 

• Lower Byte Early Write Cycle 

Address 

Din 

I/O 1-1/08 

Dout ______________________________ H_ig~h_-~z ________________________________ ___ 

Din 

1/09-1/016 

Dout __________________________ ~H~i~g~h~-Z~ ______________________________ __ 

• ~ : VIHorV1L 

OE: V 1H or V1L 

0145-9 
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HM511664/L Series ------------------------------

• Delayed Write Cycle 

tr 

teAs 

Address 

Din 

1/01·/1016 

Dout------------------+-----~ 

Ot 

• ~: Vlfi orViL 

Invalid Dout comes out, when OE is low level. 

0145-10 
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------------------------------ HM511664/L Series 

• Upper Byte Delayed Write Cycle 

tr 

Address 

Din 

1/01-1/08 

Dout-----------------------+--/ 

Din 

1/09-1/016 

Dout------------------+-----~ 

* ~ : VIHorV1L 

Invalid Dout comes out, when OE is low level. 

0145-11 
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HM511664/L Series -----------------------------

• Lower Byte Delayed Write Cycle 

tr 

tcAH 

Address Column 

Din 

1/01·1/08 

Dout----------------~------~ 

Din 

1/09·1/016 

Dout------------------+-----~ 

• ~ :V1HorVIL 

Invalid Dout comes out, when OE is low level. 
0145-12 
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------------------------------ HM511664/L Series 

• Read-Modify-Write Cycle 

Address 

Din 

1/01-1/016 

Dout ............................ ~r-............ ~ 

OE 

0145-13 
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HM511664/L Series -----------------------------

• Read Modify Upper Byte Write Cycle 

0145-14 

• HITACHI 
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HM511664/L Series 

• Read Modify Lower Byte Write Cycle 

Address 

Din 

1/01-1/08 

Dout----------------~------_< 

Din 

1/09-1/016 

Dout 

.~ 
0145-15 
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HM511664/L Series ------------------------------

• RAS Only Refresh Cycle 

Address 

1101-1/016 

Dout 

• CAS Before RAS Refresh Cycle 

tOFFl 

1/01-11016 
Dout 

High-Z 

• OE, UW, LW : V1H orVIL 

•• ~ : V1H orVIL 

••• Refresh address: AO - A7 (AXO - AX7) 

** UW,LW,OE 

¢!)HITACHI 
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----------------------------- HM511664/L Series 

• Hidden Refresh Cycle 

Address 

1/01-1/016 

OE 

0145-18 

• HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819. (415) 589-8300 173 



HM511664/L Series -----------------------------

• Fast Page Mode Read Cycle 

Address 

Din 

Dout 

0145-19 
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HM511664/L Series 

• Fast Page Mode Early Write Cycle 

Address 

1/01-1i016 

High-Z 
Dout --------------------------~-------------------------------------------

0145-20 
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HM511664/L Series ----------------------------

• Fast Page Mode Upper Byte Early Write Cycle 

Address 

Dout ______________________ H_i~g~h.~Z~ ___________________________ _ 

• OE ; V1H orV1L 

~ ;V1HorVIL 

0145-21 

• HITACHI 
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HM511664/L Series 

• Fast Page Mode Lower Byte Early Write Cycle 

Address 

LW 

Dout ____________________ ~H~i9~h~.Z~ __________________________________ __ 

Din 

!/09·1/016 

Dout ____________________ ~H~ig~h~.~Z ____________________________________ _ 

• OE : V 1H or V 1L 

~ :VIHorV1L 

0145-22 
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HM511664/L Series ------------------------------

• Fast Page Mode Delayed Write Cycle 

High-Z 
Dout----t----------~----------------+_------

tooo-*"~-

0145-23 
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HM511664/L Series 

• Fast Page Mode Upper Byte Delayed Write Cycle 

Din 

1/01·1/08 

Dout-------------------44---------~~--~------------+4--------------

Din 

1/09·:/016 
High·Z 

Dout --------~-t--------------------------------------~---------------

0145-24 
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HM511664/L Series -----------------------------

• Fast Page Mode Lower Byte Delayed Write Cycle 

0145-25 
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------------------------------ HM511664/L Series 

• Fast Page Mode Read-Modify-Write Cycle 

0145-26 

• HITACHI 
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HM511664/L Series -----------------------------

• Fast Page Mode Read-Modify-Upper-Byte-Wrlte Cycle 

0145-27 

o HITACHI 
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HM511664/L Series 

• Fast Page Mode Read-Modify-Lower-Byte-Write Cycle 

0145-28 
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HM511664/L Series ------------------------------

• CAS Before RAS Refresh Counter Check Cycle (Read) 

Address 

toze 

Din 
High-Z 

tCAe 

1/01-1/016 

Dout ------------------------+---------~I Dout 

• ~ : V1H orVIL 

0145-29 

~HITACHI 
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HM511664/L Series 

• CAS Before RAS Refresh Counter Check Cycle (Write) 

Address 

I/O 1·1/016 

Dout ________________________ ~H~i2g~h.~Z~ ______________________________ __ 

0145-30 

@HITACHI 
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HM511665 Series 
65,536·Word x 16·Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM511665 are CMOS dynamic RAM orga

nized as 65,536-word x 16-bit. HM511665 have realized 
higher density, higher performance and various functions by 
employing 0.8 p'm CMOS process technology and some 
new CMOS circuit design technologies. The HM511665 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM511665 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil40-pin plastic ZIP. 

• FEATURES 
• Single 5V (± 10%) 
• High Speed 

Access Time ................... 80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ................................. TBD 
Standby Mode ........................ 11 mW (max) 

• Fast Page Mode Capability 
• Write per Bit Capability 
• 256 Refresh Cycles ............................. (4 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM5Il665JP-S Sans 400 mil40-pin 
HM511665JP-1O lOOns Plastic SOJ 

(CP-40D) 

HM511665ZP-S Sans 475 mil40-pin 
HM511665ZP-1O lOOns Plastic ZIP 

(ZP-40) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A7 Address Input 
Refresh Address Input 

WI/I/01-Wl6/11016 Write SelectiData-in/Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WBIWE Write per BitlRead/Write Enable 

WBIWE Write per BitiReadlWrite Enable 

OE Output Enable 

Vee Power (+ 5V) 

VSS Ground 

NC No Connection 

Preliminary 

HM511665JP Series 

3DCP40D 

(CP-40D) 

HM511665ZP Series 

(ZP-40) 

• PIN OUT 

HM511665JP Series 

Vee v" 
WIIIOI W16II016 

W151l015 
W3/103 W14/1014 
W41l04 W13/1013 
W5/105 W12l1012 
W6/106 W11/1011 

WIO/IOIO 
W8/108 W91l09 

NC NC 

V" 
CAS 
OE 
NC 

AO NC 
Al NC 
A2 Al 
A3 A6 
A4 A5 

Vee V" 

0075-1 

(Top View) 

SDZP40 

HM511665ZP Series 

3 WI0/IOI0 
5 W121l012 
7 W14/J014 
9 W16/1016 
11 WIII01 

19 W81l08 

0075-2 

(Bottom View) 

~HITACHI 
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HM511665 Series 

• TRUTH TABLE 

Inputs I/O 

RAS CAS WBIWE OE Wl/I/Oj-W16/1/016 
Operation 

H H H H High-Z Standby 
L H H H High-Z Refresh 
L L H L Dout Read 
L L L H Din Write 
L L H H High-Z 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V 88 VT -1.0to + 7.0 V 

Supply Voltage Relative to V 88 Vee -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 0.8 W 

Operating Temperature Topr o to + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

VS8 0 0 0 V 
Supply Voltage 

Vee 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low I (Will/Oi Pin) VIL -0.5 - 0.8 V 1,2 

Voltage I (Others) VIL -1.0 - 0.8 V 1,2 

Notes: 1. All voltage referenced to V 88. 
2. The device will withstand undershoots to the - 2V level with a maximum pulse width of 20 ns at the - 1.5V level. (See 

figure 1.) 

-1.0 V 

-1.5 V 

I'i.f-- -2.0 V 

-? IE- 20 ns (max) 

0075-3 

Figure 1. Undershoot of input voltage 

~HITACHI 
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HM511665 Series -------------------------------

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) 

HMS1166S-8 HMSI166S-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max 

Operating Curreut ICCI TBD rnA 
RAS, CAS Cycling 

1,2 
tRC = Min 

TTL Interface 
2 rnA RAS, CAS = VIH, 

Standby Current rCC2 
DoU! = High-Z 

CMOS Interface RAS, 
I rnA CAS <!: VCC - 0.2V, 

Dou! = High-Z 

RAS Only Refresh Current ICC3 TBD rnA tRC = Min 2 

RAS = VIH, 
Standby Current ICC5 TBD rnA CAS = VIL, I 

DOU! = Enable 

CAS Before RAS Refresh 
ICC6 TBD rnA tRC = Min Current 

Fast Page Mode Current ICC7 TBD rnA tpc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 fJ-A OV :S Vin :S 6.SV 

Output Leakage Current ILO -10 10 -10 10 fJ-A 
OV :S VOU! :S S.SV, 
Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC V High lout = - 2.5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 V Low lout = 2.1 rnA 

Notes: I. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = V IL. 
3. Address can be changed once or less while CAS = VIH' 

• Capacitance (T A = 25'C, Vee = 5V ± 1 d%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cn - S 

Input Capacitance (Clocks) Cl2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 7 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

~HITACHI 
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• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV)1, 14, 15 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM511665-8 HM511665-1O 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRc 135 - 170 -
RAS Precharge Time tRP 45 - 60 -
RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width tCAS 30 10000 40 10000 

Row Address Setup Time tASR 0 - 0 -

Row Address Hold Time tRAH 10 - 10 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time leAH IS - IS -
RAS to CAS Delay Time tRCD 20 50 20 60 

RAS to Column Address Delay Time tRAD IS 35 IS 45 

RAS Hold Time tRSH 30 - 40 -

CAS Hold Time tCSH 80 - 100 -

CAS to RAS Precharge Time tCRP 10 - 10 -

OE to Din Delay Time tODD IS - IS -

OE Delay Time from Din tDZO 0 - 0 -

CAS Setup Time from Din tDZC 0 - 0 -
Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 4 - 4 

Read Cycle 

HM511665-8 HM511665-1O 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 

Access Time from CAS tCAC - 30 - 40 

Access Time from Address tAA - 45 - 55 

Access Time from OE tOAC - 30 - 40 

Read Command Setup Time tRCS 0 - 0 -

Read Command Hold Time to CAS tRCH 0 - 0 -

Read Command Hold Time to RAS tRRH 0 - 0 -
Column Address to RAS Lead Time tRAL 45 - 55 -

Output Buffer Turn-off Time tOFFl 0 20 0 20 

Output Buffer Turn-off to OE tOFF2 0 IS 0 15 

CAS to Din Delay Time tCDD 20 - 20 -

RAS Hold Time Referenced to OE tROH 10 - 10 -

Write Cycle 

HM511665-8 HM511665-1O 
Parameter Symbol 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 -

Write Command Hold Time tWCH IS - IS -

Write Command Pulse Width twp IS - IS -
Write Command to RAS Lead Time tRwL 20 - 20 -
Write Command to CAS Lead Time tCWL 20 - 20 -
Data-in Setup Time tDS 0 - 0 -

Data-in Hold Time tDH IS - IS -

~HITACHI 

HM511665 Series 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 

Unit Note 

ns 2,3 

ns 3,4,13 

ns 3,5, 13 

ns 

ns 

ns 

ns 

ns 

ns 6 

ns 6 

ns 

ns 

Unit Note 

ns 10 

ns 

ns 

ns 

ns 

ns II 

ns 11 
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HM511665 Series 

Read-Modify-Write Cycle 

Parameter 

Read-Modify-Write Cycle Time 

RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 

OE Hold Time from WE 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

CAS Precharge Time in Normal Mode 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Fast Page Mode Read-Modify-
Write Cycle CAS Precharge 
to WE Delay Time 

Fast Page Mode Read-Modify-
Write Cycle Time 

Counter Test Cycle 

Parameter Symbol 

CAS Precharge Time in 
tCPT Counter Test Cycle 

Write per Bit Cycle16,17 

Parameter 

Write per Bit Setup Time 

Write per Bit Hold Time 

Write per Bit Selection Setup Time 

Write per Bit Selection Hold Time 

HM5lI665-8 
Symbol 

Min Max 

tRWC 185 -

tRWD 105 -

tCWD 55 -

tAWD 70 -
toEH 15 -

HM511665-8 
Symbol 

Min Max 

tCSR 10 -

tCHR 10 -

tRPC 10 -

tCPN 10 -

HM511665-8 
Symbol 

Min Max 

tpc 55 -

tcp 10 -

tRASC 80 100000 

tACP - 45 

tRHCP 45 -

tcpw 70 -

tpCM 100 -

HM511665-8 

Min Max 

40 -

HM511665-8 
Symbol 

Min Max 

tWBS 0 -

tWBH 10 -

tWDS 0 -

tWDH 10 -

~HITACHI 

HM511665-1O 
Unit 

Min Max 

220 - ns 

125 - ns 

65 - ns 

80 - ns 

15 - ns 

HM511665-1O 
Unit 

Min Max 

10 - ns 

10 - ns 

IO - ns 

10 - ns 

HM511665-1O 
Unit 

Min Max 

65 - ns 

10 - ns 

100 100000 ns 

- 55 ns 

55 - ns 

80 - ns 

110 - ns 

HM511665-1O 
Unit 

Min Max 

40 - ns 

HM511665-1O 
Unit 

Min Max 

0 - ns 

10 - ns 

0 - ns 

10 - ns 
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HM511665 Series 

Notes: I. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to I TTL load and 50 pF. 
4. Assumes that tRCD ~ tRCD (max) and (tRCD - tRAD) ~ [tRCD (max) - tRAD (max)]. 
5. Assumes that tRAD ~ tRAD (max) and (tRCD - tRAD) :S [tRCD (max) - tRAD (max)]. tRAC, tCAC, and tAA are 

determined as follows. 

tRAD[ns] 
tAA 

tRAD = tRCD - [tRCD(max) - tRAD(max)] 

tRAD max. -- tCAC 
tRAC 

tRAD min. -- , , , , 

tRCD min. tRCD max. 

tRCD[ns] 
0075-4 

6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between VIH and VIL' 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, tnen access time is controlled exclusively by tAA. 

10. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD ~ tRWD (min), tCWD ~ leWD (min), tAWD ~ tAWD (min) and 
tcpw ~ tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP' 
14. An initial pause of 100 pos is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. When using the write-per-bit capability, WB/WE must be low as RAS falls. 
17. The data bits to which the write operation is applied can be specified by keeping Will/Oi high with setup and hold time 

referenced to the RAS negative transition. 

~HITACHI 
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HM511665 Series -------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

tCRP 

Address 

Wln01 [Dout 

W1611016 Din 

0075-5 

~HITACHI 
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• Early Write Cycle 

tr 

Address 

.MO' [" 

W1611016 Dout 
High-Z 

@HITACHI 

HM511665 Series 

• ~ :VIHorVll 

or: VIH or Vil 

0075-6 
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HM511665 Series 

• Delayed Write Cycle 

Address 

in 
Wln01 

W16n016 

Dout -----------------+----~ 

• ~ : V'H orV'L 

•• Invalid Dout comes out, when OE is low level. 

0075-7 

~HITACHI 
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HM511665 Series 

• Read-Modify-Write Cycle 

tr 

Address 

Wln01 [Din 

W16n016 Dout --------+--..:....--4 

0075-8 

~HITACHI 
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HM511665 Series 

• RAS Only Refresh Cycle 

Address 

High-Z 
WlnOI Dout--------------------------~~~----------------------------------

Wl6nOl6 

• CAS Before RAS Refresh Cycle 

WlnOI 

WI6n016 

~HITACHI 

• OE. WE : VIH or VIL 

•• ~ : V1H orVIL 

••• Refresh address: AO - A7 (AXO - AX7) 

I ,------~ !Q!P 
I' 

• ~ :VIHorVll 

•• WE :V1H 
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HM511665 Series 

• Hidden Refresh Cycle 

• ~ : V1LorVIL 

0075-11 

~HITACHI 
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HM511665 Series 

• Fast Page Mode Read Cycle 

WIltOI 

WIMOI' 

0075-12 
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------------------------------- HM511665 Series 

• Fast Page Mode Early Write Cycle 

WIIIIO" 

High-Z 
Dout ----------------------~~~------------------------------------

• HITACHI 

* Of :VIHorVIL 

** ~ : VIHorV1L 
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HM511665 Series 

• Fast Page Mode Delayed Write Cycle 

High-Z 

0075-14 
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HM511665 Series 

• Fast Page Mode Read-Modify-Write Cycle 

0075-15 

~HITACHI 
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HM511665 Series -------------------------------

• CAS Before RAS Refresh Counter Check Cycle (Read) 

Column 

WlnOl [Din 

Wl6n016 Dout -----------+-----{I Dout 

0075-16 

@>HITACHI 
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HM511665 Series 

• CAS Before RAS Refresh Check Cycle (Write) 

-M-~-tT 

~LL", _______________ H...:i9:...h_-Z_

D

_

i

" ______________ _ 

• ~ : VIH orV1L 

0075-17 
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HM511665/L Series 
65,536-Word x 16-Bit Dynamic RAM 

• DESCRIPTION 
The Hitachi HM511665/HM511665L are CMOS dynamic 

RAM organized as 65,536-word x 16-bit. HM511665/11665L 
have realized higher density, higher performance and vari
ous functions by employing 0.8 /-tm CMOS process technol
ogy and some new CMOS circuit design technologies. The 
HM511665/HM511665L offer Fast Page Mode as a high 
speed access mode. 

Multiplexed address input permits the HM5116651 
HM511665L to be packaged in standard 400 mil 40-pin plas
tic SOJ, standard 475 mil 40-pin plastiC ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ................... 80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ................ 633 mW/495 mW (max) 
Standby Mode (TTL) .................. 11 mW (max) 
Standby Mode (CMOS) ............... 5.5 mW (max) 

..... 1.1 mW (max) (L-Version) 
• Fast Page Mode Capability 
• Write per Bit Capability 
• 256 Refresh Cycles ............................. (4 ms) 

................. (32 ms) (L-Version) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Battery Back-up Operation 
HM511665L Series (L-Version) 

• PIN DESCRIPTION 

Pin Name Function 

AQ-A7 Address Input 
Refresh Address Input 

Wl/I/Oj-W16/I/Oj6 Write Se1ect/Data-in/Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WB/WE Write per BitiRead/W rite Enable 

OE Output Enable 

Vee! Power ( + 5V) 

VSS2 Ground 

NC No Connection 

Notes: 1. This device has 3 Vee pins (SOJ: I, 11,20 pin/ZIP: 
13, 21, 30 pin). All Vee pins must be connected 
with the same power-supply wiring on the memory 
board. 

2. This device has 3 VSS pins (SOJ: 21, 30, 40 pin/ 
ZIP: !D, 33, 40 pin). All Vss pins must be connect
ed with the same ground wiring on the memory 
board. 

HM511665JP Series 

3DCP400 

(CP-4OD) 

HM511665ZP Series 

3DZP40 

(ZP-40) 

• PIN OUT 

HM511665JP Series HM511665ZP Series 

NC 

Vee 
NC 

waiiiE 

V" 
Wl6/1016 
WI5/1015 
Wl.4/I014 

WI3/1013 
WIZlIOIZ 
WII/IOIl 
WIO/IOIO 
W9/109 
NC 

V" 
CAS 

DE 
NC 

AO NC 
AI NC 
AZ A7 
A3 A6 

A4 A5 

Vee -,:::,--_...::..:rV" 

0146-1 

W9/I09 2 
Wll/IOll 
W13/I013 

0146-2 

(Top View) (Bottom View) 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM511665JP-8 80ns 400 mil 4O-pin 
HM511665JP -10 lOOns 

PlasticSOJ 
HM511665U-8 80ns (CP-40D) 
HM511665U-1O lOOns 

HM511665ZP-8 80ns 
475 mil40-pin 

HM511665ZP-1O lOOns 
Plastic ZIP 

HM511665LZ-8 SOns (ZP-40) 
HM511665LZ-1O lOOns 

~HITACHI 
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______________________________ HM511665/L Series 

• BLOCK DIAGRAM 

I WBIWE [ RAS I CAS I I OE I 
J. J. J J. 

Write Per - ill Control 
- -

WE Control CAS Control OE Control 
~ Bit Control i--

Circuit Circuit Circuit Circuit Circuit 

.J. J. J. .J. 

IW161101~ IWI5II0151 IWI4110141 IWI3110131 IWl2Jl0121 IWllIIOU! IWIOIIOIO! I W91109 I 
! ! 1- ! t t t t 

~LUOBulTer 110 BulTer I/0BulTer IIOBulTer 110 B ulTer I/0BulTer J/OBulTer llODulTer I 
t.- ~ t.- ~ "t-- r--1' t.- ~ 

I W811081 I W711071 I W61106 I I W511051 I W41104! I W31103 ! I W21102! I WIIIOI ! 

! J ! J ! J ! ! 
41110BulTer ~ 11/0DulTer 1I0BulTer ~ HI/ODulTer I/0BulTer ~ HIIODulTer 1I0nulTer ~ HllODulTer I 

S .? ~, l? ~. l? S. l~ 

128k Column 128k 128k Column 128k 128k Colun.., 128k 128k Column 128k 

Memory Decoder Memory Memory Decoder Memory Memory Decoder Memory Memory Decoder Memory 

Cell Sense Cen Cen Sense Cell Cell Sense Cell Cen Sens. Cell 

Array Amp& Array Array Antp& Array Array Aml'& Array Array AmI' & Array 

110 Bus 110 Bus 110 Bus JIOi3us 

T T T T 
I Row Decoder & Driver I 

I 
J Column Address Buffer I I Row Address I3uffer I 

t t 
Address AO-A 7 

0146-3 
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HM511665/L Series 

• TRUTH TABLE 

RAS 

H 
L 
L 
L 
L 

Inputs 

CAS 

H 
H 
L 
L 
L 

• ABSOLUTE MAXIMUM RATINGS 

Parameter 

Voltage on Any Pin Relative to V ss 

Supply Voltage Relative to Vss 

Short Circuit Output Current 

Power Dissipation 

Operating Temperature 

Storage Temperature 

• ELECTRICAL CHARACTERISTICS 

WB/WE OE 

H H 
H H 
H L 
L H 
H H 

Symbol 

VT 

Vee 

lout 

PT 

Topr 

Tstg 

• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min 

Vss 0 
Supply Voltage 

Vee 4.5 

Input High Voltage VIH 2.4 

Input Low I (Wi/I/Oi Pin) VIL -0.5 

Voltage I (Others) VIL -1.0 

Notes: I. All voltage referenced to VSS' 

I/O 
Operation 

WlII/Ol-WI6/I/0 16 

High-Z Standby 
High-Z Refresh 
Dout Read 
Din Write 
High-Z 

Value Unit 

-1.0to +7.0 V 

-1.0to +7.0 V 

50 mA 

0.8 W 

Oto + 70 'c 
- 55 to + 125 'c 

Typ Max Unit Note 

0 0 V 

5.0 5.5 V 1 

- 6.5 V 1 

- 0.8 V 1,2 

- 0.8 V 1,2 

2. The device will withstand undershoots to the - 2V level with a maximum pulse width of 20 ns at the - 1.5V level. (See 
figure I.) 

VIH 

I 
-1.0 V 

-1.5 V 

-2.0 V 

-ll ~ 20 ns(max) 

0146-4 

Figure 1. Undershoot of input voltage 

~HITACHI 
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HM511665/L Series 

• DC Electrical Characterlstica (TA = 0 to +70"C, Vee = 5V ±10%, Vss = OV) 

HM511665-8 HM511665-10 
Parameter Symbol HM511665L-8 HM511665L-IO Unit Test Conditions Note 

Min Max Min Max 

Operating Current ICCI - 115 - 90 mA 
RAS, CAS Cycling 1,2 
tRC = Min 

TIL Interface 
2 mA RAS, CAS = VIH, 4 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
I mA CAS ~ VCC - 0.2V 4 

Dout = High-Z 

(L-Version) CMOS Interface 
RAS, CAS = VIH 

Standby Current ICC2 - 200 - 200 p.A WE, OE, Address and 5 
Din = VIHorVIL 
Dout = High-Z 

RAS Only Refresh Current Icc3 - 115 - 90 mA tRC = Min 2 

CAS Before RAS 
Icc6 115 90 rnA tRC = Min Refresh Current - -

Fast Page Mode Current Icc7 - 100 - 85 mA tpc = Min 1,3 

(L-Version) tRC = 125 p.s 
Battery Back-up !&As S I p.s_ 
Operating 

ICCIO - 300 - 300 p.A WE = VIH, CAS = VIL 5 Current OE, Address and 
(Standby with Om = VlHorVIL 
CBR Refresh) Dout = High-Z 

Input Leakage Current ILl -10 10 -10 10 p.A OV S Yin S 6.5V 

Output Leakage Current IW -10 10 -10 10 p.A 
OV S Vout S 5.5V, 
Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 Vcc V High lout = - 2.5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 V Low lout = 2.1 mA 

Notes: 1. ICC depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL. 
3. Address can be changed once or less while CAS = VIH. 
4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 
5. VCC - 0.2V S VIH S 6.5Vand OV S VIL S 0.2V. 

• CapaCitance (TA = 25"C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cu - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 7 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable D out . 

• AC Characteristics (TA = 0 to +70"C, Vee = 5V ±10%, Vss = 0V)1, 14, 15 
Test Conditions 

Input Rise and Fall Times: 
Input Timing Reference Levels: 
Output Load: 

5 ns 
0.8V,2.4V 

1 TIL Gate + CL (50 pF) 
(Including scope and jig) 

• HITACHI 

Unit 

pF 

pF 

pF 

Note 

I 

I 

1,2 
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HM511665/L Series -----------------------------

Read, Write, Read-Modlfy-Wrlte and Refresh Cycles (Common Parameters) 

HM511665-8 HM511665-1O 
Parameter Symbol HM511665L-8 HM511665L-1O Unit Note 

Min Max Min Max 

Random Read or Write Cycle Time tRC 135 - 170 - ns 

RAS Precharge Time tRP 45 - 60 - ns 
RAS Pulse Width tRAS 80 10000 100 10000 ns 

CAS Pulse Width teAs 30 10000 40 10000 ns 
Row Address Setup Time tASR 0 - 0 - ns 
Row Address Hold Time tRAH 10 - 10 - ns 
Column Address Setup Time tASC 0 - 0 - ns 
Column Address Hold Time tCAH 15 - 15 - ns 

RAS to CAS Delay Time tRco 20 50 20 60 ns 8 

RAS to Column Address Delay Time tRAO 15 35 15 45 ns 9 

RAS Hold Time tRSH 30 - 40 - ns 

CAS Hold Time tcSH 80 - 100 - ns 

CAS to RAS Precharge Time tcRP 10 - 10 - ns 

OE to Din Delay Time tooo 15 - 15 - ns 

OE Delay Time from Din tozo 0 - 0 - ns 

CAS Setup Time from Din tozc 0 - 0 - ns 

Transition Time (Rise and FaIl) tT 3 50 3 50 ns 7 

Refresh Period lREF 
- 4 - 4 ms 

- 32 - 32 ms L-Version 

Read Cycle 

HM511665-8 HM511665-1O 
Parameter Symbol HM511665L-8 HM511665L-1O Unit Note 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 ns 2,3 

Access Time from CAS tCAC - 30 - 40 ns 3,4,13 

Actess Time from Address tAA - 45 - 55 ns 3,5,13 

Access Time from OE toAC - 30 - 40 ns 

Read Command Setup Time tRes 0 - 0 - ns 

Read Command Hold Time to CAS tRCH 0 - 0 - ns 

Read Command Hold Time to RAS tRRH 0 - 0 - ns 

Column Address to RAS Lead Time tRAL 45 - 55 - ns 

Output Buffer Turn-off Time toFFI 0 20 0 20 ns 6 

Output Buffer Turn-off to OE toFF2 0 15 0 15 ns 6 

CAS to Din Delay Time tcoo 20 - 20 - ns 
RAS Hold Time Referenced to OE tROH 10 - 10 - ns 

Write Cycle 

HM511665-8 HM511665-1O 
Parameter Symbol HM511665L-8 HM511665L-1O Unit Note 

Min Max Min Max 

Write Command Setup Time twes 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 15 - ns 
Write Command Pulse Width twp 15 - 15 - ns 

Write Command to RAS Lead Time lRWL 20 - 20 - ns 
Write Command to CAS Lead Time tcWL 20 - 20 - ns 

Data-in Setup Time tos 0 - 0 - ns 11 

Data-in Hold Time tOH 15 - 15 - ns 11 
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HM511665/L Series 

Read-Modify-Write Cycle 

HM511665-8 HM511665-1O 

Parameter Symbol HM511665L-8 HM511665L-1O Unit Note 

Min Max Min Max 
---_. 

Read-Modify-Write Cycle Time tRWC 185 - 220 - ns 

RAS to WE Delay Time tRwD 105 - 125 - ns 10 
-

CAS to WE Delay Time tCWD 55 - 65 - ns 10 

Column Address to WE Delay Time tAWD 70 - 80 - ns 10,13 

OE Hold TIme from WE tOEH IS - IS - ns 

Refresh Cycle 

HM511665-8 HM511665-1O 

Parameter Symbol HM511665L-8 HM511665L-1O Unit Note 

Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - ns 

(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tCHR 10 10 (CAS Before RAS Refresh Cycle) 

- - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - ns 

CAS Precharge Time in Normal Mode tCPN 10 - 10 - ns 

Fast Page Mode Cycle 

HM511665-8 HM511665-1O 

Parameter Symbol HM511665L-8 HM511665L-1O Unit Note 

Min Max Min Max 

Fast Page Mode Cycle Time tpc 55 - 65 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - ns 

Fast Page Mode RAS Pulse Width tRASC 80 100000 100 100000 ns 12 

Access Time from CAS Precharge tACP - 50 - 60 ns 3, 13 

RAS Hold Time from CAS Precharge tRHCP 45 - 55 - ns 

Fast Page Mode Read-Modify-
Write Cycle CAS Precharge tcpw 70 - 80 - ns 
to WE Delay Time 

Fast Page Mode Read-Modify-
tpCM 100 - 110 - ns 

Write Cycle Time 

Counter Test Cycle 

HM511665-8 HM511665-1O 

Parameter Symbol HM511665L-8 HM511665L-1O Unit Note 

Min Max Min Max 

CAS Precharge Time in 
tCPT 40 - 40 - ns 

Counter Test Cycle 

Write Per Bit Cycle16, 17 

HM511665-8 HM511665-1O 

Parameter Symbol HM511665L-8 HM511665L-1O Unit Note 

Min Max Min Max 

Write per Bit Setup Time tWBS 0 - 0 - ns 

Write per Bit Hold Time tWBH 10 - 10 ns 

Write per Bit Selection 
tWDS 0 - 0 - ns 

Setup Time 

Write per Bit Selection 
tWDH 10 - 10 - ns 

Hold Time 

~HITACHI 
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HM511665/L Series 

Notes: 1. AC measurements assume tT = 5 ns. 

210 

2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to I TIL load and 50 pF. 
4. Assumes that tRCD ~ tRCD (max) and (tRCD - tRAD) ~ [tRCD (max) - tRAD (max)l. 
5. Assumes that tRAD ~ tRAD (max) and (tRCD - tRAD) :S [tRCD (max) - tRAD (max)l. tRAe. tcAC, and tAA are 

determined as follows: 

tRAD[ns] 
tAA 

tRAD = tRCD • [tRCD(max) . tRAD(max)] 
tRAD max. .. 

tCAC 
tRAC 

tRAD min. .. , , , , 

tRCD min. tRCD max. 

tRCD[ns] 
0146-5 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between VIH and VIL. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA. 

10. twcs, tRWD, tcWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRwD ~ tRwD (min), tCWD ~ tCWD (min), tAWD ~ tAWD (min) and 
tcpw ~ tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modifY-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP. 
14. An initial pause of 100 p.s is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a miuimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. When using the write-per-bit capability, WB/WE must be low as RAS falls. 
17. The data bits to which the write operation is applied can be specified by keeping WVIOi high with setup and hold time 

referenced to the RAS negative transition . 

• HITACHI 
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• TIMING WAVEFORMS 
• Read Cycle 

wlnOI [Dout 

WI6nOl6 Din 

tT 

D 

~HITACHI 

HM511665/L Series 

tCRP 

tCDD 

tODD 

0146-6 
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HM511665/L Series -----------------------------

• Early Write Cycle 

RAS 
tT 

CAS 

tASR 

tCSH 

• HITACHI 

tCRP 

• ~ :V1HorVll 

•• at: V1H or V1l 

212 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 
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------------------------------ HM511665/L Series 

• Delayed Write Cycle 

** 
* ~ :V1HorVll 

** Invalid Dout comes out, when OE is low level. 
0146-8 
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HM511665/L Series -----------------------------

• Read-Modify-Write Cycle 

\ 

Address 

Wln01 [Din 

Wl~016 Dout ---------------+----~~uouV+---~------~--------------------
teAC 

0146-9 

_HITACHI 
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HM511665/L Series 

• RAS Only Refresh Cycle 

Address 

High-Z 
Wln01 Dout--------------------------~~~-----------------------------------

• OE. WE : V1H or VIL 

H ~ :VIHorV1L 
WI6nOl6 ••• Refresh address: AO - A7 (AXO - AX7) 

0146-10 

• CAS Before RAS Refresh Cycle 

•• WE 
WI6nOl6 

0146-11 
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HM511665/L Series 

• Hidden Refresh Cycle 

0146-12 

~HITACHI 
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HM511665/L Series 

• Fast Page Mode Read Cycle 

WMOI 

Wl6ll016 

0146-13 
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HM511665/L Series ------------------------------

• Fast Page Mode Early Write Cycle 

High·Z 
Dout --------------------------~---------------------------------------

Wl6nOl& 

* OE : V1H or V1l 

** ~ : VIH orVll 

0146-14 

~HITACHI 
218 Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005·1819· (415) 589·8300 



HM511665/L Series 

• Fast Page Mode Delayed Write Cycle 

High-Z 
w16no~'ou1'------------------------______________________________________ +-______ __ 

0146-15 
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HM511665/L Series -----------------------------

• Fast Page Mode Read-Modify-Write Cycle 

• ~ : v .. or vII. 

0146-16 

• HITACHI 
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HM511665/L Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 

W1611016 Dout ------------+-----{I Dout 

* ~ :VIHorVIL 

0146-17 
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HM511665/L Series ------------------------------

• CAS Before RAS Refresh Counter Check Cycle (Write) 

Din 
WlnOI [ 

High-Z 
Wl6nOl6 Dout-------------------------------~-----------------------------------

0146-16 
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HM511666 Series 
65,536-Word x 16-Blt Dynamic RAM 

• DESCRIPTION 
The Hitachi HM511666 are CMOS dynamic RAM orga

nized as 65,536-word x 16-bit. HM511666 have realized 
higher density, higher performance and various functions by 
employing 0.8 ,..m CMOS process technology and some 
new CMOS circuit design technologies. The HM511666 of
fers Static Column Mode as a high speed access mode. 

Multiplexed address input permits the HM511666 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil40-pin plastic ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ................... 80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ................ 633 mW/495 mW (max) 
Standby Mode ........................ 11 mW (max) 

• Static Column Mode Capability 
• Byte Write Capability 
• 256 Refresh Cycles ............................. (4 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CS Before RAS Refresh 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM511666JP-8 80ns 400 mi140-pin 
HM511666JP-1O lOOns Plastic SOJ 

(CP-40D) 

HM511666ZP-8 80ns 475 mi140-pin 
HM511666ZP-1O lOOns Plastic ZIP 

(ZP-40) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A7 Address Input 
Refresh Address Input 

110 1-110 16 Data-in/Data-out 

RAS Row Address Strobe 

CS Chip Select 

UW Read/Upper Byte Write Enable 

LW Read/Lower Byte Write Enable 

OE Output Enable 

VCC'1 Power ( + 5V) 

VSS'2 Ground 

NC No Connection 

Notes: 1. This device has 3 Vee pins (SOJ: I, II, 20 pin/ZIP: 
13, 21, 30 pin). All V cc pins must be connected with 
the same power-supply wiring on the memory board. 

2. This device has 3 Vss pins (SOJ: 21, 30,40 pin! ZIP: 
10, 33, 40 pin). AIl V SS pins must be connected with 
the same ground wiring on the memory board. 

Preliminary 

HM511666JP Series 

3DCP40D 

(CP-40D) 

HM511666ZP Series 

3DZP40 

(ZP-40) 

• PIN OUT 
HM511666JP Series HM511666ZP Series 

vee 1 Vss 
lIOl 11016 
1I0Z II015 
lI03 11014 
lI04 1/013 
1/05 1/01Z 
II06 1/011 
II07 II010 
1108 109 

NC NC 

Vee ~ 
UW CS 
LW DE 

iiAs NC 
AO NC 
Al NC 
AZ A7 
A3 A6 
A4 AS 

Vee Vss 

0147-1 

(Top View) ~ 

109 2 
1011 4 
1013 6 
1015 8 

Vss 10 
10Z 12 
10314 
IDS 16 
107 18 

NC 20 
iiW ZZ 

RAS Z4 
Al Z6 
A328 

Vee 30 
Ne 32 
AS 34 
A736 
DE 38 

Vss 40 

.--
1= 

1= 

= = 
= = 

= = 

= ---

~1 Ne 
1010 
101Z 
I014 

1=3 

1= 

= = 
== 

= = 
= = = 
= = 

--

5 
7 
9 1016 
1 1101 
13 Vee 
15 104 
17 106 
19108 
Zl Vee 
Z3Lw 
Z5 AD 
Z7 AZ 
Z9 A4 
31 Ne 
33 V.S 
35 A6 
37 Ne 
39 CS 

0147-2 

(Bottom View) 
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HM511666 Series -------------------------------

• BLOCK DIAGRAM 

I LW I Gp I RAS I q=o I OE I 
l -l. J. ..... ;. . 

Lower Byte Upper Byte 
RAS Control 

- -
CS Control OE Control 

Write Control 1. Write Control 

Circuit Circuit Circuit Circuit Circuit 

I I .1. ..j. ..j. 

I 11016 I I 11015 I I 11014 I I 1I013 I I 11012 I I 1I0ll I I 1I0lO I I 1109 I 
t t t l ! ! t t 

41 110 BulTer I/0BulTer I/0BulTer 110 BulTer 1/0 BulTer 1I0BuITer 1I0BulTer I/0SulTer I 
"'t.- ~ "'t.- ~ .... ~ "'t.- ~ 

I 1I0S I I 1107 I I 1106 I I 1I0S I I 1104 I I 1103 I I 1102 I I 1/01 I 
t t J _t ! 

... 
! ! .J.. 

41 1/0 BulTer ~ HIIOBulTer I/0BulTer ~ 11/0BulTer 1I0BulTer t HIIOBulTer I/0BulTer r HIIOBulTerJ 

~ .? ~. ~ ~, 
.... 

~ Lr-1 ...r 
12Sk Column 12Sk 128k Column 12Sk 128k Column 128k 12Sk Column 12Sk 

Memory Decoder Memory Memory Decoder Memory Memory Decoder Memory Memory Decoder Memory 

Cell Sense Cen Cen Sense Cen Cen Sense Cell Cell Sense C.ll 

Array Amp& Array Array Amp& Array Array Amp& Array Array Amp& Array 

110 Bus 110 Bus 110 Bus 110 Bus 

T J 1 T 
I now Decoder & Driver I 

I Column Address Buffer I I 
I 

now Address Buffer I .... 
T 

Address AO-A 7 

0147-3 
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HM511666 Series 

III TRUTH TABLE 

Inputs I/O 
Operation 

RAS CS LW UW OE 1/0,-1/08 1/°9-1/°,6 
H H H H H High-Z High-Z Standby 
L H H H H High-Z High-Z Refresh 
L L H H L Dout Dout Read 
L L L H H Din Don't Care Lower Byte Write 
L L H L H Don't eare DID Upper Byte Write 
L L L L H Din Din Word Write 
L L L L H High-Z High-Z 

III ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT - 1.0 to + 7.0 V 

Supply Voltage Relative to V ss Vee -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 0.8 W 

Operatmg Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

III ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

Vee 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low I (I/Oi Pin) VIL -0.5 - 0.8 V 1,2 

Voltage I (Others) VIL -1.0 - 0.8 V 1,2 

Notes: 1. All voltage referenced to V ss. 
2. The device will withstand undershoots to the - 2V level with a maximum pulse width of 20 ns at the - 1.5V level. (See 

figure 1.) 

VIH 
I -1.0 V 

-1.5 V 
IV 

-2.0 V 
...,. ~ 20 ns(max) 

0147-4 

Figure 1. Undershoot of input voltage 

~HITACHI 
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HM511666 Series 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) 

HM511666-8 HM511666-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max 

Operating Current ICCI - 115 - 90 rnA 
RAS, CS Cycling 1,2 
tRC = Min 

TTL Interface 
2 rnA RAS, CS = Vm, 4 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
I rnA CS ~ VCC - 0.2V, 4 

Dout = High-Z 

RAS Only Refresh Current ICC3 - 115 - 90 rnA tRC = Min 2 

CS Before RAS Refresh 
ICC6 115 90 rnA tRe = Min Current - -

Static Column Current ICC9 - 110 - 100 rnA tsc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 p.A OV S Vin S 6.5V 

Output Leakage Current ILO -10 10 -10 10 p.A 
OV S Vout S 5.5V, 
Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC V High lout = - 2.5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 V Low lout = 2.1 rnA 

Notes: 1. IcC depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = V IL. 
3. Address can be changed once or less while CS = Vm. 
4. Clock voltages (RAS and CS) must be applied simultaneously with or prior to applying supply voltage. 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) CII - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 7 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = Vm to disable Dout. 

~HITACHI 

Unit 

pF 

pF 

pF 
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• AC Characteristics (TA = 0 to + 70°C, Vee = 5V ± 10%, Vss = OV)1. 14, 15, 16 

Test Conditions 

5 ns 
O,8V,2.4V 

Input Rise and Fall Times 
Input Timing Reference Levels 
Output Load 1 TTL Gate + CL (50 pF) 

(Including scope and jig) 

Read, Write, and Refresh Cycles (Common Parameters) 

HM511666-8 
Parameter Symbol 

Min Max 

Random Read or Write Cycle Time tRC 135 -

RAS Precharge Time tRP 45 -
RAS Pulse Width tRAS 80 10000 

CS Pulse Width tsp 30 10000 

Row Address Setup Time tASR 0 -
Row Address Hold Time tRAH 10 -
Column Address Setup Time tASW 0 -
Column Address Hold Time tAHW IS -
RAS to CS Delay Time tRCD 20 50 

RAS to Column Address Delay Time tRAD IS 35 

RAS Hold Time tRSH 30 -
CS Hold Time tCSH 80 -
CS to RAS Precharge Time tcRP 10 -

OE to Dm Delay Time tODD IS -

OE Delay Time from Din tDZO 0 -

CS Setup Time from Din tDZC 0 -

Transition Time (Rise and Fall) tT 3 50 

Refresh Period tREF - 4 

Read Cycle 

HM511666-8 
Parameter Symbol 

Min Max 

Access Time from RAS tRAC - 80 

Access Time from CS tACS - 30 

Access Time from Address tAA - 45 

Access Time from OE tOAC - 30 

Read Command Setup Time tRCS 0 -
Read Command Hold Time to CS tRCH 0 -

Read Command Hold Time to RAS tRRH 0 -

Column Address to RAS Lead Time tRAL 45 -
Output ButTer Tum-otT Time tOFF! 0 20 

Output ButTer Tum-otT to OE tOFF2 0 IS 

CS to Din Delay Time tCDD 20 -

RAS Hold Time Referenced to OE tROH 10 -

RAS to Column Address Hold Time tAHR IS -

Output Hold Time from Address tAOH 5 -
Column Address Hold Time to RAS on Read tAR 80 -

~HITACHI 

HM511666-1O 

Min Max 

170 -

60 -

100 10000 

40 10000 

0 -

10 -

0 -
IS -

20 60 

IS 45 

40 -

100 -
10 -

IS -

0 -

0 -

3 50 

- 4 

HM51\666-1O 

Min Max 

- 100 

- 40 

- 55 

- 40 

0 -

0 -

0 -

55 -

0 20 

0 IS 

20 -

10 -

IS -

5 -
100 -

HM511666 Series 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 

Unit Note 

ns 2,3 

ns 3,4, \3 

ns 3,5, 13 

ns 

ns 

ns 

ns 

ns 

ns 6 

ns 6 

ns 

ns 

ns 17 

ns 

ns 
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HM511666 Series 

Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CS Lead Time 

Data-in Setup Time 

Data-in Hold Time 

Data-in Hold time to RAS 

Column Address Hold Time to 
RASon Write 

OE Hold Time from WE 

Refresh Cycle 

Parameter 

CS Setup Time 
(CS Before RAS Refresh Cycle) 

CS Hold Time 
(CS Before RAS Refresh Cycle) 

RAS Precharge to CS Hold Time 

CS Precharge Time in Normal Mode 

Static Column Mode Cycle 

Parameter 

Static Column Mode Cycle Time 

Static Column Mode CS Precharge Time 

Static Column Mode RAS Pulse Width 

RAS to Second WE Delay Time 

Write Invalid Time 

Counter Test Cycle 

Parameter Symbol 

CS Precharge Time in 
tCPT Counter Test Cycle 

Byte Write Mode 

Parameter Symbol 

Masked Write Setup Time tMCS 

Masked Write Hold Time 
tMRH Referenced to RAS 

Masked Write Hold Time 
tMCH Referenced to CS 

HM511666-8 
Symbol 

Min Max 

twcs 0 -

tWCH 15 -

twp 15 -

tRwL 20 -

tCWL 20 -

tDS 0 -

tDH 15 -

tDHR 65 -

tAWR 65 -

toEH 15 -

HM511666-8 
Symbol 

Min Max 

tCSR 10 -

tCHR 10 -

tZRH 10 -

tSIN 10 -

HM511666-8 
Symbol 

Min Max 

tsc 50 -

tSI 10 -

tRAsc 80 100000 

tRSWD 80 -

tWI 10 -

HM511666-8 

Min Max 

40 -

HM511666-8 

Min Max 

0 -

0 -

0 -

~HITACHI 

HM511666-1O 
Unit 

Min Max 

0 - ns 

15 - ns 

15 - ns 

20 - ns 

20 - ns 

0 - ns 

15 - ns 

75 - ns 

75 - ns 

15 - ns 

HM511666-1O 
Unit 

Min Max 

10 - ns 

10 - ns 

10 - ns 

10 - ns 

HM511666-1O 
Unit 

Min Max 

60 - ns 

10 - ns 

100 100000 ns 

100 - ns 

10 - ns 

HM511666-1O 
Unit 

Min Max 

40 - ns 

HM511666-1O 
Unit 

Min Max 

0 - ns 

0 - ns 

0 - ns 
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HM511666 Series 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD S tRCD (max) and tRAD :s tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to I1TL load and 50 pF. 
4. Assumes that tRCD O!: tRCD (max) and (tRCD - tRAD) O!: [tRCD (max) - tRAD (max»). 
5. Assumes that tRAD O!: tRAD (max) and (tRCD - tRAD) S [tRCD (max) - tRAD (max»). tRAC, tACS, and tAA are 

determined as follows. 

tRAD max. 

tRAC 

tRCD min. 

0147-5 

6. toFF (max) defmes the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. Vrn (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vrn and VIL. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRcD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tACS. 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 

10. twcs is not restrictive operating parameter. It is included in the data sheet as electrical characteristics only: if twcs O!: twcs 
(min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle. 

11. These parameters are referenced to CS leading edge in an early write cycle and to WE leading edge in a delayed write cycle. 
12. tRASC defines RAS pulse width in static column mode cycles. 
13. Access time is determined by the longer of tAA or tcAC' 
14. An iuitial pause of 100 ,",S is required after power up followed by a minimum of eight iuitialization cycles (RAS only refresh 

cycle or CS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CS before RAS refresh 
cycles is required. 

15. In delayed write cycles, OE must disable output buffer prior to applying data to the device. 
16. When both LW and UW go low at the same time, all 16 bits data are written into the device. LW and UW cannot be 

staggered within the same write cycle. 
17. tAHR defmes the time at which the column addresses hold. 
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HM511666 Series -------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

RA5 
tRP 

tr 

tRCD 
tSRS 

C5 

tASR tRAD 

Address Column 

Dout------------~----~----~------------(I 

I/O 1-1/016 

Din 

0147-6 
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------------------------------- HM511666 Series 

• Early Write Cycle 

Address 

Din 

1/01-11016 

Dout ____________________________ ~H~ig~h~-~Z ________________________________ __ 

** OE : V1H or V1L 

0147-7 

@HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 231 



HM511666 Series ------------------------------

• Upper Byte Early Write Cycle 

Address 

Din 

1/01-1/08 

Dout-----------+-----------~----~~~--------------------------------

Din Din 

1/09-1/016 

Dout ____________________________ ~H~i~g~h~-Z~ ______________________________ __ 

* ~ : V1HorV1L 

** OE: V1H or V1L 

0147-8 

~HITACHI 
232 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



HM511666 Series 

• Lower Byte Early Write Cycle 

Address 

Din 

1/01-1/08 

Dout ____________________________ ~H~i2gh~-~z~ ________________________________ _ 

Din 

1/09-1/016 

Dout ____________________________ ~H~i2g~h~-Z~ ________________________________ _ 

.. 
0147-9 

@HITACHI 
Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 233 



HM511666 Series -------------------------------

• Delayed Write Cycle 

tSRS 
tT 

tsp 

Address 

Din 

1/01-1/016 

OE 

• ~: V1HorVIL 

Invalid Dout comes out, when OE is low level. 

0147-10 

~HITACHI 
234 Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



HM511666 Series 

• Upper Byte Delayed Write Cycle 

RAS 

tT 

tRCD 

CS 

tASR 

Address 

Din 

1/01-1/08 

Dout--------~------------_+--/ 

Din 

1/09-1/016 

Dout----------------~------~ 

* ~ : V1H orVIL 

Invalid Dout comes out. when OE is low level. 

0147-11 

~HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy .• Brisbane, CA 94005-t 8t 9' (415) 589-8300 235 



HM511666 Series 

• Lower Byte Delayed Write Cycle 

tT 

Address 

Din 

1101-1108 

Dout----------------~~----~ 

Din 

1109-11016 

Dout------------------+-----~ 

• ~ :V1HorV1L 

** Invalid Dout comes out, when OE is low level. 

0147-12 

~HITACHI 
236 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 



• RAS Only Refresh Cycle 

Address 

1/01-1/016 

Dout 

• CS Before RAS Cycle 

Dout 

Row 

High-Z 

* Ce. UW. LVii : VIH or VIL 

** ~ :VIHorVIL 

HM511666 Series 

*** Refresh address: AO - A7 (AXO - AX7) 

0147-13 

VIHorVIL 

0147-14 

eHITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819. (415) 589-8300 237 



HM511666 Series 

• Static Column Mode Read Cycle 

tT 

Address 

UW/LW 

Din 

tozo 

Dout Dout 

tOAe 

• ~ : VIH orVI~ 
0147-15 

~HITACHI 
238 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



HM511666 Series 

• Static Column Mode Early Write Cycle (1) 

High·Z** 
Dout--------------------------------~~~-----------------------------

• HITACHI 

* ~:VIHorVIL 
** twcs ii: twcs (min) 

*** OE : VIH orVIL 

0147-16 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819. (415) 589·8300 239 



HM511666 Series ----------------------------

• Static Column Mode Write Cycle (2) 

Address 

UW/lW 

Din 

1101-11016 

High-Z** 
Dout----------------------------------~----------------------------------

_HITACHI 

* ~ :VIHorV1L 

** twcsi1: twcs(min) 

*** OE : VIH or V1L 

0147-17 

240 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM511666 Series 

• Static Column Mode Upper Byte Early Write Cycle (1) 

tr 

Address 

UW 

Din 

High·Z*" 

Dout 

LW 

1101-1/08 
High·Z 

Dout 

•• twcs il: twcs (min) 

0147-18 

~HITACHI 
Hitachi America, Ltd.· Hitachi Plaza' 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819. (415) 589·8300 241 



HM511666 Series ---------------------------___ _ 

• Static Column Mode Upper Byte Write Cycle (2) 

1101-1/08 
High-Z 

Dout 

* ~ : VIH orVIL ** twcs ~ twcs (min) *** OE : VIH orVIL 

0147-19 

• HITACHI 
242 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



HM511666 Series 

• Static Column Mode Lower Byte Early Write Cycle (1) 

tT 

High-Z 

Dout 

•• twcsiii: twcs (min) **. OE : VIH orVIL 

0147-20 

$HITACHI 
Hitachi America, Ltd. 0 Hitachi Plaza 0 2000 Sierra Poinl Pkwy. 0 Brisbane, CA 94005-1819 0 (415) 589-8300 243 



HM511666 Series -------------------------------

• Static Column Mode Lower Byte Write Cycle (2) 

Address 

LW 

UW 

Din 

1109-1/016 
High-Z 

Dout 

** twcs<:twcs(min) *"* OE : V,H or V,l 

0147-21 

~HITACHI 
244 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



HM511666 Series 

• CS Before RAS Refresh Counter Check Cycle (Read) 

Column 

toze 

Din 

1/01-1/016 

Dout -------------------------+--------~I Dout 

0147-22 

~HITACHI 
Hitachi America, Ltd.· Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 245 



HM511666 Series ------------------------------

• CS Before RAS Refresh Counter Check Cycle (Write) 

Address 

1/01·1/016 

High·Z 
Dout--------------------------~------------------------------------

0147-23 

o HITACHI 
246 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM514100A Series -------
HM514100AL Series LowPowerVersion 

HM514100ASL Series Super Low Power Version 

Preliminary 

4,194,304·Word x 1·Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514100A is a CMOS dynamic RAM organized 4,194,304 word x 

1-bit HM514100A has realized higher density, higher performance and various func
tions by employing 0.8 ",m CMOS process technology and some new CMOS circuit 
design technologies. The HM514100A offers Fast Page Mode as a high speed ac
cess mode. 

Multiplexed address input permits the HM514100A to be packaged in standard 
350 mil 20-pin plastic SOJ, standard 300 mil 20-pin plastic SOJ, standard 400 mil 
20-pin plastic ZIP, 20-pin plastic TSOP I, 20-pin plastic TSOP I reverse type, 20-pin 
plastic TSOP II, and 20-pin plastic TSOP II reverse type. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ............................ 60 ns/70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode .................... 605 mW/550 mW/495 mW/440 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles ................................ (16 ms, 128 ms, 256 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Test Function 
• Battery Back Up Operation 

HM514100AL Series (L-Version) 
• Data Retention Operation 

HM514100ASL Series (SL-Version) 

• ORDERING INFORMATION 
Part No. 

HM5l4looAJ/ AU/ ASU-6 
HM5l4looAJ/AU/ASU-7 
HM5l4looAJ/ AU/ ASU-8 
HM5l4looAJ/AU/ASU-1O 

HM5l4l00AS/ ALS/ ASLS-6 
HM5l4l00AS/ALS/ASLS-7 
HM5l4l00AS/ ALS/ ASLS-8 
HM5l4looAS/ALS/ASLS-1O 

HM5l4l00AZ/ ALZ/ ASLZ-6 
HM5l4l00AZ/ ALZ/ ASLZ-7 
HM5l4l00AZ/ALZ/ASLZ-8 
HM5l4l00AZ/ ALZ/ ASLZ-10 

HM5l4looAT/ ALT/ ASLT-6 
HM5l4l00AT/ ALT/ ASLT-7 
HM5l4looAT/ALT/ASLT-8 
HM5l4looAT/ALT/ASLT-1O 

HM5l4looAR/ ALR/ ASLR-6 
HM5l4looAR/ ALR/ ASLR-7 
HM5l4looAR/ ALR/ ASLR-8 
HM5l4looAR/ ALR/ ASLR-IO 

HM5l4looATT/ ALTT/ ASLTT-6 
HM5l4looATT/ALTT/ASLTT-7 
HM5l4looATT/ ALTT/ ASLTT-8 
HM5l4l00ATT/ALTT/ASLTT-1O 

HM5l4looARR/ ALRR/ ASLRR-6 
HM5l4looARR/ALRR/ASLRR-7 
HM5l4looARR/ALRR/ASLRR-8 
HM5l4l00ARR/ALRR/ASLRR-1O 

Access Time Package 

60ns 350 mil20-pin 
70ns Plastic SOJ 
80ns (CP-20DA) 

lOOns 

60ns 300 mil20-pin 
70ns Plastic SOJ 
80ns (CP-20D) 

lOOns 

60ns 400 mil 20-pin 
70ns Plastic ZIP 
80ns (ZP-20) 

lOOns 

60ns 2O-pin 
70ns Plastic TSOP I 
80ns (TFP-20DA) 

lOOns 

60ns 20-pin 
70ns Plastic TSOP I 
80ns Reverse Type 

lOOns (TFP-20DAR) 

60ns 2O-pin 
70ns Plastic TSOP II 
80ns (TTP-20D) 

lOOns 

60ns 2O-pin 
70ns Plastic TSOP II 
80ns Reverse Type 

lOOns (TTP-20DR) 

• HITACHI 

HM514100AJ Series 

3DCP20DA 

(CP-20DA) 

HM514100AS Series 

3OCP20D 

(CP-20D) 

HM514100AZ Series 

3DZP20 

(ZP-20) 

HM514100AT Series 

3DTFP20DA 

(TFP-20DA) 

HM514100AR Series 

3DTFP200AR 

(TFP-20DAR) 

HM514100ATT Series 

3DTTP20D 

(TTP-20D) 

HM514100ARR Series 

aDTIP20DR 

(TTP-20DR) 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819. (415) 589-8300 247 



HM514100A Series ---------------------------

• PIN OUT 

HM514100AJI AUI ASU Series 
HM514100ASI ALSI ASLS Series 

Hitachi Pin No. JEDEC Pin No. 

0091-1 

(Top View) 

HM514100AZI ALZI ASLZ 
Series 

0091-2 

(Bottom View) 

HM514100AT/ALZlASLT Series 

~~t ~~o ~~H~ NC 4 17 AS 
Vss 5 16 A4 

~~n ~. ~! !gc 
WE 8, 13 A2 

:~~ 1~ '-------------' ~~:~ 
0091-3 

(Top View) 

HM514100ARI ALR/ ASLR Series 

:!~ 1~ ~ ~ ~~:~ WE 8 13 A2 
Din 7 14 A3 
NC 6 0 15 VCC 

VSS 5 16 A4 
NC 4 17 AS 
Dout 3 0 18 A6 
~!S ~ L. __________ --J !~ :~ 

0091-4 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-AIO Address Input 

Ao-Ag Refresh Address Input 

Din Data-in 

Dout Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadlWrite Enable 

Vee Power(+ SV) 

Vss Ground 

NC No Connection 

$ HITACHI 

HM514100ATT/ALTT 
I ASL TT Series 

Din 1 
WE 2 
RAS 3 
NC 4 
A10 5 

AO 6 
A1 7 
A28 
A3 9 
VCC10 

(Top View) 

20 VSS 
19 Dout 
18 CAS 
17 NC 
16 A9 

15 A8 
14 A7 
13 A6 
12 AS 
11 A4 

0091-5 

HM514100ARR/ ALRR 
I ASLRR Series 

Vss 20 
Dout19 
CAS 18 
He 17 
A9 16 

A8 15 
A7 14 
A6 13 
AS 12 
A4 11 

(Top View) 

1 Din 
2WE 3m 
4 Ne 
5 A10 

6 AO 
7 A1 
8 A2 
9 A3 

10 Vee 

0091-6 
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• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss VCC -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr o to + 70 'c 
Storage Temperature Tstg - 55 to + 125 'c 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A ~ 0 to + 70'C) 

(T A ~ 0 to + 60'C (SL-Version)) 

Parameter Symbol 

VSS 

Supply Voltage 
VCC 

Input High Voltage VIR 

Input Low Voltage VIL 

Notes: I. All voltage referenced to V ss. 
2. Data retention operation only. 

Min Typ 

0 0 

4.5 5.0 

4.0 -

2.4 -
-2.0 -

• DC Characteristics (TA ~ 0 to +70'C, Vee ~ 5V ±10%, Vss ~ OV) 

Max 

0 

5.5 

5.5 

6.5 

O.S 

(TA ~ 0 to +60'C, Vee ~ 5V ±10%, Vss ~ OV (SL-Version)) 

HM51 .. 1OOA-6 HM5141OOA-7 HM514100A-S HM5141OOA-1O 
Parameter Symbol 

Min Max Min Max Min Max Min Max 

Operating Current ICC! - 110 - 100 - 90 - SO 

- 2 - 2 - 2 - 2 

Standby Current 

- 1 - 1 - I - 1 

[L-Versionl ICC2 
Standby Current 

- 200 - 200 - 200 - 200 

[SL-Versionl 
Standby Current 

- 100 - 100 - 100 - 100 

RASOnly 
ICC3 - 110 - 100 - 90 - SO 

Refresh Current 

Standby Current ICC5 - 5 - 5 - 5 - 5 

CAS Before RAS 
ICC6 110 100 90 SO 

Refresh Current - - - -

Fast Page Mode 
ICC7 - 110 - 100 - 90 - SO 

Current 

~HITACHI 

HM514100A Series 

Unit Note 

V 

V I 

V 1,2 (SL-Version) 

V 1 

V 1 

Unit Test Conditions Note 

rnA 
RAS, CAS Cycling 1,2 
tRC = Min 

TTL Interface 
rnA RAS, CAS = VIR 

Dout = High-Z 

CMOS Interface 
rnA RAS, CAS> V cc - 0.2V 

Dout = High-Z 

CMOS Interface 
RAS, CAS = VIR 

/LA WE, Address and 4 
Din = VIROrVIL 
Dout = High-Z 

CMOS Interface 
RAS, CAS = VIR 

/LA WE, Address and 4 
Din = VIROrVIL 
Dout = High-Z 

rnA tRC = Min 2 

RAS = VIR 

rnA CAS = VIL I 
Dout = Enable 

rnA tRC = Min 

rnA tpc = Min 1,3 

Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 249 



HM514100A Series 

• DC Characteristics (TA = 0 to +70·C, Vee = SV ±10%, Vss = OV) 
(TA = 0 to +60·C, Vee = SV ±10%, Vss = OV (SL-Version)) (continued) 

HMS14100A-6 HMSI4IooA-7 HMSI4IOOA-8 HMSI4100A-1O 
Parameter Symbol Unit Test Conditions 

Min Max Min Max Min Max Min Max 

[L-Versionl tRe = 12S p.s 

Battery Back Up tRAS S I p.s 

Operatmg Current - 300 - 300 - 300 - 300 p.A WE = VIR, 

(Standby with CAS = V IL Address, 

CBR Refresh) Din = VIR or VIL 
Dout = High-Z 

IeelO tRe = 2S0 p.s 
[SL-Versionl tRAS S 200ns 
Data Retention WE = VIH, 
Current (EqUIvalent - ISO - ISO - ISO - ISO p.A CAS = V IL Address, 
Refresh Time Din = VIR or VIL 
is 2S6 ms) Dout = High-Z 

4.0V S Vee S S.SV 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 p.A OV S VIN S 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 p.A 

OV S VIN S 7V 
Current Dout = Disable 

Output High 
VOH 2.4 Vee 2.4 Vee 2.4 Vee 2.4 Vee V High lout = - S mA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 mA Voltage 

Notes: I. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = V IL. 
3. Address can be changed once or less while CAS = VIR' 
4. Vee - 0.2V S VIR S 6.SV and OV S VIL S 0.2V. 

• Capacitance (TA = 2S·C, Vee = sv ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address, Data-in) Cn - S 

Input Capacitance (Clocks) Cl2 - 7 

Output Capacitance (Data-out) Co - 7 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Dont. 

• AC Characteristics (TA = 0 to +70·C, Vee = SV ±10%, Vss = OV)1, 12, 15 
(TA = 0 to +60·C, Vee = SV ± 10%, Vss = OV (SL-Version)) 

Test Conditions: Input rise and fall times: S ns 
Input timing reference levels: o.av, 2.4V 
Output load: 2 TTL Gate + CL (100 pF) (Including scope and jig) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HMS14100A-6 HMSI4IOOA-7 HMSI4IOOA-8 
Parameter Symbol 

Min Max Min Max Min Max 

Random Read or Write Cycle Time tRe 110 - 130 - 150 -
RAS Precharge Time tRP 40 - SO - 60 -
RAS Pulse Width tRAS 60 10000 70 10000 80 10000 

CAS Pulse Width teAS IS 10000 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 10 -

~HITACHI 

Unit 

pF 

pF 

pF 

HMSI4IOOA-1O 

Min Max 

180 -
70 -

100 10000 

25 10000 

0 -

IS -

250 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 

Note 

I 

I 

1,2 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Note 

4 

4 

Note 



HM514100A Series 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) (continued) 

HM514100A-6 HM514100A-7 HM514100A-8 HM514100A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Column Address Setup Time tASC 0 - 0 - 0 - 0 - ns 

Column Address Hold Time tCAH IS - 15 - IS - 20 - ns 

RAS to CAS Delay Time tRCO 20 45 20 50 20 60 25 75 ns 8 

RAS to Column Address Delay Time tRAO IS 30 15 35 15 40 20 55 ns 9 

RAS Hold Time tRSH IS - 20 - 20 - 25 - ns 

CAS Hold Time tCSH 60 - 70 - 80 - 100 - ns 

CAS to RAS Precharge Time tCRP 10 - 10 - 10 - 10 - ns 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 3 50 ns 7 

Refresh Period tREF - 16 - 16 - 16 - 16 ms 

Refresh Period (L-Version) tREF - 128 - 128 - 128 - 128 ms 

Refresh Period (SL-Version) tREF - 16 - 16 - 16 - 16 ms 

Read Cycle 

HM514100A-6 HM514100A-7 HM514100A-8 HM514100A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - 80 - 100 ns 2,3,16 

Access Time from CAS tCAC - IS - 20 - 20 - 25 ns 3,4,14,16 

Access Time from Address tAA - 30 - 35 - 40 - 45 ns 3,5,14,16 

Read Command Setup Time tRCS 0 - 0 - 0 - 0 - ns 

Read Command Hold Time to CAS tRCH 0 - 0 - 0 - 0 - ns 

Read Command Hold Time to RAS tRRH 0 - 0 - 0 - 0 - ns 

Column Address to RAS Lead Time tRAL 30 - 35 - 40 - 45 - ns 

Output Buffer Tum-off Time tOFF 0 IS 0 20 0 20 0 25 ns 6 

Write Cycle 

HM514100A-6 HM514100A-7 HM514100A-8 HM514100A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 15 - IS - 20 - ns 

Write Command Pulse Width twp 10 - 10 - 10 - 20 - ns 

Write Command to RAS Lead Time tRWL 15 - 20 - 20 - 25 - ns 

Write Command to CAS Lead Time tCWL IS - 20 - 20 - 25 - ns 

Data-in Setup Time tos 0 - 0 - 0 - 0 - ns 11 

Data-in Hold Time tOH 15 - IS - IS - 20 - ns 11 

@HITACHI 
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HM514100A Series 

Read-Modify-Write Cycle 

Parameter 

Read-Modify-Write Cycle Time 

RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

CAS Precharge Time in Normal Mode 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 

Fast Page Mode RAS Pulse Width 

Symbol 

tRWC 

tRWD 

tCWD 

tAWD 

Symbol 

tCSR 

tcHR 

tRPC 

tCPN 

Symbol 

tpc 

tcp 

tRASC 

HM514100A-6 HM514100A-7 

Min Max Min Max 

130 - 155 -
60 - 70 -
15 - 20 -

30 - 35 -

HM514100A-6 HM514100A-7 

Min Max Min Max 

10 - 10 -

10 - 10 -

10 - 10 -

10 - 10 -

HM514100A-6 HM514100A-7 

Min Max Min Max 

40 45 -

10 - 10 -

- 100000 - 100000 

HM514100A-8 HM514100A-1O 
Unit Note 

Min Max Min Max 

175 - 210 - ns 

80 - 100 - ns 10 

20 - 25 - ns 10 

40 - 45 - ns 10 

HM514100A-8 HM514100A-1O 
Unit Note 

Min Max Min Max 

10 - 10 - ns 

10 - 10 - ns 

10 - 10 - ns 

10 - 10 - ns 

HM514100A-8 HM514100A-1O 
Unit Note 

Min Max Min Max 

50 - 55 - ns 

10 - 10 - ns 

- 100000 - 100000 ns 13 

Access Time from CAS Precharge tACP - 35 - 40 - 45 - 50 ns 3,14,16 

RAS Hold Time from CAS Precharge tRHCP 35 - 40 - 45 - 50 - ns 

Fast Page Mode Read-Modify-Write Cycle 

HM514100A-6 HM514100A-7 HM514100A-8 HM514100A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Fast Page Mode Read-Modify-Write Cycle Time tpCM 60 - 70 - 75 - 85 - ns 

CAS Precharge to WE Delay Time tcpw 35 - 40 - 45 - 50 - us 10 

Test Mode Cycle 

HM514100A-6 HM514100A-7 HM514100A-8 HM514100A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Test Mode WE Setup Time tws 0 - 0 - 0 - 0 - ns 

Test Mode WE Hold Time tWH 10 - 10 - 10 - 10 - ns 

Counter Test Cycle 

HM514100A-6 HM514100A-7 HM514100A-8 HM514100A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT 40 - 40 - 40 - 40 - ns 

Counter Test Cycle 

@HITACHI 
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Notes: I. 
2. 

3. 
4. 
5. 
6. 

HM514100A Series 

AC measurements assume tT = 5 ns. 
Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
Assumes that tRCD ~ tRCD (max) and tRAD S tRAD (max). 
Assumes that tRCD S tRCD (max) and tRAD ~ tRAD (max). 
tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 

7. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between VIR and VIL. 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 

10. twcs, tRwD, tcwD, tAWD and tcpw are not restrictive operating parameters. They are included in the data sheet as electri
cal characteristics only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD ~ tRwD (min), tCWD ~ tcwD (min), tAWD ~ tAWD (min) 
and tcpw ~ tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; 
if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. An initial pause of 100 /-,S is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. tRASC defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP' 
IS. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits-RAIO, CAIO and 

CAD. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is Dout and data input pin is Din' In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of tRAC, tAA, !cAC and tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

~HITACHI 
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HM514100A Series -----------------------------

• TIMING WAVEFORMS 
• Read Cycle 

(lOll I 
- ____________________________ {I 

Uoul 

r~ : DOlI'l (are 

0091-7 

$ HITACHI 
254 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005·1819· (415) 589·8300 



HM514100A Series 

• Early Write Cycle 

iiAS 

lr 

Adchess 

WE 

Din 

Doul 
High-Z" 

~X71 • W~ : Dun't (.III! 

•• tWI S <: two (min) 

0091-6 

~HITACHI 
Hitachi America, Ltd_. Hitachi Plaza. 2000 Sierra Point Pkwy_. Brisbane, CA 94005-1819. (415) 589-8300 255 



HM514100A Series -----------------------------

• Delayed Write Cycle 

Add,e~1 

Dill 

Duul InVillid Doul 

• V$,J : Don't (Me 

0091-9 
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-------------------------------- HM514100A Series 

• Read-Modify-Write Cycle 

tl 

I\lldreis 

WE 

Dill 

Dout 

• ~ : DOll't (illl! 

0091-10 
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HM514100A Series -------------------------------

• RAS Only Refresh Cycle 

DOli I 
High·Z 

~ : 00,,'1 care .. Relresh address: AO - A9 (AXO - AX9) 

WE: Don't care 

0091-11 

• CAS Before RAS Refresh Cycle 

RAS 

CAS 

Address 

Dout 

• EZ2I: Don't care .. 
0091-12 
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HM514100A Series 

• Hidden Refresh Cycle 

DOIII Dout 

. ~J : Don't care 

0091-13 
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HM514100A Series -------------------------------

• Fast Page Mode Read Cycle 

I\ddress 

Dout 

• ~ : 0011'\ (are 

0091-14 

~HITACHI 
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HM514100A Series 

• Fast Page Mode Early Write Cycle 

Alldlc~s 

Ili9h-Z·· 
Duut --------------------"'-------------------

• ~ : Don't (are 

IWCS i': IW(S (min) 

0091-15 

@HITACHI 
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HM514100A Series 

• Fast Page Mode Delayed Write Cycle 

AddJ"(!ss 

wf 

t>in 

-~I-H-- tOFF -~J-!I"-- torr 

Daut 
Invalid 
Dout I>-----{ 

• ~ : OOl1't Girl! 

0091-16 
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• Fast Page Mode Read-Modlfy-Write Cycle 

Address 

liill 

\IOU' 

'T 
--" -4-

'lin) -4.------" 

HM514100A Series 

Oou' 

• ~ : Don't Cille 

0091-17 
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HM514100A Series ----------------------------

• Test Mode Cycle 

• Test Mode Set Cycle 
WE And CAS Before RAS Refresh 

CAS 

WE 

Address 

Dout 

• CORorMSolllvre"e,h 

~ : DOll't (ar. 
Address, Din : Du,,'t (al. 

~------~ -----~ 

• f'ZZI: Don't care 

• HITACHI 
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• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 

RAS 

CAS 

WE 

Address 

Dout 

RAS Only Refresh Cycle 

RAS 

CAS 

Address 

Dout 

k---- 'tic ----.I 

• ~: Don't care 

k----- ~c ----.I 

High-Z 

• Refresh address AO~A9(AXO~AX9) 

•• ~: Don't care 

••• WE: Don't care 

@HITACHI 

HM514100A Series 

0091-20 

0091-21 
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HM514100A Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 

RAS 

CAS 

Address 

WE 

Dout 

• E'22J: Don't care 
0091-22 
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HM514100A Series 

• CAS Before RAS Refresh Counter Check Cycle (Write) 

Address 

Din 

Dout 
High-Z 

• ~ : Don't care 

0091-23 
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HM514400A Series Preliminary 

HM514400AL Series Low Power Version 

HM514400ASL Series Super Low Power Version 

1,048,576-Word x 4-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514400A is a CMOS dynamic RAM organized 1,048,576 word x 

4-bit. HM514400A has realized higher density, higher performance and various func
tions by employing 0.8 JAm CMOS process technology and some new CMOS circuit 
design technologies. The HM514400A offers Fast Page Mode as a high speed ac
cess mode. 

Multiplexed address input permits the HM514400A to be packaged in standard 
350 mil 20-pin plastic SOJ, standard 300 mil 20-pin plastic SOJ, standard 400 mil 
20-pin plastic ZIP, 20-pin plastic TSOP I, 20-pin plastic TSOP I reverse type, 20-pin 
plastic TSOP II, and 20-pin plastic TSOP II reverse type. 

• FEATURES 
• Single 5V (± 10%) 
• High Speed 

Access Time ............................ 60 ns/70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode .................... 605 mW/550 mW/495 mW/440 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles ................................ (16 ms, 128 ms, 256 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Test Function 
• Battery Backup Operation 

HM514400AL Series (L-Version) 
• Data Retention Operation 

HM514400ASL Series (SL-Version) 

• ORDERING INFORMATION 

Part No. 

HM514400AJI AUI ASLI-6 
HM514400AJI ALII ASLI-7 
HM514400AJI ALII ASLI-8 
HM514400AJI ALII ASLI- 10 

HM514400ASI ALSI ASLS-6 
HM5 14400ASI ALSI ASLS-7 
HM514400ASI ALSI ASLS-8 
HM514400ASI ALSI ASLS-10 

HM5 14400AZI ALZI ASLZ-6 
HM514400AZI ALZI ASLZ-7 
HM514400AZI ALZI ASLZ-8 
HM514400AZI ALZI ASLZ-10 

HM514400AT/ALT/ASLT-6 
HM514400AT/ALT/ASLT-7 
HM514400AT/ALT/ASLT-8 
HM514400ATI ALTI ASLT-IO 

HM514400AR/ ALR/ ASLR-6 
HM5 14400ARI ALRI ASLR-7 
HM5 I 4400AR/ ALR/ ASLR-8 
HM514400ARI ALRI ASLR-IO 

HM514400ATTI ALTT I ASLTT-6 
HM514400ATT/ALTT/ASLTT-7 
HM514400ATT I AL TTl ASLTT-8 
HM514400ATT/ALTT/ASLTT-IO 

HM514400ARR/ ALRRI ASLRR-6 
HM514400ARRI ALRR/ ASLRR-7 
HM514400ARRI ALRR/ ASLRR-8 
HM514400ARRI ALRR/ ASLRR-IO 

Access Time Package 

60ns 350 mil 20-pin 70ns 
80ns Plastic SOJ 

lOOns (CP-20DA) 

60ns 
300 mil 20-pin 70ns 

80 ns Plastic SOJ 

lOOns (CP-20D) 

60ns 
400 mil 20-pin 70ns 

80ns Plastic ZIP 

lOOns (ZP-20) 

60ns 20-pin 70ns 
80ns Plastic TSOP I 

lOOns (TFP-20DA) 

60ns 20-pin Plastic 
70 ns TSOPI 
80 ns Reverse Type 

100 ns (TFP-20DAR) 

60ns 
20-pin 70ns 

80ns Plastic TSOP II 

lOOns (TTP-20D) 

60ns 20-pin Plastic 
70ns TSOPII 
80ns Reverse Type 

lOOns (TTP-20DR) 

~HITACHI 

HM514400AJ/ALJ/ALSJ Series 

3DCP20DA 

(CP-20DA) 

HM514400AS/ ALS/ ASLS Series 

3DCP20D 

(CP-20D) 

HM514400AZ/ ALZ/ ASLZ Series 

3DZP20 

(ZP-20) 

HM514400AT/ALT/ASLT Series 

3DTFP2QDA 

(TFP-20DA) 

HM514400AR/ ALR/ ASLR Series 

SDTFP20DAR 

(TFP-20DAR) 

HM514400ATT / ALTT / ASLTT 
Series 

30TIP20D 

(TTP-20D) 

HM514400ARR/ ALRR/ ASLRR 
Series 

3DTTP20DR 

(TTP-20DR) 
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HM514400A Series 

• PIN OUT 
HM514400AJ/ AU/ ASU Series 

HM514400CAS/ ALS/ ASLS Series 

Hitachi Pin No. JEDEC Pin No. 

(Top View) 

HM514400AT/ALT/ASLT Series 

(Top View) 

HM514400ATT/ ALTT/ ASLTT Series 

1/011 
!L02 2 
WE 3 
m 4 
.. S 

AO 6 
., 7 

A2 8 
.3 • 
VcclO 

(Top View) 

20 Vss 
19 1/04 
18 ill3 
17 CAS 
16 Oi 

15 A8 
14 A7 
13 66 
12 AS 

" .. 
0000-5 

0090-1 

0090-3 

• PIN DESCRIPTION 

Pin Name 

Ao-A9 

Ao-A9 

I/OI-I/0 4 

RAS 

CAS 

WE 

OE 

Vee 
Vss 

HM514400AZ/ ALZ/ ASLZ Series 

OE 
CAs" 

IIOJ 
1/04 

V .. 
1/01 

1/0.2 
WE 

iiAs 
At 

AI 

AI 
Al 

Vee 
A4 

M 
A6 

A7 A, 
0090-' 

(Bottom View) 

HM514400ARI ALRI ASLR Series 

~1~~ ~ g:~ Wi 8 13A2 
1/02 7 14 .3 
1/01 6 0 15 Vee 

Vss 5 16 A4 
1/04 4 17 AS 

~3~O ~:~ OE 1 L..:. _______ ----> 20 A8 

(Top View) 

HM514400ARR/ ALRR/ ASLRR Series 

Vss 20 
1/04 19 
ill3 18 
2!S17 
DE 16 

AS 15 
107 14 
A6 13 
AS 12 

A4 " 

(Top View) 

1 1/01 
2. YOl 
3WE 
4 iii 
5 •• 

•• 0 
7 Al 
8 A2 
• A3 

10 Vee 

0090-6 

Function 

Address Input 

Refresh Address Input 

Data-inlData-out 

Row Address Strobe 

Column Address Strobe 

ReadlWrite Enable 

Output Enable 

Power ( + SV) 

Ground 

• HITACHI 
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HM514400A Series -----------------------------

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss Vee -1.0to + 7.0 V 

Short Circuit Output Current Iont 50 mA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto+70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (fA = 0 to + 70·C) 

(fA = 0 to +60·C (SL-Version) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 

Supply Voltage 
VCC 

4.5 5.0 5.5 V I 

4.0 - 5.5 V 1, 2 (SL-Version) 

Input High Voltage 

Input Low I (1/0 Pin) 

Voltage I (Others) 

Notes: 1. All voltage referenced to V ss. 
2. Data retention operation only. 

VIH 2.4 - 6.5 

VIL -1.0 - O.S 

VIL -2.0 - O.S 

• DC Electrical Characteristics (TA = 0 to + 70"C, Vee = 5V ± 10%, Vss = OV) 

V I 

V I 

V I 

(fA = 0 to +60"C, Vee = 5V ±10%, VSS = OV (SL-Version) 

HM514400A-6 HM514400A-7 HM514400A-S HM514400A-1O 
Parameter Symbol Unit Test Conditions 

Min Max Min Max Min Max Min Max 

Operating Current ICCI - 110 - 100 - 90 - 80 rnA 
RAS, CAS Cycling 
tRC = Min 

TTL Interface 
- 2 - 2 - 2 - 2 mA RAS, CAS = VIR, 

Standby Current 
Dont = High-Z 

CMOS Interface RAS, 
- I - 1 - 1 - I rnA RAS, CAS ~ Vee - 0.2V, 

Dont = High-Z 

CMOS Interface 

[L-Version] ICC2 RAS, CAS = VIR, 

Standby Current - 200 - 200 - 200 - 200 p.A WE, OB, Address and 
Din = VIR or VII., 
Dont = High-Z 

CMOS Interface 

[SL-Veesionl RAS, CAS = VIR, 

Standby Current - 100 - 100 - 100 - 100 p.A WE, OE, Address and 
Din = VIR or VII., 
Dont = High-Z 

RAS Only Refresh 
ICC3 - 110 - 100 - 90 - SO rnA tRC = Min Current 

$ HITACHI 
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------------------------------ HM514400A Series 

• DC Electrical Characteristics (continued) (T A = 0 to + 70"C, Vee = 5V ± 10%, Vss = OV) 
(T A = 0 to + 60"C, Vee = 5V ± 10%, Vss = OV (SL-Version) 

HM514400A-6 HM514400A-7 HM514400A-8 HM514400A-IO 
Parameter Symbol Unit Test Conditions 

Min Max Min Max Min Max Min Max 

RAS = VIR, 
Standby Current lees - 5 - 5 - 5 - 5 rnA CAS = VII .. 

Dout = Enable 

CAS Before RAS 
IcC6 110 100 90 80 rnA tRC = Min Refresh Current - - - -

Fast Page Mode 
ICC7 - 110 - 100 - 90 - 80 rnA tpc = Min Current 

IL-V ersionl tRC = 125,..s, 
Battery Backup !BASS I,..s,_ 
Operating 

ICCIO - 300 - 300 - 300 - 300 ,..A WE = VIR, CAS = VIL, 
Current OE, Address and 
(Standby with Din = VIR or VIL, 
CBR Refresh) Dout = High-Z 

ISL-Versionl tRC = 250,..s, 

Data Retention tRAS S 200~ 

Current WE = VIH, CAS = VIL, 

(Equivalent IccIO - 150 - 150 - 150 - 150 ,..A OE, Address and 

Refresh Time Din = VIRorVIL, 

is 256 ms) 
Dout = High-Z, 
4.0V S VCC S 5.5V 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 ,..A OV S Vm S 7V 

Current 

Output Leakage 
IW -10 10 -10 10 -10 10 -10 10 ,..A 

OV:S Vout :S ·IV, 
Current Dout = Disable 

Output High Voltage VOR 2.4 VCC 2.4 Vee 2.4 Vee 2.4 Vee V High Iaut = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: 1. Icc depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL. 
3. Address can be changed once or less while CAS = VIH. 
4. Vee - 0.2V S Vrn :S 6.5V and OV S VIL S 0.2V. 

• Capacitance (TA = 25°C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cn - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 10 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

• HITACHI 

Unit 

pF 

pF 

pF 
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Note 
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I 
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1,3 

4 

4 

271 



HM514400A Series 

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = 0V)1, 14, 15. 16 

(TA = 0 to 60'C, Vee = 5V ± 10%, Vss = OV (SL-Version» 
Read, Write, Read-Modify-Wrlte and Refresh Cycles (Common Parameters) 

HM514400A-6 HM514400A-7 HM514400A-8 
Parameter Symbol 

Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 110 - 130 - 150 -

RAS Precharge Time tRP 40 - 50 - 60 -

RAS Pulse Width tRAS 60 10000 70 10000 80 10000 

CAS Pulse Width tCAS 15 10000 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 10 -

Column Address Setup Time tASC 0 - 0 - 0 -

Column Address Hold Time tCAH 15 - 15 - 15 -

RAS to CAS Delay Time tRCD 20 45 20 50 20 60 

RAS to Column Address Delay Time tRAD 15 30 15 35 15 40 

RAS Hold Time tRSH 15 - 20 - 20 -

CAS Hold Time tCSH 60 - 70 - 80 -

CAS to RAS Precharge Time tCRP 10 - 10 - 10 -

OE to Din Delay Time tODD 15 - 20 - 20 -

OE Delay Time from Din tDZO 0 - 0 - 0 -

CAS Setup Time from Din tDZC 0 - 0 - 0 -

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 

Refresh Period tREF - 16 - 16 - 16 

Refresh Period 
tREF 128 128 128 

(L-Version) - - -

Refresh Period 
tREF 16 16 - 16 

(SL-Version) - -

Read Cycle 

HM514400A-6 HM514400A-7 HM514400A-8 
Parameter Symbol 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - 80 

Access Time from CAS !cAC - 15 - 20 - 20 

Access Time from Address tAA - 30 - 35 - 40 

Access Time from OE tOAC - 15 - 20 - 20 

Read Command Setup Time tRCS 0 - 0 - 0 -

Read Command Hold Time to CAS tRCH 0 - 0 - 0 -

Read Command Hold Time to RAS tRRH 0 - 0 - 0 -

Column Address to RAS Lead Time tRAL 30 - 35 - 40 -

Output Buffer Tnrn-offTime toFFI 0 15 0 20 0 20 

Output Buffer Turn-offtu OE toFF2 0 15 0 20 0 20 

CAS to Din Delay Time tCDD 15 - 20 - 20 -

.HITACHI 

HM514400A-1O 

Min Max 

180 -

70 -

100 10000 

25 10000 

0 -
15 -

0 -

20 -

25 75 

20 55 

25 -
100 -

10 -

25 -

0 -
0 -

3 50 

- 16 

- 128 

- 16 

HM514400A-1O 
Unit 

Min Max 

- 100 ns 

- 25 ns 

- 45 ns 

- 25 ns 

0 - ns 

0 - ns 

0 - ns 

55 - ns 

0 25 ns 

0 25 ns 

25 - ns 
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Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 

ms 

ms 

Note 

2,3,17 

3,4,13,17 

3,5,13,17 

3,17 

18 

18 

6 
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HM514400A Series 

Write Cycle 

HM5144ooA-6 HM514400A-7 HM5144ooA-8 HM514400A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 15 - 15 - 20 - ns 

Write Command Pulse Width twp 10 - 10 - 10 - 20 - ns 

Write Command to RAS Lead Time tRWL 15 - 20 - 20 - 25 - ns 

Write Command to CAS Lead Time tcwL 15 - 20 - 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - 0 - ns 11 

Data-in Hold Time tDH 15 - 15 - 15 - 20 - ns II 

Read-Modify-Write Cycle 

HM514400A-6 HM514400A-7 HM5144ooA-8 HM514400A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Read-Modify-Write Cycle Time tRwC 150 - 180 - 200 - 245 - ns 

RAS to WE Delay Time tRWD 80 - 95 - 105 - 135 - ns 10 

CAS to WE Delay Time tCWD 35 - 45 - 45 - 60 - ns 10 

Column Address to WE Delay Time tAWD 50 - 60 - 65 - 80 - ns 10 

OE Hold Time from WE tOEH 15 - 20 - 20 - 25 - ns 

Refresh Cycle 

HM5144ooA-6 HM5144ooA-7 HM5144ooA-8 HM5144ooA-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - 10 - ns 

(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tCHR 10 10 10 10 

(CAS Before RAS Refresh Cycle) 
- - - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - 10 - ns 

CAS Precharge Time in Normal Mode tCPN 10 - 10 - 10 - 10 - ns 

Fast Page Mode Cycle 

HM514400A-6 HM514400A-7 HM5144ooA-8 HM514400A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 40 - 45 - 50 - 55 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - 10 - 10 - ns 

Fast Page Mode RAS Pulse Width tRASC - 100000 - 100000 - 100000 - 100000 ns 12 

Access Time from CAS Precharge tACP - 35 - 40 - 45 - 50 ns 3,13,17 

RAS Hold Time from CAS Precharge tRHCP 35 - 40 - 45 - 50 - ns 

Fast Page Mode Read-
Modify-Write Cycle 

tcpw 55 - 65 - 70 - 85 - ns 
CAS Precharge to WE 
Delay Time 

Fast Page Mode Read-Modify-
tpCM 80 - 95 - 100 - 110 - ns 

Write Cycle Time 

~HITACHI 
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HM514400A Series 

Test Mode Cycle 

HM514400A-6 HM514400A-7 HM514400A-8 HM514400A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Test Mode WE Setup time tws 0 - 0 - 0 - 0 - ns 

Test Mode WE Hold Time tWH 10 - 10 - 10 - 10 - ns 

Counter Test Cycle 

HM514400A-6 HM514400A-7 HM514400A-8 HM5l4400A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT 40 40 40 50 ns - - - -Counter Test Cycle 

Notes: 1. AC measurements assume tT = 5 ns. 

274 

2. Assnmes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD <!: tRCD (max) and tRAD (max). 
5. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL' 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs <!: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD <!: tRWD (min), tcwD <!: leWD (min), tAwD <!: tAWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP' 
14. An initial pause of 100 /Jos is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. Test mode operation specified in this data sheet is 2-bit test function controlled by control address bits ... CAO. This test 

mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of two test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. In order to end this test mode operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of tRAe. tAA, tCAC, tOAC and tACP is delayed for 2 ns to 5 ns for the specified value. 
These parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

~HITACHI 
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• TIMING WAVEFORMS 
• Read Cycle 

Addr"~~ 

WE 

00111 

Din 

or 

IReD 

HM514400A Series 

Inp 

leftP 

• ~ : oon'l care 

0090-7 

~HITACHI 
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HM514400A Series 

• Early Write Cycle 

Address 

Din 

Oou' 
High.Z 

$ HITACHI 

• ~ : Don', care 

OE : Don', care 

276 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819. (415) 589-8300 

0000-8 



HM514400A Series 

• Delayed Write Cycle 

1~lIr~D~ ___ ~I~ _________ ~~ ________ I~1 

Ad'lress 

Dill 

!lUll I 

01 

• ~ : Don't (are 

•• Invalid Doul (omes oul, when OE is low level. 

0090-9 

• HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 277 



HM514400A Series ----------------------------

• Read-Modify-Write Cycle 

Address 

Din 

00111 

• ~ : Don', (eire 

0090-10 

• HITACHI 
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HM514400A Series 

• RAS Only Refresh Cycle 

Addre" 

()Oll\ 
High·Z 

• OE, WE : Don't care 

.... ~ : Don't cale 

••• Refresh address: AO - A9 (AXO - AX9) 

0090-11 

• CAS Before RAS Refresh Cycle 

.~ : Don'\ care 

: VIII 

0090-12 

$ HITACHI 
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HM514400A Series ----------------------------

• Hidden Refresh Cycle 

• ~ : Don't (are 

0090-13 

_HITACHI 
280 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • 8risbane, CA 94005-1819 • (415) 589-8300 



HM514400A Series 

• Fast Page Mode Read Cycle 

Address 

Din 

DOLI! 

• ~ : Don'! CMe 

0090-14 

~HITACHI 
Hitachi America, Ltd, • Hitachi Plaza' 2000 Sierra Point Pkwy, • Brisbane, CA 94005-1819 • (415) 589-8300 281 



HM514400A Series -------------------------------

• Fast Page Mode Early Write Cycle 

Address 

Wi: 

Din 

DOllt 
lIigh·Z 

• OE : Don't care 

~ : Don'( carc 

0090-15 

~HITACHI 
282 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy. • Brisbane, CA 94005·1819' (415) 589·8300 



HM514400A Series 

• Fast Page Mode Delayed Write Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0090-16 

.HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 283 



HM514400A Series -----------------------------

• Fast Page Mode Read-Modlfy-Wrlte Cycle 

• ~ : DOR', uu 

0090-17 

• HITACHI 
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• TEST MODE CYCLE 

• Test Mode Set Cycle 
WE And CAS Before RAS Refresh 

~HITACHI 

....... , 

COR or RAS only refrelh 

~ : Don't (are 

HM514400A Series 

A idress. Din. OE : Don't (are 

0090-18 

: OUll't (olft! 

0090-19 

Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819. (415) 589·8300 285 



HM514400A Series 

• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 

WE 

DOli I 

RAS Only Refresh Cycle 

RAS 

Dutil - -~------------------

IT 

z 

• ~ : Don't (are 

High.Z __________________ _ 

•. n. fre,h Addre .. AO - A9 (AXO - AX9) 

~ : Don't (arc 

".. WE: Don't' (Me 

~HITACHI 
286 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 

0090-20 

0090-21 



HM514400A Series 

CAS Before RAS Refresh Counter Check Cycle (Read) 

ICRP 

Address 

Din 

Dout 

• ~ : Don't (are 

0090-22 

$ HITACHI 
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HM514400A Series -----------------------------

CAS Before RAS Refresh Counter Check Cycle (Write) 

tCRP 

Address 

Din 

Dout 
High·Z 

"" ~ : Don't (are 

0090-23 

288 



HM514100 Series ------------
4,194,304-Word x 1-Bit Dynamic Random Access Memory 

• DESCRIPTION 

The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 word x 
1-blt. HM514100 has reahzed higher density, higher performance and various func
tions by employing 0.8 ,...m CMOS process technology and some new CMOS circuit 
design technologies. The HM514100 offers Fast Page Mode as a high speed ac
cess mode. 

Multiplexed address input permits the HM514100 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ................................. 80 ns/l00 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ............................ 495 mW/440 mW/385 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles ................................................ (16 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Test Function 

• ORDERING INFORMATION 

Part No. Access Package 

HM5141OOJP-8 80ns 350 mil20-pin 
HM514IOOJP-1O lOOns PlasticSOJ 
HM514100JP-12 120ns (CP-20DA) 

HM5141ooZP-8 80ns 400 mil20-pin 
HM514IOOZP-1O lOOns Plastic ZIP 
HM5141OOZP-12 120ns (ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-AIO Address Input 

Ao-A9 Refresh Address Input 

Din Data-in 

Dout Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadIWrite Enable 

Vee Power ( + 5V) 

VSS Ground 

@HITACHI 

HM514400JP Series 

3DCP200A 

(CP-20DA) 

HM514400ZP Series 

30ZP20 

(ZP-20) 

• PIN OUT 

HM514100JP Series 

OWl v .. 
WE IlouI 
RAi ~ 
NC NC 
A10 M 

AD AI 
A1 A7 
112 AS 
A3 AS 
Vee oM 

0061-1 

(Top View) 

HM514100ZP Series 

1M 

V .. 4 
3 Dout 

WE 6 
5 Don 
7m 

NC 10 

A1 12 
11 AD 

A3 14 
13112 

A4 
15Vcc 

16 

AS 1. 
17A5 

AI 20 
1SA7 

0061-2 

(Bottom View) 
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HM514100 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss Vcc -1.0to +7.0 V 

Short Cirenit Output Current Iont 50 rnA 

Power Disspation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIR 2.4 - 6.5 V I 

Input Low Voltage VIL -2.0 - O.S V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) 

HM514100-S HM514100-1O HM514100-12 
Parameter Symbol Unit Test Condition Note 

Min Max Min Max Min Max 

Operating Current ICC! - 90 - SO - 70 mA 
RAS, CAS Cycling 
tRC = Min 

TTL Interface 
- 2 - 2 - 2 rnA RAS, CAS = VIR 

Standby Current ICC2 
Dont = High-Z 

CMOS Interface RAS, 
- I - I - I rnA CAS ~ Vcc - 0.2V 

Dont = High-Z 

RAS Only Refresh Current ICC3 - 90 - SO - 70 rnA tRC = Min 

RAS = VIR 
Standby Current ICC5 - 5 - 5 - 5 mA CAS = VIL 

Dont = Enable 

CAS Before RAS Refresh 
ICC6 90 SO - 70 rnA tRC = Min Current 

- -

Fast Page Mode Current ICC? - 90 - 80 - 70 rnA tpc = Min 

Input Leakage Current ILl -10 10 -10 10 -10 10 /LA OV S Vin S 7V 

Ontput Leakage Current IW -10 10 -10 10 -10 10 /LA 
OV S Vont S 7V 
Dont = Disable 

Ontput High Voltage VOR 2.4 VCC 2.4 VCC 2.4 Vcc V High Iont = - 5 rnA 

Ontput Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low Iont = 4.2 mA 

Notes: I. Icc depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL' 
3. Address can be changed once or less CAS = VIR. 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address, Data-in) Cn - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-out) Co - 7 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Dont. 

• HITACHI 

Unit 

pF 

pF 

pF 

290 Hitachi America, Ltd .• Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819. (415) 589-8300 

Note 

I 

I 

1,2 

1,2 

2 

I 

1,3 



• AC Characteristics (TA = 0 to + 70°C, vee = 5V ±10%, Vss = OV)1, 12, 15 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM5141OO-8 HM514100-1O 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 150 - 180 -

RAS Precharge Time tRP 60 - 70 -

RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width tCAS 25 10000 25 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 12 - 15 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH 15 - 20 -
RAS to CAS Delay Time tRCD 22 55 25 75 

RAS to Column Address Delay Time tRAD 17 40 20 55 

RAS Hold Time tRSH 25 - 25 -

CAS Hold Time tCSH 80 - 100 -

CAS to RAS Precharge Time tcRP 5 - 10 -

Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

Read Cycle 

HM5141OO-8 HM514100-1O 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 

Access Time from CAS tCAC - 25 - 25 

Access Time from Address tAA - 40 - 45 

Read Command Setup Time tRCS 0 - 0 -

Read Command Hold Time to CAS tRCH 0 - 0 -
Read Command Hold Time to RAS tRRH 10 - 10 -
Column Address to RAS Lead Time tRAL 40 - 45 -
Output Buffer Turn-off Time tOFF 0 20 0 25 

Write Cycle 

HM5141OO-8 HM5141OO-1O 
Parameter Symbol 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 -
Write Command Hold Time tWCH 15 - 20 -

Write Command Pulse Width twp 15 - 20 -
Write Command to RAS Lead Time tRWL 25 - 25 -
Write Command to CAS Lead Time tcwL 25 - 25 -
Data-in Setup Time tDS 0 - 0 -

Data-in Hold Time tDH 15 - 20 -

Read-Modify-Write Cycle 

HM514100-8 HM5141OO-1O 
Parameter Symbol 

Min Max Min Max 

Read-Modify-Write Cycle Time tRwC 180 - 210 -

RAS to WE Delay Time tRwD 80 - 100 -
CAS to WE Delay Time tCWD 25 - 25 -
Column Address to WE Delay Time tAWD 40 - 45 -

~HITACHI 

HM514100 Series 

HM514100-12 
Unit Note 

Min Max 

210 - ns 

80 - ns 

120 10000 ns 

30 10000 ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

25 90 ns 8 

20 65 ns 9 

30 - ns 

120 - ns 

10 - ns 

3 50 ns 7 

- 16 ms 

HM514100-12 
Unit Note 

Min Max 

- 120 ns 2,3,16 

- 30 ns 3,4,14 

- 55 ns 3, 5, 14, 16 

0 - ns 

0 - ns 

10 - ns 

55 - ns 

0 30 ns 6 

HM5141OO-12 
Unit Note 

Min Max 

0 - ns 10 

25 - ns 

25 - ns 

30 - ns 

30 - ns 

0 - ns 11 

25 - ns II 

HM5141oo-12 
Unit Note 

Min Max 

245 - ns 

120 - ns 10 

30 - ns 10 

55 - ns 10 
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HM514100 Series 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Symbol 

tcSR 

tCHR 

tRPC 

Symbol 

tpc 

tcp 

tRASC 

tACP 

tRHCP 

HM514100-8 

Min Max 

10 -

20 -

10 -

HM514100-8 

Min Max 

55 -

10 -

- 100000 

- 50 

50 -

Fast Page Mode Read-Modify-Write Cycle 

HM514100-8 
Parameter Symbol 

Min Max 

Fast Page Mode Read-Modify-Write tpCM 85 -Cycle Time 

Test Mode Cycle 

HMS14100-8 
Parameter Symbol 

Miu Max 

Test Mode WE Setup Time tws 0 -
Test Mode WE Hold Time tWH 20 -

Counter Test Cycle 

HMSI4100-8 
Parameter Symbol 

Min Max 

CAS Precharge Time in Counter 
tCPT 40 -Test Cycle 

Notes: I. AC measurements assume tT = 5 ns. 

HM514100-10 HM514100-12 
Unit Note 

Min Max Min Max 

10 - 10 - ns 

20 - 25 - ns 

10 - 10 - ns 

HM514100-10 HM514100-12 
Unit Note 

Min Max Min Max 

55 - 65 - ns 

10 - 15 - ns 

- 100000 - 100000 ns 13 

- 50 - 60 ns 14,16 

50 - 60 - ns 

HMSI4100-10 HMSI4100-12 
Unit Note 

Miu Max Min Max 

85 - 100 - ns 

HM514100-10 HM514100-12 
Unit Note 

Min Max Min Max 

0 - 0 - ns 

20 - 20 - ns 

HM514100-10 HMS14100-12 
Unit Note 

Min Max Min Max 

SO - 60 - ns 

2. Assumes that tRCD S TRCD (max) and tRAD (max). If tRCD is greater than the maximum recommended value shown in 

292 

this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
4. Assumes that tRCD ~ tRCD (max) and tRAD S tRAD (max). 
5. Assumes that tRCD S tRCD (max) and tRAD ~ tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIR (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIR and VIL. 
8. Operation with the IRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, lRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; iftRWD ~ tRWD (min), tCWD ~ tCWD (min) and tAwD ~ tAWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

~HITACHI 
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HM514100 Series 

12. An initial pause of 100 !,-S is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. tRASC defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP' 
IS. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits-RAlO, CAlO and 

CAD. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is Dou! and data input pin is Din. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of tRAo tAA, tCAC and tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet . 

• TIMING WAVEFORMS 

• Read Cycle 

Address 

Dout 

~ ·Don·lear. 

0061-3 

.HITACHI 
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HM514100 Series 

• Early Write Cycle 

RAS 

CAS 

Address 

WE 

Din 

Dout 

• Delayed Write Cycle 

RAS 

Address 

WE 

Din 

• ~ : Don' care 

•• twcutwcs (min) 

• ~ : Don' care 

.HITACHI 
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0061-5 

0061-6 



• Read-Modify-Write Cycle 

Address 

WE 

Din 

Dout 

• RAS Only Refresh Cycle 

Address 

Dout 

~HITACHI 

HM514100 Series 

.~ Don'care 

.~:Don't_ 

~ .... --:(AX()'AX"I 

0061-7 

0061-8 
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HM514100 Series ------------------------------

• Hidden Refresh Cycle 

Address 

Dout 

• ~: Don1care 

0061-9 

CAS Before RAS Refresh Cycle 

Dout 
OPEN 

• ~:Oon,aw 

··WE :"'H 
0061-10 

~HITACHI 
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• Fast Page Mode Read Cycle 

Address 

Dout 

• Fast Page Mode Early Write Cycle 

Address 

Din 

Dout 
Open •• 

~HITACHI 

HM514100 Series 

·~:Don'''' 

·~·Don'C*. 
.. twcs~ twcs (ITIII'I) 

0061-11 

0061-12 
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HM514100 Series 

• Fast Page Delayed Write Cycle 

Address 

Din 

. ~ ·Con'lear. 

0061-13 

• Fast Page Mode Read-Modify-Write Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0061-14 

~HITACHI 
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---------------------------- HM514100 Series 

• Test Mode Cycle 

·3 
set cycle Test mode cycle 

• Test Mode Set Cycle 

OPEN 
Dout 

• TEST MODE RESET CYCLE 

• CAS Before RAS Refresh Cycle 

OPEN 
Dout 

~HITACHI 

Reset Normal 
Cycle ·1·3 mode 

·1 CBR or RAS onty r.~"",, 

·2 CZ2ZJ : Don' car. 
-3 Addr ... Din Oon' care 

Note·1 f'ZZ'Z.J: Oon" care 

Note·1 f'ZZ'Z.J : Don't car. 

0061-15 

0061-16 

0061-17 
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HM514100 Series 

• RAS Only Refresh Cycle 

Address 

Dout 
OPEN 

• CAS Before RAS Refresh Counter Check Cycle (READ) 

Ai 

Din 

Dout 

~HITACHI 

Nolt·' Refresh Add, ... NHW (AXO-AX9) 

·2 I'ZZZJ : Don' care 

91 ~ .Don'tcare 

300 Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819· (415) 589-8300 

0061-18 

0061-19 



HM514100 Series 

• CAS Before RAS Refresh Counter Check Cycle (WRITE) 

Ai 

Din 
OPEN 

Dout 

0081-20 

• 4M DRAM LOW POWER VERSION 

The specification on the low power version Is the same as the standard 4 Megabit DRAM with the exception of the 
following parameters. 

Item Conditions Spec. 

Type No. 
4Mxl 

HMSI4100UP/LZP 
IMx4 

Temperature - O-SsoC 

RAS, CAS, WE ~ V CC - O.2V 
Icc2 Other Pin ~ V CC - O.2Vor :s O.2V 2OO/JoAMax (Standby CMOS Interface) (Address and Din is Stable) 

Dont: High·Z 

tRC = 12S /Jos, tRAS :S I /Jos 
IccIO Yu.! ~ Y.c.c - O.2V, VIL :S O.2V 300 poA Max 
(Standby with CBR Refresh) WE and OE = VIH, Address and Din is Stable 

Dont: High·Z 

Refresh 128ms 
tREF 

·only for 1M x 4. 

• HITACHI 
Hitachi America, Ltd. • Hitachi Plaza. 2000 Sierra Point Pkwy. • Brisbane, CA 94005·1819 • (415) 589-8300 301 



HM514100JP/ZP-7 
4,194,304·Word x 1·81t Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 word x 

1-bil, HM514100 has realized higher density, higher performance and various func
tions by employing 0.8 /10m CMOS process technology and some new CMOS circuit 
design technologies. The HM514100 offers Fast Page Mode as a high speed ac
cess mode. 

Multiplexed address input permits the HM514100 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

• FEATURES 
• Single 5V (± 10%, -5%) 
• High Speed 

Access Time ............................................... 70 ns (max) 
• Low Power Dissipation 

Active Mode ............................................. 550 mW (max) 
Standby Mode ..•..................•....................... 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles ................................................ (16 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Test Function 

• ORDERING INFORMATION 

Part No. Access Package 

350 mil20-pin 
HM514100JP-7 70ns Plastic SOl 

(CP-20DA) 

400 mil20-pin 
HM514100ZP-7 70ns Plastic ZIP 

(ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-AIO Address Input 

Ao-A9 Refresh Address Input 

Din Data-in 

DOU! Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadIWrite Enable 

Vee Power(+ 5V) 

Vss Ground 

• HITACHI 

HM514400JP Series 

(CP-20DA) 

HM514400ZP Series 

(ZP-20) 

• PIN OUT 
HM514100JP Series 

Din 
\W" 
m 
NC NC 
AIO M 

All M 
AI ,.7 
A2 AS 
A3 A5 
Vee A4 

(Top View) 

HM514100ZP Series 

~2 
1M 
3 Dout v .. 4 
5 Don 

~ 6 
7m 

AIO 8 9NC 
NC 10 

11 All 
AI 12 

13A2 
A3 14 

15 Vee 
A4 18 

17A5 
AI 18 

19A7 
AI 20 

(Bottom View) 
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• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT - 1.0 to + 7.0 V 

Supply Voltage Relative to VSS VCC -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Disspation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage VCC 4.75 5.0 5.5 V 1 

Input High Voltage VIR 2.4 - 6.5 V 1 

Input Low Voltage VIL -2.0 - 0.8 V I 

Note: I. All voltage referenced to V ss. 

DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, -5%, Vss = OV) 

HM5141OO-7 
Parameter Symbol Unit Test Condition Note 

Min Max 

Operating Current Icc! - 100 rnA 
RAS, CAS Cycling 

1,2 
tRC = Min 

TTL Interface 
- 2 rnA RAS, CAS = VIR 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- 1 rnA CAS ~ Vcc - 0.2V 

Dout = High-Z 

RAS Only Refresh Current ICC3 - 100 rnA tRC = Min 2 

RAS = VIR 
Standby Current Iccs - 5 rnA CAS = VIL 1 

Dout = Enable 

CAS Before RAS Refresh Current ICC6 - 100 rnA tRC = Min 

Fast Page Mode Current ICC? - 100 rnA tpc = Min 1,3 

Input Leakage Current ILl -10 10 )LA OV ~ Yin ~ 7V 

Output Leakage Current ILO -10 10 )LA 
OV ~ Vout ~ 7V 
Dout = Disable 

Output High Voltage VOH 2.4 Vcc V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 V Low lout = 4.2 rnA 

Notes: I. Icc depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL' 
3. Address can be changed once or less CAS = VIR' 

• Capacitance (TA = 25'C, Vee = 5V ±10%, -5%) 

Parameter Symbol Typ Max 

Input Capacitance (Address, Data-in) Cll - 5 

Input Capacitance (Clocks) Cl2 - 7 

Output Capacitance (Data-out) Co - 7 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable DOUT. 

@HITACHI 

Unit 

pF 

pF 

pF 
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AC Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, -5%, Vss = 0V)1, 12, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM5141OO-7 
Parameter Symbol 

Min Max 

Random Read or Write Cycle Time tRc 140 -

RAS Precharge Time tRP 60 -
RAS Pulse Width tRAS 70 10000 

CAS Pulse Width tCAS 25 10000 

Row Address Setup Time tASR 0 -
Row Address Hold Time tRAH 10 -
Column Address Setup Time tASC 0 -

Column Address Hold Time leAH 15 -
RAS to CAS Delay Time tRCO 20 40 

RAS to ColumD Address Delay Time tRAo 15 30 

RAS Hold Time tRSH 20 -

CAS Hold Time tcsH 70 -

CAS to RAS Precharge Time tCRP 5 -
TransitioD Time (Rise and Fall) tT 3 50 

Refresh Period tREF - 16 

Read Cycle 

HM514100-7 
Parameter Symbol 

Min Max 

Access Time from RAS tRAC - 70 

Access Time from CAS tCAC - 25 

Access Time from Address tAA - 40 

Read Command Setup Time tRCS 0 -

Read Command Hold Time to CAS tRCH 0 -

Read Command Hold Time to RAS tRRH 0 -

ColumD Address to RAS Lead Time tRAL 40 -
Output Buffer Turn-off Time toFF 0 20 

Write Cycle 

HM5141oo-7 
Parameter Symbol 

Min Max 

Write Command Setup Time twcs 0 -

Write Command Hold Time tWCH 15 -

Write Command Pulse Width twp 15 -

Write Command to RAS Lead Time tRwL 25 -

Write Command to CAS Lead Time tCWL 25 -

Data-in Setup Time tos 0 -
Data-in Hold Time tOH 15 -

Read-Modify-Write Cycle 

HM5141oo-7 
Parameter Symbol 

Min Max 

Read-Modify-Write Cycle Time tRWC 170 -

RAS to WE Delay Time tRWO 70 -
CAS to WE Delay Time tcwo 25 -

COlumD Address to WE Delay Time tAWO 40 -

~HITACHI 

Unit 

ns 

DS 

ns 

ns 

ns 

ns 

DS 

DS 

ns 

ns 

ns 

DS 

DS 

DS 

ms 

Unit 

ns 

ns 

DS 

DS 

DS 

DS 

DS 

ns 

Unit 

DS 

DS 

DS 

ns 

ns 

DS 

DS 

Unit 

ns 

ns 

ns 

DS 
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HM514100JP/ZP-7 

Refresh Cycle 

HM514100·7 
Parameter Symbol Unit Note 

Min Max 

CAS Setup Time 
tCSR 10 - ns 

(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) tCHR 15 - ns 

RAS Precharge to CAS Hold Time tRPc 10 - ns 

Fast Page Mode Cycle 

HM514100·7 
Parameter Symbol Unit Note 

Min Max 

Fast Page Mode Cycle Time tpc 55 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - ns 

Fast Page Mode RAS Pulse Width tRASC - 100000 ns 13 

Access Time from CAS Precharge tACP - 50 us 14,16 

RAS Hold Time from CAS Precharge tRHCP 50 - ns 

Fast Page Mode Read-Modify-Write Cycle 

HM514100·7 
Parameter Symbol Unit Note 

Min Max 

Fast Page Mode Read·Modify·Write 
tpCM 85 - us 

Cycle Time 

Test Mode Cycle 

HM514100·7 
Parameter Symbol Unit Note 

Min Max 

Test Mode WE Setup Time tws 0 - us 

Test Mode WE Hold Time tWH 20 - us 

Counter Test Cycle 

Notes: 

HM514100·7 
Parameter Symbol Uuit Note 

Min Max 

CAS Precharge Time in Counter 
tCPT 40 us -Test Cycle 

I. 
2. 

3. 
4. 
5. 
6. 

7. 

8. 

9. 

10. 

AC measurements assume tT = 5 ns. 
Assumes that tRCD S tRCD (max) and tRAD (max). If tRCD or tRAD is greater than the maximum recommended value 
shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
Assumes that tRCD 2: tRCD (max) and tRAD S tRAD (max). 
Assumes that tRCD S tRCD (max) and tRAD 2: tRAD (max). 
tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 
levels. 
VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between VIH and VIL. 
Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
twcs, tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; iftRWD 2: tRWD (min), tcWD 2: tCWD (min) and tAWD 2: tAWD (min), the 
cycle is a read·modify·write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read·modify·write cycle. 

• HITACHI 
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HM514100JP/Zp·7 

12. An initial pause of 100 ,...S is required after power np followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. tRASC defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP' 
15. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits-RAlO, CAlO and 

CAD. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by W CBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is DOUI and data input pin is Din. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of tRAe. tAA, tCAC and tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

• TIMING WAVEFORMS 

• Read Cycle 

IRC 
IRAS 

RSH 

tRCO tCAS 

tCSH ICRP 

Address 

Dout 

~ Don·lear. 

0061-3 
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• Early Write Cycle 

RAS 

CAS 

Address 

WE 

Din 

Dout 

• Delayed Write Cycle 

RAS 

Address 

WE 

Din 

tCSH 

RSH 

tCAS 

• ~ : Don' care 

•• twcntwcs (min) 

• ~ . Don' care 

~HITACHI 

HM514100JP/Zp·7 

0061-5 

0061-6 
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• Read·Modify·Write Cycle 

RAS 

Address 

WE 

Din 

Dout 

• RAS Only Refresh Cycle 

Address 

Dout 

@HITACHI 

.~ Don1care 

·~:Don'tCIWW 

~--:(Alt().AXII 
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0061-7 

0061-8 



HM514100JP/ZP-7 

• Hidden Refresh Cycle 

Address 

Dout 

·~:Don'''' 
0061-9 

• CAS Before RAS Refresh Cycle 

Dout 
OPEN 

• ~:DGn'I_ 

··Wi :VIM 

0061-10 

$ HITACHI 
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• Fast Page Mode Read Cycle 

Address 

Dout 

• Fast Page Mode Early Write Cycle 

Address 

Din 

Dout 
Open" 

• HITACHI 

, ~:Don'I_ 

• ~. Don\CIfe 

" IWChlWCS (-) 

310 Hitachi America, Ltd, • Hitachi Plaza' 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 
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• Fast Page Mode Delayed Write Cycle 

Address 

Din 

.~ Don'tCate 

0061-13 

• Fast Page Mode Read-Modify-Write Cycle 

Address 

Din 

Dout 

• ~ : Don" car. 

0061-14 

~HITACHI 
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HM514100JP/Zp·7 ---------------------------

• TEST MODE CYCLE 

• Test Mode Set Cycle 

·3 
881 cycle Test mode cycle 

Reset Normal 
Cycle ·'·3 mode 

., CBR or RAS only re~esh 

·2 rzzzJ . Don'1 car. 
-3 Addr ... Oin: Oon't care 

Address #//////////////#//////////// d/W//////!0% 

Doul 

Note ·1 f:ZZ'ZLI: Don't care 

• TEST MODE RESET CYCLE 

• CAS Before RAS Refresh Cycle 

OPEN 

Dout 

~HITACHI 
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• RAS Only Refresh Cycle 

Address 

Dout 
OPEN 

• CAS Before RAS Refresh Counter Check Cycle (READ) 

Ai 

Din 

Dout 

~HITACHI 

HM514100JP/ZP-7 

NolI!" Re&nh Add, •• M-M (AXO-AX9) 

-2 rzzn : Oon, care 

., ~ .Don'teare 

0061-18 

0061-19 
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• CAS Before RAS Refresh Counter Check Cycle (WRITE) 

Ai 

Din 
OPEN 

Dout 

., ~ Oon'l cate 

0061-20 

• 4M DRAM LOW POWER VERSION 

The specification on the low power version is the same as the standard 4 megabit DRAM with the exception of the 
following parameters. 

Item Conditions Spec. 

Type No. 4Mxl 
HM514100LJP/LZP 

IMx4 

Temperature - 0-55°C 

RAS, CAS, WE ;:: V cc - 0.2V 
ICC2 Other Pin;:: V cc - 0.2Vor :s; 0.2V 

200 ",A Max 
(Standby CMOS Interface) (Address and Din is Stable) 

Dout: High-Z 

tRC = 125 "'S, tRAS :s; I "'S 
ICCIO VILI ;:: VCC - 0.2V, VIL :s; 0.2V 

300 ",A Max 
(Standby with CBR Refresh) WE and OE = VIH, Address and Din is Stable 

Dout: High-Z 

Refresh 
128ms 

tREF 

'only for 1M x 4. 

~HITACHI 
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HM514100L Series Low Power Version 

4,194,304·Word x 1·Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514100 is a CMOS dynamic RAM organized 4,194,304 word x 

1-bit. HM514100 has realized high density, higher performance and various func
tions by employing 0.8 fLm CMOS process technology and some new CMOS circuit 
design technologies. The HM514100 offers Fast Page Mode as a high speed ac
cess mode. 

Multiplexed address input permits the HM514100 to be packaged In standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ................................. 80 ns/l00 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ............................ 495 mW/440 mW/385 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles ............................................... (128 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Test Function 
• Battery Back Up Operation 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM514100UP-S SOns 350 mil20-pin 
HM514100UP-1O lOOns Plastic SO] 
HM514100UP-12 120 ns (CP-20DA) 

HM514100LZP-S SOns 400 mil20-pin 
HM514100LZP-1O lOOns Plastic ZIP 
HM514100LZP-12 120ns (ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-AIO Address Input 

Ao-A9 Refresh Address Input 

Din Data-in 

Dout Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadIW rite Enable 

Vee Power (+ 5V) 

VSS Ground 

~HITACHI 

HM514100LJP Series 

3DCP20DA 

(CP-20DA) 

HM514100LZP Series 

3DZP20 

(ZP-20) 

• PIN OUT 

HM514100LJP Series 

Din 
WE 19 Doul 

RAS 3 18 CAs 
NC 4 17 NC 
Al0 5 16 A9 

Ao 6 15 A8 
A1 7 14 A7 
A2 8 13 A6 
A3 9 12 AS 
Vcc 10 11 A4 

0063-1 

(Top View) 

HM514100LZP Series 

1 A9 
CAS 2 

3 DoUl 
Vss 4 

Din we 5 
6 RAS 7 

AlO 8 9 NC 
NC 10 

11 Ao 
A1 12 

13A2 
A3 14 

15 Vcc 
A4 16 

17 As 
19 A7 

0063-2 

(Bottom View) 

Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819' (415) 589-8300 315 



HM514100L Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V SS VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss vcc -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage VCC 4.5 5.0 5.5 V 1 

Input High Voltage VIH 2.4 - 6.5 V 1 

Input Low Voltage VIL -2.0 - O.B V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70·e, Vee = 5V ± 10%, Vss = OV) 

HM514100-B HM514100-1O HM5141OO-12 
Parameter Symbol Unit Test Conditions 

Min Max Min Max Min Max 

Operating Current 
ICCI - 90 - BO - 70 rnA 

RAS, CAS Cycling 
tRC = Min 

- 2 - 2 - 2 rnA 
TTL Interface RAS, CAS = V IH, 
Dout = High-Z 

Standby Current ICC2 CMOS Interface RAS, CAS and 

- 200 - 200 - 200 p.A 
WE ~ V CC - 0.2Vor S 0.2V, 
Address and Din: Stable, 
Dout = High-Z 

RAS Only Refresh Current ICC3 - 90 - BO - 70 rnA tRC = Min 

Standby Current ICC5 - 5 - 5 - 5 rnA 
RAS = VIH, CAS = VIL 
Dout = Enable 

CAS Before RAS Refresh Current ICC6 - 90 - BO - 70 rnA tRC = Min 

Fast Page Mode Current ICC7 - 90 - BO - 70 rnA tpc = Min 

tRC = 125 /Ls, tRAS S I /Ls 
Battery Back Up Operating VCC - 0.2V S VIH S 6.5V, 
Current (Standby with CBR ICCIO - 300 - 300 - 300 /LA OV S VIL S 0.2V 
Refresh) WE = VIH, Address and 

Om: Stable, Dout = High-Z 

Input Leakage Current ILl -10 10 -10 10 -10 10 /LA OV S Vin S 7V 

Output Leakage Current ILO -10 10 -10 10 -10 10 /LA 
OV S Vout S 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: I. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while CAS = VIL' 
3. Address can be changed once or less CAS = V IH. 

• Capacitance (TA = 25·e, Vee = 5V ± 10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address, Data-in) CIl - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-out) Co - 7 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

~HITACHI 

Unit 

pF 
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• AC Characteristics (TA = 0 to +70"C, Vee = 5V ± 10%, Vss = OV)l, 12, 15 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM514100-8 HM514100-1O 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 150 - 180 -
RAS Precharge Time tRP 60 - 70 -
RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width tCAS 25 10000 25 10000 

Row Address Setup Time tASR 0 - 0 -

Row Address Hold Time tRAH 12 - 15 -
Column Address Setup Time tASC 0 - 0 -

Column Address Hold Time tCAH 15 - 20 -

RAS to CAS Delay Time tRCD 22 55 25 75 

RAS to Column Address Delay Time tRAD 17 40 20 55 

RAS Hold Time tRSH 25 - 25 -
CAS Hold Time tCSH 80 - 100 -
CAS to RAS Precharge Time tCRP 5 - 10 -
Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 128 - 128 

Read Cycle 

Parameter Symbol 
HM514100-8 HM514100-1O 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 

Access Time from CAS tCAC - 25 - 25 

Access Time from Address tAA - 40 - 45 

Read Command to Setup Time tRCS 0 - 0 -
Read Command Hold Time to CAS tRCH 0 - 0 -
Read Command Hold Time to RAS tRRH 10 - 10 -

Column Address to RAS Lead Time tRAL 40 - 45 -
Output Buffer Turn-off Time tOFF 0 20 0 25 

Write Cycle 

HM514100-8 HM514100-1O 
Parameter Symbol 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 -
Write Command Hold Time tWCH 15 - 20 -
Write Command Pulse Width twp 15 - 20 -

Write Command to RAS Lead Time tRwL 25 - 25 -

Write Command to CAS Lead Time tCWL 25 - 25 -
Data-in Setup Time tDS 0 - 0 -
Data-in Hold Time tDH 15 - 20 -

Read-Modify-Write Cycle 

HM514100-8 HM514100-1O 
Parameter Symbol 

Min Max Min Max 

Read-Modify-Write Cycle Time tRWC 180 - 210 -
RAS to WE Delay Time tRWD 80 - 100 -
CAS to WE Delay Time tCWD 25 - 25 -
Column Address to WE Delay Time tAWD 40 - 45 -

~HITACHI 

HM514100L Series 

HM514100-12 
Unit Note 

Min Max 

210 - ns 

80 - ns 

120 10000 ns 

30 10000 ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

25 90 ns 8 

20 65 ns 9 

30 - ns 

120 - us 

10 - ns 

3 50 ns 7 

- 128 ns 

HM514100-12 
Unit Note 

Min Max 

- 120 ns 2,3, 16 

- 30 ns 3,4,14 

- 55 ns 3,5,14,16 

0 - ns 

0 - ns 

10 - ns 

55 - ns 

0 30 ns 6 

HM514100-12 
Unit Note 

Min Max 

0 - ns 10 

25 - ns 

25 - ns 

30 - ns 

30 - ns 

0 - ns 11 

25 - ns 11 

HM514100-12 
Unit Note 

Min Max 

245 - ns 

120 - ns 10 

30 - ns 10 

55 - ns 10 
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HM514100L Series 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Symbol 

tCSR 

tCHR 

tRPC 

Symbol 

tpc 

tcp 

tRASC 

tACP 

tRHCP 

HM514100-8 

Min Max 

10 -

20 -

10 -

HM514100-8 

Min Max 

55 -
10 -
- 100000 

- 50 

50 -

Fast Page Mode Read-Modify-Write Cycle 

HM514100-8 
Parameter Symbol 

Min Max 

Fast Page Mode Read-Modify-Write 
tpCM 85 -Cycle Time 

Test Mode Cycle 

HM514100-8 
Parameter Symbol 

Min Max 

Test Mode WE Setup Time tws 0 -
Test Mode WE Hold Time tWH 20 -

Counter Test Cycle 

HM514100-8 
Parameter Symbol 

Min Max 

CAS Precharge Time in Counter 
tCPT 40 -Test Cycle 

HM514100-1O 

Min Max 

10 -

20 -

10 -

HM514100-1O 

Min Max 

55 -
10 -
- 100000 

- 50 

50 -

HM514100-1O 

Min Max 

85 -

HM514100-1O 

Min Max 

0 -

20 -

HM514100-1O 

Min Max 

50 -

~HITACHI 

HM514100-12 
Unit 

Min Max 

10 - ns 

25 - ns 

10 - ns 

HM514100-12 
Unit 

Min Max 

65 - ns 

15 - ns 

- 100000 ns 

- 60 ns 

60 - ns 

HM514100-12 
Unit 

Min Max 

100 - ns 

HM514100-12 
Unit 

Min Max 

0 - ns 

20 - ns 

HM514100-12 
Unit 

Min Max 

60 - ns 
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HM514100L Series 

Notes: I. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD 2: tRCD (max), tRAD S tRAD (max). 
5. Assumes that tRCD S tRCD (max), tRAD 2: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL' 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRcD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRwD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs 2: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRwD 2: tRWD (min), tCWD 2: tcwD (min) and tAwD 2: tAWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. An initial pause of 100 ,,"S is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. tRASC defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or !cAC or tACP. 
15. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits-RAw, CAW and 

CAo. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is DoU! and data input pin is Din' In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of tRAe. tAA, tCAC and tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

~HITACHI 
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HM514100L Series ----------___________________ _ 

• TIMING WAVEFORMS 

• Read Cycle (1) 

Address 

WE 

Dout 

• Early Write Cycle (2) 

RAS 

IRCD 

CAS 

Address 

Din 

Dout 

tCAC 
tAA 

tRAe 

IRC 
tRAS 

RSH 
ICAS 

tcsH 

$HITACHI 

~ : Don't care 

• ~ : Don't care 

•• twcs~twcs (min) 

320 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy., Brisbane, CA 94005-1819' (415) 589-8300 

0063-' 

0063-4 



HM514100L Series 

• Delayed Write Cycle (3) 

tRAS 

Address 

Din 

• ~ : Don't care 

0063-6 

• Read-Modify-Write Cycle (4) 

Address 

Din 

Dout 

• ~ : Don't care 

0063-7 

~HITACHI 
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HM514100L Series -------------------------------

• RAS Only Refresh Cycle (5) 

Address 

Dout 

• Hidden Refresh Cycle (6) 

Address 

Dout 

Row 

~HITACHI 

DoUl 

" ~ : Don't care 

.. REFRESH ADDRESS: AO-A9 
(AXO-AX9) 

0063-6 

"1 W M : Don'l care 
0063-9 

322 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 



-------------------------------- HM514100L Series 

• CAS Before RAS Refresh Cycle (7) 

tCSR 

Address 

OPEN 
Dout • I222ZJ : Don't care 

0063-10 

• Fast Page Mode Read Cycle (8) 

Address 

Dout 

I222ZJ : Don't care 

0063-11 

@HITACHI 
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HM514100L Series -------------------------------

• Fast Page Mode Early Write Cycle (9) 

Address 

WE 

Din 

Dout 

• Fast Page Delayed Write Cycle (10) 

Address 

Din 

~HITACHI 

~ : Don'lcare 
twcs ~ twcs (min) 

0063-12 

~ : Don't care 

0063-13 
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--------------------------- HM514100L Series 

• Fast Page Mode Read·Modify·Write Cycle (11) 

tRASC 

1\ 
IRCO Icp 

tRP 

~_~ __ ~Jb~ 
IRWL 

IpCM 
ICRP~ 

~ " 1\ 1/ 
tASR IASC .... 1-0-

fCAH 

Address 
W_~M>@" lOA" ..... I WI i ,J,.J,.-,r-r...,...., 

Row Column! W///b Cmumn2 ~// /?( ColumnN W/ / / / ~ 
-,- T 

tAWO I~CW.2 IAWO~_ ~ 
1 ICWL 

lRAO IAWO tAWO ICWOI--.lf---l..~ 

Din 

Dout Dout ! OoUl2 ])-----<1 OoUlN '\o~ 
I IACP 

I'---.J'T 

W M : Don't care 

0063-14 

~HITACHI 
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HM514100L Series -----------------------------

• Test Mode Cycle 

*3 
set cycle 

• Test Mode Set Cycle (1) 

Test mode cycle 
Reset Normal 
Cycle *1*3 mode 

*1 CBR or RAS only refresh 

*2 FZ?Z;l : Don' care 

*3 Address, Din: Don' care 

0063-15 

Address 2///////////// /// ////////// ////1////////// Ih 
OPEN 

Dout 

Note"1 rzzza : Don' care 

0063-16 

~HITACHI 
326 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819. (415) 589-8300 



------------------------------ HM514100L Series 

• Test Mode Reset Cycle (2) 

Address Wff/l//$l////$ff/////$d//$//////// /4 
OPEN 

Dout 

Note *1 I'ZZZ/I : Don't care 
0063-17 

• RAS Only Refresh Cycle 

Address 

OPEN 
Dout 

Note *1 Refresh Address AO-A9 (AXO-AX9) 

*2 rzzz;I : Don't care 

0063-18 

~HITACHI 
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HM514100L Series 

• CAS Before RAS Refresh Counter Check Cycle (READ) 

Ai 

Din 

Dout Dout 
Hi-Z 

*1 ~: Don' care 

0063-19 

• CAS Before RAS Refresh Counter Check Cycle (WRITE) 

Ai 

Din 

Dout OPEN 

*1 W M : Don' care 
0063-20 

.HITACHI 
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HM514101 Series 
4,194,304-Word x 1-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514101 is a CMOS dynamic RAM organized 4,194,304 word x 

1-bit. HM514101 has realized higher denSity, higher performance and various func
tions by employing 0.8 ,.,.m CMOS process technology and some new CMOS circuit 
design technologies. The HM514101 offers Nibble Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514101 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

• FEATURES 
• Single 5V (± 10%) 
• High Speed 

Access Time ................................. 80 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ............................ 495 mW/440 mW/385 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Nibble Mode Capability 
• 1,024 Refresh Cycles ................................................ (16 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Test Function 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM5l4l0lJP-8 80ns 350 mil 20-pin 
HM5l4l0lJP-1O lOOns PIasticSOJ 
HM5l41OlJP-12 l20ns (CP-20DA) 

HM5l41OlZP-8 80ns 400 mil20-pin 
HM5l41OlZP-1O lOOns Plastic ZIP 
HM5l4l0lZP-12 l20ns (ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-AIO Address Input 

Ao-A9 Refresh Address Input 

Dm Data-in 

Dout Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadIWrite Enable 

Vee Power ( + 5V) 

VSS Ground 

@HITACHI 

HM51410lJP Series 

3DCP20DA 

(CP-20DA) 

HM514101ZP Series 

3DZP20 

(ZP-20) 

• PIN OUT 

HM514101JP Series 

Din 
WE 

RAS 3 
NC 4 

A10 5 

19 Doul 
18 CAs 
17 NC 

16 A9 

Ao 6 15 AS 

Al 7 14 A7 
A2 8 13 A6 
A3 9 12 A5 

Vee 10 '"IC==:5,tJ 11 A4 

(Top View) 

HM514101ZP Series 

Vss 4 
We 6 
A10 8 

NC 10 

Al 12 

A3 14 

1M 
3 Doul 

5 Din 

7 RAS 
9 NC 

11 Ao 

13 A2 

15VCC 
17 A5 

19A7 

(Bottom View) 

0066-1 

0066-2 
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HM514101 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss Vee -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 'C 

Storage Temperature Tstg - 55 to + 125 'C 

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage VCC 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low Voltage VIL -2.0 - O.S V I 

Note: 1. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) 

HM514101-S HM514101-1O HM514101-12 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current Icc! - 90 - SO - 70 rnA RAS, CAS Cycling 1,2 
tRc = Min 

TIL Interface 
- 2 - 2 - 2 rnA RAS, CAS = VIH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- I - I - I rnA CAS ~ Vee - 0.2V, 

Dout = High-Z 

RAS Oniy Refresh Current ICC3 - 90 - SO - 70 rnA tRC = Min 2 

RAS = VIH, 
Standby Current Iccs - 5 - 5 - 5 rnA CAS = VII" I 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 90 80 70 rnA tRC = Min Current - - -

Nibble Mode Current Iccs - 90 - SO - 70 rnA tNC = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 -10 10 /LA OV:s Vin:S 7V 

Output Leakage Current ILO -10 10 -10 10 -10 10 /LA 
OV :S Vout :S 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 Vcc 2.4 Vee 2.4 Vee V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: 1. IcC depends on output load condition when the device is selected, lee max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL' 
3. Address can be changed once or less while CAS = VIH. 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address, Data-in) Cn - 5 

Input Capacitance (Clocks) CI2 - 7) 

Output Capacitance (Data-out) Co - 7 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

.HITACHI 

Unit 

pF 

pF 

pF 
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• AC Characteristics (TA = 0 to +70'C, vee = 5V ±10%, vss = OV)1, 12, 13 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM514101-8 HM514101-1O 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 150 - 180 -
RAS Precharge Time tRP 60 - 70 -
RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width tCAS 25 10000 25 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 12 - 15 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH 15 - 20 -
RAS to CAS Delay Time tRCD 22 55 25 75 

RAS Hold Time tRsH 25 - 25 -
RAS to Column Address Delay Time tRAD 17 40 20 55 

CAS Hold Time tCSH 80 - 100 -
CAS to RAS Precharge Time tCRP 5 - 10 -

Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

Read Cycle 

HM514101-8 HM514101-1O 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 

Access Time from CAS !cAC - 25 - 25 

Access Time from Address tAA - 40 - 45 

Read Command Setup Time tRCS 0 - 0 -
Read Command Hold Time to CAS tRCH 0 - 0 -
Read Command Hold Time to RAS tRRH 10 - 10 -
Column Address to RAS Lead Time tRAL 40 - 45 -
Output Buffer Turn-off Time tOFF 0 20 0 25 

Write Cycle 

HM514101-8 HM514101-1O 
Parameter Symbol 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 -

Write Command Hold Time tWCH 15 - 20 -
Write Command Pulse Width twp 15 - 20 -
Write Command to RAS Lead Time tRWL 25 - 25 -
Write Command to CAS Lead Time tCWL 25 - 25 -
Data-in Setup Time tDS 0 - 0 -

Data-in Hold Time tDH 15 - 20 -

Read-Modify-Write Cycle 

HM514101-8 HM514101-1O 
Parameter Symbol 

Min Max Min Max 

Read-Modify-Write Cycle Time tRWC 180 - 210 -

RAS to WE Delay Time tRWD 80 - 100 -
CAS to WE Delay Time !cWD 25 - 25 -
Column Address to WE Delay Time tAWD 40 - 45 -

~HITACHI 

HM514101 Series 

HM514101-12 
Unit Note 

Min Max 

210 - ns 

80 - ns 

120 10000 ns 

30 10000 ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

25 90 ns 8 

30 - ns 

20 65 ns 9 

120 - ns 

10 - ns 

3 50 ns 7 

- 16 ms 

HM514101-12 
Unit Note 

Min Max 

- 120 ns 2,3,14 

- 30 ns 3,4 

- 55 ns 3,5,14 

0 - ns 

0 - ns 

10 - ns 

55 - ns 

0 30 ns 6 

HM514101-12 
Unit Note 

Min Max 

0 - ns 10 

25 - ns 

20 - ns 

30 - ns 

30 - ns 

0 - ns 11 

25 - ns 11 

HM514101-12 
Unit Note 

Min Max 

245 - ns 

120 - ns 10 

30 - ns 10 

55 - ns 10 
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HM514101 Series 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

Nibble Mode Cycle 

Parameter 

Nibble Mode Access Time 

Nibble Mode Cycle Time 

Nibble Mode CAS Precharge Time 

Nibble Mode CAS Pulse Width 

Nibble Mode RAS Hold Time 

Symbol 

tCSR 

tCHR 

tRPC 

Symbol 

tNAC 

tNC 

tNCP 

tNCA 

tNRSH 

Nibble Mode Read-Modify-Write Cycle 

Parameter Symbol 

Nibble Mode Read-Modify-Write 
tNRWC Cycle Time 

Nibble Mode Write Command 
tNCWL to CAS Lead Time 

Nibble Mode CAS to WE 
tNCWD Delay Time 

Test Mode Cycle 

HM514101-8 

Min Max 

10 -

20 -

10 -

HM514101-8 

Min Max 

- 25 

45 -

10 -

25 -

25 -

HM514101-8 

Min Max 

75 -

25 -

25 -

HM514101-8 
Parameter Symbol 

Min Max 

Test Mode WE Setup Time tws 0 -

Test Mode WE Hold Time tWH 20 -

Counter Test Cycle 

HM5141Ol-8 
Parameter Symbol 

Min Max 

CAS Precharge Time in 
tCPT 40 -Counter Test Cycle 

Notes: I. AC measurements assume tT = 5 ns. 

HM514101-1O HM514!01-12 
Unit Note 

Min Max Min Max 

10 - 10 - ns 

20 - 25 - ns 

10 - 10 - ns 

HM514101-1O HM514101-12 
Unit Note 

Min Max Min Max 

- 25 - 30 ns 

45 - 55 - ns 

10 - 15 - ns 

25 - 30 - ns 

25 - 30 - ns 

HM514101-1O HM514101-12 
Unit Note 

Min Max Min Max 

75 - 90 - ns 

25 - 30 - ns 

25 - 30 - ns 

HM5141Ol-1O HM514101-12 
Unit Note 

Min Max Min Max 

0 - 0 - ns 

20 - 20 - ns 

HM514101-1O HM514101-12 
Unit Note 

Min Max Min Max 

50 - 60 - ns 

2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

332 

vaIue shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD l!: tRCD (max) and tRAD :S tRAD (max). 
5. Assumes that tReD :S tRCD (max) and tRAD l!: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between V IH and V IL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRCD (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 

~HITACHI 
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HM514101 Series 

10. twcs, tRWD, tCWD and tAwD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs 2: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; iftRwD 2: tRWD (min), tCWD 2: tCWD (min) and tAwD 2: tAWD (min), the 
cycle is a read-modify-write lind the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. An initial pause of 100 )Jos is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

13. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits-RAIO, CAIO and 
CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is DOUI and data input pin is Din. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

14. In a test mode read cycle, the value of tRAe. tAA, tCAC and tNAC is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

• TIMING WAVEFORMS 

• Read Cycle (1) 

tAC 
tRAS 

RSH 

tACO 
tCSH teRP 

Address 

WE 

Dout 

W M : Don't care 

0066-3 

$ HITACHI 
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HM514101 Series -------------------------_____ _ 

• Early Write Cycle (2) 

Address 

Din 

Dout 

• Delayed Write Cycle (3) 

Address 

Din 

• HITACHI 

• ~ : Don't care 

•• twcs;;:twcs (min) 

0068-5 

• ~ : Don't care 
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-------------------------------- HM514101 Series 

• Read-Modify-Write Cycle (4) 

RAS 

Address 

Din 

Dout 

• RAS Only Refresh Cycle (5) 

tASR tRAH 

Address Row 

Dout 

Dout 

tAC 
tRAS 

• HITACHI 

. W M : Don't care 

0066-7 

. W M : Don't ear • 

•• REFRESH ADDRESS: AO-A9 

(AXO-AX9) 

0066-6 
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HM514101 Series ------------------------------

• Hidden Refresh Cycle (6) 

Address 

Dout YaRd Data 

"1 WM : Don't care 

0066-9 

• CAS Before RAS Refresh Cycle (7) 

tRe 

Address 

Dout 
OPEN 

. WM:Don,care 
WE :VIH 

0066-10 

• HITACHI 
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------------------------------- HM514101 Series 

• Nibble Mode Read Cycle (8) 

Address 

Dout 

• Nibble Mode Early Write Cycle (9) 

Address 

Din 

Dout 
Open" 

_HITACHI 

.~: Don't ear. 

~ : Don'lcare 
twcs ::r twcs (min) 

0066-11 

0066-12 
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HM514101 Series ------------------------------

• Nibble Mode Delayed Write Cycle (10) 

Address 

Din 

. WM : Don' care 
0066-13 

_HITACHI 
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------------------------------- HM514101 Series 

• Nibble Mode Read-Modify-Wrlte Cycle (11) 

Address 

Din 

· WM : Don't care 

0066-14 

• HITACHI 
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HM514101 Series ----------------------------

• Test Mode Cycle 

Test Mode Set Cycle (1) 

*3 
set cycle Test mode cycle 

Reset Normal 
Cycle *1 *3 mode 

"1 CBR or RAS only refresh 

"2 rzzz;I : Don' care 

"3 Address, Din: Don' care 

0066-16 

Address 1///////////// //////////////1/////// //// /////, 
OPEN 

Dout 

Note *1 rzzz;t : Don' care 
0066-16 

• HITACHI 
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----------------------------- HMS14101 Series 

• Test Mode Reset Cycle (2) 

CAS Before RAS Refresh Cycle 

Address W/ ff/ ff/ ff/ ff/ ////$ // ff/ ff/ ////$//// # /& 
OPEN 

Dout 

Note01 rzm : Don' care 

0066-17 

RAS Only Refresh Cycle 

Address 

OPEN 
Dout 

Note °1 Refresh Address AO .. A9 (AXO"AX9) 

: Don' care 
0066-18 

• HITACHI 
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HM514101 Series -------------------------------

• CAS Before RAS Refresh Counter Check Cycle (READ) 

Ai 

Din 
tOFF 

Dout Doul 
HI-Z 

*1 127M : Don' care 
0066-19 

• CAS Before RAS Refresh Counter Check Cycle (WRITE) 

Ai 

WE 

Din 

Dout OPEN 

·1 E(/~ : Don't care 

0066-20 

~HITACHI 
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HM514101A Series 
4,194,304·Word x 1·Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514101A is a CMOS dynamic RAM organized as 4,194,304,word 

x 1·bit. HM514101A has realized higher density, higher performance and various 
functions by employing 0.8 /Lm CMOS process technology and some new CMOS 
circuit design technologies. The HM514101A offers Nibble Mode as a high speed 
access mode. 

Multiplexed address input permits the HM514101A to be packaged in standard 
20·pin plastiC SOJ and 20·pin plastic ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time .................................. 70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ............................ 550 mW / 495 mW / 440 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Nibble Mode Capability 
• 1,024 Refresh Cycles ................................................ (16 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Test Function 

• ORDERING INFORMATION • PIN OUT 
Part No. Access Time Package HM514101AJ/AS Series 

HM514101AJ·7 70ns 350 mil 20·pin 
HM514101AJ·S SOns Plastic SOJ 
HM5l41OIAJ·1O lOOns (CP·20DA) 

HM514101AS·7 70ns 300 mil 20·pin 
HM514101AS·S SOns Plastic SPJ 
HM514101AS·1O lOOns (CP·20D) 

HM514101AZ·7 70ns 400 mil20·pin 
HM514101AZ·S SOns Plastic ZIP 
HM514101AZ·1O lOOns (ZP·20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-AIO Address Input 

AO-A9 Refresh Address Input 

Dm Data·in 
(Top View) 

0148-1 

DOllt Data·out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadIW rite Enable 

Vee Power (+ 5V) 

VSS Ground 

~HITACHI 

Preliminary 

HM514101AJ Series 

3DCP20DA 

(CP·20DA) 

HM514101AS Series 

3DCP20D 

(CP·20D) 

HM514101AZ Series 

3DZP20 

(ZP·20) 

HM514101AZ Series 

A9 
CAS 

Vss 
5 D;n WE 
7 RAS 

Al0 
9 HC 

HC 
11 AO 

A1 
13 A2 

A3 
15 Vee 

A4 
17 A5 

AS 
19 A7 

AS 

0148-2 

(Bottom View) 
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HM514101A Series -------------------------------

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss Vcc -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage VCC 4.5 5.0 5.5 V 1 

Input High Voltage VIR 2.4 - 6.5 V 1 

Input Low Voltage VIL -2.0 - O.S V 1 

Note: I. All voltage referenced to Vss. 

• DC Electrical Characteristics (T A = 0 to + 70·C, Vee = 5V ± 10%, Vss = OV) 

HM514101A-7 HM514101A-S HM514101A-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current ICC! - 100 - 90 - SO mA 
RAS, CAS Cycling 

1,2 
tRC = Min 

TTL Interface 
- 2 - 2 - 2 mA RAS, CAS = VIR, 

Standby Current IeC2 
Dout = High-Z 

CMOS Interface, RAS, 
- I - 1 - 1 mA CAS ~ V cc - 0.2V, 

Dout = High-Z 

RAS Only Refresh Current ICC3 - 100 - 90 - SO mA tRC = Min 2 

RAS = VIR, 
Standby Current ICC5 - 5 - 5 - 5 mA CAS = VIL, 1 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 100 90 SO rnA tRC = Min Current - - -

Nibble Mode Current ICCS - 100 - 90 - SO rnA tNC = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 -10 10 p.A OV :$ Vin :$ 7V 

Output Leakage Current ILO -10 10 -10 10 -10 10 p.A 
OV :$ Vout :$ 7V 
Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 mA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 mA 

Notes: I. ICC depends on output load condition when the device is selected. Icc max is specified at the output open condition. 
2. Address can be changed :$ 1 time while RAS = VIL. 
3. Address can be changed :$ 1 time while CAS = VIR' 

@HITACHI 
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• Capacitance (TA = 25·C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address, Data-in) Cn - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-out) Co - 7 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout' 

• AC Characteristics (T A = 0 to + 70·C, Vee = 5V ± 10%, Vss = OV)1, 12, 13 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM514101A-7 HM514101A-8 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 130 - 150 -
RAS Precharge Time tRP 50 - 60 -
RAS Pulse Width tRAs 70 10000 80 10000 

CAS Pulse Width tCAS 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 10 - 10 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH 15 - 15 -
RAS to CAS Delay Time tRCD 20 50 20 60 

RAS Hold Time tRSH 20 - 20 -
RAS to Column Address Delay Time tRAD 15 35 15 40 

CAS Hold Time tCSH 70 - 80 -
CAS to RAS Precharge Time tcRP 10 - 10 -
Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

Read Cycle 

HM514101A-7 HM514101A-8 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 70 - 80 

Access Time from CAS tCAC - 20 - 20 

Access Time from Address tAA - 35 - 40 

Read Command Setup Time IRcs 0 - 0 -
Read Command Hold Time to CAS tRcH 0 - 0 -
Read Command Hold Time to RAS tRRH 0 - 0 -
Column Address to RAS Lead Time tRAL 35 - 40 -
Output Buffer Tum-off Time toFF 0 20 0 20 

$ HITACHI 

HM514101A Series 

Unit Note 

pF I 

pF I 

pF 1,2 

HM514101A-1O 
Unit Note 

Min Max 

180 - ns 

70 - ns 

100 10000 ns 

25 10000 ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

25 75 ns 8 

25 - ns 

20 55 ns 9 

100 - ns 

10 - ns 

3 50 ns 7 

- 16 ms 

HM514101A-1O 
Unit Note 

Min Max 

- 100 ns 2,3,14 

- 25 ns 3,4 

- 45 ns 3,5,14 

0 - ns 

0 - ns 

0 - ns 

45 - ns 

0 25 ns 6 
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HM514101A Series -----------------------------

Write Cycle 

HM514101A-7 HM514101A-8 HM514101A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - us 10 

Write Command Hold Time tWCH 15 - 15 - 20 - us 

Write Command Pulse Width twp 10 - 10 - 20 - ns 

Write Command to RAS Lead Time tRWL 20 - 20 - 25 - ns 

Write Command to CAS Lead Time tCWL 20 - 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - ns 11 

Data-in Hold Time tDH 15 - 15 - 20 - us 11 

Read-Modify-Write Cycle 

HM514101A-7 HM514101A-8 HM514101A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Read-Modify-Write Cycle Time tRwC 155 - 175 - 210 - us 

RAS to WE Delay Time tRWD 70 - 80 - 100 - ns 10 

CAS to WE Delay Time tcWD 20 - 20 - 25 - ns 10 

Column Address to WE Delay Time tAWD 35 - 40 - 45 - us 10 

Refresh Cycle 

HM514101A-7 HM514101A-8 HM514101A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Setup Time 
tcsR 10 - 10 - 10 - ns 

(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tcHR 10 (CAS Before RAS Refresh Cycle) - 10 - 10 - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - ns 

CAS Precharge Time in Normal Mode tCPN 10 - 10 - 10 - us 

Nibble Mode Cycle 

HM514101A-7 HM514101A-8 HM514101A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Nibble Mode Access Time tNAC - 20 - 25 - 25 ns 

Nibble Mode Cycle Time tNC 40 - 45 - 45 - ns 

Nibble Mode CAS Precharge Time tNCP 10 - 10 - 10 - ns 

Nibble Mode CAS Pulse Width tNCA 20 - 25 - 25 - us 

Nibble Mode RAS Hold Time tNRSH 20 - 25 - 25 - us 

Nibble Mode Read-Modify-Write Cycle 

HM514101A-7 HM514101A-8 HM514101A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Nibble Mode Read-Modify-Write 
tNRWC 55 - 75 - 75 - ns 

Cycle Time 

Nibble Mode Write Command to 
tNcWL 20 25 25 

CAS Lead Time - - - ns 

Nibble Mode CAS to WE 
tNCWD 20 25 25 

DeJayTime - - - ns 
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HM514101A Series 

Test Mode Cycle 

HM514101A-7 HM514101A-S HM514101A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Test Mode WE Setup Time tws 0 - 0 - 0 - ns 

Test Mode WE Hold Time tws 10 - 10 - 10 - ns 

Counter Test Cycle 

HM514101A-7 HM514101A-S HM514101A-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT 40 - 40 - 50 - ns Counter Test Cycle 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRcD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TIL loads and 100 pF. 
4. Assumes that tRCD C!: tRCD (max) and tRAD S tRAD (max). 
5. Assumes that tRCD S tRcD (max) and tRAD C!: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIR and VIL. 
S. Operation with the tRCD (max) limit insures that tRAc (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met. tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, lewD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs C!: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; iftRWD C!: tRWD (min), lewD C!: tCWD (min) and tAWD C!: tAWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. An initial pause of 100 /.I.s is required after power-up followed by a minimum of eight initialization cycles (RAS only refresh 
cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a miuimum of eight CAS before RAS refresh 
cycles is required. 

13. Test mode operation specified in this data sheet is S-bit test function with control address bits-RAIO, CAlO and CAO being 
don't care. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during 
test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
match each other, the condition of the output data is high level. When the state of test bits do not match, the condition of 
the output data is low level. Data output pin is Dou! and data input pin is Om. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

14. In a test mode read cycle, the value of tRAC, tAA, tCAC and tNAC is delayed for 2 ns to 5 us for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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HM514101A Series -----------------------------

• TIMING WAVEFORMS 
• Read Cycle 

tT-.I--W--

Address 

Dout 

tCSH 

• HITACHI 

tOFF 

r;:::;w.J. 
~Jj : Don l c<lre 

348 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819. (415) 589·8300 

0148_3 



• Early Write Cycle 

Address 

Din 

Dout 
High-Z· • 

@HITACHI 

HM514101A Series 

*~ D' tWJ : on t c<lre 

•• twes;:: twes (mill) 

0148-4 
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HM514101A Series -----------------------------

• Delayed Write Cycle 

trv~.s tnp 

tncD tnsil 

Address 

Din 

torF 

Dout IrW<llid Dout 

• [{rId: Don't c<:ra 

0148-5 

• HITACHI 
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HM514101A Series 

• Read-Modlfy-Write Cycle 

tCWL 

Address 

tos 

Din 

tOFF 

Dout Dout 

* ~ : Don't care 

0148-6 

• HITACHI 
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HM514101A Series ----------------------------

• RAS Only Refresh Cycle 

-t~Hi..--tT 

Addruss 

DOllt 
High-Z 

* ~ : Don't c<lre 

** Refresh address: AO - A9 (AXO - AX9) 

*** WE: Don't care 

0148-7 

• CAS Before RAS Refresh Cycle 

Address 

Dout 

• kil,il : Don't CiI'\! 

.. 'WE : VII' 

0148-8 

• HITACHI 
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HM514101A Series 

• Hidden Refresh Cycle 

(Read) (Refresh) (Re fresh) 

Address 

Dout Valid Data 

,.,~ 
• ~ : Dun't Cilr~ 

0148-9 

@HITACHI 
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HM514101A Series 

• Nibble Mode Read Cycle 

. [2] Dun'l care-

• Nibble Mode Early Write Cycle 

Dout ____________ !!''':l.!9h=Z·_· ___________________ _ 

354 
eHITACHI 

• ~ . Dun', (are 

•• t.'Ves;:;: t.vu (mln~ 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 
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HM514101A Series 

• Nibble Mode Delayed Write Cycle 

Address 

Din 

Dout ----------< 

• ~ : Don't Cure 

0148-12 
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HM514101A Series 

• Nibble Mode Read-Modify-Write Cycle 

Address 

Din 

Dout 

* g1fj : O()n'l core 

0148-13 

~HITACHI 
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• Test Mode Cycle 

Set Cycle ••• Test Mode Ie 

• Test Mode Set Cycle 
WE and CAS Before RAS Refresh Cycle 

Address 

Dout Hi 

~HITACHI 

tCPN 

HM514101A Series 

* *.* , 

• CBR or RAS only refresh 

.* ~ : Don't care .. - Address, Din, : Don't care 

* ~ : Don't care 

0148-14 

0148-15 
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HM514101A Series -------------------------------

• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 

RI\S 

Address 

Dout 

• W%J : Don't care 

RAS Only Refresh Cycle 

Address I m.W~W01t-_____ .l1 

DOllt 
High-Z 

• Refresh address AO - A9 (AXO - AX9) 

•• ~ : Don't care 

WE: Don't care 

@HITACHI 
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HM514101A Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 

tCAH 
-~~-tT 

Ai 

Dout 

• ~ : Don't c<lre 

0146-16 

@HITACHI 
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HM514101A Series 

• CAS Before RAS Refresh Counter Check Cycle (Write) 

-IM-I+-tr 

Ai 

Din 

Dout -. 
High-Z 

• ~~. : Don'l C;lre 

0148-19 

~HITACHI 
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HM514400 Series 
1,048,57S·Word x 4-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514400 is a CMOS dynamic RAM organized 1,048,576 word x 

4-bit. HM514400 has realized higher density, higher performance and various func
tions by employing 0.8 fLm CMOS process technology and some new CMOS circuit 
design technologies. The HM514400 offers Fast Page Mode as a high speed ac
cess mode. 

Multiplexed address input permits the HM514400 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

• FEATURES 
• Single 5V (± 10%) 
• High Speed 

Access Time ................................. 80 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ............................ 495 mW/440 mW/385 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles ................................................ (16 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Test Function 

• ORDERING INFORMATION 

Part No. Access Package 

HM5l4400JP-S SOns 350 mil20-pin 
HM5l4400JP-1O lOOns Plastic SOJ 
HM5l4400JP-12 l20ns (CP-20DA) 

HM5l4400ZP-S SOns 400 mil20-pin 
HM5l4400ZP-1O lOOns Plastic ZIP 
HM5l4400ZP-12 l20ns (ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-A9 Refresh Address Input 

1/°1-1/°4 Data-in/Data-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadIW rite Enable 

OE Output Enable 

Vee Power (+ 5V) 

VSS Ground 

@HITACHI 

HM514400JP Series 

3DCP20DA 

(CP-20DA) 

HM514400ZP Series 

3DZP20 

(ZP-20) 

• PIN OUT 

HM514400JP Series 

110, 
110, 2 

WE 3 
RAS 4 17 CAS 
loS 5 160E 

NJ 6 15 NJ 
A1 14 A7 

A2 13 NJ 
A3 9 12 AS 

Vee 10 11M 

(Top View) 

HM5141()()ZP Series 

10E 

3 110. 

5 V .. 

7 1/02 
9 RAS 

11 Ao 

13A2 

15Vcc 

17 As 

19A1 

(Bottom View) 

0064-1 

0064-2 
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HM514400 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss Vcc -1.0to +7.0 V 

Short Circuit Output Current lout 50 mA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

VCC 4.5 5.0 5.5 V I 

Input High Voltage VIR 2.4 - 6.5 V I 

Input Low Voltage I (I/O Pin) VIL -1.0 - O.S V I 

I (Others) VIL -2.0 - O.S V I 

Note: 1. All voltage referenced to Vss. 

• DC Electrical Characteristics (TA = 0 to +70·C, Vee = 5V ± 10%, Vss = OV) 

HM514400-S HM514400-1O HM514400-12 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current ICC! - 90 - SO - 70 mA 
RAS, CAS Cycling 

1,2 
tRC = Min 

TTL Interface 
- 2 - 2 - 2 mA RAS, CAS = VIR 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- I - I - I mA CAS;;' VCC - 0.2V 

Dout = High-Z 

RAS Only Refresh Current ICC3 - 90 - SO - 70 mA tRC = Min 2 

RAS = VIR 
Standby Current IcC> - 5 - 5 - 5 mA CAS = VIL I 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 90 SO 70 mA tRC = Min Current 

- - -

Fast Page Mode Current ICC? - 90 - SO - 70 mA tpc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 -10 10 p,A OV:s; Vin:S; 7V 

Output Leakage Current ILO -10 10 -10 10 -10 10 p,A 
OV :s; Vout :s; 7V 
Dout = Disable 

Output High Voltage VOH 2.4 Vcc 2.4 Vcc 2.4 VCC V High lout = - 5 mA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 mA 

Notes: 1. Icc depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL. 
3. Address can be changed once or less while CAS = VIR. 

• Capacitance (TA = 25·C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) CII - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 10 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Dout. 

~HITACHI 

Unit 

pF 

pF 

pF 
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• AC Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV)1, 14, 15, 16 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM5144oo-8 HM5144oo-10 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC ISO - 180 -
RAS Precharge Time tRP 60 - 70 -
RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width tCAS 25 10000 25 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 12 - 15 -

Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH IS - 20 -
RAS to CAS Delay Time tRco 22 55 25 75 

RAS to Column Address Delay Time tRAO 17 40 20 55 

RAS Hold Time tRSH 25 - 25 -
CAS Hold Time tCSH 80 - 100 -
CAS to RAS Precharge Time tCRP 5 - 10 -
OE to Din Delay Time toDD 20 - 25 -
OE Delay Time from Dm tozo 0 - 0 -
CAS Setup Time from Din tozc 0 - 0 -

Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

Read Cycle 

HM514400-8 HM514400-1O 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 

Access Time from CAS tCAC - 25 - 25 

Access Time from Address tAA - 40 - 45 

Access Time from OE toAC - 25 - 25 

Read Command Setup Time tRCS 0 - 0 -
Read Command Hold Time to CAS tRCH 0 - 0 -
Read Command Hold Time to RAS tRRH 10 - 10 -

Column Address to RAS Lead Time tRAL 40 - 45 -

Output Buffer Tum-off Time tOFFl 0 20 0 25 

Output Buffer Tum-off to OE tOFF2 0 20 0 25 

CAS to Din Delay Time tcoo 20 - 25 -

Write Cycle 

HM514400-8 HM514400-1O 
Parameter Symbol 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 -
Write Command Hold Time tWCH 15 - 20 -

Write Command Pulse Width twp 15 - 20 -
Write Command to RAS Lead Time tRWL 25 - 25 -
Write Command to CAS Lead Time tCWL 25 - 25 -
Data-in Setup Time tos 0 - 0 -
Data-in Hold Time tOH 15 - 20 -

~HITACHI 

HM514400 Series 

HM514400-12 
Unit Note 

Min Max 

210 - ns 

80 - ns 

120 10000 ns 

30 10000 ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

25 90 ns 8 

20 65 ns 9 

30 - ns 

120 - ns 

10 - ns 

30 - ns 

0 - ns 

0 - ns 

3 50 ns 7 

- 16 ms 

HM514400-12 
Unit Note 

Min Max 

- 120 ns 2,3, 17 

- 30 ns 3,4,13 

- 55 ns 3,5,13,16 

- 30 ns 

0 - ns 

0 - ns 

10 - ns 

55 - ns 

0 30 ns 6 

0 30 ns 6 

30 - ns 

HM514400-12 
Unit Note 

Min Max 

0 - ns 10 

25 - ns 

25 - ns 

30 - ns 

30 - ns 

0 - ns II 

25 - ns II 
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HM514400 Series 

Read-Modify-Write Cycle 

Parameter 

Read-Modify-Write Cycle Time 

RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 

OE Hold Time from WE 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Fast Page Mode Read-Modify-Write 
Cycle Time 

Test Mode Cycle 

Symbol 

tRwC 

tRWD 

tCWD 

tAwD 

tOEH 

Symbol 

tCSR 

tCHR 

tRPC 

Symbol 

tpc 

tcp 

tRASC 

tACP 

tRHCP 

tpCM 

Parameter Symbol 

Test Mode WE Setup Time tws 

Test Mode WE Hold Time tWH 

Counter Test Cycle 

Parameter Symbol 

CAS Precharge Time in Counter 
tCPT Test Cycle 

HM514400-8 

Min Max 

210 -

110 -
55 -

70 -

25 -

HM5144oo-8 

Min Max 

10 -

20 -

10 -

HM514400-8 

Min Max 

55 -

10 -

- 100000 

- 50 

50 -

105 -

HM514400-8 

Min Max 

0 -

20 -

HM5144oo-8 

Min Max 

40 -

Notes: I. AC measurements assume tT = 5 ns. 

HM514400-1O HM514400-12 
Unit Note 

Min Max Min Max 

245 - 285 - ns 

135 - 160 - ns 10 

60 - 70 - ns 10 

80 - 95 - ns 10 

25 - 30 - ns 

HM514400-1O HM5144oo-12 
Unit Note 

Min Max Min Max 

10 - 10 - ns 

20 - 25 - ns 

10 - 10 - ns 

HM514400-1O HM514400-12 
Unit Note 

Min Max Min Max 

55 - 65 - ns 

10 - 15 - ns 

- 100000 - 100000 ns 12 

- 50 - 60 ns 13,17 

50 - 60 - ns 

110 - 130 - ns 

HM5144oo-1O HM5144oo-12 
Unit Note 

Min Max Min Max 

0 - 0 - ns 

20 - 20 - ns 

HM514400-1O HM514400-12 
Unit Note 

Min Max Min Max 

50 - 60 - ns 

2. Assumes that tRcD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

364 

value shown in this table, tRAc exceeds the value shown. 
3. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
4. Assumes that tRCD ;;: tRCD (max) and tRAD S tRAD (max). 
5. Assumes that tRCD S tRCD (max) and tRAD ;;: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between V1H and VIL' 

@HITACHI 
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HM514400 Series 

8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 

9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAO (max) is specified as a reference point only, 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 

10. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only: if twcs <!: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD <!: tRWD (min), tCWD <!: tCWD (min) and tAwD <!: tAWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP. 
14. An initial pause of 100 p.s is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits-CAO. This test 

mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. Data output pin is 1/03 and data input pin is 1/02. In order to end this test mode operation, perform a RAS only 
refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of tRAC> tAA, tOAC and tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

• TIMING WAVEFORMS 

• Read Cycle 

Address 

Dout 

Din 

• ~ . Don'leare 

0064-3 

@HITACHI 
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HM5144DO Series -------------------------------

• Early Write Cycle 

RAS 

CAS 

Address 

WE 

Din 

Dout 

• Delayed Write Cycle 

Address 

WE 

Din 

Dout 

$ HITACHI 

OE . Don' care 
• ~ : Don' care 

0064-5 

• ~ : Dorll care 

366 Hitachi America, Ltd. • Hitachi Plaza· 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 
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• Read-Modify-Write Cycle 

Address '"","","" l'-....,..-o/f 

Din 

Dout 

• RAS Only Refresh Cycle 

Address 

Dout 

lAC 

$ HITACHI 

HM514400 Series 

• ~:Don'I"" 

·oe.WE:DoftI .... 

·~·'Don'tGMt 
•• RelteIh Add,...: /tD-A9 

(AXO-A)(9) 

0064-7 

0064-8 
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HM514400 Series -------------------------------

• Hidden Refresh Cycle 

Address 

Dout 

Din 

.,~ Don" car. 

0064-9 

• CAS Before RAS Refresh Cycle 

Dout 
OPEN 

• ~:00n1care 

.. 'WE :VUo! 

0064-10 

~HITACHI 
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• Fast Page Mode Read Cycle 

Address 

Dout 

• Fast Page Mode Early Write Cycle 

Address 

Din 

Dout 
Hogh·Z 

$ HITACHI 

HM514400 Series 

·~Oon'lc:;ue 

. OE Don't care 

.~ Oon'lcare 

0064-11 

0064-12 
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HM514400 Series 

• Fast Page Delayed Cycle 

Address 

Din 

Dout 

~'Oon'ICMI 
0064-13 

• Fast Page Mode Read-Modify-Write Cycle 

Address 

Din 

Dout 

0064-14 

• HITACHI 
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------------------------------- HM514400 Series 

• Test Mode Cycle 

·3 
seteycle 

WE 

• Test Mode Set Cycle 

WE 

Address 

Dout 

• Test Mode Reset Cycle 

CAS Before RAS Refresh Cycle 

WE 

Dout 

Test mode cycle 

OPEN 

OPEN 

~HITACHI 

Reset Normal 
Cycle "1"3 mode 

., eBR or RAS only refresh 

·2 ~ Don'l care 

·3 Address, Oln, OE Don't care 

Note" ~ Don'tcare 

Note·' r2'ZZLI Oon't car. 

0064-15 

0064-16 

0064-17 
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HM514400 Series -------------------------------

• RAS Only Refresh Cycle 

Address 

Dout 
OPEN 

• CAS Before RAS Refresh Counter Check Cycle (READ) 

Ai 

Din 

Dout 

@HITACHI 

No. " Refresh Addr ... 1.0-1.9 (AXO-AX9) 

~2 ~ Don'r care 

372 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005,1819· (415) 589-8300 
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0064-19 



------------------------------- HM514400 Series 

• CAS Before RAS Refresh Counter Check Cycle (WRITE) 

Ai 

Din 
OPEN 

Dout 

0064-20 

• 4M DRAM LOW POWER VERSION 

The specification on the low power version Is the same as the standard 4 megabit DRAM with the exception of the 
following parameters. 

Item Conditions Specifications 

Type No. 4Mxl HM514100UP/LZP 
IMx4 

Temperature - 0-55·C 

RAS. CAS. WE ~ V cc - O.2V 
ICC2 Other Pin ~ V cc - O.2Vor S O.2V 200 ",A max 
(Standby CMOS Interface) (Address and Din is Stable) 

Dout: High-Z 

tRC = 125 ",s. tRAS S 1 "'S 
IcCIO ~1 ~ ~C - O.2V. VIL S O.2V 300 ",A max 
(Standby with CBR Refresh) WE and OE = VIH. Address and DID is Stable 

Dout: High-Z 

Refresh 128ms 
tREF 

-

• HITACHI 
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HM514400L Series Low Power Version 
1,048,576-Word x 4-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514400 is a CMOS dynamic RAM organized 1,048,576 word x 

4-bit. HM514400 has realized higher density, higher performance and various func
tions by employing 0.8 /Lm CMOS process technology and some new CMOS circuit 
design technologies. The HM514400 offers Fast Page Mode as a high speed ac
cess mode. 

Multiplexed address input permits the HM514400 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ................................. 80 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ............................ 495 mW/440 mW/385 mW (max) 
Standby Mode .......................................... ' ... 11 mW (max) 

• Fast Page Mode Capability , 
• 1,024 Refresh Cycles ............................................... (128 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Test Function 
• Battery Back Up Operation 

• ORDERING INFORMATION 

Part No. Access Package 

HM5l4400UP-8 80ns 350 mi120-pin 
HM5l4400UP-1O lOOns PlasticSOJ 
HM5l4400UP-12 l20ns (CP-20DA) 

HM5l4400LZP-8 80ns 400 mil 20-pin 
HM5l4400LZP-1O lOOns Plastic ZIP 
HM5l4400LZP-12 l20ns (ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-A9 Refresh Address Input 

V Ot-V0 4 Data-iuIData-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadlWrite Enable 

OE Output Enable 

Vee Power ( + 5Y) 

VSS Ground 

o HITACHI 

HM514400UP Series 

90CP200A 

(CP-20DA) 

HM514400LZP Series 

3DZP20 

(ZP-20) 

• PIN OUT 

1/01 
1102 
WE 3 

RAS 4 
AS 5 

18 1/03 
17 CAS 
16 Oe 

Ao 6 15 AS 
A, 7 14 A7 
A2 8 13 AS 
A3 9 12 AS 

Vcc10UC==~11 A4 

(Top View) 

HM514400LZP Series 

CAS 2 
1104 4 

1101 6 
We 8 
IS 10 

A, 12 

A3 

10E 
3 IJ03 

5 Vss 
7 1102 
9 RAS 
11 Ao 
13A2 

15VCC 
17 A5 
19A7 

(Bottom View) 

0065-1 

0065-2 
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HM514400L Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss vcc - 1.0 to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature TsIg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low Voltage I (1/0 Pin) VIL -1.0 - O.S V I 

1 (Others) VIL -2.0 - O.S V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to + 70·C, Vee = 5V ± 1 0%, Vss = OV) 

HM514400-S HM514400-1O HM514400-12 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current IcC! - 90 - SO - 70 rnA 
RAS, CAS Cycling 

1,2 
tRC = Min 

TTL Interface 
- 2 - 2 - 2 rnA RAS, CAS = VIH, 

Dout = High-Z 

Standby Current ICC2 CMOS Interface RAS, 
CAS and WE ~ 

- 200 - 200 - 200 fLA Vcc - 0.2Vor :S 0.2V, 
Address and Din: 
Stable, Dout = High-Z 

RAS Only Refresh Current ICC3 - 90 - SO - 70 rnA tRC = Min 2 

RAS = VIH, 
Standby Current ICC5 - 5 - 5 - 5 rnA CAS = VIL, I 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 90 SO 70 rnA tRC = Min Current - - -

Fast Page Mode Current ICC7 - 90 - SO - 70 rnA tpc = Min 1,3 

tRC = 125 fLs, 
tRAS :S I fLs 

Battery Back Up VCC - 0.2V :S 
Operating Current 

IcCIO - 300 - 300 - 300 fLA 
VIH:S 6.5V, 

(Standby with CBR OV :S VIL :S 0.2V, 
Refresh) WEandOE = VIH, 

Address and Din: Stable, 
Doul = High-Z 

Input Leakage Current ILl -10 10 -10 10 -10 10 fLA OV :S Yin :S 7V 

Output Leakage Current lLO -10 10 -10 10 -10 10 fLA 
OV:SVout :S7V 
Doul = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: I. ICC depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL' 
3. Address can be changed once or less while CAS = VIH' 

@HITACHI 
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HM5144DDL Series 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cll - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 10 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout . 

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV)1, 14, 15, 16 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

Unit 

pF 

pF 

pF 

HM514400-8 HM514400-1O HM514400-12 
Parameter Symbol 

Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 150 - 180 - 210 -

RAS Precharge Time tRP 60 - 70 - 80 -

RAS Pulse Width tRAS 80 10000 100 10000 120 10000 

CAS Pulse Width tCAS 25 10000 25 10000 30 10000 

Row Address Setup Time tASR 0 - 0 - 0 -

Row Address Hold Time tRAH 12 - 15 - 15 -

Column Address Setup Time tASC 0 - 0 - 0 -

Column Address Hold Time tCAH 15 - 20 - 25 -

RAS to CAS Delay Time tRCD 22 55 25 75 25 90 

RAS to Column Address Delay Time tRAD 17 40 20 55 20 65 

RAS Hold Time tRSH 25 - 25 - 30 -

CAS Hold Time tCSH 80 - 100 - 120 -

CAS to RAS Precharge Time tCRP 5 - 10 - 10 -

OE to Din Delay Time tODD 20 - 25 - 30 -

OE Delay Time from Din tDZO 0 - 0 - 0 -

CAS Setup Time from Din tDZC 0 - 0 - 0 -

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 

Refresh Period tREF - 128 - 128 - 128 

Read Cycle 

HM514400-8 HM514400-1O HM514400-12 
Parameter Symbol Unit 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 - 120 ns 

Access Time from CAS tCAC - 25 - 25 - 30 ns 

Access Time from Address tAA - 40 - 45 - 55 ns 

Access Time from OE tOAC - 25 - 25 - 30 ns 

Read Command Setup Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time to CAS tRCH 0 - 0 - 0 - ns 

Read Command Hold Time to RAS tRRH 10 - 10 - 10 - ns 

Column Address to RAS Lead Time tRAL 40 - 45 - 55 - ns 

Output Buffer Turn-off Time tOFF! 0 20 0 25 0 30 ns 

Output Buffer Turn-off to OE toFF2 0 20 0 25 0 30 ns 

CAS to Din Delay Time tCDD 20 - 25 - 30 - ns 

~HITACHI 

Note 

I 

I 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 

Note 

2,3,17 

3,4,13,17 

3,5,13, 16, 17 

18 

18 

6 

6 
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HM514400L Series 

Write Cycle 

HM514400·8 HM514400·1O HM514400·12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 20 - 25 - ns 

Write Command Pulse Width twp 15 - 20 - 25 - ns 

Write Command to RAS Lead Time tRWL 25 - 25 - 30 - ns 

Write Command to CAS Lead Time tCWL 25 - 25 - 30 - ns 

Data·in Setup Time tDS 0 - 0 - 0 - ns 11 

Data·in Hold Time tDH 15 - 20 - 25 - ns 11 

Read-Modify-Write Cycle 

HM514400·8 HM5 14400· 10 HM514400-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Read·Modify·Write Cycle Time tRWC 210 - 245 - 285 - ns 

RAS to WE Delay Time tRWD 110 - 135 - 160 - ns 10 

CAS to WE Delay Time tCWD 55 - 60 - 70 - ns 10 

Column Address to WE Delay Time tAWD 70 - 80 - 95 - ns 10 

OE Hold Time from WE toEH 25 - 25 - 30 - ns 

Refresh Cycle 

HM514400·8 HM514400·1O HM5 14400-1 2 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - ns (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tCHR 20 20 25 (CAS Before RAS Refresh Cycle) - - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - ns 

Fast Page Mode Cycle 

HM514400-8 HM514400·1O HM514400·12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 55 - 55 - 65 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - 15 - ns 

Fast Page Mode RAS Pulse Width tRASC - 100000 - 100000 - 100000 ns 12 

Access Time from CAS Precharge tACP - 50 - 50 - 60 ns 13,17 

RAS Hold Time from CAS Precharge tRHCP 50 - 50 - 60 - ns 

Fast Page Mode Read·Modify·Write 
tpCM 105 - 110 - 130 - ns Cycle Time 

Test Mode Cycle 

HM514400·8 HM514400-1O HM514400-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Test Mode WE Setup Time tws 0 - 0 - 0 - ns 

Test Mode WE Hold Time tWH 20 - 20 - 20 - ns 

Counter Test Cycle 

HM514400·8 HM514400·1O HM514400·12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT 40 - 50 - 60 - ns Counter Test Cycle 
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HM514400L Series 

Notes: I. AC measurements assume tT = 5 ns. 

378 

2. Assumes that tRCD :s tRCD (max) and tRAD :s tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD O!: tRCD (max) and tRAD :s tRAD (max). 
5. Assumes that tRCD :s tRCD (max) and tRAD O!: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between V IH and V IL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, leWD and tAwD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs O!: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) through the entire cycle; if tRWD O!: tRWD (min), tCWD O!: tCWD (min), and tAWD O!: tAWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP' 
14. An initial pause of 100 !,-S is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits-CAO. This test 

mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. Data output pin is 1/03 and data input pin is 1/02. In order to end this test mode operation, perform a RAS only 
refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of tRAC, tAA, tOAC and tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 
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Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



-------------------------------- HM514400L Series 

• TIMING WAVEFORMS 

• Read Cycle (1) 

Address 

WE 

Dout 

Din 

tr 
'~Ho" 

. WA : Don't care 

0065-3 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 379 



HM514400L Series -------------------------------

• Early Write Cycle (2) 

Address 

WE 

Din 

Oout 

tAC 

tCSH 

• HITACHI 

tRSH 

tCRP 

OE : Don' care 
'1%/ n~~'7~'7~'i : Don't care 

380 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 

0065-5 



-------------------------------- HM514400L Series 

• Delayed Write Cycle (3) 

Address 

WE 

Din 

Din 

. WM : Don' care 

0065-6 

~HITACHI 
Hitachi America, Ltd.· Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819. (415) 589·8300 381 



HM514400L Series -----------------------------

• Read-Modify-Wrlte Cycle (4) 

Address 

Din 

Dout 

• RAS Only Refresh Cycle (5) 

Address 

Dout 

$ HITACHI 

• ~: Don' care 

•• DE. WE : Don' care 

• ~ : Don' care 

•• REFRESH ADDRESS: AO·A9 
(AXO-AX9) 

382 Hitachi America. Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005·1819' (415) 589-8300 

0065-7 

0065-8 



------------------------------ HM514400L Series 

• Hidden Refresh Cycle (6) 

Address 

WE 

Dout o t 

Din 

: Don' care 
0065-9 

• CAS Before RAS Refresh Cycle (7) 

tAC 

tRPC 

tCRP 

Address~ 

OPEN 
Dout 

~ :Don'care 

WE :VIH 
0065-10 

@HITACHI 
Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819· (415) 589-8300 383 



HM514400L Series --------------------------

• Fast Page Mode Read Cycle (8) 

~ 

) ~i'-
ICSH IRHCP 

IT+ ... Ipc IRSH 
IRCO Icp. ~ ICRP 

ICAS ~::J 5 ~ Ir---!\ --
~ IRAH tRAL 

-IRAO lCAH ICAH 4f'H 
IASR lASe 

~ IASC - lASe 
~ +-. .~i'" 

Address ~ 0< ~ ~~///////~ Row Col. Col. ~///b 
IRCS 

IRCS IRCfit,. • 
IRCH __ ~1 i'" 

e 1+ t ..-~ IRCH 

WB,WE 

Din 

/,////////,;f l VI ~ 
.. 10lC ... 10lC _ IRRH 

10lC. Ico~ Icoo I+-- Icoo 

/'///// 07; ~ 1000 ... ~ 
\L; 

lAA 
tCAC ~ ICAC 

lAA- ~ 
IACP ACP tooc 

lRAC tOFF 1 
tOF~l+ of- ~ !:jj 10FF! 

Hi-Z r~ Hi-Z r, Hi-Z 
Dout Dout Dout Dout 

IoAC 1'---1 I'--' IOFF2 
+ ~OOO 

10lO ~ 10lO 

IJ/~;Ar~~ tOFF2V/;& 

'" lOAC....l-I+-

• ~ : Don'l care 

0065-11 

~HITACHI 
384 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



HM514400L Series 

• Fast Page Mode Early Write Cycle (9) 

RAS 

Address 

WE 

Din 

Hi-Z 
Dout 

• OE : Don' care 

• ~ : Don' care 

0065-12 

• Fast Page Delayed Write Cycle (10) 

tRASC 

Address 

Din 

Dout 

~ : Don' care 

0065-13 

@HITACHI 
Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 385 



HM514400L Series -------------------------------

• Fast Page Mode Read-Modify-Write Cycle (11) 

CAS 

Address 

Din 

Dout 

• Test Mode Cycle 

"3 
set cycle Tesl mode cycle 

~HITACHI 

• ~ Don't care 

Reset Normal 
Cycle "1"3 mode 

"1 CBR or RAS only refresh 

"2 rzzn : Don' care 
"3 Address, Din, OE : Don' care 

386 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 

0065-14 

0065-15 



---------------------- HM514400L Series 

• Test Mode Set Cycle (1) 

Address 1///$/$/I/////I/////$/////////$////h 
OPEN 

Dout 
Note *1 tVA : Don' care 

• Test Mode Reset Cycle (2) 

Address ~//////////////ff//////////$//$a 
OPEN 

Dout 

Note *1 rzm : Don' care 
0065-17 

@HITACHI 
Hitachi America, Ltd. * Hitachi Plaza * 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 * (415) 589-8300 387 



HM514400L Series -----------------------------

• RAS Only Refresh Cycle 

IRAS 

Address 

OPEN 
Dout 

• CAS Before RAS Refresh Counter Check Cycle, (READ) 

Dout 

Nole·1 Refresh Address AO~A9 (AXO~AX9) 

·2 rzzz.J : Don' care 

IRP 

Doul 

IROH 
100P 

"1 ~: Don't care 

• HITACHI 
388 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819. (415) 589·8300 

0065-18 

0065-19 



-------------------------------- HM514400L Series 

• CAS Before RAS Refresh Counter Check Cycle, (WRITE) 

Ai 

WE 

Din 

Dout OPEN 

"1 WA : Don't care 

0065-20 

~HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 389 



HM514410 Series 
1,048,576-Word x 4-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514410 is a CMOS dynamic RAM organized 1,048,576 word x 

4-bit. HM514410 has realized higher density, higher performance and various func
tions by employing 0.8 ",m CMOS process technology and some new CMOS circuit 
design technologies. The HM514410 offers Fast Page Mode as a high speed ac
cess mode. 

Multiplexed address input permits the HM514410 to be packaged in standard 
20-pin plastic SOJ and 20-pin plastic ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ................................. 80 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ............................ 495 mW/440 mW/385 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles ................................................ (16 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Test Function 
• Write per Bit Capability 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM5l44IOJP-8 80ns 350 mil 20-pin 
HM5l44IOJP-1O lOOns PlasticSOJ 
HM5l44IOJP-12 l20ns (CP-20DA) 

HM5l44IOZP-8 80ns 400 mil 20-pin 
HM5l44IOZP-1O lOOns Plastic ZIP 
HM5l44IOZP-12 l20ns (ZP-20) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-A9 Refresh Address Input 

Wl/IO\-W4I'I04 Write Select/Data-inlData-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WB/WE Write per Bit/W rite Enable 

OE Output Enable 

Vee Power ( + 5V) 

VSS Ground 

~HITACHI 

Preliminary 

HM514410JP Series 

3DCP20DA 

(CP-20DA) 

HM514410ZP Series 

3DZP20 

(ZP-20) 

• PIN OUT 

HM514410JP Series 

W1/101 

W21102 2 

WSNVE" 3 18 W3II03 
RAS 4 17 CAS 
A9 5 16 OE 

Ao 6 15 A8 

A1 7 14 A7 

A2 8 13 A6 

A3 9 12 AS 

Vcc 10 11 A4 

0067-1 

(Top View) 

HM514410ZP Series 

W411044 

WBlWE8 

A9 

A1 

A3 

A4 

A6 

As 

1 OE 

3 W3II03 

5 Vss 
7 W2I102 
9 RiiS 
11 Ao 

13A2 

15 Vee 

17 As 

19A7 

(Bottom View) 
0067-2 

390 Hitachi America, Ltd. • Hitachi Plaza· 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM514410 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Uuit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss Vcc -1.0to + 7.0 V 

Short Circuit Output Current lout 50 mA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 °C 

Storage Temperature Tstg - 55 to + 125 °C 

• ELECTRICAL CHARACTERISTICS 

• Recommended DC Operating Conditions (T A = 0 to + 70"C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 5.5 V I 

Input High Voltage VJH 2.4 - 6.5 V I 

I (I/O Pin) VIL -1.0 - 0.8 V 1 
Input Low Voltage 

I (Others) VIL -2.0 0.8 V I -

Note: I. All voltage referenced to VSS' 

• DC Electrical Characteristics (TA = 0 to +70"C, vee = 5V ±10%, Vss = OV) 

HM51441O-8 HM51441O-1O HM51441O-12 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current ICC! - 90 - 80 - 70 mA 
RAS, CAS Cycling 

1,2 
tRC = Min 

TTL Interface 
- 2 - 2 - 2 mA RAS, CAS = V JH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- I - I - I mA CAS ~ Vcc - 0.2V, 

Dout = High-Z 

RAS Only Refresh Current ICC3 - 90 - 80 - 70 rnA tRC = Min 2 

RAS = VJH, 
Standby Current ICCS - 5 - 5 - 5 mA CAS = VIL- 1 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 90 80 70 mA tRC = Min Current - - -

Fast Page Mode Current ICC7 - 90 - 80 - 70 mA tpc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 -10 10 p.A OV S Yin S 7V 

Output Leakage Current ILO -10 10 -10 10 -10 10 p.A 
OV S Vout S 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 Vcc 2.4 VCC 2.4 VCC V High lout = - 5 mA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 mA 

Notes: I. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = V IL. 
3. Address can be changed once or less while CAS = VJH. 

• Capacitance (T A = 25"C, Vee = 5V ± 10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cn - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 10 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VJH to disable D out. 

~HITACHI 

Unit 

pF 

pF 

pF 

Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 

Note 

1 

1 

1,2 

391 



HM514410 Series 

• AC Characteristics (TA = 0 to 70'C, Vee = 5V ±10%, Vss = OV)I, 14, 15, 16 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM51441O·8 HM51441O·1O 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 150 - 180 -
RAS Precharge Time tRP 60 - 70 -

RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width tCAS 25 10000 25 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 12 - 15 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH 15 - 20 -

RAS to CAS Delay Time tRCD 22 55 25 75 

RAS to Column Address Delay Time tRAD 17 40 20 55 

RAS Hold Time tRSH 25 - 25 -
CAS Hold Time tCSH 80 - 100 -

CAS to RAS Precharge Time tCRP 5 - 10 -

OE to Din Delay Time tODD 20 - 25 -

OE Delay Time from Din tDZO 0 - 0 -

CAS Setup Time from Din tDZC 0 - 0 -

Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

Read Cycle 

HM51441O·8 HM51441O·1O 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 

Access Time from CAS tCAC - 25 - 25 

Access Time from Address tAA - 40 - 45 

Access Time from OE tOAC - 25 - 25 

Read Command Setup Time tRCS 0 - 0 -
Read Command Hold Time to CAS tRCH 0 - 0 -

Read Command Hold Time to RAS tRRH 10 - 10 -

Column Address to RAS Lead Time tRAL 40 - 45 -

Output Buffer Turn·offTime toFFl 0 20 0 25 

Output Buffer Turn·off Time to OE tOFF2 0 20 0 25 

CAS to Din Delay Time tCDD 20 - 25 -

Write Cycle 

HM51441O·8 HM51441O·1O 
Parameter Symbol 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 -

Write Command Hold Time tWCH 15 - 20 -

Write Command Pulse Width twp 15 - 20 -

Write Command to RAS Lead Time tRwL 25 - 25 -
Write Command to CAS Lead Time tCWL 25 - 25 -

Data·in Setup Time tDS 0 - 0 -

Data·in Hold Time tDH 15 - 20 -

~HITACHI 

HM51441O·12 
Unit Note 

Min Max 

210 - ns 

80 - ns 

120 10000 ns 

30 10000 ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

25 90 ns 8 

20 65 ns 9 

30 - ns 

120 - ns 

10 - ns 

30 - ns 

0 - ns 

0 - ns 

3 50 ns 7 

- 16 ms 

HM51441O·12 
Unit Note 

Min Max 

- 120 ns 2,3,17 

- 30 ns 3,4,13,17 

- 55 ns 3,5,13,16,17 

- 30 ns 17 

0 - ns 

0 - ns 

10 - ns 

55 - ns 

0 30 ns 6 

0 30 ns 6 

30 - ns 

HM51441O·12 
Unit Note 

Min Max 

0 - ns 10 

25 - ns 

25 - ns 

30 - ns 

30 - ns 

0 - ns 11 

25 - ns 11 

392 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005·1819. (415) 589·8300 



HM514410 Series 

Read-Modify-Write Cycle 

HM51441O-8 HM51441O-1O HM51441O-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Read-Modify-Write Cycle Time tRWC 210 - 245 - 285 - ns 

RAS to WE Delay Time tRWD 110 - 135 - 160 - ns 10 

CAS to WE Delay Time tCWD 55 - 60 - 70 - ns 10 

Column Address to WE Delay Time tAWD 70 - 80 - 95 - ns 10 

OE Hold Time from WE tOEH 25 - 25 - 30 - ns 

Refresh Cycle 

HM51441O-8 HM51441O-1O HM514410-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - ns (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tCHR 20 20 25 (CAS Before RAS Refresh Cycle) - - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - ns 

CAS Precharge Time (Normal Mode) tCPN 10 - 10 - 15 - ns 

Fast Page Mode Cycle 

HM51441O-8 HM51441O-1O HM51441O-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 55 - 55 - 65 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - 15 - ns 

Fast Page Mode RAS Pulse Width tRASC - 100000 - 100000 - 100000 ns 12 

Access Time from CAS Precharge tACP - 50 - 50 - 60 ns 13,17 

RAS Hold Time from CAS Precharge tRHCP 50 - 50 - 60 - ns 

Fast Page Mode Read-Modify-Write 
tpCM 105 - 110 - 130 - ns Cycle Time 

CAS Precharge to WE Delay Time tcpw 80 - 85 - 100 - ns 

Test Mode Cycle 

HM514410-8 HM514410-1O HM51441O-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Test Mode WE Setup Time tws 0 - 0 - 0 - ns 

Test Mode WE Hold Time tWH 20 - 20 - 20 - ns 

Counter Test Cycle 

HM51441O-8 HM5144 10-10 HM514410-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT 40 - 50 - 60 - ns Counter Test Cycle 

Write per Bit1S,19 

HM51441O-8 HM51441O-1O HM51441O-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Write per Bit Setup Time tWBS 0 - 0 - 0 - ns 

Write per Bit Hold Time tWBH 12 - 15 - 15 - ns 

Write per Bit Selection Setup Time tWDS 0 - 0 - 0 - ns 

Write per Bit Selection Hold Time tWDH 12 - 15 - 15 - ns 

~HITACHI 
Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 393 



HM514410 Series 

Notes: 1. AC measurements assume tT = 5 ns. 

394 

2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD 2: tRCD (max) and tRAD S tRAD (max). 
5. Assumes that tRCD S tRCD (max) and tRAD 2: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA-
10. twcs, tRWD, leWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs 2: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; iftRWD 2: tRWD (min), tCWD 2: tCWD (min) and tAWD 2: tAWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACp. 
14. An initial pause of 100 pos is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle of CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits-CAO. This test 

mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. Data output pin is 1/03 and data input pin is 1/02. In order to end this test mode operation, perform a RAS only 
refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of tRAe. tCAe. tAA, tOAC and tACP is delayed for 2 ns to 5 ns for the specified value. 
These parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

18. When using the write-per-bit capability, WBIWE must be low as RAS falls. 
19. The data bits to which the write operation is applied can be specified by keeping Wl/IO], W2/I02, W3/I03 and W4/I04 

high with setup and hold time referenced to the RAS negative transition. 

~HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589·8300 



----------------------- HM514410 Series 

• TIMING WAVEFORMS 

• Read Cycle (1) 

tRC 
tRAS 

RAS 
~ II tRP r'\.. 

tT lRSH 
tRCO tCAS tCRP 

tCSH 

CAS 
~ ~ 

tRAO J tRAl 
tAsR I ..... 

tRAH tASC 

~ ~ Column W////~ Address Row Yj//////////h 
tReS ~ tCAH tRCH 

I 
We,WE 'l" / / / / / / / ~.§/ tRRH W/////~ 

tCAC 
tAA tOFFl 

f--

WlIlO' (Ooul 
Hi-Z 

Dout 

JQ4 Din ij'///////h 

tRAe :btOFF2 
tozc to~ tcoo 

Hi-Z 'i"///////g 
tozo tooo 

.1 
OE ~///////////////////~ /////////// ////// 

. WM :Don'tcare 

0067-3 

eHITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 395 



HM514410 Series ------------------------------

• Early Write Cycle (2) 

Address 

WBlWE 

W1,I01 [Din 

W4II04 Dout 

.HITACHI 

• OE : Don' care 
. WA : Don' care 

0067-5 

396 HHachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819 • (415) 589-8300 



HM514410 Series 

• Delayed Write Cycle (3) 

Address 

--WB,WE 

W'r'[Din 
W4II04 Dout ____________ ~------_<I 

. WM : Don't care 

0067-6 

.HITACHI 
Hitachi America, Ltd. 0 Hitachi Plaza 02000 Sierra Point Pkwy. 0 Brisbane, CA 94005-1819 0 (415) 589-8300 397 



HM514410 Series ------------------------------

• Read-Modify-Write Cycle (4) 

Address 

WB,WE 

W1t1[Dln 

W41104 Dout 

• RAS Only Refresh Cycle (5) 

Address 

W1/101 Dout 

I 
W4/104 

• HITACHI 

• ~ :Oon'tcare 

•• OE, WE : Don' care 

• ~ : Don' care 

.. REFRESH ADDRESS: AO-A9 
(AXO-AX9) 

398 Hitachi America, Ltd .• Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819' (415) 589-8300 

0067-7 

0067-8 



-------------------------------- HM514410 Series 

• Hidden Refresh Cycle (6) 

Address 

W1/
1
101 [Dout 

W4/104 Din 

• CAS Before RAS Refresh Cycle (7) 

Address 

W1/101 Dout 

I 
W4/104 

@HITACHI 

'1 : Don't care 
0067-9 

tCRP 

Hi-Z 

~ : Don't care 

0067-10 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819· (415) 589-8300 399 



HM514410 Series -------------------------------

• Fast Page Mode Read Cycle (8) 

ICSH IRHCP 

lASH 

Address 

W1/101 Din 

Hi·Z 
W4/104 Dout ----r;;....=.----(f~:~ .. Dt..;..;;..;~~ 

• ~ : Don't care 

0067-11 

• HITACHI 
400 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 



HM514410 Series 

• Fast Page Mode Early Write Cycle (9) 

RAS 

Address 

WB,WE 

WlII01 [Din 

W4JI04 Dout _____________ -'-'H'-i-Z"-__________ _ 

-BE : Don1care 

-~ : Don' care 

0067-12 

• Fast Page Delayed Write Cycle (10) 

Address 

wr01 [Din 

W41104 Dout Hf.-Z '. ,~" t 
~ : Don' care 

0067-13 

@HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005· 1819· (415) 589·8300 401 



HM514410 Series 

• Fast Page Mode Read-Modify-Write Cycle (11) 

CAS 

Address 

WB/WE 

W1r1 [Dout 

W4/I04 Din 

OE 

• Test Mode Cycle 

WB/WE 

'3 
set cycle Test mode cycle 

~HITACHI 

: Don1care 

Reset Normal 
Cycle '1'3 mode 

" CBR or RAS only refresh 

'2 ~ : Don' care 

'3 Address, Din, OE : Don' care 

402 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 

0067-14 

0067-15 



-------------------------------- HM514410 Series 

• Test Mode Set Cycle (1) 

W1/101 Dout 
I '-"-"-........... .L...II 

W4/104 
Note *1 t2722 : Don't care 

• Test Mode Reset Cycle (2) 

tRC 

--
WB.WE",,--,~-, 

W1/101 Dout 

I 
Note *1 rzz22 : Don't care 

W4/104 
0067-17 

~HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 403 



HM514410 Series 

• RAS Only Refresh Cycle 

Hi-Z 
W1/I01 Dout 

I 
W4/104 

Note *1 Refresh Address AO-A9 (AXO-AX9) 

*2 rzzz:l : Don't care 

0067-18 

• CAS Before RAS Refresh Counter Check Cycle, (READ) 

Ai 

WB/WE 

W1/101 Din 

I 
W4/104 

tCAe 
tom 

Dout-----------------+H-i_-Z----------~~-------D-o-u-t--~--~ 
tOAC 

tROH 

tOEP 

0067-19 

~HITACHI 
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HM514410 Series 

• CAS Before RAS Refresh Counter Check Cycle, (WRITE) 

Ai 

Din 

Dout 
Hi-Z 

OE W////II ///////// /I Don't care /////1//////#//& 
'1 W M : Don't care 

0067-20 

~HITACHI 
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HM514410A Series 
1,048,576-Word x 4-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514410A is a CMOS dynamic RAM organized l,048,576-word x 

4-bit. HM514400A has realized higher density, higher performance and various func
tions by employing 0.8 fLm CMOS process technology and some new CMOS circuit 
design technologies. The HM514410A offers Fast Page Mode as a high speed ac
cess mode. 

Multiplexed address input permits the HM514410A to be packaged in standard 
350 mil 20-pin plastic SOJ, standard 300 mil 20-pin plastic SOJ, standard 400 mil 
20-pin plastic ZIP, 20-pin plastic TSOP I, 20-pin plastic TSOP I reverse type, 20-pin 
plastic TSOP II, and 20-pin plastic TSOP II reverse type. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ............................ 60 ns/70 ns/80 nsl100 ns (max) 
• Low Power Dissipation 

Active Mode .................. 577.5 mW/550 mW/495 mW/440 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles ................................................ (16 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Test Function 
• Write per Bit Capability 

• ORDERING INFORMATION 

Part No. Access Time 

HM5144IOAJ-6 60ns 
HM5144IOAJ-7 70ns 
HM5l44IOAJ-8 80ns 
HM5144IOAJ-1O lOOns 

HM5144IOAS-6 60ns 
HM5144IOAS-7 70ns 
HM51441OAS-8 80ns 
HM5l44IOAS-1O lOOns 

HM51441OAZ-6 60ns 
HM5144IOAZ-7 70ns 
HM5144IOAZ-8 80ns 
HM51441OAZ-1O lOOns 

HM5144IOAT-6 60ns 
HM51441OAT-7 70n8 
HM514410AT-8 80ns 
HM51441OAT-1O lOOns 

HM5144IOAR-6 60ns 
HM5144IOAR-7 70ns 
HM5144IOAR-8 80ns 
HM5144IOAR-1O lOOns 

HM5144IOATT-6 60ns 
HM5144IOATT-7 70ns 
HM5144IOATT-8 80ns 
HM5144IOATT-1O lOOns 

HM514410ARR-6 60ns 
HM5144IOARR-7 70ns 
HM5144IOARR-8 80ns 
HM514410ARR-10 lOOns 

Package 

350 mil 20-pin 
PlasticSOJ 
(CP-20DA) 

300 mil 20-pin 
PlasticSOJ 
(CP-20D) 

400 mil 20-pin 
Plastic ZIP 
(ZP-20) 

20-pin 
Plastic TSOP I 
(TFP-20DA) 

20-pin 
Plastic TSOP I 
Reverse Type 
(TFP-20DAR) 

20-pin 
Plastic TSOP II 
(TTP-20D) 

20-pin 
Plastic TSOP II 
Reverse Type 
(TTP-20DR) 

@HITACHI 

Preliminary 

HM5144lOAJ Series 

3DCP20DA 

(CP-20DA) 

HM5144IOAS Series 

SDCP20D 

(CP-20D) 

HM5144lOAZ Series 

3DZP20 

(ZP-20) 

HM514410AT Series 

3DTFP200A 

(TFP-20DA) 

HM5144lOAR Series 

3DTFP20DAR 

(TFP-20DAR) 

HM5144lOATT Series 

3DTTP20D 

(TTP-20D) 

HM514410ARR Series 

3DTTP20DR 

(TTP-20DR) 
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• PIN OUT 

HM514410AJ Series 
HM514410AS Series 

Hitachi Pin No. JEOEC Pin No. 

AO 

AI 

A2 

AJ 

Vee 

(Top View) 

v" 
W41104 

WlIIOJ 

CAS 

Of 

AS 

AI 

AS 

AS 

A4 

HM514410AT Series 

0149-1 

e~ 23

1 ~ ° ~~~ !~ W3/I03 18 A6 
W4/I04 4 17 AS 

VSS 5 16 A4 

W1/I01 6 15 Vee 
W2/I02 7 14 A3 

WB/WE 8 13 A2 

R!~ 1~ '--__________ ---l t~!~ 

0149-3 

(Top View) 

HM514410A Series 

HM514410AZ Series 

OE 
CAS 

W4/104 
W3/103 

Wl/IOl 
Vss 

WB/WE 
W2/102 

RAS 
A9 10 

AO 
AI 12 

A2 
A3 

A4 16 
Vee 

AS 
A6 IS 

A7 
AS 20 

0149-2 

(Bottom View) 

HM514410AR Series 

RZ~ 1~ ~ ~i~ Z~ WB/WE 8 13 A2 

~~~i~~ ~ 0 i~ t~e 
Vss 5 16 A4 

W4/I04 4 17 AS 

W3/~~ ~ '-0 ___________ --' ~n~ 
0149-4 

(Top View) 

HM514410ATT Series HM514410ARR Series • PIN DESCRIPTION 

W1/I01 1 
W2/I02 2 

WB/WE 3 
RAS4 

A9 5 

AO 6 
A1 7 
A2 8 
A3 9 

Vee 10 

(Top View) 

20 Vss 
19 W4/I04 
18 mI03 
17 eAS 
16 DE 

15 A8 
14 A7 
13 A6 
12 AS 
11 A4 

0149-5 

VSS 20 
114/104 19 
W3/I03 18 

CAS 17 
DE 16 

A8 1S 
A7 14 
A6 13 
AS 12 
A4 11 

(Top View) 

1 W1/I01 
2 112/102 
3 ~WB 
4 RAS 
5 A9 

6 AO 
7 A1 
8 A2 
9 A3 

10 Vec 

0149-6 

~HITACHI 

Pin Name Function 

Ao-AlO Address Input 

Ao-A9 Refresh Address Input 

WI/I01-W4/I04 Data-iniData-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

WBIWE ReadIW rite Enable 

OE Output Enable 

Vee Power ( + 5V) 

Vss Ground 

Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 407 



HM514410A Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to Vss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss VCC -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

VCC 4.5 5.0 5.5 V 1 

Input High Voltage VIR 2.4 - 6.5 V 1 

Input Low I (I/O Pin) V1L -1.0 - O.S V 1 
Voltage I (Others) VIL -2.0 - O.S V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to +70·C, Vee = 5V ± 10%, Vss = OV) 

HM5144IOA-6 HM51441OA-7 HM51441OA-S HM51441OA-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max Min Max 

Operating 
ICCI - 110 - 100 - 90 - SO rnA 

RAS, CAS Cycling 
1,2 

Current tRC = Min 

TTL Interface 
- 2 - 2 - 2 - 2 rnA RAS, CAS = VIR, 

Standby Current ICC2 
DOllt = High-Z 

CMOS Interface RAS, 
- I - 1 - 1 - 1 rnA CAS ~ VCC - 0.2V, 

DOllt = High-Z 

RASOnly 
ICC3 - 110 - 100 - 90 - SO rnA tRC = Min 2 

Refresh Current 

Standby 
RAS = VIR, 

Iccs - 5 - 5 - 5 - 5 rnA CAS = VIL, 1 
Current 

Dout = Enable 

CAS Before 
RAS Refresh ICC6 - 110 - 100 - 90 - 80 rnA tRC = Min 
Current 

Fast Page 
ICC7 - 110 - 100 - 90 - SO rnA tpc = Min 1,3 

Mode Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 p,A OV:s; Vin:S; 7V 

Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 p,A 

OV:s; Vout:S; 7V, 
Current DOllt = Disable 

Output High 
VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA Voltage 

Notes: I. ICC depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed :s; 1 time while RAS = VIL. 
3. Address can be changed :s; 1 time while CAS = VIR. 

~HITACHI 
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• Capacitance (T A = 25°C, Vee = 5V ± 10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) CII - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CI/O - 10 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Doot. 

• AC Characteristics (TA = 0 to + 70°C, Vee = 5V ±10%, Vss = OV)1, 14, 15, 16 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM5144IOA-6 HM5144IOA-7 HM514410A-8 
Parameter Symbol 

Min Max Min Max Min Max 

Random Read or 
tRC 110 130 150 Write Cycle Time - - -

RAS Precharge 
tRP 40 - 50 - 60 -Time 

RAS Pulse Width tRAS 60 10000 70 10000 80 10000 

CAS Pulse Width tCAS 15 10000 20 10000 20 10000 

Row Address 
tASR 0 0 0 

Setup Time - - -

Row Address 
tRAH 10 10 10 

Hold Time - - -

Column Address 
tASC 0 0 0 Setup Time 

- - -

Column Address 
tCAH 15 IS 15 Hold Time 

- - -

RAS to CAS 
tRCD 20 45 20 50 20 60 Delay Time 

RAS to Column 
Address Delay tRAD IS 30 IS 35 15 40 
Time 

RAS Hold Time tRSH 15 - 20 - 20 -
CAS Hold Time !cSH 60 - 70 - 80 -
CAS to RAS Pre-

tCRP 10 10 10 charge Time - - -

OEto D;n 
tODD IS - 20 - 20 -Delay Time 

OE Delay Time 
tDZO 0 - 0 - 0 -fromD;n 

CAS Setup Time 
tDZC 0 - 0 - 0 -fromD;n 

Transition Time 
tT 3 50 3 50 3 50 (Rise to Fall) 

Refresh Period tREF - 16 - 16 - 16 

~HITACHI 

HM514410A Series 

Unit Note 

pF 1 

pF I 

pF 1,2 

HM5144IOA-1O 
Unit Note 

Min Max 

180 - ns 

70 - ns 

100 10000 ns 

25 10000 ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

25 75 ns 8 

20 55 ns 9 

25 - ns 

100 - ns 

10 - ns 

25 - ns 

0 - ns 

0 - ns 

3 50 ns 7 

- 16 ms 
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HM514410A Series -------------------------------

Read Cycle 

HM5144IOA·6 HM5144IOA·7 HM514410A·8 HM5144IOA·1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Access Time 
tRAC 60 70 80 100 

2,3, 
fromRAS - - - - ns 

17 

Access Time 
tCAC 15 20 20 25 

3,4, 
from CAS - - - - ns 13,17 

Access Time 
tAA 30 35 40 45 

3,5, 
from Address - - - - ns 13,17 

Access Time 
tOAC 15 20 20 25 3,17 

fromOE - - - - ns 

Read Command 
tRCS 0 0 0 0 

Setup Time - - - - ns 

Read Command Hold 
tRCH 0 0 0 0 20 

Time to CAS 
- - - - ns 

Read Command Hold 
0 0 0 0 20 

Time to RAS tRRH - - - - ns 

Column Address to 
tRAL 30 35 40 55 

RAS Lead Time 
- - - - ns 

Output Buffer 
tOFF! 0 15 0 20 0 20 0 25 ns 6 

Turn·offTime 

Output Buffer 
tOFF2 0 15 0 20 0 20 0 25 ns 6 

Turn·off to OE 

CAS to Din 
tcoo 15 - 20 - 20 - 25 - ns 

Delay Time 

Write Cycle 

HM5144IOA·6 HM51441OA·7 HM51441OA·8 HM5144IOA·1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Write Command 
twcs 0 0 0 0 10 

Setup Time 
- - - - ns 

Write Command 
tWCH 15 15 15 20 

Hold Time - - - - ns 

Write Command 
twp 10 10 10 20 

Pulse Width 
- - - - ns 

Write Command to 
tRWL 15 20 20 25 

RAS Lead Time - - - - ns 

Write Command to 
tCWL 15 20 20 25 

CAS Lead Time - - - - ns 

Data·in Setup Time tos 0 - 0 - 0 - 0 - ns 11 

Data·in Hold Time tOH 15 - 15 - 15 - 20 - ns 11 

Read-Modify-Write Cycle 

HM51441OA·6 HM5144IOA·7 HM5144IOA·8 HM51441OA·1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Read· Modify· Write 
tRWC 150 - 180 - 200 - 245 - ns 

Cycle Time 

RAS to WE 
tRWO 80 95 105 135 10 

Delay Time - - - - ns 

CAStoWE 
tcwo 35 45 45 60 10 

Delay Time - - - - ns 

Column Address to 
tAWO 50 60 65 80 10 

WE Delay Time 
- - - - ns 

OE Hold Time 
tOEH 15 20 20 25 

from WE 
- - - - ns 

~HITACHI 
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HM514410A Series 

Refresh Cycle 

HM5144IOA-6 HM5144IOA-7 HM51441OA-8 HM5144IOA-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

CAS Setup Time 
(CAS Before RAS tCSR 10 - 10 - 10 - 10 - ns 
Refresh) Cycle 

CAS Hold Time 
(CAS Before RAS tCHR 10 - 10 - 10 - 10 - ns 
Refresh) Cycle 

RAS Precharge to 
tRPC 10 - 10 - 10 - 10 - ns CAS Hold Time 

CAS Precharge to 
tCPN 10 - 10 - 10 - 10 - ns Time in Normal Mode 

Fast Page Mode Cycle 

HM5144IOA-6 HM514410A-7 HM5144IOA-8 HM5144IOA-10 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Fast Page Mode 
tpc 40 - 45 - 50 - 55 - ns 

Cycle Time 

Fast Page Mode CAS 
tcp 10 - 10 - 10 - 10 - ns 

Precharge Time 

Fast Page Mode 
tRASC - 100000 - 100000 - 100000 - 100000 ns 12 

RAS Pulse Width 

Access Time from 
tACP 35 40 45 50 3,13,17 

CAS Precharge 
- - - - ns 

RAS Hold Time from 
tRHCP 35 40 45 50 CAS Precharge 

- - - - ns 

Fast Page Mode Read-
Modify-Write Cycle 

tcpw 55 - 65 - 70 - 85 - ns CAS Precharge to 
WE Delay Time 

Fast Page Mode 
Read-Modify-Write tpCM 80 - 95 - 100 - 110 - ns 
Cycle Time 

Test Mode Cycle 

HM5144IOA-6 HM5144IOA-7 HM51441OA-8 HM51441OA-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Test Mode WE 
tws 0 0 0 0 

Setup Time 
- - - - ns 

Test Mode WE 
tWH 10 10 10 10 Hold Time 

- - - - ns 

Counter Test Cycle 

HM514410A-6 HM51441OA-7 HM5144IOA-8 HM5144IOA-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

CAS Precharge 
Time in Counter tCPT 40 - 40 - 40 - 50 - ns 
Test Cycle 

~HITACHI 
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HM514410A Series 

Write Per Bit18,19 

HM5144IOA·6 HM51441OA·7 HM51441OA·8 HM51441OA·1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Write per Bit 
tWBS 0 0 0 0 ns - - - -

Setup Time 

Write per Bit 
tWBH 10 10 10 15 ns - - - -

Hold Time 

Write per Bit 
Selection tWDS 0 - 0 - 0 - 0 - ns 
Setup Time 

Write per Bit 
Selection tWDS 10 - 10 - 10 - 15 - ns 
Hold Time 

Notes: I. AC measurements assume tT = 5 ns. 

412 

2. Assumes that tRCD :$ tRCD (max) and tRAD :$ tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
4. Assumes that tRCD ~ tRCD (max) and tRAD :$ tRAD (max). 
5. Assumes that tRcD :$ tRCD (max) and tRAD ~ tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between V IH and V IL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAe-
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, tCWD' tAWD and tcpw are not restrictive operating parameters. They are included in the data sheet as electri· 

cal characteristics only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD ~ tRWD (min), tCWD ~ tCWD (min) and tAWD ~ tAWD 
(min), the cycle is a read·modify·write and the data output will contain data read from the selected cell; if neither of the 
above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read·modify·write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP' 
14. An initial pause of 100 fts is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read·modify·write cycles, OE must disable output buffer prior to applying data to the device. 
16. Test mode operation specified in this data sheet is 2·bit test function controlled by control address bits-CAO. This test 

mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of two test bits accord each other, the 
condition of the output data is high level. When the state of test bits do not accord, the condition of the output data is low 
level. In order to end this test mode operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of tRAC, tAA, tCAC, tOAC and tACP is delayed for 2 ns to 5 ns for the specified value. 
These parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

18. When using the write per bit capability, WB/WE must be low as RAS falls. 
19. The data bits to which the write operation is applied can be specified by keeping WlII010 W2/I02, W3/I03, and W4/I04 

high with setup and hold time referenced to the RAS negative transition. 
20. Either tRCH or tRRH shall be satisfied. 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005· 1819. (415) 569·6300 



• TIMING WAVEFORMS 
• Read Cycle 

Wl/101 

tT 

Hi h-Z 

[
D.ou_t =,..--t...:.::..:..:=.RAC _--..1 

7777777: toze 

In High-Z 

W41104 

tozo 

~HITACHI 

HM514410A Series 

tCRP 

tOFFl 

* ~ : Don't care 

0149-7 
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HM514410A Series 

• Early Write Cycle 

Address 

Wl/101 

tCRP 

[

in 

High-Z 
out------------------------------~~~-----------------------------------

W4/104 

@HITACHI 

* ~ : Don't care 

DE: Don't care 

414 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 
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HM514410A Series 

• Delayed Write Cycle 

Address 

Wl1101 

[

Din 

out 
W4/104 

.. 
• ~ : Don't care 

•• Invalid Dout comes out, when DE is low level. 

0149-9 

@HITACHI 
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HM514410A Series 

• Read-Modify-Write Cycle 

Address 

Wl/101 

[

Din 

out---------------1--------~ 
High-Z 

W4/104 tOAC 

* ~ : Don't care 

0149-10 

~HITACHI 
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HM51441DA Series 

• RAS Only Refresh Cycle 

Address Row 

W1/101 I Dout __________________________ H~ig~h_-~Z ________________________________ __ 

W4/104 

• CAS Before RAS Refresh Cycle 

W1/101 

I 
W4/104 

~HITACHI 

* OE, WE : Don't care 

** ~ : Don't care 

* * * Refresh add ress : AD - A9 (AXO - AX9) 

0149-11 

* ~ : Don't care 

** WE : VIH 

*** OE : Don't care 

0149-12 
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HM514410A Series -------------------------------

• Hidden Refresh Cycle 

Wl/101 

[;0 7T7T.""'"';:&-lt_D_zc __ -+-_--.:..:.:..:z.:.:....::... ____ D_o_u_t _____ ----'f--_l~~1Z 
W41104 

* ~ : Don't care 

0149-13 

~HITACHI 
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HM514410A Series 

• Fast Page Mode Read Cycle 

Address 

WSIWE 

Wl/101 

W4/104 

* ~ : Don't care 

0149-14 

@HITACHI 
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HM514410A Series ----------------------------

• Fast Page Mode Early Write Cycle 

Wl/101 

High-Z 
Dout -----------------~----------------------------------------

W4/104 
* OE : Don't care 

** ~ : Don't care 

0149-15 

• HITACHI 
420 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM514410A Series 

• Fast Page Delayed Cycle 

te? 

Address 

WBtwE 

Wl/101 

[

Din 

High·Z 
Dout--------------------------------------------------------------+---------

W41104 

• ~ : Don't care 

0149-16 

~HITACHI 
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HM514410A Series -------------------------------

• Fast Page Mode Read-Modify Write Cycle 

Address 

WBrwE 

Din 

tOEH 

Dout----------~~~--(lDlou1lIH-----------+--~T-~DOlu~.rr----~~--~~----

W4/104 

• ~ : Don't care 
0149-17 

~HITACHI 
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• Test Mode Cycle 

Test Mode e 

• Test Mode Set Cycle 

Address 

Dout 

Wl/101 

I 
W41104 

~HITACHI 

HM514410A Series 

• * ** , 

* CBR or RAS only refresh 

** ~ : Don't care 

*** Address, Din, OE : Don't care 

* ~ : Don't care 

0149-18 

0149-19 
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HM514410A Series -----------------------------

• CAS Before RAS Refresh Cycle 

WtllOl 

I 
W4II04 

• RAS Only Refresh Cycle 

Address 

Dout 

WtllOl 

I 
W4/104 

tT 

High-Z 

tcRP 
tCSR 

* ~ : Don't care 

* Refresh Address AO - A9 (AXO - AX9) 

** ~ : Don't care 

$ HITACHI 
424 Hitachi America, Ltd. 0 Hitachi Plaza 02000 Sierra Point Pkwy. 0 Brisbane, CA 94005-1819 0 (415) 589-8300 

0149-20 
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HM514410A Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 

tCSR 

Address 

WBfWE 

W11101 
teDD 

[:~:t ______________ -r ____________ +-________ ~:/--------D-o-u-t----------t-O-F-F-'~1 
W41104 

• ~ : Don't care 

0149-22 

@HITACHI 
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HM514410A Series -------------------------------

• CAS Before RAS Refresh Counter Check Cycle (Write) 

Dout 
W4/104 

High-Z 

~HITACHI 

* ~ : Don't care 

426 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819' (415) 589-8300 

0149-23 



HM514800 Series 
524,288-Word x 8-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514800 are CMOS dynamic RAM organized as 524,288-word x 

8-bit. HM514800 have realized higher density, higher performance and various func
tions by employing 0.8 ",m CMOS process technology and some new CMOS circuit 
design technologies. The HM514800 ofter Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514800 to be packaged in standard 
400 mil 28-pin plastic SOJ, standard 400 mil 28-pin plastic ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time .................................. 70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ............................ 605 mW/550 mW/495 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
·1,024 Refresh Cycles ................................................ (16 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• ORDERING INFORMATION • PIN OUT 

Part No. Access Time Package HM514800JP Series 

HM514SooJP-7 70ns 400 mil2S-pin 
HM514SooJP-S SOns Plastic SOJ 
HM514SooJP-10 lOOns (CP-2SD) 

Vee V" 

1/00 1/07 

1/06 

HM514SooZP-7 70ns 400 mil 2S-pin 1/05 

HM514SooZP-S SOns Plastic ZIP 1/03 I/o. 
HM514SooZP-1O lOOns (ZP-2S) NC CAS 

Of 
• PIN DESCRIPTION Ne 

Pin Name Function 
A8 

AO A7 

Ao-A9 Address Input A6 

-Row Address Ao-A9 A2 A5 

-Column Address Ao-A8 A3 A. 

-Refresh Address Ao-A9 Vee VSS 

I10o-I/07 Data-inlData-out 
0077-1 

RAS Row Address Strobe (Top View) 
CAS Column Address Strobe 

WE ReadIWrite Enable 

OE Output Enable 

Vee Power ( + 5V) 

VSS Ground 

Preliminary 

HM514800JP Series 

3DCP28D 

(CP-28D) 

HM514800ZP Series 

HM514800ZP Series 

m 1 OE 
2 

3 1/04-
1/05 • 5 1/06 
1/07 • 7 Vss 
Vee 8 

1/01 
9 1/00 

10 
11 1/02 

1/03 12 
13 NC 

WE I. 
15 RAS 

A9 " 17 AD 
Al 18 

19 A2 
A3 20 

Vss 22 
21 Vee 

23 A4 
A5 2. 

25 AS 
A7 2. 

27 AS 
Ne 28 

0077-2 

(Bottom View) 

Preliminary: This document contains information on a new product. Specifications and information contained herein are subject 
to change without notice. 

~HITACHI 
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HM514800 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss vcc -1.0to +7.0 V 

Short Circuit Output Current lout 50 mA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto +70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

VCC 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low I (I/O Pin) VIL -1.0 - O.S V I 

Voltage I (Others) VIL -2.0 - O.S V I 

Notes: 1. All voltage referenced to Vss. 

• DC Electrical Characteristics (TA = 0 to + 70°C, Vee = 5V ±10%, Vss = OV) 

HM5148oo-7 HM514Soo-S HM514800-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current ICC! - 110 - 100 - 90 mA 
RAS, CAS Cycling 

1,2 
tRC = Min 

TTL Interface 
- 2 - 2 - 2 mA RAS, CAS = VIH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface, RAS, 
- I - I - I mA CAS :!: V CC - 0.2V, 

Dout = High-Z 

RAS Only Refresh Current ICC3 - 110 - 100 - 90 rnA tRC = Min 2 

RAS = VIH, 
Standby Current ICC5 - 5 - 5 - 5 mA CAS = VIL, I 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 110 100 90 mA tRC = Min 

Current 
- - -

Fast Page Mode Current ICC7 - 110 - 100 - 90 mA tpc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 -10 10 p.A OV:s Vm:S 7V 

Output Leakage Current ILO -10 10 -10 10 -10 10 p.A 
OV :S Vout :S 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 Vcc 2.4 Vcc 2.4 VCC V High lout = - 5 mA 

Output Low V oitage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 mA 

Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = V IL. 
3. Address can be changed once or less while CAS = VIH' 

~HITACHI 
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• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max Unit 

Input Capacitance (Address) Cn - 5 pF 

Input Capacitance (Clocks) Cl2 - 7 pF 

Output Capacitance (Data-in, Data-out) CliO - 10 pF 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Doul' 

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV)1, 14, 15 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM514Soo-7 HM514Soo-S 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 130 - 150 -
RAS Precharge Time tRP 50 - 60 -
RAS Pulse Width tRAS 70 10000 SO 10000 

CAS Pulse Width tCAS 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 -

Row Address Hold Time tRAH 10 - 10 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH 15 - 15 -
RAS to CAS Delay Time tRCD 20 50 20 60 

RAS to Column Address Delay Time tRAD 15 35 15 40 

RAS Hold Time tRSH 20 - 20 -

CAS Hold Time tCSH 70 - SO -
CAS to RAS Precharge Time tCRP 10 - 10 -
OE to Din Delay Time toDD 20 - 20 -
OE Delay Time from Din tDZO 0 - 0 -
CAS Setup Time from Din tDZC 0 - 0 -
Transition Time (Rise aud Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

Read Cycle 

HM514Soo-7 HM514S00-S 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 70 - SO 

Access Time from CAS tCAC - 20 - 20 

Access Time from Address tAA - 35 - 40 

Access Time from OE toAC - 20 - 20 

Read Commaud Setup Time tRCS 0 - 0 -
Read Command Hold Time to CAS tRCH 0 - 0 -

Read Command Hold Time to RAS tRRH 0 - 0 -
Column Address to RAS Lead Time tRAL 35 - 40 -
Output Buffer Turn-off Time tOFF! 0 15 0 15 

Output Buffer Turn-off to OE toFF2 0 15 0 15 

CAS to Din Delay Time tCDD 15 - 15 -

~HITACHI 

HM514Soo-1O 

Min Max 

ISO -

70 -
100 10000 

25 10000 

0 -

15 -

0 -

20 -

25 75 

20 55 

25 -

100 -

10 -

25 -
0 -

0 -

3 50 

- 16 

HM514Soo-1O 

Min Max 

- 100 

- 25 

- 45 

- 25 

0 -

0 -

0 -
55 -
0 20 

0 20 

20 -

HM514800 Series 

Note 

I 

I 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns S 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 

Unit Note 

ns 2,3 

ns 3,4,13 

ns 3,5,13 

ns 

ns 

ns 

ns 

ns 

ns 6 

ns 6 

ns 
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HM514800 Series 

Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data-in Setup Time 

Data-in Hold Time 

Read-Modify-Write Cycle 

Parameter 

Read-Modify-Write Cycle Time 

RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 

OE to Hold Time from WE 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

CAS Precharge Time in Normal Mode 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Fast Page Mode Read-Modify-
Write Cycle CAS Precharge 
to WE Delay Time 

Fast Page Mode Read-Modify-
Write Cycle Time 

Counter Test Cycle 

Parameter Symbol 

CAS Precharge Time in 
!cPT Counter Test Cycle 

HM514Soo-7 HM514S00-S 
Symbol 

Min Max Min Max 

twcs 0 - 0 -

tWCH 15 - 15 -

twp 10 - 10 -

tRwL 20 - 20 -

tCWL 20 - 20 -

tDS 0 - 0 -

tDH 15 - 15 -

HM514Soo-7 HM514Soo-S 
Symbol 

Min Max Min Max 

tRWC ISO - 200 -

tRWD 95 - 105 -

tCWD 45 - 45 -

tAWD 60 - 65 -

tOEH 20 - 20 -

HM514Soo-7 HM514Soo-S 
Symbol 

Min Max Min Max 

tCSR 10 - 10 -

tCHR 10 - 10 -

tRPC 10 - 10 -

tCPN 10 - 10 -

HM514S00-7 HM514S00-S 
Symbol 

Min Max Min Max 

tpc 45 - 50 -

tcp 10 - 10 -

tRASC - 100000 - 100000 

tACP - 40 - 45 

tRHCP 40 - 45 -

tcpw 65 - 70 -

tpCM 95 - 100 -

HM514S00-7 HM514Soo-S 

Min Max Min Max 

50 - 50 -

• HITACHI 

HM514S00-1O 
Unit 

Min Max 

0 - ns 

20 - ns 

20 - ns 

25 - ns 

25 - ns 

0 - ns 

20 - ns 

HM514S00-1O 
Unit 

Min Max 

245 - ns 

135 - ns 

60 - ns 

SO - ns 

25 - ns 

HM514S00-1O 
Unit 

Min Max 

10 - ns 

10 - ns 

10 - ns 

10 - ns 

HM514Soo-1O 
Unit 

Min Max 

55 - ns 

10 - ns 

- 100000 ns 

- 50 ns 

50 - ns 

S5 - ns 

110 - ns 

HM514S00-1O 
Unit 

Min Max 

50 - ns 

430 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 
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11 

Note 

10 

10 

10,13 

Note 

Note 

12 

3,13 

Note 



HM514800 Series 

Notes: I. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD :s; tRCD (max) and tRAD :s; tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
4. Assumes that tRCD <!: tRCD (max) and tRAD :s; tRAD (max). 
5. Assumes that tRCD :s; tRCD (max) and tRAD <!: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VlH (min) and V1L (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VlH and VIL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, tcwD and tAwD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs <!: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRwD <!: tRWD (min), tCWD <!: tcwD (min), tAWD <!: tAWD (min) and 
tcpw <!: tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP' 
14. An initial pause of 100 p.s is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. Either tRCH or T RRH must be satisfied for a read cycle . 

• HITACHI 
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HM514800 Series ------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

~---------------------~--------------------~ 
--------~I ~---------~AS-------------~ 

RAS 

,:1------~SH----~ 
-_ ..... ---tcAs f+f-+-

~-----~~tcSH--------~ 

CAS 

--+-:--:----- ~AL------+-i 

Address 

WE 

tcAC 
tAA 

Dout 
High-Z 

~c 

~n 
High-Z 

OE 

• ~ = Don't Care 

ocm-3 

• HITACHI 
432 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-t 819· (415) 589-8300 



HM514800 Series 

• Early Write Cycle 

RAS 

CAS 

Address 

WE 

~---------------------~c------------------~ 
f---------------~AS---------------O>j 

I:---------~SH---------I 
-~. ----\cAS------l 

f------------+--\cSH--------------~ 

i+--------twcH--------I 

=1=" '"?~ Din~"_ _____ [),_'n ____ ~....J _ 

High-Z 

@HITACHI 

• ~ :;:; Don't Care 

OE = Don't Care 
0077-4 
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HM514800 Series 

• Delayed Write Cycle 

Itlc 
ItlAS 

RAS 

tT 

·1 : 
ItlsH 

ItlCD teAS 
teSH 

CAS 

Address 

WE 

OE 

• ~ = Don't Care 

··'nvalid Dout comes out, when OE is low level. 

0077-5 

• HITACHI 
434 Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



HM514800 Series 

• Read-Modify-Write Cycle 

RAS 

CAS 

Address 

WE 

I1n 

Dout --------+-----() 

OE 

• ~ = Don't Care 

0077-6 

$ HITACHI 
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HM514800 Series ------------------------------

• RAS Only Refresh Cycle 

1+---ItlAS----I~ 

RAS 

CAS 

High-Z 

Dout ------------------~~~--------------------------------------------

• CAS Before RAS Refresh Cycle 

RAS 

CAS 

Address 

High-Z 

• HITACHI 

• <>E, WE = Don't Core 

•• I?Z2J = Don't Care 

••• Refresh address: AD - AS (AXD - AXS) 

• FZJ = Don't Care 

•• WE = ¥IH 

436 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819 • (415) 589-8300 

oon-7 

0077-8 



HM514800 Series 

• Hidden Refresh Cycle 

RAS 

CAS 

Address 

WE 

Dout -------+-<J 

OE 

• ~ = Don't Care 

0077-9 

~HITACHI 
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HM514800 Series -------------------------------

• Fast Page Mode Read Cycle 

~----------------------~ASC----------------------~ 

RAS 

CAS 

Address 

WE 

~n 

DE 

• ~ = Don't Car. 

0077-10 

.HITACHI 
438 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 



HM514800 Series 

• Fast Page Mode Early Write Cycle 

RAS 

CAS 

Address 

WE 

I1n 

D High-Z 

out ----------------------~~~-------------------------------------

$ HITACHI 

OE = Don't Care 

"FZ2I= Don't Care 

0077-11 
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HM514800 Series ------------------------------

• Fast Page Mode Delayed Write Cycle 

RAS 

CAS 

Address 

WE 

~n -------(V, 

Dout ------~----~~~--------------+-----

OE 

$ HITACHI 

• ~ = Don't ear. 

oon-12 

440 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



HM514800 Series 

• Fast Page Mode Read-Modify-Write Cycle 

RAS 

CAS 

Address 

WE 

D;n 

Dout ----+-+-f 

OE 

• ~ = Don't Care 

0077-13 

~HITACHI 
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HM514800 Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 

RAS 

CAS 

Address 

WE 

Dout --------------~----~~~--+-------~ 

DE 

~HITACHI 

• ~= Don't Cara 

0077-14 
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------------------------------- HM514800 Series 

• CAS Before RAS Refresh Counter Check Cycle (Write) 

RAS 

CAS 

Address 

WE 

~n 

High-Z 

Dout ----------------------------~-----------------------------------

$HITACHI 

• ~= Don't Care 

oon-15 
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H M 514800 L Series Low Power Version 

524,288-Word x 8-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514800 are CMOS dynamic RAM organized as 524,288-word x 

8-bit. HM514800 have realized higher density, higher performance and various func
tions by employing 0.8 /Lm CMOS process technology and some new CMOS circuit 
design technologies. The HM514800 offer Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514800 to be packaged in standard 
400 mil 28-pin plastic SOJ, standard 400 mil 28-pin plastic ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time .................................. 70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ............................ 605 mW/550 mW/495 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles ............................................... (128 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Battery Back-up Operation 

• ORDERING INFORMATION • PIN OUT 

Part No. Access Time Package HM514800UP Series 

HM514SooLJP-7 70ns 400 mil2S-pin 
HM514S00LJP-S SOns Plastic SOJ Vee Vss 

HM514SooLJP-1O lOOns (CP-2SD) 1/00 1/07 

HM514SooLZP-7 70ns 400 mil2S-pin 
HM5148ooLZP-8 SOns Plastic ZIP 
HM514SooLZP-1O lOOns (ZP-28) 

1/01 1/06 

1/02 1/05 

1/03 1/04 

NC CAS 

• PIN DESCRIPTION 
i5E 

"AS NC 

Pin Name Function A9 A8 

Ao-A9 Address Input 
-Row Address Ao-A9 

AO A7 

Al A6 

-Column Address Ao-As A2 A5 

-Refresh Address Ao-A9 A3 A4 

1/0 0-1/07 Data-in/Data-out Vee Vss 

RAS Row Address Strobe 0076-1 

CAS Column Address Strobe (Top View) 

WE Read/Write Enable 

OE Output Enable 

Vee Power ( + 5V) 

VSS Ground 

~HITACHI 

Preliminary 

HM514800UP Series 

3DCP28D 

(CP-28D) 

HM514800LZP Series 

3DZP2B 

(ZP-28) 

HM514800LZP Series 

CAS 

1/05 

1/07 

Vee 

1/01 

WE 

A3 

Vss 

A5 

A7 

Ne 

2 

4 

6 

8 

10 

Ne 

0076-2 

(Bottom View) 
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HM514800L Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss Vcc -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 'C 

Storage Temperature Tstg - 55 to + 125 'C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low I (I/O Pin) VIL -1.0 - O.S V I 

Voltage I (Others) VIL -2.0 - O.S V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV) 

HM514S00-7 HM514Soo-S HM514Soo-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current ICC! - 110 - 100 - 90 rnA 
RAS, CAS Cycling 

1,2 
tRC = Min 

TTL Interface 
- 2 - 2 - 2 rnA RAS, CAS = VIH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- 200 - 200 - 200 IJ.A CAS;!: VCC - 0.2V, 

Dout = High-Z 

RAS Only Refresh Current ICC3 - 110 - 100 - 90 rnA tRC = Min 2 

RAS = VIH, 
Standby Current ICC5 - 5 - 5 - 5 rnA CAS = VIL, I 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 110 100 90 rnA tRC = Min Current - - -

Fast Page Mode Current ICC7 - 110 - 100 - 90 rnA tpc = Min 1,3 

Battery Back-up 
Standby: CMOS Interface 

Current 
Dout = High-Z 

(Standby with ICCIO - 300 - 300 - 300 IJ.A CBR Refresh: tRC = 125 IJ.s 4 

CBR Refresh) ~s:S IlJ.s,CAS = VIL 
WE = VIH 

Input Leakage Current ILl -10 10 -10 10 -10 10 IJ.A OV :S Yin :S 7V 

Output Leakage Current ILO -10 10 -10 10 -10 10 IJ.A 
OV :S Vout :S 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: I. ICC depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL. 
3. Address can be changed once or less while CAS = VIH. 
4. VIH 2: Vcc - O.2V, VIL :S O.2V. 

• HITACHI 
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HM514800L Series 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max Unit 

Input Capacitance (Address) CII - 5 pF 

Input Capacitance (Clocks) CI2 - 7 pF 

Output Capacitance (Data-in, Data-out) CliO - 10 pF 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Dout. 

• AC Characteristics (T A = 0 to + 70'C, Vee = 5V ± 10%, Vss = OV)1, 14, 15 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM514S00-7 HM514S00-S 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 130 - 150 -
RAS Precharge Time tRP 50 - 60 -
RAS Pulse Width tRAS 70 10000 SO 10000 

CAS Pulse Width teAS 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 -

Row Address Hold Time tRAH 10 - 10 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH 15 - 15 -
RAS to CAS Delay Time tRCD 20 50 20 60 

RAS to Column Address Delay Time tRAD 15 35 15 40 

RAS Hold Time tRSH 20 - 20 -

CAS Hold Time tCSH 70 - SO -
CAS to RAS Precharge Time tCRP 10 - 10 -
OE to Din Delay Time tODD 20 - 20 -
OE Delay Time from Din tDZO 0 - 0 -
CAS Setup Time from Din tDZC 0 - 0 -
Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 12S - 12S 

Read Cycle 

HM514S00-7 HM514S00-S 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 70 - SO 

Access Time from CAS teAC - 20 - 20 

Access Time from Address tAA - 35 - 40 

Access Time from OE tOAC - 20 - 20 

Read Command Setup Time tRCS 0 - 0 -
Read Command Hold Time to CAS tRCH 0 - 0 -

Read Command Hold Time to RAS tRRH 0 - 0 -
Column Address to RAS Lead Time tRAL 35 - 40 -

Output Buffer Turn-off Time tOFF! 0 15 0 15 

Output Buffer Turn-off to OE tOFF2 0 15 0 15 

CAS to Din Delay Time tCDD 15 - 15 -

@HITACHI 

HM514S00-1O 

Min Max 

ISO -

70 -

100 10000 

25 10000 

0 -

15 -

0 -

20 -
25 75 

20 55 

25 -

100 -

10 -

25 -
0 -

0 -

3 50 

- 125 

HM514S00-1O 

Min Max 

- 100 

- 25 

- 45 

- 25 

0 -

0 -

0 -
55 -

0 20 

0 20 

20 -

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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HM514800L Series 

Write Cycle 

HM514800-7 HM514800-8 HM514800-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 15 - 20 - ns 

Write Command Pulse Width twp 10 - 10 - 20 - ns 

Write Command to RAS Lead Time tRWL 20 - 20 - 25 - ns 

Write Command to CAS Lead Time tCWL 20 - 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - ns 11 

Data-in Hold Time tDH 15 - 15 - 20 - ns 11 

Read-Modify-Write Cycle 

HM514800-7 HM514800-8 HM514800-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Read-Modify-Write Cycle Time tRWC 180 - 200 - 245 - ns 

RAS to WE Delay Time tRWD 95 - 105 - 135 - ns 10 

CAS to WE Delay Time lewD 45 - 45 - 60 - ns 10 

Column Address to WE Delay Time IAWD 60 - 65 - 80 - ns 10,13 

OE Hold Time from WE toBH 20 - 20 - 25 - ns 

Refresh Cycle 

HM514800-7 HM514800-8 HM514800-10 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - ns 

(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tcHR 10 (CAS Before RAS Refresh Cycle) - 10 - 10 - os 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - ns 

CAS Precharge Time in Normal Mode tCPN 10 - 10 - 10 - ns 

Fast Page Mode Cycle 

HM514800-7 HM514800-8 HM514800-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 45 - 50 - 55 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - 10 - ns 

Fast Page Mode RAS Pulse Width tRASC - 100000 - 100000 - 100000 ns 12 

Access Time from CAS Precharge tACP - 40 - 45 - 50 ns 3,13 

RAS Hold Time from CAS Precharge tRHCP 40 - 45 - 50 - ns 

Fast Page Mode Read-Modify-
Write Cycle CAS Precharge tcpw 65 - 70 - 85 - ns 
to WE Delay Time 

Fast Page Mode Read-Modify-
tpCM 95 - 100 - 110 - os 

Write Cycle Time 

Counter Test Cycle 

HM514800-7 HM514800-8 HM514800-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Precharge Time in 
!cPT 50 - 50 - 50 - ns 

Counter Test Cycle 

• HITACHI 
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HM514800L Series 

Notes: 1. AC measurements assume tT = 5 ns. 

448 

2. Assumes that tRCD :s tRCD (max) and tRAD :s tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
4. Assumes that tRCD ~ tRCD (max) and tRAD :s tRAD (max). 
5. Assumes that tRCD :s tRCD (max) and tRAD ~ tRAD (max). 
6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRwD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD ~ tRWD (min), tCWD ~ tCWD (min), tAWD ~ tAWD (min) and 
tcpw ~ tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP. 
14. An initial pause of 100 I'-s is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimnm of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output butTer prior to applying data to the device. 
16. Either tRCH or TRRH must be satisfied for a read cycle. 

~HITACHI 
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• TIMING WAVEFORMS 
• Read Cycle 

RAS 

CAS 

Address 

WE 

OE 

HM514800L Series 

~--------------------------tRC--------------------------~ 

~------------------tRAS------------------~ 

r:o---------- tRsH -----------l 
-----.+-~--- tCAS ~~--

~------------~-tCSH------------------l 

---1--+-+--------- tRAl-------------++I 

tCAC-----+i 
t--+------tAA--------~ 

High-Z 

@HITACHI 

* ~ = Don't Care 

0076-3 
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HM514800L Series -----------------------------

• Early Write Cycle 

RAS 

CAS 

Address 

~-------------------------tRC----------------------~ 

t-----------------tRAs-----------------J 

1:---------tRsH'---------~ --.... t-----tCAs----J 
t--------------~-tcsH----------------~ 

f+-----tWCH----------~ 

D" WIL,-__ tD_S ___ Din __ tD_H_~ ...... 

450 

High-Z 

~HITACHI 

• ~ =- Don't Care 

DE = Don't Care 

0074-4 
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HM514800L Series 

• Delayed Write Cycle 

t RC 

t RAS 

RAS 

tT 

-, : t RSH 

t RCD tCAS 

tCSH 

• ~ = Don't Care 

.. Invalid Dout comes out. when DE is low level. 

0076-5 
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HM514800L Series 

• Read-Modify-Write Cycle 

CAS 

Address 

Dout ----------------+---------{I 

• ~ = Don't Care 

0076-6 
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• RAS Only Refresh Cycle 

RAS 

CAS 

Address 

• CAS Before RAS Refresh Cycle 

RAS 

Address 

HM514800L Series 

~----------------tRC------------~ 

1---tRAS---~ 

High-Z 

High-Z 

• HITACHI 

OE. WE = Don't Care 

~ = Don't Care 

••• Refresh address: AO - A9 (AX a - AX9) 

* ~ = Don't Care 

WE = V1H 

0076-7 

0076-6 
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HM5148DDL Series 

• Hidden Refresh Cycle 

• ~ = Don't Care 

0076-9 

~HITACHI 
454 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



HM514800L Series 

• Fast Page Mode Read Cycle 

• ~ = Don't eare 

0076-10 
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HM514800L Series 

• Fast Page Mode Early Write Cycle 

High-Z 

Dout ------------------------~~~--------------------------------------

456 
• HITACHI 

OE = Don't Care 

•• E'ZJ = Don It Care 
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• Fast Page Mode Delayed Write Cycle 

.HITACHI 

HM514800L Series 

• ~= Don't Care 
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HM514800L Series 

• Fast Page Mode Read-Modlfy-Write Cycle 

Address 

Dout ----+-+--4 

• ~ = Don't eare 

0076-13 
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• CAS Before RAS Refresh Counter Check Cycle (Read) 

Address 

Dout ----------------~----~----~--------~ 

• HITACHI 

HM514800L Series 

• I?'ZJ = Don't Care 
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HM514800L Series -----------------------------

• CAS Before RAS Refresh Counter Check Cycle (Write) 

High-Z 

Dout ------------------------------~------------------------------------

.HITACHI 

• ~= Don't Care 

0076-15 
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HM514900 Series --------- Preliminary 
524,288-Word x 9-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514900 are CMOS dynamic RAM organized as 524,288-word x 

9-bit. HM514900 have realized higher density, higher performance and various func
tions by employing 0.8 ",m CMOS process technology and some new CMOS circuit 
design technologies. The HM514900 offer Fast Page Mode as a high speed access 
mode. 

Multiplexed address input permits the HM514900 to be packaged in standard 
400 mil 28-pin plastic SOJ, standard 400 mil 28-pin plastic ZIP. 

• FEATURES 
• Single 5V (± 10%) 
• High Speed 

Access Time .................................. 70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ............................ 605 mW/550 mW/495 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles ................................................ (16 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• ORDERING INFORMATION • PIN OUT 

Part No. Access Time Package HM514900JP Series 

HMSI4900JP-7 
HMSI49OOJP-8 
HMSI49OOJP-1O 

HMSI49OOZP-7 
HMSI49OOZP-8 
HMSI49OOZP-1O 

• PIN DESCRIPTION 

Pin Name 

Ao-A9 

l/Oo-I/Og 

RAS 

CAS 

WE 

OE 

Vee 

VSS 

70ns 400 mil 28-pin 
80ns PlasticSOJ 

lOOns (CP-28D) 

70ns 400 mil 28-pin 
80ns Plastic ZIP 

lOOns (ZP-28) 

Function 

Address Input 
-Row Address Ao-A9 
-Column Address Ao-Ag 
-Refresh Address Ao-A9 

Data-in/Data-out 

Row Address Strobe 

Column Address Strobe 

Read/Write Enable 

Output Enable 

Power(+ SV) 

Ground 

28p Vss 
27PIl08 
LE·::J I107 

!/G?G4 ?5PI/06 
J/u3 24PI/05 
I104 6 23bcAS 

1-
WE 2200E 

HAS 21pNC 
A9 20PA8 

~~ ~~~p~~ 
A3q13 16 A4 

Vee Cllc;!..;,,4 __ ....;;,15"" Vss 

0092-1 

(Top View) 

• HITACHI 

HM514900JP Series 

3DCP28D 

(CP-28D) 

HM514900ZP Series 

HM514900ZP Series 

CAS I' Of 
2 3 II05 

1106 4 5 1107 
1/08 6 7 Vss 

Vee 8 9 IICO 
1/01 10 11 1102 
1103 12 

1104 
~ 14 =13 

RAS 
A9 

= 15 
16= 17 AO 

A1 18 =19 A2 
A3 20 21 V" Vss 22= 23 A4 
~5 

24r:J:j25 A6 
A7 26 27 A8 
tJC 28 

0092-2 

(Bottom View) 
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HM514900 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT - 1.0 to + 7.0 V 

Supply Voltage Relative to V ss Vcc -1.0to + 7.0 V 

Short Circuit Output Current lout SO rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Tope Oto +70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Uuit Note 

Vss 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 S.s V I 

Input High Voltage VIR 2.4 - 6.5 V I 

Input Low I (I/O Pin) VIL -1.0 - O.S V ! 

Voltage I (Others) VIL -2.0 - O.S V ! 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV) 

HMS14900-7 HMSI4900-S HMSI4900-1O 
Parameter Symbol Unit Test Conditions Note 

Mm Max Min Max Min Max 

Operating Current ICC! - 110 - 100 - 90 mA 
RAS, CAS Cycling 

1,2 
tRc = Min 

TIL Interlace 
- 2 - 2 - 2 rnA RAS, CAS = VIR, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface, RAS, 
- I - I - I rnA CAS ~ Vcc - 0.2V, 

Dout = High-Z 

RAS Only Refresh Current ICC3 - 110 - 100 - 90 mA tRC = Min 2 

RAS = VIR, 
Standby Current ICC5 - 5 - 5 - 5 mA CAS = VIL, I 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 110 100 90 rnA tRC = Min Current - - -

Faat Page Mode Current ICC7 - 110 - 100 - 90 rnA tpc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 -10 10 /LA OV:s Vin:S 7V 

Output Leakage Current ILO -10 10 -10 10 -10 10 /LA 
OV :S Vout :S 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 Vcc 2.4 VCC V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL. 
3. Address can be changed once or less while CAS = VIR' 

• HITACHI 
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• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) CII - 5 

Input Capacitance (Clocks) CJ2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 10 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable DOU!' 

• AC Characteristics (TA = 0 to + 70'C, Vee = 5V ± 10%, Vss = OV)1. 14, 15 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM514900-7 HM514900-8 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 130 - 150 -

RAS Precharge Time tRP 50 - 60 -

RAS Pulse Width tRAS 70 10000 80 10000 

CAS Pulse Width tCAS 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 -

Row Address Hold Time tRAH 10 - 10 -

Column Address Setup Time tASC 0 - 0 -

Column Address Hold Time tCAH 15 - 15 -

RAS to CAS Delay Time tRCD 20 50 20 60 

RAS to Column Address Delay Time tRAD 15 35 15 40 

RAS Hold Time tRsH 20 - 20 -

CAS Hold Time tCSH 70 - 80 -

CAS to RAS Precharge Time tCRP 10 - 10 -

OE to Din Delay Time tODD 20 - 20 -

OE Delay Time from Din tDZO 0 - 0 -

CAS Setup Time from Dm tDZC 0 - 0 -

Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

Read Cycle 

HM514900-7 HM514900-8 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 70 - 80 

Access Time from CAS !cAC - 20 - 20 

Access Time from Address tAA - 35 - 40 

Access Time from OE tOAC - 20 - 20 

Read Command Setup Time tRCS 0 - 0 -

Read Command Hold Time to CAS tRCH 0 - 0 -

Read Command Hold Time to RAS tRRH 0 - 0 -
Column Address to RAS Lead Time tRAL 35 - 40 -

Output Buffer Turn-off Time tOFF! 0 15 0 15 

Output Buffer Turn-off to OE IoFF2 0 15 0 15 

CAS to Din Delay Time tCDD 15 - 15 -

@HITACHI 

HM514900 Series 

Unit Note 

pF I 

pF I 

pF 1,2 

HM514900-1O 
Unit Note 

Min Max 

180 - ns 

70 - ns 

100 10000 ns 

25 10000 ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

25 75 ns 8 

20 55 ns 9 

25 - ns 

100 - ns 

10 - ns 

25 - ns 

0 - ns 

0 - ns 

3 50 ns 7 

- 16 ms 

HM514900-1O 
Unit Note 

Min Max 

- 100 ns 2,3 

- 25 ns 3,4,13 

- 45 ns 3,5, 13 

- 25 ns 

0 - ns 

0 - ns 

0 - ns 

55 - ns 

0 20 ns 6 

0 20 ns 6 

20 - ns 
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HM514900 Series 

Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data-in Setup Time 

Data-in Hold Time 

Read-Modify-Write Cycle 

Parameter 

Read-Modify-Write Cycle Time 

RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 

OE to Hold Time from WE 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

CAS Precharge Time in Normal Mode 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Fast Page Mode Read-Modify-
Write Cycle CAS Precharge 
to WE Delay Time 

Fast Page Mode Read-Modify-
Write Cycle Time 

Counter Test Cycle 

Parameter Symbol 

CAS Precharge Time in 
tCPT Counter Test Cycle 

HM5149OO-7 HM5149OO-8 
Symbol 

Min Max Min Max 

twcs 0 - 0 -

tWCH 15 - 15 -

twp 10 - 10 -

tRwL 20 - 20 -

tCWL 20 - 20 -

tos 0 - 0 -

tOH 15 - 15 -

HM5149OO-7 HM514900-8 
Symbol 

Min Max Min Max 

tRWC 180 - 200 -

tRWO 95 - 105 -

tcwo 45 - 45 -

tAwO 60 - 65 -

tOEH 20 - 20 -

HM5149OO-7 HM514900-8 
Symbol 

Min Max Min Max 

tCSR 10 - 10 -

tCHR 10 - 10 -

tRPC 10 - 10 -

tCPN 10 - 10 -

HM5149OO-7 HM5149OO-8 
Symbol 

Min Max Min Max 

tpc 45 - 50 -

tcp 10 - 10 -

tRASC - 100000 - 100000 

tACP - 40 - 45 

tRHCP 40 - 45 -

tcpw 65 - 70 -

tpCM 95 - 100 -

HM514900-7 HM5149OO-8 

Min Max Min Max 

50 - 50 -

@HITACHI 

HM5149OO-1O 
Unit 

Min Max 

0 - ns 

20 - ns 

20 - ns 

25 - ns 

25 - ns 

0 - ns 

20 - ns 

HM5149OO-1O 
Unit 

Min Max 

245 - ns 

135 - ns 

60 - ns 

80 - ns 

25 - ns 

HM5149OO-1O 
Unit 

Min Max 

10 - ns 

10 - ns 

10 - ns 

10 - ns 

HM5149OO-1O 
Unit 

Min Max 

55 - ns 

10 - ns 

- 100000 ns 

- 50 ns 

50 - ns 

85 - ns 

110 - ns 

HM514900-1O 
Unit 

Min Max 

50 - ns 
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HM514900 Series 

Notes: I. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
4. Assumes that tRCD <!: tRCD (max) and tRAD :S tRAD (max). 
5. Assumes that tRCD :S tRCD (max) and tRAD <!: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and V1L (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL' 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, leWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs <!: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD <!: tRWD (min), tewD <!: tCWD (min), tAwD <!: tAWD (min) and 
tcpw <!: tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP' 
14. An initial pause of 100 fLs is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. Either tRCH or TRRH must be satisfied for a read cycle. 

@HITACHI 
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HM514900 Series ------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout 

Din 

, ~ : Don't care 

0092-3 

$ HITACHI 
466 Hitachi America, Ltd,. Hitachi Plaza. 2000 Sierra Point Pkwy,. Brisbane, CA 94005-1819. (415) 589-8300 



HM514900 Series 

• Early Write Cycle 

Address 

tos 

Din Din 

Dou\ 

• ~ : Dc~'t care 

02 : Don't car~ 

0092-4 

@HITACHI 
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HM514900 Series 

• Delayed Write Cycle 

Address 

Dout 

** Invalid Dout comes out, when CE is low .evel. 

0092-5 

~HITACHI 
468 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005·1819· (415) 589·8300 



HM514900 Series 

• Read-Modify-Write Cycle 

Address 

Din 

Dout 

* ~ : Don't care 

0092-6 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005· 1819· (415) 589·8300 469 



HM514900 Series ------------------------------

• RAS Only Refresh Cycle 

Address 

Dout 
High-Z 

• OE, WE : Don't care 

** ~ : Don't care 

••• Refresh address: AD - A9 (AXO - AX9) 

0092-7 

• CAS Before RAS Refresh Cycle 

0092-8 

• HITACHI 
470 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



HM514900 Series 

• Hidden Refresh Cycle 

Address 

Dout 

Din 

• l:;@ . Don't cace 

0092-9 

~HITACHI 
Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy, ~ Brisbane, CA 94005·1819' (415) 589·8300 471 



HM514900 Series 

• Fast Page Mode Read Cycle 

Address 

Dout 

• ~ : Don't care 

0092-10 

~HITACHI 
472 Hitachi America, Ltd,. Hitachi Plaza. 2000 Sierra Point Pkwy,· Brisbane, CA 94005·1819· (415) 589·8300 



HM514900 Series 

• Fast Page Mode Early Write Cycle 

Address 

Dout 
High·Z 

• OE : Don't care 

~ : Don't care 

0092-11 

• HITACHI 
Hitachi America, Ltd. • Hitachi Plaza. 2000 Sierra Point Pkwy. • Brisbane, CA 94005·1819 • (415) 589·8300 473 



HM514900 Series ------------------------------

• Fast Page Mode Delayed Write Cycle 

Address 

Din 

Dout 

* ~ : Don't care 

0092-12 

• HITACHI 
474 Hitachi America, Ltd. 0 Hitachi Plaza 02000 Sierra Point Pkwy. 0 Brisbane, CA 94005-1819 0 (415) 589-8300 



HM514900 Series 

• Fast Page Mode Read-Modify-Write Cycle 

Address 

O,n 

• ~ : Don't c,re 

0092-13 

$HITACHI 
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HM514900 Series -------------------------------

• CAS Before RAS Refresh Counter Check Cycle (Read) 

Address 

Dout Dout 

'* ~ : Don't care 

0092-14 

~HITACHI 
476 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



HM514900 Series 

• CAS Before RAS Refresh Counter Check Cycle (Write) 

Address 

Din 

Dout 
Hlgh-Z 

* ~ : Don't care 

0092-15 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 477 



HM514260 Series 
262,144-Word x 16-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514260 are CMOS dynamic RAM orga

nized as 262,144-word x 16-bit. HM514260 have realized 
higher density, higher performance and various functions by 
employing 0.8 ",m CMOS process technology and some 
new CMOS circuit design technologies. The HM514260 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514260 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ............. 70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ....... 935 mW/825 mW/715 mW (max) 
Standby Mode ........................ 11 mW (max) 

• Fast Page Mode Capability 
.512 Refresh Cycles ............................. (8 ms) 
• 2CAS Byte Control 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

Preliminary 

HM514260JP Series 

3DCP40D 

(CP-40D) 

HM514260ZP Series 

30ZP40 

(ZP-40) 

• ORDERING INFORMATION • PIN OUT 

Part No. Access Time Package HM514260JP Series HM514260ZP Series 

HM51426OJP-7 70ns 400 mil4O-pin Vtc 1 V" 1/0 9 2 I I/Os 
HM514260JP-8 80ns PlasticSOJ 
HM514260JP-1O lOOns (CP-4OD) 

HM514260ZP-7 70ns 475 mil4O-pin 
HM514260ZP-8 80ns Plastic ZIP 
HM514260ZP-1O lOOns (ZP-4O) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-As Address Input 
-Row Address Ao-As 
--Column Address Ao-As 
-Refresh Address Ao-As 

1/00-1/015 Data-in!Data-out 

RAS Row Address Strobe 

I100 q2 I/015 

~~~~ ~o: ~~~~~ 
Vtc 6 V,. 

I104 7 34 1/011 

1105 8 3311/010 
1106 ~9 32 1/09 
I/07 10 31 1/08 

NC 11 30 NC 

NC ~12 29 LCAS 
WE 13 28biiCAs 

RAS 14 27b"OE 
NCd15 26bA8 
ADd16 25pA7 
Al 24PA6 

1/011 4 3 1/0 10 

1/012 6 5 Vss 
1/014 8 7 1/°13 

Vss 10 9 1/°15 

1/0 0 12 11 Vee 
1/°2 14 13 1/01 

Vee 16 15 1/0 3 

1/0 5 18 17 1/0 4 

1/0 7 20 19 1/°6 

NC 22 21 NC 

RAS 24 23 WE 

Ao 26 25 NC 
UCAS, LCAS Column Address Strobe 

WE Read/Write Enable 

OE Output Enable 

A2 23 A5 
A3 A4 

Vee -=,--_......::;.:r-V" 

0150-1 

A2 28 27 Al 

Vee 30 29 A3 

~ 32 31 Vss 
Vee Power ( + 5V) (Top View) A6 34 33 As 
Vss Ground 

As 36 35 A7 

UCAS 38 37 OE 

NC 40 39 LCAS 

(Bottom View) 

$ HITACHI 
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HM514260 Series 

• TRUTH TABLE 

Inputs I/O 

RAS LCAS UCAS WE OE lIOo-I/07 1/°8-1/°15 
Operation 

H H H H H High-Z High-Z Standby 
L H H H H High-Z High-Z Refresh 
L L H H L Dout High-Z Lower Byte Read 
L H L H L High-Z Dout Upper Byte Read 
L L L H L Dout Dout Word Read 
L L H L H Din Don't Care Lower Byte Write 
L H L L H Don't Care Dm Upper Byte Write 
L L L L H Dm Din Word Write 
L L L H H High-Z High-Z 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to VSS VT -1.0to +7.0 V 

Supply Voltage Relative to V ss VCC -1.0to + 7.0 V 

Short Circnit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto +70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

VCC 4.5 5.0 5.5 V 1 

Input High Voltage VIR 2.4 - 6.5 V 1 

Input Low I (I/O Pin) VIL -1.0 - O.S V I 
Voltage I (Others) VIL -2.0 - O.S V 1 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70"C, Vee = 5V ± 10%, Vss = OV) 

HM514260-7 HM514260-S HM514260-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current RASCyciing 
ICCI - 170 - 150 - 130 rnA LCAS or UCAS Cycling 1,2 

tRC = Min 

TTL Interface 
- 2 - 2 - 2 rnA RAS, LCAS, UCAS = VIR 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface, RAS, 
- I - 1 - 1 rnA LCAS, UCAS;;: Vee - O.2V, 

Dout = High-Z 

RAS Only Refresh Current ICC3 - 150 - 130 - 110 rnA tRC = Min 2 

RAS=~ 
Standby Current ICC5 - 5 - 5 - 5 rnA LCASorUCAS = VIL, 1 

Dout = Enable 

CAS Before RAS Refresh 
Icc6 150 130 110 rnA tRC = Min Current - - -

Fast Page Mode Current IcC7 - 130 - 120 - 110 rnA tpc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 -10 10 /LA OV S Yin S 7V 

@HITACHI 
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HM514260 Series 

• DC Electrical Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV) (continued) 

HM514260-7 HM514260-8 HM514260-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Output Leakage Current ILO -10 10 -10 10 -10 10 /LA 
OV S Vout S 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 Vcc 2.4 Vcc 2.4 Vcc V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: I. ICC depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = V lL. 
3. Address can be changed once or less while LCAS and UCAS = VIR. 

• Capacitance (TA = 25·C, Vee = 5V ±10%) 

Parameter Symbol Typ Max Unit Note 

Input Capacitance (Address) Cn - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 10 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. LCAS and UCAS = VIR to disable Dout. 

• AC Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV)1, 14, 15 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM514260-7 HM514260-8 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 130 - 150 -

RAS Precharge Time tRP 50 - 60 -
RAS Pulse Width tRAS 70 10000 80 10000 

CAS Pulse Width tCAS 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 10 - 10 -
Column Address Setup Time tASC 0 - 0 -

Column Address Hold Time tCAH 15 - 15 -

RAS to CAS Delay Time tRCD 20 50 20 60 

RAS to Column Address Delay Time tRAD 15 35 15 40 

RAS Hold Time tRSH 20 - 20 -
CAS Hold Time tCSH 70 - 80 -

CAS to RAS Precharge Time tCRP 10 - 10 -

OE to Din Delay Time tODD 20 - 20 -

OE Delay Time from Din tDZO 0 - 0 -

CAS Setup Time from Din tDZC 0 - 0 -
Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 8 - 8 

@HITACHI 

pF 

pF 

pF 

HM514260-1O 

Min Max 

180 -
70 -
100 10000 

25 10000 

0 -

15 -

0 -
20 -

25 75 

20 55 

25 -

100 -

10 -
25 -

0 -

0 -

3 50 

- 8 
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I 

I 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 



HM514260 Series 

Read Cycle 

HM514260-7 HM514260-8 HM514260-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 70 - 80 - 100 ns 2,3 

Access Time from CAS tCAC - 20 - 20 - 25 ns 3,4,13 

Access Time from Address tAA - 35 - 40 - 45 ns 3,5,13 

Access Time from OE tOAC - 20 - 20 - 25 ns 

Read Command Setup Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time to CAS tRCH 0 - 0 - 0 - ns 

Read Command Hold Time to RAS tRRH 0 - 0 - 0 - ns 

Column Address to RAS Lead Time tRAL 35 - 40 - 55 - ns 

Output Buffer Turn-off Time tOFF! 0 15 0 15 0 20 ns 6 

Output Buffer Turn-off to OE tOFF2 0 15 0 15 0 20 ns 6 

CAS to Dm Delay Time tCDD 15 - 15 - 20 - ns 

Write Cycle 

HM514260-7 HM514260-8 HM514260-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - ns 10 

Wnte Command Hold Time tWCH 15 - 15 - 20 - ns 

Write Command Pulse Width twp 10 - 10 - 20 - ns 

Write Command to RAS Lead Time tRWL 20 - 20 - 25 - ns 

Write Command to CAS Lead Time tCWL 20 - 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - ns 11 

Data-in Hold Time tDH 15 - 15 - 20 - ns II 

Read-Modify·Write Cycle 

HM514260-7 HM514260-8 HM514260-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Read-Modify-Write Cycle Time tRWC 180 - 200 - 245 - ns 

RAS to WE Delay Time tRWD 95 - 105 - 135 - ns 10 

CAS to WE Delay Time tcwD 45 - 45 - 60 - ns 10 

Column Address to WE Delay Time tAWD 60 - 65 - 80 - ns 10,13 

OE to Hold Time from WE tOEH 20 - 20 - 25 - ns 

Refresh Cycle 

HM514260-7 HM514260-8 HM514260-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - ns (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tcHR 10 10 10 (CAS Before RAS Refresh Cycle) - - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - ns 

CAS Precharge Time in Normal Mode tCPN 10 - 10 - 10 - ns 

@HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 481 



HM514260 Series 

Fast Page Mode Cycle 

HM514260-7 HM514260-8 HM514260-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 45 - 50 - 55 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - 10 - ns 

Fast Page Mode RAS Pulse Width tRASC - 100000 - 100000 - 100000 ns 12 

Access Time from CAS Precharge tACP - 40 - 45 - 50 ns 3,13 

RAS Hold Time from CAS Precharge tRHCP 40 - 45 - 50 - ns 

Fast Page Mode Read-Modify-
W rite Cycle CAS Precharge tcpw 65 - 70 - 85 - ns 
to WE Delay Time 

Fast Page Mode Read-Modify-
tpCM 95 100 110 ns - - -Write Cycle Time 

Counter Test Cycle 

HM514260-7 HM514260-8 HM514260-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT 50 50 50 ns - - -

Counter Test Cycle 

Notes: I. AC measurements assume tT = 5 ns. 

482 

2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAc exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
4. Assumes that tRCD 2: tRCD (max) and tRAD :S tRAD (max). 
5. Assumes that tRCD :S tRCD (max) and tRAD 2: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between V IH and V IL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs 2: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD 2: tRWD (min), tCWD 2: leWD (min), tAWD 2: tAWD (min) and 
tcpw 2: tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP. 
14. An initial pause of 100 ,,"S is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. Either tRCH or TRRH must be satisfied for a read cycle. 
17. When both LCAS and UCAS go low at the same time, all 16 bits data are written into the device. LCAS or UCAS cannot 

be staggered within the same write/read cycles. 

~HITACHI 
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• TIMING WAVEFORMS 
• Read Cycle 

tr 

Address 

Dout 

Din 

h·Z 

• HITACHI 

HM514260 Series 

tnp 

tCRP 

teDD 

tODD 

• ~ : Don't care 

0150-2 
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HM514260 Series 

• Early Write Cycle 

Address 

Din 

Dout 
High-Z 

• HITACHI 

• ~ : Don't care 

•• Oe: Don't care 

484 Hitachi America, Ltd .• Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 

0150-3 



-------------------------------- HM514260 Series 

• Delayed Write Cycle 

tCRP 

teAs 

Address 

Din 

Dout 

• ~ : Don't care 

•• Invalid Dout comes out, when DE is low level. 

0150-4 

~HITACHI 
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HM514260 Series -------------------------------

• Read-Modify-Write Cycle 

tT 

Address 

Din 

Dout 
tOFF2 

~+-~-

* ~ ; Don't care 

0150-5 

.HITACHI 
486 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 



HM514260 Series 

• RAS Only Refresh Cycle 

Address 

Dout 
High-Z 

• OE, WE : Don't care 

•• ~ . Don't care 

**. Refresh address: AO - A8 (AXO - AX8) 
0150-6 

• CAS Before RAS Refresh Cycle 

t.OP ~ 
t~c 

~ . RC 
~ 

~ 
tOAS toP tRAS 

~ ~ 
tRP 

~ ~ ~ ~ ~ 

I \ 

~ 1\ 1/ 1\ II \ 
tT -. I+-

tCRP 
tRPe 

tCHR 

~~ ~ 
tCPN ~I~ 

S 1\ V s f 
Address 

Z 
Dout 

• ~ : Don't care 

** WE . V1H 

0150-7 

• HITACHI 
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HM514260 Series ----------------------------

• Hidden Refresh Cycle 

• ~ : Don't care 

0150-8 

.HITACHI 
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HM514260 Series 

• Fast Page Mode Read Cycle 

Address 

Din 

Dout 

tOAC 

• ~ : Don't care 

0150-9 

~HITACHI 
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HM514260 Series 

• Fast Page Mode Early Write Cycle 

Dout 
High-Z 

• OE : Don't care 

~ : Don't care 

0150-10 

~HITACHI 
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HM514260 Series 

• Fast Page Mode Delayed Write Cycle 

Address 

Din 

Dout 

tODD ---i~_-

• ~ : Don't care 

0150-11 

• HITACHI 
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HM514260 Series 

• Fast Page Mode Read-Modlfy-Write Cycle 

UCAS --H---ti 

Address 

'1n 

Dout - __ ++" 

OE 

• IZZZI : Don't Care 

0150-12 

• HITACHI 
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HM514260 Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 

Address 

Din 

Dout Dout 

• ~ : Don't care 

0150-13 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819· (415) 589-8300 493 



HM514260 Series -------------------------------

• CAS Before RAS Refresh Counter Check Cycle (Write) 

Address 

t>IVCH 

Din 

Dout 
High-Z 

• ~ : Don't care 

0150-14 

~HITACHI 
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HM514170 Series 
262,144-Word x 16-81t Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514170 are CMOS dynamic RAM orga

nized as 262,144-word x 16-bit. HM514170 have realized 
higher density, higher performance and various functions by 
employing 0.8 I'm CMOS process technology and some 
new CMOS circuit design technologies. The HM514170 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514170 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastiC ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ............. 70 ns/80 ns/l00 ns (max) 
• Low Power Dissipation 

Active Mode ....... 770 mW/660 mW/550 mW (max) 
Standby Mode ........................ 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles .......................... (16 ms) 
• 2WE Byte Control 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

Preliminary 

HM514170JP Series 

3DCP400 

(CP-40D) 

HM514170ZP Series 

3DZP40 

(ZP-40) 

• ORDERING INFORMATION • PIN OUT 

Part No. Access Time Package HM514170JP Series HM514170ZP Series 

HM5l417OJP-7 70ns 400 mil40-pin 
HM51417OJP-8 80ns PlasticSOJ 
HM5l4l70JP-1O lOOns (CP-40D) 

Vce dl v" 
I10aqz II015 
1I01Q3 1/014 

I I/O, 
I/o., 2 

3 1/010 
I/Oll 4 

5 Vss 
HM5l4l70ZP-7 70ns 475 mil40-pin 
HM5l4l70ZP-S SOns Plastic ZIP 
HM5l4l70ZP-l0 lOOns (ZP-40) 

• PIN DESCRIPTION 

1I0ZQ4 11013 

1I03§S 1/01Z 

Vee 6 V" 
1/04 7 IIOll 
1105 8 IIOla 

1/012 6 
7 I/O" 

1/014 8 
9 1/0 15 

Vss 10 
II Vee 

1/00 12 
Il 1/01 

Pin Name Function 

Ao-A9 Address Inpnt 
-Row Address Ao-A9 
-Column Address Ao-A7 
-Refresh Address Ao-A9 

1106 9 1/09 
1101 1/08 .. , Nt 

LWE Nt 
WE 
RAS 

I/Oz 14 
15 110, 

Vee 16 
17 1/04 

I/O, 18 
19 110, 

II~ 20 
21 NC 

LWE 22 
23 UWE 

1/00-1/0 15 Data-inlData-out 

RAS Row Address Strobe 

CAS Column Address Strobe 

UWE,LWE ReadlWrite Enable 

A9q15 <6pAS 

AO~16 2SPA7 
Al 17 24PA6 
AZ 18 23 AS 
A3 A4 

RAS 24 
25 NC 

Ao 26 
27 Al 

A2 28 
29 A, 

Vee 30 
31 Vss 

OE Output Enable 

Vee Power(+SV) 

Vss Ground 

Vee Vss 

0159-1 

(Top View) 

A4 32 
33 A, 

A(, 34 
35 A7 

As 36 
37 OE 

CAS 38 
39 NC 

NC 40 

(Bottom View) 

$ HITACHI 
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HM514170 Series ------------------------------

• TRUTH TABLE 

Inputs 110 

RAS LWE UWE CAS OE 1100-1107 1108-11015 
Operation 

H H H H H High-Z High-Z Standby 
L H H H H High-Z High-Z Refresh 
L H H L L Dout Dout Word Read 
L L H L H Din Don't Care Lower Byte Write 
L H L L H Don't Care Din Upper Byte Write 
L L L L H Din Din Word Write 
L H H L H High-Z High-Z 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss Vee - 1.0 to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto+70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 700C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low I (110 Pin) VIL -1.0 - O.S V I 

Voltage I (Others) VIL -2.0 - O.S V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to + 700C, Vee = 5V ± 10%, Vss = OV) 

HM514170-7 HM514170-S HM514170-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

RASCycling 
Operating Current ICCI - 140 - 120 - 100 rnA CAS Cycling 1,2 

tRC = Min 

TTL Interface 
- 2 - 2 - 2 rnA RAS, CAS = VIH 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface 
- I - I - I rnA RAS, CAS ~ Vee - 0.2V, 

Dont = High-Z 

RAS Only Refresh Current ICC3 - 150 - 130 - 110 rnA tRC = Min 2 

RAS = VIR, 
Standby Current ICC5 - 5 - 5 - 5 rnA CAS = VII __ I 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 150 130 110 rnA tRC = Min Current - - -

Fast Page Mode Current ICC7 - 130 - 120 - 110 rnA tpc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 -10 10 ",A OV S Yin S 7V 

• HITACHI 
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HM514170 Series 

• DC Electrical Characteristics (TA = 0 to + 70'C, Vee = 5V ± 10%, Vss = OV) (continued) 

HM514170-7 HM514170-8 HM514170-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Output Leakage Current ILO -10 10 -10 10 -10 10 !LA 
OV S Vout S 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 Vee 2.4 Vee 2.4 Vee V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: I. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed S I time while RAS = VIL' 
3. Address can be changed S I time while CAS = VIR. 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max Unit Note 

Input Capacita~ce (Address) CIl - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 10 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable D out. 

• AC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV)1, 14, 15 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM514170-7 HM514170-8 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRe 130 - 150 -
RAS Precharge Time tRP 50 - 60 -

RAS Pulse Width tRAS 70 10000 80 10000 

CAS Pulse Width teAS 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 10 - 10 -
Column Address Setup Time tAse 0 - 0 -
Column Address Hold Time teAH 15 - 15 -
RAS to CAS Delay Time tReD 20 50 20 60 

RAS to Column Address Delay Time tRAD 15 35 15 40 

RAS Hold Time tRSH 20 - 20 -
CAS Hold Time tesH 70 - 80 -
CAS to RAS Precharge Time teRP 10 - 10 -
OE to Din Delay Time tODD 20 - 20 -
OE Delay Time from Din tDZO 0 - 0 -
CAS Setup Time from Din tDze 0 - 0 -
Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

~HITACHI 

pF 

pF 

pF 

HM514170-1O 

Min Max 

180 -

70 -

100 10000 

25 10000 

0 -
15 -

0 -
20 -

25 75 

20 55 

25 -

100 -

10 -

25 -

0 -

0 -

3 50 

- 16 
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I 

I 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 
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HM514170 Series 

Read Cycle 

Parameter 

Access Time from RAS 

Access Time from CAS 

Access Time from Address 

Access Time from OE 

Read Command Setup Time 

Read Command Hold Time to CAS 

Read Command Hold Time to R~S 

Column Address to RAS Lead Time 

Output Buffer Tum-off Time 

Output Buffer Turn-off to OE 

CAS to Din Delay Time 

Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data-in Setup Time 

Data-in Hold Time 

Read-Modify-Write Cycle 

Parameter 

Read-Modify-Write Cycle Time 

RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 

OE to Hold Time from WE 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

CAS Precharge Time in Normal Mode 

Symbol 

tRAC 

tCAC 

tAA 

tOAC 

tRCS 

tRCH 

tRRH 

tRAL 

tOFF! 

tOFF2 

tCDD 

Symbol 

twcs 

tWCH 

twp 

tRWL 

tcWL 

tDS 

tDH 

Symbol 

tRWC 

tRWD 

tCWD 

tAWD 

tOEH 

Symbol 

tCSR 

tCHR 

tRPC 

tCPN 

HM514170-7 HM514170-8 

Min Max Min Max 

- 70 - 80 

- 20 - 20 

- 35 - 40 

- 20 - 20 

0 - 0 -

0 - 0 -

0 - 0 -

35 - 40 -
0 15 0 15 

0 15 0 15 

15 - 15 -

HM514170-7 HM514170-8 

Min Max Min Max 

0 - 0 -

15 - 15 -

10 - 10 -
20 - 20 -

20 - 20 -

0 - 0 -

15 - 15 -

HM514170-7 HM514170-8 

Min Max Min Max 

180 - 200 -

95 - 105 -
45 - 45 -

60 - 65 -

20 - 20 -

HM514170-7 HM514170-8 

Min Max Min Max 

10 - 10 -

10 - 10 -

10 - 10 -

10 - 10 -

~HITACHI 

HM514170-1O 
Unit 

Min Max 

- 100 ns 

- 25 ns 

- 45 ns 

- 25 ns 

0 - ns 

0 - ns 

0 - ns 

55 - ns 

0 20 ns 

0 20 ns 

20 - ns 

HM514170-1O 
Unit 

Min Max 

0 - ns 

20 - ns 

20 - ns 

25 - ns 

25 - ns 

0 - ns 

20 - ns 

HM514170-1O 
Unit 

Min Max 

245 - ns 

135 - ns 

60 - ns 

80 - ns 

25 - ns 

HM514170-1O 
Unit 

Min Max 

10 - ns 

10 - ns 

10 - ns 

10 - ns 
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Note 

2,3 

3,4,13 

3,5, 13 

6 

6 

Note 

10 

11 

11 

Note 

10 

10 

10,13 

Note 



HM514170 Series 

Fast Page Mode Cycle 

HM514170-7 HM514170-8 HM514170-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 45 - 50 - 55 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - 10 - ns 

Fast Page Mode RAS Pulse Width tRASC - 100000 - 100000 - 100000 ns 12 

Access Time from CAS Precharge tACP - 40 - 45 - 50 ns 3, 13 

RAS Hold Time from CAS Precharge tRHCP 40 - 45 - 50 - ns 

Fast Page Mode Read-Modify-Write 
Cycle CAS Precharge tcpw 65 - 70 - 85 - ns 
to WE Delay Time 

Fast Page Mode Read-Modify-Write 
tpCM 95 - 100 - 1\0 - ns Cycle Time 

Counter Test Cycle 

HM514170-7 HM514170-8 HM514170-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT 50 - 50 - 50 - ns Counter Test Cycle 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD :s; tRCD (max) and tRAD :s; tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD ., tRCD (max) and tRAD :s; tRAD (max). 
5. Assumes that tRCD :s; tRCD (max) and tRAD ., tRAD (max). 
6. !oFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, tcwD and tAwD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs ., twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRwD ., tRwD (min), tcwD ., tcwD (min), tAwD ., tAwD (min) and 
tcpw ., tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP. 
14. An initial pause of 100 I's is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. Either tRCH or TRRH must be satisfied for a read cycle. 
17. When both LWE and UWE go low at the same time, all 16-bits data are written into the device. LWE and UWE cannot be 

staggered within the same write cycles. 

~HITACHI 
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HM514170 Series -------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

Address 

UWE 

LWE 

Dout 

Din 

tT 

h-Z 

tCRP 

tCAe 

tOFF1 

teDD 

tODD 

• ~ : Don't care 

~HITACHI 
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• Early Write Cycle 

Address 

UWE 

LWE 

Din 

Dout 

tos 

Din 

t~c 

tWCH 

High-Z 

• HITACHI 

HM514170 Series 

• ~ : Don't care 

Oe: Don't care 
0159-3 
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HM514170 Series 

• Delayed Write Cycle 

Address 

UWE 

LWE 

Din 

Dout 

twp 

• ~ : Don't care 

.. Invalid Dout comes out, when OE is low level. 

@HITACHI 
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• Read-Modify-Write Cycle 

Address 

UWE 

LWE 

Din 

Dout 

HM514170 Series 

* ~ : Don't care 

0159-5 
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HM514170 Series -------------------------------

• RAS Only Refresh Cycle 

Address 

Dout 
High-l 

• OE, UWE,LWE : Don't care 

•• ~ . Don't care 

... Refresh address: AO - A9 (AXO - AX9) 

0159-6 

• CAS Before RAS Refresh Cycle 

tCHR 

High-l 

• ~ : Don't care 

UWE, LWE : V1H 

0159-7 

@HITACHI 
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HMS14170 Series 

• Hidden Refresh Cycle 

• ~ : Don't care 

0159-8 
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HM514170 Series ------________________________ _ 

• Fast Page Mode Read Cycle 

tOAC 

* ~ : Don't care 

0159-9 

• HITACHI 
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HM514170 Series 

• Fast Page Mode Early Write Cycle 

Dout 
High·Z 

• OE : Don't care 

.. ~ : Don't care 

0159-10 

$ HITACHI 
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HM514170 Series ------------------------------

• Fast Page Mode Delayed Write Cycle 

High-Z 

Dout 

tODD-H-i~-

• ~ : Don't care 

0159-11 

• HITACHI 
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HM514170 Series 

• Fast Page Mode Read-Modify-Write Cycle 

• ~ : Don', (Irlf 

0159-12 

• HITACHI 
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HM514170 Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 

tCAS 

ICAH 

Column 

tOle 

Hi h-Z 
Din 

tCAC 
tOFFI 

Dout Dout 

toDD 

• ~ : Don't care 

0159-13 

~HITACHI 
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------------------------------- HM514170 Series 

• CAS Before RAS Refresh Counter Check Cycle (Write) 

Address 

tOH 

Din 

Dout 
High-Z 

• ~ : Don't care 

0159-14 

$HITACHI 
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HM514280 Series --------- Preliminary 
262,144-Word x 18-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM514280 are CMOS dynamic RAM orga

nized as 262,144-word x 18-bit. HM514280 have realized 
higher density, higher performance and various functions by 
employing 0.8 J.£m CMOS process technology and some 
new CMOS circuit design technologies. The HM514280 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514280 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil40-pin plastic ZIP. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ............. 70 ns/80 nsll00 ns (max) 
• Low Power Dissipation 

Active Mode ....... 935 mW/825 mW1715 mW (max) 
Standby Mode ........................ 11 mW (max) 

• Fast Page Mode Capability 
• 512 Refresh Cycles ............................. (8 ms) 
• 2CAS Byte Control 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• ORDERING INFORMATION • PIN OUT 

HM514280JP Series 

3DCP4OD 

(CP-40D) 

HM514280ZP Series 

3DZP40 

(ZP-40) 

Part No. Access Time Package HM514280JP Series HM514280ZP Series 

HM5l42SOJP-7 70ns 400 mil40-pin 
HM5l42SOJP-S SOns Plastic SO] 
HM5l42SOJP-1O lOOns (CP-40D) 

HM5l42S0ZP-7 70ns 475 mil40-pin 
HM5l42S0ZP-S SOns Plastic ZIP 
HM5l42S0ZP-1O lOOns (ZP-40) 

• PIN DESCRIPTION 

V" ql 400V" 
1I00 dZ 39bIl017 
!lOl d3 3S0 !l016 
1I0Z ci4 37~1I/01S 
lI03 qs 36P1/014 

Vee 06 3S~V" 
lI04 d7 34p 1/013 

:~~~;qt H~:~~:! 
1I0S 11 30 II09 

NC lZ 29 LCAS 
WE 13 2sbuCAS 

RASd14 270CiE 

Pin Name Function 

Ao-As Address Input 
-Row Address Ao-As 
-Column Address Ao-As 
-Refresh Address Ao-As 

1 1/0 10 
1/011 2 

3 1/012 
1/0 13 4 

5 Vss 
1/014 6 

7 1/0 15 
1/0 1. 8 

9 1/0 17 
Vss 10 

11 Vee 
1/00 12 

13 1/01 
1/0, 14 

15 1/03 
Vee 16 

17 1/0 4 
1/0 5 18 

19 1/0. 
1/D-, 20 

21 1/0g 
NC 22 

23 WE 

~JC 01S ~6bA8 
~0016 ZSbA7 
Al q17 24pA6 
AZ 18 Z3PAS 
A3 2ZpA4 
vee -,;:=-__ ..:.Z~l_Vss 

1/00-1/0\7 Data-inlData-out 

RAS Row Address Strobe 

UCAS, LCAS Column Address Strobe 

WE ReadlWrite Enable 

OE Output Enable 

Vee Power(+5V) 

Vgg Ground 
(Top View) 

0151-1 

RAS 24 
25 NC 

Ao 26 
27 Al 

A2 28 
29 A3 

Vee 30 
31 Vss 

~ 32 
33 As 

Ao 34 
35 A7 

As 36 
37 DE 

UCAS 38 
39 LCAS 

1/00 40 

(Bottom View) 

• HITACHI 
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HM514280 Series 

• TRUTH TABLE 

Inputs 110 
Operation 

RAS LCAS UCAS WE OE 1100-1108 1109-11017 

H H H H H High-Z High-Z Standby 

L H H H H High-Z High-Z Refresh 

L L H H L Dout High-Z Lower Byte Read 

L H L H L High-Z Dout Upper Byte Read 

L L L H L Dout Dout Word Read 

L L H L H Dm Don't Care Lower Byte Write 

L H L L H Don't Care Din Upper Byte Write 

L L L L H Dm Din Word Write 

L L L H H High-Z High-Z 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss VCC -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

VCC 4.5 5.0 5.5 V I 

Input High Voltage VIR 2.4 - 6.5 V I 

Input Low I (110 Pin) VIL -1.0 - O.S V I 

Voltage I (Others) VIL -2.0 - O.S V I 

Note: 1. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70·C, Vee = 5V ± 10%, Vss = OV) 

HM5142S0-7 HM5142S0-S HM5142S0-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

RASCycling 
Operating Current ICCI - 170 - 150 - 130 rnA LCAS or UCAS Cycling 1,2 

tRC = Min 

TTL Interface RAS, 
- 2 - 2 - 2 rnA LCAS, UCAS = VIR, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- 1 - 1 - 1 rnA LCAS, UCAS ~ V CC - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 150 - 130 - 110 rnA tRC = Min 2 

Refresh Current 

RAS = VIR, 
Standby Current ICCS - 5 - 5 - 5 rnA LCAS or UCAS = VIL, 1 

Dout = Enable 

CAS Before RAS 
ICC6 150 130 110 rnA tRC = Min Refresh Current - - -

Fast Page Mode Current ICC? - 130 - 120 - 110 rnA tpc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 -10 10 )J-A OV :S Yin :S 7V 

@HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 513 



HM514280 Series 

• DC Electrical Characteristics (TA = 0 to +70·C, Vee = SV ±10%, Vss = OV) (continued) 

HM514280-7 HM514280-8 HM514280-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Output Leakage Current lLO -10 10 -10 10 -10 10 /LA 
OV S Vout S 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 Vee 2.4 Vee 2.4 Vee V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: 1. Icc depends on output load condition when the device is selected, IcC max is specified at the output open condition. 
2. Address can be changed S I time while RAS = VIV 
3. Address can be changed S I time while LCAS and UCAS = V!H. 

• Capacitance (TA = 2S·C, Vee = SV ±10%) 

Parameter Symbol Typ Max Unit Note 

Input Capacitance (Address) Cn - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 10 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. LCAS and UCAS = V!H to disable D out. 

• AC Electrical Characteristics (TA = 0 to +70·C, Vee = SV ±10%, Vss = OV)1, 14, 15 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM514280-7 HM514280-8 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRe 130 - 150 -
RAS Precharge Time tRP 50 - 60 -
RAS Pulse Width tRAS 70 10000 80 10000 

CAS Pulse Width teAS 20 10000 20 10000 

Row Address Setup Time tAsR 0 - 0 -

Row Address Hold Time tRAH 10 - 10 -

Column Address Setup Time tAse 0 - 0 -

Column Address Hold Time leAH 15 - 15 -
RAS to CAS Delay Time tReD 20 50 20 60 

RAS to Column Address Delay Time tRAD 15 35 15 40 

RAS Hold Time tRSH 20 - 20 -
CAS Hold Time tesH 70 - 80 -

CAS to RAS Precharge Time teRP 10 - 10 -

OE to Din Delay Time tODD 20 - 20 -
OE Delay Time from Din tDZO 0 - 0 -

CAS Setup Time from Din tDze 0 - 0 -
Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

~HITACHI 

pF 

pF 

pF 

HM514280-1O 

Min Max 

180 -

70 -

100 10000 

25 10000 

0 -
15 -

0 -

20 -

25 75 

20 55 

25 -

100 -

10 -

25 -
0 -

0 -

3 50 

- 16 
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I 

I 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 



HM514280 Series 

Read Cycle 

HM5142S0-7 HM5142S0-S HM5142S0-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 70 - SO - 100 ns 2,3 

Access Time from CAS tCAC - 20 - 20 - 25 ns 3,4,13 

Access Time from Address tAA - 35 - 40 - 45 ns 3,5,13 

Access Time from OE tOAC - 20 - 20 - 25 ns 

Read Command Setnp Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time to CAS tRCH 0 - 0 - 0 - ns 

Read Command Hold Time to RAS tRRH 0 - 0 - 0 - ns 

Column Address to RAS Lead Time tRAL 35 - 40 - 55 - ns 

Output Buffer Turn-off Time tOFF! 0 15 0 15 0 20 ns 6 

Output Buffer Turn-off to OE tOFF2 0 15 0 15 0 20 ns 6 

CAS to Din Delay Time tCDD 15 - 15 - 20 - ns 

Write Cycle 

HM5142S0-7 HM5142S0-S HM5142S0-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 15 - 20 - ns 

Write Command Pulse Width twp 10 - 10 - 20 - ns 

Write Command to RAS Lead Time tRWL 20 - 20 - 25 - ns 

Write Command to CAS Lead Time tCWL 20 - 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - ns 11 

Data-in Hold Time tDH 15 - 15 - 20 - ns 11 

Read-Modify-Write Cycle 

HM5142S0-7 HM5142S0-S HM5142S0-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Read-Modify-Write Cycle Time tRWC ISO - 200 - 245 - ns 

RAS to WE Delay Time tRwD 95 - 105 - 135 - ns 10 

CAS to WE Delay Time tcwD 45 - 45 - 60 - ns 10 

Column Address to WE Delay Time tAwD 60 - 65 - SO - ns 10,13 

OE Hold Time from WE loEH 20 - 20 - 25 - ns 

Refresh Cycle 

HM5142S0-7 HM5142S0-S HM5142S0-10 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Setup Time 
tcSR 10 - 10 - 10 - ns (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tCHR 10 10 10 (CAS Before RAS Refresh Cycle) - - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - ns 

CAS Precharge Time in Normal Mode tcPN 10 - 10 - 10 - ns 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 515 



HM514280 Series 

Fast Page Mode Cycle 

HM5142S0-7 HM5142S0-S HM5142S0-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 45 - 50 - 55 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - 10 - ns 

Fast Page Mode RAS Pulse Width tRASC - 100000 - 100000 - 100000 ns 12 

Access Time from CAS Precharge tACP - 40 - 45 - 50 ns 3,13 

RAS Hold Time from CAS Precharge tRHCP 40 - 45 - 50 - ns 

Fast Page Mode Read-Modify-Write 
Cycle CAS Precharge tcpw 65 - 70 - S5 - ns 
to WE Delay Time 

Fast Page Mode Read-Modify-Write 
tpCM 95 100 110 ns - - -Cycle Time 

Counter Test Cycle 

HM5142S0-7 HM5142S0-S HM5142S0-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT 50 50 50 ns - - -

Counter Test Cycle 

Notes: 1. AC measurements assume tT = 5 ns. 

516 

2. Assumes that tRCD oS tRCD (max) and tRAD oS tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD ;:: tRCD (max) and tRAD oS tRAD (max). 
5. Assumes that tRCD oS tRCD (max) and tRAD ;:: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
S. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs ;:: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD ;:: tRWD (min), tCWD ;:: tCWD (min), tAwD ;:: tAwD (min) and 
tcpw ;:: tcpw (min), the cycle is a read-modify-write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or tCAC or tACP' 
14. An initial pause of 100 p.s is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. Either tRCH or TRRH must be satisfied for a read cycle. 
17. When both LCAS and UCAS go low at the same time, all IS-bits data are written into the device. LCAS and UCAS cannot 

be staggered within the same write/read cycles. 

~HITACHI 
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• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout 

Din 

HM514280 Series 

• ~ : Don't care 

0151-2 

~HITACHI 
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• Early Write Cycle 

Address 

Din 

Dout 

518 

t~AS 

tCSH 

tW(H 

tDH 

Din 

High-Z 

• HITACHI 

tCRP 

• ~ : Don't care 

.. Oe: Don't care 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 

0151-3 



HM514280 Series 

• Delayed Write Cycle 

Address Col 

Din 

Dout 

* ~ : Don't care 

** Invalid Dout comes out, when OE is low level. 

0151-4 

• HITACHI 
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• Read-Modify-Write Cycle 

Address 

Din 

Dout 

* ~ : Don't care 

0151-5 

• HITACHI 
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HM514280 Series 

• RAS Only Refresh Cycle 

Address 

Dout 
High-Z 

• OE, WE . Don't care 

•• ~ : Don't care 

••• Refresh address: AO - A8 (AXO - AX8) 

0151-6 

• CAS Before RAS Refresh Cycle 

Dout 
High-Z 

• ~ : Don't care 

•• WE : VIH 

0151-7 

• HITACHI 
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HM514280 Series 

• Hidden Refresh Cycle 

• ~ : Don't care 

0151-8 

.HITACHI 
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HM514280 Series 

• Fast Page Mode Read Cycle 

Address 

Din 

Dout 

.. ~ : Don't care 

0151-9 
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• Fast Page Mode Early Write Cycle 

Address 

Din 

Dout 
High-Z 

• OE : Don't care 

.. ~ : Don't care 

0151-10 

~HITACHI 
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HM514280 Series 

• Fast Page Mode Delayed Write Cycle 

Address 

Din 

High·Z 

Dout 

tooo-*++-

• ~ : Don't care 

0151-11 

~HITACHI 
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HM514280 Series 

• Fast Page Mode Read-Modify-Write Cycle 

0151-12 

~HITACHI 
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HM514280 Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 

tOle 

Din 

tOFFt 

Dout Dout 

• ~ : Don't care 

0151-13 

$ HITACHI 
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• CAS Before RAS Refresh Counter Check Cycle (Write) 

Address 

Din Din 

Dout 
High-Z 

• ~ : Don't care 

0151-14 

• HITACHI 
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HM514190 Series 
262,144·Word x 18·Bit Dynamic Random Access Memory 

• DESCRIPTION 

The Hitachi HM514190 are CMOS dynamic RAM orga
nized as 262,144-word x 18-bit. HM514190 have realized 
higher density, higher performance and various functions by 
employing 0.8 /Lm CMOS process technology and some 
new CMOS circuit design technologies. The HM514190 offer 
Fast Page Mode as a high speed access mode. 

Multiplexed address input permits the HM514190 to be 
packaged in standard 400 mil 40-pin plastic SOJ, standard 
475 mil 40-pin plastic ZIP. 

• FEATURES 

• Single 5V (±10%) 
• High Speed 

Access Time ............. 70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ....... 770 mW/660 mW/550 mW (max) 
Standby Mode ........................ 11 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles .......................... (16 ms) 
• 2 WE Byte Control 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• ORDERING INFORMATION • PIN OUT 

Preliminary 

HM514190JP Series 

3DCP40D 

(CP-4DD) 

HM514190ZP Series 

3DZP40 

(ZP-40) 

Part No. Access Time Package HM514190JP Series HM514190ZP Series 

HM514190JP-7 70 ns 400 mil 4O-pin 
HM51419OJP-8 80ns Plastic SOJ 
HM514190JP-1O lOOns (CP-4OD) 

HM514190ZP-7 70ns 475 mil40-pin 
HM514190ZP-8 80ns Plastic ZIP 

vCC§! 

'1" 
1100 2 39 lIOl7 
1101 3 38 1/016 
1102 37 11015 
lI03 36 11014 

1/011 2 I 1/0 10 

1/°13 4 3 1/0\2 

1/°14 6 5 Vss 

1/°16 8 7 I/Ols 
HM514190ZP-1O lOOns (ZP-40) Vee 35 V" Vss 10 9 I/017 

• PIN DESCRIPTION 
1104 1/013 
1105 1/0ll 

1/0 0 12 II Vee 

Pin Name Function 

AO-A9 Address Input 
-Row Address Ao-A9 

1/06 IIOII 
1107 lIOIO 
1108 lIOg 

LWE NC 

I/02 14 13 1/01 

Vee 16 15 1/°3 

I/Os 18 17 I/04 

-Column Address Ao-A7 WE CAS I/07 20 19 I/06 
-Refresh Address AO-A9 

1/°0-1/°17 Data-in/Data-out 

RAS Row Address Strobe 

RAS 27 OE 
26gAB 
25 A7 

24 AS 

LWE 22 21 1/08 

RAS 24 23 UWE 

Ao 26 25 A9 
CAS Column Address Strobe 

UWE,LWE ReadIWrite Enable 

OE Output Enable 

Vee Power (+ 5V) 

VSS Ground 

A2 A5 
AJ A4 

Vee V" 

0152-1 

(Top View) 

A2 28 27 Al 

Vee 30 29 A3 

A4 32 31 Vss 

A6 34 33 As 

A8 36 35 A7 

CAS 38 37 OE 

1/09 40 39 NC 

(Bottom View) 

~HITACHI 
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HM514190 Series ------------------------------

• TRUTH TABLE 

Inputs I/O Operation 
RAS LWE UWE CAS OE 1/0 0-1/0 8 1/~-1/017 

H H H H H High-Z High-Z Standby 

L H H H H High-Z High-Z Refresh 

L H H L L Dout Dout Word Read 

L L H L H Din Don't Care Lower Byte Write 

L H L L H Don't Care Din Upper Byte Write 

L L L L H Din Din Word Write 

L H H L H High-Z High-Z 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to VSS VT - 1.0 to + 7.0 V 

Supply Voltage Relative to V SS VCC - 1.0 to + 7.0 V 

Short Circnit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto +70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70"C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

VCC 4.5 5.0 5.5 V 1 

Input High Voltage VIH 2.4 - 6.5 V 1 

Input Low I (IlOPin) VIL -1.0 - O.S V 1 
Voltage I (Others) VIL -2.0 - O.S V 1 

Note: 1. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70·C, Vcc = 5V ± 10%, Vss = OV) 

HM51419D-7 HM514190-S HM514190-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current RASCyciing 
ICCI - 140 - 120 - 100 rnA CAS Cycling 1,2 

tRC = Min 

TTL Interface 
- 2 - 2 - 2 rnA RAS, CAS = VIH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface 
- 1 - 1 - 1 rnA RAS, CAS O!: V CC - 0.2V, 

Dout = High-Z 

RAS Only Refresh Current ICC3 - 150 - 130 - 110 rnA tRC = Min 2 

RAS = VIH, 
Standby Current Iccs - 5 - 5 - 5 rnA CAS = VII, 1 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 150 130 110 rnA tRC = Min Current - - -

Fast Page Mode Current ICC7 - 130 - 120 - 110 rnA tpc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 -10 10 p.A OV :S Vin:S 7V 

• HITACHI 
530 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM514190 Series 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) (continued) 

HM514190-7 HM514190-8 HM514190-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Output Leakage Current ILO -10 10 -10 10 -10 10 p,A 
OV S Vout S 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 Vcc 2.4 Vcc 2.4 Vcc V High lout = - 5 rnA 

Output Low V oJtage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = V lL. 
3. Address can be changed once or less while CAS = VIH. 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max Unit Note 

Input Capacitance (Address) CII - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) CliO - 10 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

• AC Characteristics (TA = 0 to + 70'C, Vee = 5V ± 10%, Vss = OV)1, 14, 15 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM5l4190-7 HM514190-8 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 130 - 150 -
RAS Precharge Time tRP 50 - 60 -
RAS Pulse Width tRAS 70 10000 80 10000 

CAS Pulse Width tCAS 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 -

Row Address Hold Time tRAH 10 - 10 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH 15 - 15 -

RAS to CAS Delay Time tRCD 20 50 20 60 

RAS to Column Address Delay Time tRAD 15 35 15 40 

RAS Hold Time tRSH 20 - 20 -

CAS Hold Time tCSH 70 - 80 -
CAS to RAS Precharge Time tCRP 10 - 10 -
OE to Din Delay Time toDD 20 - 20 -
OE Delay Time from Din tDZO 0 - 0 -

CAS Setup Time from Din tDZC 0 - 0 -

Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

@HITACHI 

pF 

pF 

pF 

HM514190-10 

Min Max 

180 -
70 -

100 10000 

25 10000 

0 -
15 -
0 -

20 -

25 75 

20 55 

25 -

100 -
10 -

25 -

0 -

0 -

3 50 

- 16 

Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 

I 

I 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 7 

ms 
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HM514190 Series -------------------------------

Read Cycle 

HM514190·7 HM514190·8 HM514190·1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 70 - 80 - 100 ns 2,3 

Access Time from CAS tCAC - 20 - 20 - 25 ns 3,4,13 

Access Time from Address tAA - 35 - 40 - 45 ns 3,5,13 

Access Time from OE tOAC - 20 - 20 - 25 ns 

Read Command Setnp Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time to CAS tRCH 0 - 0 - 0 - ns 

Read Command Hold Time to RAS tRRH 0 - 0 - 0 - ns 

Column Address to RAS Lead Time tRAL 35 - 40 - 55 - ns 

Output Buffer Turn·off Time tOFFl 0 15 0 15 0 20 ns 6 

Output Buffer Turn·off to OE tOFF2 0 15 0 15 0 20 ns 6 

CAS to Din Delay Time tCDD IS - 15 - 20 - ns 

Write Cycle 

HM514190·7 HM514190·8 HM5 14190· 10 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 15 - 20 - ns 

Write Command Pulse Width twp 10 - 10 - 20 - ns 

Write Command to RAS Lead Time tRWL 20 - 20 - 25 - ns 

Write Command to CAS Lead Time tCWL 20 - 20 - 25 - ns 

Data·in Setup Time tDS 0 - 0 - 0 - ns 11 

Data·in Hold Time tDH 15 - 15 - 20 - ns 11 

Read-Modify-Write Cycle 

HM514190·7 HM514190·8 HM514190·10 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Read·Modify· Write Cycle Time tRWC 180 - 200 - 245 - ns 

RAS to WE Delay Time tRWD 95 - 105 - 135 - ns 10 

CAS to WE Delay Time tcwD 45 - 45 - 60 - ns 10 

Column Address to WE Delay Time tAWD 60 - 65 - 80 - ns 10,13 

OE to Hold Time from WE tOEH 20 - 20 - 25 - ns 

Refresh Cycle 

HM514190·7 HM514190·8 HM514190·1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - ns (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tCHR 10 10 10 (CAS Before RAS Refresh Cycle) - - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - ns 

CAS Precharge Time in Normal Mode tCPN 10 - 10 - 10 - ns 

~HITACHI 
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HM514190 Series 

Fast Page Mode Cycle 

HM514190·7 HM514190-8 HM51419()"1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 45 - 50 - 55 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - 10 - ns 

Fast Page Mode RAS Pulse Width tRASC - 100000 - 100000 - 100000 ns 12 

Access Time from CAS Precharge tACP - 40 - 45 - 50 ns 3,13 

RAS Hold Time from CAS Precharge tRHCP 40 - 45 - 50 - ns 

Fast Page Mode Read·Modify· Write 
Cycle CAS Precharge !cpw 65 - 70 - 85 - ns 
to WE Delay Time 

Fast Page Mode Read·Modify· Write 
tpCM 95 - 100 - 110 - ns 

Cycle Time 

Counter Test Cycle 

HM51419()"7 HM514190·8 HM514190-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT 50 - 50 - 50 - ns 

Counter Test Cycle 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TIL loads and 100 pF. 
4. Assumes that tRCD ~ tRCD (max) and tRAD S tRAD (max). 
5. Assumes that tRCD S tRCD (max) and tRAD ~ tRAD (max). 
6. !oFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIR and VIL' 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by !cAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, lewD and tA WD are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; if tRWD 2: tRWD (min), lewD 2: leWD (min), tAWD 2: tAWD (min) and 
!cPW 2: tcPw (min), the cycle is a read·modify·write and the data output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read·modify·write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 
13. Access time is determined by the longer of tAA or !cAC or tACP' 
14. An initial pause of 100 II-s is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles is required. 

15. In delayed write or read·modify·write cycles, OE must disable output buffer prior to applying data to the device. 
16. Either tRCH or T RRH must be satisfied for a read eycle. 
17. When both LWE and UWE go low at the same time, all 16·bits data are written into the device. LWE and UWE cannot be 

staggered within the same write cycles. 

• HITACHI 
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HM514190 Series -------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

Address 

UWE 

LWE 

Dout 

Din 

tr 

tCAC 

Hi h-Z 

~HITACHI 

tCRP 

tOFF1 

r+-t--t~1 tOFF2 

tCDD 

toDD 

• ~ : Don't care 

534 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 

0152-2 



-------------------------------- HM514190 Series 

• Early Write Cycle 

Address 

UWE 

LWE 

Din 

Dout 

tr 

tCRP 

tCSH 

tWCH 

Din 

High-Z 

• ~ : Don't care 

•• DE: Don't care 

0152-3 
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HM514190 Series ------------------------------

• Delayed Write Cycle 

Address 

UWE 

LWE 

Din 

Dout 

** 

Col 

* ~ : Don't care 

* * Invalid Dout comes out, when OE is low level. 

@HITACHI 
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• Read-Modify-Write Cycle 

Address 

UWE 

LWE 

Din 

Dout 

tT 

HM514190 Series 

• ~ : Don't care 

0152-5 

~HITACHI 
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HM514190 Series ------------------------------

• RAS Only Refresh Cycle 

Address 

Dout 
High-Z 

• CAS Before RAS Refresh Cycle 

top 

Z 

$ HITACHI 

* DE, UWE,LWE : Don't care 

** ~ : Don't care 

* •• Refresh address: AO - A9 (AXO - AX9) 

* ~ : Don't care 

... UWE, LWE : VIH 

538 Hitachi America, Ltd,. Hitachi Plaza. 2000 Sierra Poinl Pkwy,. Brisbane, CA 94005-1819. (415) 589-8300 

0152-6 

0152-7 



HM514190 Series 

• Hidden Refresh Cycle 

Address 

Dout 

Din 

* ~ : Don't care 

0152-8 
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HM514190 Series 

• Fast Page Mode Read Cycle 

tOAe 

• ~ : Don't care 

0152-9 

@HITACHI 
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HM514190 Series 

• Fast Page Mode Early Write Cycle 

Dout 
High-Z 

• OE : Don't care 

*. ~ : Don't care 

0152-10 
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HM514190 Series 

• Fast Page Mode Delayed Write Cycle 

High-Z 

Dout 

tODD-~~-

* ~ : Don't care 

0152-11 

eHITACHI 
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HM514190 Series 

• Fast Page Mode Read-Modify-Write Cycle 

0152-12 

~HITACHI 
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HM514190 Series -------------------------------

• CAS Before RAS Refresh Counter Check Cycle (Read) 

tozc 

Din 

tCAC 

Dout Dout 

• ~ : Don't care 

0152-13 

@HITACHI 
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HM514190 Series 

• CAS Before RAS Refresh Counter Check Cycle (Write) 

Address 

tWCH 

tOH 

Din Din 

Dout 
High-Z 

• ~ : Don't care 

0152-14 

~HITACHI 
Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819· (415) 589-8300 545 



HM5116100 Series 
16,777,216-Word x 1-Blt Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM5116100 is a CMOS dynamic RAM organized 16,777,216·word x 

l·bit. It employs the most advanced CMOS technology for high performance and 
low power. The HM51161 00 offers Fast Page Mode as a high speed access mode. 

• FEATURES 
• Single5V(±10%) 
• High Speed 

Access Time ............................ 60 ns170 ns/80 nsll00 ns (max) 
• Low Power Dissipation 

Active Mode .................... 495 mW/440 mW/385 mW/330 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• Long Refresh Period 
• 4096 Refresh Cycles ................................................ (64 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• ORDERING INFORMATION 

Part No. Access Time 

HMSll61001·6 60ns 

Package 
• PIN OUT 

400 mil 24-pin HM5116100J·7 70ns 
HM51161001·8 80ns Plastic SOl HM5116100J Series 

HMSll61001·1O lOOns (CP·24D) 

HM5116100Z·6 60ns 
475 mil 24·pin HMSll6100Z·7 70ns 

HM5116100Z·8 80ns Plastic ZIP 

HMSll6100Z·1O lOOns (ZP·24) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-Al1 Address Input 

Ao-Al1 Refresh Address Input 

Din Data Input 

Don! Data Output 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Read/Write Enable 

Vee Power Supply ( + 5V) 0100-1 

VSS Ground (Top View) 
NC No Connection 

Preliminary 

HM5116100J Series 

3DCP24D 

(CP·24D) 

HM5116100Z Series 

3DZP24 

(ZP·24) 

HM5116100Z Series 

v" 
Din 

All 

AD 

A2 

vee 

A4 

A6 

AS 

Dout 

NC 

RAS 

AID 

IS AI 

17 A3 

19 vss 

0100-2 

(Bottom View) 

This specification is fully compatible with the preliminary 16MB DRAM specifications 
from TEXAS INSTRUMENTS . 

• HITACHI 
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HM5116100 Series 

• BLOCK DIAGRAM 

256k memory (~II .tr • ., 256k rMmOty cell .rr.y 

S ..... m.'!~_ · om • bu 1+-
256k rMtnOry cella""., 256k memory cell .".y 

256k memory ceU .rr.y 156k memory Cell .H • ., 

_~e.MLlm b on om -
256k memory cell.",,, Row 2S6k Iftemoty cell." • ., 

25'" memory cell."., decoder lS6k memory cell ."ay 

m 1+-
lS6k memory c~1 .tr • ., & 1S6k ""'mary cell array 

2S6k memory cell .rra., 2S6k memory cetl .r,.)' 

I ..... m. "10"" driver 
Sense.MD .. &_1/0 bu -

2S6k memory cetl .rr • ., 256lc memOfY cell array 

256k memory cell." • ., 256k rMmOry (ell .rr • ., 

en.\LatruL.JIIO b.u~_ S.f:n\t .• "'D_..LIIO bu -
iS6k memory cetl .',.y 256k memory cell .rta., 

256k memory cell.na., 256k memory cell arr • ., 

S om 1/ · m II bu [+-
2S6k memory cttl array 256k memory ceU a" ay 

256k memory ceUa" • ., 2S6k memory cell "'a., . m S • I~-
256k memOty cell.".., 2S&k memory cell "'.y cpry 1S6k tnemGfy ceU .ttay 256k memory cell .n.., 

m ~.JIt"'.L'JIO boo I~-
iS6k fMlnOfy cell ar,.., 2511e memory cell." • ., 

-+I Column decoder a driver I Column decoder & driver I ~I 1/0 buffer I 
2561t memory cella"aY' 256k memory ceU ar'", 

m • • 
2S6k memory cellar,.y n6t memory c~1 ."ay 

256k memory cell.,.,., 256k memory cell."ay 

• m " . · 0 1/ bu 
256k memory cen .rray Row 256k IMfftOtY' cell ."ay 

2'561t memory cell .",y decoder 25. memory ceU .",y 

-
256k memory cell.".y & 2561c memory cell."ay 

2561c. memory cell ar,ay 256k memory cell.".., 

m 
driver 

1/ 

256k memorycell."ay 256k memory c,,11 a".y 

256k rM'mory' c,,11 .r,ay lS6k m"l'nOry cell ar'av 

Sen eam &110 bu ... m &'10 
256k IMmory c"na"ay lS6k ml'mot)' cl'lla"ay 

256k memory ceU array 256k tnI'fnOtY cl'lI."ay 

~\ am 6 IJO bu\ · 0 110 
256k memory cell a".y 256k memory cell ."., 

256k memory cell.".v 256k memory c,,11 '''.y 

S@'",@'am . o. 1/ 

25611: ml'mory cell arr.y 256k memo,Y' cella,t., 

25611: memory cell a".y 25611: memory cell A,raV 

S@'" e IImD & 1/0 bu\ Senwam 110 us 
25.11: memo,y cell arr.y 256k memo,y c@'11 a"aV 

Column address buffer I Row address buffer I ... t 
Address AO -A 11 

0100-3 
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HM5116100 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V SS VT - 1.0 to + 7.0 V 

Supply Voltage Relative to V ss Vcc - 1.0 to + 7.0 V 

Short Circuit Output Current Iont 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low Voltage VIL -1.0 - 0.8 V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70·C, Vee = 5V ± 10%, Vss = OV) 

HM5116100J/Z 

Parameter Symbol -6 -7 -8 -10 Unit Test Conditions Note 

Min Max Min Max Min Max Min Max 

Operating Current ICC! - 90 - 80 - 70 - 60 mA tRC = Min 1,2 

TTL Interface 
- 2 - 2 - 2 - 2 mA RAS, CAS = VIH 

Standby Current ICC2 
Dont = HighZ 

CMOS Interface 
- I - I - I - I rnA RAS, CAS 2: V CC - 0.2V 

Dont = High-Z 

RAS Only Refresh 
ICC3 - 90 - 80 - 70 - 60 rnA tRC = Min 2 

Current 

RAS = VIH 
Standby Current ICCS - 5 - 5 - 5 - 5 mA CAS = VIL 1,4 

Dont = Enable 

CAS Before RAS 
ICC6 90 80 70 60 mA tRC = Min 4 

Refresh Current - - - -

Fast Page Mode 
ICC7 - 70 - 60 - 50 - 45 rnA tpc = Min 1,3 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 p.A OV:S Vin:S 7V 

Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 p.A OV:S Vont:S 7V 

Current Dont = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V High Iont = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 0 0.4 V Low Iont = 4.2 rnA 

Notes: I. IcC depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL. 
3. Address can be changed once or less while CAS = VIH. 
4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage . 

• HITACHI 
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• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address, Data-in) Cn - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-out) Co - 7 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Dout . 

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV)1, 2, 16 
Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM5116100J/Z 

Parameter Symbol -6 -7 

Min Max Min Max Min 

Random Read or Write Cycle Time tRC 110 - 130 - ISO 

RAS Precharge Time tRP 40 - 50 - 60 

CAS Precharge Time tcp 10 - 10 - 10 

RAS Pulse Width tRAS 60 10000 70 10000 80 

CAS Pulse Width tCAS IS 10000 18 10000 20 

Row Address Setup Time tASR 0 - 0 - 0 

Row Address Hold Time tRAH 10 - 10 - 10 

Column Address Setup Time tASC 0 - 0 - 0 

Column Address Hold Time tCAH IS - IS - 15 

RAS to CAS Delay Time tRCD 20 45 20 52 20 

RAS to Column Address Delay Time tRAD IS 30 IS 35 IS 

RAS Hold Time tRSH IS - 18 - 20 

CAS Hold Time tcSH 60 - 70 - 80 

CAS to RAS Precharge Time tcRP 5 - 5 - 5 

Transition Time (Rise and FaIl) tT 3 30 3 30 3 

Read Cycle 

HM5116100J/Z 

Parameter Symbol -6 -7 -8 

Min Max Min Max Min 

Access Time from RAS tRAC - 60 - 70 -
Access Time from CAS tCAC - IS - 18 -
Access Time from Address tAA - 30 - 35 -
Read Command Setup Time tRCS 0 - 0 - 0 

Read Command Hold Time to CAS tRCH 0 - 0 - 0 

Read Command Hold Time to RAS tRRH 5 - 5 - 5 

Column Address to RAS Lead Time tRAL 30 - 35 - 40 

Column Address to CAS Lead Time tCAL 30 - 35 - 40 

CAS to Output in Low-Z tCLZ 0 - 0 - 0 

Output Data Hold Time tOR 3 - 3 - 3 

Output Buffer Turn-off Time tOFF - 15 - 18 -

~HITACHI 

-8 

Max 

-

-
-

10000 

10000 

-

-

-

-
60 

40 

-

-
-

30 

Max 

80 

20 

40 

-

-

-

-
-

-

-

20 

HM5116100 Series 

Unit Note 

pF I 

pF I 

pF 1,2 

-10 Unit Note 

Min Max 

180 - ns 

70 - ns 

10 - ns 

100 10000 ns 

25 10000 ns 

0 - ns 

10 - ns 

0 - ns 

15 - ns 

20 75 ns 3 

20 55 ns 4 

25 - ns 

100 - ns 

5 - ns 

3 30 ns 5 

-10 Unit Note 

Min Max 

- 100 ns 6,7,17 

- 25 ns 7,8,17 

- 45 ns 7,9,17 

0 - ns 

0 - ns 10 

5 - ns 10 

45 - ns 

45 - ns 

0 - n& 

3 - ns 

- 25 ns II 
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HM5116100 Series 

Write Cycle 

Parameter 

Write Command Setnp Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data-in Setup Time 

Data-in Hold Time 

Read-Modify-Write Cycle 

Parameter 

Read-Modify-Write Cycle Time 

RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CBR Refresh Cycle) 

CAS Hold Time 
(CBR Refresh Cycle) 

WE Setup Time 
(CBR Refresh Cycle) 

WE Hold Time 
(CBR Refresh Cycle) 

RAS Precharge to CAS Hold Time 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

WE Delay Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Symbol 

twcs 

tWCH 

twp 

tRWL 

tCWL 

tos 

tOH 

Symbol 

tRWC 

tRWO 

!cwo 

tAwo 

Symbol 

tCSR 

!cHR 

tWRP 

tWRH 

tRPC 

Symbol 

tpc 

tRASP 

tCPA 

tcpw 

tCPRH 

Fast Page Mode Read-Modify-Write Cycle 

Parameter Symbol 

Fast Page Mode Read-Modify-Write 
tpRWC Cycle Time 

Min 

0 

15 

15 

15 

15 

0 

15 

Min 

130 

60 

15 

30 

Min 

10 

20 

10 

10 

0 

Min 

40 

-

-
35 

35 

Min 

60 

HM5116100J/Z 

-6 -7 -8 -10 

Max Min Max Min Max Min Max 

- 0 - 0 - 0 -

- 15 - 15 - 15 -

- 15 - 15 - 15 -

- 18 - 20 - 25 -

- 18 - 20 - 25 -
- 0 - 0 - 0 -

- 15 - 15 - 15 -

HM5116100J/Z 

-6 -7 -8 -10 

Max Min Max Min Max Min Max 

- 153 - 175 - 210 -

- 70 - 80 - 100 -

- 18 - 20 - 25 -

- 35 - 40 - 45 -

HM5116100J/Z 

-6 -7 -8 -10 

Max Min Max Min Max Min Max 

- 10 - 10 - 10 -

- 20 - 20 - 20 -

- 10 - 10 - 10 -

- 10 - 10 - 10 -

- 0 - 0 - 0 -

HM5116100J/Z 

-6 -7 -8 -10 

Max Min Max Min Max Min Max 

- 45 - 50 - 55 -

100000 - 100000 - 100000 - 100000 

35 - 40 - 45 - 50 

- 40 - 45 - 50 -
- 40 - 45 - 50 -

HM5116100J/Z 

-6 -7 -8 -10 

Max Min Max Min Max Min Max 

- 68 - 75 - 85 -

~HITACHI 
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Unit Note 

ns 12 

ns 

ns 

ns 

ns 

ns 13 

ns 13 

Unit Note 

ns 

ns 12 

ns 12 

ns 12 

Unit Note 

ns 

ns 

ns 

ns 

ns 

Unit Note 

ns 

ns 14 

ns 15,17 

ns 

ns 

Unit Note 

ns 



HM5116100 Series 

Test Mode Cycle 

HM5116100J/Z 

Parameter Symbol -6 -7 -8 -10 Unit Note 

Min Max Min Max Min Max Min Max 

Test Mode WE Setup Time tWTS 10 - 10 - 10 - 10 - ns 

Test Mode WE Hold Time tWTH 10 - 10 - 10 - 10 - ns 

Counter Test Cycle 

HM5116100J/Z 

Parameter Symbol -6 -7 -8 -10 Unit Note 

Min Max Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT TBD - TBD - TBD - TBD ns Counter Test Cycle 

Refresh (TJ = 85·C, Vee = 5V ±10%) 

Parameter Symbol Max Unit Note 

Refresh Penod tREF 64 ms 4096 Cycles 

Notes: 1. AC measurements assume tT = 5 os. 
2. An initial pause of 100 ,..S is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS only Refresh or CAS before RAS Refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 

3. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only; 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 

4. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only; 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 

5. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between VIH (min) and VIL (max). 

6. Assumes that tRCD < tRCD (max) and tRAD < tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
8. Assumes that tRCD <!: tRCD (max) and tRAD :S tRAD (max). 
9. Assumes that tRCD :S tRCD (max) and tRAD <!: tRAD (max). 

10. Either tRCH or tRRH must be satisfied for a read cycle. 
11. tOFF (max) defmes the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
12. twcs, tRWD, leWD, tAWD and tcpw are not restrictive operating parameters. They are included in the data sheet as electri

cal characteristics only; if twcs <!: twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD <!: tRwD (min), lewD <!: leWD (min) and tAwD <!: tAWD 
(min), or tCWD <!: tCWD (min), tAWD <!: tAWD (min) and tepw <!: tcpw (min), the cycle is a read-modify-write and the 
data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read-
modify-write cycles. 

14. tRAsP defines RAS pulse width in fast page mode cycles. 
IS. Access time is determined by the longer of tAA or leAC or tcpA' 
16. Test mode operation specified in this data sheet is 16-bits test function controlled by compression addresses ... CAD, CAl, 

CAIO and CAll. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh 
during test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of sixteen 
test bits accord with each other, the state of the output data is high level. When the state of test bits do not accord with 
each other, the state of the output data is low level. Data output pin is Dont and data input in is Dm. If any refresh cycle 
has occurred, the test mode is reset. 

17. In a test mode read cycle, the value of tRAC, t AA, leAC and tCPA is delayed by 2 os to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet . 
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HM5116100 Series -------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout Dout 

* ~ : Don't care 

0100-4 

~HITACHI 
552 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 



HM5116100 Series 

• Early Write Cycle 

Address 

Din 

Dout 
OPEN** 

* ~ : Don't care 

** twcs<:twcs (min) 

0100-5 

eHITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 553 



HM5116100 Series -------------------------------

• Delayed Write Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0100-6 

~HITACHI 
554 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 



HM5116100 Series 

• Read-Modify-Write Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0100-7 

~HITACHI 
Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819· (415) 589-8300 555 



HM5116100 Series 

• RAS Only Refresh Cycle 

Address 

Dout 

* WE : Don't care 

~ : Don't care 

Refresh address: AO-All (RAO- RAll) 
0100-8 

• CAS Before RAS Refresh Cycle 

Address 

Dout 

* ~: Don't care 
0100-9 

• HITACHI 
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HM5116100 Series 

• Hidden Refresh Cycle 

Address 

Dout 

• ~ : Don't care 

0100-10 

• HITACHI 
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HM5116100 Series -------------------------------

• Fast Page Mode Read Cycle 

Address 

Dout 

• ~ : Don't care 

0100-11 

~HITACHI 
558 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 



HM5116100 Series 

• Fast Page Mode Early Write Cycle 

Address 

Din 

Dout 
OPEN» 

> ~ : Don't care 

> > twcs;;: twcs (min) 

0100-12 

@HITACHI 
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HM5116100 Series -----------------------------

• Fast Page Mode Delayed Write Cycle 

Address 

Din 

Dout 

* ~ : Don't care 

0100-13 

.HITACHI 
560 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819 • (415) 589·8300 



HM5116100 Series 

• Fast Page Mode Read-Modify-Write Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0100-14 

@HITACHI 
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HM5116100 Series 

• Test Mode Cycle 

• Test Mode Set Cycle 

Address 

Dout 
OPEN 

~HITACHI 

• *** 

• CBR or RAS only refresh 

~ : Don't care 

••• Address, Din: Don't care 

• ~ : Don't care 

562 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 

0100-15 

0100-16 



------------------------------ HM5116100 Series 

• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 

Address 

Dout 

RAS Only Refresh Cycle 

Address ~~~~~ 

Dout 

OPEN 

OPEN 

* ~ ; Don't care 

* Refresh address AO-A 11 (RAO-RA 11) 

~ ; Don't care 

eHITACHI 

0100-17 

0100-18 
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HM5116100 Series -------------------------------

CAS Before RAS Refresh Counter Check Cycle (Read) 

Address 

Din 

Dout 

• ~ : Don't care 

0100-19 

~HITACHI 
564 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



HM5116100 Series 

CAS Before RAS Refresh Counter Check Cycle (Write) 

Din 

Dout 

• ~ : Don't care 

0100-20 

~HITACHI 
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HM5116100L Series Low Power Version 

16,777,216-Word x 1-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM5116100 is a CMOS dynamic RAM organized 16,777,216 words x 

1-bit. It employs the most advanced CMOS technology for high performance and 
low power. The HM51161 00 offers Fast Page Mode as a high speed access mode. 

• FEATURES 
• Single 5V (± 10%) 
• High Speed 

Access Time ............................ 60 ns/70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode .................... 495 mW/440 mW/385 mW/330 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• Long Refresh Period 

4096 Refresh Cycles ........................................... (256 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Battery Back Up Operation 

• ORDERING INFORMATION 

Part No. Access Time Package • PIN OUT 
HM51l61ooLJ-6 60ns 400 mil 24-pin HM5116100U Series 
HM5116IooLJ-7 70ns 
HM5116100LJ-8 80ns PlasticSOJ 

HM51161ooLJ-1O lOOns 
(CP-24D) 

HM51161ooLZ-6 60ns 
475 mi124-pin HM51161ooLZ-7 70ns 

HM51l61ooLZ-8 80ns Plastic ZIP 

HM5116IooLZ-1O lOOns (ZP-24) 

• PINQESCRIPTION 

Pin Name Function 

Ao-All Address Input 

Ao-All Refresh Address Input 

Din Data Input 

Dout Data Output 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Read/Write Enable 

Vee Power Supply ( + 5V) 
0102-1 

VSS Ground 

NC No Connection (Top View) 

~HITACHI 

Product Preview 

HM5116100U Series 

3DCP24D 

(CP-24D) 

HM5116100LZ Series 

3DZP24 

(ZP-24) 

HM5116100LZ Series 

NC 

NC 

vss 

Din 

WE 

All 

AO 

A2 

vee 

A4 

A6 

AB' 

0102-2 

(Bottom View) 

566 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



HM5116100L Series 

• BLOCK DIAGRAM 

2S6~ memory cell array 2560( memory cell array 

Sen e am;:» "tlO bus Sen1@'.~ & 1/0 bus I-
2561( memOly ceUarr.y 2561( memory cell IIr'ay 

256k memory cell atray 2561( memory CI!!'II array 

Sen, am IIObu, Sense m &I/Ob\!, I-
256k memory cellanay Row 2561( memory cell IIfrllY 

256k memory (ellanay decoder 256" memory cell array 

Sen1t' amp, 1I0b.< 5~"1~ /TID. JlQJ:w I-
256k memory cell ,rr'Y & 2561( memory cell ,nay 

2561(. memory (ell.t,ay 256" memory (ell.".y 

Seneam .&11 b. 
driver 

Sense am &I/Obu\ 

2561( memOry cell "ray 2561( memory (ellarr.y 

2S6k memory cell.rtay 2561( memory cell .rr.V 

Sense .mD. & tlO bus SemI!' amp. !fObu\ I-
2561( memory (ell array 256k mt'mOty cellanay 

2561( memory cellatray 2561( memory (ell array 

Sen) am & 1/0 bus Sense.m & IIObu, 

2561( memory cell .rray 2561( memory cell array 

256k memory cell .rtay 256k m~mory (~II.tlay 

~nse amp & 110 bu $~nU_'rrlP_ & "Obui I--
256k m~mory (ell .n.y 256k memory (ell.rray 

~y 
256k memOry (ell .rr.y 256k memory (ell .rray 

~nseam &lIObU1 ense.m .&1I0bu 
256k memOty cell .rr.y 256k memory (ellarr.y 

r-f+l Column decoder & driver I Column decoder & driver I ~I 110 buffer I 
2S6k memOry (ell.tray 2S6k memory cell."ay 

l.n'Hmo I/Obu ~e"se mo 1I0bu I-
USk memory (ell.tr.y 2S61( memory (ella".y 

2S6k memory (ell .rr.y 2S6k memOry (ell.ur.y 

~ens~._m,,-----& 110 bu!t Sense.'!!2. & "0 bUi 11"t-
156k memory cell atr.y Row 2S6" memory (ell array 

2S6k memory cell,,,.y decoder 2561( memory (ellarr.y 

Sens!' mD. 1I0b., S.",. m. IIDb., I--
256k m~mory cell.rray 

& U61( memory cell 'Hay 

256k memory (ell.,r.y 2561( memory cell array 

n m II b 
driver 

n m II 

2S6k m~mo'y (ell ,".y 2S6k memOry (~II ,rray 

256k memory ccllatr.y 2S61( memOry c~II'rray 

S~nse amp 1/0 bus ~en!te amp 8. 1/0 bus t-
256k memory (!'II .rr.y 2S61( memory cell .rr.y 

2S6k memory (ell.".y 2S6k memory (ell .".y 

S'!nse'm tt 110 bu, Sen,eam & I/Obu, 

256k memory (ell,rray 2S6k memory (ell .rray 

2S61( memory (ell arr.y 2S6k memory (ell .rr.y 

n .m II . .. ~~ ~1 
2S6k memory (ell,rray lS6k memory cell .rr.y 

U6k memory (ell .rray 2S6k memory cell .rr~y 

Sense ama & 1/0 bv \en,e 'l'"Ip & 110 bu, -
2S6k memory cell .n.y 2S6it memory cellllrtllY 

L---J Column address buffer L-r Row address buffer J 
t ~ 

Address AO -A 11 

0102-3 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 567 



HM5116100L Series ----------------------------

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss VCC -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Disspation PT 1.0 W 

Operating Temperature Topr Oto + 70 'C 

Storage Temperature Tstg - 55 to + 125 'C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Uuit Note 

Supply Voltage Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low Voltage VIL -1.0 - O.S V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) 

HM5116100-6 HM5116100-7 HM5116100-S HM5116t00-1O 
Parameter Symbol Unit Test Condition Note 

Min Max Min Max Min Max Min Max 

Operating Current ICC! - 90 - SO - 70 - 60 rnA tRC = Min 1,2 

TTL Interface 
- 2 - 2 - 2 - 2 rnA RAS, CAS = VIR 

Dout = High-Z 

CMOS Interface 
Standby Current ICC2 RAS, CAS and WE > 

- 300 - 300 - 300 - 300 p.A 
VCC - 0.2V, or :s 6.5V 
Address and 
Din = Stable 
Dout = High-Z 

RASOnIy 
ICC3 - 90 - SO - 70 - 60 rnA tRC = Min 2 Refresh Current 

RAS = VIR 
Standby Current ICC5 - 5 - 5 - 5 - 5 rnA CAS = VIL 1,4 

Dout = Enable 

CAS Before RAS 
ICC6 90 SO 70 60 rnA tRC = Min 4 Refresh Current - - - -

Fast Page 
ICC7 - 70 - 60 - 50 - 45 rnA tpc = Min 1,3 Mode Current 

Standby: 
CMOS Interface 

Battery Back-up CBR Refresh: 
Operating Current 

ICCIO - 500 - 500 - 500 - 500 p.A tRC = 62.5 p.s 5 (Standby with tRAS:S I p.s 
CBR Refresh) Address and 

Din = Stable 
Dout = High-Z 

Input Leakage Current ILl -10 10 -10 10 -10 10 -10 10 p.A OV:s Vin :$ 7V 

Output Leakage Current ILO -10 10 -10 10 -10 10 -10 10 p.A 
OV::$ Vout ::$ 7V 
Dout = Disable 

.HITACHI 
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HM5116100L Series 

• DC Electrical Characteristics (T A = 0 to + 70"C, Vee = 5V ± 10%, Vss = OV) (continued) 

HM5116100-6 HM5116100-7 HM5116100·8 HM5116 100-10 
Parameter Symbol Unit Test Condition Note 

Min Max Min Max Min Max Min Max 

Output High Voltage VOH 2.4 Vee 2.4 Vee 2.4 Vee 2.4 Vcc V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: I. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL. 
3. Address can be changed once or less while CAS = VIH. 
4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 
5. VCC - 0.2V :s VIH :s 6.5V,OV :s VIL S 0.2V. 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address, Data·in) Cn - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data·out) Co - 7 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout . 

• AC Characteristics (TA = 0 to 70"C, Vee = 5V ±10%, Vss = 0V)1, 2, 16 

Read, Write, Read-Modlfy-Wrlte and Refresh Cycles (Common Parameters) 

HM5116100·6 HM5116100-7 HM5116100-8 
Parameter Symbol 

Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 110 - 130 - 150 -

RAS Precharge Time tRP 40 - 50 - 60 -
CAS Precharge Time tcp 10 - 10 - 10 -
RAS Pulse Width tRAS 60 10000 70 10000 80 10000 

CAS Pulse Width tCAS 15 10000 18 10000 20 10000 

Row Address Setup Time tASR 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 10 -
Column Address Setup Time tASC 0 - 0 - 0 -
Column Address Hold Time leAH 15 - 15 - 15 -
RAS to CAS Delay Time tRCD 20 45 20 52 20 60 

RAS to Column Address Delay Time tRAD 15 30 15 35 15 40 

RAS Hold Time tRSH 15 - 18 - 20 -
CAS Hold Time tcsH 60 - 70 - 80 -
CAS to RAS Precharge Time tCRP 5 - 5 - 5 -
Transition Time (Rise and Fall) tT 3 30 3 30 3 30 

Read Cycle 

HM5116 100-6 HM5116100·7 HM5116100·8 
Parameter Symbol 

Min Max Min Max Min Max 

Access Time from RAS tRAc - 60 - 70 - 80 

Access Time from CAS tCAC - 15 - 18 - 20 

Access Time from Address tAA - 30 - 35 - 40 

Read Command Setup Time ~CS 0 - 0 - 0 -
Read Command Hold Time to CAS tRCH 0 - 0 - 0 -

Read Command Hold Time to RAS tRRH 5 - 5 - 5 -

@HITACHI 

Unit 

pF 

pF 

pF 

HM5116100-10 

Max Max 

180 -

70 -

10 -
100 10000 

25 10000 

0 -

10 -

0 -

15 -

20 75 

15 55 

25 -

100 -

5 -
3 30 

HM5116100·10 

Min Max 

- 100 

- 25 

- 45 

0 -

0 -

5 -

Hitachi America, Ltd .• Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005·1819 • (415) 589·8300 

Note 

1 

1 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 3 

ns 4 

ns 

ns 

ns 

ns 5 

Unit Note 

ns 6,7,17 

ns 7,8,17 

ns 7,9,17 

ns 

ns 10 

ns 10 
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HM5116100L Series 

Read Cycle (continued) 

Parameter 

Column Address to RAS Lead Time 

Column Address to CAS Lead Time 

CAS to Output in Low-Z 

Output Data Hold Time 

Output Buffer Tum -off Time 

Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data-in Setup Time 

Data-in Hold Time 

Read-Modify-Write Cycle 

Parameter 

Read-Modify-Write Cycle Time 

RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CBR Refresh Cycle) 

CAS Hold Time 
(CBR Refresh Cycle) 

WE Setup Time 
(CBR Refresh Cycle) 

WE Hold Time 
(CBR Refresh Cycle) 

RAS Precharge to CAS Hold Time 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

WE Delay Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Symbol 

tRAL 

tCAL 

tCLZ 

tOH 

tOFF 

Symbol 

twcs 

tWCH 

twp 

tRWL 

tCWL 

tos 

tOH 

Symbol 

tRWC 

tRWO 

tcwo 

tAWO 

Symbol 

tCSR 

tCHR 

tWRP 

tWRH 

tRPC 

Symbol 

tpc 

tRASP 

tCPA 

tcpw 

tCPRH 

HM5lI6100-6 HMSII6100-7 

Min Max Min Max 

30 - 3S -
30 - 3S -

0 - 0 -

3 - 3 -

- IS - 18 

HM5116100-6 HM5116100-7 

Min Max Min Max 

0 - 0 -
IS - IS -

IS - IS -
15 - 18 -

IS - 18 -
0 - 0 -

IS - IS -

HMS1I6100-6 HM5116100-7 

Min Max Min Max 

130 - IS3 -

60 - 70 -
15 - 18 -
30 - 3S -

HM51161OO-6 HMS1I6100-7 

Min Max Min Max 

10 - 10 -

20 - 20 -

10 - 10 -

10 - 10 -

0 - 0 -

HMSII6100-6 HMSII6100-7 

Min Max Min Max 

40 - 4S -

- 100000 - 100000 

- 35 - 40 

3S - 40 -

3S - 40 -

@HITACHI 

HMSII6100-8 HMSII6100-1O 

Min Max Min Max 

40 - 4S -

40 - 4S -
0 - 0 -

3 - 3 -

- 20 - 2S 

HM5116100-8 HM5116100-1O 

Min Max Min Max 

0 - 0 -

15 - 15 -

IS - IS -
20 - 25 -
20 - 2S -
0 - 0 -

IS - 15 -

HMS116100-8 HM5lI6100-1O 

Min Max Min Max 

17S - 210 -
80 - 100 -

20 - 25 -

40 - 4S -

HMS116100-8 HMSII61oo-1O 

Min Max Min Max 

10 - 10 -

20 - 20 -

10 - 10 -

10 - 10 -

0 - 0 -

HMS1I6100-8 HM5116100-1O 

Min Max Min Max 

50 - 55 -

- 100000 - 100000 

- 45 - 50 

4S - SO -

4S - 50 -

570 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 

Unit Note 

ns 

ns 

ns 

ns 

ns II 

Unit Note 

ns 12 

ns 

ns 

ns 

ns 

ns 13 

ns 13 

Unit Note 

ns 

ns 12 

ns 12 

ns 12 

Unit Note 

ns 

ns 

ns 

ns 

ns 

Unit Note 

ns 

ns 14 

ns IS, 17 

ns 

ns 



HM5116100L Series 

Fast Page Mode Read-Modify-Write Cycle 

HM5116100-6 HM5116 100-7 HM5116100-8 HM5116100-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Fast Page Mode Read-Modify-
tPRWC 60 - 68 - 75 - 85 - ns 

Write Cycle Time 

Test Mode Cycle 

HM5116100-6 HM5116100-7 HM5116100-8 HM5116100-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Test Mode WE Setup Time twTS 10 - 10 - 10 - 10 - ns 

Test Mode WE Hold Time tWTH 10 - 10 - 10 - 10 - ns 

Counter Test Cycle 

HM5116100-6 HM5116100-7 HM5116100-8 HM5116100-IO 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT TBD - TBD - TBD - TBD - ns Counter Test Cycle 

Refresh (TJ = 85·C, Vee = 5V ±10%) 

Parameter Symbol Max Unit Note 

Refresh Period 256 ms 4096 Cycles 

Notes: !. AC measurements assume tT = 5 ns. 
2. An initial pause of 100 ,,"S is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS only refresh or CAS before RAS refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 

3. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only; 
if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 

4. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only; 
if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA. 

5. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vrn (min) and VIL (max). 

6. Assumes that tRcD < tRcD (max) and tRAD < tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

7. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
8. Assumes that tRCD O!: tRCD (max) and tRAD :S tRAD (max). 
9. Assumes that tRCD :S tRCD (max) and tRAD O!: tRAD (max). 

10. Either tRcH or tRRH must be satisfied for a read cycle. 
I!. !oFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
12. twcs, tRWD, tCWD, tAWD and !cpw are not restrictive operating parameters. They are included in the data sheet as electri

cal characteristics only; if twcs O!: twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD O!: tRWD (min), tCWD ~ tCWD (min) and tAWD O!: 

tAWD (min), or!cWD ~ tCWD (min), tAwD ~ tAwD (min), and !cPW ~ !cpw (min), the cycle is a read-modify-write and 
the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeterminate. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read-
modify-write cycles. 

14. tRASP defmes RAS pulse width in fast page mode cycles. 
15. Access time is determined by the longer of tAA or tCAC or tCPA' 
16. Test mode operation specified in this data sheet is 16 bits test function controlled by compression addresses - CAO, CAl, 

CAlO and CAl!. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh 
during test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of sixteen 
test bits accord with each other, the state of the output data is high level. When the state of test bits do not accord with 
each other, the state of the output data is low level. Data output pin is Dout and data input pin is Dm. If any refresh cycle is 
occurred, the test mode is reset. 

17. In a test mode read cycle, the value of tRAC, tAA, !cAC and !cPA is delayed by 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet . 

• HITACHI 
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HM5116100L Series 

• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout Dout 

• ~ : Don't care 

@HITACHI 
572 Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005· 1819· (415) 589·8300 

0102-4 



HM5116100L Series 

• Early Write Cycle 

Address 

Din 

Dout 
OPEN" 

'~ : Don't care 

,. twcs s: twcs (min) 

0102-5 

• HITACHI 
Hitachi America, Ltd .• Hitachi Plaza .2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819· (415) 589·8300 573 



HM5116100L Series 

• Delayed Write Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0102-6 

@HITACHI 
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HM5116100L Series 

• Read-Modify-Write Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0102-7 

• HITACHI 
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HM5116100L Series ------------------------------

• RAS Only Refresh Cycle 

Address 

Dout 
OPEN 

• WE : Don't care 

•• ~ : Don't care ... Refresh address: AO - All (RAO - RA 11) 

0102-8 

• HITACHI 
576 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



HM5116100L Series 

• CAS Before RAS Refresh Cycle 

Address 

Dout 

~ : Don't care 

0102-9 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005·1819· (415) 589·8300 577 



HM5116100L Series ------------------------------

• Hidden Refresh Cycle 

Address 

Dout 

* ~ : Don't care 

0102-10 

~HITACHI 
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HM5116100L Series 

• Fast Page Mode Read Cycle 

Address 

Dout 

• ~ : Don't care 

0102-11 

~HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 579 



HM5116100L Series ------------------------------

• Fast Page Mode Early Write Cycle 

Address 

Din 

OPEN" 
Dout 

• ~ : Don't care 

•• twcs;;;; twcs (min) 

0102-12 

@HITACHI 
580 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819· (415) 589-8300 



HM5116100L Series 

• Fast Page Mode Delayed Write Cycle 

Address 

Din 

Dout 

* ~ : Don't care 

0102-13 

@HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 581 



HM5116100L Series 

• Fast Page Mode Read-Modify-Write Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0102-14 

~HITACHI 
582 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 



• Test Mode Cycle 

• Test Mode Set Cycle 

Address 

Dout 
OPEN 

~HITACHI 

HM5116100L Series 

* *** , 

• CBR or RAS only refresh 

•• ~ : Don't care 

••• Address, Din: Don't care 

• ~ : Don't care 

0102-15 

0102-16 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 583 



HM5116100L Series -----------------------------

• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 

Address 

Dout 

RAS Only Refresh Cycle 

Address 

Dout 

OPEN 

OPEN 

* ~ : Don't care 

• Refresh address AO-A 11 (RAO-RA 11) 

•• ~ : Don't care 

@HITACHI 
584 Hitachi America, Ltd, • Hitachi Plaza' 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819 • (415) 589-8300 

0102-17 

0102-16 



HM5116100L Series 

CAS Before RAS Refresh Counter Check Cycle (Read) 

Address 

Din 

Dout 

• ~ : Don't care 

0102-19 

@HITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 585 



HM5116100L Series -----------------------------

CAS Before RAS Refresh Counter Check Cycle (Write) 

Address 

Din 

Dout 

• ~ : Don't care 

0102-20 

$ HITACHI 
586 Hitachi America, Ltd. 0 Hitachi Plaza 02000 Sierra Point Pkwy. 0 8risbane, CA 94005-1819 0 (415) 589-8300 



HM5116400 Series 
4,194,304-Word x 4-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM5116400 is a CMOS dynamic RAM organized 4,194,304 words x 

4 bits. It employs the most advanced CMOS technology for high performance and 
low power. The HM5116400 offers Fast Page Mode as a high speed access mode. 

• FEATURES 
• Single 5V (± 10%) 
• High Speed 

Access Time ............................ 60 ns170 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode .................... 495 mW/440 mW/385 mW/330 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• Long Refresh Period 

4096 Refresh Cycles ............................................ (64 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• ORDERING INFORMATION 

Part No. Access Time 

HM51164OOJ·6 60ns 

Package 
• PIN OUT 

400 mil 24-pin HM51164OOJ· 7 70ns 
HM51164OOJ-8 80ns PlasticSOJ HM5116400J Series 

HM51164OOJ-1O 

HM5116400Z-6 
HM5I 16400Z-7 
HM5116400Z-8 
HM5116400Z-1O 

• PIN DESCRIPTION 

Pin Name 

Ao-Al1 

Ao-Al1 

I/OO-I/04 

RAS 

CAS 

WE 

OE 

Vee 

Vss 
NC 

lOOns (CP-24D) 

60ns 
475 mi124-pin 70ns 

80ns PIasticZIP 

lOOns (ZP-24) 

Function 

Address Input 

Refresh Address Input 

Data Input/Data Output 

Row Address Strobe 

Column Address Strobe 

Write Enable 

Output Enable 

Power(+ 5V) 

Ground 

No Connection 

AO 

Al 

A2 

A3 

vee 

$ HITACHI 

0101-1 

(Top View) 

Product Preview 

HM5116400J Series 

3DCP24D 

(CP-24D) 

HM5116400Z Series 

30ZP24 

(ZP-24) 

HM5116400Z Series 

1/03 

Vss 

1101 

WE 

All 
12 

AO 

A2 

A4 20 

A6 22 

AS 24 

1 A9 

1/04 

Vee 

1/02 

11 RAS 

13 Al0 

15 Al 

17 A3 

19 V,, 

AS 

A7 

0101-2 

(Bottom View) 
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HM5116400 Series 

• BLOCK DIAGRAM 

2561c memorycellar,.y 256" memory cella"l., 

Sen~ i mD ""0 bus ,."","",-6110"'" Ii" 
256k tnl!'tnOfy cell ""Iy 2561e tnetnOly cell ani., 

2S6k m~o'y (ell I"." 256k memOly cell .".y 

Sense m II/Obu, Sens. amo .. 1/0 bus 1+ 
256k memory cell." • ., Row 256k memo,y cell .,tly 

~IIIO buffer rl l104 1 256t memory cella"a., decoder 256k memory cella"a., 

· .. II · .. 
256k memory cefl." • ., & 2S6k memory (elll',.Y 

256k memoty ulll"ay 256k memory cella" • ., 

5fmll!' Irno .. 110 bus 
driver 

e~ amI) 6110 bus 

2S11e memoty cell .r"y 25611 memory cell .".y 

25611; memory cell .",., 2S61r. mernoty cell."ay 

""Imo 61JObu ••• "' ...... lIObus 

2Sik memory cell ." • ., 256k tMmOly (ellarr.y 

256k memory (ella" • ., 2S6k mel'nOfy cellarra., 

SeM am bu •• ... • b 

2S6k. memory cell II"'" 2S6k memoty cell array 

--tlI/Obutter 2S6it memory cellarr • ., 256k memory c~1 array 
1103 

_5.mu",.~IIObl!. . Senw .• 1'JI I 

256k memory cetl.".y ZS6k memory ceU .".,. 

25611. memoty cellirr., 156k memory cell.rr., 

.......... 110 .... , •• "' .... & 110 bus 
Z56k memory ceU .rr.., Z56k memory cell."., 

-~ Column decoder & driver I Column decoder & driver I 
2561r. memory cell.".y 156k memory cefl .rr.y 

· '" II · .. 
156k mtlftOlyceU .rray 156k memory <ell.,r.y 

lS6k memory cetl.".y 156k memory cellirra, 

Sen~ .mD • 110 but sen~ ama 11/0 bus Ii" 
156k memory cell .tt.y Row 256k memory ceil .rr.y 

~IIIO buffer rEJ 156k memOly cell .rray decoder 256k memory cell ar,.y 

· .. lSlk memory cell .".y & 256k memory cell .tny 

156k memory cell .rr.y 256k memory cell.rr.y 

· m 
driver 

o • .. 
156k memoty cellarr.y 256k memory cell arr.y 

25611. memory cell .m,y 256k memOly cell.".y 

Sense limo .. 11IO bu, Sem~'f!!P_11 . 
1561( memory cell .rray 156k memOly cell .".y 

156k memory cell ar,.y 256k memory cell.rr., 

Sen~ amD "UO bus en"J~_ .. m & !lOb 

256k metnOly cell II".V 2s6k memorv cl"11 .rr.y -+1 2561( memory cellltt.v 2S6k memory cell .rr.y 
110 butter ~ 1101 

s~" !.m II S~n'\e ",mD 110 bu. 

25611; memorv cell.,r.v 25611; memory cell "rr'Y 

2S6k memory cell'rrav 25611; mernorv cell ,rrllV 

Seonseam II/Obu, S"n\~itm 8. 110 bus 
256kmeol'Tlorvceoilarrlly 2S6kmeomorvceoUa"IIY 

Column address buffer y Row address buffer I ... t 
AO-A9 Address AO -A 11 AO-All 

0101-3 
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HM5116400 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V SS VT -\.Oto +7.0 V 

Supply Voltage Relative to V ss Vcc -\.Oto + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT \.0 W 

Operating Temperature Topr Oto +70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70"C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage VCC 4.5 5.0 5.5 V 1 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low Voltage VIL -\.O - 0.8 V 1 

Note: \. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70"C, Vee = 5V ±10%, Vss = OV) 

HM5116400J/Z 

Parameter Symbol -6 -7 -8 -10 Unit Test Conditions Note 

Min Max Min Max Min Max Min Max 

Operating Current ICC! - 90 - 80 - 70 - 60 rnA tRC = Min 1,2 

TTL Interface 
- 2 - 2 - 2 - 2 rnA RAS, CAS = VIH 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface 
- 1 - 1 - 1 - 1 mA RAg, CAS ~ Vcc - 0.2V 

Dout = High-Z 

RAS Only Refresh 
Icc3 - 90 - 80 - 70 - 60 rnA tRC = Min 2 Current 

RAS = VIH 
Standby Current Icc5 - 5 - 5 - 5 - 5 rnA CAS = VIL 1,4 

Dout = Enable 

CAS Before RAS 
IcC6 90 80 70 60 mA tRC = Min 4 Refresh Current - - - -

Fast Page Mode 
ICC7 - 70 - 60 - 50 - 45 rnA tpc = Min 1,3 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 ".A OV S VIN S 7V Current 

Output Leakage 
IW -10 10 -10 10 -10 10 -10 10 ".A 

OV S Vout S 7V 
Current Dout = Disable 

Output High Voltage VOH 2.4 Vcc 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA 

Ontput Low Voltage VOL 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: \. Icc depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed once or less while RAS = V IL. 
3. Address can be changed once or less while CAS = VIH. 
4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage . 

• HITACHI 
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HM5116400 Series -----------------------------

• Capacitance (TA = 25°C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) CIl - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) Co - 10 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vrn to disable Dout . 

• AC Characteristics (TA = 0 to +70"C, Vee = 5V ±10%, Vss = OV)l, 2, 3, 19, 20 

Read, Write Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM5II64OOJ/Z 

Parameter Symbol -6 -7 

Min Max Min Max Min 

Random Read or Write Cycle Time tRC 110 - 130 - ISO 

RAS Precharge Time tRP 40 - 50 - 60 

CAS Precharge Time tcp 10 - 10 - 10 

RAS Pulse Width tRAS 60 10000 70 10000 80 

CAS Pulse Width teAs IS 10000 18 10000 20 

Row Address Setup Time tASR 0 - 0 - 0 

Row Address Hold Time tRAH 10 - 10 - 10 

Column Address Setup Time tASC 0 - 0 - 0 

Column Address Hold Time leAH 15 - 15 - IS 

RAS to CAS Delay Time tRCO 20 45 20 52 20 

RAS to Column Address Delay Time tRAO IS 30 IS 35 IS 

RAS Hold Time tRSH IS - 18 - 20 

CAS Hold Time tcsH 60 - 70 - 80 

CAS to RAS Precharge Time tCRP 5 - 5 - 5 

OE to Din Delay Time toED IS - 18 - 20 

OE Delay Time from Din tozo 0 - 0 - 0 

CAS Delay Time from Din tozc 0 - 0 - 0 

Transition Time (Rise and Fall) tT 3 30 3 30 3 

Read Cycle 

HM5116400J/Z 

Parameter Symbol -6 -7 -8 

Min Max Min Max Min 
-' 

Acceso Time froIll RAS tRAC - 60 - 70 -
Access Time from CAS !cAC - 15 - 18 -
Access Time from Address tAA - 30 - 35 -
Access Time from OE toEA - IS - 18 -
Read Command Setup Time tRCS 0 - 0 - 0 

Read Command Hold Time to CAS tRCH 0 - 0 - 0 

Read Command Hold Time to RAS tRRH 5 - 5 - 5 

Column Address to RAS Lead Time tRAL 30 - 35 - 40 

Column Address to CAS Lead Time tCAL 30 - 35 - 40 

CAS to Output in Low-Z tCLZ 0 - 0 - 0 

• HITACHI 

-8 

Max 

-
-
-

10000 

10000 

-

-
-
-
60 

40 

-

-

-

-
-
-

30 

Max 

80 

20 

40 

20 

-
-
-
-
-
-

Unit 

pF 

pF 

pF 

-10 

Min Max 

180 -
70 -
10 -

100 10000 

25 10000 

0 -

10 -

0 -
15 -
20 75 

IS 55 

25 -
100 -
5 -

25 -
0 -
0 -
3 30 

-10 Unit 

Min Max 

- 100 us 

- 25 ns 

- 45 us 

- 25 ns 

0 - us 

0 - us 

5 - us 

45 - ns 

45 - ns 

0 - us 
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1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

us 

ns 

ns 

us 4 

us 5 

us 

us 

ns 

ns 6 

us 7 

ns 7 

ns 8 

Note 

9,10,21 

10,11,21 

10,12,21 

10,21 

13 

13 



HM5116400 Series 

Read Cycle (continued) 

HM5116400J/Z 

Parameter Symbol -6 -7 -8 -10 Unit Note 

Min Max Min Max Min Max Min Max 

Output Data Hold Time toH 3 - 3 - 3 - 3 - ns 

Output Data Hold Time from OE toHo 3 - 3 - 3 - 3 - ns 

Output ButTer Tum-off Time toFF - 15 - 18 - 20 - 25 ns 14 

Output ButTer Tum-off Time to OE toEZ - 15 - 18 - 20 - 25 ns 14 

CAS to Din Delay Time tCDD 15 - 18 - 20 - 25 - ns 6 

Write Cycle 

HM5116400J/Z 

Parameter Symbol -6 -7 -8 -10 Unit Note 

Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - ns 15 

Write Command Hold Time twCH 15 - 15 - 15 - 15 - ns 
--

Write Command Pulse Width twp 15 - 15 - 15 - 15 - ns 

Write Command to RAS Lead Time tRwL 15 - 18 - 20 - 25 - ns 

Write Command to CAS Lead Time tcwL 15 - 18 - 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - 0 - ns 16 

Data-in Hold Time tDH 15 - 15 - 15 - 20 - ns 16 

Read-Modify-Write Cycle 

HM5116400J/Z 

Parameter Symbol -6 -7 -8 -10 Unit Note 

Min Max Min Max MIn Max Min Max 

Read-Modify-Write Cycle Time tRwc 150 - 176 - 200 - 245 - ns 

RAS to WE Delay Time tRWD 80 - 93 - 105 - 135 - ns 15 

CAS to WE Delay Time tcwD 35 - 41 - 45 - 60 - ns 15 

Column Address to WE Delay Time tAWD 50 - 58 - 65 - 80 - ns 15 

OE Hold Time from WE toEH 15 - 18 - 20 - 25 - ns 

Refresh Cycle 

HM5116400J/Z 

Parameter Symbol -6 -7 -8 -10 Unit Note 

Min Max Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - 10 - ns (CBR Refresh Cycle) 

CAS Hold Time 
tCHR 20 20 20 20 (CBR Refresh Cycle) - - - - ns 

WE Setup Time 
twRP 10 - 10 - 10 - 10 - ns (CBR Refresh Cycle) 

WE Hold Time 
tWRH 10 10 10 10 (CBR Refresh Cycle) - - - - ns 

RAS Precharge to CAS Hold Time tRPC 0 - 0 - 0 - 0 - ns 

• HITACHI 
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HM5116400 Series 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

WE Delay Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Symbol 

tpc 

tRASP 

tCPA 

tcpw 

tcPRH 

Fast Page Mode Read-Modify-Write Cycle 

Parameter Symbol 

Fast Page Mode Read-Modify-Write 
tpRWC Cycle Time 

Test Mode Cycle 

Parameter Symbol 

Min 

Test Mode WE Setup Time tWTS 10 

Test Mode WE Hold Time tWTH 10 

Counter Test Cycle 

Parameter Symbol -6 

Min 

CAS Precharge Time in 
tCPT TBD Counter Test Cycle 

Refresh (TJ = 85°C, Vee = 5V ± 1 0%) 

Parameter Symbol 

Refresh Period tREF 

HM5116400J/Z 

-6 -7 -8 -10 Unit 

Min Max Min Max Min Max Min Max 

40 - 45 - 50 - 55 - ns 

- 100000 - 100000 - 100000 - 100000 ns 

- 35 - 40 - 45 - 50 ns 

55 - 63 - 70 - 85 - ns 

35 - 40 - 45 - 50 - ns 

HM5116400J/Z 

-6 -7 -8 -10 Unit 

Min Max Min Max Min Max Min Max 

80 - 91 - 100 - 110 - ns 

HM5116400J/Z 

-6 -7 -8 -10 Unit 

Max Min Max Min Max Min Max 

- 10 - 10 - 10 - ns 

- 10 - 10 - 10 - ns 

HM51164OOJ/Z 

-7 -8 -10 Unit 

Max Min Max Min Max Min Max 

- TBD - TBD - TBD ns 

Max Unit Note 

64 ms 4096 Cycles 

@HITACHI 
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HM5116400 Series 

Notes: 1. AC measurements assume tT = 5 ns. 
2. An initial pause of 100 ",S is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS only Refresh or CAS before RAS Refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 

3. Only row address is indispensable on address AIO and All. 
4. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
5. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
6. Either tODD or tCDD must be satisfied. 
7. Either tDZO or tDZC must be satisfied. 
8. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH (min) and VIL (max). 
9. Assumes that tRCD < tRCD (max) and tRAD < tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
10. Measured with a load circuit equivalent to 2 TIL loads and 100 pF. 
II. Assumes that tRCD ~ tRCD (max) and tRAD S tRAD (max). 
12. Assumes that tRCD S tRCD (max) and tRAD ~ tRAD (max). 
13. Either tRCH or tRRH must be satisfied for a read cycle. 
14. topp (max) and 10EZ (max) defme the time at which the outputs achieve the open circuit condition and are not referenced 

to output voltage levels. 
15. twcs, tRWD, tCWD, tAWD and tcPw are not restrictive operating parameters. They are included in the data sheet as electri

cal characteristics only; if twcs ;!: twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRWD ~ tRWD (min), tCWD ~ tCWD (min) and tAWD ~ 

tAWD (min), or tcwn ~ tCWD (min), tAWD ~ tAWD (min) and tcpw ~ tcpw (min) the cycle is a read-modify-write and 
the data output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeterminate. 

16. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read-
modify-write cycles. 

17. tRAsP defines RAS pulse width in fast page mode cycles. 
18. Access time is determined by the longer of tAA or tCAC or tCPA. 
19. In delay write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
20. Test mode operation specified in this data sheet is 16 bits test function controlled by compression addresses ... CAO and 

CAl. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of four test bits on 
each 1/0 accord with each other, the state of the output data on the 1/0 is high level. When the state of four test bits on 
the 110 do not accord with each other, the state of the output data on the 110 is low level. Data input and output pins are 
1101-1/04. If any refresh cycle is occurred, the test mode is reset. 

21. In a test mode read cycle, the value of tRAC, tAA, teAC and tePA is delayed by 2 ns to 5 us for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet . 
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HM5116400 Series -----------------------------

• TIMING WAVEFORMS 
• Read Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0101-23 

eHITACHI 
594 Hitachi America, Ltd. • Hitachi Plaza. 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM5116400 Series 

• Early Write Cycle 

Address 

Din 

OPEN" 
Dout 

OE : Don't care 

~ : Don't care 

twcs ~ twcs (min) 

0101-5 

~HITACHI 
Hitachi America, Ltd.' Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819' (415) 589-8300 595 



HM5116400 Series 

• Delayed Write Cycle 

CAS 

Address 

WE 

Din 

OE 

Dout 

• ~ : Don't care 

0101-6 

eHITACHI 
596 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



-------------------------------- HM5116400 Series 

• Read-Modify-Write Cycle 

teAs 

CAS 

Address 

WE 

Din 

OE 

Dout 

• ~ : Don't care 

0101-15 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 597 
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• RAS Only Refresh Cycle 

Address 

OPEN 
Dout 

• OE,WE : Don't care 

~ : Don't care ... Refresh address: AO - A 11 (RAO - RA 11) 

0101-8 

@HITACHI 
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• CAS Before RAS Refresh Cycle 

Address 

Dout 

~HITACHI 

HM5116400 Series 

OE : Don't care 

~ : Don't care 

0101-9 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 599 
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• Hidden Refresh Cycle 

* ~ : Don't care 

0101-10 

~HITACHI 
600 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005· 1819· (415) 589·8300 



HM5116400 Series 

• Fast Page Mode Read Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0101-11 

eHITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy., Brisbane, CA 94005·1819' (415) 589-8300 601 



HM5116400 Series 

• Fast Page Mode Early Write Cycle 

Address 

Din 

OPEN·-
Dout 

OE : Don't care 

~ : Don't care 

twcs~twcs (min) 

0101-12 

eHITACHI 
602 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005·1819 • (415) 589·8300 



------------------------------ HM5116400 Series 

• Fast Page Mode Delayed Write Cycle 

Address 

Din 

Dout 

Invalid Dout Invalid Dout Invalid Dout 

• ~ : Don't care 

0101-13 

eHITACHI 
Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005·1819 • (415) 589·8300 603 



HM5116400 Series 

• Fast Page Mode Read-Modify-Write Cycle 

Address 

Din 

Dout 

Doutl Dout 2 DoutN 

* ~ : Don't care 

0101-14 

~HITACHI 
604 Hitachi America, Ltd.' Hitachi PIa2a' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



- Test Mode Cycle 

Test Mode Cycle 

-Test Mode Set Cycle 

Address 

Dout 
OPEN 

• HITACHI 

HM5116400 Series 

* *** , 

* CBR or RAS only refresh 

** ~ : Don't care 

*** Address, Din, OE : Don't care 

* ~ : Don't care 

0101-24 

0101-16 

Hitachi America, Ltd. • Hitachi Plaza. 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819. (415) 589-8300 605 
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-Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 

Address 

Dout 

RAS Only Refresh Cycle 

Address 

Dout 

OPEN 

OPEN 

* ~ : Don't care 

* Refresh address AO - All (RAO-RA 11) 

~ : Don't care 

• HITACHI 
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0101-18 



------------------------------ HM5116400 Series 

CAS Before RAS Refresh Counter Check Cycle (Read) 

tCRP 

Address 

Din 

Dout Dout 

• ~ : Don't care 

0101-19 

• HITACHI 
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HM5116400 Series ----------------------------

CAS Before RAS Refresh Counter Check Cycle (Write) 

Din 

Dout 

• ~ : Don't care 

0101-20 

• HITACHI 
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HM5116400L Series Low Power Version 

4,194,304-Word x 4-Bit Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM5116400 is a CMOS dynamic RAM organized 4,194,304 words x 

4 bits. It employs the most advanced CMOS technology for high performance and 
low power. The HM5116400 offers Fast Page Mode as a high speed access mode. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ............................ 60 ns/70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode .................... 495 mW/440 mW/385 mW/330 mW (max) 
Standby Mode ............................................. 11 mW (max) 

• Fast Page Mode Capability 
• Long Refresh Period 

4,096 Refresh Cycles ........................................... (256 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Battery Back Up Operation 

• ORDERING INFORMATION • PIN OUT 

Part No. Access Time Package HM51l6400U Series 

HM5116400U-6 
HM5116400U-7 
HM51164OOU-8 
HM51164OOU-IO 

HM5116400LZ-6 
HM51164OOLZ-7 
HM51164OOLZ-8 
HM51164OOLZ-IO 

• PIN DESCRIPTION 

Pin Name 

Ao-All 

Ao-All 

1100-110 4 

RAS 

CAS 

WE 

OE 

Vee 

Vss 
NC 

60ns 400 mil 24-pin 70ns 
80ns PlasticSOJ 

lOOns (CP-24D) 

60ns 475 mil 24-pin 70ns 
80ns Plastic ZIP 

lOOns (ZP-24) 

Function 

Address Input 

Refresh Address Input 

Data-inputIData-output 

Row Address Strobe 

Column Address Strobe 

Write Enable 

Output Enable 

Power Supply ( + 5V) 

Ground 

No Connection 

AO 

Al 

A2 

A3 

Vee 

• HITACHI 

0103-1 

(Top View) 

Product Preview 

HM51l6400U Series 

30CP24D 

(CP-24D) 

HM51l6400U Series 

3DCP28D 

(CP-28D) 

HM51l6400LZ Series 

3DZP24 

(ZP-24) 

HM51l6400LZ Series 

OE 2 

1/03 4 

VSS 6 

VOl 
S 

WE 10 

All 
12 

AO 14 

A2 16 

Vee 18 

A4 20 

A6 22 

AS 24 

1 A9 

CAS 

1/04 

1/02 

RAS 

Al0 

Al 

A3 

VSS 

AS 

A7 

0103-2 

(Bottom View) 
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HM5116400L Series 

• BLOCK DIAGRAM 

2S6k m~mory ce-ll.rray 

S me am '!fO b 
256k memory cell.tray 
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Serne am . " bu • 
256k memory cell.tray 
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156k memory eell,tI.y 
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2561( memory (ell a"ay 
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S.n • m • bu • 
2S6k memory cellaH.Y 

25611: memory cell .rr.y 

Sent:e:_.mp." 110 bUJ_ 
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lS6k memory celllfraV 
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156k memory cell.tt.y 

r-ftl Column decoder & driver 

lS6k memory cell.rtay 
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156k memory c~lI.tt.y 
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25611 memory cell "ray 

Sen, amo & 110 bu, 

2lJ6k memory cell array 

Column address buffer ... 
AO-A9 

2S6k memory cell array 

Sense Imo P.o 1/0 bus 

256k memory cell array 

2561{ memory (ell.,r.y 

Sense am & 1/0 bus 

Row 25611. memory cell.".y H 1I0buffer decoder 256k memory cellatt.y 

S ..... ",D .• _"O!>O\ 

& 256k memory cell.".y 

256k memory <ell.,ray 

driver 
Sense amD. & 110 bus ,~ 

256k memory cell array 

25611: me-moty cell array 

Sense am£). IIOb", 

256k me-mOly cell.tr.y 

256k memory cell.tray 

S ns amD. 110 bus .~ 

U6k memory (ellatray 

~I r 256k memory cell atr.y 110 buffer 

Se~" amp._". t10 .bu~ '~ 
2S6lc memory cell .tr.y 

256k memory cell .,tly 

Sense .mp. " 110 bu 

256k memory cell'tr~V 

I I Column decoder & driver I 
256k memory cell .tray 

n,. mD '10 bu, 
256k m~motv celilfl.V 

lS6k memory cell.tr.y 

i~ S.n .m IlObu 

Row 256" memory cell.tray -tl r decoder 256" ~mory cell.u.v 
110 buffer 

5 • .,. omD. & 110 bu. !~ 

& 256k memory cell.rr.y 

2561( memory cell .rray 

driver 
S!,nll" mo "0 bu. I~ 

2561( memory cell.".y 

156k memory cell,rr.y 

en ~ amp & 110 hu, l~ 
25611. memory ceUarray 

256k memory cellatr.y 

Sen e amo & lID bus If 
256k memory cellalt.y -tl Itt 256k memory cell .rray 110 buffer 

-" -amo IlObu If 
25611 memory cell.H.y 

156k memory cell array 

Se"\1~ amo. & 110 bu~ If 
256k memory cellatray 

I Row address buffer I 
j 

Address AO -A 11 AO-Al1 

~HITACHI 
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HM5116400L Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V SS VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss Vcc -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

Operating Temperature Topr o to + 70 °C 

Storage Temperature Tstg - 55 to + 125 °C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low Voltage VIL -1.0 - O.S V I 

Note: 1. All voltage referenced to Vss. 

• DC Electrical Characteristics (TA = 0 to + 70°C, Vee = 5V ±10%, Vss = OV) 

HM5116400-6 HM5116400-7 HM5116400-S HM5116400-1O 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max Min Max 

Operating Current ICCI - 90 - SO - 70 - 60 rnA tRC = Min 1,2 

TTL Interface 
- 2 - 2 - 2 - 2 rnA RAS, CAS = V IH 

Dout = High-Z 

CMOS Interface, RAS, 
Standby Current ICC2 CASandWE> 

- 300 - 300 - 300 - 300 J.'A 
V CC - 0.2V or S 6.5V 
Address and 
Din = stable 
Dout = High-Z 

RAS Only Refresh Current ICC3 - 90 - SO - 70 - 60 rnA tRC = Min 2 

RAS = VIH 
Standby Current ICC5 - 5 - 5 - 5 - 5 rnA CAS = VIL 1,4 

Dout = Enable 

CAS Before RAS Refresh 
ICC6 90 SO 70 60 rnA tRC = Min 4 

Current 
- - - -

Fast Page Mode Current ICC7 - 70 - 60 - 50 - 45 rnA tpc = Min 1,3 

Standby: 
CMOS Interface 

Battery Back Up CBR Refresh: 
Operating Current 

ICC 10 500 500 500 500 J.'A 
tRC = 62.5 J.'s 5 

(Standby with - - - -
tRAS S I J.'s 

CBR Refresh) Address and 
Din = Stable 
Dout = High-Z 

Input Leakage Current ILl -to 10 -to 10 -10 10 -10 10 J.'A OV S Yin S 7V 

Output Leakage Current ILO -to 10 -10 10 -10 to -to 10 J.'A 
OVSVout S7V 
Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed once or less while RAS = VIL. 
3. Address can be changed once or less while CAS = V IH. 
4. Clock voltages (RAS and CAS) must be applied simultaneously with or prior to applying supply voltage. 
5. VCC - 0.2V S VIH S 6.5V,OV S VIL S 0.2V. 

~HITACHI 
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HM5116400L Series 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) CII - 5 

Input Capacitance (Clocks) CI2 - 7 

Output Capacitance (Data-in, Data-out) Co - 10 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Dollt . 

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV)1, 2, 3, 19, 20 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM5116400-6 HM5116400-7 HM5116400-8 
Parameter Symbol 

Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 110 - 130 - 150 -

RAS Precharge Time tRP 40 - 50 - 60 -

CAS Precharge Time tcp 10 - 10 - 10 -

RAS Pulse Width tRAS 60 10000 70 10000 80 10000 

CAS Pulse Width tCAS 15 10000 18 10000 20 10000 

Row Address Setup Time tASR a - a - a -

Row Address Hold Time tRAH 10 - 10 - 10 -

Column Address Setup Time tASC a - a - a -

Column Address Hold Time tCAH 15 - 15 - 15 -
RAS to CAS Delay Time tRCD 20 45 20 52 20 60 

RAS to Column Address Delay Time tRAD 15 30 15 35 15 40 

RAS Hold Time tRSH 15 - 18 - 20 -

CAS Hold Time tCSH 60 - 70 - 80 -

CAS to RAS Precharge Time tCRP 5 - 5 - 5 -

OE to Din Delay Time tOED 15 - 18 - 20 -

OE Delay Time from Dm tDZO a - 0 - a -

CAS Delay Time from Din tDZC a - a - a -

Transition Time (Rise and Fall) tT 3 30 3 30 3 30 

Read Cycle 

HM5116400-6 HM5116400-7 HM51164oo-8 
Parameter Symbol 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - 80 

Access Time from CAS tCAC - 15 - 18 - 20 

Access Time from Address tAA - 30 - 35 - 40 

Access Time from OE tOEA - 15 - 18 - 20 

Read Command Setup Time tRCS a - a - a -

Read Command Hold Time to CAS tRCH a - a - a -

Read Command Hold Time to RAS tRRH 5 - 5 - 5 -

Column Address to RAS Lead Time tRAL 30 - 35 - 40 -

Column Address to CAS Lead Time tCAL 30 - 35 - 40 -

CAS to Output in Low-Z tCLZ a - a - a -

Output Data Hold Time loH 3 - 3 - 3 -

Output Data Hold Time from OE tOHO 3 - 3 - 3 -

Output Buffer Turn-off Time tOFF - 15 a 18 - 20 

Output Buffer Turn-off to OE tOEZ - 15 - 18 - 20 

CAS to Din Delay Time tCDD 15 - 18 - 20 -

@HITACHI 

Unit Note 

pF I 

pF I 

pF 1,2 

HM5116400-1O 
Unit Note 

Min Max 

180 - ns 

70 - ns 

10 - ns 

100 10000 ns 

25 10000 ns 

a - ns 

10 - ns 

a - ns 

15 - ns 

20 75 ns 4 

15 55 ns 5 

25 - ns 

100 - ns 

5 - ns 

25 - ns 6 

a - ns 7 

0 - ns 7 

3 30 ns 8 

HM51164oo-1O 
Unit Note 

Min Max 

- 100 ns 9, 10,21 

- 25 ns 10, 11,21 

- 45 ns 10, 12,21 

- 25 ns 10,21 

a - ns 

a - ns 13 

5 - ns 13 

45 - ns 

45 - ns 

0 - ns 

3 - ns 

3 - ns 

- 25 ns 14 

- 25 ns 14 

25 - ns 6 

612 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 



HM5116400L Series 

Write Cycle 

HM5116400-6 HM5116400-7 HM5116400-S HM5116400-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - ns IS 

Write Command Hold Time tWCH IS - IS - IS - IS - ns 

Write Command Pulse Width twp 15 - 15 - 15 - IS - ns 

Write Command to RAS Lead Time tRWL 15 - IS - 20 - 25 - ns 

Write Command to CAS Lead Time tcwL 15 - IS - 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - 0 - ns 16 

Data-in Hold Time tDH 15 - 15 - IS - 15 - ns 16 

Read-Modify-Write Cycle 

HM5116400-6 HM5116400-7 HM5116400-S HM5116400-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Read-Modify-Write Cycle Time tRWC 150 - 176 - 200 - 245 - ns 

RAS to WE Delay Time tRWD SO - 93 - 105 - 135 - ns 15 

CAS to WE Delay Time tCWD 35 - 41 - 45 - 60 - ns 15 

Column Address to WE Delay Time tAWD 50 - 5S - 65 - SO - ns IS 

OE Hold Time from WE tOEH IS - IS - 20 - 25 - ns 

Refresh Cycle 

HM5116400-6 HM5116400-7 HM5116400-S HM5116400-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - 10 - ns 

(CBR Refresh Cycle) 

CAS Hold Time 
tCHR 20 20 20 20 - ns (CBR Refresh Cycle) - - -

WE Setup Time 
tWRP 10 - 10 (CBR Refresh Cycle) - 10 - 10 - ns 

WE Hold Time 
tWRH 10 10 10 10 -

(CBR Refresh Cycle) 
- - - ns 

RAS Precharge to CAS Hold Time tRPC 0 - 0 - 0 - 0 - ns 

Fast Page Mode Cycle 

HM5116400-6 HM5116400-7 HM5116400-S HM5116400-10 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 40 - 45 - 50 - 55 - ns 

Fast Page Mode RAS Pulse Width tRASP - 100000 - 100000 - 100000 - 100000 ns 17 

Access Time from CAS Precharge tCPA - 35 - 40 - 45 - 50 ns IS,21 

WE Delay Time from CAS Precharge tcpw 55 - 63 - 70 - 85 - ns 

RAS Hold Time from CAS Precharge tCPRH 35 - 40 - 45 - 50 - ns 

Fast Page Mode Read-Modify-Write Cycle 

HM5116400-6 HM5116400-7 HM5116400-S HM5116400-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Fast Page Mode Read-Modify-
tpRWC SO - 91 - 100 - 110 - ns 

Write Cycle Time 

~HITACHI 
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HM5116400L Series 

Test Mode Cycle 

HM5Il6400-6 HM5116400-7 HM5116400-S HM5116400-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Test Mode WE Setup Time tWTS 10 - 10 - 10 - 10 - ns 

Test Mode WE Hold Time tWTH 10 - 10 - 10 - 10 - ns 

Counter Test Cycle 

HM5116400-6 HM5116400-7 HM5116400-S HM5116400-1O 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

CAS Precharge Time in 
tCPT TBD TBD TBD TBD ns - - - -

Counter Test Cycle 

Refresh (T J = 85°C, Vee = 5V ± 10%) 

Parameter Symbol Max Unit Note 

Refresh Period 256 ms 4096 Cycles 

Notes: I. AC measurements assume tT = 5 ns. 

614 

2. An initial pause of 100 !,-S is required after power up followed by a minimum of eight initialization cycles (any combination 
of cycles containing RAS only refresh or CAS before RAS refresh). If the internal refresh counter is used, a minimum of 
eight CAS before RAS refresh cycles are required. 

3. Only row address is indispensable ou address A 10 and A I 1. 
4. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only; 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
5. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only; 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
6. Either toDD or TCDD must be satisfied. 
7. Either tDZO or TDZC must be satisfied. 
S. VIR (min) and VIL (max) are reference levels for measuring timing of inpnt signals. Also, transition times are measured 

between VIR (min) and VIL (max). 
9. Assumes that tRCD < tRCD (max) and tRAD < tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
10. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
II. Assumes that tRCD ~ tRCD (max) and tRAD :S tRAD (max). 
12. Assumes that tRCD :S tRCD (max) and tRAD ~ tRAD (max). 
13. Either tRCH or tRRH must be satisfied for a read cycle. 
14. tOFF (max) and tOEZ (max) define the time at which the outputs achieve the open circuit condition and are not referenced 

to output voltage levels. 
15. twcs, tRWD, tCWD, tAWD and tcpw are not restrictive operating parameters. They are included in the data sheet as electri

cal characteristics only; if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tRwD ~ tRwD (min), tCWD ~ tCWD (min), tAWD ~ tAWD (min), 
or tCWD ~ tCWD (min), tA WD ~ tA WD (min) and tcpw ~ tcpw (min) the cycle is a read-modify-write and the data 
output will contain data read from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

16. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read-
modify-write cycles. 

17. tRASP defines RAS pulse width in fast page mode cycles. 
IS. Access time is determined by the longer of tAA or teAC or tCPA' 
19. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
20. Test mode operation specified in this data sheet is 16 bits test function controlled by compression addresses - CAO and 

CAL This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of four test bits on 
each I/O accord with each other, the state of the output data on the I/O is high level. When the state of four test bits on 
the I/O do not accord with each other, the state of the output data on the I/O is low level. Data input and output pins are 
I/O-I to 1/0-4. If any refresh cycle is occurred, the test mode is reset. 

21. In a test mode read cycle, the value of tRAC, tAA, tCAC and tePA is delayed by 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

~HITACHI 
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------------------------------- HM5116400L Series 

• TIMING WAVEFORMS 
• Read Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0103-4 

~HITACHI 
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HM5116400L Series -----------------------------

• Early Write Cycle 

Address 

Din 

Dout 
OPEN** 

.HITACHI 

... 
OE : Don't care 

~ : Don't care 

twcs;;;: twcs (min) 

616 Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 
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----------------------------- HM5116400L Series 

• Delayed Write Cycle 

CAS 

Address 

WE 

Din 

Dout 

• ~ : Don't care 

0103-6 

eHITACHI 
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HM5116400L Series 

• Read-Modlfy-Write Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0103-7 

$ HITACHI 
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------------------------------ HM5116400L Series 

• RAS Only Refresh Cycle 

Address 

Dout 
OPEN 

* OE,WE : Don't care 

** ~ : Don't care 

*** Refresh address: AO - All (RAO - RA 11) 

• HITACHI 

0103-8 
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HM5116400L Series -----------------------------

• CAS Before RAS Refresh Cycle 

Address 

Dout 

_HITACHI 

** 
OE : Don't care 

~ : Don't care 

620 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 
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------------------------------ HM5116400L Series 

• Hidden Refresh Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0103-10 

@HITACHI 
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HM5116400L Series 

• Fast Page Mode Read Cycle 

Address 

Din 

Dout 

• ~ : Don't care 

0103-11 

~HITACHI 
622 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 



------------------------------ HM5116400L Series 

• Fast Page Mode Early Write Cycle 

Address 

Din 

OPEN** 
Dout 

OE : Don't care 

** ~: Don't care 

twcs,,=twcs (min) 

0103-12 

• HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 623 



HM5116400L Series -----------------------------

• Fast Page Mode Delayed Write Cycle 

Address 

Din 

Dout 

Invalid Dout Invalod Dout Invalod Dout 

* ~ : Don't care 

0103-13 

• HITACHI 
624 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819 • (415) 589·8300 



• Fast Page Mode Read-Modify-Write Cycle 

Address 

Din 

Dout 

Dout 1 Dout2 DoutN 

eHITACHI 

HM5116400L Series 

• ~ : Don't care 
0103-14 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 625 



HM5116400L Series -----------------------------

• Test Mode Cycle 

• Test Mode Set Cycle 

Address 

Dout 
OPEN 

• HITACHI 

* *** , 

* CBR or m only refresh 

** ~ : Don't care 

*** Address, Din, OE : Don't care 

* ~ : Don't care 

626 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1 819 • (415) 589-8300 

0103-15 

0103-16 



• Test Mode Reset Cycle 

CAS Before RAS Refresh Counter Cycle 

Dout 

• RAS Only Refresh Cycle 

tCRP 

Address 

Dout 

OPEN 

OPEN 

HM5116400L Series 

* ~ : Don't care 

* Refresh address AO - A 11 (RAO-RA 11) 

~ : Don't care 

0103-17 

0103-18 

~HITACHI 
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HM5116400L Series 

• CAS Before RAS Refresh Counter Check Cycle (Read) 

Address 

Din 

Dout 

0103-19 

~HITACHI 
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HM5116400L Series 

• CAS Before RAS Refresh Counter Check Cycle (Write) 

Address 

~-~~--~ 

Din 

Dout 

• ~ : Don't care 

0103-20 

~HITACHI 
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Section 3 
High Speed BiCM OS 

Dynamic RAM 

$HITACHI® 
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HM571000 Series 
1,048,576-Word x 1-Bit High Speed Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM571000 is a super high speed dynamic RAM organized 

1,048,576-word xl-bit. HM571 000 have realized higher density, higher performance 
and various functions by employing 1.3 ,...m Bi-CMOS technology and some new Bi
CMOS circuit design technologies. The HM571000 offers 8 bits static column mode 
as a high speed access mode. 

• FEATURES 
• Single 

5V (± 10%) for HM571000JP/ZP-40/45 
5V (±5%) for HM571000JP/ZP-35R 

• High Speed 
Access Time ........•.......................... 35 ns/40 ns/45 ns (max) 

• 512 Refresh Cycles .................................................. (4 ms) 

• 2 Variations of Refresh 
CE Refresh 
Automatic Refresh 

• 8 Bits Static Column Mode 

• ORDERING INFORMATION • PIN OUT 

Part No. Access Time Package HM571000JP Series 

HM571000JP-35R 35 ns 300 mi128-pin 
HM571000JP40 40ns Plastic SOJ 
HM571000JP-45 45ns (CP-28DN) 

HM571000zP-35'1 35 ns 400 mi128-pin 
HM571000zP40'1 40ns Plastic ZIP 
HM571000ZP-45'1 45ns (ZP-28) 

Note: 'I. ZIP type products are preliminary. 

A10 

A9 

AS 
A2 

Al 

AO 

RF 
Ci 
OE 
WE 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input for 
CERefresh 

A9-A16 Address Input 

A17-AI9 Address Input for 
Static Column Mode 

CE Chip Enable 

OE Output Enable 

WE Read/Write Enable 

Din Data-in 

Dout Data-out 

RF Refresh Control 

Vee Power(+5V) 

Vss Ground 

@HITACHI 

0080-1 

(Top View) 

HM571000JP Series 

:JDCP28DN 

(CP-28DN) 

HM571000ZP Series 

3DZP28 

(ZP-28) 

HM571000ZP Series 

CE 2 

WE 4 

Din 6 

= 
= 

1 RF 
3 Oi 
5 Dout 
7 A19 

A18 8 
--"- 9 A17 

Vss 10 =.- = l.l AO 
_\1 ::.~ =-= = 13 A4 
AS 14 

lS A6 
A7 16 

A3 18 

A8 20 

A1S 22 

= 17 A2 
19 Vee 
21 A16 

23 A14 
A13 24 

All 26 
2S A12 

27 Al0 
A9 28 = 

0080-2 

(Bottom View) 
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HM571000 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V SS VT -1.0to +7.0 V 

Supply Voltage Relative to V ss Vee -1.0to + 7.0 V 

Short Circuit Output Current lOS 50 rnA 

Power Dissipation PT 0.8 W 

Operating Temperature Topr Oto + 70 'C 

Storage Temperature Tstg - 55 to + 125 'C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage I -35R 
Vee 

4.75 
5.0 

5.25 
V I 

I -40/-45 4.50 5.50 

Input High Voltage VIR 2.4 - 6.5 V 1,3 

Input Low Voltage VIL -1.0 - 0.8 V 1,2 

Notes: I. All voltage referenced to V ss. 
2. The device will withstand undershoots to the - 2V level with a maximum pulse width of 20 ns at the - 1.5V level. (See 

Figure I.) 

VIH 

-1.0 V 

-1.5 V 

r-- -2_0 V 

--; ~ 20 ns (max) 

Figure 1. Undershoot of Input Voltage 
3. The VIR level of OE shall be lower than Vee + 0.5V. 

• DC Electrical Characteristics (T A = 0 to + 70'C, Vss = ov) 
(Vee = 5V ± 10% for HM571000JP-40/45) 
(Vee = 5V ±5'10 for HM571000JP-35R) 

HM571000-35R HM57 1000-40 HM571000-45 

0080-3 

Parameter Symbol Unit Test Conditions Note 
Min Max Min Max Min Max 

Normal Operating Current leeA See Figure 2 rnA 

Refresh Current leeR See Figure 2 rnA 

Standby Current Ices - 5 - 5 - 5 rnA 

Input Leakage Current ILl -10 10 -10 10 -10 10 p,A OV< Yin < 7V 

Output Leakage Current lLO -10 10 -10 10 -10 10 p,A 
OV < Vout < 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 Vee 2.4 Vee 2.4 Vee V High lout = - 4 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 8 rnA 

Notes: I. IcC depends on output loading condition when the device is selected, ICC max is specified at the output open condition. 
2. The VIN level ofOE that is ILl test condition ofOE must be lower than Vee + 0.5V. 

~HITACHI 
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Figure 2. ICCA' ICCR vs Tcycle 

• Capacitance (T A = 25'C) 
(Vee = 5V ±10% for HM571000JP-40/45) 
(Vee = 5V ± 5% for HM571000JP-35R) 

Parameter Symbol 

Address, Data-in em! 
Input Capacitance Clocks (CE, OE) em2 

Oock (WE, RF) em3 
Output Capacitance (Data-out) Co 

Typ 

-

-

-
-

1'1 .... 

vcc.s.O. 
Room limp. 

1000 

Max 

5 

5 

7 

10 

Notes: \. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = VIR to disable Dout . 

• AC CHARACTERISTICS 1 (T A = 0 to + 70'C, Vss = ov) 

Test Conditions 

(Vee = 5V ± 10% for HM571000JP/40/45) 
(Vee = 5V ±5% for HM571000JP/35R) 

Input Pulse Levels: VIH = 3.0V, VIL = OV 
Transition Time: tT = 3 ns 
Input Timing Reference Levels: High = 2.4V, Low = 0.8V (See Figure 3.) 
Output Timing Reference Levels: High = 2.4V, Low = 0.4V 
Output Load: See Figure 4. 

5V 

2_4V 
0_8V 

DO 
0---+-----. 

VIL=OV - - - - - -1'------"' 25511 

HM571000 Series 

0080-4 

Unit Note 

pF I 

pF I 

pF I 

pF 1,2 

_-5 

50pF* 
T (5pF* for tHZ> tLZ> tWZ) 

7.b-. Including seop & jig 
0080-6 

Figure 3. Input Pulse Figure 4. Output Load 

$ HITACHI 
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HM571000 Series 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM571ooo-35R HM571OOO-40 HM571OOO-45 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

ReadIW rite Cycle Time tcc 75 - 85 - 90 - ns 

CE Pulse Width teE 35 5000 40 5000 45 5000 ns 

CE Precharge Time tcp 34 - 39 - 39 - ns 

Address Setup Time tAS 0 - 0 - 0 - ns 

Address Hold Time tAH 5 - 5 - 5 - ns 

Transition Time (Rise and Fall) tT I 10 I 10 I 10 ns 

Refresh Period tREF - 4 - 4 - 4 ms 

Read Cycle 

HM571000-35R HM57 1000-40 HM571000-45 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Access Time from CE tACS - 35 - 40 - 45 ns 

Address Access Time tAA - 25 - 30 - 30 ns 

Access Time from OE tOAC - 20 - 25 - 25 ns 

Setup Time on Read tRS 0 - 0 - 0 - ns 

Hold Time on Read tRH 5 - 5 - 5 - ns 

OE Setup Time tOES 5 - 5 - 5 - ns 

OE Enable to 
tLz 0 0 0 

ns 
Output in Low-Z - - -

OE Disable to 
tHZ 15 20 20 ns 

Output in High-Z - - -

Output Hold Time 
tAoH 3 - 3 - 3 - ns 

from Address 

Output Hold Time from CE tCOH 0 - 0 - 0 - ns 

CE to OE Precharge Time tcop 10 - 10 - 10 - ns 

Write Cycle 

HM571000-35R HM571000-4O HM571000-45 
Parameter Symbol Unit Note 

Min Max Min Max Mm Max 

Data Setup Time tDW 20 - 25 - 30 - ns 

Data Hold Time tDH 5 - 5 - 5 - ns 

Setup Time on Early Write tES 5 - 5 - 5 - ns 

WE Pulse Width twp 25 - 30 - 35 - ns 

Write Hold Time from CE tWH 35 - 40 - 45 - ns 

WE Enable to 
twz 15 20 20 

ns 
Output in High-Z - - -

@HITACHI 
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HM571000 Series 

Read-Modify-Write Cycle 

HM571000-35R HM571000-40 HM571000-45 
Parameter Symbol 

I I I 
Unit Note 

Min Max Min Max Min Max 

WE Delay Time from CE tCWD 35 I - 40 I - 45 I - ns 

Refresh Cycle 

HM571000-35R HM57 1000-40 HM571000-45 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

RF Setup Time tFS 5 - 5 - 5 - ns 

RF Hold Time tFH 15 - IS - 15 - ns 

Mode Selection Setup Time tMS 0 - 0 - 0 - ns 

Mode Selection Hold Time tMH IS - 20 - 20 - ns 

Setup Time on CE Refresh tCRS IS - 20 - 20 - ns 

Static Column Mode Cycle 

HM571000-35R HM571000-40 HM57 1000-45 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Static Column Address 
tASZ 20 25 25 Setup Time - - - ns 

Address Setup Time to WE tws 0 - 0 - 0 - ns 

Address Hold Time from WE tWR 0 - 0 - 0 - ns 

Notes: 1. If tOES> tOES (min) and OE is held at low level, DOU! will be valid until the next negative transition of CEo 
2. Both tWH and twp must be satisified for a delayed write cycle. 
3. If tcop < tcop (min), Dou! cannot be guaranteed to be in high impedance. 
4. If the negative transition of OE occurs before that of CE, tLZ is controlled by CEo 
5. twp and tDW are specified by the positive transition of CE or WE whichever occurs earlier. 
6. When WE goes low, Dou! becomes high impedance and is held in this condition to the next cycle. If the negative transition 

of WE occurs before that of CE, Dou! is controlled by CEo twz defines the time at which tbe output achieves the open 
circuit condition. 

7. If tES > tES (min), the cycle is early write and DOU! is in high impedance. 
S. In static column mode cycles, read operation cannot be performed after write operation. 
9. Both tAH and tWR must be satisified for a write cycle. 

10. tHZ defines the time at which the output achieves the open circuit condition. 
II. An initial pause of 100 ",S is required after power-up, then execute at least eight CE refresh cycles. 
12. In static column mode cycle, there must not be any invalid address inputs for static column mode (A17-A19) which are less 

than tAA' 

~HITACHI 
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HM571000 Series -------------------------------

• TIMING WAVEFORMS 
• Read/Read Cycle 

AO -
A16 

AI7 -
.A19 

Dout 

tCC 

tCE 
tCP 

~HITACHI 

tCE 

tACS tRH 

tOAC tCOP 

* Dtn; Don't care 

** ~; Don't care 

638 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 
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• Read/Early Write Cycle 

AO -
A16 

A17 -
A19 

Din 

Ddut· 

tce 

HM571000 Series 

tce 

* ~ Jan't care 

0080-8 
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HM571000 Series -------------------------------

• Read/Delayed Write Cycle 

AO -
A16 

A17 -
A19 

Din 

Dout 

tee tee 

* ~ Don't care 

~HITACHI 
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HM571000 Series 

• Read/Read Cycle (OE = Vld 

tCC 

teE 

if ~7!/ 
AO -

A16 
tAR 

A17 1 -

A19 

WE tRR tACS 

tRS 

OE VIL 

*4 teOH *1 

High-Z 
Dout 

* Din: Don't care 

** ~: Don't care 

0080-10 
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HM571000 Series -------------------------------

• Read/Early Write Cycle (OE = VIL> 

AO -
AI6 

AI7 -
A19 

Din 

Cout 

tee tee 

* ~ Don't care 

~HITACHI 
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• Read/Delayed Write Cycle (OE = VIL> 

AO -
A16 

A17 -
A19 

Din 

Dout 

tee 

tRS 

HM571000 Series 

tee 

1oe-_--:;~tWP* 5 

* ~ Don't care 

0080-12 
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HM571000 Series 

• Read-Modify-Write Cycle 

AO -
A16 

At7 -
At9 

Din 

Dout 

* E2Z2l: Don't care 

@HITACHI 
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• Automatic Refresh Cycle 

AO -
At9 

Dout 

tee 

HM571000 Series 

P.igh-Z 

* AO - At9: Don't care 

** OE, Din Don't care 

*** ~ Don't care 

0080-14 

$ HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 645 



HM571000 Series ------------------------------

• CE Refresh 

AO -
AS 

A9-
A19 

Dout 

tCC 

teE 
tCP 

High-Z 

~HITACHI 

tCE 

* Din : Don't care 

** EZZ2l: Don't care 

646 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 

0080-15 



-------------------------------- HM571000 Series 

• Static Column Mode Read Cycle 

AO -
A16 

Al7 -
Al9 

WE 

tRR 

OE 

Dout 
High-Z 

* Din: Don't care 

** ITZZI Don't care 

0080-16 
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HM571000 Series ------------------------------

• Static Column Mode Read Cycle (OE = Vld 

AO -
A16 

A17 -
A19 

Dout Hi h-Z 

tFH 

tACS 

tLZ*4 

*Din: Don't care 

** ~ Don't care 

~HITACHI 
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• Static Column Mode Write Cycle '8 (1st Cycle = Early Write Cycle) 

AO -
Al6 

Al7 -
Al9 

Din 

Dout 

~HITACHI 

HM571000 Series 

* ~ Don't care 

0060-18 
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HM571000 Series -------------------------------

• Static Column Mode Write Cycle *8 (1st Cycle = Delayed Write Cycle) 

AO -
A16 

A17 -
A19 

Din 

Dout 

* ~ Don't care 

~HITACHI 
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HM574256 Series 
262,144-Word x 4-Bit High Speed Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM574256 is a super high speed dynamic RAM organized 

262,144-word x 4-bit. HM574256 has realized higher density, higher performance 
and various functions by employing 1.3 I'm Bi-CMOS technology and some new 
Bi-CMOS circuit design technologies. The HM574256 offers 2-bit static column 
mode as a high speed access mode. 

• FEATURES 
• Single 

5V (± 10%) for HM574256JP/ZP-40/45 
5V (±5%) for HM574256JP/ZP-35R 

• High Speed 
Access Time ................................... 35 ns/40 ns/45 ns (max) 

• 512 Refresh Cycles .................................................. (4 ms) 
• 2 Variations of Refresh 

CE Refresh 
Automatic Refresh 

• 2 Bits Static Column Mode 

• ORDERING INFORMATION • PIN OUT 

HM574256JP Series 

3DCP28DN 

(CP-28DN) 

HM574256ZP Series 

3DZP28 

(ZP-28) 

Part No. Access Time Package Note HM574256JP Series HM574256ZP Series 

HM5742561P-35R 35 ns 300 mil 28-pin 
HM5742561P-40 40ns Plastic SOJ 
HM5742561P-45 45 ns (CP-28DN) 

HM574256ZP-35R 35 ns 400 mil 28-pin 1 
HM574256ZP-40 40ns Plastic ZIP 1 
HM574256ZP-45 45 ns (ZP-28) 1 

Note: I. ZIP type products are preliminary. 

Ala 
A9 

A3 

A2 

Al 
AO 

if 
a 
DE 
WE 

• PIN DESCRIPTION 

Pin Name Function 

Ao-Ag Address Input for CE Refresh 

A9-A16 Address Input 

A\7 Address Input for Static Column Mode 

CE Chip Enable 

OE Output Enable 

WE ReadlW rite Enable 

1/0 0-1/04 Data-in/Data-out 

RF Refresh Control 

Vee Power (+ 5V) 

Vss Ground 

~HITACHI 

0062-1 

(Top View) 

Cf ~ 
WE 4 
1/02 6 
r/04 8 

Vss 10 
A1 12 
AS 14 
A7 16 
A3 18 

AS 20 
A15 22 
A13 24 

All 26 

A9 28 

Q~ 

-

1 
3 

5 
7 

9 
11 

13 

15 
17 
19 

21 

23 
25 
27 

(Bottom View) 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 

RF 
DE 
r/01 
1/01 
A17 
AO 
A4 

A6 

A2 

Vcc 
A16 
A14 
A12 

A10 

0082-2 
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HM574256 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss Vcc -1.0to + 7.0 V 

Short Circuit Output Current lOS 50 rnA 

Power Dissipation PT 0.8 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

I -35R 4.75 5.25 
Supply Voltage 

I Vcc 5.0 V I 
-401-45 4.50 5.50 

Input High Voltage VIR 2.4 - 6.5 V 1,3 

Input Low Voltage VIL -1.0 - 0.8 V 1,2 

Notes: I. All voltage referenced to VSS. 
2. The device will withstand undershoots to the - 2V level with a maximum pulse width of 20 ns at the - 1.5V level. (See 

Figure I.) 

VIH 

·1.0 V 

_ '--- ·1.5 V 

_ ·2.0 V 

--; <-- 20 ns (max) 

Figure 1. Undershoot of Input Voltage 
3. The VIR level ofOE shall be lower than VCC + 0.5V. 

• DC Electrical Characteristics (TA = 0 to + 70°C, Vss = OV) 

Parameter 

(Vee = 5V ± 10% for HM5474256JP-40/45) 
(Vee = 5V ±10% for HM5474256JP-35R) 

HM574256-35R HM574256-40 HM574256-45 

0062-3 

Symbol 
Min Max Min Max Min Max 

Normal Operating Current ICCA See Figure 2 

Refresh Current ICCR See Figure 2 

Standby Current Iccs - 5 - 5 - 5 

Input Leakage Current ILl -10 10 -10 10 -10 10 

Output Leakage Current lLO -10 10 -10 10 -10 10 

~HITACHI 

Unit Test Conditions 

rnA 

rnA 

rnA 

".A OV < Yin < 7V 

".A 
OV S Vout S 7V, 
Dout = Disable 

652 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 

Note 

I 

I 

2 



HM574256 Series 

• DC Electrical Characteristics (T A = 0 to + 70'C, Vss = OV) 
(Vee = 5V ± 10% for HM5474256JP·40/45) 
(Vee = 5V ± 10% for HM5474256JP·35R) (continued) 

HM574256·35R HM574256·40 HM574256·45 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Output High Voltage VOH 2.4 Vee 2.4 Vee 2.4 Vee V High lout = - 4 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 8 rnA 

Notes: 1. Icc depends on output loading condition when the device is selected, Icc max is specified at the output open condition. 
2. The Vin level of OE that is ILl test condition of OE must be lower than Vee + 0.5V. 

• Capacitance (T A = 25'C) 

1000 

0 

10 
'0 

(Vee = 5V ±5% for HM5474256JP·40/45) 
(Vee = 5V ±5% for HM5474256JP·35R) 

Parameter 

Address, Data·in 

Input Capacitance Clock (CE, OE) 

Clock (WE, RF) 

Output Capacitance (Data·in, Data·out) 

II 
100 

TeyCi8 (ns) 
1000 

Figure 2. ICCA, ICCR vs T cycle 

Symbol Typ 

~nl -

~n2 -

~n3 -

CvO -

Ta_25"C 
Vcc-5.0Y 
Ice.tQE.".. 

Max 

5 

5 

7 

10 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = VIH to disable Dout' 

• AC Characteristics (TA = 0 to +70'C, Vss = OV)1 
(Vee = 5V ±10% for HM5474256JP·40/45) 
(Vee = 5V ±10% for HM5474256JP·35R) 

Test Conditions 

Input pulse levels: VIH = 3.0V, VIL = OV 
Transition time: tT = 3 ns 
Input timing reference levels: High = 2.4V, Low = 0.8V (See Figure 3.) 
Output timing reference levels: High = 2.4V, Low = O.4V 
Output load: See Figure 4. 

tr=3ns tr=3ns 

VIH=3'O~~ •• __ • __ • 2.4V 

O.BV VIL=OV _. __ •• 

Figure 3. Input Pulse 

0082-5 

0082-4 

Unit Note 

pF I 

pF I 

pF 1 

pF 1,2 

ttZ' twZ) 

-Including scope & jig 
0082-6 

Figure 4. Output Load 

~HITACHI 
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HM574256 Series 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM574256-35R HM574256-4O HM574256-45 
Parameter Symbol Unit Note 

Mi~ Max Min Max Min Max 

Read/Write Cycle Time tee 75 - 85 - 90 - ns 

CE Pulse Width tCE 35 5000 40 5000 45 5000 ns 

CE Precharge Time tcp 34 - 39 - 39 - ns 

Address Setup Time tAS 0 - 0 - 0 - ns 

Address Hold Time tAR 5 - 5 - 5 - ns 

Transition Time (Rise and Fa))) tT I 10 I 10 I 10 ns 

Refresh Period tREF - 4 - 4 - 4 ms 

Read Cycle 

HM574256-3SR HM574256-40 HM574256-45 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Access Time from CE tACS - 35 - 40 - 45 ns 

Address Access Time tAA - 25 - 30 - 30 ns 

Access Time from OE toAc - 20 - 25 - 25 ns 

Setup Time On Read tRS 0 - 0 - 0 - ns 

Hold Time on Read tRH 5 - 5 - S - ns 

OE Setup Time toES 5 - 5 - S - ns 

OE Enable to Output in Low-Z tLZ 0 - 0 - 0 - ns 

OE Disable to Output in High-Z tHZ - 15 - 20 - 20 ns 

Output Hold Time from Address tAOH 3 - 3 - 3 - ns 

Output Hold Time from CE tcoH 0 - 0 - 0 - ns 

CE to OE Precharge Time tcop 10 - 10 - 10 - ns 

Write Cycle 

HM574256-35R HM574256-40 HMS74256-45 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Data Setup Time tDW 20 - 25 - 30 - ns 

Data Hold Time tDH 5 - 5 - 5 - ns 

Setup Time on Early Write tES 5 - 5 - 5 - ns 

WE Pulse Width twp 25 - 30 - 35 - ns 

Write Hold Time from CE tWH 35 - 40 - 45 - ns 

Wh Enabie to Output in High-Z twz - 15 - 20 - 20 ns 

OE to Dm Delay Time toDD 15 - 20 - 20 - ns 

OE Hold Time from WE tOEH 15 - 20 - 20 - ns 

CE Setup Time from Din tDZC 0 - 0 - 0 - ns 

• HITACHI 
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HM574256 Series 

Read-Modify-Write Cycle 

HM574256-35R HM574256-40 HM574256-45 
Parameter Symbol 

I I I 
Unit Note 

Min Max Min Max Min Max 

WE Delay Time from CE tewD 35 I - 40 I - 45 I - ns 

Refresh Cycle 

HM574256-35R HM574256-40 HM574256-45 
Parameter Symbol Umt Note 

Min Max Min Max Min Max 

RF Setup Time tFS 5 - 5 - 5 - ns 

RFHoldTime tFH 15 - 15 - 15 - ns 

Mode Selection Setup Time tMS 0 - 0 - 0 - ns 

Mode Selection Hold Time tMH 15 - 20 - 20 - ns 

Setup Time on CE Refresh teRs 15 - 20 - 20 - ns 

Static Column Mode Cycle 

HM574256-35R HM574256-40 HM574256-45 
Parameter Symbol Umt Note 

Min Max Min Max Min Max 

Static Column Address Setup Time tASZ 20 - 25 - 25 - ns 

Address Setup Time to WE tws 0 - 0 - 0 - ns 

Address Hold Time from WE tWR 0 - 0 - 0 - ns 

Notes: I. If tOES> tOES (min) and OE is held at low level, Dou! will be valid until the next negative transition of CE. 
2. Both tWH and twp must be satisfied for a delayed write cycle. 
3. If teop < teop (min), DOU! cannot be guaranteed to be in high impedance. 
4. If the negative transition of OE occurs before that of CE, tLZ is controlled by CEo 
5. twp and tDW are specified by the positive transition of CE or WE whichever occurs earlier. 
6. When WE goes low, Dou! becomes high impedance and is held in this condition to the next cycle. If the negative transition 

of WE occurs before that of CE, Dou! is controlled by CEo twz defines the time at which the output achieves the open 
circuit condition. 

7. If tES > tES (min), the cycle is early write and DoU! is in high impedance. 
8. In static columu mode cycles, read operation cannot be performed after write operation. 
9. Both tAH and tWR must be satisfied for a write cycle. 

10. tHZ defines the time at which the output achieves the open circuit condition. 
II. An initial pause of 100 I1S is required after power-up, then execute at least eight CE refresh cycles. 
12. During I/O pins are in the output state, Data-in shall not be applied to I/O pins. So, in all write cycles (early write, delayed 

write and read-modify-write), OE must go to high level to disable the output buffer prior to applying data to the device. 
13. In static column mode cycle, there must not be any invalid address inputs for static column mode (AI7) which are less than 

tAA' 

@HITACHI 
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HM574256 Series ------------------------------

• TIMING WAVEFORMS 
• Read/Read Cycle 

AO -
A16 

A17 

DOolt 

tee 

* D 1Il: Don't care 

** ~: Don't care 

.HITACHI 
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• Read/Early Write Cycle 

AO
A16 

A17 

Din 

Dout 

HM574256 Series 

0082-8 

• HITACHI 
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HM574256 Series 

• Read/Delayed Write Cycle 

AO
A16 

AI7 

Din 

Dout 

tee tee 

$ HITACHI 
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• Read/Read Cycle (OE = VnJ 

AO -
A16 

A17 

D out 

.HITACHI 

HM574256 Series 

* Din: Don't care 

** ~: Don't care 

0082-10 
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HM574256 Series ------------------------------

• Read-Modlfy-Write Cycle 

AO -
A16 

A17 

WE 

Din 

Dout 

* fZ2I : Don I t care 
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• Automatic Refresh Cycle 

AO
A17 

Dout High-Z 

HM574256 Series 

* AO - A17 : Don't care 

**OE", Ili.n Don't care 

*** E:ZZZl Don't care 

0082-12 
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HM574256 Series ----------------------------

• CE Refresh 

AO
AS 

A9-
Al7 

o out 

* Din Don't care 

** ~: Don't care 

• HITACHI 
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• Static Column Mode Read Cycle 

AO
AI6 

AI7 

.tACS 

High-Z ~~~ 

$ HITACHI 

HM574256 Series 

-l----

*13 

tBR 

* Di.~: Don't c:are 

.* ~ Don't c:are 

0082-14 
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HM574256 Series ----------------------------

• Static Column Mode Read Cycle (OE = VIL) 

AD
A16 

A17 

OE V1L 

tACS 

-----r------------+--------+-------+-------------------+-----------

* Din: Don't care 

** ~ Don't care 

• HITACHI 
664 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005·1819' (415) 589-8300 
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• Static Column Mode Write Cycle8 (1st Cycle = Early Write Cycle) 

AO -
A16 

A17 

DE 

Din 

Dout 

tODD*12 

~ 
High-Z 

@HITACHI 

HM574256 Series 

" JZZZ]: Don't care 

OOB2-16 
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HM574256 Series -------------------------------

• Static Column Mode Write CycleS (1st Cycle = Delayed Write Cycle) 

AD -
All) 

Al7 

Din 

Dout 
High-Z 

* 1ZZZLl: !Jon' t care 

~HITACHI 
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HM574100 Series 
4,194,304-Word x 1-Bit High Speed Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM574100 is a super high speed dynamic RAM organized 

4,194,304-word x 1-bit. HM574100 has realized higher denSity, higher performance 
and various functions by employing 0.8 ",m Bi-CMOS technology and some new Bi
CMOS circuit design technologies. The HM574100 offers 8 bit static column mode 
as a high speed access mode. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ................................... 35 ns/40 ns/45 ns (max) 
• 2,048 Refresh Cycles ................................................ (16 ms) 
• 2 Variations of Refresh 

CE Refresh 
Automatic Refresh 

• 8 Bits Static Column Mode 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM574looJP-35 
HM574looJP40 
HM574l00JP-45 

• PIN DESCRIPTION 

Pin Name 

Ao-AIO 

AI1-AI8 

A19-A21 

CE 

OE 

WE 

Din 

Dout 

RF 

Vee 

Vss 

35 ns 
40ns 
45ns 

300 mi132-pin 
PlasticSOJ 
(CP·32D) 

Function 

Address Input 
for CE Refresh 

Address Input 

Address Input for 
Static Column Mode 

Chip Enable 

Output Enable 

Read/Write Enable 

Data-in 

Data-out 

Refresh Control 

Power ( + 5V) 

Ground 

• HITACHI 

Preliminary 

HM574100JP Series 

3OCP32D 

(CP-32D) 

• PIN OUT 

HM574100JP Series 

VSS 
A14 
All 
A12 
All 
AS 

A4 
A3 

A2 
Al 
AO 
RF 
CE 
Oi 
iii 

0079-1 

(Top View) 
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HM574100 Series ------------------------------

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss vcc -1.0to +7.0 V 

Short Circuit Output Current los 50 rnA 

Power Dissipation PT 0.8 W 

Operatiog Temperature Topr Oto + 70 ·C 

Storage Temperature Totg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Mio Typ Max Unit Note 

Supply Voltage Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIR 2.4 - 6.5 V I 

Input Low Voltage VIL -1.0 - 0.8 V 1,2 

Notes: I. All voltage referenced to V ss. 
2. The device will withstand undershoots to the - 2.0V level with a maximum pulse width of 20 ns at the - 1.5V level. (See 

Figure 1.) 

r-----1.0 V 

-' "---- -l.S V 

_ -2.0 V 

....., r- 20 ns (max) 

Figure 1. Undershoot of Input Voltage 

• DC Electrical Characteristics (TA = 0 to +70"C, Vee = 5V ±10%, Vss = OV) 

0079-2 

HM574100-35 HM574100-40 HM574100-45 
Parameter Symbol 

Mio Max Min Max Min Max 

Normal Operatiog Current ICCA TBD TBD TBD TBD TBD TBD 

Refresh Current ICCR TBD TBD TBD TBD TBD TBD 

Standby Current Ices - 5 - 5 - 5 

Input Leakage Current ILl -10 10 -10 10 -10 10 

Output Leakage Current ILO -10 10 -10 10 -10 10 

Output High Voltage VOH 2.4 Vcc 2.4 VCC 2.4 VCC 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 

Unit Test Conditions 

rnA 

rnA 

rnA 

".A OV<Vm<7V 

".A 
OV<Vout <7V 
Dout = Disable 

V High lout = - 4 rnA 

V Low lout = 8 mA 

Note: I. Ice depends on output load condition when the device is selected, Ice max is specified at the output open condition. 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Note 

I 

I 

Parameter Symbol Typ Max Unit Note 

Input Capacitance Address, Data-io C;nl - 5 

Qock C;n2 - 5 

Output Capacitance (Data-out) Co - 7 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = VIR to disable Dout' 

• HITACHI 

pF 

pF 

pF 
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• AC CHARACTERISTICS1 (TA = 0 to +70"C, Vee = 5V ±10%, Vss = OV) 

• Test Conditions 

Input Pulse Levels: VIH = 3.0V, VIL = OV 
Transition Time: tT = 3 ns 
Inpm Timing Reference Levels: High = 2.4V, Low = 0.8V (See Figure 2.) 
Output Timing Reference Levels: High = 2.4V, Low = O.4V 
Output Load: See Figure 3. 

tT'"3lls 

VIL=OV . - - - - - -I~--.....II 

Figure 2. Input Pulse 

2.4V 
O.SV 2ssa 

0079-3 

SV 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM574100·35 HM574100-40 
Parameter Symbol 

Min Max Min Max 

ReadlWrite Cycle Time tcc 70 - 80 -
CE Pulse Width tCE 35 5000 40 5000 

CE Precharge Time tcp 29 - 34 -
Address Setup Time tAS 0 - 0 -
Address Hold Time tAH 5 - 5 -

Transition Time (Rise and Fall) tT I 10 I 10 

Refresh Period tREF - 16 - 16 

Read Cycle 

HM5741()()'35 HM574100·4O 
Parameter Symbol 

Min Max Min Max 

Access Time from CE tACS - 35 - 40 

Address Access Time tAA - 25 - 30 

Access Time from OE toAC - 20 - 25 

Setup Time on Read tRs 0 - 0 -

Hold Time on Read tRH 5 - 5 -
OE Setup Time toES 5 - 5 -

OE Enable to Output in Low-Z tLZ 0 - 0 -

OE Disable to Output in High-Z tHZ - IS - 20 

Output Hold Time from Address tAOH 3 - 3 -
Output Hold Time from CE !coH 0 - 0 -

CE to OE Precharge Time !cop 10 - 10 -

eHITACHI 

HM574100 Series 

T SOPF*. 
~(SPF* for tKZ. tLZ. twZ> 

0079-4 

·Including scope & jig 

Figure 3. Output Load 

HM5741()().45 
Unit Note 

Min Max 

90 - ns 

45 5000 ns 

39 - ns 

0 - ns 

5 - ns 

I 10 ns 

- 16 ms 

HM5741()().45 
Unit Note 

Min Max 

- 45 ns 

- 30 ns 

- 25 ns 

0 - ns 

5 - ns 

5 - ns 

0 - ns 

- 20 ns 

3 - ns 

0 - ns 

10 - ns 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819 • (415) 589-8300 669 



HM574100 Series ------------------------------

Write Cycle 

HM574100-35 HM574100-40 HM574100-45 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Data Setup Time tow 20 - 25 - 30 - ns 

Data Hold Time tOR 5 - 5 - 5 - ns 

Setup Time on Early Write IES 5 - 5 - 5 - ns 

WE Pulse Widtb twp 25 - 30 - 35 - ns 

Write Hold Time from CE tWR 35 - 40 - 45 - ns 

WE Enable to twz 15 20 20 
ns 

Outupt in High-Z - - -

Read-Modify-Write Cycle 

HM574100-35 HM574100-40 HM574100-45 
Parameter Symbol 

I I I 
Unit Note 

Min Max Min Max Min Max 

WE Delay Time from CE tcwo 35 I - 40 I - 45 I - ns 

Refresh Cycle 

HM574100-35 HM574100-4O HM574100-45 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

RF Setup Time tFS 5 - 5 - 5 - ns 

RF Hold Time tFH 15 - 15 - IS - ns 

Mode Selection Setup Time tMS 0 - 0 - 0 - ns 

Mode Selection Hold Time tMH IS - 20 - 20 - ns 

Setup Time on CE Refresh tCRS 15 - 20 - 20 - ns 

Static Column Mode Cycle 

HM574100-35 HM574100-40 HM574100-45 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Static Column Address 
tASZ 20 - 25 - 25 - ns 

Setup Time 

Address Setup Time to WE tws 0 - 0 - 0 - ns 

Address Hold Time from WE tWR 0 - 0 - 0 - ns 

Notes: 1. If toES> toES (min) and OE is held at low level, Doul will be valid until tbe next negative transition of CEo 
2. Botb tWH and twp must be satisified for a delayed write cycle. 
3. If tcop < leop (min), Doul cannot be guaranteed to be in high impedance. 
4. If the negative transition of OE occurs before tbat of CE, tLZ is controlled by CEo 
5. twp and tow are specified by tbe positive transition of CE or WE whichever occurs earlier. 
6. When WE goes low, Doul becomes high impedance and is held in this condition to tbe next cycle. If the negative transition 

of WE occurs before tbat of CE, DOUI is controlled by CEo twz defines tbe time at which tbe output achieves the open 
circuit condition. 

670 

7. If tES > tES (min), the cycle is early write and Doul is in high impedance. 
8. In static column mode cycles, read operation cannot be performed after write operation. 
9. Both tAR and tWR must be satisified for a write cycle. 

10. tHZ defines the time at which tbe output achieves the open circuit condition. 
II. An initial pause of 100 ".S is required after power-up, then execute at least eight CE refresh cycles. 
12. In static column mode cycle, tbere must not be any invalid address inputs for static column mode (AI9-A21) are less tban 

tAA· 

eHITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



• TIMING WAVEFORMS 
• Read/Read Cycle 

t ., 
L 

High.Z 
Oout--~----------~ 

~HITACHI 

HM574100 Series 

Din Don't cat. 

~ Don't car. 
0079-5 
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HM574100 Series -------------------------------

• Read/Early Write Cycle 

Din 

Dout -...:....-----{ 

• rLmlI Don't car. 
0079-6 

~HITACHI 
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• Read/Delayed Write Cycle 

RF 

AO

AIS 

A21 

Oout--..:;..-----{ 

HM574100 Series 

~ Dontear. 
0079-7 

$ HITACHI 
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HM574100 Series ------------------------------

• Read/Read Cycle (OE = V.u 

OE __ V~ll __ -r __________ ~----------_+--------_+--------------
tu·· 

H.gh-Z 
Oout -....;..---------{ 

• O,n 

eHITACHI 

Don't CIt. 

Con't car. 
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HM574100 Series 

• Read/Early Write Cycle (OE = Vld 

0e~~--~------~---------4+----P~~~------~~-----

Oin 

Oout--.;;..-----{ 

• ~ oon't care 

0079-9 

• HITACHI 
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HM574100 Series ------________________________ _ 

• Read/Delayed Write Cycle (OE = VIL) 

AO· 
Al8 

Alg. 

A21 

We 
t.,·Z 

Oe 

Din 

Oout-------t; 

• ~ Don't car. 

0079-10 

• HITACHI 
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------------------------------- HM574100 Series 

• Read-Modlfy-Write Cycle 

AO· 

AI. 

A19· 

A2! 

We tcwo 

t.es 

5i 

OJ .. 

Dout 

~: Don't car. 
0079-11 

• HITACHI 
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HM574100 Series 

• Automatic Refresh Cycle 

• CE Refresh Cycle 

AO· 
AZI 

~ ______________________ H~~~h_'Z ______________________ ___ 

AO· 
AIO 

'<c 

• AQ-Al' Don', are 

Oi. Din Don't ore 

~ DOlI' ..... 

All .. 

~I~~~~~~~~~~~~~~~~~~~~~~~~~ 

0 .... 

• HITACHI 

Dllt : Don't Clr. 

•• ~: OOn', CII. 

0079-12 

0079-13 
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HM574100 Series 

• Static Column Mode Read Cycle 

I 
if ----.1.. vr t..:, ,\ 

I'-______________ .;r~ .. ~ \-----

;'0-

A18 

Alg. 

A21 

We 

Dout W'9h -z 

t .. 

0," 

~HITACHI 

HIgh.Z 

Don't car. 

Oon't car. 

Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 
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HM574100 Series ------------------------------

• Static Column Mode Read Cycle (OE = VIL> 

AO

Ala 

A19-

All 

Oi _v~,~~~--------+_----~----_+----------------r_--------

tu-' 

Oout _H..;;,i9h_-_Z ___ --{ 

• DIn : Don't (Ir. 

~: Oon't cor. 

~HITACHI 
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HM574100 Series 

• Static Column Mode Write Cycle"S (1st Cycle Early Write Cycle) 

• ~: Don't cart 

0079-16 

~HITACHI 
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HM574100 Series 

• Static Column Mode Write Cycle*S (1st Cycle 

AO· 
A18 

Alg. 

All 

Din 

Oout 

Delayed Write Cycle) 

J._
---------11 

Don't car. 

~HITACHI 
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HM574400 Series --------- Preliminary 
1,048,576-Word x 4-Bit High Speed Dynamic Random Access Memory 

• DESCRIPTION 
The Hitachi HM574400 is a super high speed dynamic RAM organized 

1,048,576-word x 4-bit. HM574400 has realized higher density, higher performance 
and various functions by employing 0.89 I-'m Bi-CMOS technology and some new 
Bi-CMOS circuit design technologies. The HM574400 offers 2-bit static column 
mode as a high speed access mode. 

• FEATURES 
• Single 5V (±10%) 
• High Speed 

Access Time ................................... 35 ns/40 ns/45 ns (max) 
• 2048 Refresh Cycles ................................................ (16 ms) 
• 2 Variations of Refresh 

CE Refresh 
Automatic Refresh 

• 2 Bits Static Column Mode 

• ORDERING INFORMATION 

Part No. Access Time 

HM5744001P-35 
HM5744001P-40 
HM5744001P-45 

• PIN DESCRIPTION 

Pin Name 

35 ns 
40ns 
45 ns 

Function 

Package 

300 mil 32-pin 
Plastic SOl 
(CP-32D) 

Ao-AIO Address Input for CE Refresh 

Al1-AI8 Address Input 

Al9 Address Input for Static Column Mode 

CE Chip Enable 

OE Output Enable 

WE ReadIW rite Enable 

I/OI-I/04 Data-in/Data-out 

RF Refresh Control 

Vee Power ( + 5V) 

Vss Ground 

~HITACHI 

HM574400JP Series 

(CP-32D) 

• PIN OUT 

Vss 
A14 
A13 
A12 
All 
AS 

A4 
A3 
A2 
Al 
AD 
RF 
CE 
OE 
WE 

HM574400JP Series 

(Top View) 

3DCP32D 

0061-1 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 683 



HM574400 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss Vee -1.0to + 7.0 V 

Short Circuit Output Current los 50 rnA 

Power Dissipation PT 0.8 W 

Operating Temperature Topr Oto + 70 'C 

Storage Temperature Tstg - 55 to + 125 'C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vee 4.5 5.0 5.5 V I 

Input High Voltage VIR 2.4 - 6.5 V I 

Input Low Voltage VIL -1.0 - 0.8 V 1,2 

Notes: 1. All voltage referenced to Vss. 
2. The device will withstand undershoots to the - 2.0V level with a maximum pulse width of 20 ns at the - 1.5V level. (See 

Figure I.) 

r----- -1.0 V 

- _ -loS V 

_ -2.0 V 

-; E-- 20 ns (max) 

Figure 1. Undershoot of Input Voltage 

• DC Electrical Characteristics (T A = 0 to + 70·C, Vee = 5V ± 10%, Vss = OV) 

0081-2 

HM574400-35 HM574400-40 HM574400-45 
Parameter Symbol 

Min Max Min Max Min Max 

Normal Operating Current leeA TBD TBD TBD TBD TBD TBD 

Refresh Current leeR TBD TBD TBD TBD TBD TBD 

Standby Current Ices - 5 - 5 - 5 

Input Leakage Current ILl -10 10 -10 10 -10 10 

Output Leakage Current ILO -10 10 -10 10 -10 10 

Output High Voltage VOH 2.4 Vee 2.4 Vee 2.4 Vee 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 

Unit Test Conditions Note 

rnA 1 

rnA I 

rnA 

/LA OV< Yin < 7V 

/LA 
OV < Vout < 7V, 
Dou! = Disable 

V High lout = - 4 mA 

V Low lout = 8 rnA 

Note: 1. ICC depends on output loading condition when the device is selected, Icc max is specified at the output open condition. 

~HITACHI 
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HM574400 Series 

• Capacitance (TA ~ 25°C, Vee ~ 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance I Address, Data-in Cin! - 5 

I Clock Cin2 - 5 

Output Capacitance (Data-in, Data-out) CliO - \0 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. OE, CE = VIH to disable Dout. 

• AC Characteristics1 (TA ~ 0 to + 70°C, Vee= 5V ±10%, VSS = OV) 
Test Conditions 

Input Pulse Levels: VIH ~ 3.0V, VIL = OV 
Transition Time: tT ~ 3 ns 
Input Timing Reference Levels: High = 2.4V, Low ~ O.BV (See Figure 2.) 
Output Timing Reference Levels: High ~ 2.4V, Low ~ 0.4V 
Output Load: See Figure 3. 

t-r=3ns 

SV 

DO 0---+---, 

VIL=OV . - - - - - - ~----'l 
o.SV 

2SSlZ 

0061-3 

-Including scope and jig 

Unit 

pF 

pF 

pF 

Figure 2. Input Pulse Figure 3. Output Load 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 

HM574400-35 HM574400-4O HM574000-45 
Parameter Symbol 

Min Max Min Max Min Max 

Read/Write Cycle Time tcc 70 - 80 - 90 -
CE Pulse Width tCE 35 5000 40 5000 45 5000 

CE Precharge Time tcp 29 - 34 - 39 -
Address Setup Time tAS 0 - 0 - 0 -

Address Hold Time tAH 5 - 5 - 5 -
Transition Time (Rise and Fall) tT 1 10 1 \0 1 10 

Refresh Period tREF - 16 - 16 - 16 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 

Note 

1 

I 

1,2 

0081-4 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ms 
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HM574400 Series 

Read Cycle 

Parameter 

Access Time from CE 

Address Access Time 

Access Time from OE 

Setup Time on Read 

Hold Time on Read 

OE Setup Time 

OE Enable to Output in Low-Z 

OE Disable to Output in High-Z 

Output Hold Time from Address 

Output Hold Time from CE 

CE to OE Precharge Time 

Write Cycle 

Parameter 

Data Setup Time 

Data Hold Time 

Setup Time on Early Write 

WE Pulse Width 

Write Hold Time from CE 

WE Enable to Output in High-Z 

OE to Dm Delay Time 

OE Hold Time from WE 

CE Setup Time from Din 

Read-Modify-Write Cycle 

Parameter 

Symbol 

tACS 

tAA 

tOAe 

tRS 

tRH 

tOES 

tLZ 

tHZ 

tAOH 

tCOH 

tcop 

Symbol 

tDW 

tDH 

tES 

twp 

tWH 

twz 

tODD 

tOEH 

tDZC 

HM574400-35 HM574400-4O 

Min Max Min Max 

- 35 - 40 

- 25 - 30 

- 20 - 25 

0 - 0 -
5 - 5 -
5 - 5 -

0 - 0 -

- 15 - 20 

3 - 3 -
0 - 0 -
10 - 10 -

HM574400-35 HM574400-40 

Min Max Min Max 

20 - 25 -
5 - 5 -

5 - 5 -
25 - 30 -

35 - 40 -
- 15 - 20 

15 - 20 -
15 - 20 -

0 - 0 -

HM574400-35 HM574400-40 
Symbol 

Min I Max Min I Max 

WE Delay Time from CE tCWD 35 I - 40 I -

Refresh Cycle 

HM574400-35 HM574400-40 
Parameter Symbol 

Min Max Min Max 

RF Setup Time tps 5 - 5 -
RFHoldTime tpH 15 - 15 -
Mode Selection Setup Time tMS 0 - 0 -

Mode Selection Hold Time tMH 15 - 20 -
Setup Time on CE Refresh tCRS 15 - 20 -

Static Column Mode 

HM574400-35 HM574400-4O 
Parameter Symbol 

Min Max Min Max 

Static Column Address Setup Time tASZ 20 - 25 -

Address Setup Time to WE tws 0 - 0 -
Address Hold Time from WE tWR 0 - 0 -

@HITACHI 

HM574400-45 
Unit 

Min Max 

- 45 ns 

- 30 ns 

- 25 ns 

0 - ns 

5 - ns 

5 - ns 

0 - ns 

- 20 ns 

3 - ns 

0 - ns 

10 - ns 

HM574400-45 
Unit 

Min Max 

30 - ns 

5 - ns 

5 - ns 

35 - ns 

45 - ns 

- 20 ns 

20 - ns 

20 - ns 

0 - ns 

HM574400-45 

I 
Unit 

Min Max 

45 I - ns 

HM574400-45 
Unit 

Min Max 

5 - ns 

15 - ns 

0 - ns 

20 - ns 

20 - ns 

HM574400-45 
Unit 

Min Max 

25 - ns 

0 - ns 

0 - ns 
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Notes: 1. 
2. 
3. 
4. 
5. 
6. 

7. 
8. 
9. 

10. 
11. 
12. 

13. 

HM574400 Series 

If tOES> tOES (min) and OE is held at low level, Dout will be valid until the next negative transition of CEo 
Both tWH and twp must be satisfied for a delayed write cycle. 
If teop < teop (min), Dout cannot be guaranteed to be in high impedance. 
If the negative transition of OE occurs before that of CE, tLZ is controlled by CEo 
twp and tDW are specified by the positive transition of CE or WE whichever occurs earlier. 
When WE goes low, Dout becomes high impedance and is held in this condition to the next cycle. If the negative transition 
of WE occurs before that of CE, Doul is controlled by CEo twz defines the time at which the output achieves the open 
circuit condition. 
If tES > tEs(min), the cycle is early write and Dout is in high impedance. 
In static column mode cycles, read operation cannot be performed after write operation. 
Both tAH and tWR must be satisfied for a write cycle. 
tHZ defines the time at which the output achieves the open circuit condition. 
An initial pause of 100 J.'s is required after power-up, then execute at least eight CE refresh cycles. 
During I/O pins are in the output state, Data-in shall not be applied to I/O pins. So, in all write cycles (early write, delayed 
write and read-modify-write), OE must go to high level to disable the output buffer prior to applying data to the device. 
In static column mode cycle, there must not be any invalid address inputs for static column mode (A 19) which are less than 
tAA' 

• TIMING WAVEFORMS 
• Read/Read Cycle 

AO· 
Ala 

Al9 

;z·e 

High.Z 
Oout--'-------{ 

Din Don't care 

~ Don't car. 

~HITACHI 
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HM574400 Series 

• Read/Early Write Cycle 

AO· 
A18 

A19 

O;n-------+----+---~~--~------------~~I 

H;gh·Z 
Oout --.-.:.----4' 

~HITACHI 

. ~ Don't care 
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• Read/Delayed Write Cycle 

AO
Al8 

Al9 

WE 

O'n----+-+---I!--+----{ 

High-Z 
t -, 
II 

'u" 

Oout-------{ 

@HITACHI 

HM574400 Series 

Don't care 
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HM574400 Series -------------------------------

• Read/Read Cycle COE = Vld 

Itt" 

H'gh.Z 
Oout --------{ 

to " ,,<ON 

~HITACHI 

• Din Don't car. 

Can't care 
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HM574400 Series 

• Read-Modify-Write Cycle 

~: Oon'ture 
0081-9 

@HITACHI 
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HM574400 Series -------------------------------

• Automatic Refresh Cycle 

692 

AO· 

A19 

~ J---J. t,. .-1-
1'-____ -+l_:r1"4 to> ~ f' --'-~r 

High.Z 

Oout------------~---------------------------------------------

~HITACHI 

AO·A19 

OE. Din 

Don't care 

Don't care 

Don't care 
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HM574400 Series 

• CE Refresh Cycle 

AO
Al0 

All

A19 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Cout 

Din : Don't care 

~: Don't care 

@HITACHI 
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HM574400 Series 

• Static Column Mode Read Cycle 

AO· 
A18 

A19 

H'gh.Z 
Oout 

Oln : 

~: 

$ HITACHI 

~,gh.Z 

Don't c.,. 

Can't car. 
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• Static Column Mode Read Cycle (OE = Vld 

AO
AtB 

At9 

WE 

HM574400 Series 

Oe _v~"~-J~ ________ +-____ -4 ____ ~ ________________ -+ ______ __ 

Dout _H-,ig_h -_z ___ -t: 

• Din : Don't care 

~: Don't care 

0081-13 
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HM574400 Series -------------------------------

• Static Column Mode Write Cycle'S (1st Cycle = Early Write Cycle) 

AO
AI8 

AI9 

Oin 

'---------~ 

1000-'2 

~ H;gh-Z 
Dout ~-

t,.,-" 

• ~: Don't ,art 

@HITACHI 
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HM574400 Series 

• Static Column Mode Write Cycle-a (1st Cycle Delayed Write Cycle) 

• ~: Don't care 

0081-15 

@HITACHI 
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Section 4 
MOS Dynamic RAM Modules 
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HB56A 18 Series ------------
1,048,576-Word x 8-Bit High Density Dynamic RAM Module 

• DESCRIPTION 
The HB56A 18 is a 1 M x 8 dynamic RAM module. mounted eight 1-Mbit DRAM 

(HM511000JP) sealed in SOJ package. An outline of the HB56A 18 is 30-pin single 
in-line package having Lead types (HB56A 18A. HB56A 18AT). socket type 
(HB56A 18B). Therefore. the HB56A 18 makes high density mounting possible with
out surface mount technology. The HB56A 18 provides common data inputs and 
outputs. Its module board has decoupling capacitors beneath each SOJ. 

• FEATURES 
• 30-pin Single In-line Package 

Lead Pitch ..................................................... 2.54mm 
• Single 5V (±10%) Supply 
• High Speed 

Access Time ..................... 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ......... 3.96 mW/3.52 mW/3.08 mW/2.64 mW/2.20 mW (max) 
Standby Mode ............................................. 88 mW (max) 

• Fast Page Mode Capability 
• 512 Refresh Cycle ................................................... (8 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Access 
Time 30-pinSIP 

Lead Type 

60ns HB56AI8A-6H 

70ns HB56AI8A-7H 

80ns HB56AI8A-8A 

lOOns HB56AI8A-IOA 

120ns HB56A18A-12A 

• PIN OUT 

Package 

30-pin SIP Low 30-pinSIMM 
Profile Lead Type Socket Type 

HB56AI8AT-6H HB56AI8B-6H 

HB56AI8AT-1H HB56AI8B-1H 

HB56AI8AT-8A HB56AI8B-8A 

HB56AI8AT-IOA HB56AI8B-IOA 

HB56AI8AT-12A HB56A18B-12A 

I OO------------------------w--no I 
/ / 

1 pin 30 pin 

0120-1 

~HITACHI 

• PIN DESCRIPTION 

Pin Pin Pin Pin 
No. Name No. Name 

I Vee 16 DQ4 

2 CAS 17 As 

3 DQo 18 A9 

4 Ao 19 NC 

5 Al 20 DQs 

6 DQI 21 WE 

7 Az 22 Vss 

8 A3 23 DQ6 

9 Vss 24 NC 

10 DQz 25 DQ7 

11 ~ 26 NC 

12 As 27 RAS 

13 DQ3 28 NC 

14 A6 29 NC 

15 A7 30 Vee 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-As Refresh Address Input 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadIWrite Enable 

DQo-DQ7 Data-in/Data-out 

Vee Power Supply ( + 5V) 

Vss Ground 

NC Non-Connection 
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HB56A18 Series ----------------------------

• BLOCK DIAGRAM 

AO 
A1 

A2 
A3 

A4 

AS 

A6 

A7 

A8 

A9 

(4) 

(5) 

(7) 

(8) 

(11 ) 

(12) 

(14) 

(15) 

(17) 

(18) 

(27) 

(2) 

(21) 

Vee (1) 

vccJiQL] 
vss!J 
Vss 22 

I M4 
Din 

I M3 
Dout 

Din 
~ 

I M2 Dout 

Din 
~ 

M1 Dout 

f--- AO-AS Din 
~ -

RAS Dout 

CAS -
WE 

-

I M8 
Din 

M7 
Dout 

I Din 

DoutW I M6 
Din 

W MS Dout 

- AO-AS Din 

W RAS Dout 

CAS r--
-
WE 

r--

.. M1 - 8 Vee 

~ C=O.22IJFx 8 

T .. M1-8Vss 

@HITACHI 

I---

(13) 

~(10) 
003 

D02 

(6) 
D01 

(3) Dao 

(25) 

~ (23) 

D07 

D06 

(20) 
DOS 

(16) 
D04 
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• PHYSICAL OUTLINE 

• HB56A18A Series 

. c: 
.!: .§ 
E 0 

""'" 0 1Il 

NB 

• HB56A18AT Series 

81.2(3.197) 

0.50(0.0197) 2.54(0.1) 30 

HB56A18 Series 

Unit: mm 
inch 

I 5.28max. 
• 1-(0.208max.) 

~ 225(00098) 

0120-3 

90.14 (3.549) 8.89max. 

,.. "I (0.350max.lj' "' 

1~6~~2~~~~P~i~ii~O~~~~-~TI~-=-=-+---+7'6:--;o!---"f ; ~- L 
0.324 (0.100) (0.0197) (0.300) '~'s 

• HB56A18B Series 

1:45mln.lo.05?mln. ) 

_~.~IH.~ 

.82.1413.2.34 ) 

lIASIC 
BOTH SIDES 

Note: I. The plating of the contact finger is solder coat. 

$HITACHI 

~§ 
No 

5.28max. 
(0.208max. ) 

1.27±0.127 
(0.05 ± 0.005") 

.17 ±O.127( ~.125±0.OO5) 

0120-4 

0120-5 
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HB56A 18 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I Input Yin -1.0to +7.0 V 

Relative to V ss I Output Vout -1.0to +7.0 V 

Supply Voltage Relative to V ss VCC -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 8 W 

Operating Temperature Topr Oto +70 'c 
Storage Temperature Tstg - 55 to + 125 'c 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 5.5 V 1 

Input Low Voltage VIL -1.0 - 0.8 V 1 

Note: 1. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) 

HB56AI8A/AT/B 

Parameter Symbol -6H -7H -8A -lOA -12A Unit Test Conditions Note 

Min Max Min Max Min Max Min Max Min Max 

Operating Current IcC! - 720 - 640 - 560 - 480 - 400 mA tRC = Min 1,2 

TTL Interface 
- 16 - 16 - 16 - 16 - 16 mA RAS, CAS = VIH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- 8 - 8 - 8 - 8 - 8 mA CAS :!: V CC - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 720 - 640 - 480 - 400 - 360 mA tRC = Min 2 

Refresh Current 

RAS = VIH, 
Standby Current Iccs - 40 - 40 - 40 - 40 - 40 rnA CAS = VIL I 

Dout = Enable 

CAS Before RAS 
ICC6 720 640 480 400 320 rnA tRC = Min Refresh Current 

- - - - -

Fast Page 
ICC7 - 720 - 640 - 400 - 400 - 320 mA tpc = Min 1,3 

Mode Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 /LA OV S Yin S 7V Current 

Output Leakage 
lLO -10 10 -10 10 -10 10 -10 10 -10 10 /LA 

OV S Vout S 7V, 
Current Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 Vce 2.4 Vce 2.4 Vee 2.4 Vee V lout = -5mA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V lout = 4.2rnA 

Notes: 1. Ice depends on output load condition when the device is selected, lee max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed once or less while CAS = VIH. 

~HITACHI 
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HB56A18 Series 

• Capacitance (TA = 25°C, Vee = 5V ±10%) 

Parameter Symbol Typ Max Unit Note 

Input Capacitance (Address) CII - 55 pF I 

Input Capacitance (Clock) CI2 - 70 pF I 

Input/Output Capacitance (DQo-DQ7) CliO - 17 pF 1,2 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout . 

• AC Characteristics 

Please show at HM511000H series or HM511000A series about AC Characteristics. But don't use by Delayed Write Cycle, be
cause the HB56A 18 provides common data inputs and outputs. Please use by Early Write Cycle. (twes :<: twes (min». 
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HB56C18 Series 
1,048,576·Word x 8·Bit High Density Dynamic RAM Module 

• DESCRIPTION 
The HB56C18 is a 1 M x 8 static column mode dynamic RAM module, mounted 

eight 1-Mbit DRAM (HM511002JP) sealed in SOJ package. An outline of the 
HB56C18 is 30-pin single in-line package having Lead types (HB56C18A, 
HB56C18AT), socket type (HB56C18B). Therefore, the HB56C18 makes high densi
ty mounting possible without surface mount technology. The HB56C18 provides 
common data inputs and outputs and also provides separate 110 on parity bit for 
parity check. Its module board has decoupling capacitors beneath each SOJ. 

• FEATURES 
• 30-pin Single In-line Package 

Lead Pitch ..................................................... 2.54mm 
• Single 5V (± 10%) Supply 
• High Speed 

Access Time ................................. 80 nsl100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ......................... 3080 mW/2640 mW/2200 mW (max) 
Standby Mode ............................................. 88 mW (max) 

• Static Column Mode Capability 
• 512 Refresh Cycle ................................................... (8 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Access 
Time 30-pin SIP 

Lead Type 

80ns HB56CI8A-8A 

lOOns HB56CI 8A-IOA 

120ns HB56C18A-12A 

• PIN OUT 

Package 

30-pin SIP Low 30-pin SIP 
Profile Lead Type Socket Type 

HB56CI8AT-8A HB56CI8B-8A 

HB56CI8AT-IOA HB56CI8B-IOA 

HB56CI8AT-12A HB56C18B-12A 

I no -·--·------·--·----·------------00 I 
!- ! 

1 pin 30 pin 

0121-1 

~HITACHI 

• PIN DESCRIPTION 

Pin Pin Pin Pin 
No. Name No. Name 

I Vee 16 DQ4 

2 CAS 17 As 

3 DQo 18 A9 

4 Ao 19 NC 

5 Al 20 DQs 

6 DQI 21 WE 

7 A2 22 Vss 

8 A3 23 DQ6 

9 VSS 24 NC 

10 DQ2 25 DQ7 

11 A4 26 NC 

12 As 27 RAS 

13 DQ3 28 NC 

14 A6 29 NC 

15 A7 30 Vee 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-As Refresh Address Input 

RAS Row Address Strobe 

CS Chip Select 

WE Read/W rite Enable 

DQo-DQ7 Data-in/Data-out 

Vee Power Supply ( + 5V) 

Vss Ground 

NC Non-Connection 
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---------------------------- HB56C18 Series 

• BLOCK DIAGRAM 

AO 

A1 
A2. 
A3 

A4 
AS 
A6 

A7 

AS 

A9 

(4) 

(5) 

(7) 

(S) 

(11 ) 
(12) 

(14) 

(15) 

(17) 

(1S) 

f---
(27) 

(2) 

(21 ) 

I 
I M2 

M1 
AO-AS Din 

RAS Dout 

CAS 

WE 

I M4 
Oin 

M3 Dout 

Din 
~ Dout 

Din 
~ Dout 

~ I--

~ 

~ 

I M8 
Din 

M7 Dout 

I Din 

Dout -..--J I M6 
Din 

U M5 Dout 

- AD-AS Din 

W -
RAS Dout 

CAS -
WE 

-

Vee (1) 
---, ~ M1-8Vee 

Vee~ -.L !J T C=O.22IlFx8 
Vss I-__ ~ ______ ~~ 

. .. M1 - 8 Vss 
Vss 22 
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(13) 

.=.J D03 

(10) 
D02 

(6) 
D01 

(3) DOO 

(25) 

P(23) 
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D06 

(20) 
D05 

(16) D04 
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HB56C18 Series 

• PHYSICAL OUTLINE 

• HB56C18A Series 

• HB56C18AT Series 

• HB56C18B Series 

• E 
:;0; 

" 

3.3810..1331 

7.6210.300\ 

BASIC 
BOTH SIDES 

787413100' 

o so.!.Q 9191 ~ 

8R9( :l.500} 

88.913.500) 

82.1413.2:1<) 

I 14Smm.(O.057mm ) 

o 

DDDDDD~O 
BASIC 
BOTH SIDES 

1.7810.070.) 
73.6612.900)REF . 

Note: 1. The plating of the contact finger is solder coat. 

~HITACHI 

528mex 
( O.208n1ai-) 

ci .5 
.- E 
~8 "' ..... NO 

0121-3 

S.28max. 
(O.2OBma •. ) 

., 
1.27±o..127 
Io..OS ± 0.005 1 

3.17± 0..1271 ';0..125 ± 0..005) 
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HB56C18 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to + 7.0 V 

Supply Voltage Relative to V ss vcc -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 8.0 W 

Operating Temperature Topr Oto + 70 'C 

Storage Temperature Tstg - 55 to + 125 'C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIR 2.4 - 5.5 V I 

Input Low Voltage VIL -1.0 - O.S V 1 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70'C, Vee = 5V ± 10%, Vss = OV) 

HB56CISA/AT/B 

Parameter Symbol -SA -lOA -12A Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current IcC! - 560 - 4S0 - 400 rnA tRC = Min 1,2 

TTL Interface 
- 16 - 16 - 16 rnA RAS, CAS = VIH, 

Standby Current ICC2 
DOllt = High-Z 

CMOS Interface RAS, 
- S - 8 - S rnA CAS 2: V CC - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 480 - 400 - 360 rnA tRC = Min 2 

Refresh Current 

RAS = VIR, 
Standby Current ICC5 - 40 - 40 - 40 rnA CS = VIL 1 

Dout = Enable 

CAS Before RAS 
ICC6 480 400 320 rnA tRC = Min Refresh Current - - -

Static Column 
ICC9 4S0 400 320 rnA 

Static Column Mode 
1,3 

Mode Current - - -
tpc = Min 

Input Leakage 
ILl -10 10 -10 10 -10 10 p.A OV:S Vin:S 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 p.A 

OV:S Vout:S 7V, 
Current DOllt = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC V lout = -5mA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V lout = 4.2 rnA 

Notes: I. ICC depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed once or less while CS = VIR. 

~HITACHI 
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HB56C18 Series --------------------------------

• Capacitance (TA = 25°C, Vee = 5V ±10%) 

Parameter Symbol Typ Max Unit Note 

Input Capacitance (Address) Cll - 55 pF I 

Input Capacitance (Clock) CI2 - 70 pF 1,2 

Input/Output Capacitance (DQo-DQ7) CliO - 17 pF 1,2 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CS = Vm to disable Dout. 

• AC Characteristics 

Please show at HM511002H series about AC Characteristics. But don't use by Delayed Write Cycle, because the HB56C18 
provides common data inputs and outputs. Please use by Early Write Cycle. (twes ;:, twes (min)) . 
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HB56G18 Series 
1,048,57S·Word x 8-Bit High Density Dynamic RAM Module 

• DESCRIPTION 
• PIN OUT The HB56G18 is a 1M x 8 dynamic RAM module, mount

ed two 4 Mbit DRAM (HM514400AS) sealed in SOJ pack
age. An outline of the HB56G18 is 30-pin single in-line pack
age (socket type). 

Therefore, the HB56G18 makes high density mounting 
possible without surface mount technology. The HB56G18 
provides common data inputs and outputs. Its module board 
has decoupling capacitors beside each SOJ. 

I nnmuumum-uuu--nn I 

• FEATURES 
• 30-pin Single In-line Package 

Lead Pitch ................................ 2.54mm 
• Single 5V (±10%) Supply 
• High Speed 

Access Time ............. 70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ...... 1100 mW 1990 mW 1880 mW (max) 
Standby Mode ........................ 22 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles .......................... (16 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. Access Time 

HB56G18B-7A 70ns 
HB56G 18B-8A 80ns 
HB56G18B-IOA lOOns 

HB56GI8GB-7A 70 ns 
HB56GI8GB-8A 80ns 
HB56GI8GB-IOA lOOns 

Package Contact Pad 

30-pinSIP 
Solder Socket Type 

30-pin SIP 
Gold Socket Type 

! ! 
1 pin 30 pin 

0104-1 

Pin No. Pin Name Pin No. Pin Name 

I Vee 16 DQ4 

2 CAS 17 As 

3 DQO 18 A9 

4 AD 19 NC 

5 Al 20 DQs 

6 DQI 21 WE 

7 A2 22 Vss 

8 A3 23 DQ6 

9 Vss 24 NC 

10 DQ2 25 DQ7 

11 A4 26 NC 

12 A5 27 RAS 

13 DQ3 28 NC 

14 A6 29 NC 

15 A7 30 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-A9 Refresh Address Input 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadIW rite Enable 

DQo-DQ7 Data-inIData-out 

Vee Power Supply ( + 5V) 

Vss Ground 

NC No Connection 

~HITACHI 
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HB56G18 Series -------------------------------

• Block Diagram 

AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 

Vee 

Vee 

Vss 

Vs 5 

~4) 
(5) 

(7) 

(8) 

(11 ) 

( 12) 

(14) 

(15) 

(17) 

(18) 

~ 
(27) 

(2) 

(21) 

(1 ) 

(30) 

(9) 

(22) 

MO 

AO-A9 1/01 
(3) 

DQO 

RAS 1/02 
(6) 

CAS 
(10) 

1/03 
(13) 

WE 1/04 

DQ1 HM514400AS 

DQ2 

DQ3 

Vee Vss 
OE~ 

t-i~C1 
M1 

AO-A9 I/O 1 
(16) 

RAS 1/02 
(20) 

CAS 
(23) 

1/03 
(25) 

WE 1104 

DQ4 

DQ5 HM514400AS 

DQ6 

DQ7 

OE 

~ Vee Vss 

Hf-- C2 

0104-2 
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• PHYSICAL OUTLINE 
• HB56G188/GB Series 

3.500 
214 
. 4 

13• 175 

if"==::t2fi:-7-8!l!5!;;;;;;;e;;;~--IF-ii!l;lo;;;;;;;;;;;;;~-IDi1ioiffiDOi1ioi1iiooi1ioiffioor/;j:;p.f "0.125 o 
DO 

~8~30r-~~~~~~

~;~~r-~--~~-------.~----------~~~--------------~ 

Note: Following the specification of the contact pad. 

Part No. Contact Pad 

HB56G18B-XX Solder 

HB56G18GB-XX Gold 

• HITACHI 

Detail A 
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HB56G18 Series 
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HB56G18 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I (Input) Yin -1.0to +7.0 V 
Relative to V ss I (Output) Vout -1.0to +7.0 V 

Supply Voltage Relative to V ss Vcc -1.0to +7.0 V 

Short Circuit Output Current lout 50 mA 

Power Dissipation PT 2.0 W 

Operating Temperature Topr Oto+70 DC 

Storage Temperature Tstg - 55 to + 125 DC 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

VCC 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 5.5 V 1 

Input Low Voltage VIL -1.0 - O.S V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70'C, Vee = 5V ± 10%, Vss = OV) 

HB56GISB/GB-7A HB56GISB/GB-SA HB56G18B/GB-IOA 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current ICCI - 200 - 180 - 160 mA tRC = Min 1,2 

TTL Interface 
- 4 - 4 - 4 mA RAS, CAS = Vrn, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface, RAS, 
- 2 - 2 - 2 mA CAS <: VCC - 0.2V, 

Dout = High-Z 

RASOnIy 
ICC3 - 200 - 180 - 160 mA tRC = Min 2 Refresh Current 

RAS = VIH, 
Standby Current ICCS - 10 - 10 - 10 mA CAS = VIL, 1 

Dout = Enable 

CAS Before RAS 
ICC6 200 ISO 160 mA tRC = Min Refresh Current - - -

Fast Page 
ICC7 - 200 - 180 - 160 mA tpc = Min 1,3 Mode Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 /LA OV:S Vin:S 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 /LA 

OV :s Vout:S 7V, 
Current Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 Vcc 2.4 VCC V lout = -SmA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V lout = 4.2mA 

Notes: I. IcC depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL. 
3. Address can be changed once or less while CAS = Vrn . 

• HITACHI 
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• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max Unit 

Input Capacitance (Address) Cll - 30 pF 

Input Capacitance (Clock) CI2 - 34 pF 

InputlOutput Capacitance (DQO-7) CliO - 17 pF 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Dout' 

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV)1, 12 

Read, Write, and Refresh Cycles (Common Parameters) 

HB56GI8B/GB-7A HB56G 18B/GB-8A 
Parameter Symbol 

Min Max Min Max 

Random Read or 
tRC 130 150 Write Cycle Time - -

RAS Precharge Time tRP 50 - 60 -

RAS Pulse Width tRAS 70 10000 80 10000 

CAS Pulse Width tCAS 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 -

Row Address Hold Time tRAH 10 - 10 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH 15 - 15 -
RAS to CAS Delay Time tRCD 20 50 20 60 

RAS to Column Address 
tRAD 15 35 15 40 De1ayTime 

RAS Hold Time tRSH 20 - 20 -
CAS Hold Time tCSH 70 - 80 -

CAS to RAS Precharge Time tCRP \0 - 10 -

Transition Time 
tT 3 50 3 50 (Rise and Fall) 

Refresh Period tREF - 16 - 16 

Read Cycle 

HB56GI8B/GB-7A HB56G 18B/GB-8A 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 70 - 80 

Access Time from CAS tCAC - 20 - 20 

Access Time from Address tAA - 35 - 40 

Read Command Setup Time tRCS 0 - 0 -
Read Command Hold 

tRCH 0 0 Time to CAS - -

Read Command Hold 
tRRH 0 0 TimetoRAS - -

Column Address to 
tRAL 35 40 RAS Lead Time - -

Output Buffer Tum-off Time tOFF! 0 20 0 20 

~HITACHI 

HB56G 18B/GB- lOA 

Min Max 

190 -

70 -
100 10000 

25 10000 

0 -
15 -

0 -

20 -

25 75 

20 55 

25 -
100 -
10 -

3 50 

- 16 

HB56GI8B/GB-IOA 

Min Max 

- 100 

- 25 

- 45 

0 -

0 -

0 -

55 -

0 25 

HB56G18 Series 

Note 

I 

I 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 7 

ms 15 

Unit Note 

ns 2,3 

ns 3,4 

ns 3,5 

ns 

ns 

ns 

ns 

ns 6 
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HB56G18 Series 

Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Data-in Setup Time 

Data-in Hold Time 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

Symbol 

twcs 

tWCH 

twp 

tDS 

tDH 

Symbol 

tCSR 

tCHR 

RAS Precharge to CAS Hold Time tRPC 

Fast Page Mode Cycle 

Parameter Symbol 

Fast Page Mode Cycle Time tpc 

Fast Page Mode 
tcp CAS Precharge Time 

Fast Page Mode RAS Pulse Width tRASC 

Access Time from CAS Precharge tACP 

RAS Hold Time from 
tRHCP CAS Precharge 

HB56G ISB/GB-7 A 

Min Max 

0 -
15 -
10 -

0 -

15 -

HB56G ISB/GB-7 A 

Min Max 

10 -

10 -

10 -

HB56G1SB/GB-7A 

Min Max 

45 -

10 -

- 100000 

- 40 

40 -

Notes: I. AC measurements assume tT = 5 ns. 

HB56G ISB/GB-SA HB56G1SB/GB-IOA 
Unit Note 

Min Max Min Max 

0 - 0 - ns 10 

15 - 20 - ns 

10 - 20 - ns 

0 - 0 - ns 11 

15 - 20 - ns 11 

HB56G ISB/GB-SA HB56GISB/GB-IOA 
Unit Note 

Min Max Min Max 

10 - 10 - ns 

10 - 10 - ns 

10 - 10 - ns 

HB56G ISB/GB-8A HB56G1SB/GB-IOA 
Unit Note 

Min Max Min Max 

50 - 55 - ns 

10 - 10 - ns 

- 100000 - 100000 ns 13 

- 45 - 50 ns 14 

45 - 50 - ns 

2. Assumes that tRcD ,;; tRCD (max) and tRAD ,;; tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

716 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
4. Assumes that tRCD ~ tRCD (max) and tRAD ,;; tRAD (max). 
5. Assumes that tRCD ,;; tRCD (max) and tRAD ~ tRAD (max). 
6. !oFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
S. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs ~ twcs (min)) 
II. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 /Ls is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP' 
IS. tREF is determined by 1,024 refresh cycles. 

@HITACHI 
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• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout 

Din 

teAe 

tRAe 

High-Z 

~ : Don't care 

.HITACHI 

tOFF 

Valid 
Output 

HB56G18 Series 

0104-5 
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HB56G18 Series -------------------------------

• Early Write Cycle 

tRe 

Address 

Dout 

Din 
High-Z 

~ : Don't care 

0104-6 

~HITACHI 
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• RAS Only Refresh Cycle 

tRC 

Address 

Dout 
High-Z 

• CAS Before RAS Refresh Cycle 

tCSR tCHR 

• HITACHI 

WE : Don't care 

2 ~: Don't care 

tRC 

LRP 

1 Address, Din: Don't care 

2 Dout: High-Z 

3 ~: Don't care 

4 WE=VIH 

HB56G18 Series 

0104-7 

0104-8 
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HB56G18 Series ------------------------------

• Fast Page Mode Read Cycle 

Address 

Dout 

tRAC 

Din 
High-Z 

~ : Don't care 

0104-9 

• HITACHI 
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HB56G18 Series 

• Fast Page Mode Early Write Cycle 

tRASC 

Address 

Dout 

Din 
High-Z 

~ : Don't care 

0104-10 
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HB56A48 Series 
4,194,304-Word x 8-Bit High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT 
.-------------------------------~ 

The HB56A48 is a 4M x 8 dynamic RAM module, mount
ed 8 pieces of 4 Mbit DRAM (HM514100AS, HM514100JP) 
sealed in SOJ package. An outline of the HB56A48 is 30-pin 
single in-line package. Therefore, the HB56A48 makes high 
density mounting possible without surface mount technology. 
The HB56A48 provides common data inputs and outputs. 

Decoupling capacitors are mounted beneath each SOJ. 

• FEATURES 
• 30-pin Single In-line Package 

Lead Pitch ................................ 2.54mm 
• Single 5V (±10%) Supply 
• High Speed 

Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode .................. 4840 mW 14400 mW I 
3960 mW/3520 mW (max) 

Standby Mode ........................ 88 mW (max) 
• Fast Page Mode Capability 
• 1,024 Refresh Cycle ........................... (16 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• TTL Compatible 

• PIN DESCRIPTION 

Pin Name 

Ao-AIO 

Ao-A9 

RAS 

CAS 

WE 
DQo-DQ7 

Vee 

Vss 
NC 

Function 

Address Input 

Refresh Address Input 

Row Address Strobe 

Column Address Strobe 

Read/Write Enable 

Data-inlData-out 

Power Supply ( + 5V) 

Ground 

No Connection 

• ORDERING INFORMATION 

I cc- mm _____ m ___ m_ - - mnn I 
! ! 

1 pin 30 pin 

0094-1 

Pin No. Pin Name Pin No. Pin Name 

I Vee 16 DQ4 

2 CAS 17 As 

3 DQo IS A9 

4 Ao 19 AIO 

5 Al 20 DQ5 

6 DQ\ 21 WE 

7 A2 22 VSS 
S A3 23 DQ6 

9 Vss 24 NC 

10 DOl 25 DQ7 

11 A4 26 NC 

12 As 27 RAS 

13 DQ3 2S NC 

14 ~ 29 NC 

15 A7 30 Vee 

Package 

Access 
30-pin \ 30-pin \ 30-pin 30-pin 30-pin SIP 30-pin SIP 

Time 
SIP SIP SIP SIP Low Profile Low Profile 

Socket Type Socket Type Lead Type Lead Type Lead Type Lead Type 

0.945 Inch Height 0.805 Inch Height 0.9S9 Inch Height O.SIO Inch Height 0.591 Inch Height 0.500 Inch Height 

60ns - HB56A4SBRlGBR-6A - HB56A4SAR-6A - HB56A4SATR-6A 

70ns - HB56A4SBRlGBR-7 A - HB56A4SAR-7A - HB56A4SATR-7A 

SOns HB56A4SB/GB-S HB56A4SBRlGBR-SA HB56A4SA-S HB56A4SAR-8A HB56A48AT-8 HB56A48ATR-8A 

lOOns HB56A48B/GB-1O HB56A48BRlGBR-IOA HB56A48A-1O HB56A48AR-IOA HB56A48AT-1O HB56A4SATR-IOA 

Note: I. Following the specification of the contact pad. 
HB56A48B-XX, HB56A48BR-XX: solder 
HB56A48GB-XX, HB56A48GBR-XX: gold 

eHITACHI 
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• BLOCK DIAGRAM 

AO (4) 

Al 
(5) 

A2 
(7) 

A3 ~-----
A4 

(11) 

(12) M3 
AS 

A6 

(13) DQ3 -------- Din 
(14) 

I Dout W(10) M2 
(15) 

Din A7 

A8 
(17) --.J 

I 
Dout Ml 

A9 

Al0 

(18) 
Din 
~ (19) 

MO Dout 

AO-Al0 r-- Din 

W -
RAS 

CAS 

WE 

(27) 

(2) 

(21) 

RAS 

CAS 

WE 

I 
M4 

'--- AO-Al0 

RAS 

CAS 

WE 

Dout 

-
-

I M7 

I M6 
Din 

M5 Dout 

Din 

l-J Dout 

Din 

l-J Dout 

I-

I-

Vee (1) 

Vee ~t---l""""'----~' MO - 7 Vee 

C=0.22pFx8 Vss (9) T 
Vss ~l---"""'----.~ MO - 7 Vss 

Note: MO-M7[HB56A4SXX-XXA]: HM514100AS 
MO-M7[HB56A4SXX-S/I0: HM514100JP 
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Din 

Dout 

W 

r---

DQ2 

(6) 
DQl 

(3) 
DQO 

l-J 

HB56A48 Series 

(25) 
DQ7 

(23) 
DQ6 

(20) 
DQ5 

(16) 
DQ4 
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HB56A48 Series ------------------------------

• PHYSICAL OUTLINE 
• HB56A48AR Series 

377 
0.148 

• HB56A48ATR Series 

254 
0.100 

8120 
3.197 

II 0 so 
• -- 0.020 

eo 
"0 
'" -NO 

110 
1'-0 
N.n 
_0 

'1-
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00000 00000 

90.14 
3.549 

1 ~ 

824 
0.324 0100 

• HB56A48BR/GBR Series 

762 
0.300 

8890 
3500 
8214 
3.234 

7366 
2.900 

050 
0.020 

Note: Following the specification of the contact pad. 

Part No. Contact Pad 

HB56A48BR-XX Solder 

HB56A48GBR-XX Gold 

• HITACHI 

eO 
"0 
'" -No 

Detail A 

Unit: mm (inch) 

0208 .. 5 28 max, 1 I 

025 .1. 
0010 

8 89 max I 1 __ 
0350 ' 

~ 
025 II 0.010 , .. 

528 max 
0208 

1 27 II ofso+-

02,m .. tW'80'!!!!h 0010 0011 

~ 
ill 
0070 

0094-3 

0094-4 

0094-' 
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HB56A48 Series 

• PHYSICAL OUTLINE (continued) 

• HB56A48A Series 

Unit: mm (inch) 

1< __________ --'88.9 __________ ' 
3.5 

00000 
ODOO OOOOO 

00000 

OOOOU 

o 0 o 

• HB56A48AT Series 

90.14 

• HB56A48B/GB Series 

1< __________ ----"88.9 ________ _ 
-3.5 

00000 UOOOO 

00000 00000 

~_i:~82.!~.-----
3.234 

1<______ _ __ 7;L66 __________ >I 
2.90 

A 

Hhl~max 
1·_~0.208 

~ 
1.27-1 I. 
0.05" r' 

Note: Following the specification of the contact pad. 

025ma .. @180m,n. 
0.010 0011 

~ 
ill 

Part No. Contact Pad 0.070 

HB56A48B-XX Solder Detail A 
HB56A48GB-XX Gold 

• HITACHI 
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HB56A48 Series -------------------------------

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to vss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss VCC -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT S W 

Operating Temperature Topr Oto + 70 'C 

Storage Temperature Tst~ - 55 to + 125 'C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

VCC 4.5 5.0 5.5 V I 

Input High Voltage VIR 2.4 - 5.5 V I 

Input Low Voltage VIL -1.0 - O.S V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70'C, vee = 5V ±10%, vss = OV) 

HB56A4SB/GB/BR/GBRI AI AR/ AT I ATR 

Parameter Symbol -6A -7A -S/-SA -10/-IOA Unit Test Condition Note 

Min Max Min Max Min Max Min Max 

Operating 
ICC! - SSO - SOO - 720 - 640 rnA tRC = min 1,2 Current 

TTL Interface 
- 16 - 16 - 16 - 16 rnA RAS, CAS = VIR 

Standby 
ICC2 

Dout = High-Z 
Current CMOS Interface 

- S - S - S - 8 rnA RAS, CAS <: V CC - 0.2V 
Dou! = High-Z 

RASbnly 
ICC3 - 880 - 800 - 720 - 640 rnA tRC = min 2 Refresh Current 

Standby RAS = VIR 
ICCS - 40 - 40 - 40 - 40 rnA CAS = VIL I Current 

Dout = Enable 

CAS Before RAS 
ICC6 880 800 720 640 rnA tRC = min Refresh Current - - - -

Page Mode 
ICC7 - 880 - 800 - 720 - 640 rnA tpc = min 1,3 Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 /LA OV :s VIN :s 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 /LA 

OV:s Vout:S 7V 
Current Dout = Disable 

Output High 
VOH 2.4 Vce 2.4 Vce 2.4 Vec 2.4 Vec V lout = - 5mA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 V lout = 4.2 rnA Voltage 

Notes: I. ICC depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed once or less while CAS = VIR. 

@HITACHI 
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• Capacitance (TA = 25°C, Vee = 5V ±100/0) 

HB56A4S 

Parameter Symbol BR/GBR/AR/ATR AlAT/B/GB 

Typ Max Typ 

Input Capacitance (Address) CIl - 55 -
Input Capacitance (Clock) CI2 - 6S -
Input/Output Capacitance (DQo_ 7) CliO - 17 -

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

• AC Characteristics (TA = 0 to +70"C, Vee = 5V ±100/0, Vss = OV)1,12, 15 

Read, WrIte and Refresh Cycle (Common Parameters) 

Max 

65 

SI 

30 

HB56A4SB/GB/BR/GBR/ AI AR/ AT/ ATR 

Parameter Symbol -6A -7A -SA -lOA -S 

Min Max Min Max Min Max Min Max Min Max 

Random Read or 
tRC 110 130 150 ISO 150 Write Cycle Time - - - - -

RAS Precharge Time tRP 40 - 50 - 60 - 70 - 60 -
RAS Pulse Width tRAS 60 10000 70 10000 SO 10000 100 10000 80 10000 

CAS Pulse Width teAS 15 10000 20 10000 20 10000 25 10000 20 10000 

Row Address Setup Time tASR 0 - 0 - 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 10 - 15 - 10 -
Column Address 

tASC 0 0 0 0 0 
Setup Time - - - - -

Column Address 
leAH 15 15 15 20 15 

Hold Time - - - - -

RAS to CAS Delay Time tRCD 20 50 20 50 20 60 25 75 20 60 

RAS to Column Address 
tRAD 15 35 15 35 15 40 20 55 15 40 

Delay Time 

RAS Hold Time tRSH 15 - 20 - 20 - 25 - 20 -

CAS Hold Time teSH 60 - 70 - SO - 100 - SO -
CAS to RAS 

teRP 10 10 10 10 10 Precharge Time - - - - -

Transition Time 
tT 3 50 3 50 3 50 3 50 3 50 (Rise and FaIl) 

Refresh Period tREF - 16 - 16 - 16 - 16 - 16 

Read Cycle 

HB56A4SB/GB/BR/GBR/ AI AR/ AT/ ATR 

Parameter Symbol -6A -7A -SA -lOA -S 

Min Max Min Max Min Max Min Max Min Max Min 

Access Time from RAS IRAc - 60 - 70 - SO - 100 - 80 -

Access Time from CAS !cAc - 15 - 20 - 20 - 25 - 25 -
Access Time from Address tAA - 30 - 35 - 40 - 45 - 40 -
Read Command 

tRCS 0 0 0 0 0 0 
Setup Time - - - - -

Read Command 
tRCH 0 0 0 0 0 0 

Hold Time to CAS - - - - -

Read Command 
tRRH 0 0 0 0 10 10 Hold Time to RAS - - - - -

eHITACHI 

HB56A48 Series 

Unit Note 

pF 1 

pF 1 

pF 1,2 

-10 Unit Note 

Min Max 

180 - ns 

70 - ns 

100 10000 ns 

25 10000 ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

25 75 ns S 

20 55 ns 9 

25 - ns 

100 - ns 

10 - ns 

3 50 ns 7 

- 16 ms 17 

-10 Unit Note 

Max 

100 ns 2,3,16 

25 ns 3,4,14 

45 ns 3,5,14,16 

- ns 

- ns 

- ns 
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HB56A48 Series ------------------------------

Read Cycle (continued) 

HB56A4SB/GB/BR/GBR/ AI AR/ AT/ ATR 

Parameter Symbol -6A -7A -SA -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Colnmn Address 
tRAL 30 35 40 45 40 45 

to RAS Lead Time - - - - - - ns 

Output Buffer 
toFF 0 15 0 20 0 20 0 25 0 20 0 25 ns 6 

Tum-olTTime 

Write Cycle 

HB56A4SB/GB/BR/GBR/ AI AR/ AT/ ATR 

Parameter Symbol -6A -7A -SA -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Write Command 
twcs 0 0 0 0 0 0 10 

Setup Time - - - - - - ns 

Write Command 
tWCH 15 15 15 20 15 20 

Hold Time - - - - - - ns 

Write Command 
twp 10 10 10 20 15 20 Pulse Widtb - - - - - - ns 

Write Command 
tRWL 15 20 20 25 25 25 

to RAS Lead Time - - - - - - ns 

Write Command 
tcwL 15 20 20 25 25 25 to CAS Lead Time - - - - - - ns 

Data-in Setup Time tDS 0 - 0 - 0 - 0 - 0 - 0 - ns 11 

Data-in Hold Time tnH 15 - IS - IS - 20 - 15 - 20 - ns 11 

Refresh Cycle 

HB56A4SB/GB/BR/GBR/ AlAR! AT/ ATR 

Parameter Symbol -6A -7A -SA -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

CAS Setup Time 
tcsR 10 - 10 - 10 - 10 - 10 - 10 - ns 

(CAS Before RAS Refresb Cycle) 

CAS Hold Time 
!eHR 10 10 10 10 20 20 (CAS Before RAS Refresh Cycle) - - - - - - ns 

RAS Precharge to CAS 
tRPC 10 - 10 - 10 - 10 - 10 - 10 - ns 

Hold Time 

Fast Page Mode Cycle 

HB56A4SB/GB/BR/GBR/ AlAR! AT/ ATR 

Parameter Symbol -6A -7A -SA -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 40 - 45 - 50 - 55 - 55 - 55 - ns 

Fast Page Mode 
!ep 10 10 10 10 10 10 ns 

CAS Precharge Time - - - - - -
Fast Page Mode 

tRASC - 100000 - 100000 - 100000 - 100000 - 100000 - 100000 ns 13 
RAS Pulse Widtb 

Access Time from 
tACP 35 40 45 

CAS Precharge - - - - 50 - 50 - 50 ns 14,16 

RAS Hold Time from 
tRHCP 35 40 45 

CAS Precharge - - - 50 - 50 - 50 - ns 

$ HITACHI 
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HB56A48 Series 

Test Mode Cycle 

HB56A48B/GB/BR/GBR/ AI AR/ AT/ ATR 

Parameter Symbol -6A -7A -8A -lOA -8 -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Test Mode WE Setup Time tws 0 - 0 - 0 - 0 - 0 - 0 - ns 

Test Mode WE Hold Time tWH 10 - 10 - 10 - 10 - 20 - 20 - ns 

Notes: I. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD <: tRCD (max), tRAD S tRAD (max). 
5. Assumes that tRCD s tRCD (max), tRAD <: tRAD (max). 
6. toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIR and VIL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAe-
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA. 
10. Early write cycle only (twcs <: twcs (min». 
II. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 JJ.s is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS-only refresh). 
13. tRASC is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or !cAC or tACP. 
15. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits ... RA 10, CA 10 and 

CAD. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is Dout and data input pin is Din. In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of tRAC, tAA and tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

17. tREF is determined by 1,024 refresh cycles. 

~HITACHI 
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HB56A48 Series ------------------------------

• TIMING WAVEFORM 
• Read Cycle 

Address 

Dout 

Din 

tRC 

teAC 

tRAC 

High-Z 

~ : Don't care 

eHITACHI 

tOFF 

Valid 
Output 

tRP 

730 Hitachi America, Ltd. • Hitachi Plaza. 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1619 • (415) 569-6300 

0094-9 



HB56A48 Series 

• Early Write Cycle 

Address 

Dout 

Din 
High-Z 

~ : Don't care 

0094-10 

$ HITACHI 
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HB56A48 Series ------------------------------

• RAS Only Refresh Cycle 

tRC 

Address 

Dout 
High-Z 

• CAS Before RAS Refresh Cycle 

tCSR 

• HITACHI 

WE : Don't care 

2 ~: Don't care 

tRC 

lRP 

1 Address, Din: Don't care 

2 Dout: High-Z 

3 ~: Don't care 

4 WE =VIH 

732 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 

0094-11 

0094-12 



HB56A48 Series 

• Hidden Refresh Cycle 

Dout Dout 

1 ~ : Don't care 

0094-13 

• HITACHI 
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HB56A48 Series ------------------------------

• Fast Page Mode Read Cycle 

tRASC 

Address 

Dout 

Din 
High-Z 

~ : Don't care 

0094-14 

$ HITACHI 
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HB56A48 Series 

• Fast Page Mode Early Write Cycle 

tRASC 

Address 

Dout 

Din 
High-Z 

~ ; Don't care 

0094-15 

@HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 735 



HB56A48 Series 

• TEST MODE CYCLE 

CBR or RAS only refresh 

2 ~ : Don't care 

3 Address, Din: Don't care 
0094-16 

• Test Mode Set Cycle 

Address 

OPEN 
Dout 

~ : Don't care 

0094-17 

@HITACHI 
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HB56A48 Series 

• Test Mode Reset Cycle 

CAS Before RAS Refresh Cycle 

Address 

Dout 
OPEN 

~ : Don't care 

0094-18 

RAS Only Refresh Cycle 

Address Row 

OPEN 
Dout 

1 ~ : Don't care 

2 Refresh address: AO - A9 (AXO - AX9j 
0094-19 

• HITACHI 
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HB56A19 Series 
1,048,576-Word x 9·Blt High Density Dynamic RAM Module 

• DESCRIPTION 
The HB56A19 is a 1M x 9 dynamic RAM module, mounted nine 1-Mbit DRAM 

(HM511000JP) sealed in SOJ package. An outline of the HB56A19 is 30-pin single 
in-line package having Lead types (HB56A19A, HB56A19An, Socket type 
(HB56A19B). Therefore, the HB56A19 makes high density mounting possible with
out surface mount technology. The HB56A19 provides common data inputs and 
outputs and also provides separate 1/0 on parity bit for parity check. Its module 
board has decoupling capacitors beneath each SOJ. 

• FEATURES 
• 30-pin Single In-line Package 

Lead Pitch ..................................................... 2.54mm 
• Single 5V (±10%) Supply 
• High Speed 

Access TIme ..................... 60 ns/70 ns/80 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ...... 4455 mW/3960 mW/3465 mW/2970 mW/2475 mW (max) 
Standby Mode ............................................. 99 mW (max) 

• Fast Page Mode Capability 
• 512 Refresh Cycle ................................................... (8 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Access 
Time 30-pin SIP 

Lead Type 

60ns HB56A19A-6H 

70ns HB56A19A-7H 

80ns HBS6AI9A-8A 

lOOns HBS6AI9A-IOA 

120ns HBS6AI9A-12A 

• PIN OUT 

Package 

30-pin SIP Low 30-pinSIMM 
Profile Lead Type Socket Type 

HB56AI9AT-6H HBS6AI9B-6H 

HBS6AI9AT-7H HBS6AI9B-7H 

HB56AI9AT-8A HBS6AI9B-8A 

HBS6AI9AT-IOA HBS6AI9B-IOA 

HBS6AI9AT-I2A HBS6AI9B-12A 

I 00------------------------------------00 I 
I I 

1 pin 30 pin 

0122-1 

• HITACHI 

Pin Pin Pin Pin 
No. Name No. Name 

I Vee 16 DQ4 

2 CAS 17 AS 

3 DQo 18 A9 

4 Ao 19 NC 

5 Al 20 DQs 

6 DQI 21 WE 

7 A2 22 VSS 

8 A3 23 DQ6 

9 Vss 24 NC 

10 DQ2 25 D<h 
11 A4 26 PQ 

12 As 27 RAS 

13 DQ3 28 PCAS 

14 ~ 29 PD 

IS A7 30 Vee 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-As Refresh Address Input 

RAS Row Address Strobe 

CAS,PCAS Column Address Strobe 

WE Read/Write Enable 

DQo-DQ7 Data-in/Data-out 

PD Parity Data-in 

PQ Parity Data-out 

Vee Power Supply ( + SV) 

Vss Ground 

NC Non-Connection 

738 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



--------------------------- HB56A19 Series 

• BLOCK DIAGRAM 

AO 

A1 

A2 
A3 
A4 
AS 
A6 

A7 

AS 
A9 

(4) 

15) 
(7) 

(8) 

(11 ) 

112) 
(14) 

(15) 

117) 
(18) 

(27) 

(2) 

(21) 

I 
J M2 

M1 
- AO-A10 Din 

RAS Oout 

CAS 

WE 

I M4 O. (13) 
In 

~(10) M3 
Oout 

Oin~ 
Dout 

003 

002 

Din 
W 

(6) 0 

Dout 
(3) 0 

U r--

01 

00 

r--

-
(28) l·cAs M9 O. 

I In 
(26) 

: (29) 
PO 
PO 

I M8 

I M7 
Din 

I M6 Dout 
Din 

W M5 Oout 

- AO-A10 Din 
W RAS Dout 

CAS r--
WE 

~ 

vcc-1!L., 
vcc~ I .. M1 ~9Vcc 
vss!J T C=0.22~Fx9 

1-----'-----; .... M1 ~ 9 Vss 
Vss 22 

• HITACHI 

007 
Oout 

(25) Din 
-.J Oout 

(23) 

~ 
006 

(20) 
DOS -

(16) 
r-- DQ4 

0122-2 
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HB56A19 Series ------------------------------

• PHYSICAL OUTLINE 
• HB56A19A Series 

J 
~ 

81.2 (3.197 ) 

~L-~""""""""flfl~~ 
0.50<0.0197 ) 2.54(0.1 ) 

• HB56A19AT Series 

• HITACHI 

S.28max. 
0.208mu.) 

0.25(0.0098) 

740 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819. (415) 589-8300 
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0122-4 



• HB56A19B Series 

3.38( 0.133) 

-

ti- -$: 
. 11 j ~ r II ... -. g 
6.35 ( 0.250)/ I 

(R0.067m ... ) 
1.7m ... -

2.03(0.080) I -::.. 
7.62 (0.300 ) 

BASIC 
BOTH SIDES 

88 9(3 5(0) 

82.14(3.234 ) 

1.14min.(2.) 
(0.045mln. ) 

0 0 
10 0 P 0 

0 0 .0 0 .0 

lnnnnnnnnnnnnni 

2.5410.100) BASIC 
BOTH SIDES 

1.78 (0.070 ) 

73.66(2.900)REF 

Detail A 

~ 
0.010 

0 

0 0 

0 

1.80 min. 
--0:071 

=FF~=-

..ll!. 
0.070 

Note: The plating of the contact finger is solder coat. 

~HITACHI 

0 

0 o~~ I 
Innltl...L 

30

1 3~ 
(0.07min 

0122-6 

HB56A19 Series 

5.28mu. 
(0.208m ... ) 

1.27±0.127 
(0.05 ± 0.005) 

2.54min.(0.IOOmin. ) 

7±0.127( ¢O.125±0.005) 

0122-5 
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HB56A 19 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I Input Yin -1.0to +7.0 V 

Relative to V ss I Output Vout -1.0to +7.0 V 

Supply Voltage Relative to V ss VCC -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 9 W 

Operating Temperature Topr Oto +70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 5.5 V I 

Input Low Voltage VIL -1.0 - 0.8 V I 

Note: 1. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70·C, Vee = 5V ± 10%, Vss = OV) 

HB56AI9A/AT/B 

Parameter Symbol -6H -7H -8A -lOA -12A Unit Test Conditions Note 

Min Max Min Max Min Max Min Max Min Max 

Operating Current ICC! - 810 - 720 - 630 - 540 - 450 rnA tRC = Min 1,2 

TTL Interface 
- 18 - 18 - 18 - 18 - 18 rnA RAS, CAS = VIH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface, RAS, 
- 9 - 9 - 9 - 9 - 9 rnA CAS:!: Vcc - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 810 - 720 - 540 - 450 - 405 rnA tRC = Min 2 

Refresh Current 

RAS = VIH, 
Standby Current Iccs - 45 - 45 - 45 - 45 - 45 rnA CAS = VIL, I 

Dout = Enable 

CAS Before RAS 
ICC6 810 720 540 360 320 rnA tRC = Min Refresh Current 

- - - - -

Fast Page 
ICC7 - 810 - 720 - 450 - 450 - 360 rnA tpc = Min 1,3 

Mode Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 - 10 )LA OV:S Vin:S 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 

-10 
10 )LA 

OV:S Vout:S 7V, 
Current Dout = Disable 

Output High Voltage VOH 2.4 Vcc 2.4 Vcc 2.4 VCC 2.4 Vcc 2.4 VCC V lout = -5mA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V lout = 4.2 rnA 

Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed once or less while CAS = VIH' 

$ HITACHI 
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HB56A 19 Series 

• Capacitance (TA = 25°C, Vee = 5V ±10%) 

Parameter Symbol Typ Max Unit Note 

Input Capacitance (Address) Cll - 60 pF I 

Input Capacitance (Clock) CI2 - 75 pF 1 

Input/Output Capacitance (DQo-DO?) Cvo - 17 pF 1,2 

Input Capacitance (PD) CJ3 - \0 pF 1,2 

Output Capacitance (PQ) CO - 12 pF 1,2 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Doul . 

• AC Characteristics 

Please show at HM511000H series or HM511000A series about AC Characteristics. But don't use by Delayed Write Cycle, be
cause the HB56A 19 provides common data inputs and outputs. Please use by Early Write Cycle. (twes :2 twes (min». 

@HITACHI 
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HB56A19L Series 
1,048,576-Word x 9-Bit High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT 
The HB56A19 is a 1M x 9 dynamic RAM module, mount-

ed nine 1 Mbit DRAM (HM511000ALJP) sealed in SOJ pack
age. An outline of the HB56A 19 is 30-pin single in-line pack
age having lead types (HB56A19A, HB56A19AT), socket 
type (HB56A 19B, HB56A 19GB). Therefore, the HB56A 19 
makes high density mounting possible without surface mount 
technology. The HB56A19 provides common data inputs 
and outputs and also provides separate I/O on parity bit for 
parity check. Its module board has decoupling capaCitors 
beneath each SOJ. 

I CC--------------------------rm I 
! ! 

1 pin 30 pin 

• FEATURES 
• 30-pin Single In-line Package 

Lead Pitch ............................... 2.54 mm 

• Single 5V (± 10%) Supply 
• High Speed 

Access Time ................... 60 ns/70 ns/80 nsf 
100 ns/120 ns (max) 

• Low Power Dissipation 
Active Mode ....... .4455 mW /3960 mW /3465 mW / 

2970 mW/2475 mW (max) 
Standby Mode ...................... 15.3 mW (max) 

• Fast Page Mode Capability 
• 512 Refresh Cycle/64 ms (Distribution Refresh) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Package 
Access 3D-pin SIP 3D-pin SIP 30-pin SIp! 
Time Lead Type Low Profile Socket Type 

Lead Type 

60ns HB56AI9A-6L HB56AI9AT-6L HB56AI9B-6L 

70ns HB56AI9A-7L HB56AI9AT-7L HB56AI9B-7L 

80ns HB56AI9A-8L HB56AI9AT-8L HB56AI9B-8L 

lOOns HB56AI9A-IOL HB56AI9AT-IOL HB56AI9B-IOL 

120ns HB56A19A-12L HB56AI9AT-12L HB56A19B-12L 

Note: 1. Following the specification of the contact pad. 
HB56AI9B-XXL : solder 
HB56AI9GB-XXL: gold 

Pin No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

30-pin SIp! 
Socket Type 

HB56AI9GB-6L 

HB56AI9GB-7L 

HB56AI9GB-8L 

HB56AI9GB-IOL 

HB56AI9GB-12L 

@HITACHI 

0153-1 

Pin Name Pin No. Pin Name 

Vee 16 DQ4 

CAS 17 As 

DQo 18 A9 

AO 19 NC 

A! 20 DQ5 

DQ! 21 WE 

A2 22 VSS 

A3 23 DQ6 

VSS 24 NC 

DQ2 25 DQ7 

A4 26 PQ 

A5 27 RAS 

DQ3 28 PCAS 

A6 29 PD 

A7 30 Vee 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-As Refresh Address Input 

RAS Row Address Strobe 

CAS,PCAS Column Address Strobe 

WE ReadIW rite Enable 

DQo-DQ17 Data-inlData-out 

PD Parity Data-in 

PQ Parity Data-out 

Vee Power Supply ( + 5V) 

VSS Ground 

NC No Connection 

744 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



----------------------------- HB56A19L Series 

• BLOCK DIAGRAM 

AO (4) 

Al 
(5) 

A2 
(7) 

A3 
(8) 

A4 
(11 ) 

(12) M3 
AS 

A6 

(13) DQ3 Din 
(14) 

I Dout ~ M2 
A7 

AS 

A9 

RAS 

CAS 

WE 

PCAS 

(15) 

(17) 

(18) 

r--
(27) 

(2) 

(21) 

(28) 

J 
MO 

AO-A9 

RAS 

CAS 

WE 

I 
M4 

AO-A9 

RAS 

CAS 

WE 

Din 

W Dout Ml 

Din 
---.I Dout 

Din 
~ -

Dout 

-
!--

I M8 
,CAS 

I M7 
Din 

I M6 Dout 

Din 

U M5 Dout 

Din 
~ Dout 

Din 
~ I-

Dout 

-

-

Vee (1) 

Vee ;]t---I"""'"T'-----· MO - 8 Vee 

Vss -:(",",9),---. I C = 0.22pF x 9 

Vss j;Jt---...... ----_. MO - 8 Vss 

~HITACHI 

(10) 
DQ2 

(6) 
DQl 

(3) 
DQO 

Din 

Dout 

~ 

-

(29) 

(26) 

(25) 

(23) 

(20) 

(16) 

PO 

PQ 

DQ7 

DQ6 

DQ5 

DQ4 

0153-3 

0153-2 
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HB56A19L Series ----------------------------

• PHYSICAL OUTLINE 
• HB56A19A Series 

3.77 2.54 
0.148 0.100 

• HB56A19AT Series 

81.20 
3.197 

.11. 0.50 
0.020 

3.549 • 

0.208 
5.28 ma •. , \ I_ 

0.25 
0.010 

0.350 -8.89m .. ··1 I 

~ DDDDD ;~ 
1 H 

8.24 
0.324 

~:::=::j[:::J[:::j[:: ~:J I 

• HB56A19B/GB Series 

2.03 
0.080 

762 
0.300 

I I 2.54 
I I 0.100 

88.90 
3500 
82 14 
3.234 

II 178 •• 0.070 

7366 
2.900 

Note: Following the specification of the contact pad 

Part No. Contact Pad 

HB56AI9B-6L/7L/SL/IOL/12L Solder 

HB56AI9GB-6L/7L/SL/IOL/I2L Gold 

@HITACHI 

'1 

Eo 
"0 "'-NO 

<1>3175 
Vfo:ji5 

Detail A 

025 II 
0.010 .-

528 max. 
0.208 

1.27 II 
o~ 

o25m"'l ~.80mln. 
0"0 ~'.71 

!1! 
0.070 

0153-7 

746 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 

0153-4 

0153-5 

0153-6 



HB56A19L Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I (Input) Yin -1.0to + 7.0 V 
Relative to V ss I (Output) Vout -1.0to +7.0 V 

Supply Voltage Relative to V ss VCC -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 9 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage VSS 0 0 0 V 

VCC 4.5 5.0 5.5 V I 

Input High Voltage VIR 2.4 - 5.5 V 1 

Input Low Voltage VIL -1.0 - 0.8 V I 

Note: I. All voltage referenced to VSS. 

• DC Electrical Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV) 

HB56AI9/ATIB/GB 

Parameter Symbol -6L -7L -8L -IOL -12L Unit Test Conditions Note 

Min Max Min Max Min Max Min Max Min Max 

Operating 
ICC! - 810 - 720 - 630 - 540 - 450 rnA tRC = Min 1,2 Current 

TTL Interface 
- 18 - 18 - 18 - 18 - 18 rnA RAS, CAS = V IH, 

Standby 
ICC2 

Dout = High-Z 

Current CMOS Interface 
- 2.7 - 2.7 - 2.7 - 2.7 - 2.7 rnA RAS, CAS ~ V cc - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 810 - 720 - 540 - 450 - 405 rnA tRc = Min 2 Refresh Current 

Battery Back Up 
ICC4 - 2.7 - 2.7 - 2.7 - 2.7 - 2.7 rnA tRC = 125~ 4 Current CAS Before RAS Refresh 

Staodby RAS = VIR, 

Current ICC5 - 45 - 45 - 45 - 45 - 45 rnA CAS = VIL, I 
Dout = Enable 

CAS Before 
RAS Refresh 

ICC6 
- 720 - 630 - 540 - 450 - 360 rnA tRC = Min 

Current 

Fast Page Mode 
ICC? - 720 - 630 - 450 - 450 - 360 rnA tpc = Min 1,3 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 /loA OVoS Yin oS 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 -10 10 /loA OV oS Vout:S 7V 

Current Dout = Disable 

Output High 
VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V lout = -5mA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V lout = 4.2 rnA Voltage 

Notes: I. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed :S I time while CAS = VIR. 
4. tRAS = tRAS (min) to 1 fLs. 

Input voltage: All pins: VIR ~ VCC - 0.2V or VIL :S 0.2V. 

~HITACHI 
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HB56A19L Series 

• Capacitance (TA = 25·C, Vcc = 5V ±10%) 

Parameter Symbol Typ Max Unit 

Input Capacitance (Address) CII - 60 

Input Capacitance (Clock) CI2 - 75 

Input/Output Capacitance (DQO_7) CliO - 17 

Input Capacitance (PD) CI3 - 10 

Output Capacitance (PQ) Co - 12 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

• AC Characteristics (TA = 0 to + 70·C, Vcc = 5V ± 10%, Vss = OV)1, 12 
Read, Write, and Refresh Cycle (Common Parameters) 

HB56AI9/ATIBIGB 

Parameter Symbol -6L -7L -SL 

Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 120 - 130 - 160 -
RAS Precharge Time tRP 50 - 50 - 70 -
RAS Pulse Width tRAS 60 10000 70 10000 SO 10000 

CAS Pulse Width tCAS 20 10000 70 10000 25 10000 

Row Address Setup Time tASR 0 - 0 - 0 -

Row Address Hold Time tRAH 10 - 10 - 12 -
Column Address Setup Time tASC 0 - 0 - 0 -

Column Address Hold Time tCAH 15 - 15 - 20 -
RAS to CAS Delay Time tRCD 20 40 20 50 22 55 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 

RAS Hold Time tRSH 20 - 20 - 25 -

CAS Hold Time tCSH 60 - 70 - SO -

CAS to RAS Precharge Time tCRP 10 - 10 - 10 -
Transition Time (Rise and Fall) tT 3 50 3 50 3 50 

Refresh Period tREF - 64 - 64 - 64 

Read Cycle 

HB56A19A1 AT/B/GB 

Parameter Symbol -6L -7L -SL 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - SO 

Access Time from CAS tCAC - 20 - 20 - 25 

Access Time from Address tAA - 30 - 35 - 40 

Read Command Setup Time tRCS 0 - 0 - 0 -

Read Command Hold Time to CAS tRCH 0 - 0 - 0 -
Read Command Hold Time to RAS tRRH 10 - 10 - 10 -
Column Address to RAS Lead Time tRAL 30 - 35 - 40 -
Output Buffer Turn-off Time tOFF! - 20 - 20 - 20 

~HITACHI 

-IOL 

Min Max 

190 -
SO -

100 10000 

25 10000 

0 -
15 -

0 -
20 -

25 75 

20 55 

25 -
100 -
10 -
3 50 

- 64 

-IOL 

Min Max 

- 100 

- 25 

- 45 

0 -

0 -

10 -

45 -

- 25 

pF 

pF 

pF 

pF 

pF 

-12L 

Min Max 

220 -
90 -

120 10000 

30 10000 

0 -
15 -

0 -
25 -

25 90 

20 65 

30 -
120 -
10 -
3 50 

- 64 

-12L 

Min Max 

- 120 

- 30 

- 55 

0 -
0 -

10 -

55 -
- 30 
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ns 
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ns 

ns 7 

ms 15 

Unit Note 

ns 2,3 

ns 3,4 

ns 3,5 

ns 

ns 

ns 

ns 
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HB56A19L Series 

Write Cycle 

HB56AI9A/ATIB/GB 

Parameter Symbol -6L -7L -SL -IOL -12L Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 15 - 20 - 20 - 25 - ns 

Write Command Pulse Width twp 10 - 10 - 15 - 15 - 20 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - 0 - 0 - ns 11 

Data-in Hold Time tDH 15 - 15 - 20 - 20 - 25 - ns 11 

Refresh Cycle 

HB56AI9A/ATIB/GB 

Parameter Symbol -6L -7L -SL -IOL -12L Unit Note 

Min Max Min Max Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - 10 - 10 - ns (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tCHR 15 15 20 20 25 (CAS Before RAS Refresh Cycle) - - - - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - 10 - 10 - ns 

Fast Page Mode Cycle 

HB56AI9A/ATIB/GB 

Parameter Symbol -6L -7L -SL -IOL -12L Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 45 - 50 - 55 - 55 - 65 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - 10 - 10 - 15 - ns 

Fast Page Mode RAS Pulse Width tRASC - 100000 - 100000 - 100000 - 100000 - 100000 ns 13 

Access Time from CAS Precharge tACP - 40 - 45 - 50 - 50 - 60 ns 14 

RAS Hold Time from CAS Precharge tRHCP 40 - 45 - 50 - 50 - 60 - ns 

Notes: I. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD ~ tRCD (max), tRAD S tRAD (max). 
5. Assumes that tRCD S tRCD (max), ~ tRAD (max). 
6. tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between V IH and V IL. 
S. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAe (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs ~ twcs (min». 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 I-'s is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP. 
15. tREF is determined by 512 refresh cycles. 

@HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 749 



HB56A19L Series ------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout 

tRAC 

Din 

tRC 

tCAC 

High-Z 

~ : Don't care 

$ HITACHI 

tOFF 

Valid 
Output 

750 Hitachi America, Ltd. • Hitachi Plaza. 2000 Sierra Point Pkwy .• Brillbane, CA 94005-1819. (415) 589-8300 
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HB56A19L Series 

• Early Write Cycle 

tRC 

Address 

Din 

Dout 
High-Z 

~ : Don't care 

0153-9 

@HITACHI 
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HB56A19L Series -------------------------------

• RAS Only Refresh Cycle 

tRC 

Address 

Dout 
High-Z 

• CAS Before RAS Refresh Cycle 

~HITACHI 

1 WE : Don't care 

2 ~: Don't care 

tRC 

tRP 

Address, Din: Don't care 

2 Dout: High-Z 

3 ~: Don't care 

752 Hitachi America, Ltd.· Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 
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---------------------------- HB56A19L Series 

• Fast Page Mode Read Cycle 

tRASC 
~ 

tRHCP 

----, 

i\ / \.-
tT tCSH t~~ , tRSH tRP 

~ 

tRCD ,tc~s tCAS tCAS 
1"-' 

tCRP 

i\ / '1\ / 1\ 

tRAD tcp tRAl 

tASR I~ tAsc;, 
~ 

tASc;, 
I~ 

ItASc;, 
l~ 

Address ~ ~ ~ ~ -column2~ ~ ,~ ~ 

~ ColumnN I~ ~/-
'~ ~ '~ ~ 

~..o 
~//.i~ 

tRCS tRCH tRCS tRClt tRCS .tRRH 

~ ~ 
I"///.i ~//.i' 

~ ~~ ~~ ~ tCAC tCAC tCAC 
ItAA tAA tAA 

tACP tACP 

tOFF tOFF tOFF 

Dout r Valid rValid 
I~ 

Valid 
I}-~Output ~Output2 Output N 

tRAC 

Din 
High-Z 

~ : Don't care 

0153-12 
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HB56A19L Series ------------------------------

• Fast Page Mode Early Write Cycle 

tRASC 

Address 

Din 

Dout 
High-Z 

~ : Don't care 

0153-13 

.HITACHI 
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HB56C19 Series 
1,048,57S-Word x 9-Bit High Density Dynamic RAM Module 

• DESCRIPTION 
The HB56C19 is a 1M x 9 static column mode dynamic RAM module, mounted 

nine 1-Mbit DRAM (HM511002JP) sealed in SOJ package. An outline of the 
HB56C19 is 30-pin single in-line package having Lead types (HB56C19A, 
HB56C19AT), socket type (HB56C19B). Therefore, the HB56C19 makes high densi
ty mounting possible without surface mount technology. The HB56C19 provides 
common data inputs and outputs and also provides separate I/O on parity bit for 
parity check. Its module board has decoupling capacitors beneath each SOJ. 

• FEATURES 
• 30-pin Single In-line Package 

Lead Pitch ..................................................... 2.54mm 
• Single 5V (± 10%) Supply 
• High Speed 

Access Time ................................. 80 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ......................... 3465 mW/2970 mW/2475 mW (max) 
Standby Mode ............................................. 99 mW (max) 

• Static Column Mode Capability 
·512 Refresh Cycle ................................................... (8 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Access 
Time 30-pin SIP 

Lead Type 

80ns HB56CI9A-8A 

lOOns HB56CI9A-IOA 

120 ns HB56C19A-12A 

• PIN OUT 

Package 

30-pin SIP Low 30-pinSIMM 
Profile Lead Type Socket Type 

HB56CI9AT-8A HB56CI9B-8A 

HB56CI9AT-IOA HB56CI9B-IOA 

HB56CI9AT-12A HB56C19B-12A 

I 00--·---·--·---·-·-----·--·---·---00 I 
I I 

1 pin 30 pin 

0123-1 

@HITACHI 

• PIN DESCRIPTION 

Pin Pin Pin Pin 
No. Name No. Name 

I Vee 16 DQ4 

2 CS 17 As 

3 DQo 18 A9 

4 Ao 19 NC 

5 Al 20 DQs 

6 DQI 21 WE 

7 A2 22 VSS 

8 A3 23 DQ6 

9 VSS 24 NC 

10 DQ2 25 DQ7 

II ~ 26 PQ 

12 As 27 RAS 

13 DQ3 28 PCS 

14 A6 29 PD 

15 A7 30 Vee 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-As Refresh Address Input 

RAS Row Address Strobe 

CS Chip Select 

PCS Parity Chip Select 

WE ReadIWrite Enable 

DQo-DQ7 Data-in/Data-out 

PD Panty Data-m 

PQ Parity Data-out 

Vee Power Supply (+ 5V) 

VSS Ground 

NC Non-Connection 
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HB56C19 Series ----------------------------

• BLOCK DIAGRAM 

(4) 

(5) 

(7) 

ill 
(11 ) M4 (13) 

AO 

A1 

A2 
AS 

A4 

AS 

A6 

A7 

AS 

A9 

(12) 

(14) 

11~ I 
I 
M3 

Din 

Din 

~(10)D Dout 

~ 

D03 

02 
(17) I M2 Dout 

(1S) 
Din 

W M1 Dout 

I--- AO-A10 Din 
(27) 

RAS W -
Dout 

(2) 
CAS I--

(21) WE 
I--

(2S) 1·-M9 
ICAS Din 

I M8 

I M7 
Din 

I M6 Dout 
Din 

.-J MS Dout 
'---- AO-A10 Din 

.-J RAS Dout 

CAS -
WE 

-

Vee (1) 

~30 • M1-9Vcc 
Vee ..@QU -.l. 
vss!J T C = 0.2211F x 9 

r----....l-----i.~ M1 - 9 Vss 
Vss 22 

~HITACHI 

Dout 

Din 

DoutW 

LJ 
I---

~ 

(6) D 

(3) D 

(26) 
(29) 
(25) 

(23) 

(20) 

(16) 

01 

00 

PD 
PO 

D07 

D06 

DOS 

D04 
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• PHYSICAL OUTLINE 

• HB56C19A Series 

81.2(3.197 ) 

0.50(0.0197 ) 

• HB56C19AT Series 

88.9( 3.500) 

• HB56C19B Series 

889(3500) 

3.38(0.133) B2.14( 3.234) 

- 1.\4min.(2x) 
(0.045min. ) 

F 
0 0 p p 0 jO 10 

~ 
. 11 = d I E - 0 _0 0 0 0 0 _0 '" ... If . -

d 2 ''1nnnnnnnnnnnnnnl 
6.35 ( 0.250)/ I 

(RO.067max. ) 
1.7max. 2.54(0.100) BASIC 

- BOTH SIDES 
2.03( 0.080) 

'::.. 1.78(0.070) 

7.62 (0.300 ) 73.66(2.900)REF -
BASIC 
BOTH SIDES 

Note: I. The plating of the contact finger is solder coat. 

$HITACHI 

2.54(0.1) 

HB56C19 Series 

mm 
Unit: (inch) 

0.25(0.0098) 

0123-3 

8.89max. 

0 0 

_C 0 

q 
\ t 

lnm..L 

30r 
t 

3.1 

(0.07min 

5.28max. 
(0.208m ... ) 

1.27±0.127 
(0.05 ± 0.005) 

2.S4min. (0.1 OOmin. I 

7± 0.127( ~.125± 0.005) 

0123-4 

0123-5 
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HB56C19 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT - 1.0 to + 7.0 V 

Supply Voltage Relative to V ss vcc -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 9.0 W 

Operating Temperature Topr Oto + 70 'c 
Storage Temperature Tstg - 55 to + 125 'c 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

VCC 4.5 5.0 5.5 V 1 

Input High Voltage Vm 2.4 - 5.5 V 1 

Input Low Voltage VIL -1.0 - 0.8 V 1 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = 0V) 

HB56CI9A/AT/B 

Parameter Symbol -8A -lOA -12A Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current IcC! - 630 - 540 - 450 rnA tRC = Min 1,2 

TTL Interface 
- 18 - 18 - 18 rnA RAS, CAS = Vm, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- 9 - 9 - 9 rnA CAS l!: VCC - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 540 - 450 - 405 rnA tRC = Min 2 

Refresh Current 

~S = VIR, 
Standby Current ICC5 - 45 - 45 - 45 rnA CS = VIL 1 

Dout = Enable 

CAS Before RAS 
ICC6 540 450 360 rnA tRC = Min Refresh Current 

- - -

Static Column 
ICC9 540 450 360 rnA 

Static Column Mode 
1,3 

Mode Current - - -
tpc = Min 

Input Leakage 
ILl -10 10 -10 10 -10 10 /LA OV S Yin S 7V 

Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 /LA 

OV S Vout S 7V, 
Currernt Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC V lout = -5mA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V lout = 4.2 rnA 

Notes: I. ICC depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed once or less while CS = Vm . 

• HITACHI 
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HB56C19 Series 

• Capacitance (TA = 25'C, vee = 5V ±10%) 

Parameter Symbol Typ Max Unit Note 

Input Capacitance (Address) Cll - 60 pF I 

Input Capacitance (Clock) CI2 - 75 pF 1,2 

Input/Output Capacitance (DQo-DQ7) CliO - 17 pF 1,2 

Input Capacitance (PD) CI3 - 10 pF I 

Output Capacitance (PQ) Co - 12 pF 1,2 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuriug method. 
2. CS = VIR to disable Dout. 

• AC Characteristics 

Please show at HM511002A series about AC Characteristics. But don't use by Delayed Write Cycle, because the HB56C19 
provides common data inputs and outputs. Please use by Early Write Cycle. (twes :<: twes (min)). 

~HITACHI 
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HB56G19 Series 
1,048,57S·Word x 9·Bit High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT 
The HB56G19 is a 1M x 9 dynamic RAM module, mount

ed two 4 Mbit DRAM (HM514400AS) sealed in SOJ package 
and 1 Mbit DRAM (HM511000AJP) sealed in SOJ package. 
An outline of the HB56G19 is 30-pin single in-line package 
having lead types (HB56G19A), socket type (HB56G19BI 
GB). Therefore, the HB56G19 makes high density mounting 
possible without surface mount technology. The HB56G19 
provides common data inputs and outputs and also provides 
separate 1/0 on parity bit for parity check. Its module board 
has decoupling capacitors beneath each SOJ. 

• FEATURES 
• 30-pin Single In-line Package 

Lead Pitch ................................ 2.54mm 
• Single 5V (± 10%) Supply 
• High Speed 

Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode .................. 1705 mW/1540 mWI 
1375 mW/1210 mW (max) 

Standby Mode ........................ 33 mW (max) 
• Fast Page Mode Capability 
• 1,024 Refresh Cycle ........................... (16 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. Access Time 

HB56G19A-6A 60ns 

HB56G19A-7A 70ns 

HB56G19A-8A 80ns 

HB56GI9A-IOA lOOns 

HB56G 19B/GB-6A 60ns 

HB56GI9B/GB-7A 70ns 

HB56G19B/GB-8A 80ns 

HB56GI9B/GB-IOA lOOns 

Package 

3D-pin SIP 
Low Profile 
Lead Type 

30-pin SIP 
Socket Type 

Note: Following the specification of the contact pads. 
HB56GI9B-XX :solder 
HB56GI9GB-XX :gold 

r-------------------------------~ 

I nn- ------- -------------nn I 
! ! 

1 pin 30 pin 

0154-1 

Pin Pin Pin Pin 
No. Name No. Name 

I Vee 16 DQ4 

2 CAS 17 As 

3 DQo 18 A9 

4 Ao 19 NC 

5 AI 20 DQs 

6 DQI 21 WE 

7 A2 22 Vss 

8 A3 23 DQ6 

9 Vss 24 NC 

10 DQ2 25 DQ7 

11 A4 26 PQ 

12 As 27 RAS 

13 DQ3 28 PCAS 

14 A6 29 PD 

15 A7 30 Vee 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-A9 Refresh Address Input 

RAS Row Address Strobe 

CAS,PCAS Column Address Strobe 

WE ReadIWrite Enable 

DQo-DQ7 Data-iniData-out 

PD Parity Data-in 

PQ Parity Data-out 

Vee Power Supply ( + 5V) 

Vss Ground 

Ne No Connection 

~HITACHI 
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------------------------------- HB56G19 Series 

• BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

AS 

A9 

Vc 

Ve 

Vs 

(4) 

(5) 

(7) 

(8) 

(11) 

(12) 

(14) 

(15) 

(17) 

(18) 

(27) 

(2) 

(21) 

(2S) 

e (1) 

e~ 
s 

(9) 

Vs s (22) 

-

-

MO 

AO-A9 1/ 01 
(3) 

RAS 1102 
(6) 

(10) 
CAS 1/03 

(13) 
WE 1/04 

Vee Vss Of~ 

t1~Cl 
Ml 

AO-A9 1/01 
(16) 

RAS 1/02 
(20) 

(23) 
CAS 1/03 

(25) 
WE 1/04 

Vee Vss 
OE~ 

t1~C2 
M2 

AO-A9 
(26) 

RAS Dout 

CAS Din 
(29) 

WE 

Vee Vss 

H~ C3 
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DOO 

DOl HMs14400AS 

D02 

D03 

D04 

DOS HMs14400AS 

D06 

D07 

PO 
HMsl1000AJP 

PD 
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HB56G19 Series 

• PHYSICAL OUTLINE 

• HB56G19A Series 

o 
00 
.... '" 
~o 

• HB56G19B/GB Series 

7874 
, 0 

3,500 
I~ 

Note: Following the specification of the contact pads. 

Part No. Contact Pad 

HB56G19B-XX Solder 

HB56GI9GB-XX Gold 

~HITACHI 

mm 
Unit: inch 

2 max 
, 0 

025 
0,010 

0154-3 

I 27 
0.050 

Detail A 

025m .. ~O 1,80m,n. 
0.010 ~ 

~ 
ill 
0010 

0154-4 
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HB56G19 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I (Input) Yin -1.0to + 7.0 V 

Relative to V ss I (Output) Vout -1.0to +7.0 V 

Supply Voltage Relative to VSS VCC -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT S W 

Operating Temperature Topr Oto + 70 'c 
Storage Temperature Tstg - 55 to + 125 'c 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 5.5 V I 

Input Low Voltage VrL -1.0 - O.S V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) 

HB56G 19A/B/GB 

Parameter Symbol -6A -7A -SA -lOA Unit Test Conditions Note 

Min Max Min Max Min Max Min Max 

Operating 
ICCI - 310 - 2S0 - 250 - 220 rnA tRC = Min 1,2 

Current 

TTL Interface 
- 6 - 6 - 6 - 6 rnA RAS, CAS = V rH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- 3 - 3 - 3 - 3 rnA CAS ::: V cc - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 310 - 280 - 240 - 210 rnA tRC = Min 2 

Refresh Current 

Standby 
RAS = VIH, 

ICC5 - 15 - 15 - 15 - 15 rnA CAS = VrL, I 
Current 

Dout = Enable 

CAS Before RAS 
ICC6 300 270 240 210 rnA tRC = Min Refresh Current 

- - - -

Fast Page Mode 
ICC7 - 300 - 270 - 230 - 210 rnA tpc = Min 1,3 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 !LA OV :$ Yin :$ 7V 

Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 !LA 

OV :$ Vout :$ 7V, 
Current Dout = Disable 

Output High 
VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V lout = -5mA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 V lout = 4.2 rnA Voltage 

Notes: I. ICC depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VrL. 
3. Address can be changed :$ I time while CAS = VIH. 

@HITACHI 
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HB56G19 Series 

• Capacitance (TA = 25'C, Vee = 5V ±10%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cn - 30 

Input Capacitance (Clock) CI2 - 36 

Input/Output Capacitance (DQo_ 7) CliO - 17 

Input Capacitance (PD) CI3 - 10 

Output Capacitance (PQ) CO - 12 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Dout. 

• AC Electrical Characteristics (T A = 0 to + 70'C, Vee = 5V ± 10%, V SS = OV) 1, 12 

Read, Write, and Refresh Cycles (Common Parameters) 

HB56GI9A/B/GB 

Parameter Symbol -6A -7A -SA 

Min Max Min Max Min Max 

Random Read or 
tRC 120 130 160 Write Cycle Time - - -

RAS Precharge Time tRP 50 - 50 - 70 -
RAS Pulse Width tRAS 60 10000 70 10000 SO 10000 

CAS Pulse Width tCAS 20 10000 20 10000 25 10000 

Row Address 
tASR 0 0 0 Setup Time - - -

Row Address 
tRAH 10 10 12 Hold Time 

- - -

Column Address 
tASC 0 0 0 Setup Time 

- - -

Column Address 
tCAH 15 15 20 Hold Time 

- - -

RAS to CAS 
tRCD 20 40 20 50 22 55 Delay Time 

RAS to Column 
Address Delay tRAD 15 30 15 35 17 40 
Time 

RAS Hold Time tRSH 20 - 20 - 25 -
CAS Hold Time tCSH 60 - 70 - SO -

CAStoRAS 
tCRP 10 10 10 Precharge Time 

- - -

Transition Time 
tT 3 50 3 50 3 50 (Rise and Fall) 

Refresh Period tREF - 16 - 16 - 16 

~HITACHI 

Unit 

pF 

pF 

pF 

pF 

pF 

-lOA 

Min Max 

190 -

SO -
100 10000 

25 10000 

0 -

15 -

0 -

20 -

25 75 

20 55 

25 -

100 -

10 -

3 50 

- 16 
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Note 

I 

I 

1,2 

I 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns S 

ns 9 

ns 

ns 

ns 

ns 7 

ms 15 



HB56G19 Series 

Read Cycle 

HB56G19NB/GB 

Parameter Symbol -6A -7A -SA -lOA Unit Note 

Min Max Min Max Min Max Min Max 

Access Time 
tRAC 60 70 80 100 2,3 fromRAS 

- - - - ns 

Access Time 
tCAC 20 20 25 25 3,4 

from CAS - - - - ns 

Access Time 
tAA 30 35 40 45 3,5 

from Address - - - - ns 

Read Command 
tRCS 0 0 0 0 Setup Time - - - - ns 

Read Command Hold Time 
tRCH 0 0 0 0 to CAS 

- - - - ns 

Read Command Hold Time 
tRRH 10 10 10 10 toRAS 

- - - - ns 

Column Address to 
tRAL 30 35 40 45 RAS Lead Time 

- - - - ns 

Output Buffer 
tOFF 0 20 0 20 0 20 0 25 ns 6 Tum-off Time 

Write Cycle 

HB56G19AIB/GB 

Parameter Symbol -6A -7A -SA -lOA Unit Note 

Min Max Min Max Min Max Min Max 

Write Command 
twcs 0 0 0 0 10 Setup Time - - - - ns 

Write Command 
tWCH 15 15 20 20 Hold Time - - - - ns 

Write Command 
twp 10 10 15 20 Pulse Width - - - - ns 

Data-in 
tDS 0 0 0 0 11 Setup Time - - - - ns 

Data-in 
tDH 15 15 20 20 11 Hold Time - - - - ns 

~HITACHI 
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HB56G19 Series 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS 
Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS 
Refresh Cycle) 

RAS Precharge to 
CAS Hold Time 

Symbol 

tCSR 

tCHR 

tRPC 

Fast Page Mode Cycle 

Parameter Symbol 

Fast Page Mode 
tpc Cycle Time 

Fast Page Mode 
tcp CAS Precharge Time 

Fast Page Mode 
tRASC RAS Pulse Width 

Access Time from 
tACP CAS Precharge 

RAS Hold Time from 
tRHCP CAS Precharge 

-6A 

Min Max 

10 -

15 -

10 -

-6A 

Min Max 

45 -

10 -

60 100000 

- 40 

40 -

Notes: I. AC measurements assume tT = 5 ns. 

Min 

10 

15 

10 

Min 

50 

10 

70 

-

45 

HB56G 19AJB/GB 

-7A -8A -lOA Unit Note 

Max Min Max Min Max 

- 10 - 10 - ns 

- 20 - 20 - ns 

- 10 - 10 - ns 

HB56GI9AIB/GB 

-7A -8A -lOA Unit Note 

Max Miu Max Min Max 

- 55 - 55 - ns 

- 10 - 10 - ns 

100000 80 100000 100 100000 ns 13 

45 - 50 - 50 ns 14 

- 50 - 50 - ns 

2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

766 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD <!: tRCD (max) and tRAD S tRAD (max). 
5. Assumes that tRCD S tRCD (max) and tRAD <!: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between V IH and V IL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAe-
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs <!: twcs (min)). 
II. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 p.s is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP. 
15. tREF is determined by 1,024 refresh cycles. 

@HITACHI 
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• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout 

Din 

HB56G19 Series 

tRC 

High-Z 

~ : Don't care 

0154-5 

~HITACHI 
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HB56G19 Series -------------------------------

• Early Write Cycle 

tRC 

Address 

Dout 

Din 
High-Z 

~ : Don't care 

0154-6 

$HITACHI 
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• RAS Only Refresh Cycle 

Address 

Dout High-Z 

• CAS Before RAS Refresh Cycle 

tCSR tCHR 

@HITACHI 

HB56G19 Series 

1 WE : Don't care 

2 ~: Don't care 

tRC 

tRP 

Address, Din: Don't care 

2 Dout: High-Z 

3 ~: Don't care 

4 WE=VIH 

0154-7 

0154-8 
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HB56G19 Series -------------------------------

• Fast Page Mode Read Cycle 

Address 

Dout 

Din 

tRASC 

tr 

tASR 

Valid 
----11---------(1 Output 1 

tRAC 

High-Z 

~ : Don't care 

~HITACHI 
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HB56G19 Series 

• Fast Page Mode Early Write Cycle 

tRASC 

Address 

Dout 

Din 
High·Z 

~ : Don't care 

0154-10 

~HITACHI 
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HB56A49 Series 
4,194,304·Word x 9·Bit High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT 
The HB56A49 is a 4M x 9 dynamic RAM module, mount

ed 9 pieces of 4 Mbit DRAM (HM514100AS, HM514100JP) 
sealed in an SOJ package. An outline of the HB56A49 is the 
30-pin single in-line package. Therefore, the HB56A49 
makes high density mounting possible without surface mount 
technology. The HB56A49 provides common data inputs 
and outputs, and also provides separate 1/0 parity bit for 
parity check. Decoupling capacitors are mounted beneath 
each SOJ. 

100-------------------00 I ! ! 

• FEATURES 
• 30-pin Single In-line Package 

Lead Pitch ................................ 2.54mm 
• Single 5V (± 10%) Supply 
• High Speed 

Access Time ....... 60 ns/70 ns/BO ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ........ 5445 mW/4059 mW/4455 mWI 
3960 mW (max) 

Standby Mode ........................ 99 mW (max) 
• Fast Page Mode Capability 
• 1,024 Refresh Cycle ........................... (16 ms) 
• 3 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• Hidden Refresh 

• PIN DESCRIPTION 

Pin Name 

Ao-AJO 

Ao-A9 

RAS 

CAS,PCAS 

WE 

DQo-DQ7 

PD 

PQ 

Vee 

VSS 

NC 

Function 

Address Input 

Refresh Address Input 

Row Address Strobe 

Column Address Strobe 

Read/Write Enable 

Data-in/Data-out 

Parity Data-in 

Parity Data-out 

Power Supply ( + 5V) 

Ground 

No Connection 

• ORDERING INFORMATION 

1 pin 

Pin No. Pin Name PinNa. 

I Vee 16 

2 CAS 17 

3 DQo 18 

4 Ao 19 

5 Al 20 

6 DQI 21 

7 A2 22 

8 A3 23 

9 Vss 24 

10 DQ2 25 

II A4 26 

12 As 27 

13 DQ3 28 

14 A6 29 

15 A7 30 

Package 

Acces:) 30-pin I 30-pin I 30-pin 30-pin 30-pin SIP 

TIme SIP SIP SIP SIP Low Profile 
Socket Type Socket Type Lead Type Lead Type Lead Type 

0.945 Inch Height 0.805 Inch Height 0.989 Inch Height 0.810 Inch Height 0.591 Inch Height 

60ns - HB56A49BR/GBR-6A - HB56A49AR-6A -
70ns - HB56A49BRlGBR-7 A - HB56A49AR-7A -
SOns HB56A49B/GB-S HB56A49BRlGBR-SA HB56A49A-S HB56A49AR-SA HB56A49AT-S 

lOOns HB56A49B/GB-l0 HB56A49BRlGBR-IOA HB56A49A-1O HB56A49AR-l0A HB56A49AT-l0 

Note: 1. Following the specification of the contact pad. 
HB56A49B-XX, HB56A49BR-XX: solder 
HB56A49GB-XX, HB56A49GBR-XX: gold 

~HITACHI 

30 pin 

0096-1 

Pin Name 

DQ4 

As 

A9 

AlO 

DQs 

WE 

VSS 

DQ6 

NC 

DO? 

PQ 

RAS 

PCAS 

PD 

Vee 

30-pin SIP 
Low Profile 
Lead Type 

0.500 Inch Height 

HB56A49ATR-6A 

HB56A49ATR-7A 

HB56A49ATR-8A 

HB56A49ATR-IOA 
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------------------------------- HB56A49 Series 

• BLOCK DIAGRAM 

AO (4) 

Al 
(5) 

A2 
(7) 

A3 
(8) 

A4 
(II) 

(12) M3 
AS 

A6 

A7 

I (13) DQ3 Din 
(14) ~(IO) I M2 Dout 
(IS) 

Din 

A8 
(17) ~ 

I Dout MI 
A9 

AIO 

(18) 
Din 

W (19) 
Dout MO 

- AO-Al0 Din 
~ -(27) 

RAS 

CAS 

WE 

(2) 

(21) 

RAS 

CAS 

WE 

Dout 

I-

'--

PCAS 
(28) I M8 

CAS 

I M7 

I M6 
Din 

I MS Dout 

Din 

I~ M4 Dout 

- AO-Al0 Din 
U RAS Dout 

CAS I-

WE ---
Vee (1) 

Vee ~t---I-T"------l·~ MO - 8 Vee 

Vss (9) T C = 0.22,uF x 9 

Vss ~t---~-----l'~ MO-8 Vss 

Note: MO-M8[HB56A49XX-XXA]: HM514100AS 
MO-M8[HB56A49XX-8/1O]: HM514100JP 

eHITACHI 

Din 

Dout 

W 

:---

DQ2 

(6) 
DQl 

(3) 
DQO 

Din 

Dout 

W 

!--

(29) 

(26) 

(25) 

(23) 

(20) 

(16) 

PD 

PQ 

DQ7 

DQ6 

DQ5 

DQ4 

0096-' 
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HB56A49 Series ------------------------

• PHYSICAL OUTLINE 

• HB56A49AR Series 

3.77 
0.148 

• HB56A49ATR Series 

824 
0.324 

• HB56A49BR/GBR Series 

• 
• 

i!", 
~~ 

-0 <> 

81.20 
3.197 

8890 • 3500 
8~.14 • 3234 

>1 

'0 "0 "'-

5 28 max I I" 
0208 • 

~ 
025 I 
0010 ,c 

8 89 max 'lie 0350 

~ 
025 II 
~I-

528 max 
0208 

<1>3175 
Vfoi25 

, oorno ~C4r-o'o:tlnan .... 0!d ~ 
I lnnnnrmr~:nnnnnnnnnnnnnn·· , • 

203 
254 11178 y 

• 0.100" 0070 ~ 1~ 0080 
0050 

762 7366 
0.300 2900 /'0 

Detail A 9~~_l!l!!!. t 
0010 I~I f.~ 

Note: Following the specification of the contact pad. t 11t 
Part No. Contact Pad 

HBS6A49B4-XX Solder 

HBS6A49GBR-XX Gold 

• HITACHI 
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u. mm 
nit: inch 

0096-3 

0096-4 

0096-5 



HB56A49 Series 

• HB56A49A Series 

__________ ,88.9 __ _ 
3.5 

DDDDD 
DDDDO 

• HB56A49AT Series 

90.14 

• HB56A49B/GB Series 

____________________ ~88.9 ____________________ ~ 
-3.5 

Note: Following the specification of the contact pad. 

Part No. Contact Pad 

HB56A49B-XX Solder 

HB56A49GB-XX Gold 

0070 

t·'5.2~max 

w'I"'"' 

rn 
1.27.1/ 
0.05" r· 

Detail A 

~HITACHI 
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Unit: .mm 
Inch 

0096-6 

0096-7 

0096-8 

0096-9 

775 



HB56A49 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to vss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss Vcc -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 9 W 

Operating Temperature Topr Oto +70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

Vcc 4.5 5.0 5.5 V 1 

Input High Voltage VIH 2.4 - 5.5 V 1 

Input Low Voltage VIL -0.5 - 0.8 V 1 

Note: 1. All voltage referenced to VSS' 

• DC Electrical Characteristics (T A = 0 to + 70·C, Vee = 5V ± 10%, Vss = OV) 

HB56A49B/GB/BR/GBR/A/AR/AT/ATR 

Parameter Symbol -6A -7A -8/-8A -10/-IOA Unit Test Condition Note 

Min Max Min Max Min Max Min Max 

Operating 
ICC! - 990 - 900 - 810 - 720 mA tRC = Min 1,2 

Current 

TTL Interface 
- 18 - 18 - 18 - 18 mA RAS, CAS = VIH 

Standby 
ICC2 

Dout = High-Z 

Current CMOS Interface 
- 9 - 9 - 9 - 9 rnA RAS, CAS ~ V cc - 0.2V 

Dout = High-Z 

RASOnly 
ICC3 - 990 - 900 - 810 - 720 rnA tRC = Min 2 

Refresh Current 

Standby RAS = VIH 
ICC5 - 45 - 45 - 45 - 45 mA CAS = VIL 1 

Current 
Dout = Enable 

CAS Before 
RAS Refresh ICC6 - 990 - 900 - 810 - 720 rnA tRC = Min 
Current 

Page Mode 
ICC7 - 990 - 900 - 810 - 720 rnA tpc = Min 1,3 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 p.A OV:s VIN:S 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 p.A OV:S Vout:S 7V 

Current Dout = Disable 

Output High 
VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V lout = -5mA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 V lout = 4.2 rnA Voltage 

Notes: 1. ICC depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL' 
3. Address can be changed once or less while CAS = VIH. 
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• Capacitance (TA = 25'C, Vee = 5V ±10%) 

HB56A49 

Parameter Symbol BR/GBR/AR/ATR AlATIB/GB 

Typ Max Typ 

Input Capacitance (Address) CII - 60 -
Input Capacitance (Clock) CI2 - 75 -
Input Capacitance (PCAS) CD - 12 -
Input/Output Capacitance (DQO_7) CliO - 17 

Input Capacitance (PD) CI4 - 10 -
Output Capacitance (PQ) CO - 12 -

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable D out. 

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV)1, 12, 15 
Read, Write and Refresh Cycle (Common Parameters) 

Max 

70 

88 

20 

30 

20 

20 

HB56A49B/GB/BR/GBR/AiAR/AT/ATR 

Parameter Symbol -6A -7A -8A -lOA -8 

Min Max Min Max Min Max Min Max Min Max 

Ramdon Read or 
tRC 110 130 150 180 150 Write Cycle Time - - - - -

RAS Precharge Time tRP 40 - 50 - 60 - 70 - 60 -

RAS Pulse Width tRAS 60 10000 70 10000 80 10000 100 10000 80 10000 

CAS Pulse Width tCAS 15 10000 20 10000 20 10000 25 10000 20 10000 

Row Address Setup Time tASR 0 - 0 - 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 10 - 15 - 10 -
Column Address 

tASC 0 0 0 0 0 Setup Time 
- - - - -

Column Address 
tCAH 15 15 15 20 15 Hold Time - - - - -

RAS to CAS Delay Time tRCD 20 50 20 50 20 60 25 75 20 60 

RAS to Column Address 
tRAD 15 35 15 35 15 40 20 55 15 40 Delay Time 

RAS Hold Time tRSH 15 - 20 - 20 - 25 - 20 -
CAS Hold Time tCSH 60 - 70 - 80 - 100 - 80 -
CAS to RAS 

tcRP 10 10 10 10 10 Precharge Time - - - - -

Transition Time 
tT 3 50 3 50 3 50 3 50 3 50 (Rlse and Fall) 

Refresh Period tREF - 16 - 16 - 16 - 16 - 16 

Read Cycle 

HB56A49B/GBIBR/GBR/ AI AR/ AT / ATR 

Parameter Symbol -6A -7A -8A -lOA -8 

Min Max Min Max Min Max Min Max Min Max Min 

Access Time from RAS tRAC - 60 - 70 - 80 - 100 - 80 -

Access Time from CAS tCAC - 15 - 20 - 20 - 25 - 25 -

Access Time from Address tAA - 30 - 35 - 40 - 45 - 40 -
Read Command 

tRCS 0 0 0 0 0 0 
Setup Time - - - - -

@HITACHI 

HB56A49 Series 

Unit Note 

pF I 

pF I 

pF I 

pF 1,2 

pF I 

pF 1,2 

-10 Unit Note 

Min Max 

180 - ns 

70 - ns 

100 10000 ns 

25 10000 ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

25 75 ns 8 

20 55 ns 9 

25 - ns 

100 - ns 

10 - ns 

3 50 ns 7 

- 16 ms 17 

-10 Unit Note 

Max 

100 ns 2,3,16 

25 ns 3,4,14 

45 ns 3, 5, 14, 16 

- ns 
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HB56A49 Series 

Read Cycle (continued) 

HB56A49B/GBIBRlGBRlA/ARlAT/ATR 

Parameter Symbol -6A -7A -8A -lOA -8 -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Read Command 
tRCH 0 0 0 0 0 0 Hold Time to CAS - - - - - - ns 

Read Command 
tRRH 0 0 0 0 10 10 Hold Time to RAS - - - - - - ns 

Column Address 
tRAL 30 35 40 45 40 45 to RAS Lead Time - - - - - - ns 

Output Buffer 
tOFF 0 15 0 20 0 20 0 25 0 20 0 25 ns 6 Turn-off Time 

Write Cycle 

HB56A49B/GBIBRlGBRlAIAR/AT/ATR 

Parameter Symbol -6A -7A -8A -lOA -8 -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Write Command 
twcs 0 0 0 0 0 0 10 Setup Time 

- - - - - - ns 

Write Command 
twcH 15 15 15 20 15 20 Hold Time - - - - - - ns 

Write Command 
twp 10 10 10 20 15 20 Pulse Width - - - - - - ns 

Write Command 
tRwL 15 20 20 25 25 25 

to RAS Lead Time - - - - - - ns 

Write Command 
tCWL 15 20 20 25 25 25 

to CAS Lead Time - - - - - - ns 

Data-in Setup Time tos 0 - 0 - 0 - 0 - 0 - 0 - ns 11 

Data-in Hold Time tOH IS - 15 - 15 - 20 - 15 - 20 - ns 11 

Refresh Cycle 

HB56A49B/GBIBRlGBRlAIARlAT/ATR 

Parameter Symbol -6A -7A -8A -lOA -8 -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

CAS Setup Time 
tcsR 10 - 10 - 10 - 10 - 10 - 10 - ns 

(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tCHR 10 10 10 10 20 20 

(CAS Before RAS Refresh Cycle) 
- - - - - - ns 

RAS Precharge to CAS 
tRPC 10 - 10 - 10 Hold Time - 10 - 10 - 10 - ns 

~HITACHI 
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HB56A49 Series 

Fast Page Mode Cycle 

HB56A49B/GB/BR/GBRI N AR/ A T I ATR 

Parameter Symbol -6A -7A -SA -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 40 - 45 - 50 - 55 - 55 - 55 - ns 

Fast Page Mode 
tcp 10 - 10 - 10 10 10 - 10 

ns 
CAS Precharge Time - - -

Fast Page Mode 
tRASC - 100000 - 100000 - 100000 - 100000 - 100000 - 100000 ns 13 

RAS Pulse Width 

Access Time from 
tACP 35 40 45 50 50 50 14,16 

CAS Precharge - - - - - - ns 

RAS Hold Time from 
tRHCP 35 40 45 50 50 50 

CAS Precharge - - - - - - ns 

Test Mode Cycle 

HB56A49B/GB/BR/GBRI N ARI ATI ATR 

Parameter Symbol -6A -7A -SA -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Test Mode WE Setup Time tws 0 - 0 - 0 - 0 - 0 - 0 - ns 

Test Mode WE Hold Time tWH 10 - 10 - 10 - 10 - 20 - 20 - ns 

Notes: I. AC measurements assume tT = 5 ns. 
2. Assumes that tRCO :$ tRCO (max) and tRAo :$ tRAO (max). If tRCO or tRAO is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCO :!: tRCO (max), tRAO :$ tRAO (max). 
5. Assumes that tRCO :$ tRCO (max), tRAO :!: tRAO (max). 
6. tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
S. Operation with the tRCO (max) limit insures that tRAC (max) can be met, tRCO (max) is specified as a reference point only, 

if tRCO is greater than the specified tRco (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAO (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs :!: twcs (min)). 
II. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 I's is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRAsc is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tCAP' 
15. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits ... RAIO, CAIO and 

CAO. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test 
mode operation will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits 
accord each other, the condition of the output data is high level. When the state of test bits do not accord, the condition of 
the output data is low level. Data output pin is Dout and data input pin is Din' In order to end this test mode operation, 
perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of tRAC, tAA and tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

17. tREF is determined by 1,024 refresh cycles. 

@HITACHI 
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HB56A49 Series -------------------------------

• TIMING WAVEFORM 
• Read Cycle 

Address 

Dout 

Din 

tRC 

tCAC 

tRAC 

High-Z 

~ : Don't care 

~HITACHI 

tOFF 

Valid 
Output 

iRP 

780 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 

0096-10 



HB56A49 Series 

• Early Write Cycle 

tRC 

tT LRP 

Address 

Dout 

Din 
High-Z 

~ : Don't care 

0096-11 

• HITACHI 
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HB56A49 Series ------------------------------

• RAS Only Refresh Cycle 

tRC 

Address 

Dout 
High-Z 

• CAS Before RAS Refresh Cycle 

tCSR tCHR 

• HITACHI 

WE : Don't care 

2 ~: Don't care 

tRC 

tRP 

1 Address, Din: Don't care 

2 Dout: High-Z 

3 ~: Don't care 

4 WE =VIH 

782 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 

0096-12 

0098-13 



HB56A49 Series 

• Hidden Refresh Cycle 

Dout Dout 

1 ~ : Don't care 

0096-14 

_HITACHI 
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HB56A49 Series ------------------------------

• Fast Page Mode Read Cycle 

tT 

tASR 

Address 

Dout 

tRAC 

Din 

tRASC 

High-Z 

~ : Don't care 

• HITACHI 

Valid 
Output N 

784 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 

0096-15 



-------------------------------- HB56A49 Series 

• Fast Page Mode Early Write Cycle 

tRASC 

Address 

Dout 

Din High-Z 

~ : Don't care 

0096-16 

• HITACHI 
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HB56A49 Series -------------------------------

• TEST MODE CYCLE 

1 CBR or RAS only refresh 

2 ~ : Don't care 

3 Address, Din: Don't care 

0096-17 

• Test Mode Set Cycle 

Address 

OPEN 
Dout 

~ : Don't care 

0096-19 

~HITACHI 
786 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



HB56A49 Series 

• Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 

Address 

Dout 
OPEN 

~ : Don't care 

0096-19 

RAS Only Refresh Cycle 

Address 

Dout 
OPEN 

1 ~ : Don't care 

2 Refresh address: AO - A9 (AXO - AX9) 
0096-20 

@HITACHI 
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HB56D25632 Series 
262,144·Word x 32·Blt High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT 
HB56D25632B Series 

0 0 

The HB56D25632B is a 256k x 32 dynamic RAM module, 
mounted 8 pieces of 1 Mbit DRAM (HM514256JP) sealed in 
SOJ package. An outline of the HB56D25632B is 72-pin sin
gle in-line package. Therefore, the HB56D25632B makes 
high density mounting possible without surface mount tech
nology. The HB56D25632B provides common data inputs 
and outputs. Decoupling capacitors are mounted beneath 
each SOJ. 

~ DD- - _.- - -.- - _.- - -'-00 " 00- -_.- -- - --.- - -'-00 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ................................ 1.27mm 
• Single 5V (±5%) Supply 
• High Speed 

Access Time ............ 60 ns/70 ns/80 ns/100 nsl 
120 ns (max) 

• Low Power Dissipation 
Active Mode ............... . 3.78W/3.36W/2.772WI 

2.31W/1.974W (max) 
Standby Mode ........................ 84 mW (max) 

• Fast Page Mode Capability 
• 512 Refresh Cycle/8 ms 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. Access Time 

HB56D25632B-6A 60ns 

HB56D25632B-7 A 70ns 

HB56D25632B-8A 80ns 

H856D25632B- lOA lOOns 

HB56D25632B-12A 120ns 

Package 

72-pinSIP 
Socket Type 

Ji. 3St. 37t. 121m 
0095-1 

Pin Pin Pin Pin Pin Pin Pin Pin 
No. Name No. Name No. Name No. Name 

I Vss 19 NC 37 NC 55 DQll 

2 DQO 20 DQ4 38 NC 56 0027 

3 0016 21 DQ20 39 Vss 57 0012 

4 DQI 22 DQ5 40 CASO 58 DQ28 

5 DQI7 23 0021 41 CAS2 59 Vee 
6 DQ2 24 DQ6 42 CAS3 60 DQ29 

7 0018 25 DQ22 43 CAS I 61 0013 

8 DQ3 26 DQ7 44 RASO 62 DQ30 

9 DQI9 27 0023 45 NC 63 DQI4 

10 Vee 28 A7 46 NC 64 DQ31 

11 NC 29 NC 47 WE 65 0015 

12 AO 30 Vee 48 NC 66 NC 

13 Al 31 A8 49 DQ8 67 Vss 
14 A2 32 NC 50 DQ24 68 NC 

15 A3 33 NC 51 DQ9 69 T.B.D. 

16 A4 34 RAS2 52 DQ25 70 T.B.D. 

17 A5 35 NC 53 DQIO 71 NC 

18 A6 36 NC 54 0026 72 Vss 

• PIN DESCRIPTION 

Pin Name Function 

Ao-Ag Address Input 

Ao-Ag Refresh Address Input 

DQo-DQ31 Data-in/Data-out 

CASO- CAS3 Column Address Strobe 

RASO-RAS2 Row Address Strobe 

WE ReadIWrite Enable 

Vee Power ( + 5V) 

VSS Ground 

NC No Connection 

_HITACHI 
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• BLOCK DIAGRAM 

tm 
DQO 
DQl 
DQ2 
001 

00. 
OOS 
DQI 
DQ7 

mt 
DQB 
009 
0010 
0011 

0012 
0013 
001. 
OOlS 

DQII 
OQ17 
0018 
DQ19 

0020 
OOZl 
DQ22 
0023 

DOZ8 
OO2t 
DOlO 
D031 

• 00-D7 : HMS14256 

'1IOlm m 
1102 
1/03 DO 

.£" 'et 
1I01Eif m 
1102 
1",3 02 

~ 
lr 

IlOlm m 
1m 
1101 04 

~ 
~ 

1I01Gr W 
1102 
1103 06 

~ 
~ 

0095-2 

1I01G.f m 
IIOZ 
1103 01 

-#i" 
lei 
1/01G.f m 
1102 
1/01 01 

.;;!ef 

1101G.f ar 
1102 
1103 OS 

~ 
'et 
1101 m Riil' 
1102 
1103 07 

-#;~ 
0095-3 

AO-AI •• ---..~ 00-07 

WI" • ~ 00-07 

Vee • 

Vu • 

:L ~DO-D7 

T CO- C7 ~ 00-07' 

• HITACHI 

HB56D25632 Series 

0095-4 
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HB56D25632 Series 

• PHYSICAL OUTLINE 

... '5 
1. 75 

OetailA 

• ABSOLUTE MAXIMUM RATINGS 
Parameter 

Voltage on Any Pin I 
Relative to V ss I 
Supply Voltage Relative to V ss 
Short Circuit Output Current 

Power Dissipation 

Operating Temperature 

Storage Temperature 

R 1.57 I 

R 0.012 

(Input) 

(Output) 

• ELECTRICAL CHARACTERISTICS 

Symbol 

Yin 

Vout 

Vee 

lout 

PT 

Topr 

Tstg 

• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ 

Supply Voltage VSS 0 0 

Vee 4.75 5.0 

Input High Voltage VIH 2.4 -
Input Low Voltage VIL -1.0 -

Note 1. All voltage referenced to V ss. 

• HITACHI 

u' mm 
nit: inch 

Note: The plating of the contact 
finger is gold. 

0095-5 

Value Unit 

-1.0to +7.0 V 

-1.0to +7.0 V 

-1.0to +7.0 V 

50 rnA 

8 W 

Oto + 70 ·C 

- 55 to + 125 ·C 

Max Unit Note 

0 V 

5.25 V I 

5.5 V 1 

0.8 V 1 

790 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HB56D25632 Series 

• DC Electrical Characteristics (TA = 0 to +70"C, Vee = 5V ±5%, Vss = OV) 

Parameter Symbol ·6A ·7A ·8A ·IOA ·12A Unit Test Condition 
Min Max Min Max Min Max Min Max Min Max 

Operating Current IcC! - 720 - 640 - 528 - 440 - 376 rnA tRC = Min 

TTL Interface 
- 16 - 16 - 16 - 16 - 16 rnA RAS, CAS = VIH 

Standby Current ICC2 
Dont = High·Z 

CMOS Interface 
- 8 - 8 - 8 - 8 - 8 mA RAS, CAS O!: Vee - 0.2V 

Dont = High.Z 

RASOnIy 
ICC3 - 720 - 640 - 528 - 440 - 376 mA tRC = Min Refresh Current 

RAS = VIH 
Standby Current ICCS - 40 - 40 - 40 - 40 - 40 rnA CAS = VIL 

Dont = Enable 

CAS Before RAS 
ICC6 720 640 528 440 376 rnA tRC = Min Refresh Current - - - - -

Page Mode 
ICC7 - 720 - 640 - 440 - 440 - 376 rnA tpc = Min 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 p.A OV::SVin ::S 7V Current 

Output Leakage 
IW -10 10 -10 10 -10 10 -10 10 -10 10 p.A 

OV::S Vont ::s 7V 
Current Dont = Disable 

Output High 
VOH 2.4 VCC 2.4 Vee 2.4 Vee 2.4 VCC 2.4 Vee V High lout = - 5 rnA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA Voltage 

Notes: 1. IcC depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed once or less while CAS = VIH' 

• Capacitance (TA = 25·C, Vee = 5V ±5%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cn - 68 

Input Capacitance (WE) CI2 - 76 

Input Capacitance (RAS) CI3 - 43 

Input Capacitance (CAS) CI4 - 29 

Output Capacitance (DQO-DQ31) CvO - 17 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = V IH to disable Dout' 

• AC Characteristics (TA = 0 to +70·C, Vee = 5V ±5%, Vss = 0V)1, 12 
Read, Write and Refresh Cycle (Common Parameters) 

Parameter Symbol ·6A ·7A ·8A ·IOA 

Min Max Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 125 - 140 - 160 - 190 -
RAS Precharge Time tRP 55 - 60 - 70 - 80 -
RAS Pu1se Width tRAS 60 10000 70 10000 80 10000 100 10000 

CAS Pulse Width teAs 20 10000 20 10000 25 10000 25 10000 

Row Address Setup Time tASR 0 - 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 12 - 15 -

• HITACHI 

Unit Note 

pF I 

pF I 

pF I 

pF I 

pF 1,2 

·12A Unit 
Min Max 

220 - ns 

90 - ns 

120 10000 ns 

30 10000 ns 

0 - ns 

15 - ns 

Note 

1,2 

2 

I 

1,3 

Note 

Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589·8300 791 



HB56D25632 Series -----------------------------

Read, Write and Refresh Cycle (Common Parameters) (continued) 

Parameter Symbol 
-6A -7A -SA -lOA -12A 

Unit Note 
Min Max Min Max Min Max Min Max Min Max 

Column Address Setup Time tASC 0 - 0 - 0 - 0 - 0 - ns 

Column Address Hold Time leAH 15 - 15 - 20 - 20 - 25 - ns 

RAS to CAS Delay Time tRCO 20 40 20 50 22 55 25 75 25 90 ns 8 

RAS to Column Address Delay Time tRAO 15 30 15 35 17 40 20 55 20 65 ns 9 

RAS Hold Time tRSH 20 - 20 - 25 - 25 - 30 - ns 

CAS Hold Time tcSH 60 - 70 - 80 - 100 - 120 - ns 

CAS to RAS Precharge Time tcRP 10 - 10 - 10 - 10 - 10 - ns 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 3 50 3 50 ns 7 

Refresh Period tREF - S - 8 - 8 - 8 - 8 ns 15 

Read Cycle 

Parameter Symbol 
-6A -7A -8A -lOA -12A 

Unit Note 
Min Max Min Max Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - SO - 100 - 120 ns 2,3 

Access Time from CAS tCAC - 20 - 20 - 25 - 25 - 30 ns 3,4 

Access Time from Address tAA - 30 - 35 - 40 - 45 - 55 ns 3,5 

Read Command Setup Time tRCS 0 - 0 - 0 - 0 - 0 - ns 

Read Command Hold Time to CAS tRCH 0 - 0 - 0 - 0 - 0 - ns 

Read Command Hold Time to RAS tRRH 10 - 10 - 10 - 10 - 10 - ns 

Column Address to RAS Lead Time tRAL 30 - 35 - 40 - 45 - 55 - ns 

Output Buffer Tum-off Time toFF - 20 - 20 - 20 - 25 - 30 ns 6 

Write Cycle 

Parameter Symbol 
-6A -7A -SA -lOA -12A 

Unit Note 
Min Max Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 15 - 20 - 20 - 25 - ns 

Write Command Pulse Width twp 10 - 10 - 15 - 15 - 20 - ns 

Data-in Setup Time tos 0 - 0 - 0 - 0 - 0 - ns 11 

Data-in Hold Time tOH 15 - 15 - 20 - 20 - 25 - ns 11 

Refresh Cycle 

Parameter Symbol 
-6A -7A -SA -lOA -12A Unit Note 

Min Max Min Max Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - 10 - 10 - ns (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tcHR IS 15 20 20 25 (CAS Before RAS Refresh Cycle) - - - - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - 10 - 10 - ns 

~HITACHI 
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HB56D25632 Series 

Fast Page Mode Cycle 

Parameter Symbol 
-6A -7A -SA -lOA -12A 

Unit Note 
Min Max Min Max Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 45 - 50 - 55 - 55 - 65 - ns 

Fast Page Mode 
tcp 10 - 10 - 10 - 15 - 20 - ns 

CAS Precharge Time 

Fast Page Mode 
tRASC - 100000 - 100000 - 100000 - 100000 - 100000 ns 12 

RAS Pulse Width 

Access Time from 
tACP 40 45 50 50 60 13 

CAS Precharge - - - - - ns 

RAS Hold Time from 
tRHCP 40 45 50 50 60 

CAS Precharge - - - - - ns 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD :s tRCD (max) and tRAD :s tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TIL loads and 100 pF. 
4. Assumes that IRcD :!: tRCD (max), tRAD :s tRAD (max). 
5. Assumes that tRCD :s tRCD (max), tRAD :!: tRAD (max). 
6. toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
S. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs :!: twcs (min». 
II. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An iuitial pause of 100 ,,"S is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP' 
IS. tREF is determined by 512 refresh cycles. 

eHITACHI 
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HB56D25632 Series -----------------------------

• TIMING WAVEFORM 
• Read Cycle 

Address 

Dout 

Din High·Z 

~ : Don't car. 

• HITACHI 

Valid 
Output 

794 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819. (415) 589·8300 
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HB56D25632 Series 

• Early Write Cycle 

tRC 

Address 

Din 

Dout 
High·Z 

~ : Don't care 

0095-7 

~HITACHI 
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HB56D25632 Series -----------------------------

• RAS Only Refresh Cycle 

tRC 

Address 

Dout 
High·Z 

• CAS Before RAS Refresh Cycle 

tCHR 

~HITACHI 

WE : Don't car. 
2 ~: Don't car. 

tRC 

tRP 

1 Address, Din, wt : Don't car. 

2 Dout: High·Z 

3 ~: Don't care 

796 Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 

0095-8 

0095-9 



HB56D25632 Series 

• Fast Page Mode Read Cycle 

Address 

Dout 

Din 
High·Z 

~ : Don't care 

0095-10 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 797 



HB56D25632 Series -----------------------------

• Fast Page Mode Early Write Cycle 

Address 

Din 

Dout 
High·Z 

~ : Don't Clrt 

0095-11 

~HITACHI 
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HB56D51232 Series 
524,288-Word x 32-Bit High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT ,--------------------------------------, 
The HB56D51232SB is a 512k x 32 dynamic RAM mod-

ule, mounted 16 pieces of 1 Mbit DRAM (HM514256JP) 
sealed in SOJ package. An outline of the HB56D51232SB is 
72-pin single in-line package. Therefore, the HB56D51232SB 
makes high density mounting possible without surface mount 
technology. The HB56D51232SB provides common data 
inputs and outputs. 

Decoupling capacitors are mounted beneath each SOJ 
but only on the one side of its module board. 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ................................ 1.27mm 
• Single 5V (±5%) Supply 
• High Speed 

Access Time ............ 60 nsf70 nsf80 nsf 1 00 nsf 
120 ns (max) 

• Low Power Dissipation 
Active Mode ........ . 3.95Wf3.57Wf2.982Wf2.52Wf 

2.184W (max) 
Standby Mode ...................... 168 mW (max) 

• Fast Page Capability 
• 512 Refresh Cyclesf8 ms 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. Access Time 

HB56D51232SB-6A 60ns 

HB56D51232SB-7 A 70ns 

HB56D51232SB-8A 80ns 

HB56D51232SB-10A lOOns 

HB56D51232SB-12A 120ns 

Package 

72-pinSIP 
Socket Type 

o o 
D- - - - - _.- - - - - -'-D D- _._.- - - - - -,- - --D 

1 pin 36pin 37 pin 72 pin 

0097-1 

Pin Pin Pin Pin Pin Pin Pin Pin 
No. Name No. Name No. Name No. Name 

1 VSS 19 NC 37 NC 55 DQl1 

2 DQo 20 DQ4 38 NC 56 DQ27 

3 DQI6 21 DQ20 39 Vss 57 DQ12 

4 DQI 22 DQs 40 CASO 58 DQ2S 

5 DQ17 23 DQ21 41 CAS2 59 Vee 

6 DQ2 24 DQ6 42 CAS3 60 DQ29 

7 DQIS 25 DQ22 43 CAS1 61 DQ13 

8 DQ3 26 DQ7 44 RASO 62 DQ30 

9 DQI9 27 DQ23 45 RAS1 63 DQI4 

10 Vee 28 A7 46 NC 64 DQ31 

11 NC 29 NC 47 WE 65 DQIS 

12 Ao 30 Vee 48 NC 66 NC 

13 Al 31 As 49 DQs 67 NC 

14 A2 32 NC 50 DQ24 68 Vss 

15 A3 33 RAS3 51 DQ9 69 PD1 

16 A4 34 RAS2 52 DQ2S 70 PD2 

17 As 35 NC 53 DQIO 71 NC 

18 A6 36 NC 54 DQ26 72 VSS 

• PIN DESCRIPTION 

Pin Name Function 

Ao-As Address Input 

Ao-As Refresh Address Input 

DQo-DQ3! Data-inlData-out 

CASO-CAS3 Column Address Strobe 

RASO-RAS3 Row Address Strobe 

WE ReadIWrite Enable 

Vee Power Supply ( + 5V) 

Vss Ground 

NC No Connection 

• PRESENCE DETECT PINOUT 

Pin HB56D51232SB 
Pin No. 

Name 60ns 70ns 80ns lOOns 120ns 

69 PD1 NC VSS NC VSS NC 

70 PD2 NC NC VSS VSS NC 

~HITACHI 
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HB56D51232 Series 

• BLOCK DIAGRAM 

ii"ASii mo 
000 
001 
002 
003 

004 
DOS 
DOG 
007 

008 
009 
DOlO 
DOll 

0012 
0013 
0014 
0015 

~ 
CAS2 

0016 
0017 
0018 
0019 

0020 
0021 
0022 
0023 

CAS3 

0024 
D02S 
0026 
0027 

0028 
0029 
0030 
0031 

• DO-DIS: HM514256 

• 
1/01 CAS RAS 1101 CAS RAS 
1102 1102 
1103 00 1/03 01 
1104 1104 

£OE 
% 

:£"" OE 
~ 

1101 CAS RAS 1101 CAS RAS 
1102 1102 
1103 03 1103 02 
!&9 1&..4 

~OE ~OE 
% 

1101 CAS RAS 1101 CAS RAS 
1102 1102 
1103 04 1103 OS 
!&9 !&9 
OE ~OE 

/ % 

1101 CAS RAS 1101 CAS RAS 
1102 1/02 
1103 07 1103 06 
1104 1104 

~OE 
% 

£OE 

0097-2 

11Il! CAS RAS 110100 RAS 
1102 1102 
1103 08 1103 09 
1104 1104 

~OE 
% 

;;-OE 

1101 CAS RAS 1101 CAS RAS 
1102 1102 
1103 011 1103 010 
!&9 !&9 

£OE ~OE 
% 

1101 CAS RAS 1101 CAS RAS 
1102 1102 
1103 012 1103 013 
1104 1104 

$"OE ~OE 
% 

1101 CAS RAS 1101 CAS RAS 
1102 1102 
1103 DIS 1103 014 
1104 1104 

*OE 
% 

di,"0E 

0097-3 

AO-A8 •• ---~" 00-015 

WE • " 00-07 

Vee •• --:c-r----. 00-015 

r CO- C7 .00-015 Vss • 
0097-4 

~HITACHI 
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• PACKAGE OUTLINE 

1. 75 

Delail A 

~~ 
15'Mjlbn. 
0100 :t 

0010 
11m,,. 
0042 

107.95 

Note: Contact finish 2.2 fLm (86.6 fLinch) Solder over 2.0 fLm (78.7 fLinch) Ni. 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 

Voltage on Auy Pin I (Input) V 

Relative to V ss I (Output) Vifut 

Supply Voltage Relative to V ss Vee 

Short Circuit Output Current lout 

Power Dissipation PT 

Operating Temperature Topr 

Storage Temperature Tstg 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ 

VSS 0 0 
Supply Voltage 

Vee 4.75 5.0 

Input High Voltage VIR 2.4 -

Input Low Voltage VIL -l.0 -

Note: l. All voltage referenced to V ss. 

~HITACHI 

'" '" - .. 
"'''' 

.. '" 
'" In • 

",-

HB56D51232 Series 

Unit: mm/inch 

~.19~~!.:~~2 (! ~~ typ\ ' 
0.047 0.054 0.05 '/ 

0097-5 

Value Unit 

-l.Oto +7.0 V 

-l.Oto +7.0 V 

-l.Oto + 7.0 V 

50 rnA 

16 W 

Oto + 70 ·C 

- 55 to + 125 ·C 

Max Unit Note 

0 V 

5.25 V 1 

5.5 V 1 

0.8 V 1 

Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 801 



HB56D51232 Series -----------------------------

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±5%, Vss = OV) 

-6A -7A -8A -lOA -12A 
Parameter Symbol Unit Test Condition 

Min Max Min Max Min Max Min Max Min Max 

Operating Current IcC! - 760 - 680 - 568 - 480 - 416 rnA tRC = min 

TIL Interface 
- 32 - 32 - 32 - 32 - 32 rnA RAS, CAS = VIH 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface 
- 16 - 16 - 16 - 16 - 16 rnA RAS, CAS ~ V CC - 0.2V 

Dout = High-Z 

RASOnly 
ICC3 - 760 - 680 - 568 - 480 - 416 rnA tRC = min Refresh Current 

RAS = VIH 
Standby Current Iccs - 80 - 80 - 80 - 80 - 80 rnA CAS = VIL 

Dout = Enable 

CAS Before RAS 
ICC6 760 680 568 480 416 rnA tRc = min Refresh Current - - - - -

Page Mode Current ICC7 - 760 - 680 - 480 - 480 - 416 rnA tpc - min 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 /LA OV S VIN S 7V Current 

Output Leakage 
Iw -10 10 -10 10 -10 10 -10 10 -10 10 /LA 

OV S VOUT S 7V 
Current Dout = Disable 

Output High Voltage VOH 2.4 Vcc 2.4 Vcc 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL. 
3. Address can be changed once or less while CAS = VIH. 

• Capacitance (TA = 25'C, Vee = 5V ±5%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) CII - 121 

Input Capacitance (WE) CI2 - 137 

Input Capacitance (RAS) C13 - 48 

Input Capacitance (CAS) CI4 - 48 

Output Capacitance (DQo-DQ3!) CliO - 17 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±5%, Vss = OV)l, 12 
Read, Write and Refresh Cycle (Common Parameters) 

-6A -7A -8A -lOA 
Parameter Symbol 

Min Max Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 125 - 140 - 160 - 190 -
RAS Precharge Time tRP 55 - 60 - 70 - 80 -
RAS Pulse Width tus 60 10000 70 10000 80 10000 100 10000 

CAS Pulse Width tcAS 20 10000 20 10000 25 10000 25 10000 

Row Address Setup Time tASR 0 - 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 12 - 15 -
Column Address Setup Time tASC 0 - 0 - 0 - 0 -
Column Address Hold Time leAH 15 - 15 - 20 - 20 -

$ HITACHI 

Umt 

pF 

pF 

pF 

pF 

pF 

-12A 

Min Max 

220 -
90 -
120 10000 

30 10000 

0 -

15 -
0 -
25 -
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Unit 

I 

I 

I 

I 

1,2 

Unit 

ns 

ns 

us 

us 

ns 

ns 

us 

us 

Note 

1,2 

2 

1,3 

Note 



HB56D51232 Series 

Read, Write and Refresh Cycle (Common Parameters) (continued) 

-6A -7A -SA -lOA -12A 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max Min Max 

RAS to CAS Delay Time tRCD 20 40 20 50 22 55 25 75 25 90 ns S 

RAS to Column Address Delay Time tRAD 15 30 15 35 17 40 20 55 20 65 ns 9 

RAS Hold Time tRSH 20 - 20 - 25 - 25 - 30 - ns 

CAS Hold Time tCSH 60 - 70 - SO - 100 - 120 - ns 

CAS to RAS Precharge Time !cRP 10 - 10 - 10 - 10 - 10 - ns 

Transition Time (Rise and Fall) tT 3 50 3 50 3 50 3 50 3 50 ns 7 

Refresh Period tREF - S - S - S - S - S ns 15 

• Read Cycle 

-6A -7A -SA -lOA -12A 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - SO - 100 - 120 ns 2,3 

Access Time from CAS !cAC - 20 - 20 - 25 - 25 - 30 ns 3,4 

Access Time from Address tAA - 30 - 35 - 40 - 45 - 55 ns 3,5 

Read Command Setup Time tRCS 0 - 0 - 0 - 0 - 0 - ns 

Read Command Hold Time to CAS tRCH 0 - 0 - 0 - 0 - 0 - ns 

Read Command Hold Time to RAS tRRH 10 - 10 - 10 - 10 - 10 - ns 

Column Address to RAS Lead Time tRAL 30 - 35 - 40 - 45 - 55 - ns 

Output Buffer Turn-Off Time toFF - 20 - 20 - 20 - 25 - 30 ns 6 

• Write Cycle 

-6A -7A -SA -lOA -12A 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 15 - 20 - 20 - 25 - ns 

Write Command Pulse Width twp 10 - 10 - 15 - 15 - 20 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - 0 - 0 - ns II 

Data-in Hold Time tDH 15 - 15 - 20 - 20 - 25 - ns II 

• Refresh Cycle 

-6A -7A -SA -lOA -12A 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - 10 - 10 - ns (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
!cHR 15 15 20 20 25 -(CAS Before RAS Refresh Cycle) - - - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 - 10 - 10 - ns 

~HITACHI 
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HB56D51232 Series 

• Fast Page Mode Cycle 

-6A -7A -SA -lOA -12A 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 45 - 50 - 55 - 55 - 65 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - 10 - 15 - 10 - ns 

Fast Page Mode RAS Pulse Width tRAsc - 100000 - 100000 - 100000 - 100000 - 100000 ns 12 

Access Time from CAS Precharge tACP - 40 - 45 - 50 - 50 - 60 ns 13 

RAS Hold Time from CAS Precharge tRHCP 40 - 45 - 50 - 50 - 60 - ns 

Notes: 1. AC measurements assume tT = 5 ns. 

804 

2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD ~ tRCD (max) and tRAD :S tRAD (max). 
5. Assumes that tRCD :S tRCD (max) and tRAD ~ tRAD (max). 
6. tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. VIR (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIR and VIL' 
S. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs ~ twcs (min». 
II. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 JJ-S is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP' 
15. tREF is determined by 512 refresh cycles. 

~HITACHI 
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• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout 

Din 

tT 

tCAC 

tRAC 

High-Z 

~ : Don't care 

~HITACHI 

tOFF 

Valid 
Output 

lRP 

HB56D51232 Series 

0097-6 
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HB56D51232 Series -----------------------------

• Early Write Cycle 

tR( 

Address 

Din 

Dout 
High-Z 

~ : Don't care 

0097-7 

~HITACHI 
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• RAS Only Refresh Cycle 

Address 

Dout 
High-Z 

• CAS Before RAS Refresh Cycle 

tCSR tCHR 

• HITACHI 

HB56D51232 Series 

1 WE : Don't care 

2 ~: Don't care 

tRC 

lRP 

Address, Din, WE : Don't care 

2 Dout: High-Z 

3 ~: Don't care 

0097-8 

0097-9 
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HB56D51232 Series ------------------------------

• Fast Page Mode Read Cycle 

tRAse 

Address 

Dout Valid Valid 
Output 1 Output 2 

tRAe 

Din 
High-Z 

~ : Don't care 

0097-10 

~HITACHI 
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HB56D51232 Series 

• Fast Page Mode Early Write Cycle 

tRASC 

RAS 

Address 

Din 

Dout High-Z 

~ : Don't care 

0097-11 

~HITACHI 
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HB56D132 Series ------------
1,048,576-Word x 32-81t High Density Dynamic RAM Module 

• DESCRIPTION 
The HB56D132BRISBR is a 1 M x 32 dynamic RAM mod

ule, mounted 8 pieces of 4 Mbit DRAM (HM514400JP/AJ) 
sealed in SOJ package. An outline of the HB56D132BRI 
SBR is 72-pin single in-line package. Therefore, the 
HB56D132BRISBR makes high density mounting possible 
without surface mount technology. The HB56D132BRISBR 
provides common data inputs and outputs. Decoupling ca
pacitors are mounted beneath each SOJ. 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ................................ 1.27mm 
• Single 5V (±5%) Supply 
• High Speed 

Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ..... .4.62W/4.40W/3.96W/3.52W (max) 
Standby Mode ........................ 88 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycle ........................... (16 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. Access Time Package 

HB56D132BR-6A 60ns 

HB56Dl32BR-7A 70ns 

HB56D132BR-8A 80 ns 72-pin 
HB56D132BR-IOA lOOns SIP Socket Type 

HB56D132BR-8 80ns 

HB56D 132BR-1O lOOns 

HB56D132SBR-6A 60ns 

HB56D 132SBR-7 A 70ns 

HB56DI32SBR-8A 80ns 72-pin 
HB56D 132SBR-IOA lOOns SIP Socket Type 

HB56D 132SBR-8 80ns 

HB56D 132SBR-1O lOOns 

Contact Pad 

Gold 

Solder 

• PIN OUT 

~ °0[,_,.,.,_,.,. ·'·'·'·'·']0 0[ ... _ ................. _.]°0 I 
_ .... - - - . - - . - f'\ . - . - - - - -'- . -

I J I J 
Ipin 36 pin 37pin 72 pin 

0155-1 

Pin Pin Pin Pin Pin Pin Pin Pin 
No. Name No. Name No. Name No. Name 

1 VSS 19 NC 37 NC 55 DQll 

2 DQo 20 DQ4 38 NC 56 DQ27 

3 DQI6 21 DQ20 39 VSS 57 DQ12 

4 DQI 22 DQ5 40 CASO 58 DQ2S 

5 DQ17 23 DQ21 41 CAS2 59 Vee 

6 DQ2 24 DQ6 42 CAS3 60 DQ29 

7 DQI8 25 DQ22 43 CAS 1 61 DQ13 

8 DQ3 26 DQ7 44 RASO 62 DQ30 

9 DQI9 27 DQ23 45 NC 63 DQI4 

10 Vee 28 A7 46 NC 64 DQ31 

11 NC 29 NC 47 WE 65 DQI5 

12 AO 30 Vee 48 NC 66 NC 

13 Al 31 As 49 DQs 67 VSS 

14 A2 32 A9 50 DQ24 68 VSS 

15 A3 33 NC 51 DQ9 69 NC 

16 A4 34 RAS2 52 DQ25 70 NC 

17 As 35 NC 53 DQIO 71 NC 

18 A6 36 NC 54 DQ26 72 VSS 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-A9 Refresh Address Input 

DQo-DQ31 Data-intData-out 

CASO-CAS3 Column Address Strobe 

RASO-RAS2 Row Address Strobe 

WE ReadIWrite Enable 

Vee Power Supply ( + 5V) 

VSS Ground 

PD1-PD4 Presence Detect Pin 

NC No Connection 

~HITACHI 
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• BLOCK DIAGRAM 

* 00- 07 : HM514400JP/AJ 

§Q 
CASO 

OQO 
OQl 
OQ2 
OQ3 

OQ4 
OQS 
OQ6 
OQ7 

00; 

OQ8 
OQ9 
OQ10 
OQ11 

OQ12 
OQB 
OQ14 
OQ15 

Em 
CAS2 

OQ16 
0017 
OQ18 
OQ19 

OQ20 
OQ21 
OQ22 
OQ23 

em 
OQ24 
OQ25 
OQ26 
OQ27 

OQ28 
OQ29 
OQ30 
OQ31 

110100 RAS 
1102 
1103 DO 
!12!1 

~OE 
r, 

1101 CAS RAS 
1102 
1103 02 
!12!1 

~OE 

1101 CAS RAS 
1102 
1103 04 
!12!1 

~OE 

1101 CAS RAS 
1102 
1103 06 
1104 

£""OE 
~ 

110100 RAS 
1102 
1103 01 
1104 

£""OE 
~ 

110100 liAS 
1102 
1103 03 
!12!1 

~OE 
r, 

110100 liAS 
1102 
1103 OS 
!!.Q9 

#i"0E 
~ 

110100 RAS 
1102 
1103 07 
!!.Q9 

£"OE 

AO-A9 •• --~~ 00-07 

WE • ~ 00-07 

Vee •• --:c-r----I~~DO - 07 
=r- CO - C7 

Vss •• --......... ---I~~;DO - 07 

eHITACHI 
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HB56D132 Series ------------------------------

• PHYSICAL OUTLINE 

R , .57 
R 0.062 

A 

107.95 
4.25 

~-------~'O'.'9~------~--~~ 3:98 
0.25 min 
0.01 

DDDDD 
c: 
'E 
ON 
"'0 5.28 max 

0_208 

..... 0 

. mm 
Unit: inch 

2.03 1.27 typ 
O. 08 6. 3 5""*_~ __ -=4:.:::4 .45::--__ ---,3>/ 

0:-25 '-:-75 

Detail A 

60ns 70ns 

1E-_-.~~5.----3>I 
1.75 

80ns 

0.05 

lOOns 

l~B ~ l~ l~ 

DetailB 

o 25max. 

2.54Mllin. •• 

0'00 :1 
00'0 

107max 
0.042 

Note' Following the specification of the contact pads. 

Part No. Contact Pad 

HB56DI32BR-XX Gold 

HB56D132SBR-XX Solder 

• HITACHI 
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HB56D132 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I (Input) Vin -1.0to +7.0 V 

Relative to V ss I (Output) Vout -1.0to +7.0 V 

Supply Voltage Relative to V ss VCC - 1.0 to + 7.0 V 

Short Circnit Output Current lout 50 rnA 

Power Dissipation PT 8 W 

Operating Temperature Topr Oto + 70 'C 

Storage Temperature Tstg - 55 to + 125 'c 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70"C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

VCC 4.75 5.0 5.25 V I 

Input High Voltage VIH 2.4 - 5.5 V I 

Input Low Voltage VIL -1.0 - 0.8 V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70'C, Vee = 5V ± 5%, Vss = OV) 

HB56D132BR/SBR 

Parameter Symbol -6A -7A -8A -lOA -8 -10 Unit Test Conditions Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Operating 
Icc! - 880 - 800 - 720 - 640 - 720 - 640 rnA tRC = Min 1,2 

Current 

TTL Interface 
- 16 - 16 - 16 - 16 - 16 - 16 rnA RAS, CAS = VIR 

Standby 
IcC2 

Dout = High-Z 
Current CMOS Interface 

- 8 - 8 - 8 - 8 - 8 - 8 rnA RAS, CAS ~ V CC - 0.2V 
Dout = High-Z 

RASOnIy 
ICC3 - 880 - 800 - 720 - 640 - 720 - 640 rnA tRC = Min 2 

Refresh Current 

Standby RAS = VIR 
ICC5 - 40 - 40 - 40 - 40 - 40 - 40 rnA CAS = VIL I 

Current 
Dout = Enable 

CAS Before 
RASRefresh ICC6 - 880 - 800 - 720 - 640 - 720 - 640 rnA tRe = Min 
Current 

Page Mode 
ICC7 - 880 - 800 - 720 - 640 - 720 - 640 rnA tpc = Min 1,3 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 -10 10 p.A OV S Vin S 7V 

Current 

Output Leakage 
IW -10 10 -10 10 -10 10 -10 10 -10 10 -10 10 p.A 

OV S Vout S 7V 
Current Dout = Disable 

Output High 
VOR 2.4 VCC 2.4 VCC 2.4 Vcc 2.4 Vcc 2.4 VCC 2.4 VCC V High lout = - 5 rnA Voltage 

OntputLow 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA Voltage 

Notes: I. ICC depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL' 
3. Address can be changed once or less while CAS = VIR. 

eH1TACHI 
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HB56D132 Series ------------------------------

• Capacitance (TA = 25°C, Vee = 5V ±5%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cn - 6S 

Input Capacitance (WE) CI2 - 76 

Input Capacitance (RAS) CI3 - 43 

Input Capacitance (CAS) CI4 - 29 

Output Capacitance (DQo-DQ31) Cvo - 17 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout . 

• AC Characteristics (TA = 0 to +70"C, Vee = 5V ±5%, Vss = OV)1, 12 
Read, Write and Refresh Cycle (Common Parameters) 

HB56DI 32BR/SBR 

Parameter Symbol -6A -7A -SA -lOA 

Min Max Min Max Min Max Min Max 

Random Read or Write 
tRC 110 130 150 ISO CycieTime - - - -

RAS Precharge Time tRP 40 - 50 - 60 - 70 -
RAS Pulse Width tRAS 60 10000 70 10000 SO 10000 100 10000 

CAS Pulse Width teAS 15 10000 20 10000 20 10000 25 10000 

Row Address Setup Time tASR 0 - 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 10 - 15 -
Column Address Setup Time tASC 0 - 0 - 0 - 0 -

Column Address Hold Time tCAH 15 - 15 - 15 - 20 -
RAS to CAS Delay Time tRCD 20 45 20 50 20 60 25 75 

RAS to Column Address 
tRAD 15 30 15 35 15 40 20 55 Delay Time 

RAS Hold Time tRSH 15 - 20 - 20 - 25 -
CAS Hold Time tCSH 60 - 70 - SO - 100 -
CAS to RAS Precharge Time tcRP 10 - 10 - 10 - 10 -
Transition Time 

tT 3 50 3 50 3 50 3 50 
(Rise and Fall) 

Refresh Period tREF - 16 - 16 - 16 - 16 

Read Cycle 

HB56D132BR/SBR 

Parameter Symbol -6A -7A -SA -lOA 

Min Max Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - SO - 100 

Access Time from CAS tCAC - 15 - 20 - 20 - 25 

Access Time from Address tAA - 30 - 35 - 40 - 45 

Read Command Setup Time tRCS 0 - 0 - 0 - 0 -
Read Command 

tRCH 0 0 0 0 Hold Time to CAS - - - -
Read Command 

tRRH 0 0 0 0 
Hold Time to RAS - - - -
Column Address to 

IRAL 30 - 35 - 40 - 55 -RAS Lead Time 

Output Buffer 
toFF 0 15 0 20 0 20 0 25 

Turn-off Time 

_HITACHI 

Min 

150 

60 

SO 

25 

0 

12 

0 

15 

22 

17 

25 

SO 

5 

3 

-

Min 

-

-

-
0 

0 

10 

40 

0 

Unit 

pF 

pF 

pF 

pF 

pF 

-S -10 

Max Min Max 

- ISO -
- 70 -

10000 100 10000 

10000 25 10000 

- 0 -
- 15 -

- 0 -
- 20 -
55 25 75 

40 20 55 

- 25 -
- 100 -
- 10 -

50 3 50 

16 - 16 

-S -10 

Max Min Max 

80 - 100 

25 - 25 

40 - 45 

- 0 -
- 0 -

- 10 -

- 45 -

20 0 25 
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Note 

I 

I 

1 

1 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns S 

ns 9 

ns 

ns 

ns 

ns 7 

ms 15 

Unit Note 

ns 2,3 

ns 3,4 

ns 3,5 

ns 

ns 

ns 

ns 

ns 6 



HB56D132 Series 

Write Cycle 

HB56D132BRISBR 

Parameter Symbol -6A -7A -SA -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 15 - 15 - 15 - 20 - 15 - 20 - ns 

Write Command Pulse Width twp 10 - 10 - 10 - 20 - 15 - 20 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - 0 - 0 - 0 - ns 11 

Data-in Hold Time tDD 15 - 15 - 15 - 20 - 15 - 20 - ns 11 

Refresh Cycle 

HB56D132BR/SBR 

Parameter Symbol -6A -7A -8A -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

CAS Setup Time 
(CAS Before RAS tCSR 10 - 10 - 10 - 10 - 10 - 10 - ns 
Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS tCHR 10 - 10 - 10 - 10 - 20 - 20 - ns 
Refresh Cycle) 

RAS Precharge to 
tRPC 10 CAS Hold Time - 10 - 10 - 10 - 10 - 10 - ns 

Fast Page Mode Cycle 

HB56DI32BR/SBR 

Parameter Symbol -6A -7A -8A -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 40 - 45 - 50 - 55 - 55 - 55 - ns 

Fast Page Mode 
tcp 10 CAS Precharge Time - 10 - 10 - 10 - 10 - 10 - ns 

Fast Page Mode 
tRASC RAS Pulse Width - 100000 - 100000 - 100000 - 100000 - 100000 - 100000 ns 13 

Access Time from 
tACP - 35 - 40 - 45 CAS Precharge - 50 - 50 - 50 ns 14 

RAS Hold Time from 
tRHCP 35 40 45 CAS Precharge - - - 50 - 50 - 50 - ns 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD :$ tRCD (max) and tRAD :$ tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRcD ~ tRCD (max), tRAD :$ tRAD (max). 
5. Assumes that tRcD :$ tRcD (max), tRAD ~ tRAD (max). 
6. !oFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between V IH and V IL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs ~ twcs (min». 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ",S is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP. 
15. tREF is determined by 1,024 refresh cycles. 

~HITACHI 
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HB56D132 Series -------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout 

tRAC 

Din 

tRC 

tCAC 

High-Z 

~ : Don't care 

~HITACHI 

tOFF 

Valid 
Output 

816 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819· (415) 589-8300 

0155-5 



HB56D132 Series 

• Early Write Cycle 

tRC 

Address 

Din 

Dout 
High-Z 

~ : Don't care 

0155-6 

~HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 817 



HB56D132 Series ------------------------------

• RAS Only Refresh Cycle 

tRC 

Address 

Dout 
High-Z 

• CAS Before RAS Refresh Cycle 

tCSR tCHR 

• HITACHI 

1 WE : Don't care 

2 ~: Don't care 

tRC 

tRP 

Address, Din: Don't care 

2 Dout: High-Z 

3 ~: Don't care 

4 WE=VIH 

818 Hitachi America, Ltd.' Hitachi Plaza '2000 Sierra Point Pkwy.' Brisbane, CA 94005·1819' (415) 589·8300 

0155-7 

0155-8 



• Fast Page Mode Read Cycle 

tT 

tASR 

Address 

Dout 

tRAC 

Din 

tRASC 

lid 
Output 1 

High-Z 

Valid 
}---(I Output 2 

~ : Don't care 

~HITACHI 

HB56D132 Series 

tOFF 

Valid 
Output N 

0155-9 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 819 



HB56D132 Series ----------------------------

• Fast Page Mode Early Write Cycle 

tRASC 

Address 

Din 

Dout High-Z 

~ : Don't care 

0155-10 

• HITACHI 
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HB56D232B Series 
2,097,152-Word x 32-81t High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT 
The HB56D232B is a 2M x 32 dynamic RAM module, 

mounted 16 pieces of 4Mbit DRAM (HM514400JP) sealed in 
SOJ package. An outline of the HB56D232B is 72-pin single 
in-line package. Therefore, the HB56D232B makes high 
density mounting possible without surface mount technology. 
The HB56D232B provides common data inputs and outputs. 
Decoupling capacitors are mounted beneath each SOJ but 
only on the one side of its module board. 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ................................ 1.27mm 
• Single 5V (±5%) Supply 
• High Speed 

Access Time ............ 80 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ............. 3.99W/3.57W/3.15W (max) 
Standby Mode ...................... 168 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycles .......................... (16 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. Access Time 

HB56D232B-8 80ns 

HB56D232B-1O lOOns 

HB56D232B-12 120ns 

• PRESENCE DETECT PINOUT 

Pin No. Pin Name 
80ns 

67 PDI VSS 

68 PD2 VSS 

69 PD3 NC 

70 PD4 VSS 

Package 

72-pin SIP 
Socket Type 

HB56D132BR 

lOOns 120ns 

VSS VSS 

VSS VSS 

VSS NC 

VSS NC 

,--------------------------------------, 

~o 0 
00::::::::::::::::00 r'\ 00::::::::::::::::00 
\ 1 pin 38 pln l , 37 pin 72 pin I 

0132-1 

Pin Pin Pin Pin Pin Pin Pin Pin 
No. Name No. Name No. Name No. Name 

1 VSS 19 NC 37 NC 55 DQ11 

2 DQo 20 DQ4 38 NC 56 DQ27 

3 DQI6 21 0020 39 VSS 57 DQI2 

4 DQI 22 DQs 40 CASO 58 DQ28 

5 DQn 23 0021 41 CAS2 59 Vee 

6 DQ2 24 DQ6 42 CAS3 60 DQ29 

7 DQI8 25 DQ22 43 CASI 61 DQ\3 

8 DQ3 26 DO? 44 RASO 62 DQ30 

9 DQI9 27 0023 45 RASI 63 DQI4 

10 Vee 28 A7 46 NC 64 DQ31 

11 NC 29 NC 41 WE 65 DQls 

12 Ao 30 Vee 48 NC 66 NC 

13 Al 31 A8 49 DQ8 67 PDI 

14 A2 32 A9 50 0024 68 PD2 

15 A3 33 RAS3 51 DQ9 69 PD3 

16 A4 34 RAS2 52 0025 70 PD4 

17 As 35 NC 53 DQIO 71 NC 

18 A6 36 NC 54 0026 72 Vss 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-A9 Refresh Address Input 

000-0031 Data-in/Data-out 

CASO-CAS3 Column Address Strobe 

RASO-RAS3 Row Address Strobe 

WE ReadIWrite Enable 

Vee Power Supply ( + 5V) 

VSS Ground 

PDI-PD4 Presence Detect Pin 

NC Non-Connection 

eHITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 821 



HB56D232B Series ----------------------------

• BLOCK DIAGRAM 

·00-015 : HM514400JP 

RASO 
CA50 
DOD 
001 
002 
003 

DQ4 
OOS 
DQ6 
007 

CASi 
DQ6 
0011 
0010 
0011 

0012 
0013 
0014 
0015 

RAS2 
am 
0016 
0017 
0018 
00111 

0020 
0021 
0022 
0023 

CAs3 
0024 
0025 
0026 
0027 

0028 
00211 
0030 
0031 

1101 CAS RAS 
1102 
1103 DO 
1104 .OE 
1101 CAS RAS 
1102 
1103 03 
V04 

.~E 

1101 CAS RAS 
1102 
1103 D4 
V04 

.~ 
1101 CAS RAS 
1102 
1103 07 
V04 .OE 

D8 

011 

012 

015 

AO-AII • • 00-015 
WE. • 00-015 

Vee .::co . 00-015 
CO-C7 

\Iaa -,= • 00-015 

• HITACHI 

VOl RAS CAS 
V02 
V03 01 
V04 .OE 
VOl RAS CAS 
V02 
V03 D2 
V04 .OE 

Ii: 

VOl RAS CAS 
V02 
V03 os 
V04 .OE 
1101 RAS CAS 
V02 
V03 D6 
V04 .OE 

RAS3 

010 

013 

014 

822 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005·1819 • (415) 589·8300 

0132-2 



------------------------------ HB56D232B Series 

• PHYSICAL OUTLINE 

2-0~ 

1.57 
RO.062 

44.45 
1.75 

Detail A 

80M 100no 

]f~E ~E 
mrrnmm rHllllnlm 

Note: The plating of the contact finger is gold. 

107.95 
4.25 

101.19 
3.1184 

6. 
0.25 

12000 

YuaE 
mrrnmm 

0132-4 

• HITACHI 

.54 min. _2 __ 
0.100 

1.07 max. 
0.042 

Unil:= 

9.144 maxi 
0.36 

Detail B 

f'51 

,.-- ::-=:::f::: 0.25 max. --I 0.010 

0132-3 

0132-5 

Hitachi America, Ltd. • Hitachi Plaza' 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819' (415) 589·8300 823 



HB56D232B Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I (Input) Yin -1.0to +7.0 V 

Relative to V ss I (Output) Vout -1.0to +7.0 V 

Supply Voltage Relative to VSS VCC -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 8 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

Vcc 4.75 5.0 5.25 V 1 

Input High Voltage VIH 2.4 - 5.5 V 1 

Input Low Voltage VIL -1.0 - O.S V 1 

Note: I. All voltage referenced to Vss. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±5%, Vss = OV) 

HB56D232B-S HB56D232B-1O HB56D232B-12 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current ICCI - 760 - 680 - 600 rnA tRC = Min 1,2 

TTL Interface 
- 32 - 32 - 32 rnA RAS, CAS = V IH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface 
- 16 - 16 - 16 rnA RAS, CAS <!: V CC - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 760 - 680 - 600 rnA tRC = Min 2 Refresh Current 

Standby Current ICC5 - SO - 80 - 80 rnA RAS = VIH, CAS = VIL 1 Dout = Enable 

CAS Before RAS 
ICC6 760 6S0 600 rnA tRC = Min Refresh Current - - -

Page Mode Current ICC? - 760 - 680 - 600 rnA tpc = Min 1,3 

Input Leakage 
ILl -10 10 -10 10 -10 10 ,...A OV:s; Vin:S; 7V 

Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 ,...A 

OV :s; You! :s; 7V, 
Current Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: I. IcC depends on output load condition when the device is selected, Icc (max) is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IV 
3. Address can be changed once or less while CAS = V IH. 

~HITACHI 
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• Capacitance (TA = 25°C, Vee = 5V ±5%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cn - 121 

Input Capacitance (WE) CI2 - 137 

Input Capacitance (RAS, CAS) C13 - 48 

Output Capacitance (DQo-DQ31) CliO - 29 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

• AC Characteristics (TA = O"C to +70"C, Vee = 5V ±5%, Vss = OV)l, 12 
Read, Write, and Refresh Cycles (Common Parameters) 

HB56D232B-8 HB56D232B-1O 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 150 - 180 -
RAS Precharge Time tRP 60 - 70 -

RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width teAS 25 10000 25 10000 

Row Address Setup Time tAsR 0 - 0 -
Row Address Hold Time tRAH 12 - 15 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time teAH 20 - 20 -
RAS to CAS Delay Time tRCD 22 55 25 75 

RAS to Column Address Delay Time tRAD 17 40 20 55 

RAS Hold Time tRSH 25 - 25 -

CAS Hold Time tcsH 80 - 100 -
CAS to RAS Precharge Time teRP 5 - 10 -
Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

Read Cycle 

HB56D232B-8 HB56D232B-1O 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 

Access Time from CAS teAC - 25 - 25 

Access Time from Address tAA - 40 - 45 

Read Command Setup Time tRCS 0 - 0 -
Read Command Hold Time to CAS tRcH 0 - 0 -
Read Command Hold Time to RAS tRRH 10 - 10 -

Column Address to RAS Lead Time tRAL 40 - 45 -

Output Buffer Turn-off Time IoFF 0 20 0 25 

$ HITACHI 

HB56D232B Series 

Unit Note 

pF I 

pF I 

pF I 

pF 1,2 

HB56D232B-12 
Unit Note 

Min Max 

210 - ns 

80 - ns 

120 10000 ns 

30 10000 ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

25 90 ns 8 

20 65 ns 9 

30 - ns 

120 - ns 

10 - ns 

3 50 ns 7 

- 16 ms 15 

HB56D232B-12 
Unit Note 

Min Max 

- 120 ns 2,3 

- 30 ns 3,4 

- 55 ns 3,5 

0 - us 

0 - ns 

10 - ns 

55 - ns 

0 30 ns 6 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 819. (415) 589-8300 825 



HB56D232B Series 

Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Data-in Setnp Time 

Data-in Hold Time 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Symbol 

twcs 

tWCH 

twp 

tDS 

tDH 

Symbol 

tCSR 

tCHR 

tRPC 

Symbol 

tpc 

Fast Page Mode CAS Precharge Time tcp 

Fast Page Mode RAS Pulse Width tRASC 

Access Time from CAS Precharge tACP 

RAS Hold Time from CAS Precharge tRHCP 

HB56D232B-S 

Min Max 

0 -
15 -
15 -
0 -
15 -

HB56D232B-S 

Min Max 

10 -

20 -

10 -

HB56D232B-S 

Min Max 

55 -
10 -
SO 100000 

- 50 

50 -

Notes: I. AC measurements assume tT = 5 ns. 

HB56D232B-1O HB56D232B-12 
Unit Note 

Min Max Min Max 

0 - 0 - ns 10 

20 - 25 - ns 

20 - 25 - ns 

0 - 0 - ns 11 

20 - 25 - ns 11 

HB56D232B-1O HB56D232B-12 
Umt Note 

Min Max Min Max 

10 - 10 - us 

20 - 25 - us 

10 - 10 - us 

HB56D232B-1O HB56D232B-12 
Unit Note 

Min Max Min Max 

55 - 65 - us 

10 - 15 - ns 

100 100000 120 100000 ns 13 

- 50 - 60 ns 14 

50 - 50 - ns 

2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

826 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD <: tRCD (max) and tRAD :S tRAD (max). 
5. Assumes that tRcD :S tRCD (max) and tRAD <: tRAD (max). 
6. toFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIR and VIL' 
S. Operation with the tRCD (max) limit insures that tRAc (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCACo 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs <: twcs (min». 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An iuitial pause of 100 p.s is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRAsc is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or !cAC or tACP' 
15. tREF is determined by 1,024 refresh cycles. 

$ HITACHI 
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HB56D232B Series 

• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout 

High-Z 
Din ~ : Don't care 

0132-6 

• Early Write Cycle 

Address 

Dout 

Din 
High-Z 

~ : Don' care 

0132-7 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 827 



HB56D232B Series ------------------------------

• RAS Only Refresh Cycle 

Address 

Dout 

• CAS Before RAS Refresh Cycle 

tCSR tCHR 

~HITACHI 

tAC 

1 WE : Don'l care 

2 WM : Don'lcare 

0132-8 

1 Address, Din: Don'l care 

2 Dout: High-Z 

3WM : Don'lcare 

013~-9 
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----------------------------- HB56D232B Series 

• Fast Page Mode Read Cycle 

lRASC 

IRHCP 
~I'\ ~ ~ 

.!L. ICSH Ipc ~ IRP 
IACD lCAS ~ !CAS 14- ICRP 

'----" WI' 1'\'---..; ~"'---'r-.. 

Address 

lRAD ~ lRAI. 

~IASC ~ ~ I~CAH. 
R IASC_r- ABC 

I I-'c-

Row ~ Column 1 ~~ CoIumn2 ~ ~ ColumnN W/////~ 
lACS 1- IACH IRCH IRCS IRRH 

I I IRes I I 
~//////////. y~ VL(~ ~ ~CAC 11@ 

1M 1M 
lAC!' IACP 

toFF IOFF 

~ I I 
~1 ~ Vald \-......( Valid ) 

0uIpI.c 2 OUtjiiiN Dout 
lRAC 

Din 
~ : Don' care 

0132-10 

• Fast Page Mode Early Write Cycle 

Hi~·Z 
Din 

~ : Don'lcare 

0132-11 

• HITACHI 
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HB56D232BS/SBS Series 
2,097,152-Word x 32·Bit High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT 
The HB56D232BS/SBS is a 2M x 32 dynamic RAM mod

ule, mounted 16 pieces of 4 Mbit DRAM (HM514400AJ) 
sealed in SOJ package. An outline of the HB56D232BSI 
SBS is the 72-pin single in-line package. Therefore, the 
HB56D232BS/SBS makes high density mounting possible 
without surface mount technology. The HB56D232BS/SBS 
provides common data inputs and outputs. Decoupling ca
pacitors are mounted beneath each SOJ. 

~ °O[ -.- _.- - - _.- -.- ·']0 0['- _ .... -.. - -.- .... ]°0 I 
- - - - • - _ ..•• - {"'I - - • - - .••. - - -

7 J I J 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ................................ 1.27mm 
• Single 5V (±5%) Supply 
• High Speed 

Access Time ....... 60 ns/70 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ....... . 4.83W/4.41/3.99W/3.57W (max) 
Standby Mode ...................... 168 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycle ........................... (16 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

ParI No. Access Time Package 

HB56D232BS-6A 60n8 

HB56D232BS-7 A 70ns 72-pin 
HB56D232BS-8A 80ns SIP Socket Type 

HB56D232BS-IOA lOOns 

HB56D232SBS-6A 60ns 

HB56D232SBS-7 A 70ns 72-pin 
HB56D232SBS-8A 80ns SIP Socket Type 

HB56D232SBS-IOA lOOns 

ConlaclPad 

Gold 

Solder 

Ipin 36 pin 37 pin 

Pin Pin Pin Pin Pin Pin Pin 
No. Name No. Name No. Name No. 

I VSS 19 NC 37 NC 55 

2 DQo 20 DQ4 38 NC 56 

3 DQI6 21 DQ20 39 VSS 57 

4 DQI 22 DQs 40 CASO 58 

5 DQ17 23 DQ21 41 CAS2 59 

6 DQ2 24 DQ6 42 CAS3 60 

7 DQI8 25 DQ22 43 CAS I 61 

8 DQ3 26 DQ7 44 RASO 62 

9 DQI9 27 DQ23 45 RASI 63 

10 Vee 28 A7 46 NC 64 

II NC 29 NC 47 WE 65 

12 Ao 30 Vee 48 NC 66 

13 Al 31 A8 49 DQ8 67 

14 A2 32 A9 50 DQ24 68 

15 A3 33 NC 51 DQ9 69 

16 A4 34 RAS2 52 DQ2S 70 

17 As 35 NC 53 DQIO 71 

18 A6 36 NC 54 DQ26 72 

• PRESENCE DETECT PINOUT 
• PIN DESCRIPTION 

Pin No. Pin Name 
HB56D232BS/SBS 

Pin Name Function -6A -7A -8A 

Ao-A9 Address Input 67 PDl NC NC NC 

Ao-A9 Refresh Address Input 68 PD2 NC NC NC 

DQo-DQ31 Data-inIData-out 69 PD3 NC Vss NC 

CASO-CAS3 Column Address Strobe 70 PD4 NC NC Vss 

RASO-RAS2 Row Address Strobe 

WE Read/W rite Enable 

Vee Power Supply ( + 5V) 

VSS Ground 

PDl-PD4 Presence Detect Pin 

NC No Connection 

~HITACHI 
830 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 

72 pin 

0156-1 

Pin 
Name 

DQII 

DQ27 

DQI2 

DQ28 

Vee 

DQ29 

DQ!3 

DQ30 

DQI4 

DQ31 

. DQIs 

NC 

PDl 

PD2 

PD3 

PD4 

NC 

Vss 

-lOA 

NC 

NC 

Vss 

Vss 



• BLOCK DIAGRAM 

'DO-DI5: HM514400AJ 

m.2 
CASO 

000 
001 
002 
003 

004 
DOS 
006 
007 

em 
008 
009 
0010 
0011 

0012 
0013 
0014 
0015 

RAS2 
CAS2 

0016 
0017 
0018 
0019 

0020 
0021 
0022 
0023 

c;m 
0024 
0025 
0026 
0027 

0028 
0029 
0030 
0031 

1101 CAS RAS 
1102 
1103 DO 
1104 

~OE 
~ 

1101 CAS RAS 
1102 
1103 03 
1104 

d0'0E 

1101 CAS RAS 
1102 
1103 04 
!lQ..4 

£OE 

1101 CAS RAS 
1102 
1103 07 
1104 

£OE 
~ 

1101 CAS RAS 
1102 
1103 08 
1104 

£OE 
~ 

1101 CAS RAS 
1102 
1103 011 
!lQ!I 

;£""OE 
% 

1101 CAS RAS 
1102 
1103 012 
1104 

~OE 
% 

1101 CAS RAS 
1102 
1103 015 
1104 

;;fi0E 

AO - A9 •• ---,.~00 - 015 

WE • .00-015 

Vee •• --:c-r----+.00-015 

T CO - C7 .00-015 Vss • 

1101 RAS CAS 
1102 
1103 01 
.jig.4 

£OE 
~ 

1101 RAS CAS 
1102 
1103 02 
!lQ!I 

~OE 
~ 

1101 RAS CAS 
1102 
1103 05 
!lQ..4 

~OE 
% 

1101 RAS CAS 
1102 
1103 06 
1104 

~OE 

1101 RAS CAS 
1102 
1103 09 
1104 

;;fi0E 

1101 RAS CAS 
1102 
1103 010 
1104 

diOE 
~ 

1101 RAS CAS 
1102 
1103 013 
1104 

diOE 
~ 

1101 RAS CAS 
1102 
1103 014 
1104 

~OE 

• HITACHI 

HB56D232BS/SBS Series 
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HB56D232BS/SBS Series --------------------------

• PHYSICAL OUTLINE 

1<E-_---"44.45 ___ -':l>i--1«:-__ -= 
·1.75 

J 
o 
!! 
!! 
I!!I 
!! i~DDDDDDDi 
Detail A 

60ns 70ns 80ns 

o 
!I 
I!I 
!!l 
!! 

~~~oc [IJJIIJJ( r IIJJIIJJ( ~B 
DODD 

OObl O 
DO 0 

OOObl 
DOD 

0000000000 0000000000 0000000000 

Detail B 

A 

9.30max 
0.366 

c: 
0 ·e In 

<to t'-.N 
In ~ 
N "'0 

\ 

<:t 010 0 

""!-:-:"": 1. 27 t 
NOOO 0.05 

lOOns 

,-[IJJ[IJJ( 

~~blbI 
0000000000 

2.54M:!ln. 

Note: Following the specification of the contact pads. 

0.100 

1 7m x 
0.042 

:fo.25m ... 
0010 

Part No. Contact Pad 

HB56D232BS-XX Gold 

HB56D232SBS-XX Solder 

~HITACHI 
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HB56D232BS/SBS Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I (Input) Yin -1.0to + 7.0 V 

Relative to V ss I (Output) Vout -1.0to + 7.0 V 

Supply Voltage Relative to V SS VCC - 1.0 to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power DIssIpation PT S W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

VCC 4.75 5.0 5.25 V 1 

Input High Voltage VlH 2.4 - 5.5 V 1 

Input Low Voltage VIL -1.0 - O.S V 1 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to + 70'C, Vee = 5V ± 5%, Vss = OV) 

HB56D232BS/SBS 

Parameter Symbol -6A -7A -SA -lOA Unit Test Condition Note 

Min Max Min Max Min Max Min Max 

Operating 
ICC! - 920 - S40 - 760 - 680 rnA tRC = Min 1,2 

Current 

TTL Interface 
- 32 - 32 - 32 - 32 rnA RAS, CAS = V lH 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- 16 - 16 - 16 - 16 rnA CAS;:: Vcc - 0.2V 

Dout = High-Z 

RASOnly 
ICC3 - 920 - 840 - 760 - 680 rnA tRC = Min 2 

Refresh Current 

Standby RAS = VlH 
ICC5 - SO - 80 - 80 - 80 rnA CAS = VIL 1 

Current 
Dout = Enable 

CAS Before 
RAS Refresh ICC6 - 920 - 840 - 760 - 680 rnA tRC = Min 
Current 

Page Mode Current icC? - 920 - 840 - 760 - 680 rnA tpc = Min 1,3 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 p,A OV S Yin S 7V 

Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 p,A 

OV S Vout S 7V, 
Current Dout = Disable 

Output High 
VOH 2.4 VCC 2.4 VCC 2.4 Vcc 2.4 Vcc V High lout = - 5 rnA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA Voltage 

Notes: 1. ICC depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL. 
3. Address can be changed S 1 time while CAS = VlH. 

~HITACHI 
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HB56D232BS/SBS Series 

• Capacitance (TA = 25'C, Vee = 5V ±5%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cn - 121 

Input Capacitance (WE) CI2 - 137 

Input Capacitance (RAS, CAS) CI3 - 4S 

Output Capacitance (DQo-DQ3J) CliO - 29 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Dont. 

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±5%, Vss = OV)1, 12 
Read, Write and Refresh Cycle (Common Parameters) 

HB56D232BS/SBS 

Parameter Symbol -6A -7A 

Min Max Min Max Min 

Random Read or 
tRC 110 130 150 Write Cycle Time - -

RAS Precharge Time tRP 40 - 50 - 60 

RAS Pnlse Width tRAS 60 10000 70 10000 SO 

CAS Pulse Width tCAS 15 10000 20 10000 20 

Row Address 
tASR 0 0 0 

Setup Time - -

Row Address 
tRAH 10 10 10 Hold Time - -

Column Address 
tASC 0 0 0 Setup Time - -

Column Address 
tCAH 15 15 15 Hold Time - -

RAS to CAS 
tRCD 20 45 20 50 20 Delay Time 

RAS to Column 
Address Delay tRAD 15 30 15 35 15 
Time 

RAS Hold Time tRSH 15 - 20 - 20 

CAS Hold Time tCSH 60 - 70 - SO 

CAStoRAS 
tCRP 10 10 10 

Precharge Time - -

Transition Time 
tT 3 50 3 50 3 (Rise and Fall) 

Refresh Period tREF - 16 - 16 -

~HITACHI 

-SA 

Max 

-

-
10000 

10000 

-

-

-

-

60 

40 

-

-

-

50 

16 

Unit 

pF 

pF 

pF 

pF 

-lOA 

Min Max 

ISO -

70 -

100 10000 

25 10000 

0 -

15 -

0 -

20 -

25 75 

20 55 

25 -
100 -

10 -

3 50 

- 16 
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Note 

1 

1 

I 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns S 

ns 9 

ns 

ns 

ns 

ns 7 

ms 15 



HB56D232BS/SBS Series 

Read Cycle 

HB56D232BS/SBS 
Parameter Symbol -6A -7A -8A -lOA Unit Note 

Min Max Min Max Min Max Min Max 

Access Time 
tRAC 60 70 80 100 2,3 fromRAS - - - - ns 

Access Time 
tCAC 15 20 20 25 3,4 from CAS 

- - - - ns 

Access Time 
tAA 30 35 40 45 3,5 from Address - - - - ns 

Read Command 
tRCS 0 0 0 0 Setup Time - - - - ns 

Read Command Hold 
tRCH 0 0 0 0 Time to CAS - - - - ns 

Read Command Hold 
tRCH 0 0 0 0 Time to RAS - - - - ns 

Column Address to 
tRAL 30 35 40 55 RAS Lead Time - - - - ns 

Output Buffer 
tOFF 0 15 0 20 0 20 0 25 ns 6 Turn-off Time 

Write Cycle 

HB56D232BS/SBS 
Parameter Symbol -6A -7A -8A -lOA Unit Note 

Min Max Min Max Min Max Min Max 

Write Command 
twcs 0 0 0 0 10 Setup Time 

- - - - ns 

Write Command 
tWCH 15 15 15 20 Hold Time 

- - - - ns 

Write Command 
twp 10 10 10 20 Pulse Width - - - - ns 

Data-in 
tos 0 0 0 0 11 Setup Time - - - - ns 

Data-in 
tDH 15 15 15 20 11 Hold Time - - - - ns 

@HITACHI 
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HB56D232BS/SBS Series 

Refresh Cycle 

Parameter Symbol 

CAS Setup Time 
(CAS Before RAS tCSR 
Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS tCHR 
Refresh Cycle) 

RAS Precharge to 
tRPC CAS Hold Time 

Fast Page Mode Cycle 

Parameter Symbol 

Fast Page Mode 
tpc Cycle Time 

Fast Page Mode 
tcp CAS Precharge Time 

Fast Page Mode 
tRASC RAS Pulse Width 

Access Time from 
tACP CAS Precharge 

RAS Hold Time from 
tRHCP CAS Precharge 

-6A 

Min Max 

10 -

10 -

10 -

-6A 

Min Max 

40 -

10 -

- 100000 

35 

35 -

Notes: 1. AC measurements assume tT = 5 ns. 

Min 

10 

10 

10 

Min 

45 

10 

-

-

40 

HB56D232BS/SBS 

-7A -SA -lOA Unit Note 

Max Min Max Min Max 

- 10 - 10 - ns 

- 10 - 10 - ns 

- 10 - 10 - ns 

HB56D232BS/SBS 

-7A -SA -lOA Unit Note 

Max Min Max Min Max 

- 50 - 55 - ns 

- 10 - 10 - ns 

100000 - 100000 - 100000 ns 13 

40 - 45 - 50 ns 14 

- 45 - 50 - ns 

2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater thaa the maximum recommended 

836 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD ~ tRCD (max), tRAD S tRAD (max). 
5. Assumes that tRCD S tRCD (max), tRAD ~ tRAD (max). 
6. tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. VIH (min) aad VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA. 
10. Early write cycle only (twcs ~ twcs (min)). 
II These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 p,s is required after power up followed by a minimum of eight initialization cycles (aay combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP. 
15. tREF is determined by 1,024 refresh cycles. 

@HITACHI 
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• TIMING WAVEFORMS 
• Read Cycle 

Address 

WE 

Dout 

Din 

tRAC 

HB56D232BS/SBS Series 

tRC 

tCAC 

tOFF 

Valid 
Output 

High-Z 

~ : Don't care 

0156-5 
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HB56D232BS/SBS Series --------------------------

• Early Write Cycle 

tRC 

Address 

Dout 

Din 
High-Z 

~ : Don't care 

0156-6 

• HITACHI 
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---------------------------- HB56D232BS/SBS Series 

• RAS Only Refresh Cycle 

tRe 

Address 

Dout 
High-Z 

• CAS Before RAS Refresh Cycle 

tesR teHR 

@HITACHI 

1 WE : Don't (are 

2 ~: Don't (are 

tRe 

tRP 

Address, Din: Don't care 

2 Dout: High-Z 

3 ~: Don't care 

4 WE=VIH 

0156-7 

0156-6 
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HB56D232BS/SBS Series 

• Fast Page Mode Read Cycle 

tT 

tASR 

Address 

Dout Valid 
----'t---------{I Output 1 

Din 
High-Z 

~ : Don't care 

~HITACHI 
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HB56D232BS/SBS Series 

• Fast Page Mode Early Write Cycle 

tRASC 

Address 

Dout 

Din 
High-Z 

~ : Don't care 

0156-10 
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HB56D25636 Series 
262,144·Word x 36·Bit High Density Dynamic RAM Module 

• DESCRIPTION 
The HB56D25636B is a 256k x 36 dynamic RAM module, mounted 8 pieces of 

1 Mbit DRAM (HM514256JP) sealed in SOJ package and 4 pieces of 256k-bit 
DRAM (HM51256CP) sealed in PLCC package. An outline of the HB56D25636B is 
72-pin single in-line package. Therefore, the HB56D25636B makes high density 
mounting possible without surface mount technology. The HB56D25636B provides 
common data inputs and outputs. Decoupling capacitors are mounted beneath each 
SOJ and PLCC. 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ..................................................... 1.27mm 
• Single 5V (±5%) Supply 
• High Speed 

Access Time ................................. 85 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ........................... 4.24 mW/3.57 mW/3.02 mW (max) 
Standby Mode ............................................ 126 mW (max) 

• Fast Page Mode Capability 
• 512 Refresh Cycle ................................................... (8 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TIL Compatible 

• ORDERING INFORMATION 

Part No. 

HB56D25636B-85 
HB56D25636B-1O 
HB56D25636B-12 

• PIN OUT 

o 
00----------------00 
'1 pin 36 pin! 

Access Time 

85 ns 
lOOns 
120ns 

Package 

72-pin SIP 
Socket Type 

o 
00----------------00 
'37 pin 72 pin! 

~HITACHI 

0128-1 

Pin Pin Pin 
No. Name No. 

I Vss 37 

2 DQo 38 

3 DQI8 39 

4 DQI 40 

5 DQI9 41 

6 DQ2 42 

7 DQ20 43 

8 DQ3 44 

9 DQ2I 45 

10 Vee 46 

II NC 47 

12 Ao 48 

13 AI 49 

14 A2 50 

15 A3 51 

16 A4 52 

17 A5 53 

18 A6 54 

19 NC 55 

20 DQ4 56 

21 DQ22 57 

22 DQ5 58 

23 DQ23 59 

24 DQ6 60 

25 DQ24 61 

26 DQ7 62 

27 DQ25 63 

28 A7 64 

29 NC 65 

30 Vee 66 

31 As 67 

32 NC 68 

33 NC 69 

34 RAS2 70 

35 DQ26 71 

36 DQs 72 

842 Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 

Pin 
Name 

DQ17 

DQ35 

Vss 
CASO 

CAS2 

CAS3 

CASI 

RASO 

NC 

NC 

WE 

NC 

DQ9 

DQ27 

DQIO 

DQ28 

DQII 

DQ29 

DQI2 

DQ30 

DQi3 

DQ3I 

Vee 
DQ32 

DQI4 

DQ33 

DQI5 

DQ34 

DQI6 

NC 

PDI 

PD2 

PD3 

PD4 

NC 

Vss 



• BLOCK DIAGRAM 

"00-07 : HM514256JP 

MO-M3 : HM51256CP 

~:::::::~::~::~~ ~ 

OQO ~~~~§ 001 
002 
0Q3 

0Q4 
DO!> 
0Q8 
007 

0Q8 

CAS1 

0Q9 
0010 
0011 
0012 

0013 
0014 
0015 
0016 

• 

02 

Olnlou1 MIl 

1101 CAS RAS 
1102 
1103 04 
1104 mOE 
1101 CAS RAS 
1102 
1103 os 
1104 mOE 
I CAS RAS 

0017··--------i~~nI~ou1~M~1~~ 

Rm::====::-, em 
0018§~ 0019 
0020 01 
0021 

0022:=~~r::~ 0023 
0024 03 
0025--------1 

0026.:====:!:~~~:".J em 
0027§~ 0028 
0029 05 
0Q30 

0Q31 
0Q32 
0Q33 
0034 

0Q35.~------~~~~C=~ 

AO-A8 • • 00-07, MO-M3 
WE • 00-07, MIl-M3 

Vet; :::X=CO-C1,' 00-07, MO-M3 

Vss =r= . 00-07, MO-M3 

@HITACHI 

HB56D25636 Series 

0128-2 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819 • (415) 589-8300 843 



HB56D25636 Series 

• PHYSICAL OUTLINE 

107.95 
4.25 

101.19 
5 ~~;.ax I I 3.98 

0000000 !J 
~~ II 

1.194 _ !1ll. (1.27 IYP) 
1f.04'I' 0.054 [lj5 1.75 1.75 

Note: The plating of the contact finger is gold. 

Detail A 

85 ns 100 ns 120 ns 

Detail B 

0128-3 
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------------------------------ HB56D25636 Series 

• PIN DESCRIPTION • PRESENCE DETECT PIN ARRANGEMENT 

Pin Name Function HB56D25636B 
Pin No. Pin Name 

Ao-As Address Input 85 ns lOOns 120ns 

Ao-As Refresh Address Input 67 PDI Vss Vss Vss 

DQo-DQ35 Data-in/Data-out 68 PD2 NC NC NC 

CASO,CAS3 Column Address Strobe 69 PD3 NC Vss NC 

RASO,RAS2 Row Address Strobe 70 PD4 Vss VSS NC 

WE Read/W rite Enable 

Vee Power Supply ( + 5V) 

Vss Ground 

PDI-PD4 Presence Detect Pin 

NC Non-Connection 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I (Input) VIN - 1.0 to + 7.0 V 

Relative to V ss I (Output) VOUT - 1.0 to + 7.0 V 

Supply Voltage Relative to V ss Vee - 1.0 to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 12 W 

Operating Temperature Topr Oto + 70 'c 
Storge Temperature Tstg - 55 to + 125 'c 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

Vee 4.75 5.0 5.25 V I 

Input High Voltage VIH 2.4 - 5.5 V I 

Input Low Voltage VIL -1.0 - 0.8 V I 

Note: I. All voltage referenced to V ss. 

@HITACHI 
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HB56D25636 Series 

• DC Electrical Characteristics (T A = 0 to + 70·C, Vee = 5V ± 5%, Vss = OV) 

HB56D25636B 

Parameter Symbol -85 -10 -12 Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current ICCI - 808 - 680 - 576 rnA tRc = Min 1,2 

TTL Interface RAS, 
- 24 - 24 - 24 rnA CAS = VIH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- 12 - 12 - 12 rnA CAS ~ V cc - 0.2V, 

Dou! = High-Z 

RASOnly 
ICC3 - 808 - 680 - 576 rnA tRC = Min 2 Refresh Current 

RAS = VIH, 
Standby Current Iccs - 64 - 64 - 64 rnA CAS = VIL, 1 

DOU! = Enable 

CAS Before RAS 
ICC6 768 660 556 rnA tRc = Min Refresh Current - - -

Page Mode 
ICC7 - 764 - 680 - 576 rnA tpc = Min 1,3 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 p,A OV S Yin S 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 p,A 

OV S yOU! S 7V, 
Current Dou! = Disable 

Output High 
VOH 2.4 Vcc 2.4 Vcc 2.4 Vcc V High lout = - 5 rnA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA Voltage 

Notes: I. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed once or less while CAS = VIH' 

• Capacitance (TA = 25·C, Vee = 5V ±5%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) CIl -
Input CapacitRnce (WE) CI2 -
Input Capacitance (RAS) CI3 -
Input Cai'acitan.oc (CAS) CI4 -

Output Capaoltance 
CliO I -

(DQo-DQ7' DQ9-DQI6, DQIs-DQ2S, DQ27- DQ34) 

Output Capacitance 
CII02 -

(DQs, DQ17, DQ26, DQ3S) 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

~HITACHI 

88 

104 

57 

36 

17 

22 

Unit 

pF 

pF 

pF 

pF 

pF 

pF 
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• AC Characteristics (TA ~ 0 to +70'C, Vee ~ SV ±S'Yo, Vss ~ OV)1, 12 

Read, Write and Refresh Cycle (Common Parameters) 

HB56D25636B-85 HB56D25636B-1O 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 160 - 190 -
RAS Precharge Time tRP 70 - 80 -
RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width tCAS 25 10000 25 10000 

Row Address Setup Time tASR 0 - 0 -

Row Address Hold Time tRAH 12 - 15 -

Column Address Setup Time tASC 0 - 0 -

Column Address Hold Time tCAH 20 - 20 -
Column Address Hold Time to RAS tAR 60 - 75 -
RAS to CAS Delay Time tRCD 22 55 25 75 

RAS to Column Address Delay Time tRAD 17 45 20 55 

RAS Hold Time tRSH 25 - 25 -
CAS Hold Time tcSH 85 - 100 -

CAS to RAS Precharge Time tCRP 10 - 10 -

Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 8 - 8 

Read Cycle 

HB56D25636B-85 HB56D25636B-IO 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 85 - 100 

Access Time from CAS tcAC - 25 - 25 

Access Time from Address tAA - 40 - 45 

Read Command Setup Time tRCS 0 - 0 -

Read Command Hold Time to CAS tRcH 0 - 0 -
Read Command Hold Time to RAS tRRH 10 - 10 -
Column Address to RAS Lead Time tRAL 40 - 45 -
Output Buffer Tum-off Time !oFF 0 20 0 25 

Refresh Cycle 

HB56D25636B-85 HB56D25636B-1O 
Parameter Symbol 

Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 -(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tcHR 20 20 

(CAS Before RAS Refresh Cycle) 
- -

RAS Precharge to CAS Hold Time tRPC 15 - 15 -

.HITACHI 

HB56D25636 Series 

HB56D25636B-12 
Unit Note 

Min Max 

220 - ns 

90 - ns 

120 10000 ns 

30 10000 ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

90 - ns 

25 90 ns 8 

20 65 ns 9 

30 - ns 

120 - ns 

10 - ns 

3 50 ns 7 

- 8 ns 15 

HB56D25636B-12 
Unit Note 

Min Max 

- 120 ns 2,3 

- 30 ns 3,4 

- 55 ns 3,5 

0 - ns 

0 - ns 

10 - ns 

55 - ns 

0 30 ns 6 

HB56D25636B-12 
Unit Note 

Min Max 

10 - ns 

25 - ns 

15 - ns 
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HB56D25636 Series 

Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command Hold Time to RAS 

Write Command Pulse Width 

Data-in Setup Time 

Data-in Hold Time 

Data-in Hold Time to RAS 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Symbol 

twcs 

tWCR 

tWCR 

twp 

tos 

tOR 

tORR 

Symbol 

tpc 

tcp 

tRASC 

tACP 

tRHCP 

Notes: I. AC measurements assume tT = 5 ns. 

HB56D25636B-S5 

Min Max 

0 -

20 -
65 -

15 -

0 -
20 -

60 -

HB56D25636B-S5 

Min Max 

55 -
10 -
SO 100000 

- 50 

50 -

HB56D25636B-1O HB56D25636B-12 
Unit Note 

Min Max Min Max 

0 - 0 - ns 10 

25 - 30 - ns 

80 - 95 - ns 

20 - 25 - ns 

0 - 0 - ns 11 

20 - 25 - ns 11 

75 - 90 - ns 

HB56D25636B-1O HB56D25636B-12 
Unit Note 

Min Max Min Max 

55 - 65 - ns 

15 - 20 - ns 

100 100000 120 100000 ns 13 

- 50 - 60 ns 14 

50 - 60 - ns 

2. Assumes that tRCO S tRCO (max) and tRAo S tRAD (max). If tRCO or tRAO is greater than the maximum recommended 

848 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
4. Assumes that tRCO ~ tRCO (max), tRAo S tRAO (max). 
5. Assumes that tRCO S tRCO (max), tRAO ~ tRAO (max). 
6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIR and VIL. 
S. Operation with the tRCO (max) limit insures that tRAC (max) can be met, tRCO (max) is specified as a reference point only, 

if tRCO is greater than the specified tRCO (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAO (max) limit insures that tRAC (max) can be met, tRAO (max) is specified as a reference point only, 

if tRAO is greater than the specified tRAO (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs ~ twcs (min». 
II. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 /-,S is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP' 
15. tREF defines is 512 refresh cycles. 

• HITACHI 
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• TIMING WAVEFORMS 

• Read Cycle 

tT 

Address 

Dout 

Din 

RCD 

HB56D25636 Series 

tCSH 

tCAS 

tCAC 

tM 

Valid 
tRAC Ouut 

High-Z 

~ : Don't care 

0128-4 

@HITACHI 
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HB56D25636 Series -------------_________________ _ 

• Early Write Cycle 

tT RCD 

tCSH 

Address 

Dout 

Din 
High-Z 

W M ; Don't care 

0128-5 

~HITACHI 
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• RAS Only Refresh Cycle 

Address 

Dout 

• CAS Before RAS Refresh Cycle 

tCSR tCHR 

eHITACHI 

HB56D25636 Series 

1 WE : Don't care 

2 WM : Don't care 

0128-06 

1 Address. Din: Don't care 
2 Dout: High-Z 

3 ~ : Don't care 

0128-07 

Hitachi America, Ltd .• Hitachi Plaza' 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819 • (415) 589-8300 851 



HB56D25636 Series ----------------------------

• Fast Page Mode Read Cycle 

tRASC 

tRHCP 

~\ II 

" .!r... tCSH tpc lASH tRP 

tRCD tCAS tCAS tcAS 
~ ICRP 

-~ i ~ I ~ I 
'----I -tRAD tcp tRAl. 

~tASe ~ I~CAH. tCAH 

tASe ASe 
~ 

R 

Address ~ ~ ~ CoIumn2 ~ Row Column 1 ColumnN ~/////~ 
tRCH IRCH ~ tRCS tRRH 

tRCS --'-=1 

~////////~ E 
tCAC ~t' tCAC ~" tCAC ~ 

tM tM 1M 
I tACP tACP 

tOFF !oFF tOFF 

J Valid ~d } Valid 
oUiiiii 1 ut2 Outpl4 N Dout 

tRAC 

Din 
High-Z 

W M : Don't care 

0128-8 

• HITACHI 
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HB56D25636 Series 

• Fast Page Mode Early Write Cycle 

tRASe 

Address 

Dout 

High·Z 
Din 

E2822I : Don't care 

0128-9 

~HITACHI 
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HB56D51236 Series 
524,288-Word x 36·Bit High Density Dynamic RAM Module 

• DESCRIPTION 
The HB56D51236B is a 512k x 36 dynamic RAM module, mounted 16 pieces of 

1 Mbit DRAM (HM514256JP) sealed in SOJ package and 8 pieces of 256k-bit 
DRAM (HM51256CP) sealed in PLCC package. An outline of the HB56D51236B is 
72-pin single in-line package. Therefore, the HB56D51236B makes high density 
mounting possible without surface mount technology. The HB56D51236B provides 
common data inputs and outputs. Decoupling capaCitors are mounted beneath each 
SOJ and PLCC but only on the one side of its module board. 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ..................................................... 1.27mm 
• Single 5V (±5%) Supply 
• High Speed 

Access Time ................................. 85 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode .................................. 4.58W/3.91W/3.36W (max) 
Standby Mode ............................................ 252 mW (max) 

• Fast Page Mode Capability 
• 512 Refresh Cycle ................................................... (8 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. 

HB56D51236B-85 

HB56D51236B-IO 

HB56D51236B·12 

• PIN OUT 

o 
I 00--·-------------00 

'1 pin 36 pinl 

Access Time Package 

85 ns 

lOOns 72-pinSIP 
Socket Type 

120ns 

o 
00·---------------00 
'37 pin 72 pin! 

0129-1 

$ HITACHI 

Pin Pin Pin 
No. Name No. 

I Vss 37 

2 DQo 38 

3 DQI8 39 

4 DQI 40 

5 DQI9 41 

6 DQ2 42 

7 DQ20 43 

8 DQ3 44 

9 DQ21 45 

10 Vee 46 

11 NC 47 

12 Ao 48 

13 Al 49 

14 A2 50 

15 A3 51 

16 A4 52 

17 A5 53 

18 A.(i 54 

19 NC 55 

20 DQ4 56 

21 DQ22 57 

22 DQ5 58 

23 DQ23 59 

24 DQ6 60 

25 DQ24 61 

26 ~ 62 

27 D~5 63 

28 A7 64 

29 NC 65 

30 Vee 66 

31 As 67 

32 NC 68 

33 RAS3 69 

34 RAS2 70 

35 DQ26 71 

36 DQ8 72 

854 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819. (415) 589-8300 

Pin 
Name 

DQI7 

DQ35 

Vss 
CASO 

CAS2 

CAS3 

CASI 

RASO 

RAS1 

NC 

WE 

NC 

DQ9 

DQ27 

DQIO 

~s 

DQll 

D~9 

DQ12 

DQ30 

DQ\3 

DQ31 

Vee 

DQ32 

DQI4 

DQ33 

DQI5 

DQ34 

DQI6 

NC 

PDI 

PD2 

PD3 

PD4 

NC 

Vss 



• BLOCK DIAGRAM 

*00-015: HM514256JP 
MO-M7: HM51256CP 

RASO 
CASO 

000 
001 
002 
003 

004 
005 
006 
007 

008 

CASI 

009 
0010 
0011 
0012 

0013 
0014 
0015 
0016 

0017 

RAS2 
CAS2 

0018 
0019 
0020 
0021 

0022 
0023 
0024 
0025 

0026 

CAS3 
0027 
0028 
0029 
0030 

0031 
0032 
0033 
0034 

• 

• 

• 

VOl CAS RAS 
V02 
V03 DO 
V04 

~OE 
~ 

VOl CAS RAS 
V02 
V03 03 

~~ OE 
~ 

CAS RAS 
Dinlau! MO 

VOl CAS RAS 
V02 
V03 04 
V04 

~OE 

VOl CAS RAS 
V02 
V03 07 
V04 

~OE 
~ 

CAS RAS 
DiniOlA M2 

VOl CAS RAS 
V02 
V03 08 
V04 

~OE 
~ 

VOl CAS RAS 
V02 
V03 011 
V04 

~OE 
~ 

CAS RAS 
DiniOlA M4 

VOl CAS RAS 
V02 
V03 012 
V04 

~Foif 
~ 

VOl CAS RAS 
V02 
V03 015 
V04 

~OE 
~ 

I 
VOl RAS CAS 
V02 
V03 01 
V04 

~OE 
~ 

VOl RAS CAS 
V02 
V03 D2 
V04 

~OE 
~ 

RAS CAS 
Oinlou1 Ml 

VOl RAS CAS 
V02 
V03 D5 
V04 

~OE 
~ 

VOl RAS CAS 
V02 
V03 os 
V04 

~OE 
~ 

RAS CAS 
OinioUl M3 

I 
VOl RAS CAS 
V02 
V03 D9 
V04 

~OE 
~ 

VOl RAS CAS 
V02 
V03 010 
V04 

~OE 
~ 

RAS CAS 
Oinlou1 M5 

VOl RAS CAS 
V02 
V03 013 
V04 

~OE 
~ 

VOl RAS CAS 
V02 
V03 014 
V04 

~OE 
~ 

I CAS RAS I RAS CAS 
o035··--------i:o~i~nI~0IA~M6~~~------_t0~inl~O~UI~M~7~~ 

AO-A8. • DO-DIS, MO-M7 
~ • 00-015, MO-M7 

Vee ::L::CO-Cl1' DO-015, MO-M7 

Vss ::L:: • DO-DIS, MO-M7 

@HITACHI 

HB56D51236 Series 

RAS3 

0129-2 
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HB56D51236 Series 

• PHYSICAL OUTLINE 

Unit: :~ 
107.95 
4.25 

:~~'I 

~r~~ 

101.19 
3.98 

CJODDDDDO 
o 

~~ II 
1.ill _ bill. (1ll. 'YP) 
0.047 0.054 0.05 

~ 
RO.052 

1.15 1.75 

Note: The plating of the contact finger is gold. 

0129-3 

Detail A 

85ns 100 ns 120 ns 

~~I ----~- ~~I ~~l 
0129-4 

Detail B 

t1"I 

2.54 min~l 
0.100 

- 4o.25ma,. 
0.010 

1.07 max. 
0.042 

0129-5 

~HITACHI 
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HB56D51236 Series 

• PIN DESCRIPTION • PRESENCE DETECT PIN OUT 

Pin Name Function HB56D51236B 
Pin No. Pin Name 

Ao-AS Address Input 85 ns lOOns 120ns 

Ao-As Refresh Address Input 67 POI NC NC NC 

DQo-DQ35 Data-in/Data-out 68 PD2 VSS VSS VSS 

CASO-CAS3 Column Address Strobe 69 PD3 NC VSS NC 

RASO-RAS3 Row Address Strobe 70 PD4 VSS VSS NC 

WE ReadIWrite Enable 

Vee Power Supply ( + 5V) 

VSS Ground 

PDl-PD4 Presence Detect Pin 

NC Non-Connection 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss I (Input) Vin -1.0to + 7.0 V 

I (Output) Vout -1.0to + 7.0 V 

Supply Voltage Relative to V ss Vee -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 12 W 

Operating Temperature Topr Oto +70 'c 
Storage Temperature Tstg - 55 to + 125 'c 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

VSS 0 0 0 V 
Supply Voltage 

Vee 4.75 5.0 5.25 V I 

Input High Voltage VIH 2.4 - 5.5 V I 

Input Low Voltage VIL -1.0 - 0.8 V I 

Note: I. All voltage referenced to Vss. 

~HITACHI 
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HB56D51236 Series 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±5%, Vss = OV) 

HB56D51236B-85 HB56D51236B-1O HB56D51236B-12 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current ICCI - 872 - 744 - 640 rnA tRC = Min 

TTL Interface 
- 48 - 48 - 48 rnA RAS, CAS = VIR, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- 24 - 24 - 24 rnA CAS ~ V CC - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 872 - 744 - 640 rnA tRC = Min Refresh Current 

RAS = VIR, 
Standby Current ICC5 - 128 - 128 - 128 mA CAS = VIL, 

Dout = Enable 

CAS Before RAS 
ICC6 832 724 620 mA tRC = Min Refresh Current - - -

Page Mode 
ICC7 - 828 - 744 - 640 rnA tpc = Min Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 /LA OV:$ Vin:$ 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 /LA 

OV :$ Vout :$ 7V, 
Current Dout = Disable 

Output High 
VOH 2.4 VCC 2.4 VCC 2.4 Vce V High lout = - 5 mA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 mA Voltage 

Notes: I. Icc depends on output load condition when the device is selected, Icc (max) is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL. 
3. Address can be changed once or less while CAS = V!H' 

• CapaCitance (TA = 25'C, Vee = 5V ±5%) 

Parameter Symbol Typ 

Input Capacitance (Address) CIl -
Input Capacitance (WE) CI2 -

Input Capacitance (RAS, CAS) CI3 -

Output Capacitance (DQO-7' DQ9-16, DQI8-25, DQ27-34) CliO! -

Output Capacitance (DQ8, 17, 26, 35) CII02 -
Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = VIR to disable Dout. 

~HITACHI 

Max Unit 

161 pF 

193 pF 

62 pF 

29 pF 

39 pF 

858 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 

Note 

I 

1 

1 

1,2 

1,2 

1,2 

2 

I 

1,3 



• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±5%, Vss = OV)1, 12 
Read, Write and Refresh Cycle (Common Parameters) 

HB56DS1236B-85 HB56DS 1236B-1O 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRc 160 - 190 -
RAS Precharge Time tRP 70 - 80 -
RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width tCAS 25 10000 25 10000 

Row Address Setup Time tASR 0 - 0 -

Row Address Hold Time tRAH 12 - 15 -

Column Address Setup Time tASC 0 - 0 -

Column Address Hold Time tCAH 20 - 20 -

Column Address Hold Time to RAS tAR 60 - 75 -
RAS to CAS Delay Time tRCO 22 55 25 75 

RAS to Column Address Delay Time tRAO 17 45 20 55 

RAS Hold Time tRSH 25 - 25 -
CAS Hold Time tCSH 85 - 100 -
CAS to RAS Precharge Time tCRP 10 - 10 -

Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 8 - 8 

Read Cycle 

HB56DS 1236B-85 HB56D51236B-1O 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 85 - 100 

Access Time from CAS tCAC - 25 - 25 

Access Time from Address tAA - 40 - 45 

Read Command Setup Time tRCS 0 - 0 -

Read Command Hold Time to CAS tRCH 0 - 0 -

Read Command Hold Time to RAS tRRH 10 - 10 -
Column Address to RAS Lead Time tRAL 40 - 45 -

Output Buffer Turn-off Time !oFF 0 20 0 25 

Write Cycle 

HB56D51236B-85 HB56DS 1236B-1O 
Parameter Symbol 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 -

Write Command Hold Time tWCH 20 - 25 -

Write Command Hold Time to RAS tWCR 65 - 80 -

Write Command Pulse Width twp 15 - 20 -
Data-in Setup Time tos 0 - 0 -

Data-in Hold Time tOH 20 - 20 -
Data-in Hold Time to RAS tOHR 60 - 75 -

@HITACHI 

HB56D51236 Series 

HB56D51236B-12 
Unit Note 

Min Max 

220 - ns 

90 - ns 

120 10000 ns 

30 10000 ns 

0 - ns 

15 - ns 

0 - ns 

25 - ns 

90 - ns 

25 90 ns 8 

20 65 ns 9 

30 - ns 

120 - ns 

10 - ns 

3 50 ns 7 

- 8 ns 15 

HB56D51236B-12 
Unit Note 

Min Max 

- 120 ns 2,3 

- 30 ns 3,4 

- 55 ns 3,5 

0 - ns 

0 - ns 

10 - ns 

55 - ns 

0 30 ns 6 

HB56D51236B-12 
Unit Note 

Min Max 

0 - ns 10 

30 - ns 

95 - ns 

25 - ns 

0 - ns II 

25 - ns II 

90 - ns 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 859 



HB56D51236 Series 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Symbol 

tCSR 

tCHR 

tRPC 

Symbol 

tpc 

tcp 

tRASC 

tACP 

tRHCP 

HB56D51236B-85 

Min Max 

10 -

20 -

15 -

HB56D51236B-85 

Min Max 

55 -

10 -

80 100000 

- 50 

50 -

Notes: I. AC measurements assume tT = 5 ns. 

HB56D51236B-1O HB56D51236B-12 
Unit Note 

Min Max Min Max 

10 - 10 - ns 

20 - 25 - ns 

15 - 15 - ns 

HB56D51236B-1O HB56D51236B-12 
Unit Note 

Min Max Min Max 

55 - 65 - ns 

15 - 20 - ns 

100 100000 120 100000 ns 13 

- 50 - 60 ns 14 

50 - 60 - ns 

2. Assumes that tRCD :s tRCD (max) and tRAD :s tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

860 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD 2: tRCD (max) and tRAD :s tRAD (max). 
5. Assumes that tRCD :s tRCD (max) and tRAD 2: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs 2: twcs (min». 
II. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 I'-s is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP' 
15. tREF is defined as 512 refresh cycles. 

• HITACHI 
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------------------------------ HB56D51236 Series 

• TIMING WAVEFORMS 
• Read Cycle 

tr 

Address 

Dout 

Din 

RCD 
tcSH 

tCAS 

tCAC 

tAA 

Valid 
tRAC au ut 

High·Z 

W M : Don't care 

0129-6 

~HITACHI 
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HB56D51236 Series -----------------------------

• Early Write Cycle 

tT RCD 
tCSH 

tCAS 

Address 

Dout 

Din 
High-Z 

W M : Don't care 

0129-7 

@HITACHI 
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• RAS Only Refresh Cycle 

Address 

Dout 

• CAS Before RAS Refresh Cycle 

tCSR tCHR 

~HITACHI 

HB56D51236 Series 

1 WE : Don't care 

2 ~ : Don't care 

0129-8 

1 Address, Din: Don't care 

2 Dout: High-Z 

3 ~ : Don't care 

0129-9 
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HB56D51236 Series -----------------------------

• Fast Page Mode Read Cycle 

lRASC 

~\ 
IRHCP 

I '\. 
.!L.. ICSH Ipc IRSH IRP 

IRCO ICAS ICAS ICAS r--- ICRP -
r\1'----/ I " ~~ '\ I 

lRAO Icp lRAL 

~ I.'CAH~ ~ ICAH 

IASC 
~ 

R IASC ASC lAS 

Address ~ 0< 
-, 

~ CoIumn2 ~ Row Column 1 Column N ~/////h 
IRCS IRCH tRCH .~ ~ IRRH 

IRCS I 

ij'////////.o. V 
ICAC ~~/ ICAC ~'/ ICAC ~ 

lAA lAA lAA 

I IACP IACP 

IOFF loFF IOFF 

)~:d Valid } Valid 
o ut 1 Output 2 OutputN Dout 

lRAC 

Din 
HISh-Z 

W M : Don't care 

0129-10 

@HITACHI 
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HB56D51236 Series 

• Fast Page Mode Early Write Cycle 

tRASC 

Address 

Dout 

High-Z 
Din 

~ : Don't care 

0129-11 
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HB56D136B Series 
1,048,576-Word x 36-Bit High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT 
The HB56D136B is a 1 M x 36 dynamic RAM module, 

mounted 8 pieces of 4 Mbit DRAM (HM514400JP) sealed in 
SOJ package and 4 pieces of 1 Mbit DRAM 
(HM511000AJP) sealed in SOJ package. An outline of the 
HB56D136B is 72-pin single in-line package. Therefore, the 
HB56D136B makes high density mounting possible without 
surface mount technology. The HB56D136B provides com
mon data inputs and outputs. Decoupling capacitors are 

~ °00----------:00 00----------:0°0 I 
----- 0 -----

, 1 pIn 36 pm I '37 pm 72 pin , 

mounted beneath each SOJ. 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ................................ 1.27mm 
• Single 5V (±5%) Supply 
• High Speed 

Access Time ............ 80 ns/100 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ............. 5.25W/4.62W/3.99W (max) 
Standby Mode ...................... 126 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycle ........................... (16 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TIL Compatible 

• ORDERING INFORMATION 

Part No. Access Time 

HB56D136B-8 80ns 

HB56Dl36B-1O 100 ns 

HB56D 136B-12 120 ns 

• PRESENCE DETECT PIN OUT 

Pin No. Pin Name 
80ns 

67 PDI VSS 

68 PD2 VSS 

69 PD3 NC 

70 PD4 VSS 

Package 

72-pin SIP 
Socket Type 

HB56Dl36B 

lOOns 120ns 

VSS VSS 

VSS VSS 

VSS NC 

VSS NC 

Pin Pin Pin Pin 
No. Name No. Name 

I VSS 19 NC 

2 DQo 20 DQ4 

3 DQI8 21 DQ22 

4 DQI 22 DQ5 

5 DQI9 23 DQ23 

6 DQ2 24 DQ6 

7 DQ20 25 DQ24 

8 DQ3 26 DQ7 

9 DQ21 27 DQ25 

10 Vee 28 A7 

11 NC 29 NC 

12 AO 30 Vee 

13 Al 31 A8 

14 A2 32 A9 

15 A3 33 NC 

16 A4 34 RAS2 

17 A5 35 DQ26 

18 A6 36 DQ8 

• PIN DESCRIPTION 

Pin Name 

Ao-A9 

Ao-A9 

DQo-DQ35 

CASO-CAS3 

RASo,RAS2 

WE 

Vee 

Vss 

PDI-PD4 

NC 

~HITACHI 

Pin Pin Pin 
No. Name No. 

37 DQ17 55 

38 DQ35 56 

39 VSS 57 

40 CASo 58 

41 CAS2 59 

42 CAS3 60 

43 CAS I 61 

44 RASo 62 

45 NC 63 

46 NC 64 

47 WE 65 

48 NC 66 

49 DQ9 67 

50 DQ27 68 

51 DQIO 69 

52 DQ28 70 

53 DQl1 71 

54 DQ29 72 

Function 

Address Input 

Refresh Address Input 

Data-in/Data-out 

Column Address Strobe 

Row Address Strobe 

ReadIWrite Enable 

Power Supply ( + 5V) 

Ground 

Presence Detect Pin 

Non-Connection 

866 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 

0133-1 

Pin 
Name 

DQ12 

DQ30 

DQ13 

DQ31 

Vee 

DQ32 

DQI4 

DQ33 

DQI5 

DQ34 

DQI6 

NC 

PDI 

PD2 

PD3 

PD4 

NC 

VSS 



• BLOCK DIAGRAM 

'00-07 . HM514400JP 

MO-M3 . HM511000JP 

RASO 
CASO 

000 
001 
002 
003 

004 
005 
006 
007 

I 
VOl CAS RAS 
V02 
V03 00 
V04 

~OE 
?; 

VOl CAS RAS 
V02 
V03 02 

~~ OE 
?; 

I CAS RAS 

008 :========~:~~:'W:~~~MO~~~ 
CASl 

009 ~~~~~~[!~~~~ 0010 
0011 04 
0012 

0013 
0014 
0015 
0016 

RAS 

D6 

0017 •• --------~~~~~~ 

RAS2::==========~1 CAS2 

0018§~ 0019 
0020 01 
0021 

0022 
0023 
0024 
0025 

0026 

CAS3 

0027 
0028 
0029 
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0032 
0033 
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RAS 

03 

Din/oo.( M2 

VOl CAS RAS 
V02 
V03 05 
V04 

~OE 
~ 

VOl CAS RAS 
V02 
V03 07 
V04 

~OE 
?; 

I CAS RAS 
0035 • Din/w M3 

AO-A9 •• ------. 00-07, MO-M3 
W£ 00-07, MO-M3 

Vee =CO-Cll' 00-07, MO-M3 

Vss = • 00-07, MO-M3 
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HB56D136B Series ------------------------------

• PHYSICAL OUTLINE 

2-0~ 

BOn, 

107.95 
4.25 

101.19 
3.984 

DDD 

DDDDDDD 
44.45 
1.75 

Detail A 

l00na 12On1 

6.35 
025 

0133-4 

44.45 
1.75 

Note: The plating of the contact finger is gold. 

~HITACHI 

2.54 min. 
0.100 

1.07 max. 
0.042 

Un~: ::: 

A 

5.28 max. 
0.208 

Detail B 
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. r 0.010 
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HB56D136B Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I (Input) Yin -\.Oto +7.0 V 

Relative to V 88 I (Output) Vout -\.Oto +7.0 V 

Supply Voltage Relative to V ss VCC -\.Oto +7.0 V 

Short Circuit Output Current lout 50 mA 

Power Dissipation PT 12 W 

Operating Temperature Topr Oto +70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

Vcc 4.75 5.0 5.25 V I 

Input High Voltage V!H 2.4 - 5.5 V 1 

Input Low Voltage VIL -\.O - 0.8 V I 

Note: \. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±5%, Vss = OV) 

HB56D136B-8 HB56D 136B-1O HB56D136B-12 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current ICC! - 1000 - 880 - 760 mA tRC = Min 1,2 

TTL Interface 
- 24 - 24 - 24 mA RAS, CAS = V!H, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- 12 - 12 - 12 mA CAS ~ Vcc - 0.2V, 

Dout = High-Z 

RASOnly 
ICC3 - 960 - 840 - 740 mA tRC = Min 2 

Refresh Current 

RAS = V!H, 
Standby Current ICC5 - 60 - 60 - 60 mA CAS = VIL, I 

Dout = Enable 

CAS Before RAS 
ICC6 960 840 720 mA tRC = Min Refresh Current - - -

Page Mode Current ICC7 - 920 - 840 - 720 mA tpc = Min 1,3 

Input Leakage Current ILl -10 10 -10 10 -10 10 p.A OV S Yin S 7V 

Output Leakage Current ILO -10 10 -10 10 -10 10 p.A 
OV S Vout S 7V, 
Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 mA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 mA 

Notes: I. ICC depends on output load condition when the device is selected. Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL. 
3. Address can be changed once or less while CAS = VIH. 

~HITACHI 
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HB56D136B Series 

• Capacitance (TA = 25°C. Vee = 5V ±5%) 

Parameter Symbol Typ 

Input Capacitance (Address) CII -
Input Capacitance (WE) CI2 -
Input Capacitance (RAS) CI3 -
Input Capacitance (CAS) CI4 -

Output Capacitance (DQo-7. ~-16. DQI8-25. DQ27-34) CliO! -

Output Capacitance (DQ8. 17. 26. 35) CII02 -

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Doul' 

• AC Characteristics (TA = 0 to +70"C. Vee = 5V ±5%. Vss = OV)l. 12 

Read, Write and Refresh Cycle (Common Parameters) 

HB56D136B-8 HB56D136B-1O 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 160 - 190 -
RAS Precharge Time tRP 70 - 80 -
RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width tCAS 25 10000 25 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 12 - 15 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH 20 - 20 -
RAS to CAS Delay Time tRCD 22 55 25 75 

RAS to Column Address Delay Time tRAD 17 45 20 55 

RAS Hold Time tRSH 25 - 25 -
CAS Hold Time tCSH 80 - 100 -
CAS to RAS Precharge Time tCRP 10 - 10 -
Transition Time (Rise and Fall) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

Read Cycle 

HB56D136B-8 HB56D136B-1O 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 

Access Time from CAS !cAC - 25 - 25 

Access Time from Address tAA - 40 - 45 

Read Command Setup Time tRCS 0 - 0 -
Read Command Hold Time to CAS tRCH 0 - 0 -
Read Command Hold Time to RAS tRRH 10 - 10 -
Column Address to RAS Lead Time tRAL 40 - 45 -
Output Buffer Turn-off Time laFF 0 20 0 25 

eHITACHI 

Max Unit 

88 pF 

104 pF 

57 pF 

36 pF 

17 pF 

22 pF 

HB56D136B-12 

Min Max 

220 -
90 -
120 10000 

30 10000 

0 -
15 -
0 -
25 -
25 90 

20 65 

30 -
120 -

10 -

3 50 

- 16 

HB56D136B-12 

Min Max 

- 120 

- 30 

- 55 

0 -

0 -

10 -

55 -
0 30 
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HB56D136B Series 

Write Cycle 

HB56D136B-8 HB56D136B-1O HB56D136B-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 20 - 25 - 30 - ns 

Write Command Pulse Width twp 15 - 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - ns 11 

Data-in Hold Time tDH 20 - 20 - 25 - ns 11 

Refresh Cycle 

HB56D136B-8 HB56D136B-1O HB56D136B-I2 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Setup Time 
lcsR 10 - 10 - 10 - ns (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tcHR 20 20 25 (CAS Before RAS Refresh Cycle) - - - ns 

RAS Precharge to CAS Hold Time tRPC 15 - 15 - 15 - ns 

Fast Page Mode Cycle 

HB56D136B-8 HB56D136B-1O HB56D136B-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 55 - 55 - 65 - ns 

Fast Page Mode CAS Precharge Time tcp 10 - 10 - 20 - ns 

Fast Page Mode RAS Pulse Width tRASC 80 100000 100 100000 120 100000 ns 13 

Access Time from CAS Precharge tACP - 50 - 50 - 60 ns 14 

RAS Hold Time from CAS Precharge tRHCP 50 - 50 - 60 - ns 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD ~ tRCD (max) and tRAD :S tRAD (max). 
5. Assumes that tRCD :S tRcD (max) and tRAD ~ tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA. 
10. Early write cycle only (twcs ~ twcs (min». 
II. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An inittal pause of 100 I-'s is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or !cAc or tACP. 
15. tREF is 1,024 refresh cycles. 

eHITACHI 
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HB56D136B Series 

• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout 

Din 

• Early Write Cycle 

Address 

Dout 

Din 

~:Don'I'" 

~ :Don'I .... 

• HITACHI 
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• RAS Only Refresh Cycle 

Address 

Dout 

• CAS Before RAS Refresh Cycle 

2 ~ . Don'lcate 

tRP 

1 Address, DIn: Don't care 

2 IloUI:~gh-Z 

3 ~ :Don'tcare 

• WE .VII 
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HB56D136B Series 

0133-B 

0133-9 

Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 873 



HB56D136B Series 

• Fast Page Mode Read Cycle 

IAASC 

Address 

Dout 

Hlgh-Z 

~:Don'_ 
Din 

0133-10 

• Fast Page Mode Early Write Cycle 

Dout 

Din HIa!>Z 

0133-11 
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HB56D136B/S Series ----------
1,048,57S·Word x 3S·Bit High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT 
The HB56D136B/SB/BRISBR/BS/SBS is a 1 M x 36 dy

namic RAM module, mounted S pieces of 4 Mbit DRAM 
(HM514400JP/AJ) sealed in SOJ package and 4 pieces of 
1 Mbit DRAM (HM511000JP) sealed in SOJ package 
(HB56D136B/SB/BRISBR) or 4 pieces of 1 Mbit DRAM 
(HM511000ATS) sealed in TSOP package (HB56D136SBI 
SBS). An outline of the HB56D136B/SB/BRISBR/BS/SBS 
is 72-pin single in-line package. Therefore, the HB56D136BI 
SB/BRISBR/BS/SBS makes high density mounting possi
ble without surface mount technology. The HB56D136B/SBI 
BRISBR/BS/SBS provides common data inputs and out
puts. Decoupling capacitors are mounted beneath each SOJ 
or beside each TSOP but only on the one side of its module 
board. 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ............................... 1.27 mm 
• Single 5V (±5%) Supply 
• High Speed 

Access Time ....... 60 ns/70 ns/SO ns/100 ns (max) 
• Low Power Dissipation 

Active Mode ..... . 6.51W/5.SSW/5.25W/4.62W (max) 
Standby Mode ...................... 126 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycle ........................... (16 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. 
Access 
Time 

HB56DI36B/BR/BS-6A 60ns 

HB56D136B/BRlBS-7 A 70ns 

HB56D 136B/BR/BS-SA SOns 

HB56D136B/BR/BS-IOA lOOns 

HB56DI36B/BR-S SOns 

HB56DI36B/BR-1O lOOns 

HB56DI36SB/SBRISBS-6A 60ns 

HB56D I 36SB/SBR/SBS-7 A 70ns 

HB56DI36SB/SBR/SBS-SA SOns 

HB56D 136SB/SBR/SBS-IOA lOOns 

HB56DI36SB/SBR-S SOns 

HB56D I 36SB/SBR-1O lOOns 

• PRESENCE DETECT PINOUT 

Package 

72-pin SIP 
Socket Type 

72-pin SIP 
Socket Type 

Pin Pin HB56DI36B/SB/BR/SBR/BS/SBS 
No. Name -6A -7A -SA -lOA -S 

67 PDI VSS VSS VSS VSS VSS 

6S PD2 VSS VSS VSS VSS VSS 

69 PD3 NC VSS NC VSS NC 

70 PD4 NC NC VSS VSS VSS 

Contact 
Pad 

Gold 

Solder 

-10 

VSS 

VSS 

VSS 

VSS 

,-------------------------------, 

~ ~[ :.: : :: : : :: : :]D " DC::::::::::]; I 
7 ! I ! 

1 pm 36 pin 37 pin ';'2 pm 

0157-1 

Pin Pin Pin Pin Pin Pin Pin Pin 
No. Name No. Name No. Name No. Name 

I VSS 19 NC 37 DQ17 55 DQ12 

2 DQo 20 DQ4 3S DQ35 56 DQ30 

3 DQIS 21 DQ22 39 VSS 57 DQJ3 

4 DQI 22 DQ5 40 CASO 5S DQ31 

5 DQI9 23 DQ23 41 CAS2 59 Vee 

6 DQ2 24 DQ6 42 CAS3 60 DQ32 

7 DQ20 25 DQ24 43 CASI 61 DQI4 

S DQ3 26 DQ7 44 RASO 62 DQ33 

9 DQl9 27 DQ25 45 NC 63 DQI5 

10 Vee 2S A7 46 NC 64 DQ34 

11 NC 29 NC 47 WE 65 DQl6 

12 Ao 30 Vee 4S NC 66 NC 

13 Al 31 As 49 DQ9 67 PDI 

14 A2 32 A9 50 DQ27 6S PD2 

15 A3 33 NC 51 DQIO 69 PD3 

16 A4 34 RAS2 52 DQ2S 70 PD4 

17 A5 35 DQ26 53 DQIl 71 NC 

IS A6 36 DQs 54 DQ29 72 VSS 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-A9 Refresh Address Input 

DQo-DQ35 Data-inlData-out 

CASO-CAS3 Column Address Strobe 

RASO-RAS3 Row Address Strobe 

WE Read/W rite Enable 

Vee Power Supply ( + 5V) 

VSS Ground 

PDI-PD4 Presence Detect Pin 

NC No Connection 

~HITACHI 
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HB56D136B/S Series 

• BLOCK DIAGRAM 

DO-D7: HM51400JP/AJ 
MO-M3: HM511000JP/ATS 

Bm 
CASO 

000 
DOl 
002 
003 

004 
005 
006 
007 

008 

em 
009 
0010 
0011 
0012 

• 
• 
• • • • 

I 
1101 CAS RAS 
1102 
1103 DO 
1104 

~OE 

1101 CAS RAS 
1102 
1103 02 
!!Q9 

,.r;:- OE 
W 

(AS RAS 
lOin/out MO 
] 

1 i 
11/01 CAS RAS 
11/02 
11103 04 

~!!Q9 OE 
/;-1'% 

00 I 3:====:j 110 1 CAS RAS 

gg~;: I:~; 06 
0016' 1"04 

] 

r-I OE 
~ ~--~----~ 

I CAS RAS 
0017 ... -------1o'n/out Ml 

RASi 
CAS2 

0018 
0019 
0020 
0021 

0022 
0023 
0024 
0025 

0026 

em 
0027 
0028 
0029 
0030 

0031 
0032 
DOH 
0034 

0035 

I 
1101 CAS RAS 
1102 
1103 01 
1104 

~OE 
/ '/ 

1101 CAS RAS 
1102 
1103 03 
!!Q9 

diOE 
/-~ 

(AS RAS 
O,nlout M2 

I 
1101 CAS RAS 
1102 
1103 05 
1104 

diOE 
~ 

1101 CAS RAS 
1102 
1/03 07 
1/04 ..c- OE w. 

CAS RAS 
O,nlout M3 

AO-A9 ... ------c~~00-07. MO-M3 

WE • ~ 00-07. MO-M3 

Vee •• ---------_~ 00-07. MO-M3 
=CO-C11 

Vss • . ~ 00-07. MO-M3 
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----------------------------- HB56D136B/S Series 

• PHYSICAL OUTLINE 

• HB56D136B/SB 

I _ 

1< 

I 

-Detail A 

60ns 

J [D:Q) 
[U:Q) J 

~07.9S 
~.2S 

~O1.19 
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A 
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I 
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Detail B 

i.-In· ~I o 100 ! 
Y L.-.I--Y..~ 
~-r0o,o I 

I 1 :,1m!l • .,J I,.. I 
0041 

I . 

Note: Following the specification of the contact pads. 

Part No. Contact Pad 

HB56D136B-XX Gold 

HB56D136SB-XX Solder 

~HITACHI 

5.28 max 
0.208 

1.27 typ 
0.05 

i 

mm 
Unit:-. -

Inch 
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HB56D136B/S Series 

• PHYSICAL OUTLINE 

• HB56D136BRISBR 

107.95 
4.25 

r
~-----_.l.-'IO"-!.1"9 ______ ---';:; 

3.98 A 
),,(O.20min 

III 0.008 

.14.45 
1.75 

Detail A 

60ns 70ns I 80ns 

fs8l fs8l lil 
Detail B 

:1 

B 

lOOns 

9.30max 
0.366 

+0.10 
I. 2 7 -0.0 
0~05+' II . -0.003 

lil 
Note: Following the specification of the contact pads. 

Part No. Contact Pad 

HB56D136BR-XX Gold 

HB56D136SBR-XX Solder 
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---------------------------- HB56D136B/S Series 

• PHYSICAL OUTLINE 

• HB56D136BS/SBS 

1 795 
. .i. 

10119 
3.984 
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5.28 max 
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,f; 

10 
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~:;~~ __ JL ~i~ 
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Detail B 
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Note: Following the specification of the contact pads. 

Part No. Contact Pad 

HB56D136BS·XX Gold 

HB56D136SBS·XX Solder 
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HB56D136B/S Series ----------------------------

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I (Input) Yin -1.0to +7.0 V 

Relative to V ss I (Output) Vout -1.0to + 7.0 V 

Supply Voltage Relative to V ss VCC -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 8 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

Vcc 4.75 5.0 5.25 V 1 

Input High Voltage VIR 2.4 - 5.5 V 1 

Input Low Voltage VIL -1.0 - 0.8 V 1 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70°C, Vee = 5V ± 5%, Vss = OV) 

HB56DI36B/SB/BR/SBR/BS/SBS 

Parameter Symbol -6A -7A -8A -lOA -8 -10 Unit Test Conditions Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Operating 
ICC! - 1240 - 1120 - 1000 - 880 - 1000 - 880 rnA tRC = Min 1,2 

Current 

TTL Interface 
- 24 - 24 - 24 - 24 - 24 - 24 rnA RAS, CAS = VIR 

Standby 
ICC2 

Dout = High-Z 
Current CMOS Interface 

- 12 - 12 - 12 - 12 - 12 - 12 rnA RAS, CAS ~ V cc - 0.2V 
Dout = High-Z 

RASOnly 
ICC3 - 1240 - 1120 - 960 - 840 - 960 - 840 rnA tRC = Min 2 Refresh Current 

Standby RAS = VIR 
ICC5 - 60 - 60 - 60 - 60 - 60 - 60 rnA CAS = VIL 1 

Current Dout = Enable 

CAS Before 
RAS Refresh ICC6 - 1200 - 1080 - 960 - 840 - 960 - 840 rnA tRC = Min 
Current 

Page Mode 
ICC7 - 1200 - 1080 - 920 - 840 - 920 - 840 rnA tpc = Min 1,3 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 -10 10 /LA OV:S Vin:S 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 -10 10 -10 10 /LA 

OV :S Vout :S 7V 
Current Dout = Disable 

Output High 
VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA Voltage 

Output Low 
VOL 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA Voltage 

Notes: I. ICC depends on outpnt load condition when the device is selected, IcC max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL. 
3. Address can be changed :S 1 time while CAS = VIH' 
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• Capacitance (TA = 25'C, Vee = 5V ±5%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) CII - SS 

Input Capacitance (WE) CI2 - 104 

Input Capacitance (RAS) Cn - 57 

Input Capacitance (CAS) CI4 - 36 

Output Capacitance (DQo-DQ7, 9-16,18-25,27-34) CliO! - 17 

Output Capacitance (DQ8, 17, 26, 35) CII02 - 22 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIR to disable Dont' 

• AC Electrical Characteristics (TA = 0 to 70'C, Vee = 5V ±5%, Vss = OV)1, 12 

Read, Write and Refresh Cycle (Common Parameters) 

HB56DI36B/SB/BRlSBRIBS/SBS 

Parameter Symbol -6A -7A -SA -lOA 

Min Max Min Max Min Max Min Max Min 

Random Read or Write 
tRC 120 130 160 190 160 Cycle Time 

- - - -

RAS Precharge Time tRP 50 - 50 - 70 - SO - 70 

RAS Pulse Width tRAS 60 10000 70 10000 SO 10000 100 10000 SO 

CAS Pulse Width tCAS 20 10000 20 10000 25 10000 25 10000 25 

Row Address Setup Time tASR 0 - 0 - 0 - 0 - 0 

Row Address Hold Time tRAH 10 - 10 - 12 - 15 - 12 

Column Address Setup Time tASC 0 - 0 - 0 - 0 - 0 

Column Address Hold Time tCAH 15 - 15 - 20 - 20 - 20 

RAS to CAS Delay Time tRCD 20 40 20 50 22 55 25 75 22 

RAS to Column Address 
tRAD 15 30 15 35 17 40 20 55 17 

Delay Time 

RAS Hold Time tRSH 20 - 20 - 25 - 25 - 25 

CAS Hold Time tCSH 60 - 70 - SO - 100 - SO 

CAS to RAS Precharge Time !cRP 10 - 10 - 10 - 10 - 10 

Transition Time 
tT 3 50 3 50 3 50 3 50 3 

(Rise and Fall) 

Refresh Period tREF - 16 - 16 - 16 - 16 -

Read Cycle 

HB56DI36B/SB/BRISBR/BS/SBS 

-S 

Max 

-

-

10000 

10000 

-
-
-
-
55 

40 

-
-

-

50 

16 

Parameter Symbol -6A -7A -SA -lOA -S 

Min Max Min Max Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - SO - 100 - SO 

Access Time from CAS !cAC - 20 - 20 - 25 - 25 - 25 

Access Time from Address tAA - 30 - 35 - 40 - 45 - 40 

Read Command Setup Time tRCS 0 - 0 - 0 - 0 - 0 -

Read Command 
tRCH 0 0 0 0 0 

Hold Time to CAS 
- - - - -

Read Command 
tRRH 10 10 10 10 - 10 -Hold Time to RAS 

- - -

Column Address to 
tRAL 30 35 40 55 40 

RAS Lead Time - - - - -

Output Buffer 
IoFF - 20 - 20 - 20 - 25 - 20 

Turn-off Time 

~HITACHI 

HB56D136B/S Series 

Unit Note 

pF I 

pF I 

pF I 

pF I 

pF 1,2 

pF 1,2 

-10 Unit Note 

Min Max 

190 - ns 

SO - ns 

100 10000 ns 

25 10000 ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

25 75 ns S 

20 55 ns 9 

25 - ns 

100 - ns 

10 - ns 

3 50 ns 7 

- 16 ms 15 

-10 Unit Note 

Min Max 

- 100 ns 2,3 

- 25 ns 3,4 

- 45 ns 3,5 

0 - ns 

0 - ns 

10 - ns 

55 - ns 

- 25 ns 6 

Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 881 



HB56D136B/S Series 

Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command PoIse Width 

Data-in Setup Time 

Data-in Hold Time 

Refresh Cycle 

Symbol 

twcs 

tWCH 

twp 

tDS 

tDH 

-6A 

Min Max 

0 -
15 -
10 -
0 -
15 -

HB56DI36B/SB/BR/SBR/BS/SBS 

-7A -SA -lOA 

Min Max Min Max Min Max Min 

0 - 0 - 0 - 0 

15 - 20 - 20 - 20 

10 - 15 - 20 - 15 

0 - 0 - 0 - 0 

15 - 20 - 20 - 20 

HB56DI36B/SB/BR/SBR/BS/SBS 

Parameter Symbol -6A -7A -SA -lOA -S 

Min Max Min Max Min Max Min Max Min 

CAS Setup Time 
(CAS Before RAS !eSR 10 - 10 - 10 - 10 - 10 
Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS !eHR 15 - 15 - 20 - 20 - 20 
Refresh Cycle) 

RAS Precharge to 
tRPC 10 - 10 - 10 - 10 - 10 CAS Hold Time 

Fast Page Mode Cycle 

HB56DI36B/SB/BR/SBR/BS/SBS 

Parameter Symbol -6A -7A -SA -lOA 

Min Max Min Max Min Max Min Max Min 

Fast Page Mode Cycle Time tpc 45 - 50 - 55 - 55 - 55 

Fast Page Mode 
!ep 10 - 10 CAS Precharge Time - 10 - 10 - 10 

Fast Page Mode 
tRASC - 100000 -RAS Pulse Width 100000 - 100000 - 100000 -

Access Time from 
tACP - 40 - 45 - 50 - 50 -CAS Precharge 

RAS Hold Time from 
tRHCP 40 45 - 50 - 50 - 50 CAS Precharge -

Notes: 1. AC measurements assume tT = 5 ns. 

-S -10 Unit Note 

Max Min Max 

- 0 - ns 10 

- 20 - ns 

- 20 - ns 

- 0 - ns 11 

- 20 - ns 11 

-10 Unit Note 

Max Min Max 

- 10 - ns 

- 20 - ns 

- 10 - ns 

-S -10 Unit Note 

Max Min Max 

- 55 - ns 

- 10 - ns 

100000 - 100000 ns 13 

50 - 50 ns 14 

- 50 - ns 

2. Assumes that tRCD oS tRCD (max) and tRAD oS tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

882 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD <!: tRCD (max), tRAD oS tRAD (max). 
5. Assumes that tRCD oS tRCD (max), tRAD <!: tRAD (max). 
6. tOFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between V IH and V IL. 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs <!: twcs (min)). 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ,",S is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP' 
15. tREF is determined by 1,024 refresh cycles. 

~HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



----------------------------- HB56D136B/S Series 

• TIMING WAVEFORMS 
• Read Cycle 

Address 

WE 

Dout 

Din 

tRAC 

tRC 

tCAC 

tOFF 

Valid 
Output 

High-Z 

~ : Don't care 

0157-9 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819· (415) 589-8300 883 



HB56D136B/S Series 

• Early Write Cycle 

Address 

Dout 

Din 

tRC 

High-Z 

~ : Don't care 

~HITACHI 
884 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 

0157-10 



• RAS Only Refresh Cycle 

tnc 

Address 

Dout High-Z 

• CAS Before RAS Refresh Cycle 

tCSR tCHR 

@HITACHI 

HB56D136B/S Series 

1 WE : Don't care 

2 ~: Don't care 

tRC 

lRP 

1 Address, Din: Don't care 

2 Dout: High-Z 

3 ~: Don't care 

4 WE: VIH 

0157-11 

0157-12 

Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819· (415) 589·8300 885 



HB56D136B/S Series ----------------------------

• Fast Page Mode Read Cycle 

tRASC 

Address 

Dout 

tRAC 

Din 
High·Z 

~ : Don't care 

0157-13 

~HITACHI 
886 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819. (415) 589·8300 



----------------------------- HB56D136B/S Series 

• Fast Page Mode Early Write Cycle 

tRASC 

Address 

Dout 

Din High.Z 

~ : Don't care 

0157-14 

@HITACHI 
Hitachi America, Ltd .• Hitachi Plaza .2000 Sierra Point Pkwy .• Brisbane, CA 94005·1819. (415) 589-8300 887 



H856D2368 Series 
2,097,152-Word x 36-Blt High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT 
The HB56D236B is a 2M x 36 dynamic RAM module, 

mounted 16 pieces of 4 Mbit DRAM (HM514400JP) sealed 
in SOJ package and 8 pieces of 1 Mbit DRAM 
(HM511000AJP) sealed in SOJ package. An outline of the 
HB56D236B is 72-pin single in-line package. Therefore, the 
HB56D236B makes high density mounting possible without 
surface mount technology. The HB56D236B provides com
mon data inputs and outputs. Decoupling capacitors are 
mounted beneath each SOJ but only on the side of its mod
ule board. 

1)°00----------:00 00----------:0°0 I 
--- --- -- A ---- - - -

\lp,n 36P,"' \37p,n 72p,n' 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ................................ 1.27mm 
• Single 5V (±5%) Supply 
• High Speed 

Access Time .•.......... 80 nsll00 ns/120 ns (max) 
• Low Power Dissipation 

Active Mode ...... 5.57 mW/4.94 mW/4.31 mW (max) 
Standby Mode ...................... 252 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycle ........................... (16 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TIL Compatible 

• ORDERING INFORMATION 

Part No. Access Time 

HB560236B-8 SOns 

HB56D236B-1O lOOns 

HB560236B-12 120ns 

• PRESENCE DETECT PIN OUT 

Package 

72-pinSIP 
Socket Type 

HB560236B 

Pin 
No. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

Pin Pin Pin 
Name No. Name 

Vss 19 NC 

DQo 20 DQ4 

DQlS 21 DQ22 

DQl 22 DQs 

DQl9 23 D0l3 

DOl 24 DQ6 

0020 25 D0l4 

DQ3 26 DO, 

DOll 27 0025 

Vee 28 A7 

NC 29 NC 

Ao 30 Vee 

AI 31 As 

A2 32 A9 

A3 33 RAS3 

A4 34 RAS2 

As 35 D0l6 

A6 36 DQs 

Pin No. Pin Name 
80ns lOOns 120ns 

• PIN DESCRIPTION 

67 PDI NC NC NC Pin Name 

68 PD:2 NC NC NC Ao-A9 

69 PD3 NC Vss NC Ao-A9 

70 PD4 Vss Vss NC DQo-DQ3s 

CASo-CAS3 

RASo-RAS3 

WE 

Vee 

Vss 
PDl-PD4 

NC 

• HITACHI 

Pin Pin Pin 
No. Name No. 

37 DQI7 55 

38 DQ3s 56 

39 Vss 57 

40 CASo 58 

41 CAS2 59 

42 CAS3 60 

43 CASI 61 

44 RASo 62 

45 RASI 63 

46 NC 64 

47 WE 65 

48 NC 66 

49 DQ9 67 

50 0027 68 

51 DQIO 69 

52 DQ2S 70 

53 DQl1 71 

54 DQ29 72 

Function 

Address Input 

Refresh Address Input 

Data-in/Data-out 

Column Address Strobe 

Row Address Strobe 

ReadlWrite Enable 

Power ( + 5V) 

Ground 

Presence Detect Pin 

Non-Connection 

888 Hitachi America, Ltd .• Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819. (415) 589-8300 

0134-1 

Pin 
Name 

DQl2 

DQ30 

DQ13 

DQ3l 

Vee 
DQ32 

DQl4 

DQ33 

DQls 

DQ34 

DQl6 

NC 

PDl 

PD2 

PD3 

PD4 

NC 

Vss 



• BLOCK DIAGRAM 

'00-015 HM514400JP 

MO-M7 . HM511000JP 

RASii 
CASO 

coo 
DOl 
002 
D03 

D04 
DOS 
D06 
D07 

008 • 

em 
D09 
DOlO 
DOlI 
D012 

0013 
D014 
D015 
0016 

D017 

RAS2 
cn2 
0018 
D019 
0020 
0021 

0022 
0023 
0024 
D025 

0027 
DOH 
0029 
0Q30 

D031 
0032 
0033 
0034 

0 

00350 

AO-Ago 

wr 
Vee 

VIS 

DO 

D3 

, I CAS RAS 
Din/Old MO 

D4 

D7 

CAS RAS 
DinioU M4 

1101 CAS RAS 
1102 
1103 D8 
1104 

• FoE 
~ 

1101 CAS RAS 
1102 
1103 Dll 
1104 

.OE 
~ 

012 

DIS 

I~S~AS 
o 00-DI5, MO-M7 

• 00-015, MO-M7 

:::r:: CO-C 11 
• DO-DIS, MO-M7 

:::r:: o 00-DI5, MO-M7 

eHITACHI 

HB56D236B Series 

RASI 

Dl 

D2 

os 

06 

CAS RAS 
Din/out M3 

I 
RAS3 

1101 CAS RAS 
\102 
1103 D9 
1104 

~OE 

1101 CAS RAS 
~02 
1103 Dl0 
1104 

~OE 
~ 

013 

D14 

0134-2 
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HB56D236B Series ------------------------------

• PHYSICAL OUTLINES 

0.25 

J 
o 

1.75 

107 
4.25 

101.111 

.45 
1.75 

DDDDDDDDD 
Detail A 

lIOns lOOns l20ns 

~~ ~~ ]f~ 
1111111111111 1111111111111 1111111111111 

0134-4 

Note: The plating of the contact fmger is gold. 

$ HITACHI 

o -

.lUmln. _2 __ 
0.100 

1.07 max. 
0.042 

Unit: .mm 
Inch 

9.144 maxl '1 0.36 

0134-3 

Detail B 

ft 

::-±~ r 0.010 -

0134-5 
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HB56D236B Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I (Input) Yin -1.0to + 7.0 V 

Relative to V ss I (Output) Vout -1.0to + 7.0 V 

Supply Voltage Relative to V ss Vee -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 12 W 

Operating Temperature Topr Oto +70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

Vcc 4.75 5.0 5.25 V I 

Input High Voltage VIR 2.4 - 5.5 V I 

Input Low Voltage VIL -1.0 - 0.8 V I 

Note: 1. All voltages referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70·C, Vee = 5V ±5%, Vss = OV) 

HB56D236B-8 HB56D236B-1O HB56D236B-12 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Operating Current ICC! - 1060 - 940 - 820 rnA tRC = Min 1,2 

TTL Interface 
- 48 - 48 - 48 mA RAS, CAS = VIH, 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface RAS, 
- 24 - 24 - 24 mA CAS <!: Vee - 0.2V, 

Dout = High-Z 

RASOuly 
ICC3 - 1020 - 900 - 800 mA tRC = Min 2 Refresh Current 

RAS = VIH, 
Standby Current ICC5 - 120 - 120 - 120 mA CAS = VII, I 

Dout = Enable 

CAS Before RAS 
ICC6 1020 900 780 rnA tRC = Min Refresh Current - - -

Page Mode Current ICC7 - 980 - 900 - 780 rnA tpc = Min 1,3 

Input Leakage 
ILl -10 10 -10 10 -10 10 /LA OV S Vm S 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 /LA 

OV S Vout S 7V, 
Current Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA 

Notes: 1. lee depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = VIL' 
3. Address can be changed once or less CAS = VIR . 

• HITACHI 
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HB56D236B Series -----------------------------

• Capacitance (TA = 2S·C, Vee = SV ±S%) 

Parameter Symbol Typ 

Input Capacitance (Address) Cn -
Input Capacitance (WE) CI2 -
Input Capacitance (RAS, CAS) CI3 -

Output Capacitance (DQo-7' ~-16, DQI8-25, D~7-34) CliO! -

Output (DQ8, 17, 26, 35) CI/02 -

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout. 

• AC Characteristics (TA = 0 to +70·C, Vee = SV ±S%, Vss = 0V)1, 12 
Read, Write and Refresh Cycle (Common Parameters) 

HB56D236B-8 HB56D236B-1O 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRe 160 - 190 -
RAS Precharge Time tRP 70 - 80 -
RAS Pulse Width tRAS 80 10000 100 10000 

CAS Pulse Width teAS 25 10000 25 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 12 - 15 -
Column Address Setup Time tAse 0 - 0 -
Column Address Hold Time tCAH 20 - 20 -
RAS to CAS Delay Time tReD 22 55 25 75 

RAS to Column Address Delay Time tRAD 17 45 20 55 

RAS Hold Time tRSH 25 - 25 -
CAS Hold Time tcsH 80 - 100 -
CAS to RAS Precharge Time tcRP 10 - 10 -
TransitioD Time (Rise and Fail) tT 3 50 3 50 

Refresh Period tREF - 16 - 16 

Read Cycle 

HB56D236B-8 HB56D236B-1O 
Parameter Symbol 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 

Access Time from CAS teAC - 25 - 25 

Access Time from Address tAA - 40 - 45 

Read Command Setup Time tRCS 0 - 0 -
Read Command Hold Time to CAS lRCH 0 - 0 -

Read CommaDd Hold Time to RAS tRRH 10 - 10 -
Column Address to RAS Lead Time tRAL 40 - 45 -
Output Buffer Turn-off Time toFF 0 20 0 25 

• HITACHI 

Max Unit 

161 pF 

193 pF 

62 pF 

29 pF 

39 pF 

HB56D236B-12 

Min Max 

220 -
90 -
120 10000 

30 10000 

0 -
15 -
0 -
25 -
25 90 

20 65 

30 -
120 -
10 -
3 50 

- 16 

HB56D236B-12 

MiD Max 

- 120 

- 30 

- 55 

0 -
0 -
10 -
55 -
0 30 

892 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94OOS-1819 • (415) 589-8300 

Note 

I 

1 

I 

1,2 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

os 

ns 

os 

os 8 

ns 9 

os 

os 

os 

os 7 

ms 15 

Unit Note 

ns 2,3 

os 3,4 

os 3,5 

os 

ns 

ns 

ns 

ns 6 



HB56D236B Series 

Write Cycle 

HB56D236B-S HB56D236B-1O HB56D236B-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCH 20 - 25 - 30 - ns 

Write Command Pulse Width twp 15 - 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - ns 1\ 

Data-in Hold Time tDH 20 - 20 - 25 - ns 1\ 

Refresh Cycle 

HB56D236B-S HB56D236B-10 HB56D236B-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

CAS Setup Time 
tcSR 10 - 10 - 10 - ns 

(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tcHR 20 20 25 ns 

(CAS Before RAS Refresh Cycle) - - -
RAS Precharge to CAS Hold Time tRPC 15 - 15 - 15 - ns 

Fast Page Mode Cycle 

HB56D236B-S HB56D236B-IO HB56D236B-12 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 55 - 55 - 65 - ns 

Fast Page Mode CAS Precharge Time tcP 10 - 10 - 20 - ns 

Fast Page Mode RAS Pulse Width tRASC 80 100000 100 100000 120 100000 ns \3 

Access Time from CAS Precharge tACP - 50 - 50 - 60 ns 14 

RAS Hold Time from CAS Precharge tRHCP 50 - 50 - 60 - ns 

Notes: 1. AC measurements assume tT = 5 us. 
2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD ;;: tRCD (max) and tRAD :S tRAD (max). 
5. Assumes that tRCD :S tRCD (max) and tRAD ;;: IRAD (max). 
6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
S. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, IRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. Early write cycle only (twcs ;;: twcs (min». 
II. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An iuitial pause of 100 ,...S is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refresh). 
13. tRASC defines RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tcAC or tACP' 
15. tREF defines is 1,024 refresh cycles. 

• HITACHI 
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HB56D236B Series -----------------------------

• TIMING WAVEFORMS 
• Read Cycle 

Address 

Dout 

Din 

• Early Write Cycle 

Address 

Dout 

Din 
~:Dan'I_ 

$ HITACHI 
894 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819 • (415) 589-8300 

0134-6 

0134-7 



------------------------------ HB56D236B Series 

• RAS Only Refresh Cycle 

Address 

Dout 

• CAS Before RAS Refresh Cycle 

IRAS 

2~:Don'l_ 

lAC 

1 _. Don: Don'I_ 

2 Dou1: HgI>Z 

3 ~ : Don'ICile 

• \'ill.VIH 

• HITACHI 

0134-8 

0134-9 
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HB56D236B Series ----------------------------

• Fast Page Mode Read Cycle 

IMIC 

Address 

Dout 

Din w.a :Don'I_ 
0134-10 

• Fast Page Mode Early WrIte Cycle 

Address 

Dout 

Din 
~:Don'I'" 

0134-11 

$HITACHI 
896 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HB56D236B/SB Series ----------
2,097,152-Word x 3S·Bit High Density Dynamic RAM Module 

• DESCRIPTION 
The HB56D236B/SB/BS/SBS is a 2M x 36 dynamic 

RAM module, mounted 16 pieces of 4 Mbit DRAM 
(HM514400JP/AJ) sealed in SOJ package and 8 pieces of 
1 Mbit DRAM (HM511000JP) sealed in SOJ package 
(HB56D236B/SB or 8 pieces of 1 Mbit DRAM 
(HM511000ATS) sealed in TSOP package (HB56D236SBI 
SBS). An outline of the HB56D236B/SB/BS/SBS is 72-pin 
single in-line package. Therefore, the HB56D236B/SB/BSI 
SBS makes high density mounting possible without surface 
mount technology. The HB56D236B/SB/BS/SBS provides 
common data inputs and outputs. Decoupling capacitors are 
mounted beneath each SOJ or beside each TSOP but only 
on the one side of Its module board. 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ............................... 1.27 mm 
• Single 5V (±5%) Supply 
• High Speed 

Access Time ....... 60 ns170 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Active Mode . 6.825W 16.195W 15.565W I 4.935W (max) 
Standby Mode ...................... 252 mW (max) 

• Fast Page Mode Capability 
• 1,024 Refresh Cycle ........................... (16 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TIL Compatible 

• ORDI:RING INFORMATION 

Part No. Access Time Package Contact Pad 

HB56Ol36B/BS-6A 60ns 

HB56Ol36B/BS-7 A 70ns 

HB56Ol36B/BS-8A 80ns 72-pin 
Gold 

HB56D236B/BS-IOA 100 ns SIP Socket Type 

HB56D236B-8 80 ns 

HB56D236B-1O lOOns 

HB56Ol36SB/SBS-6A 60ns 

HB56D236SB/SBS-7 A 70 ns ---_. 
HB56Ol36SB/SBS-8A 80 ns 72-pin 

Solder 
H~: ~D236SB/SBS-IOA lOOns SIP Socket Type 

HB56Ol36SB-8 80 ns 

HB56Ol36SB-1O 100 us 

• PRESENCE DETECT PINOUT 

Pin Pin HB56Ol36B/SB/BS/SBS 
No. Name -6A -7A -8A -lOA -8 -10 

67 PDl NC NC NC NC NC NC 

68 PD2 NC NC NC NC NC NC 

69 PD3 NC VSS NC Vss NC VSS 

70 PD4 NC NC VSS VSS VSS VSS 

• PIN OUT 

~ °0['_'_'_'_'_ - -'-'-'-'-']0 U[·_·_·- - -'-'-'-'-'- _·]°0 I 
_.- - - - -.-.- _.- - 0 - - - - _.- - - - - -. 

7 ! ! ! 
1 pin 36pin 37pin 72 pin 

0158-1 

Pin Pin Pin Pin Pin Pin Pin Pin 
No. Name No. Name No. Name No. Name 

1 VSS 19 NC 37 DQ17 55 DQ12 

2 DQo 20 DQ4 38 DQ3S 56 DQ30 

3 DQlS 21 DQ22 39 VSS 57 DQ13 

4 DQl 22 DQs 40 CASO 58 DQ31 

5 DQ19 23 DQ23 41 CAS2 59 Vee 

6 DQ2 24 DQ6 42 CAS3 60 DQ32 

7 DQ20 25 DQ24 43 CASI 61 DQ14 

8 DQ3 26 DQ7 44 RASO 62 DQ33 

9 DQ21 27 DQ25 45 RASI 63 DQIS 

10 Vee 28 A7 46 NC 64 DQ34 

11 NC 29 NC 47 WE 65 DQ16 

12 Ao 30 Vee 48 NC 66 NC 

13 Al 31 As 49 DQ9 67 PD1 

14 A2 32 A9 50 DQ27 68 POl 

15 A3 33 RAS3 51 DQIO 69 PD3 

16 ~ 34 RAS2 52 DQ2S 70 PD4 

17 As 35 DQ26 53 DQll 71 NC 

18 A6 36 DQs 54 DQ29 72 VSS 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-A9 Refresh Address Input 

DQo-DQ3S Data-iuIData-out 

CASO-CAS3 Column Address Strobe 

RASO-RAS3 Row Address Strobe 

WE ReadIWrite Enable 

Vee Power Supply ( + 5V) 

VSS Ground 

PDI-PD4 Presence Detect Pin 

NC No Connection 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 897 



HB56D236B/SB Series 

• BLOCK DIAGRAM 

RASO 
CASO 

000 
001 
002 
003 

004 
DOS 
006 
007 

008 

CAS 1 

009 
0010 
0011 
0012 

DOll 
0014 
0015 
0016 

0017 

RAS2 
CAS2 

0018 
0019 
0020 
0021 

0022 
0023 
0024 
0025 

0026 

CAS3 
0027 
0028 
0029 
0030 

0031 
0032 
DOll 
0034 

0035 

1101 CAS RAS 
1102 
1103 DO 
1/04 

£""OE 
~ 

1/01 CAS RAS 
1102 
1103 03 
!!Q!I 

£OE 

CAS RAS 
Din/out MO 

1/01 CAS RAS 
1102 
1103 04 
!!Q!I 

£OE , '/ 

1101 CAS RAS 
1102 
1103 07 
1104 

*OE 
~ 

CAS RAS 
Din/out M2 

1101 CAS RAS 
1102 
1103 08 
!!Q!I 

~OE 
~ 

1101 CAS RAS 
1102 
1103 011 
!il!..4 

~OE 
% 

CAS RAS 
Din/out M4 

1101 CAS RAS 
1102 
1103 012 
1104 

~OE 
% 

1101 CAS RAS 
1102 
1103 015 
1104 £"" OE 

CAS RAS 
Din/out M6 

1101 RAS CAS 
1102 
1103 01 
c¥?4 

*OE 
~ 

1/01 RAS CAS 
1/02 
1/03 02 
!!Q!I 

~OE 
% 

RAS CAS 
Din/out Ml 

1101 RAS CAS 
1/02 
1103 05 
1&4 

~OE 
% 

1101 RAS CAS 
1102 
1103 06 
1104 

~OE 

RAS CAS 
Din/out M3 

1101 RAS CAS 
1102 
1103 09 
1104 -ii" OE 

1101 RAS CAS 
1102 
1103 010 
!il!..4 

~OE 
~ 

RAS CAS 
Din/out MS 

1101 RAS CAS 
1102 
1103 013 
1104 

£"" OE 
~ 

1101 RAS CAS 
1102 
1103 014 
1104 

£"OE 

RAS CAS 
Din/out M7 

AO - A9 •• ---~~DO - 015. MO - M7 

WE • .DO-D1S.MO-M7 

Vee • 

Vss • 

'DO-DI5: HM514400JP/AJ 
MO-M7: HM511000JP/ATS 

OJ: .00-D15.MO-M7 

TCO-Cll ~ 00-015. MO-M7 

~HITACHI 
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----------------------------- HB56D236B/SB Series 

• PHYSICAL OUTLINE 

• HB56D236B/SB 

107.95 
4.25 

101.19 
3.984 

2-¢~\ =000000= i ~ ~_'~ 
R 1 57 jI.h -,.-h 

~RO:062~~D~~D t (~~) l'f'~'" 
1- ' I"", III: IIIlIItll.!!....... =f--+----"-

9.144max 
0.36 

mm 
Unit:

inch 

"'I' . II 0.05 R 1 .57 ", O. 25 -I '" 0 <0 0 
IJ'I,~ IL 1.27 / 6.35 ~\..' I I 

2 03 <00 -------i' -,,-,,1.04 IJ'I __ I"" 1 27 typ, 
--..:- -- - RO.062 '1-0.041 ",C;;C;;C;; 
0.08 6.35 44.45 /' 44.45 , -

0.25" 1.75 "" 1.75 

I 

o 

Detail A 

60ns 

~-'=.V'~ ...... 

DDDDD 
70ns 80ns 

~ __ o ....... 

I3 

lOOns 

0.05 " 

000000000000 000000000000 000000000000 000000000000 

Detail B 

:m 254Mln. 
0T00 :+ 0.25ma,_ 

0.010 
1 7m x 
0042 

Note: Following the specification of the contact pads. 

Part No. Contact Pad 

HB56D236B-XX Gold 

HB56D236SB-XX Solder 

~HITACHI 

0156-3 
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HB56D236B/SB Series ---------------------------

• PHYSICAL OUTLINE (continued) 

• HB56D236BS/SBS 

1
E(1"""< ____ ...."...,,~'"""1_01-·~-~---1J.lW"...___------~ 

...;,J,~0.20min 
~ ! '0 

"""I U .27 
"lY.OS 

Detail A 

60ns 

r [[]] [[]] 

bJbJ~~ 
0000000000 

Detail B 

R 1.57 
1Ul.062 

70ns 

r [[]] [[]] 

bJbJbJ~ 
0000000000 

80ns 

r [[]] IIJJ 

bJbJ~bJ 
0000000000 

A 

9.30 max 
0.366 

c: 

EII'I 

"'" 
me 

1. 2 7 t 
0:05 

lOOns 

r [J] [J] 

bJbJbJbJ 
0000000000 

2.S4M:!ln. .. 
0.100 :f Note: Following the specification of the contact pads. 

Q...ll!!!!!: 
0010 

107miu 
0.042 

Part No. 

HB56D236BS-XX 

HB56D236SBS-XX 

~HITACHI 

Contact Pad 

Gold 

Solder 

900 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 

mm 
Unit::--h 

Inc 

0158-5 
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HB56D236B/SB Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin I (Input) Yin - \.0 to +7.0 V 

Relative to V ss I (Output) Vout - \.0 to +7.0 V 

Supply Voltage Relative to V SS VCC - \.0 to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 8 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg -55to+125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

Vss 0 0 0 V 
Supply Voltage 

Vcc 4.75 5.0 5.25 V I 

Input High Voltage VlH 2.4 - 5.5 V 1 

Input Low Voltage VIL - \.0 - 0.8 V I 

Note: 1. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to + 70°C, Vee = 5V ± 5%, Vss = OV) 

HB56D236B/SB/BS/SBS 

Parameter Symbol -6A -7A -8A -lOA -8 -10 Unit Test Conditions Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Operating 
ICC! - 1300 - 1180 - 1060 - 940 - 1060 - 940 rnA tRC = Min 1,2 

Current 

TTL Interface 
- 48 - 48 - 48 - 48 - 48 - 48 rnA RAS, CAS = V lH 

Standby 
ICC2 

Dout = High-Z 

Current CMOS Interface 
- 24 - 24 - 24 - 24 - 24 - 24 rnA RAS, CAS 2: V CC - 0.2V 

Dout = High-Z 

RASOnly 
ICC3 - 1300 - 1180 - 1020 - 900 - 1020 - 900 rnA tRC = Min 2 

Refresh Current 

Standby 
RAS = VlH 

Current Iccs - 120 - 120 - 120 - 120 - 120 - 120 rnA CAS = VIL I 
Dout = Enable 

CAS Before 
RAS Refresh ICC6 - 1260 - 1140 - 1020 - 900 - 1020 - 900 rnA tRC = Min 
Current 

Page Mode 
ICC7 - 1260 - 1140 - 980 - 900 - 980 - 900 rnA tpc = Min 1,3 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 -10 10 -10 10 p.A OV oS Yin oS 7V 

Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 -10 10 -10 10 p.A 

OV oS Yin oS 7V 
Current Dout = Disable 

Output High 
VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V High lout = - 5 rnA Voltage 

Output Low 
VOL 0 0.4 0 0.4 

0 
0.4 0 0.4 0 0.4 0 0.4 V Low lout = 4.2 rnA Voltage 

Notes: 1. ICC depends on output load condition when the device is selected, ICC max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed oS 1 time while CAS = VlH. 

~HITACHI 
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HB56D236B/SB Series 

• Capacitance (TA = 25'C, Vee = 5V ±5%) 

Parameter Symbol Typ Max 

Input Capacitance (Address) Cu - 161 

Input Capacitance (WE) CI2 - 193 

Input Capacitance (RAS, CAS) Cn - 62 

Output Capacitance (DQO-7, 9-16,18-25,27-34) CliO I - 29 

Output Capacitance (DQ8, 17,26,35) CII02 - 39 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable DoU!' 

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±5%, Vss = OV)1, 12 
Read, Write and Refresh Cycle (Common Parameters) 

HB56D236B/SB/BS/SBS 

Parameter Symbol -6A -7A -8A -lOA 

Min Max Min Max Min Max Min Max 

Random Read or Write 
tRC 120 130 160 190 Cycle Time 

- - - -

RAS Precharge Time (RP 50 - 50 - 70 - 80 -

RAS Pulse Width tRAS 60 10000 70 10000 80 10000 100 10000 

CAS Pulse Width tCAS 20 10000 20 10000 25 10000 25 10000 

Row Address Setup Time tASR a - a - a - a -
Row Address Hold Time tRAH 10 - 10 - 12 - 15 -

Column Address Setup Time tASC a - a - a - a -
Column Address Hold Time tCAH 15 - 15 - 20 - 20 -
RAS to CAS Delay Time tRCD 20 40 20 50 22 55 25 75 

RAS to Column Address 
tRAD 15 30 15 35 17 40 20 55 Delay Time 

RAS Hold Time tRSH 20 - 20 - 25 - 25 -
CAS Hold Time tCSH 60 - 70 - 80 - 100 -
CAS to RAS Precharge Time tCRP 10 - 10 - 10 - 10 -

Transition Time 
tT 3 50 3 50 3 50 3 50 (Rise and Fall) 

Refresh Period tREF - 16 - 16 - 16 - 16 

Read Cycle 

HB56D236B/SB/BS/SBS 

Parameter Symbol -6A -7A -8A -lOA 

Min Max Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - 80 - 100 

Access Time from CAS tCAC - 20 - 20 - 25 - 25 

Access Time from Address tAA - 30 - 35 - 40 - 45 

Read Command Setup Time tRCS a - a - a - a -

Read Command 
tRCH a a a a Hold Time to CAS - - - -

Read Command 
tRRH 10 10 10 10 Hold Time to RAS - - - -

Column Address to 
tRAL 30 35 40 55 RAS Lead Time - - - -

Output Buffer 
tOFF - 20 - 20 - 20 - 25 Turn-off Time 

.HITACHI 

Min 

160 

70 

80 

25 

a 
12 

a 
20 

22 

17 

25 

80 

10 

3 

-

Min 

-

-

-

a 

a 

10 

40 

-

Unit 

pF 

pF 

pF 

pF 

pF 

-8 -10 

Max Min Max 

- 190 -

- 80 -
10000 100 10000 

10000 25 10000 

- a -
- 15 -

- a -

- 20 -
55 25 75 

40 20 55 

- 25 -
- 100 -
- 10 -

50 3 50 

16 - 16 

-8 -10 

Max Min Max 

80 - 100 

25 - 25 

40 - 45 

- a -

- a -

- 10 -

- 55 -

20 - 25 
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1 

1,2 

1,2 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 7 

ms 15 

Unit Note 

ns 2,3 

ns 3,4 

ns 3,5 

ns 

ns 

ns 

ns 
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HB56D236B/SB Series 

Write Cycle 

HB56D236B/SB/BS/SBS 

Parameter Symbol -6A -7A -SA -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - 0 - 0 - ns 10 

Write Command Hold Time tWCR 15 - 15 - 20 - 20 - 20 - 20 - ns 

Write Command Pulse Width twp 10 - 10 - 15 - 20 - 15 - 20 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - 0 - 0 - 0 - ns 11 

Data-in Hold Time tDD 15 - 15 - 20 - 20 - 20 - 20 - ns 11 

Refresh Cycle 

HB56D236B/SB/BS/SBS 

Parameter Symbol -6A -7A -SA -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

CAS Setup Time 
(CAS Before RAS tcSR 10 - 10 - 10 - 10 - 10 - 10 - ns 
Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS tCRR 15 - 15 - 20 - 20 - 20 - 20 - ns 
Refresh Cycle) 

RAS Precharge to 
tRPC 10 - 10 - 10 - 10 - 10 - 10 - ns CAS Hold Time 

Fast Page Mode Cycle 

HB56D236B/SB/BS/SBS 

Parameter Symbol -6A -7A -SA -lOA -S -10 Unit Note 

Min Max Min Max Min Max Min Max Min Max Min Max 

Fast Page Mode Cycle Time tpc 45 - 50 - 55 - 55 - 55 - 55 - ns 

Fast Page Mode 
tcp 10 - 10 - 10 CAS Precharge Time - 10 - 10 - 10 - ns 

Fast Page Mode 
tRASC RAS Pulse Width - 100000 - 100000 - 100000 - 100000 - 100000 - 100000 ns 13 

Access Time from 
tACP - 40 45 - 50 CAS Precharge - - 50 - 50 - 50 ns 14 

RAS Hold Time from 
tRHCP 40 - 45 - 50 - 50 - 50 - 50 - ns CAS Precharge 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD l!: tRCD (max), tRAD S tRAD (max). 
5. Assumes that tRCD S tRCD (max), tRAD l!: tRAD (max). 
6. !oFF (max) is defined as the time at which the output achieves the open circuit condition and is not referenced to output 

voltage levels. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIR and VIL' 
S. Operation with the tRcD (max) limit insures that tRAc (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point ouIy, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA. 
10. Early write cycle only (twcs l!: twcs (min». 
11. These parameters are referenced to CAS leading edge in an early write cycle. 
12. An initial pause of 100 ,...S is required after power up followed by a minimum of eight initialization cycles (any combination 

of cycles containing RAS clock such as RAS only refrersh). 
13. tRASC is determined by RAS pulse width in fast page mode cycles. 
14. Access time is determined by the longer of tAA or tCAC or tACP' 
15. tREF is determined by 1,024 refresh cycles . 

• HITACHI 
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HB56D236B/SB Series ---------------------------

• TIMING WAVEFORMS 
• Read Cycle 

tRC 

tT tRP 

Address 

We 

tCAC 

tOFF 

Dout 
Valid 
Output 

tRAC 

Din 
High-Z 

~ : Don't care 

0158-7 

~HITACHI 
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----------------------------- HB56D236B/SB Series 

• Early Write Cycle 

tRC 

Address 

Dout 

Din 
High-Z 

~ : Don't care 

0158-8 

@HITACHI 
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HB56D236B/SB Series 

• RAS Only Refresh Cycle 

tRC 

Address 

Dout 
High-Z 

• CAS Before RAS Refresh Cycle 

tCSR tCHR 

~HITACHI 

WE : Don't care 

2 ~: Don't care 

tRC 

LRP 

1 Address, Din: Don't care 

2 Dout: High-Z 

3 ~: Don't care 

4 WE: VIH 

906 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819· (415) 589-8300 

0158-9 

0158-10 



• Fast Page Mode Read Cycle 

tT 

tASR 

Address 

Dout 

tRAC 

Din 

tRASC 

I}----<I Valid 
Output 2 

High-Z 

~ : Don't care 

$ HITACHI 

HB56D236B/SB Series 

tOFF 

Valid 
Output N 

0158-11 
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HB56D236B/SB Series ---------------------------

• Fast Page Mode Early Write Cycle 

tRASC 

Address 

Dout 

Din 
High-Z 

~ : Don't care 

0158-12 

• HITACHI 
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HB56A140 Series 
1,048,576-Word x 40-Bit High Density Dynamic RAM Module 

• DESCRIPTION • PIN OUT 
The HB56A140B/SB is a 1M x 40 dynamic RAM module, 

mounted 10 pieces of 4 Mbit DRAM (HM514400AS) sealed 
in SOJ package. An outline of the HB56A140B/SB is a 
72-pin single in-line package. Therefore, the HB56A 140BI 
SB makes high density mounting possible without surface 
mount technology. The HB56A140B/SB provides common 
data inputs and outputs. Its module board has decoupling 
capacitors beneath the each SOJ. 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ................................ 1.27mm 

• Single 5V (±5%) Supply 
• High Speed 

Access Time ....... 60 ns170 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Operation ........... 5775 mW/5250 mW/4725 mWI 
4200 mW (max) 

Standby .................................. 105 mW 
• Fast Page Mode Capability 
• 1,024 Refresh Cycles .......................... (16 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. Access Time Package Contact Pad 

HB56AI4OB-6A 60ns 

HB56AI4OB-7A 70ns 72-pin SIP 
Gold 

HB56AI4OB-8A 80ns Socket Type 

HB56AI4OB-IOA lOOns 

HB56AI4OSB-6A 60ns 

HB56AI4OSB-7A 70ns 72-pin SIP 
Solder 

HB56AI4OSB-8A 80ns Socket Type 

HB56AI4OSB-IOA lOOns 

• PIN DESCRIPTION 

Pin Name Function 

Ao-A9 Address Input 

Ao-As Refresh Address Input 

DQo-DQ39 Data-inlData-out 

CAS Column Address Strobe 

RAS Row Address Strobe 

WE ReadIW rite Enable 

OE Output Enable 

VDD Power Supply ( + 5V) 

Vss Ground 

PDl-PD4 Presence Detect Pin 

NC No Connection 

,-------------------------------, 

~ ~[ _._.- _._._._.- - -'-']0 0['-'-'- - _._.- _.- _·_·]°0 I 
-.- _._.- - -.- _._.- 0 _._.- - _.- - - - -

1 ! r ! 
1 pin 36 pin 37 pin 72 pin 

0098-1 

Pin Pin Pin Pin Pin Pin Pin Pin 
No. Name No. Name No. Name No. Name 

1 VSS 19 OE 37 DQ33 55 DQll 

2 DQo 20 DQ4 38 DQ35 56 DQ27 

3 DQ16 21 DQ20 39 VSS 57 DQ\2 

4 DQI 22 DQ5 40 NC 58 DQ28 

5 DQ\7 23 DQ21 41 CAS 59 VDD 

6 DQ2 24 DQ6 42 NC 60 DQ29 

7 DQIS 25 DQ22 43 NC 61 DQ13 

8 DQ3 26 DQ7 44 RAS 62 DQ30 

9 DQI9 27 DQ23 45 NC 63 DQ14 

10 VDD 28 A7 46 DQ37 64 DQ31 

11 NC 29 DQ36 47 WE 65 DQI5 

12 Ao 30 VDD 48 GND 66 DQ38 

13 Al 31 As 49 DQs 67 PDl 

14 A2 32 A9 50 DQ24 68 PD2 

15 A3 33 NC 51 DQ9 69 PD3 

16 A4 34 NC 52 DQ25 70 PD4 

17 A5 35 DQ34 53 DQlO 71 DQ39 

18 A6 36 DS36 54 DQ26 72 VSS 

• PRESENCE DETECT PINOUT 

Pin HB56A14OB/SB 
Pin No. Name -6A -7A -8A -lOA 

67 PDl Vss Vss Vss Vss 

68 PD2 Vss Vss Vss Vss 

69 PD3 NC VSS NC VSS 

70 PD4 NC NC VSS VSS 

~HITACHI 
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HB56A 140 Series 

• BLOCK DIAGRAM 

• DO to D9: HM514400AS 

RASO 
CASO I 
000 1/01 CAS RAS 
0016 1/02 
001 1/03 DO 
0017 1/04 

002 1101 CAS RAS 
0018 1102 
003 1/03 01 
0019 1/04 

004 1/01 CAS RAS 
0020 1/02 
005 1/03 02 
0021 1104 

006 1/01 CAS RAS 
0022 
007 

1/02 
1/03 03 

0023 1/04 

0036 1/01 (AS RAS 
0034 1/02 
0032 1/03 04 
0033 1104 

0035 1/01 (AS RAS 
0037 1/02 
DOS 1/03 05 
0024 1/04 

009 1/01 (AS RAS 
0025 1102 
0010 1/03 06 
0026 1/04 

0011 1101 (AS RAS 
0027 1/02 
0012 1/03 07 
0028 1/04 

0029 1101 CAS RAS 
0013 1/02 
0030 
0014 

1/03 08 
1104 

0031 1/01 (AS RAS 
0015 1102 
0038 1/03 09 
0039 1104 

AO to A9 • 

WE • 

Q'E. 

_---j~~ DO to 09 

_---j~~ DO to 09 

----~~ DO to 09 

Vee • 

V's • 

:L ~ 00to09 

+(0-(9 ~00to09 

~HITACHI 
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-------------------------------- HB56A140 Series 

• PACKAGE OUTLINE 

~,,::::;---------",,107. 95 _________ :_)1 A 

~~25 / 

~ 0.20mi" 
'0.008 

10 I .19 

mm 
Unit: -

inch 

, +0 10 

~~8~f.-
0.0 5 ~0.003 

) 
8 88 88 88 Ii 88 88 88 ii 88 13 

O§ 88 88 §§ §§ §§ 8 iii §§ §O 

II ~I I~ 
gel 1321 ~~ II :521 ~m ~~ I 213 g~ §§ 

0098-3 

Detail A 

60ns 70ns BOns lOOns 

ltrro l~ lp 
0098-4 

Note: Following the specification of the contact pad. 

Part No. Contact Pad 

HB56AI40B-XXA Gold 

HB56AI40SB-XXA Solder 

@HITACHI 
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HB56A140 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Supply Voltage Relative to V ss Vcc -1.0to +7.0 V 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 10 W 

Operating Temperature Topr Oto + 70 DC 

Storage Temperature Tstg - 55 to + 125 DC 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage VCC 4.75 5.0 5.25 V 1 

Input High Voltage VIR 2.4 - 5.5 V I 

Input Low Voltage VIL -1.0 - O.S V I 

Note: I. All voltage referenced to V ss. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±5%, Vss = OV) 

HB56AI40B/SB 

Parameter Symbol -6A -7A -SA -lOA Unit Test Conditions Note 

Min Max Min Max Min Max Min Max 

Operating Current ICCI - 1100 - 1000 - 900 - SOO rnA tRC = min 1,2 

TTL Interface 
- 20 - 20 - 20 - 20 rnA RAS, CAS = VIR 

Standby Cnrrent ICC2 
Dout = HighZ 

CMOS Interface 
- 10 - 10 - 10 - 10 rnA RAS, CAS;;' V CC - 0.2V 

Dout = High-Z 

RAS Only Refresh 
ICC3 - 1100 - 1000 - 900 - SOO rnA tRe = min 2 

Current 

RAS = VIR 
Standby Current Iecs - 50 - 50 - 50 - 50 rnA CAS = VIL I 

Dout = Enable 

CAS Before RAS 
ICC6 1100 1000 900 SOO rnA tRC = min Refresh Current - - - -

Fast Page Mode 
IeC7 - 1100 - 1000 - 900 - 800 rnA tpc = min 1,3 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 I'A OV :$ VIN :$ 7V Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 ",A 

OV :$ VOUT :$ 7V 
Current Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 Vee V lout = -SmA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 0 0.4 V lout = 4.2mA 

Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed :$ 1 time while CAS = VIR. 

~HITACHI 
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----------------------------- HB56A140 Series 

• Capacitance (T A = 25°C, Vee = 5V ± 5%) 

Parameter Symbol Typ Max 

Input Capacitance (Address Ao-A9) CII - 90 

Input Capacitance (WE. OE) CI2 - 90 

Input Capacitance (RAS, CAS) Cn - 90 

Input/Output Capacitance (DQo to DQ39) CliO! - 20 

Notes: 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout' 

• AC Characteristics (TA = 0 to +70"C, Vee = 5V ±5%, Vss = 0V)1. 14. 15. 16 
Read, Write and Refresh Cycle (Common Parameters) 

HB56A14OB/SB 

Parameter Symbol -6A -7A -8A 

Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 110 - 130 - 150 -

RAS Precharge Time tRP 40 - SO - 60 -
RAS Pulse Width tRAS 60 10000 70 10000 80 10000 

CAS Pulse Width teAS IS 10000 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 - 0 -
Row Address Hold Time tRAH 10 - 10 - 10 -

Column Address Setup Time tASC 0 - 0 - 0 -
Column Address Hold Time teAH IS - IS - IS -

RAS to CAS Delay Time tRCD 20 45 20 SO 20 60 

RAS to Column Address Delay Time tRAD IS 30 15 35 15 40 

RAS Hold Time tRSH 15 - 20 - 20 -
CAS Hold Time tcsH 60 - 70 - 80 -

CAS to RAS Precharge Time teRP 10 - 10 - 10 -
OE to Din Delay Time toDD 15 - 20 - 20 -

OE Delay Time from Din tDZO 0 - 0 - 0 -

CAS Setup Time from Din tDZC 0 - 0 - 0 -
Transition Time (Rise and Fall) tT 3 50 3 50 3 50 

Refresh Period tREF - 16 - 16 - 16 

Read Cycle 

HB56AI4OB/SB 

Parameter Symbol -6A -7A -SA 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - 80 

Access Time from CAS !cAc - 15 - 20 - 20 

Access Time from Address tAA - 30 - 35 - 40 

Access Time from OE toAC - 15 - 20 - 20 

Read Command Setup Time tRCS 0 - 0 - 0 -

Read Command Hold Time to CAS tRCH 0 - 0 - 0 -
Read Command Hold Time to RAS tRRH 0 - 0 - 0 -
Column Address to RAS Lead Time tRAL 30 - 35 - 40 -
Output Buffer Tum-off Time toFF! 0 15 0 20 0 20 

Output Buffer Tum-offTime to OE toFF2 0 15 0 20 0 20 

CAS to Din Delay Time tCDD 15 - 20 - 20 -

eHITACHI 

Unit 

pF 

pF 

pF 

pF 

-lOA 

Min Max 

180 -
70 -

100 10000 

25 10000 

0 -

IS -

0 -
20 -

25 75 

20 55 

25 -

100 -
10 -

25 -

0 -

0 -
3 50 

- 16 

-lOA Unit 

Min Max 

- 100 ns 

- 25 ns 

- 45 ns 

- 25 ns 

0 - ns 

0 - ns 

0 - ns 

45 - ns 

0 20 ns 

0 20 ns 

25 - ns 
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Note 

1 

1 

1 

1 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 8 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

Note 

2,3,17 

3,4,13 

3,4,13,16 

6 

6 

913 



HB56A140 Series 

Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data-in Setup Time 

Data-in Hold Time 

Read-Modify-Write Cycle 

Parameter 

Read-Write Cycle Time 

RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 

OE Hold Time from WE 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Fast Page mode Read-Modify-Write 
Cycle Time 

Symbol 

Min 

twcs 0 

tWCH 15 

twp 10 

tRWL 15 

tcWL 15 

tDS 0 

tDH 15 

Symbol 

Min 

tRwC 150 

tRWD SO 

tCWD 35 

tAWD 50 

toEH 15 

Symbol 

Min 

tCSR 10 

tCHR 10 

tRPC 10 

Symbol 

Min 

tpc 40 

tcp 10 

tRAsc -

tACP -

tRHCP 35 

tpCM SO 

HB56AI40B/SB 

-6A -7A -SA -lOA 

Max Min Max Min Max Min Max 

- 0 - 0 - 0 -

- 15 - 15 - 20 -
- 10 - 10 - 20 -

- 20 - 20 - 25 -
- 20 - 20 - 25 -
- 0 - 0 ~ 0 -

- 15 - 15 - 20 -

HB56AI40B/SB 

-6A -7A -SA -lOA 

Max Min Max Min Max Min Max 

- ISO - 200 - 245 -

- 95 - 105 - 135 -
- 45 - 45 - 60 -

- 60 - 65 - SO -

- 20 - 20 - 25 -

HB56AI40B/SB 

-6A -7A -SA -lOA 

Max Min Max Min Max Min Max 

- 10 - 10 - 10 -

- 10 - 10 - 10 -

- 10 - 10 - 10 -

HB56AI40B/SB 

-6A -7A -SA -lOA 

Max Min Max Min Max Min Max 

- 45 - 50 - 55 -
- 10 - 10 - 10 -

100000 - 100000 - 100000 - 100000 

35 - 40 - 45 - 50 

- 40 - 45 - 50 -

- 95 - 100 - 110 -

.HITACHI 
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Unit Note 

ns 10 

ns 

ns 

ns 

ns 

ns 11 

ns 11 

Unit Note 

ns 

ns 10 

ns 10 

ns 10 

ns 

Unit Note 

ns 

ns 

ns 

Unit Note 

ns 

ns 

ns 12 

ns 13,17 

ns 

ns 



HB56A140 Series 

Test Mode Cycle 

HB56AI40B/SB 

Parameter Symbol -6A -7A -SA -lOA Unit Note 

Min Max Min Max Min Max Min Max 

Test Mode WE Setup Time tws 0 - 0 - 0 - 0 - ns 

Test Mode WE Hold Time tWH 10 - 10 - 10 - 10 - ns 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD oS tRCD (max) and tRAD oS tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
4. Assumes that tRCD 2: tRCD (max) and tRAD oS tRAD (max). 
5. Assumes that tRCD oS tRCD (max) and tRAD O!: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL' 
S. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCACo 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRwD, !cwo and tAWD are not restrictive opemting parameters. They are included in the data sheet as electrical 

characteristics ouly: if twcs O!: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; iftRWD 2: tRWD (min), tCWD 2: !cWD (min) and tAWD 2: tAWD (min), the 
cycle is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions are satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycle. 
13. Access time is determined by the longer of tAA or tCAe or tACP' 
14. An initial pause of 100 p.s is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycles are required. 

15. In delayed write or read-modify-write cycles, OE must disable output butTer prior to applying data to the device. 
16. Test mode opemtion specified in this data sheet is S-bit test function controlled by control address bits ... CAO. This test 

mode opemtion can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is low level. Data output pin is 1/03 and data input pin is 1/02' In order to end this test mode 
operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of tRAO tAA, tOAC and tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

~HITACHI 
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HB56A140 Series ------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

tRC 

tRAS 

tRP 

tRCD 

tCSH 
tCRP 

CAS 

Address 

tAA tOFFl 

Dout 

Din 

~ : Don't care 

0008-5 

.HITACHI 
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• Early Write Cycle 

tT 

Address 

Dout 

Din 

tRC 

High-Z 

~ : Don't care 

OE : Don't care 

~HITACHI 

HB56A 140 Series 

lRP 

0098-6 
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HB56A140 Series -------------------------------

• Delayed Write Cycles 

tRC 

CAS 

Address 

WE 

Din 

Dout 

OE 

>;:: 1 : Invalid output ~ : Don'tcare 

0098-7 

@HITACHI 
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HB56A140 Series 

• Read-Modify-Write Cycle 

CAS 

Address 

WE 

Din 

Dout 

OE 

tRWC 

* 1 : Invalid output 

~ : Don't care 

~HITACHI 

0098-8 
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HB56A 140 Series 

• RAS Only Refresh Cycle 

tRC 

Address 

Dout 
High-Z 

• CAS Before RAS Refresh Cycle 

Dout OPEN 

~HITACHI 

1 WE, OE : Don't care 

2 ~: Don't care 

3 REFRESH ADDRESS: AO - A9 

(AXO-AX9) 

tRC 

tRP 

tCRP 

WE:VIH 

2 ~ : Don't care 

920 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 
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HB56A140 Series 

• Fast Page Mode Read Cycle 

tRASC 

CAS 

Address 

Din 

Dout 

tOAC 

~ : Don't care 

0098-11 

$HITACHI 
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HB56A140 Series ------------------------------

• Fast Page Mode Early Write Cycle 

Address 

Din 

Dout 

tRASC 

High-Z 

~ : Don't care 

OE : Don't care 

eHITACHI 
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HB56A140 Series 

• Fast Page Mode Delayed Write Cycle 

tRASC 

CAS 

Address 

Din 

tOEH 

Hi-Z 
Dout 

toDD 

~ : Don't care 

0098-13 

@HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 923 



HB56A 140 Series 

• Fast Page Mode Read-Modify-Write Cycle 

tRASC 

tT 
tRP 

tACP 

CAS 

Address 

Din 

tDZO 

Hi-Z 
Dout 

~ : Don't care 

0098-14 

.HITACHI 
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• TEST MODE CYCLE 

• (1) Test Mode Set Cycle 

Dout 

*1 *1, *3 

Note * 1 CBR or RAS-only refresh 

*2 ~:Don'tcare 

HB56A140 Series 

*3 Address, Din, OE : Don't care 

0098-15 

tRC 

tRAS 

tCSR tCHR 

tws tWH 

OPEN 

~ : Don't care 

0098-16 

$ HITACHI 
Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819 • (415) 589-8300 925 



HB56A140 Series -------------------------------

• (2) Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 

tRC tRC 

Dout OPEN 

RAS Only Refresh Cycle 

Address 

Dout 

~ : Don't care 

tRAH 

OPEN 

tRC 

Refresh Address AO - A9 
(AXO-AX9) 

2 ~ : Don't care 

~HITACHI 
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HB56A240 Series 
2,097,152·Word x 40·Bit High Density Dynamic RAM Module 

• DESCRIPTION • PINOUT 
The HB56A240B/SB is a 2M x 40 dynamic RAM module, 

mounted 20 pieces of 4 Mbit DRAM (HM514400AS) sealed 
in SOJ package. An outline of the HB56A240B/SB is a 
72-pin single in-line package. Therefore, the HB56A240BI 
SB makes high density mounting possible without surface 
mount technology. The HB56A240B/SB provides common 
data inputs and outputs. Its module board has decoupling 
capaCitors beneath the each SOJ but only on the one side 
of its module board. 

• FEATURES 
• 72-pin Single In-line Package 

Lead Pitch ................................ 1.27mm 

• Single 5V (±5%) Supply 
• High Speed 

Access Time ....... 60 ns170 ns/80 ns/100 ns (max) 
• Low Power Dissipation 

Operation ........... 6038 mW/5513 mW/4988 mWI 
4463 mW (max) 

Standby ............................ 210 mW (max) 
• Fast Page Mode Capability 
• 1,024 Refresh Cycles .......................... (16 ms) 
• 2 Variations of Refresh 

RAS Only Refresh 
CAS Before RAS Refresh 

• TIL Compatible 

• ORDERING INFORMATION 

Part No. Access Time Package Contact Pad 

HB56A24OB-6A 60ns 

HB56A24OB-7 A 70 ns 72-pin SIP 
Gold 

HB56A24OB-8A 80ns Socket Type 

HB56A24OB-IOA lOOns 

HB56A24OSB-6A 60ns 

HB56A24OSB-7 A 70ns 72-pin SIP 
Solder 

HB56A240SB-8A 80ns Socket Type 

HB56A240SB-IOA lOOns 

• PIN DESCRIPTION 

Pin Name Function 

AO-A9 Address Input 

Ao-As Refresh Address Input 

DQo-DQ39 Data-in/Data-out 

CASO,CASI Column Address Strobe 

RASO,RASO Row Address Strobe 

WE Read/W rite Enable 

OE Output Enable 

Voo Power Supply ( + 5V) 

Vss Ground 

PDt-PD4 Presence Detect Pin 

NC No Connection 

r--------------------------------------, 

~ ~[ _ ... _._ ... _._ .... ]0 D[ ........ _ ....... ]°0 I 
- - . - - - _.- - . - " . - .. - - .. _ ... . 

f ! ! ! 
1 pin 36 pin 37 pin 72pin 

0099-1 

Pin Pin Pin Pin Pin Pin Pin Pin 
No. Name No. Name No. Name No. Name 

I VSS 19 OE 37 DQ33 55 DQl1 

2 DQo 20 DQ4 38 DQ3S 56 DQ27 

3 DQI6 21 DQ20 39 Vss 57 DQ12 

4 DQI 22 DQs 40 NC 58 DQ2S 

5 DQ17 23 DQ21 41 CASO 59 VOO 

6 DQ2 24 DQ6 42 CASI 60 DQ29 

7 DQIs 25 DQ22 43 NC 61 DQ13 

8 DQ3 26 DQ7 44 RASO 62 DQ30 

9 DQI9 27 DQ23 45 RASI 63 DQI4 

10 VDO 28 A7 46 DQ37 64 DQ31 

11 NC 29 DQ36 47 WE 65 DQIs 

12 AO 30 VDO 48 GND 66 DQ3S 

13 Al 31 As 49 DQs 67 PDt 

14 A2 32 A9 50 DQ24 68 PD2 

15 A3 33 NC 51 DQ9 69 PD3 

16 A4 34 NC 52 DQ2S 70 PD4 

17 As 35 DQ34 53 DQIO 71 DQ39 

18 A6 36 DS36 54 DQ26 72 VSS 

• PRESENCE DETECT PINOUT 

Pin HB56A240B/SB 
Pin No. 

Name ·6A -7A -8A -lOA 

67 PDl NC NC NC NC 

68 PDZ NC NC NC NC 

69 PD3 NC VSS NC Vss 

70 PD4 NC NC Vss Vss 

~HITACHI 
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HB56A240 Series 

• BLOCK DIAGRAM 

* DO to D9: HM514400AS 

B8ll 
~ 
RASO 
CASO I 
000 1/01 CAS RAS 
0016 1/02 
001 1/03 DO 
0017 1/04 

002 1/01 CAS' RAS 
0018 1/02 
003 1/03 01 
0019 1/04 

004 1/01 CAS RAS 
0020 1/02 
005 1/03 02 
0021 1/04 

006 1101 CAS RAS 
0022 1/02 
007 1103 03 
0023 1/04 

0036 1/01 CAS RAS 
0034 1/02 
0032 1103 04 
0033 1/04 

0035 1/01 CAS RAS 
0037 1/02 
008 1/03 05 
0024 1/04 

009 1/01 CAS RAS 
0025 1/02 
0010 1/03 06 
0026 1/04 

0011 1/01 CAS RAS 
0027 1102 
0012 1/03 07 
0028 1/04 

0029 1/01 CAS RAS 
0013 1102 
0030 1/03 08 
0014 1/04 

0031 1101 CAS RAS 
0015 1/02 
0038 1/03 09 
0039 1/04 

AOtoA9 • 

WE • 

_--""~~00to019 

---...,~~ DO to 019 

DE. ---~~ 00to019 

Vee • 

Vss • 

::L .. DO to 019 

:r CO-C9 ~ DO to 019 

r--
r--
r--
I-

I-
r--
r--
I-

r--
I-
~ 

-
-
---
----
I-
I-
r--
I-

I-
r--
I-
I-

r--
r--
'--
-

--
--
I-
r--
I--
r--

~HITACHI 

I I 
1/01 CAS RAS 
1/02 
1/03 010 
1/04 

1/01 CAS RAS 
1/02 
1/03 011 
1/04 

1/01 CAS RAS 
1/02 
1/03 012 
1/04 

1/01 CAS RAS 
1/02 
1/03 013 
1/04 

1/01 CAS RAS 
1/02 
1103 014 
1/04 

1/01 CAS RAS 
1/02 
1/03 015 
1/04 

1/01 CAS RAS 
1/02 
1/03 016 
1/04 

1/01 CAS RAS 
1/02 
1/03 017 
1/04 

1101 lAS RAS 
1/02 
1/03 018 
1104 

1101 CAS RAS 
1/02 
1/03 019 
1/04 

0099-2 
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• PHYSICAL OUTLINE 

Detail A 

60ns 70ns 80ns 

l~ 
Note: Followmg the speclfication of the contact pad. 

Part No. Contact Pad 

HB56A240B-XXA Gold 

HB56A240SB-XXA Solder 

@HITACHI 

lOOns 

HB56A240 Series 

0099-5 

mm 
Unit:

inch 

0099-4 
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HB56A240 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Supply Voltage Relative to Vss Vcc -1.0to + 7.0 V 

Short Circuit Output Current lout 50 rnA 

Power DissipatIOn PT 10 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vcc 4.75 5.0 5.25 V 1 

Input High Voltage VIH 2.4 - 5.5 V 1 

Input Low Voltage VIL -1.0 - 0.8 V 1 

Note: 1. All voltage referenced to V ss. 

• DC Electrical Characteristics (T A = 0 to + 70°C, Vee = 5V ± 5%, Vss = OV) 

HB56A24OB/SB 

Parameter Symbol -6A -7A -SA -lOA Unit Test Conditions Note 

Min Max Min Max Min Max Min Max 

Operating Current ICC! - 1150 - 1050 - 950 - 850 rnA tRC = Min 1,2 

TTL Interface 
- 40 - 40 - 40 - 40 rnA RAS, CAS = VIH 

Standby Current ICC2 
Dout = High-Z 

CMOS Interface 
- 20 - 20 - 20 - 20 rnA RAS, CAS " V cc - 0.2V 

Dout = High-Z 

RAS Only Refresh 
ICC3 - 1150 - 1050 - 950 - 850 rnA tRC = Min 2 

Current 

RAS = VIH 
Standby Current ICC5 - 100 - 100 - 100 - 100 rnA CAS = VIL 1 

Dout = Enable 

CAS Before RAS 
ICC6 1150 1050 950 850 rnA tRC = Min Refresh Current - - - -

Fast Page Mode 
ICC7 - 1150 - 1050 - 950 - 850 rnA tpc = Min 1,3 

Current 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 I"A OV :$ Yin :$ 7V 

Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 I"A 

OV :$ Vout :$ 7V 
Current Dout = Disable 

Output High Voltage VOH 2.4 VCC 2.4 VCC 2.4 VCC 2.4 VCC V lout = -5mA 

Output Low Voltage VOL 0 0.4 0 0.4 0 0.4 0 0.4 V lout = 4.2 rnA 

Notes: 1. Icc depends on output load condition when the device is selected, Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed once or less while CAS = V IH' 

~HITACHI 
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• Capacitance (TA ~ 25'C, Vee ~ 5V ±5%) 

Parameter Symbol Typ Max 

Input Capacitance (Address Ao-A9) Cll - 140 

Input Capacitance (WE, OE) CI2 - 160 

Input Capacitance (RAS, CAS) CI4 - 90 

Input/Output Capacitance (DQo to DQ39) CliO! - 25 

Notes: I. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = VIH to disable Dout . 

• AC Characteristics (TA ~ 0 to +70'C, Vee = 5V ±5%, Vss ~ OV)I, 14, 15, 16 

Read, Write and Refresh Cycles (Common Parameters) 

HB56A240B/SB 

Parameter Symbol -6A -7A -SA 

Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 110 - 130 - 150 -
RAS Precharge Time tRP 40 - 50 - 60 -

RAS Pulse Width tRAS 60 10000 70 10000 SO 10000 

CAS Pulse Width tCAS 15 10000 20 10000 20 10000 

Row Address Setup Time tASR 0 - 0 - 0 -

Row Address Hold Time tRAH 10 - 10 - 10 -
Column Address Setup Time tASC 0 - 0 - 0 -
Column Address Hold Time tCAH 15 - 15 - 15 -
RAS to CAS Delay Time tRCD 20 45 20 50 20 60 

RAS to Column Address Delay Time tRAD 15 30 15 35 15 40 

RAS Hold Time tRSH 15 - 20 - 20 -

CAS Hold Time tCSH 60 - 70 - SO -

CAS to RAS Precharge Time tCRP 10 - 10 - 10 -

OE to Din Delay Time tODD 15 - 20 - 20 -

OE Delay Time from Dm tDZO 0 - 0 - 0 -
CAS Setup Time from Din tDZC 0 - 0 - 0 -
Transition Time (Rise and Fall) tT 3 50 3 50 3 50 

Refresh Period tREF - 16 - 16 - 16 

• Read Cycle 

HB56A240B/SB 

Parameter Symbol -6A -7A -SA 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 60 - 70 - SO 

Access Time from CAS tCAC - 15 - 20 - 20 

Access Time from Address tAA - 30 - 35 - 40 

Access Time from OE toAC - 15 - 20 - 20 

Read Command Setup Time tRCS 0 - 0 - 0 -
Read Command Hold Time to CAS tRCH 0 - 0 - 0 -
Read Command Hold Time to RAS tRRH 0 - 0 - 0 -

Column Address to RAS Lead Time tRAL 30 - 35 - 40 -

Output Buffer Tum-off Time tOFF! 0 15 0 20 0 20 

Output Buffer Tum-off Time to OE tOFF2 0 15 0 20 0 20 

CAS to Din Delay Time tCDD 15 - 20 - 20 -

@HITACHI 

HB56A240 Series 

Unit Note 

pF I 

pF 1 

pF 1 

pF I 

-lOA Unit Note 

Min Max 

ISO - ns 

70 - ns 

100 100000 ns 

25 10000 ns 

0 - ns 

15 - ns 

0 - ns 

20 - ns 

25 75 ns S 

20 55 ns 9 

25 - ns 

100 - ns 

10 - ns 

25 - ns 

0 - ns 

0 - ns 

3 50 ns 

- 16 ms 

-lOA Unit Note 

Min Max 

- 100 ns 2,3,17 

- 25 ns 3,4,13 

- 45 ns 3,4,13,16 

- 25 ns 

0 - ns 

0 - ns 

0 - ns 

45 - ns 

0 20 ns 6 

0 20 ns 6 

25 - ns 
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HB56A240 Series 

• Write Cycle 

Parameter 

Write Command Setup Time 

Write Command Hold Time 

Write Command Pulse Width 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Data-in Setup Time 

Data-in Hold Time 

• Read-Modify-Write Cycle 

Parameter 

Read-Write Cycle Time 

RAS to WE Delay Time 

CAS to WE Delay Time 

Column Address to WE Delay Time 

OE Hold Time from WE 

• Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time 

• Fast Page Mode Cycle 

Parameter 

Fast Page Mode Cycle Time 

Fast Page Mode CAS Precharge Time 

Fast Page Mode RAS Pulse Width 

Access Time from CAS Precharge 

RAS Hold Time from CAS Precharge 

Fast Page Mode Read-Modify-Write 
Cycle Time 

Symbol 

twcs 

tWCH 

twp 

tRWL 

tCWL 

tDS 

tDH 

Symbol 

tRWC 

tRwD 

tCWD 

tAWD 

tOEH 

Symbol 

tCSR 

tCHR 

tRPC 

Symbol 

tpc 

tcp 

tRASC 

tACP 

tRHCP 

tpCM 

HB56A240B/SB 

-6A -7A -8A -lOA 

Min Max Min Max Min Max Min Max 

0 - 0 - 0 - 0 -
15 - 15 - 15 - 20 -
10 - 10 - 10 - 20 -
15 - 20 - 20 - 25 -
15 - 20 - 20 - 25 -

0 - 0 - 0 - 0 -

15 - 15 - 15 - 20 -

HB56A24OB/SB 

-6A -7A -8A -lOA 

Min Max Min Max Min Max Min Max 

150 - 180 - 200 245 -
80 - 95 - 105 - 135 -

35 _. 45 - 45 - 60 -

50 - 60 - 65 - 80 -
15 - 20 - 20 - 25 -

HB56A24OB/SB 

-6A -7A -8A -lOA 

Min Max Min Max Min Max Min Max 

10 - 10 - 10 - 10 -

10 - 10 - 10 - 10 -

10 - 10 - 10 - 10 -

HB56A24OB/SB 

-6A -7A -8A -lOA 

Min Max Min Max Min Max Min Max 

40 - 45 - 50 - 55 -

10 - 10 - 10 - 10 -

- 100000 - 100000 - 100000 - 100000 

- 35 - 40 - 45 - 50 

35 - 40 - 45 - 50 -

80 - 95 - 100 - 110 -

~HITACHI 
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Unit Note 

ns 10 

ns 

ns 

ns 

ns 

ns II 

ns 11 

Unit Note 

ns 

ns 10 

ns 10 

ns 10 

ns 

Unit Note 

ns 

ns 

ns 

Unit Note 

ns 

ns 

ns 12 

ns 13.17 

ns 

ns 



HB56A240 Series 

• Test Mode Cycle 

HB56A240B/SB 

Parameter Symbol -6A -7A -SA -lOA Unit Note 

Min Max Min Max Min Max Min Max 

Test Mode WE Setup Time tws 0 - 0 - 0 - 0 - ns 

Test Mode WE Hold Time tWR 10 - 10 - 10 - 10 - ns 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
4. Assumes that tRCD l!: tRCD (max) and tRAD S tRAD (max). 
5. Assumes that tRCD S tRCD (max) and tRAD l!: tRAD (max). 
6. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
7. VIR (min) and VIL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIR and VIL' 
8. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC' 
9. Operation with the tRAD (max) limit insures that tRAC (max) can be met, tRAD (max) is specified as a reference point only, 

if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclusively by tAA' 
10. twcs, tRWD, tcwD' tAWD are not restrictive operating parameters. They are included in the data sheet as electrical charac

teristics only: if twcs l!: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire cycle; if tRwD l!: tRWD (min), tCWD l!: tCWD (min) and tAWD l!: tAWD (min), the cycle 
is a read-modify-write and the data output will contain data read from the selected cell; if neither of the above sets of 
condition is satisfied, the condition of the data out (at access time) is indeterminate. 

II. These parameters are referenced to CAS leading in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycle. 
13. Access time is determined by the longer of tAA or tCAC or tACP' 
14. An initial pulse of 100 fJ-s is required after power up followed by a minimum of eight initialization cycles (RAS only refresh 

cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a minimum of eight CAS before RAS refresh 
cycle is required. 

15. In delayed write or read-modify-write cycles, OE must disable output buffer prior to applying data to the device. 
16. Test mode operation specified in this data sheet is 8-bit test function controlled by control address bits ... CAO. This test 

mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh during test mode operation 
will be performed by normal read cycles or by WCBR refresh cycles. When the state of eight test bits accord each other, the 
condition of the output data is low level. Data output pin is 1/03 and data input pin is 1/02' In order to end this test mode 
operation, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

17. In a test mode read cycle, the value of tRAC, tAA, tOAC and tACP is delayed for 2 ns to 5 ns for the specified value. These 
parameters should be specified in test mode cycles by adding the above value to the specified value in this data sheet. 

@HITACHI 
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HB56A240 Series -------------------------------

• TIMING WAVEFORMS 
• Read Cycle 

tT 

tRCD 

CAS 

Address 

Dout Hi-Z 

Din 

tRAS 

tCSH 

tAA 

tRAC 

tRC 

tOFFl 

Valid 
Output 

~ : Don't care 

.HITACHI 

tRP 

tCRP 

934 Hitachi America, Ltd. • Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819 • (415) 589-8300 

0099-6 



• Early Write Cycle 

tT 

Address 

Dout 

Din 

tRC 

High-Z 

~ : Don't care 

OE : Don't care 

@HITACHI 

HB56A240 Series 

lRP 

0099-7 
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HB56A240 Series -------------------------------

• Delayed Write Cycles 

tRC 

CAS 

Address 

WE 

Din 

Dout 

OE 

>* 1 : Invalid output ~ : Don't care 

0099-8 

~HITACHI 
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HB56A240 Series 

• Read-Modify-Write Cycle 

CAS 

Address 

WE 

Din 

Dout 

OE 

tRWC 

* 1 : Invalid output 

~ : Don't care 

@>HITACHI 
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HB56A240 Series 

• RAS Only Refresh Cycle 

Address 

Dout 

• CAS Before RAS Refresh Cycle 

tRC 

tCHR 

tCSR 

Dout 

tRC 

High-Z 

tRP 

tRPC 

OPEN 

~HITACHI 

WE, OE : Don't care 

2 ~: Don't care 

3 REFRESH ADDRESS: AO - A9 

(AXO-AX9 ) 

tRC 

tRP 

tCHR tCRP 

WE :V1H 

2 ~ : Don't care 

938 Hitachi America, Ltd. • Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 
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HB56A240 Series 

• Fast Page Mode Read Cycle 

tRASC 

tRHCP 

CAS 

Address 

Din 

Dout 

toAC 

~ : Don't care 

0099-12 

@HITACHI 
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HB56A240 Series ------------------------------

• Fast Page Mode Early Write Cycle 

Address 

Din 

Dout 

tRASC 

High-Z 

~ : Don't care 

OE : Don't care 

~HITACHI 
940 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 
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HB56A240 Series 

• Fast Page Mode Delayed Write Cycle 

tRASC 

CAS 

Address 

Din 

tOEH 

Hi-Z 
Dout 

toDD 

~ : Don't care 

0099-14 

@HITACHI 
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HB56A240 Series -------------------------------

• Fast Page Mode Read-Modify-Write Cycle 

tRASC 

CAS 

Address 

Din 

Dout 

~ : Don't care 

0099-15 

~HITACHI 
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• TEST MODE CYCLE 

• (1) Test Mode Set Cycle 

Dout 

Note * 1 CBR or RAS-only refresh 

*2 ~:Don'tcare 

HB56A240 Series 

*3 Address, Din, OE : Don't care 
0099-16 

tRC 

tRAS 

tCSR tCHR 

tws tWH 

OPEN 

~ : Don't care 

0099-17 

~HITACHI 
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HB56A240 Series ------------------------------

• (2) Test Mode Reset Cycle 
CAS Before RAS Refresh Cycle 

Dout OPEN 

RAS Only Refresh Cycle 

Address 

Dout 

~ : Don't care 

tRAH 

OPEN 

tRC 

tRP 

Refresh Address AO - A9 
(AXO-AX9 ) 

2 ~ : Don't care 

• HITACHI 
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Section 5 
Video RAM 
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HM63021 Series 
2048-Word x 8-Bit Line Memory 

• DESCRIPTION 

HM63021 is a 2048-word x 8-bit static Serial Access Memory (SAM) with sepa
rate data inputs and outputs. Since it has an internal address counter, no external 
address signal is required and internal addresses are scanned serially. Using five 
different address scan modes, It IS applicable to FI FO memories, double-speed con
versions, 1 H delay lines and 1 H/2H delay lines for digital TV signals. Its minimum 
cycle times are 28 ns and 34 ns each corresponding to 8 fsc of PAL TV signals and 
NTSC TV signals. All intputs and outputs are TTL-compatible. This device is pack
aged in a 300 mil dual-in-line plastic package. 

• FEATURES 
• Five Modes for Various Applications 
• Corresponds to Digital TV System with 4 fsc Sampling (PAL, NTSC) 
• Decoder Signal Output Pin; Fewer External Circuits 
• Asynchronous Read/Write Operation; 

Separate Address Counter for Read/Write 
No Address Input Required 

• High Speed; Cycle Time .............................. 28 ns/34 ns/45 ns (min) 
• Completely Static Memory; No Refresh Required 
• 8-bit SAM with Separate I/O 
• Low Power .............................................. 250 mW typo Active 
• Single 5V Supply 
• TTL Compatible 

• PIN OUT 

D I IHI2H I TBC I DSC I TBCE ModE'S TBCE I 

MODEl I~~ V" 

CLK I RCLK ~ ~:tol ~ MODE2 

RES I RRES ~ ~ MODE3 

DmO 4 F; DE 

Dml ~ 24 DoutO 

~ 
C::: 

Dm2 ~ Doutt 

Dm3 ~ j ~ Dout2 

Dm4 0 1 ~ 
Dout3 

OmS ~ ~ 001,114 

Dm6 ~ ~ DoutS 

Dm7 ~ ~ Dout6 

~ ~ ~ Dout7 WE 

DECI I WDEC I H,.bZ ~ 16 WRES = n Write C::: 
V" ~ Control ~ WCLK 

(Top Vl@W) 

@HITACHI 

HM63021 Series 

3DDP28N 

(DP-28N) 

• ORDERING INFORMATION 

Part No. Access Time 

HM63021P-28 28 ns 
HM63021P-34 34 ns 
HM63021P-45 45 ns 

DSC I TBC I IHI2H 1 D 

I RDEC I DEC2 

I DS I DEC3 

J WT 1 DEC4 

Package 

300 mil 28-pin 
Plastic DIP 
(DP-28N) 

0106-1 
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HM63021 Series 

• PIN DESCRIPTION 

Pin No. Pin Name Function 

I MODEl Mode Input I (All Modes) 

I RCLK/CLK 
Read Clock Input (fBCE, DSC, TBC) 
Clock Input (IH/2H, D) 

3 
RRES/RES Read Reset Input (TBCE, DSC, TBC) 

Reset Input (lH/2H, D) 

4-11 DinO-Din? Data Input (All Modes) 

12 WE Write Enable Input (All Modes) 

High Impedance (TBCE, DSC) 
13 High Z/WDEC/DECI Write Decode Pulse Output (fBC) 

Decode Pulse Output I (IH/2H, D) 

14 VSS Ground (All Modes) 

Write Clock Input (TBCE, DSC, TBC) 
15 WCLKIWTIDEC4 Write Timing Input (IH/2H) 

Decode Pulse Output 4 (D) 

Write Reset Input (TBCE, DSC, TBC) 
16 WRESIDS/DEC3 Delay Select Input (IH/2H) 

Decode Pulse Output 3 (D) 

17-24 DonW-Dont7 Data Outputs (All Modes) 

25 OE Output Enable Input (All Modes) 

Mode Input 3 (fBCE) 
26 MODE3/RDEC/DEC2 Read Decode Pulse Output (TBC) 

27 MODE2 

28 Vee 

• MODE TABLE 

Mode Signals 

MODEl MODE2 MODE3 

H H H 

H H L 

H L -
L H -

L L -

Note: I. Decoder Output Signal (RDEC, DEC2). 

• ABSOLUTE MAXIMUM RATINGS 

Parameter 

Voltage on Any Pin Relative to V ss 

Power Dissipation 

Operating Temperature 

Storage Temperature 

Storage Temperature Under Bias 

Note: I. - 3.5V for pulse width S 10 ns. 

Decode Pulse Output 2 (IH/2H, D) 

Mode Input 2 (All Modes) 

Power Supply ( + 5V) (All Modes) 

Mode Application Example 

Time Base Compression/Expansion (fBCE) Picture in Picture 

Double Speed Conversion (DSC) Non Interface 

Time Base Correction (fBC) Time Base Corrector 

IHl2H Delay (IH/2H) Vertical Filter 

Delay Line (D) Delay Line 

Symbol Value Unit 

VT -0.5 to + 7.0 V 

PT 1.0 W 

Topr Oto + 70 ·C 

Tstg - 55 to + 125 ·C 

Tbias -lOto +85 ·C 

~HITACHI 
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• BLOCK DIAGRAM 

LK-RCLK/C

RRES/RES 

WCLK/W 

WRES/D 

MODEl 

MODE2 

;-

T 

S 

-

MODE3 -

v" 
I I 

1204711 Address 

1 
Decoder 

(Write Stop) 

Timing 
Control 
LOIIC 

-

~ Output Latch 

~--~ 

WE DlnO Dm7 

-
4- ~ '-I 

Write Address I Control 
Latch Latch 

L 
I 

~ f7-ff r-- LLo-I~ 
........ W rite Column Decoder 

W flte Column SWitch 

"-./ 

\ 
i 

! Memory MatriX 

Write Read 
Row Row 
Decoder 

V \ 
Decoder 

A B 
1128.641 1128.641 

~/ 120471 

Read Column SWitch 
1900.18101 

Address 1909.18191 

- .. Decoder 
111341 Read Column Decoder 
111251 

I Read Address I Control 

1. 
Dou1O Dout7 OE 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit 

Vee 4.5 5.0 5.5 V 
Supply Voltage 

VSS 0 0 0 V 

VIR 2.4 - 6.0 V 
Input Voltage 

VIL -0.5 0.8 V -

Note: 1. - 3.0V for pulse width :s 10 ns. 

@HITACHI 

HM63021 Series 

RDEC 

iiECi 
DEC2 

m;3 

DEC4 

0106-2 

Note 

I 
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HM63021 Series 

• DC and Operating Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) 

Parameter Symbol Min Typ Max Unit 

Input Leakage Current IILlI - - 10 ftA 

Output Leakage Current IILOI - - 10 ftA 

Operating Power Supply Current Icc - 50 90 rnA 

VOL - - 0.4 V 

Output Voltage 
2.4 - - V 

VOH 
2.4 - - V 

Notes: I. Typical values are at Vee = 5V, TA 
2. IOL = 6 rnA for 45 ns version . 

25'C and for reference only. 

• Capacitance (T A = 25'C, f = 1.0 MHz) 

Parameter Symbol Min 

Input Capacitance Cin -
Output Capacitance Cout -

Notes: I. This parameter is sampled and not 100% tested. 
2. 13, 15-24, 26 pin. 

Typ Max 

- 6 

- 9 

Test Condition Note 

Vee = 5.5V 
Yin = VsstoVce 

OE = VIH 
Vout = Vss to Vee 

Min. Cycle, lout = 0 rnA 1 

IOL = 8 rnA, DoutO to Dout7 2 
DEC Output Pin 

IOH = - 4 rnA, DoutO to Dou!7 Pin 

IOH = - 1 rnA, DEC Output Pin 

Unit Conditions Note 

pF Yin = OV 

pF Vout = OV 2 

• AC Characteristics (Vee = 5V ± 10%, T A = 0 to + 70'C, unless otherwise noted.) 

AC Test Conditions 

Input and Output Timing Reference Levels: 1.5V 
Input Pulse Levels: Vss to 3V 
Input Rise and Fall Times: 5 ns 

HM63021-28/34 

DEC Output Load 

DEC 0--"""'--4 

395Q 

0106-3 

HM63021-45 

DEC Output Load 

+5V 

DEC 0--.---+ 
30pF O \ 

0106-6 

Dout Output Load (A) 

Dout o---.--~ 

255Q 
*1 

30pF 

0106-4 

Note: *1. Including scope and jig. 

D out Output Load (A) 

+5V 

Dout 0--.---+ 
294Q 

0106-7 

Note: *1. Including scope and jig. 

~HITACHI 

Dout Output Load (B) 
(tOLZ' tOHZ) 

480Q 

Dout 0---.---4 

25SQ * I 5pF 

Dout Output Load (B) 
(tOLZ, tOHZ) 

+5V 

Dout 0-.---+ 

0106-5 

0106-8 
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HM63021 Series 

Read Cycle 

HM63021-28 HM63021-34 HM63021-45 
Parameter Symbol Unit 

Min Max Min Max Min Max 

Read Cycle Time tRC 28 - 34 - 45 - ns 

Read Clock Width tRWL 10 - 10 - 15 - ns 

tRWH 10 - 10 - 15 - ns 

Access Time tAC - 20 - 25 - 30 ns 

I (Fall) tOA! - 20 - 25 - 30 ns 
Decode Output Access Time 

I (Rise) 40 50 60 tOA2 - - - ns 

Output Hold Time tOH 5 - 5 - 5 - ns 

I (Fall) tOOHI 5 - 5 - 5 - ns 
Decode Output Hold Time 

I (Rise) 5 5 5 tOOH2 - - - ns 

Output Enable Access Time tOE - 20 - 25 - 30 ns 

Output Disable to Output in High Z tOHZ 0 15 0 20 0 25 ns 

Output Enable to Output in Low Z tOLZ 5 - 5 - 5 - ns 

Write Cycle 

HM63021-28 HM63021-34 HM63021-45 
Parameter Symbol Unit 

Min Max Min Max Min Max 

twc 28 - 34 - 45 - ns 
Write Cycle Time 

twc (lH/2H Mode) 56 68 90 - - - ns 

Write Clock Width twwL 10 - 10 - 15 - ns 

twwH 10 - 10 - 15 - ns 

Input Data Setup Time tos 5 - 5 - 7 - ns 

Input Data Hold Time tOH 5 - 5 - 7 - ns 

WE Setup Time tWESL 5 - 5 - 7 - ns 

tWESH 5 - 5 - 7 - ns 

WE Hold Time tWEHL 5 - 5 - 7 - ns 

tWEHH 5 - 5 - 7 - ns 

WT Setup Time tWTSL 5 - 5 - 7 - ns 

tWTSH 5 - 5 - 7 - ns 

WT Hold Time tWTHL 5 - 5 - 7 - ns 

tWTHH 5 - 5 - 7 - ns 

Reset Cycle 

HM63021-28 HM63021-34 HM63021-45 
Parameter Symbol Unit 

Min Max Min Max Min Max 

Reset Setup Time tRES 8 - 9 - 10 - ns 

Reset Hold Time tREH 5 - 5 - 7 - ns 

Clock Setup Time Before Reset tREPS 8 - 9 - 10 - ns 

Clock Hold Time Before Reset tREPH 5 - 5 - 7 - ns 

@HITACHI 
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HM63021 Series 

Mode Description 

• Time Base Compression/Expansion Mode 

This mode turns HM63021 into a 2048-word x 8-bit FIFO 
memory with asynchronous input/output. The HM63021 
provides 2 clocks (RCLK, WCLK) and 2 resets (RRES, 
WRES), one each for read and write. The internal address 
counters increment by 1 address clock and are reset to 
address o. A write-inhibit function of HM63021 stops writ
ing automatically after the data has been written into all 
addresses 0 to 2047. The write-inhibit function is released 
by reset using WRES, and the HM63021 restarts writing 
into address O. 

• Double-Speed Conversion Mode 

This mode turns HM63021 into a 1024-word x 8-bit x 2 
memory with asynchronous input/output. It is used for 
generating non-interlaced TV Signals. When the original 
Signal and the interpolated signal (1 field delay) of inter
laced sign Is are input to the HM63021, multiplexed per 
dot, it outputs non-interlaced signals for each line. 8 fsc 
should be input to RCLK and WCLK. A standard H syn
chronizing signal and a non-interlace H synchronizing sig
nal are input to WRES and RRES respectively. A write-in
hibit function is provided in this mode, making it applica
ble to PAL TV, where extra data (1135-1024 = 111 bits) 
is ignored. 

• TBC Mode 

This mode turns HM63021 into 2048-word x 8-bit FIFO 
memory with asynchronous input/output. The HM63021 
provides 2 clocks (RCLK, WCLK) and 2 resets (RRES, 
WRES), one each for read and write. The internal address 
counters increment by 1 address at each clock and are 
reset to address o. The internal address counters return 
to address 0 after they reach address 2047. The 
HM63021 outputs a write decode pulse from WDEC, sy
chronizing it with address 2047 in the write address coun
ter, and read a decode pulse frorn RDEC, synchronizing 

(1) Read after Write (3 bits delay) 

(2) Write after Read (2048 bits delay) 

with address 2047 in the read address counter. Using 
these pulses, the memory area can be extended easily 
(multiple-HM63021s can be used with ease). 

• 1 H/2H Delay Mode 

This mode turns HM63021 into a 1024-word x 8-bit x 2 
delay line with synchronous input/output. Delay time is 
defined by the reset period of RES. Since the HM63021 
outputs a 901 decode pulse (DEC1) and a 910 decode 
pulse (DEC2), connecting DEC2 to RES, for example, out
puts 1 H- and 2H- delayed signals alternately at a 8- fsc 
cycle when the original signal is input at a 4- fsc cycle. A 
write-inhibit function is provided in this mode, making it 
applicable to PAL TV, where extra data (1135-1024 
111 bits) is ignored. 

• Delay Line Mode 

This mode turns HM63021 into a 2048-word x 8-bit delay 
line with synchronous input/output. Delay time (3 to 2048 
bits) is defined by the reset period of RES. The delay is 
2048 bits when RES is fixed High. Signals delayed by 910 
bits to 1135 bits for example, can be easily obtained with
out external circuits by just connecting selected decoded 
pulses on DEC1-DEC4 to RES. 

Notes on Using HM63021 

• Hitachi recommends that pin 13 (high impedance) should 
be fixed by pulling up or down with a resistor (of several 
ko') in TBC or DSC mode. 

• Hitachi recommends that the mode Signal input pins and 
DS pin should be fixed by pulling them up or down with a 
resistor (of several ko'). 

• Data integrity cannot be guaranteed when mode is 
changed during operation. 

• When a read address coincides with a write address in 
TBCE, TBC or DSC mode, the data is written correctly but 
it is not always read correctly. 

l,?;twcmm 

0106-9 

t ::a;Ons 

0106-10 
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• At power on, the output of the address counter is not de
fined. Therefore, operations before the system is reset 
cannot be guaranteed, and decode signal output is not 
defined until after the first reset cycle. 

• The decode signal is latched by a decode output latch cir
cuit at the previous address of the internal counter ad
dress and is output synchronized with the next address. 
For example, WDEC in TBC mode is latched at write ad
dress 2046 and is output at write address 2047. If a write 
reset is performed on address 2047 at this time, the write 
address becomes 0 and WDEC is output. 

The same operation is performed in other modes. 

• Hitachi recommends that tm (time between mode set and 
the first cycle (Pre-reset» should be kept for 2 cycle 

(1) TBCE, TBC, DSC and Delay Line Mode 

~ 
~ 

HM63021 Series 

• In the reset cycle, the input levels of WRES, RRES, RES 
are raised to satisfy tREH, and are fixed high until tREPH in 
the next pre-reset cycle is satisfied. The rise timings of 
the reset signals (RES, WRES, RRES) are optionals pro
vided that the tREPS specification is satisfied. The timings 
at which RES, WRES, and RRES fall after preset are also 
optional, provided that the tREPH and tRES specifications 
are satisfied. 

0106-11 

time (56 ns/68 ns/90 ns) or more while the power supply is 
on. 

Valid 

0106-12 
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HM63021 Series 

(2) 1 H/2H Delay Mode 

~ 
~ 

~ 
~ 

mode.DS .ot:.>O.l~I'-_"":'::=-____ -+ ________ +-_______ -I_ 

Decode Signal 

0106-13 

Note: When mode pins are ftxed with Vee, GND in mode set 
while the power supply in on, t", spec is not needed. 

When internal address counter reaches the specified address as shown below, decode outputs become low. 

Mode Pin Pin Internal Address Timing of the 
Operation No. Name Counter Output Signal 

13 WDEC Write 2047 After Write 2047 Completion of Writing on all bits is detected. 
TBC 

26 ROEC Read 2047 Output of 2046 Completion of Reading from all bits is detected. 

13 DECI Read 900 (2H) Output of 900 (IH) 
By inputting this signal to pin #3, 901/1802-bit 

IH/2H 
delay output is obtained. 

26 DEC2 Read 909 (2H) Output of 909 (lH) 
By inputting this signal to pin #3, 91O/1820-bit 
delay output is obtained. 

Read 900 Output of 899 By inputting this signal to pin #3, 901-bit 
delay output is obtained. 

13 DECI By inputting this signal to pin # 3 after the 
Read 1810 Output of 1809 frequency of DEC I is divided into two, 181 I-bit 

delay output is obtained. 

Read 909 Output of 908 
By inputting this signal to pin # 3, 910-bit delay 

Delay output is obtained. 
Line 26 DEC2 By inputting this signal to pin # 3 after the 

Read 1819 Output 1818 frequency ofDEC2 is divided into two, 1820-bit 
delay output is obtained. 

16 DEC3 Read 1134 Output 1133 
By inputting this signal to pin # 3, I 135-bit delay 
output is obtained. 

15 DEC4 Read 1125 Output 1124 
By inputting this signal to pin # 3, 1126-bit delay 
output is obtained. 

Note: 1. When counter is reset by Reset Signal (RRES, RES, WRES), address becomes 0. 

Write-Inhibit Function 

When internal address counter is as follows, writing is inhibited automatically for the next cycle. the write-inhibit function is can
celled by reset through WRES or RES. 

Mode 

TBCE 

DSC 

TBC 

IH/2H 

D 

Write-Inhibit Function 
(Internal Counter Address) 

Write-inhibit after address 2047 

Write-inhibit after address 1023 x 2 

No function 

Write-inhibit after address 1023 

No function 

Note: When address counter is reset by WRES or RES, address becomes O. 
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HM63021 Series 

Read Reset Cycle (TBCE, TBC Modes) 

RCLK 

RRES.t .s 

OOU,·1 .' 

0106-14 

Notes: *\. The read address counter is reset at the first falling edge of RCLK after RRES falls. meeting the specifications of tREPS 
and tREPH. and it is not reset at the next falling edge of RCLK even if RRES is kept low. 
When tRES. tREH. tREPS. and tREPH cannot meet the specifications. the reset operation is not guaranteed. 

*2. Output is from the read address of the previous cycle. 
*3. When RRES is fixed high. the data at the read address counter is reset after the data of address 2047 is output. and the 

same operation restarts. 

Write Reset Cycle (TBCE, TBC Modes) 

WE 

0106-15 

Note: The write address counter is reset at the first falling edge of WCLK after WRES falls. meeting the specifications of tREPS and 
tREPH. and it is not reset at the next falling edge of WCLK even if WRES is kept low. 
When tRES. tREH. tREPS. and tREPH cannot meet the specifications. the reset operation is not guaranteed. 

_HITACHI 
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HM63021 Series 

Reset Cycle (DSe Modes) 

Din 

*2. *:\, ... 
RRES -,-,-...,,,, 

i"A--+-.l!..L.l.f.L.i"-L.ol¥..Jf 

Dout 

Reset Timing 1 Reset Tlmmg 2 
0106-16 

Notes: * 1. The write address counter is reset at the first falling edge of WCLK after WRES falls, meeting the specifications of tREPS 
and tREPH, and it is not reset at the next falling edge of WCLK even if WRES is kept low. 

956 

When tRES, tREH, tREPS, and tREPH cannot meet the specifications, the reset operation is not guaranteed. 
*2. The read address counter is reset at the first falling edge of RCLK after RRES falls, meeting the specifications of tREPS 

and tREPH, and it is not reset at the next falling edge of RCLK even if RRES is kept low. 
When tRES, tREH, tREPS, and tREPH cannot meet the specifications, the reset operation is not guaranteed. 

*3. When tREPH, tRES, tREH (WRES to WCLK), or tREPS, tREPH, tRES, tREH (pRES to RCLK) cannot meet the specifica
tions, the output of video signal A is not guaranteed. (Reset Timing I). 

*4. When tREPS (WRES to RCLK), or tRES, tREH, tREPS, tREPH (PRES to RCLK) cannot meet the specifications, the inter
polation signal B is not guaranteed. (Reset Timing II). 

~HITACHI 
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HM63021 Series 

Reset Cycle (1H/2H Mode) 

_*2 
RES 

*3 
Dout 

*3 
DS 

\ I \ 

(Hieh) or (Low) 

0106-17 

Notes: *1. WT is the input during half cycle of eLK, meeting the specifications of tWTSL, tWTHL, tWTSH, and tWTHH. Data is 
written when WT is low. Reset is possible when WT is high. 

*2. Read address counter is reset at the first falling edge of eLK after RES falls, meeting the specifications of tREPS and 
tREPH, and it is not reset at the next fa11ing edge of eLK even if RES is kept low. 
When tRES, tREH, tREPS, and tREPH cannot meet the specifications, the reset operation is not guaranteed. 

*3. When OS is fixed high, IH output data is delayed by n bits and 2H output data is delayed by 2n bits where 2n is the reset 
cycle of RES. 
When OS is fixed low, IH output data is delayed by n - S bits and 2H output data is delayed by 2n - 5 bits. 
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HM63021 Series ------------------------------

Reset Cycle (D Mode) 

0106-16 

Note: *1. The read address counter is reset at the first falling edge of CLK after RES falls. meeting the specifications of tREPS and 
tREPH. and it is not reset at the next falling edge of CLK even if RES is kept low. 
When tRES. tREH. tREPS. and tREPH cannot meet the specifications. the reset operation is not guaranteed. 

Write Enable (TBCE, DSC, TBC, D Modes) 

WCLK02 

(CLK) 

WEo1 

Din 

0106-19 

Notes: *1. When tWEHL. tWESH. tWEHH. and tWESL cannot meet the specifications. the write enable operation is not guaranteed. 
*2. In the delay line mode. CLK takes the place of WCLK. 
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HM63021 Series 

Write Enable (1H/2H Mode) 

eLK 
Clfle) 

Wi' 
(4f.cl 

WE·) 

Do. 

0106-20 

Note: *\. When tWTSL, twrnL, tWEHL, and tWEHH cannot meet the specifications, the write enbable operation is not guaranteed. 

Decode Output (TBe, D Modes) 

0106-21 

Notes: *\. In TBC mode, WCLK or RCLK takes the place of CLK. 
*2. DEC is WDEC or ROEC in TBC, DECI, DEC2, DEC3 or DEC4 in D mode. 

Decode Output (1H/2H Mode) 

0108-22 

Note: .\. When tWTSL, tWTHL> tWTSH, and tWTHH cannot meet the specifications, the decde output operation is not guaranteed. 
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HM63021 Series --------------------------------

Output Enable (All Modes) 

OE 

Data Valid 
High Z 

Data Valid 

0106-23 

Note: * 1. Transition of tOHz and tWLz is measnred ± 200 m V from steady state voltage with Output Load B. This parameter is 
sampled and not 100% tested. 
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HM53051 Series 
262,144-Word x 4-Bit Frame Memory 

• DESCRIPTION 
HM53051 P is a 262,144-word x 4-bit frame memory, using the most advanced 

1.3 ).tm CMOS processes. It performs serial access by an internal address genera
tor. 

It offers a high-speed cycle time of 45 ns or 60 ns (min). As input data and out
put data can be written or read in any cycle, synchronized with a system clock, and 
the delay between data read/write operations is freely settable. Y /C separation and 
frozen pictures can be realized easily in 4 fsc NTSC digital TV or VCR systems. 
Also, it enables random access in 32-word x 4-bit data block. With this function, 
picture in picture or a multiplexed picture can be displayed with ease. 

• FEATURES 
• 262, 144-Word x 4-Bit Serial Access Memory 
• Organized with Dual Ports 

Serial Input ...................................................... x 4-Bit 
Serial Output .................................................... x 4-Bit 

• High Speed 
Read/Write Cycle Time ................................ 45 ns/60 ns (min) 
Access Time ......................................... 35 ns/40 ns (max) 

• Semi-Synchronous Read/Write Cycle 
• Low Power 

Active: 200 mW (typ) 
• Random Access in 32-Word x 4-Bit Blocks 
• External Refresh Control is Unnecessary 

• ORDERING INFORMATION 

Part No. 

HM53051P-45 
HM53051P-60 

• BLOCK DIAGRAM 

SAD 

Read/Wnte/Refresh 
Control 

& 
Timing Generator 

Access Time 

45ns 
60ns 

Row 
Decoder 

Package 

300 mil 18-pin 
Plastic DIP 
(OP-18B) 

Memory Array 

262,144 X4 

DoutO Dout2 DIRO Dm2 WE 
Dout J Dout3 Din I Dm3 

0107-2 

~HITACHI 

HM53051P Series 

3DDP188 

(DP-18B) 

• PIN OUT 

HM53051P Series 

Dout2 v ... ~ 

Dout3 

DE DoutO 

TAS 

Dln2 

Dmt 

0107-1 

(Top View) 

• PIN DESCRIPTION 

Pin Name Function 

Din Data Input 

Oout Data Output 

OE Output Enable 

TAS Transfer Address Strobe 

CLK System Clock 

CGW Clock Gate (Write) 

CGR Clock Gate (Read) 

SAD Serial Address 

SAS Serial Address Strobe 

WE ReadIWrite Enable 

Hitachi America, Ltd.· Hitachi Plaza· 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 961 



HM53051 Series 

• FUNCTIONAL DESCRIPTION 

• Serial Access Memory with I/O Separated 

Read cycle and write cycle of HM53051 can be operated 
independently synchronized with a system clock. It realizes 
time compression or expansion for picture in picture in digital 
TV, for example. 

eLK 

• Write Cycle by CGW 

Write data are taken in at the falling edge of the system 
clock CO< when CGW is low. If CGW is high, HM53051 
does not enter write cycle (cycle time is defined by system 
clock cycle time). Time is compressed easily with CGW. 

D,n :XX~_D_n _)@(D.+1 XXXXxxxxx D.+2 XXXXXXXX 

• Read Cycle by CGR 

Read data is output at the falling edge of the system 
clock CO< when CGR is low. If CGR is high, HM53051 does 

CLK 

0107-3 

not enter read cycle (cycle time is defined by system clock 
time). Time is expanded is realized easily with CGA. 

Dout __ ~D~. ___ ~ D.+l ~~ ______ D_._+2 _________ ~ ______ ~D~.+~3~ ____ __ 

• RANDOM ACCESS 
The HM53051 is also capable of random access by serial 

address input, SAD. Random access by the unit of 32-word 
x 4-bit is performed, when 'fAS is low after read address 
(ARO-AR12), write address (AWO-AW12) and mode setting 

BAS u-u-L.rl..S ---

SAD 

• MODE PROGRAMMING 

0107-4 

flags, RF (Read Flag), WF (Write Flag) and MF (Mode Flag) 
are read into by SAD with synchronous ~. In order to out
put data continuously, the address specified by SAD incre
ments automatically. 

0107-5 

Operation mode in HM53051 is programmed by the combination of SAD 5-bit. 

MF WF RF AWO ARO Mode 

0 0 0 x x Write/Read Address Asynchronous Transfer 

0 0 1 x x Write Address Asynchronous Transfer 

0 1 0 x x Read Address Asynchronous Transfer 

0 1 1 x x 

1 0 0 x x Write/Read Address Synchronous Transfer 

1 0 1 x x Write Address Synchronous Transfer 

1 1 0 x x Read Address Synchronous Transfer 

1 1 1 1 1 System Reset 

1 1 1 0 0 
1 1 1 0 1 Inhibit 
1 1 1 1 0 

Note: x means Don't Care. 
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HM53051 Series 

• READ/WRITE ADDRESS ASYNCHRONOUS TRANSFER MODE 

• Read Address Asynchronous Transfer Mode 

(1) Read address asynchronous transfer mode (1) (CGR: Low) 

--,1 ,-, 2,-, 3 r-----' 31,-,32,-,33 r-----' 63,-,64,-,65 r---
CLK L.....J L.....J L-I L-I L.....J L-I L-I L-I L-I 

Dout ~------~2--- D31~ 

.1. Add AR .1. Add AR+I 

0107-6 

Note: The data block at read address AR, specified by SAD, is output starting from the 32nd system clock after the faIling of TAS. 

(2) Read address asynchronous transfer mode (2) (CGR: High) 

Dout 01 

I. 
0107-7 

Notes: 1. The data block at read address AR, specified by SAD, is output starting from the 32nd system clock after the faIling of 
TAS. 

2. If CGR is turned to low after 33rd clock from falling edge of TAS, the data at read address AR( D2, D3, D4 ... ) is output 
with synchronous CLK while CGR is low. 

• Write Address Asynchronous Transfer Mode 

(1) Write address asynchronous transfer mode (1) (GRW: Low) 

--, 1 ,-, 2 ,-, 3 r _____ , 31 ,-, 32 ,-, 33 r _____ , 63,-, 64,-, 65 r-
CLK L-I L.....J L.....J L-.J L.....J L-.J L-.J L-I L-.J 

Din ~ ----- -, .. ~~v,....::.:~",,-.::D=-2 --~ 
Add AW Add AW+I Add AW+2 

0107-8 

Note: The data block at write address AW, specified by SAD, is taken in startmg from the 1st clock after the falling edge ofTAS. 

(2) Write address asynchronous transfer mode (2) (CGW: High) 

CLK ~-----

TAS """L..-J 
CGW 

D,n ------~ 
AddAW 

0107-9 

Note: If CGW is turned to low after falling of T AS, the data block at write address A W is taken in with synchronous CLK. 
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HM53051 Series 

• READ/WRITE ADDRESS SYNCHRONOUS TRANSFER MODE 

• Read Address Synchronous Transfer Mode 

1 :;;n:1032 

elK 
., 1 ~ 2 ~ n 31 32 33 34 ( 63 64 65 66 
LJ LJ .1~IILJL....rl..JLI/IlJL.....fLJl.. 
----II~II II 

-----:Sl----:Sl----------Sl--------

Dout ~~~~~\~ ~ Add ARN -- I Add ARN+1 I AR 
0107-10 

Note: When TAS turns to low, the data block at read address AR, specified by SAD, is output after the data block at the present read 
address ARN, and the next address ARN + I is put out. 

• Write Address Synchronous Transfer Mode 

'{ ) 

Din ~~~::Emill)_ 
• Add AW I Add AW+l 

0107-11 

Note: When TAS turns to low, the data block being written is taken into write address AW. 

• SYSTEM RESET MODE 
System reset mode is the same as read/write address asynchronous transfer mode except that read/write address are reset 

to O. 

• System Reset by SAD 

Note: System reset mode starts when MF, WF, RF, A WO, and ARO are all high. 

o System Reset by SAS and TAS 

eLK LJLn 
SAS L-J 

TAS L-J 
I------System reset mode 

0107-12 

Note: System reset mode starts when both SAS and TAS are low at the falling edge of the CLK. 

o 1 Field Delay 

Note: Field-delayed data is output, when CGR and CGW turn to high before the system reset at the beginning of every field, and tum 
to low simultaneously after the 33rd clock from the system reset. 
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• NOTES ON USING HM53051 

• Input/Output data of 32 words is not written or read in 
read/write address asynchronous transfer mode or during 
system reset. The data is written or read out in blocks of 
32-word x 4-bit. Input data of less than 32 words is not 
written in write address asynchronous transfer mode or 
during system reset. When asynchronous read address 
transfer mode or system reset mode is activated, output 
from the current data block will continue. When output 
data from the current data block is finished, the next data 
block is not read out if it has less than 32 words. 

(1) Read/write address asynchronous transfer mode 

eLK 
cycle 

D •• 

Dou' 

I 
1 

I 
I· 

(Wnte Address 
ANI 

DID of 
Address AN ·1 

(2) Read/write address synchronous transfer mode 

Wntllll on 
Address AN 

HM53051 Series 

• Input data is not read out immediately. The data (32 word 
x 4-bit) is written into the memory array in the next 32 cy
cles after it is taken in. 

32 

The data can be read out only after writing to the memory 
array is completed. If read address transfer mode is pro
grammed after the 33 word clock from on input data block, 
new data can be read out. If this mode is programmed be
fore the 33 word clock, new data or old data is output. 

1 

·1 

IRud Ado!ns. 
ANI 

Readml from 
Addn .. AN 

32 

·1· 
D61110f 
Address AN 

32 I 

1 

0107-13 

11 2131"'1 32 11 2131 ... 132 112131"'1321112131".1321 

D •• 

Dout 

rWrite Address 
ANI 

Din of 
Address AN 

I 

(Read Address 

Wntullon 
Adcinss AN 

Doutof 
Address AR 

• HITACHI 
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Readmg from Addr~~ A ~ .1_ Dout of Addre&!!> AR t 1 .1_ 
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HM53051 Series 

• Mode Programming 
Do not reprogram read address transfer mode before a 

read operation of the previous read address transfer mode 
or system reset mode is completed. If it is reprogrammed 
during a read operation, address becomes invalid, and the 
device may malfunction. 

(1) Read address asynchronous transfer mode 

11 2 1 3 1 ... 1 32 
cyde 

_I I 

~ 
(Read Addre!>!> AN) 

Dout 

Readmg from 
Addrf''i'' AN 

(2) Read address synchronous transfer mode 

Do not reprogram write address transfer mode or system 
reset mode before a write operation of the previous write ad
dress transfer mode or system reset mode is completed. If it 
is reprogrammed during a write operation, address becomes 
invalid, and the device may malfunction. 

11 2 1 3 1 ... 1 32 11 2 1 3 1 ... 1 32 

1 

(Read Addrelts AM) 

Readmg from Doulof 
Address AM Addrf'~l> AM 
Dou! of 
Addr!'!),; AN 

0107-15 

eLK 
eyde 

1 1 2 1 3 1 . .. 1 32 11 2 1 3 1 ... 1 32 11 2 1 3 1 ... 1 32 1 1 2 1 

(Read Addre!>s AN) 

DOllt 

I 

I· 
Readmg from 
Addresl> AN 

I 

(Read Addl't'l>l> AM I 

Dout of 
Addrt'ss AN -, 

Readmg from 
Addrf' .... AM 

(3) Write address asynchronous transfer mode 

966 

eLK 
cycle 

Dm 

-

11 

~ 

21 3 1 ... 1 32 1 1 2 1 3 1 ... 1 32 11 2 1 3 1 ... 1 32 

1 

(Wflte AddrC'''b AN) (Write Addles" AM I 

Om of WrltmM on Om of 
Addrf'!>~ AN Addreo;s AN Addrf"ss AM 

~HITACHI 
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HM53051 Series 

(4) Write address synchronous transfer mode 

eLK 
cycle 

DIn 

1 \ 2 \ 3 \ ... \ 32 

(Wnte Addres. AN) 

Din of 
Address AN 

1\2\3\ .. -1 32 

Wrltllllon 
Address AN 

11 21 3 1··j32 
I 

U-
(W nte Address AM) 

DID of 
Addre .. '1 AM 

0107-18 

• Addresses must be set by read and write address asyn
chronous transfer or system reset 100 I-'s after power on. 

Before an address can be set, 32 ClK initialization cycles or 
more are required. 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Rating Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 'c 
Storage Temperature Tsta - 35 to + 125 ·C 

Storage Temperature (under Bias) Tbtas -lOto + 85 ·C 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + lO'C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vee 4.5 5.0 5.5 V 

VSS 0 0 0 V 

Input Voltage VIR 2.7 - 6.5 V 

VIL -0.5 - 0.8 V I 

Note: 1. - 3.0V for pulse width S 10 ns. 

• DC and Operating Characteristics (TA = 0 to +lO'C, Vee = 5V ±10%, Vss = OV) 

Parameter Symbol Min Typ Max Unit Test Conditions Note 

Operating Power Supply Current lee - 40 60 mA 
Min. Cycle, 
lout = OmA 

Input Leakage Current ILl -10 - 10 I-'A 
Vee = 5.5V 
Yin = Vss to Vee 

Output Leakage Current ILO -10 - 10 I-'A 
OE = VIR 
Vout = Vss to Vee 

Output Voltage VOL - - 0.4 V IoL = 4.2mA 

VOR 2.4 - - V loR = -2mA 

• Capacitance (T A = 25'C, f = 1.0 MHz) 

Parameter Symbol Min Typ Max Unit Test Conditions Note 

Input Capacitance Cin - - 5 pF Yin = OV 

Output Capacitance Cout - - 7 pF Vout = OV 

Note: This parameter is sampled and not 100% tested . 
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HM53051 Series 

• AC Characteristics (Vee = 5V ± 1 0%, TA = 0 to + 70°C) 
AC Test Conditions 

Input and Output Timing Reference Levels: 1.5V 
Input Pulse Levels: 
Input Rise and Fall Times: 
Output Load: 

(Including scope and jig) 

Parameter 

System Clock Cycle Time 

CLK Pulse Width 

Access Time from CLK 

Output Hold Time 

Output Enable Access Time 

Output Enable to Output in Low Z 

Output Disable to Output in High Z 

CGR Setup Time 

CGR Hold Time 

CGW Setup Time 

CGW Hold Time 

Write Command Setup Time 

Write Command Hold Time 

Data Input Setup Time 

Data Input Hold Time 

SAS Cycle Time 

SAS Pulse Width 

Serial Address Setup Time 

Serial Address Hold Time 

SAS Setup Time during Mode Programming 

SAS Hold Time during Mode Programming 

TAS Setup Time 

TAS Hold Time 

SAS Setup Time durin~ 
System Reset by SAS/T AS 

SAS Hold Time durin1L-
System Reset by SAS/TAS 

Vss to 3V 
5 ns 

2 TTL + 50 pF 

Symbol 

tcc 

tCL 

tCH 

tAC 

toH 

tOEA 

tOLZ 

tOHZ 

tGRS 

tGRH 

tGWS 

tGWH 

twcs 

tWCH 

tDS 

tDH 

tsc 

tSL 

tSH 

tSAS 

tSAH 

tSSH 

tSHH 

tTS 

tTH 

tSSL 

tSHL 

HM53051-45 

Min Max 

45 300 

15 -
15 -

- 35 

5 -

- 25 

5 -

0 20 

15 -

5 -
15 -
5 -

IS -

5 -

15 -

5 -
45 -
15 -
15 -
IS -
5 -

15 -
5 -

15 -

5 -

15 -

5 -

~HITACHI 

HM53051-60 

Min Max 

60 300 

15 -

15 -

- 40 

8 -

- 30 

5 -

0 20 

15 -
5 -
15 -

5 -
15 -
5 -

15 -

5 -
60 -

15 -
15 -

IS -

5 -
15 -

5 -

15 -

5 -

15 -

5 -
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Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



HM53051 Series 

• TIMING WAVEFORMS 
• Read/Write Cycle 

CLK 

Don 

CGR 

OE Low 

'ON 

DOllt 

0107-19 

Notes: 1. Write cycle starts when CGW is low and WE is low. Data are not written when WE is high. Time-compression mode is 
realized by controlling CGW. 

2. Read cycle starts when CGR is low. Time-expansion mode is realized by controlling CGR. 

• Read Cycle (OE Control) 

IGI<S 

CGR 

lou 

Dout 

Notes: 1. tOHZ is defined by the time at which the output achieves the open circuit condition. 
2. toLZ and tOHZ are sampled and not 100% tested. 

~HITACHI 
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HM53051 Series 

• Mode Selection 

ClK 

SAS 

SAD 

0107-21 

Note: SAS operates asynchronously with CLK. When TAS is low at the falling edge of the CLK, the addres transfer cycle starts. SAS 
should be high during the address transfer cycle. 

• SAS, TAS Reset Mode 

ClK 

SAS 

trs tSMH 

TAS 

0107-22 

Note: The mode which was selected by SAD before SAS and TAS reset, if SAS and TAS are reset, should be changed because SAD is 
newly taken into by SAS. The mode should be reselected by SAD after SAS and TAS reset. 

~HITACHI 
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HM53461 Series 
65,536-word x 4-bit Multiport CMOS Video RAM 

• DESCRIPTION 
The HM53461 is a 262,144-bit multiport memory equipped with a 64k-word x 

4-bit Dynamic RAM port and a 256-word x 4-bit Serial Access Memory (SAM) port. 
The SAM port is connected to an internal 1,024-bit data register through a 256-word 
x 4-bit serial read or write access control. In the read transfer cycle, the memory 
cell data is transferred from a selected word line of the RAM port to the data regis
ter. The RAM port has a write mask capability in addition to the conventional opera
tion mode. Write bit selection out of 4 data bit can be achieved. 

Utilizing the Hitachi 2 ,...m CMOS process, fast serial access operation and low 
power dissipation are realized. All inputs and outputs, including clocks, are TTL 
compatible. 

• FEATURES 
• Multiport Organization 

(RAM; 64k-word x 4-bit and SAM; 256 word x 4-bit) 
• Double Layer Polysilicon/Polyicide n-Well CMOS Process 
• Single 5V (±10%) 
• Low Power 

Active 
RAM .................................................. 380 mW (max) 
SAM .................................................. 220 mW (max) 

Standby .................................................. 40 mW (max) 
• Access Time 

RAM ............................................. 100 ns/120 ns/150 ns 
SAM ................................................ 40 ns/40 ns/60 ns 

• Cycle Time Random Read or Write Cycle Time (RAM) ..... 190 ns/220 ns/260 ns 
Serial Read or Write Cycle Time (SAM) ........... 40 ns/40 ns/60 ns 

• TTL Compatible 
• 256 Refresh Cycles .................................................... 4 ms 
• Refresh Function 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Data Transfer Operation (RAM +---+ SAM) 
• Fast Serial Access Operation Asynchronized with RAM Port Except Data Transfer 

Cycle 
• Real Time Read Transfer Capability 
• Write Mask Mode Capability 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM53461P-1O lOOns 400 mil 24-pin 
HM53461P-12 120ns Plastic DIP 
HM53461P-15 150ns (DP-24A) 

HM5346IZP-1O lOOns 24-pin 
HM53461ZP-12 120ns Plastic ZIP 
HM53461ZP-15 150ns (ZP-24) 

$ HITACHI 

HM53461P Series 

3DDP24A 

(DP-24A) 

HM53461ZP Series 

aDZP24 

(ZP-24) 
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HM53461 Series 

• PIN OUT 

HM53461P Series 

0108-1 

(Top View) 

• BLOCK DIAGRAM 

HM53461ZP Series 

1/04 
51/03 

1/03 
WE 
51/04 
SC 

9 51/02 
11 1/01 

0108-2 

(Bottom View) 

• PIN DESCRIPTION 

Pin Name 

Ao-A7 

I/Ol-II0 4 

SI/Ol-SII04 

RAS 

CAS 

SC 

WE 

DT/OE 

SOE 

Vee 

VSS 

~HITACHI 

Function 

Address Inputs 

RAM Port Data Input/Output 

SAM Port Data Input/Output 

Row Address Strobe 

Column Address Strobe 

Serial Clock 

Write Enable 

Data Transfer/Output Enable 

SAM Port Enable 

Power Supply 

Ground 

0108-3 
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HM53461 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to V ss VT -1.0to +7.0 V 

Power Supply Voltage Relative to V ss Vcc -0.5 to +7.0 V 

Operating Temperature, TA (Ambient) Topr Oto + 70 'C 

Storage Temperature Tstg - 55 to + 125 'C 

Short Circuit Output Current lout 50 rnA 

Power Dissipation PT 1.0 W 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70"C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vcc 4.5 5.0 5.5 V 

Input lligb Voltage VIH 2.4 - 6.5 V 

Input Low Voltage VIL -0.5 - 0.8 V 2 

Notes: 1. All voltages referenced to VSS' 
2. - 3.0V for pulse width :s 10 ns. 

• DC Electrical Characteristics (T A = 0 to + 70"C, Vee = 5V ± 1 0%, Vss = OV) 

SAM PORT RAM PORT 
Parameter Symbol HM53461-1O HM53461-12 HM53461-15 Unit Note 

Standby Active Test Conditions 

ICCl - X 70 60 50 mA RAS, CAS Cycling Operating Current r--
ICC7 X - 110 100 80 rnA tRC = Min 

ICC2 - X 7 7 7 rnA 
RAS, CAS = VIH Standby Current r---

Iccs X - 40 40 30 mA 

ICC3 - X 60 50 40 mA CAS = VIH, 
RAS Only Refresh Current RASCycling 

r---
IcC9 X - 100 90 70 rnA tRC = Min 

IcC4 - X 50 40 35 mA RAS = VII .. 
Page Mode Current CAS Cycling 

r---

IcCIO X - 90 80 65 mA tpc = Min 

Iccs - X 60 50 40 rnA RASCycling CBR Refresh Current r---
ICCll X - 100 90 70 rnA tRC = Min 

ICC6 - X 75 65 55 rnA RAS, CAS Cycling Data Transfer Current r---
Iccl2 X - 115 105 85 rnA tRC = Min 

Parameter Symbol Min Max Unit Test Conditions Note 

Input Leakage ILl -10 10 fJ-A 

Output Leakage IW -10 10 fJ-A 

Output Higb Voltage VOH 2.4 - V IoH = -2mA 

Output Low Voltage VOL - 0.4 V IoL = 4.2rnA 

• INPUT/OUTPUT CAPACITANCE 

Parameter Symbol Typ Max Unit Note 

Address CII - 5 pF 

Clocks CI2 - 5 pF 

110, SilO CVO - 7 pF 

• HITACHI 
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HM53461 Series 

• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(TA = 0 to +70·C, vee = 5V ±10%, vss = 0V)1, 10, 11 

HM53461-10 HM53461-12 HM53461-15 
Parameter Symbol 

Min Max Min Max Min Max 

Random Read or Write Cycle Time tRC 190 - 220 - 260 -
Read-Modify-Write Cycle Time tRWC 260 - 300 - 355 -

Page Mode Cycle Time tpc 70 - 85 - 105 -
Access Time from RAS tRAC - 100 - 120 - 150 

Access Time from CAS tCAC - 50 - 60 - 75 

Output Buffer Tum-off Delay Referenced to CAS toFF! 0 25 0 30 0 40 

Transition Time (Rise and Fail) tT 3 50 3 50 3 50 

RAS Precharge Time tRP 80 - 90 - 100 -

RAS Pulse Width tRAS 100 10000 120 10000 150 10000 

CAS Pulse Width tCAS 50 10000 60 10000 75 10000 

RAS to CAS Delay Time IRCD 25 50 25 60 30 75 

RAS Hold Time tRSH 50 - 60 - 75 -

CAS Hold Time tcsH 100 - 120 - 150 -

CAS to RAS Precharge Time !cRP 10 - 10 - 10 -

Row Address Setup Time tASR 0 - 0 - 0 -

Row Address Hold Time tRAH 15 - 15 - 20 -
Column Address Setup Time tASC 0 - 0 - 0 -
Column Address Hold Time tCAH 20 - 20 - 25 -
Write Command Setup Time twcs 0 - 0 - 0 -
Write Command Hold Time twCH 25 - 25 - 30 -
Write Command Pulse Width twP 15 - 20 - 25 -
Write Command to RAS Lead Time tRWL 35 - 40 - 45 -

Write Command to CAS Lead Time tCWL 35 - 40 - 45 -

Data-in Setup Time tDS 0 - 0 - 0 -
Data-in Hold Time tDH 25 - 25 - 30 -
Read Command Setup Time tRes 0 - 0 - 0 -

Read Command Hold Time tRCH 0 - 0 - 0 -
Read Command Hold Tune Referenced to RAS tRRH 10 - 10 - 10 -
Refresh Period tREF - 4 - 4 - 4 

RAS Pulse Width (Read-Modify-Write Cycle) tRWS 170 10000 200 10000 245 10000 

CAS to WE Delay tCWD 85 - 100 - 125 -
CAS Setup Time (CAS Before RAS Refresh) tcsR 10 - 10 - 10 -
CAS Hold Time (CAS Before RAS Refresh) tcHR 20 - 25 - 30 -
RAS Precharge to CAS Hold Time tRPC 10 - 10 - 10 -

CAS Precharge Time tcP 10 - 15 - 20 -

Access Time from OE toAC - 30 - 35 - 40 

Output Buffer Tum-off Delay referenced to OE tOFF2 0 25 0 30 0 40 

OE to Data-in Delay Time tODD 25 - 30 - 40 -

OE Hold Time referenced to WE toBH 10 - 15 - 20 -

Data-in to CAS Delay Time tDZC 0 - 0 - 0 -
Data-in to OE Delay Time tDZO 0 - 0 - 0 -

OE to RAS Delay Tune toRD 35 - 40 - 45 -
Serial Clock Cycle Time tscc 40 - 40 - 60 -
Access Time from SC tSCA - 40 - 40 - 60 

Access Time from SOE tSBA - 25 - 30 - 40 

• HITACHI 
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Unit Note 
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• ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV)1, 10, 11 (continued) 

HM53461-1O HM53461-12 HM53461-15 
Parameter Symbol 

Min Max Min Max Min Max 

SC Pulse Width tsc 10 - 10 - 10 -

SC Precharge Width tscp 10 - 10 - 10 -

Serial Data-out Hold Time after SC High tSOH 10 - 10 - 10 -

Serial Output Buffer Turn-off Delay from SOE tSEZ 0 25 0 25 0 30 

Serial Data-in Setup Time tSIS 0 - 0 - 0 -

Serial Data-in Hold Time tSIH IS - 20 - 25 -
DT to RAS Setup Time tDTS 0 - 0 - 0 -

DT to RAS Hold Time (Read Transfer Cycle) tRDH 80 - 90 - 110 -

DT to RAS Hold Time tDTH 15 - IS - 20 -

DT to CAS Hold Time tCDH 20 - 30 - 45 -

Last SC to DT Delay Time tSDD 5 - 5 - 10 -

First SC to DT Hold Time tSDH 25 - 25 - 30 -

DT to RAS Delay Time tDTR 10 - 10 - 10 -

WE to RAS Setup Time tws 0 - 0 - 0 -

WE to RAS Hold Time tWH 15 - IS - 20 -

I/O to RAS Setup Time tMS 0 - 0 - 0 -

I/O to RAS Hold Time tMH 15 - 15 - 20 -

Serial Output Buffer Turn-off Delay from RAS tSRZ 10 50 10 60 10 75 

SC to RAS Setup Time tSRS 30 - 40 - 45 -

RAS to SC Delay Time tSRD 25 - 30 - 35 -

Serial Data Input Delay Time from RAS tSID 50 - 60 - 75 -

Serial Data Input to DT Delay Time tSZD 0 - 0 - 0 -

SOE to RAS Setup Time tES 0 - 0 - 0 -

SOE to RAS Hold Time tEH IS - 15 - 20 -

Serial Write Enable Setup Time tsws 0 - 0 - 0 -

Serial Write Enable Hold Time tSWH 35 - 35 - 55 -

Serial Write Disable Setup Time tSWIS 0 - 0 - 0 -

Serial Write Disable Hold Time tSWIH 35 - 35 - 55 -

DT to Sout in Low-Z Delay Time tDLZ 5 - 10 - 10 -

Notes: 1. AC measurements assume tT = 5 ns. 

HM53461 Series 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

ns 

ll, 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. Assumes that tRCD :S tRCD (max). If tRCD is greater than the maximum recommended value shown in this table, tRAC 
exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD ~ tRCD (max). 
5. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
6. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VlH and VIL. 
7. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
8. twcs and tCWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 

only: if twcs ~ twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tCWD ~ tCWD (min), the cycle is a read/write and the data output will contain data read 
from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

9. These parameters are referenced to CAS leading edge in an early write cycle and to WE leading edge in a delayed write or a 
read-modify-write cycle. 

10. Measured with a load circuit equivalent to 2 TTL and 50 pF. 
II. An initial pause of 100 /Ls is required after power-up. Then execute at least 8 initialization cycles. 

@HITACHI 
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HM53461 Series 

• TIMING WAVEFORMS 
• Read Cycle 

IRe 

CAS ---Hf-----'Il ""--"-"'-+---1 J..--t----

• Early Write Cycle 

Address 

I/O ---~_r------t_----~~---i~~--~ (Output) 

I/O 

(Input) .... """'+~~""., 

IRl 

RAS IRAS 

IReD rRSH 

CAS---Hf-------~ ""_~~_~ 

Address 

I/O 
(Input) 

110 
(Output) 

Note: *1. When WE is "H" level, all the data on the I/O can be written into the cell. 

rza Do not care 

mDonotcare 

0108-4 

0108-5 

When WE is "L" level, the data on the I/O are not written except for when I/O is "high" at the falling edge of RAS. 

@HITACHI 
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HM53461 Series 

• Delayed Write Cycle 

Addr ••• 

1/0 
(Input) 

IRe 

1/0 Hilh-Z 
(Output)-----------......;=,;..:;--------------

IlZi1 Do not care 

Note: "\. When WE is "H" level, all the data on 1/01-1/°4 can be written into the memory ceiL 

0108-6 

When WE is "L" level, the data on I/Os are not written except for when I/O = "H" at the falling edge of RAS . 

• Read-Modify-Write Cycle 

1/0 
(Output) 

DT/OE 

Note: *\. When WE is "H" level, all the data on 1/01-1/04 can be written into the memory cell. 

IlZ2J Do not cue 
0108-7 

When WE is "L" level, the data on I/Os are not written except for when I/O = "H" at the falling edge of RAS. 

@HITACHI 
Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005·1819' (415) 589·8300 977 



HM53461 Series 

• Page Mode Read Cycle 

I/O 
(Input) 

• Page Mode Write Cycle (Early Write) 

Adr ••• 

I/O 
(Input) 

1/0 

IRe 

'"AS 

Note: *1. When WE is "H" level, all the data on 1101-1104 can be written into the memory cell. 

i72I Do not carll 

mDonotcare 

When WE is "L" level, the data on 1/0s are not written except for when 110 = "H" at the falling edge of RAS . 

• HITACHI 
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HM53461 Series 

• Page Mode Write Cycle (Delayed Write) 

Address 

1'0 
(Input) 

1:0 (Output)--+------------....:.;..:,;;..;;;------f----------

DT/OE-r~--------------------------------------~rr~r7~~~~~ 

IZZ! Do not care 

Note: "1. When WE is "H" level, all the data on 1/01-1/04 can be written into the memory cell. 
When WE is "L" level, the data on I/Os are not written except for when I/O = "H" at the failing edge of RAS . 

• RAS Only Refresh Cycle 

IRe 

Address 

I/O 
(Output) 

IZZ3 Do not cue 
0108-11 

eHITACHI 
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HM53461 Series --------------------------

• CAS Before RAS Refresh Cycle 

IHr 

1o-
lHAS 

'"''( 

CAS---~ 

Addr ••• WI/////////II//Illj/J/////II/Iffl/, 

WE W/I//IIi/lll//II///j//II lI/ITflIIJi 

1:'0 H'gh-Z 
(Output) -------.......;;::;;..;~--------

• Hidden Refresh Cycle 

Addr ••• 

I/O 
(Output) 

110 
(Input) 

!lZJDonotcare 

/R< I., 

0108-12 

----lI" IZZl Do not care 

eHITACHI 
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• Read Transfer Cycle (1)*1, *2 

'R< 

Address 

\O~tPut) --++----+--:::~:::...::'-+---+-------

1'0 
(Input) .. LL+t.J-ju..LL.LI."""'r..c.L£ ....... '-'r'l-' ............ '+~~ ..... LL .......... '-

SC 

51'0 
(Output) 

~~~t)---------~~~-----------

Notes: * I. In the case that the previous data transfer cycle was read transfer. 
*2. Assume that SOE is "L" level. 

IZllI Do not care 

HM53461 Series 

0108-14 

*3. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address . 

• Read Transfer Cycle (2)*1, *2 

Address 

I/O 
(Output) 

1/0 
IInputl .......... 'ff ...... ~ ............ .u.U.LL'-'I'.,.... ...... .u..Lf:~LLLI.J ............ :.u.. 

51/0 -++"iH~-------~'lTL7172(~~)( (Output) 

SilO ~(~i:iii~'ThTJ)7771TJ)'717}.~---------(Input) ) 

IZllI Do not care 

BZiJ InhibIt rising transient 

Notes: * I. In the case that the previous data transfer cycle was write transfer or pseudo transfer. 
*2. Assume that SOE is "L" level. 

0108-15 

* 3. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 

~HITACHI 
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HM53461 Series 

• Pseudo Transfer Cycle 

IRe 

Address 

SC 

SIlO -~-!=~::==);TJ7).,.,n7.n Jr-~====:;J (Input) 

m Do not care 

SilO -~~~njr,n~-------------------------------(Output) 
_ Inhibit rising transient 

0108-16 

Note: * I. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 

• Write Transfer Cycle 

m Do not care 

WO H~Z 
(Output) -----------.;;.;:::;;..:...------------

m Inhibit rising transient 

0106-17 

Note: * I. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 

~HITACHI 
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• Serial Read Cycle 

50E - ____ --.J 

5C 

51'0 
(Output) 

• Serial Write Cycle 

SOE --------~ __ -'1 

5C 

51/0 
(Input) ---

HM53461 Series 

~Donotcare 

0108-18 

i72!Donotcare 

0108-19 
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HM53462 Series ------------
65,536-Word x 4-Bit Multiport CMOS Video RAM (with Logic Operation Mode) 

• DESCRIPTION 
The HM53462 is a 262,144-bit multiport memory equipped with a 64k-word x 

4-bit Dynamic RAM port and a 256-word x 4-bit Serial Access Memory (SAM) port. 
The SAM port is connected to an internal 1 ,024-bit data register through a 256-word 
x 4-bit serial read or write access control. In the read transfer cycle, the memory 
cell data is transferred from a selected word line of the RAM port to the data regis
ter. The RAM port has a write mask capability in addition to the conventional opera
tion mode. Write bit selection out of 4 data bit can be achieved. RAM port has an
other new function, logic operation capability. By this function logic operation be
tween memory data and input data can be done in one cycle. Utilizing the Hitachi 
2 ,..m CMOS process, fast serial access operation and low power dissipation are 
realized. All inputs and outputs, including clocks, are TTL compatible. 

• FEATURES 
• Multiport Organization 

(RAM; 64k-word x 4-bit and SAM; 256-word x 4-bit) 
• Double Layer PolysiliconlPolyicide N-Well CMOS Process 
• Single 5V (±10%) 
• Low Power 

Active RAM .............................................. 380 mW (max) 
SAM .............................................. 220 mW (max) 

Standby ...................................•.............. 40 mW (max) 
• Access Time 

RAM ....................................... 100 ns/120 ns/150 ns 
SAM .......................................... 40 ns/40 ns/60 ns 

• Cycle Time 
Random Read or Write Cycle Time (RAM) ............ 190 ns/220 ns/260 ns 
Serial Read or Write Cycle Time (SAM) .................. 40 ns/40 ns/60 ns 

• TTL Compatible 
• 256 Refresh Cycles .................................................... 4 ms 
• Refresh Function 

RAg Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• Bidirectional Data Transfer Operation (RAM +-+ SAM) 
• Fast Serial Access Operation Asynchronized 

with RAM Port except Data Transfer Cycle 
• Real Time Read Transfer Capability 
• Write Mask Mode Capability 
• Logic Operation Capability between Din and Dout 
• SAM Organization Can Be Changed to 1024 x 1 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM53462P-1O lOOns 400 mil 24-pin 
HM53462P-12 120ns Plastic DIP 
HM53462P-15 150ns (DP-24A) 

HM53462ZP-1O lOOns 24-pin 
HM53462ZP-12 120ns Plastic DIP 
HM53462ZP-15 150ns (ZP-24) 

• HITACHI 

HM53462P Series 

(DP-24A) 

HM53462ZP Series 

(ZP-24) 
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• PIN OUT 

HM53462P Series 

0109-1 

(Top View) 

• BLOCK DIAGRAM 

HM53462ZP Series 

1/04 1/03 

51/03 SOE 

ViiS 
51/04 

51:01 SC 
51102 

0109-2 

(Bottom View) 

Dout 

• PIN DESCRIPTION 

Pin Name 

Ao-A7 

I/O\-I/04 

SI/O\-SI/0 4 

RAS 

CAS 

SC 

WE 

DT/OE 

SOE 

Vee 

VSS 

BY 4 Mod. 256X4 
(Normal Mode) 

~HITACHI 

HM53462 Series 

Function 

Address Input 

RAM Port Data Input/Output 

SAM Port Data Input/Output 

Row Address Strobe 

Column Address Strobe 

Serial Clock 

Write Enable 

Data Transfer/Output Enable 

SAM Port Enable 

Power Supply 

Ground 

Are in Hilh* Z State. 

0109-3 
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HM53462 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Voltage on Any Pin Relative to Vss VT -1.0to +7.0 V 

Power Supply Voltage Relative to V ss VCC -0.5 to +7.0 V 

Operating Temperature Topr Oto +70 °C 

Storage Temperature Tstg - 55 to + 125 °C 

Short Circuit Output Current lout 50 mA 

Power Dissipation PT 1.0 W 

• INPUT/OUTPUT CAPACITANCE 

Parameter Symbol Typ Max Unit Note 

Address Cll - 5 pF 

Clocks Cl2 - 5 pF 

I/O, SI/O CliO - 7 pF 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage VCC 4.5 5.0 5.5 V 

Input High Voltage VIH 2.4 - 6.5 V 

Input Low Voltage VIL -0.5 - 0.8 V 2 

Notes: 1. All voltages referenced to V ss. 
2. - 3.0V for pulse width S 10 ns. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) 

SAM Port HM53462 HM53462 HM53462 
RAM Port Symbol -10 -12 -15 Unit Note 

Standby Active 

Operating Current RAS, CAS Cycling ICC! - X 70 60 50 mA 

tRC = min ICC7 X - 110 100 80 mA 

Standby Current RAS, CAS = V IH 
ICC2 - X 7 7 7 mA 

ICCS X - 40 40 30 mA 

RAS Only Refresh Current ICC3 - X 60 50 40 mA 
CAS = V IH, RAS Cycling tRC = min ICC9 X - 100 90 70 mA 

Page Mode Current RAS = VIL, ICC4 - X 50 40 35 mA 
CAS Cycling tpc = min ICCIO X - 90 80 65 mA 

CBR Refresh Current RAS Cycling ICCS - X 60 50 40 mA 
tRC = min ICCl1 X - 100 90 70 mA 

Data Transfer Current ICC6 - X 75 65 55 mA 
RAS, CAS Cycling tRC = min ICC 12 X - 115 105 85 mA 

Parameter Symbol Min Max Unit Note 

Input Leakage ILl -10 10 JLA 

Output Leakage ILO -10 10 JLA 

Output High Voltage IOH = - 2mA VOH 2.4 - V 

Output Low Voltage IOL = 4.2 mA VOL - 0.4 V 

@HITACHI 
986 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



• Electrical Characteristics and Recommended AC Operating Conditions 
(TA = Oto + 70°C, Vee = 5V ± 10%, Vss = OV)1, 10, 11 

HM53462-1O HM53462-12 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 190 - 220 -

Read-Modify-Write Cycle Time tRwC 260 - 300 -

Page Mode Cycle Time tpc 70 - 85 -

Access Time from RAS tRAC - 100 - 120 

Access Time from CAS tCAC - 50 - 60 

Outout Buffer Turn-off Delay 
tOFF! 0 25 0 30 Referenced to CAS 

Transition Time (Rise and Fall) tT 3 50 3 50 

RAS Precharge Time tRP 80 - 90 -

RAS Pulse Width tRAS 100 10000 120 10000 

CAS Pulse Width tCAS 50 10000 60 10000 

RAS to CAS Delay Time tRCD 25 50 25 60 

RAS Hold Time tRSH 50 - 60 -

CAS Hold Time tCSH 100 - 120 -

CAS to RAS Precharge Time tCRP 10 - 10 -
Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 15 - 15 -
Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH 20 - 20 -
Write Command Setup Time twcs 0 - 0 -

Write Command Hold Time tWCH 25 - 25 -

Write Command Pulse Width twp 15 - 20 -

Write Command to RAS Lead Time tRWL 35 - 40 -
Write Command to CAS Lead Time tCWL 35 - 40 -
Data-in Setup Time tDS 0 - 0 -
Data-in Hold Time tDH 25 - 25 -

Read Command Setup Time tRCS 0 - 0 -
Read Command Hold Time tRCH 0 - 0 -

Read Command Hold Time 
tRRH 10 10 Referenced to RAS 

- -

Refresh Period tREF - 4 - 4 

RAS Pulse Width 
tRwS 170 10000 200 10000 (Read-Modify-Write Cycle 

CAS to WE Delay tCWD 85 - 100 -

CAS Setup Time 
tCSR 10 - 10 -

(CAS Before RAS Refresh) 

CAS Hold Time 
tCHR 20 25 (CAS Before RAS Refresh) - -

RAS Precharge to CAS Hold Time tRPC 10 - 10 -

CAS Precharge Time tcp 10 - 15 -
Access Time from OE tOAC - 30 - 35 

Output Buffer Turn-off Delay 
tOFF2 0 25 0 30 Referenced to OE 

OE to Data-in Delay Time tODD 25 - 30 -
OE Hold Time Referenced to WE tOEH 10 - 15 -

~HITACHI 

HM53462 Series 

HM53462-15 
Unit Note 

Min Max 

260 - ns 

355 - ns 

105 - ns 

- 150 ns 2,3 

- 75 ns 3,4 

0 40 ns 5 

3 50 ns 6 

100 - ns 

150 10000 ns 

75 10000 ns 

30 75 ns 7 

75 - ns 

150 - ns 

10 - ns 

0 - ns 

20 - ns 

0 - ns 

25 - ns 

0 - ns 8 

30 - ns 

25 - ns 

45 - ns 

45 - ns 

0 - ns 9 

30 - ns 8,9 

0 - ns 

0 - ns 

10 - ns 

- 4 ms 

245 10000 ns 

125 - ns 8 

10 - ns 

30 - ns 

10 - ns 

20 - ns 

- 40 ns 

0 40 ns 

40 - ns 

20 - ns 
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HM53462 Series 

• Electrical Characteristics and Recommended AC Operating Conditions (continued) 
(TA = 010 +70·C, Vee = 5V ± 10%, Vss = 0V)1, 10, 11 

HM53462-1O HM53462-12 HM53462-15 
Parameter Symbol 

Min Max Min Max Min Max 

Data-in to CAS Delay Time tozc 0 - 0 - 0 -

Data-in to OE Delay Time tozo 0 - 0 - 0 -
OE to RAS Delay Time tORO 35 - 40 - 45 -

Serial Clock Cycle Time tscc 40 - 40 - 60 -

Access Time from SC tSCA - 40 - 40 - 60 

Access Time from SOE tSEA - 25 - 30 - 40 

SC Pnlse Width tsc 10 - 10 - 10 -
SC Precharge Width tscp 10 - 10 - 10 -
Serial Data-ont Hold Time 

tSOH 10 10 10 
after SC High - - -

Serial Output Buffer Turn-off Delay 
tSEZ 0 25 0 25 0 30 

fromSOE 

Serial Data-in Setup Time tSIS 0 - 0 - 0 -
Serial Data-in Hold Time tSIH 15 - 20 - 25 -

DT to RAS Setup Time toTS 0 - 0 - 0 -

DT to RAS Hold Time 
tROH 80 90 110 (Read Transfer Cycle) - - -

DT to RAS Hold Time tOTH 15 - 15 - 20 -

DT to CAS Hold Time tCOH 20 - 30 - 45 -
Last SC to DT Delay Time tsoo 5 - 5 - 10 -

First SC to DT Hold Time tSOH 25 - 25 - 30 -

DT to RAS Delay Time tOTR 10 - 10 - 10 -

WE to RAS Setup Time tws 0 - 0 - 0 -

WE to RAS Hold Time tWH 15 - 15 - 20 -

I/O to RAS Setup Time tMS 0 - 0 - 0 -

I/O to RAS Hold Time tMH 15 - 15 - 20 -

Serial Output Buffer Turn-off Delay 
tSRZ 10 50 10 60 10 75 

fromRAS 

SC to RAS Setup Time tSRS 30 - 40 - 45 -

RAS to SC Delay Time tSRO 25 - 30 - 35 -

Serial Data Input Delay Time 
tSID 50 - 60 - 75 -fromRAS 

Serial Data Input In DT Delay Time tszo 0 - 0 - 0 -

SOE to RAS Setup Time tES 0 - 0 - 0 -

SOE to RAS Hold Time tEH 15 - 15 - 20 -

Serial Write Enable Setup Time tsws 0 - 0 - 0 -

Serial Write Enable Hold Time tSWH 35 - 35 - 55 -
Serial Write Disable Setup Time tSWIS 0 - 0 - 0 -

Serial Write Disable Hold Time tswIH 35 - 35 - 55 -

DT to Sout in Low-Z Delay Time tOLZ 5 - 10 - 10 -

~HITACHI 
988 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 

Unit Note 

ns 

ns 

ns 

ns 

ns 10 

ns 10 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



HM53462 Series 

Notes: I. AC measurements assume tT = 5 ns. 
2. Assumes that tRCD :S tRCD (max). If tRCD is greater than the maximum recommended value shown in this table, tRAC 

exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Assumes that tRCD ;:: tRCD (max). 
5. tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage 

levels. 
6. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition times are measured 

between VIH and VIL. 
7. Operation with the tRCD (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference point only, 

if tRCD is greater than the specified tRCD (max) limit, then access time is controlled exclusively by tCAC. 
8. twc, and tCWD are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 

only: if twcs ;:: twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tCWD ;:: tCWD (min), the cycle is a read-write and the data output will contain data read 
from the selected cell; if neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

9. These parameters are referenced to CAS leading edge in early write cycle and to WE leading edge in delayed write or read
modify-write cycles. 

10. Measured with a load circuit equivalent to 2 TTL and 100 pF. 
II. After power-up, pause for more than 100 p.s and execute at least 8 initialization cycles. Then execute at least one logic reset 

cycle including write mask reset (on the falling edge of RAS, WE = "Low" and 1/01-1/0 = "High"), and execute one or 
more transport cycle for initiation of SAM port . 

• TIMING WAVEFORMS 
• Read Cycle 

t., 

CAS ---Hf-----"Il 

Address 

1'0 ------rt-------------t-----~;:~~--~~~~~ (Oulput) 

1'0 

(Input) ~~"'H""""~~""" 

j)f'OE 

@HITACHI 
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HM53462 Series 

• Early Write Cycle 

tN' 

CAS --H-----.,L 1---"-"-'---1 

Address 

10 
(Input) 

10 
(Output) 

I?lJ Do not care 

0109-5 

Notes: *1. When WE is "H" level, then all data on the I/O can be written into the cell. When WE is "L" level, the data on the I/O 
are not written except for when 110 is "H" level at the falling edge of RAS. 

• Delayed Write Cycle 

110 
(Oulpul) 

toe 

~ Do not care 
0109-6 

Note: *1. When WE is "H" level, all the data on 1/01-1/04 can be written into the memory cell. When WE is "L" level, the data on 
I/Os are not written except for when I/O = "H" at the falling edge of RAS. 

~HITACHI 
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• Read-Modify-Write Cycle 

iiAS----.I 

Addre.s 

1'0 
(Input) 

1'0 
(Output) 

HM53462 Series 

IZZ2I Do not care 

0109-7 

Note: *1. When WE is "H" level, all the data on 1/°1-1/°4 can be written into the memory cell. When WE is "L" level, the data on 
I/Os are not written except for when I/O = "H" at the falling edge of RAS. 

• Page Mode Read Cycle 

Addres. 

1/0 
(Output) 

I/O 
(Input) 

~HITACHI 
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HM53462 Series 

• Page Mode Write Cycle (Early Write) 

Adress 

1(0 
Iinputl 

I/O 

,.( 

m Do not care 

0109-9 

Note: * 1. When WE is "H" level, all the data on 1/01-1/04 can be written into the memory cell. When WE is "L" level, the data on 
I/Os are not written except for when 1/0 = "H" at the falling edge of RAS . 

• Page Mode Write Cycle (Delayed Write) 

1'0 
(Jnput) 

10 
(Outpull 

IZU:1 Do not care 

0109-10 

Note: *1. When WE is "H" level, all the data on 1/01-1/04 can be written into the memory cell. When WE is "L" level, the data on 
II0s are not written except for when 1/0 = "H" at the falling edge of RAS. 

@HITACHI 
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-------------------------- HM53462 Series 

• RAS Only Refresh Cycle 

f------- ~c --------.j 
1+--- ~AS --+I ~--

RAS 

CAS 

Addre •• 

I/O 
(output) -'-'-"""""'I 

I/O 

(Input) ----+1"\ ............... *-'-*-'-*-'-""""''-'-''-'-''-'-'"'''-'"'''-' ....... '''''-'-'-' 

I:z::zJ : Don't care 

• CAS Before RAS Refresh Cycle 

RAS 

CAS 

Addre •• 

i/o 
(Input) II /Ii Ii /Ii I I !/jJi I iJij//j! /Ii !i(J//I//j 

I/O ________ .....:.:H~igh::..-:..Z _______ _ 

(Output) 

mJi Ii I/JlJi /lifl///j/// lifiJiJlJfilZ 
1:z::zJ: Don't ca re 

~HITACHI 

0109-11 

0109-12 
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HM53462 Series 

• Hidden Refresh Cycle 

RAS 

Address 

WE 

I/O 
(Output) 

VALID Dout 

I/O 
(Input) 

High-Z 

• Read Transfer Cycle (1)*1, '2 

RAS 

CAS 

Address 

I/O 
(Output) 

I/O 
(Input) 

sc 

51/0 
(Output) 

51/0 
(Input) 

Notes: * 1. In the case that the previous data transfer cycle was read transfer. 
*2. Assume that SOE is "Low". 

E:Zl Do not care 

f:Z] Do not care 

0109-13 

0109-14 

*3. CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start 
Address. 

@HITACHI 
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• Read Transfer Cycle (2)'1, '2 

RAS 

CAS 

Address 

WE 

I/O 
(Output) 

I/O 
(Input) 

Ol/o[ 

sc 

SI/O )t~]eLZ!Z22Z2ZZ}----------(Input) 

Notes: '1. In the case that the previous data transfer cycle was read transfer. 
*2. Assume that SOE is "Low". 

HM53462 Series 

IZ?Z2I Do not car. 

ml,Ilnhibit rising transient 

0109-15 

*3. CAS and SAM start Address need not be supplied every cycle, only when it is desired to change to a new SAM start 
Address . 

• Pseudo Transfer Cycle 

RAS 

CAS 

Addre •• 

WE 

SOE 

sc 

SI/O 
(Input) 

SI/O 
(Output) 

_____ ~-----------~c------====~ 
~AS 

~SH 

N-!----lcAS --MII+---l 

rzzzI Do not care 

~ Inhibit rising transient 

0109-16 

Note: * 1. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 

~HITACHI 
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HM53462 Series 

• Write Transfer Cycle 

~---------~----~~~~ 
No4----- 'RAS ----__00-Il1-00--

sl/o 
(I n put) 'l'--:::"-~"""""-"""""-"""""-"""""-""""'lI;...~~~I~"'-'''''''' EZZZI Do not care 

High-Z sl/o 
(Output) ~ Inhibit rising transient 

0109-17 

Note: *\. CAS and SAM start address need not be supplied every cycle, only when it is desired to change to a new SAM start 
address. 

• Serial Read Cycle 

RAS ~=r 
zzzzzzzzzzzzzzzzzYiJt77m 

SOE J: 

SC 

si/o 
(output) 

-'1 
--+0 ..... --

~HITACHI 

EZZZI Do not ca re 
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• Serial Write Cycle 

SOE -------------'[ 

SC 

SIlO 
(Input) __ -.I 

• Electrical AC Characteristics (Logic Operation Mode) 

HM53462-1O 
Parameter Symbol 

Min Max 

Write Cycle Time tFRC 230 -

RAS Pulse Width in Write Cycle tRFS 140 10000 

CAS Pulse Width in Write Cycle tcps 80 10000 

CAS Hold Time in Write Cycle tpCSH 140 -
RAS Hold Time in Write Cycle tFRSH 80 -
Page Mode Cycle Time (Write Cycle) tppc 100 -

CAS Hold Time 
tpCHR 90 (Logic Operation Set/Reset Cycle) 

-

CAS Hold Time from RAS Precharge 
tpSCH 10 -(x4 ~ xl Set Cycle) 

HM53462-12 

Min Max 

265 -
165 10000 

95 10000 

165 -

95 -
120 -

100 -

10 -

~HITACHI 

HM53462 Series 

~Donotcare 

0109-19 

HM53462-15 
Unit Note 

Min Max 

310 - ns 

200 10000 ns 

105 10000 ns 

200 - ns 

105 - ns 

135 - ns 

120 - ns 

10 - ns 
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HM53462 Series 

• Logic Code (FCO-3 are AXO-AX3 in Logic Operation Set Cycle) 

LOGIC 
FC3 FC2 FCI FCO 

Symbol Write Data 

0 0 0 0 0 Zero 

0 0 0 I AND! Di·Mi 

0 0 I 0 AND2 Di·Mi 

0 0 I I X4-+XI - -+ SAM Organization Changes to 1024 x I 

0 I 0 0 AND3 Di·Mi 

0 I 0 I THROUGH Di -+ Logic Operation Mode Reset 

0 I I 0 EOR Di.Mi + Di.Mi 

0 I I I ORI Di+Mi 

I 0 0 0 NOR Di·Mi 

I 0 0 I ENOR Di.Mi + Di.Mi 

I 0 I 0 INVI Di 

I 0 I I OR2 Di+Mi 

I I 0 0 INV2 Mi 

I I 0 I OR3 Di+Mi 

I I I 0 NAND Di+Mi Di :External Data-in 

I I I I I ONE Mi :The Data of the Memory Cell 

• Logie Operation Set Reset Cycle (With CAS Before RAS Refresh) 

top toe 

'RAS 

CAS 

Address 

WE 

I/O 
(Input) 

I/O HICH-Z 
(Output) 

Df/OE 107l//////////I//7I////7l////// 
Notes: *1. Logic code Ao-A3 (A4-A7: don't care) 

*2. Write mask data. 

~HITACHI 

IU4 Do not care 
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• LOGIC OPERATION MODE 
• Early Write Cycle 

Address 

1/0 
(Input) 

\~tPut) ---++-------------------

rDIA Do not care 

HM53462 Series 

0109-21 

Note: *1. When WE is "high", the all data on the I/O can be written into the cell. When WE is "low", the data on the I/O are not 
written except for when I/O is "high" at the falling edge of RAS. 

• Delayed Write Cycle 

\~~tPut) _________ ..:;H:::IG;::H:.;Z"-________________ _ 

rzIlA Do not care 
0109-22 

Note: *1. When WE is "H" level, all the data on 1/01_4 can be written into the memory cell. When WE is "L" level, the data on 
I/Os are not written except for when I/O = "H" at the faIling edge of RAS. 

@HITACHI 
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HM53462 Series 

• Page Mode Write Cycle (Delayed Write) 

Address 

1'0 
(Input) 

10 
(Outpull 

IZZ2I Do not care 

0109-23 

Note: * 1. When WE is "high", the all data on the I/O can be written into the cell. When WE is "low", the data on the I/O are not 
written except for when I/O is "high" at the faIling edge of RAS. 

• Page Mode Write Cycle (Early Write) 

Address 

1/0 
(Input) 

t,.'H( 

1/0 (Output)--:--tt------------..:;:;:;;.;.;;...----------------

IlZ2J Do not care 

0109-24 

Note: *1. When WE is "high", the all data on the I/O can be written into the cell. When WE is "low", the data on the I/O are not 
written except for when I/O is "high" at the falling edge of RAS. 

~HITACHI 
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• DESCRIPTION 

1. LOGIC OPERATION MODE 

HM53462 has an internal logic operation unit which 
makes a process of graphics simple. The logic is determined 
in "Logic operation set/reset cycle", and the operation is 
executed in every write cycle succeeding to the logic opera· 
tion set/reset cycle. In this mode the internal read·modify· 
write operation is executed and the cell data is converted 
into the new data given by the logic operation between Din 
and the old cell data. 

2. LOGIC OPERATION SET/RESET CYCLE 

~ logic operation set/reset cycle is performed by bringing 
CAS and WE low when RAS falls (Fig. 1). The logic code 
and the bits to be masked are determined respectively by 
AXO-3 state and 1/01-4 state at the falling edge of l'lAS. 
Furthermore, in this cycle CAS before RAS refresh operation 
is executed, too. In this case of executing the conventional 
CAS before RAS refresh operation, WE must be high when 
RAS falls. 

RAS 

CAS "L" 

Addre. 

WE 

lTI'/M 

I/O 

HM53462 Series 

2.1 Logic Code 

The logic code is shown in Table 1. When power is 
turned on, at least one logic reset cycle including write mask 
reset is required to initialize logic code. If the logic code is 
(AX3, AX2, AX1, AXO) = (0,0, 1, 1), the SAM organization 
is changed converter (Fig. 2). In the case that the SAM or· 
ganization is changed to 1024 xl, one data transfer cycle is 
needed to initialize the SAM selector. 

One the SAM organization is changed to 1024 xl, this 
code is maintained unless power is turned off. 

2.2 Write Mask 

HM53462 has two kinds of mask registers (register 1, 2). 
The register 1 is set by bringing WE low at the falling edge 
of RAS during the write cycle, and the mask data is avail· 
able only in this cycle. The register 2 is set by level of I/O in 
the logic operation set/reset cycle, and the mask data is 
available until the next logic operation set/reset cycle. If the 
register 1 is set during the current logic operation mode, the 
mask data of the register 1 is preferred (that of the register 
2 is ignored) and the logic becomes "THROUGH" only in 
this cycle (Fig. 3). 

IlZZJ Do not care 

0109-25 

Figure 1. Logic Operation Set/Reset Cycle 
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HM53462 Series -------------------------------

• Table 1. Logic Code (FCO-FC3 are AXO-AX3 in Logic Operation Set Cycle) 

LOGIC 
FC3 FC2 FCI FCa 

Symbol Write Data 

a a a a a Zero 

a a a 1 AND I Di·Mi 

a a I a AND2 Di·Mi 

a a I I X4~XI - ~ SAM Organization Changes to 1024 x I 

a I a a AND3 Di·Mi 

a I a I THROUGH Di ~ Logic Operation Mode Reset 

a I I a EOR Di.Mi + Di.Mi 

a I I I ORI Di+Mi 

I a a a NOR Di·Mi 

I a a I ENOR Di.Mi + Di.Mi 

I a I a INVI Di 

I a I I OR2 Di+Mi 

I I a a INV2 Mi 

I I a I OR3 Di+Mi 

I I I a NAND Di+Mi Di :External Data·in 

I I I I I ONE Mi :The Data of the Memory Cell 

SAM O.t. Register Seri.II/O 
i+l 

L-______________ ~ __ ~_e~i~· ~ 
L-__________________ ~ ____ ~~ 

L-__________________ ~ __ g~j~c~~ 

~ ____________ ~~_h~:~d ~ 
0109-26 

Figure 2. The Shift Way of SAM Data 

1) By 4 Mode (SAM Organization: 256 x 4) 

s,':, IS) 
Is«( 

~ \ \ I 

~ c:: 
SI 02 X X c:: 
SIOJ X X g x::::: 
SI04 X d X c: 

0109-27 
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HM53462 Series 

2) By 1 Mode (SAM Organization: 1024 x 1) 

hu 

:o~~ 
51/02 

Hilh-Z 

51/03 
Hilh-Z 

51/04 
Hllh Z 

0109-28 

LOIic operation 
Write cycle Write cycle Wrote cycle Wrote cycle setl reset eye Ie 

RAS --. ,., ,., 
~ r-

CAS 
"L" T "W ~ r "":jf:'"\ r ~ r ~ 

WE 
"L" I 'H~ 'L" I 'H"~ r- t;;:\ 

1/01 '\ 'O'Wrote Masked I '\ 'O"Write 
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Figure 3. Example of Logic Operation Mode 
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HM534251 Series 
262,144 x 4-Bit Multiport CMOS Video Random Access Memory 

• DESCRIPTION 
The HM534251 is a 1-Mbit multiport video RAM equipped with a 256k-word x 

4-bit dynamic RAM and a 512-word x 4-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. It is suitable for a graphic processing 
buffer memory. 

• FEATURES 
• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM and SAM Capability 
RAM: 256k-word x 4-bit and SAM: 512-word x 4-bit 

• Access Time RAM ..................... 100 ns/100 ns/120 ns/150 ns (max) 
SAM .......................... 30 ns/35 ns/40 ns/50 ns (max) 

• Cycle Time RAM ...................... 190 ns/190 ns/220 ns/260 ns (min) 
SAM ........................... 30 ns/40 ns/40 ns/60 ns (min) 

• Low Power 
Active RAM ......................................... 385 mW (max) 

SAM ......................................... 358 mW (max) 
Standby ................................................. .40 mW (max) 

• High-Speed Page Mode Capability 
• Mask Write Mode Capability 
• Bidirectional Data Transfer Cycle between RAM and SAM Capability 
• Real Time Read Transfer Capability 
• 3 Variations of Refresh (8 ms/512 Cycles) 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• TTL Compatible 

• ORDERING INFORMATION • PIN OUT 

Part No. Access Time Package HM53425IJP Series 

HM53425UP-1O lOOns 400 mil 
HM53425UP-ll lOOns 28-pin sc Vss 

HM53425UP-12 120ns Plastic SOJ 51/00 51/03 

HM53425UP-15 150ns (CP-28D) 

HM53425IZP-IO lOOns 400 mil 
HM53425IZP-II lOOns 28-pin 
HM534251ZP-12 120ns Plastic ZIP 

51/01 3 51/02 

wiDE SE 
1/03 

1/02 

WE NC 
HM534251ZP-15 150ns (ZP-28) NC 

NC 

• PIN DESCRIPTION Aa AO 

A6 Al 
Pin Name Function AS A2 

Ao-As Address Inputs A. A3 

1/00-1/0 3 RAM Port Data Inputs/Outputs 
A7 Vee 

SI/OO-SI/03 SAM Port Data Inputs/Outputs 

RAS Row Address Strobe 

0084-1 

(Top View) 

CAS Column Address Strobe 

WE Write Enable 

DT/OE Data Transfer/Output Enable 

SC Serial Clock 

SE SAM Port Enable 

Vee Power Supply 

Vss Ground 

NC Non Connection 

@HITACHI 

HM53425IJP Series 

3DCP2BD 

(CP-28D) 

HM534251ZP Series 

3DZP28 

(ZP-28) 

HM534251ZP Series 

1 NC 
1/02 2 

SE 
3 1/03 • 51/02 5 
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51/00 
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13 1/01 

WE ,. 
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15 NC 
16 
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A7 22 
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27 Ne 

28 
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(Bottom View) 
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• BLOCK DIAGRAM 

RAW 

Sll 
O~. 

OiA "'-'" Arn:t 

00 
ROW 

• PIN FUNCTION 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in Table 1 are input at the falling edge of RAS. 
The input level of those signals determine the operation cy
cle of the HM534251. 

'. Table 1. Operation Cycles of the HM534251 

Input Level at ~ 
Falling Edge ofRAS Operation Cycle 

CAS DT/OE WE SE 

H H H X RAM ReadIWrite 

H H L X Mask Write 

H L H X Read Transfer 

H L L H Pseudo Transfer 

H L L L Write Transfer 

L X X X CBRRefresh 

Note: X: Don't care. 

CAS (input pin): Column address is put into chip at the fail
ing edge of CAS. CAS controls output impedance of 1/0 in 
RAM. 

Ao-Ae (input pins): Row address is determined by Ao-Ae 
level at the falling edge of RAS. Column address is deter
mined by Ao-Ae level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM534251 turns to mask write mode. According to 
the 1/0 level at the time, write on each 1/0 can be masked. 
(WE level at the falling edge of RAS is don't care in read 

HM534251 Series 

SAM 
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~ wt ! ;' Fr_ 
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U 
~ 

_cia ••• 
( S~ tt.~t 

addu .. ) 

511 

0084-3 

cycle.) When WE is high at the falling edge of RAS, a nor
mal write cycle is executed. After that, WE switches readl 
write cycles as in a standard DRAM. In a transfer cycle, the 
direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 

1/00-1/03 (input/output pins): 1/0 pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high 1/0 pins. Data on low 1/0 pins are 
masked and internal data are retained. After that, they func
tion as input/output pins as those of a standard DRAM. 

DT/OE (input pin): DT/OE pin functions as DT (data trans
fer) pin at the falling edge of RAS and as OE (output en
able) pin after that. When DT is low at the fallin,lLedge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy
cle, data is output from an SilO pin synchronously with the 
rising edge of SC,. In a serial write cycle, data on an SilO 
pin at the rising edge of SC is put into the SAM data regis
ter. 

SE (input pin): SE pin activates SAM. When SE is high, SilO 
is in the high impedance state in serial read cycle and data 
on SilO is not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of SC. 

SI/Oo-SI/03 (input/output pins): SilO's are input/output 
pins in SAM. Direction of inputloutput is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SilO outputs data. When it was a pseudo transfer cycle of 
write transfer cycle, SilO inputs data. 
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HM534251 Series 

• OPERATION OF HM534251 

• Operation of RAM Port 

RAM Read Cycle (DT 10E high, CAS high, at the falling 
edge of RAS) 

Row address is entered at the RAS falling edge and col
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DTIOE is low 
while CAS is low, the selected address data is output 
through 110 pin. At the falling edge of RAS, DT 10E and 
CAS become high to distinguish RAM read cycle from trans
fer cycle and CBR refresh cycle. Address access time (tAA) 
and RAS to column address delay time (tRAD) specifications 
are added to enable high-speed page mode. 

RAM Write Cycle (Early Write, Delayed Write, Read
Modify-Write) (DT/OE high, CAS high at the falling edge of 
RAS) 

• Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after RAS is set low, a 
write cycle is executed and 110 data is written at the select
ed addresses. When all 4 II0s are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and 1/0 becomes high imped
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be
comes a delayed write cycle. Data is input at the WE falling 
edge. 1/0 does not become high impedance in this cycle, so 
data should be entered with OE in high. 

If WE is set low after tCWD (min) and tAWD (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy
cle and enables write after read to execute in the same ad
dress cycle. In this cycle also, to avoid 1/0 contention, data 
should be input after reading data and setting OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be
comes a mask write mode cycle which writes only to select
ed 1/0. Whether or not an 1/0 is written depends on 1/0 
level (mask data) at the falling edge of RAS. Then the data 
is written in high 1/0 pins and masked in low ones and inter
nal data is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved dunng the page access. 

High-Speed Page Mode Cycle (DT 10E high, CAS high at 
the falling edge of RAS) 

High-speed page mode cycle readslwrites the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random readlwrite 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore, address access time (tAA) , RAS to column ad
dress delay time (tRAD), and access time from CAS pre
charge (tACP) are added. In one RAS cycle, 256-word mem
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRASP max 
(100 I'-s). 

• Transfer Operation 

HM534251 provides the read transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer cy
cles. These transfer cycles are set by driving DT 10E low at 
the falling edge of RAS. 

They have the following functions: 

(1) Transfer data between row address and SAM data regis
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Read transfer cycle: RAM - SAM 

(b) Write transfer cycle: RAM +- SAM 

(3) Determine input or output of SAM 1/0 pin (SilO) 

Read transfer cycle: SilO output 

Pseudo transfer cycle, write transfer cycle: SilO input 

(4) Determine first SAM address to access (SAM start ad
dress) after transferring at column address. 

Read Transfer Cycle (CAS high, DT 10E low, WE high at 
the falling edge of RAS) 

This cycle becomes read transfer cycle by setting DTIOE 
low and WE high at the falling edge of RAS. The row ad
dress data (512 x 4-bit) determined by this cycle is trans
ferred synchronously at the rising of DT 10E. After the rising 
edge of DT 10E, the new address data outputs from SAM 
start address decided by column address. 

This cycle can execute SAM access serially even during 
transfer (real time read transfer). In this case, the timing 
tSOD (min) is specified between the last SAM access before 
transfer and DTIOE rising edge, and tSDH (min) between the 
first SAM access and DTIOE rising edge (see Figure 1). 

If read transfer cycle is executed, SilO becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and SilO is in input 
state, uncertain data is output after tRLz (min) after the RAS 
falling edge. Before that, input should be set high imped
ance to avoid data contention. 

Pseudo Transfer Cycle (CAS high, DT 10E low, WE low, 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching SilO from 
output state to input state because data in RAM isn't rewrit
ten. This cycle starts when CAS is high, DTIOE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in SilO becomes high impedance within tSRZ (max) 
from the RAS falling edge. Data should be input to SilO lat
er than tSID (min) to avoid data contention. SAM access be
comes enabled after tSRD (min) after RAS becomes high. In 
this cycle, SAM access is inhibited during RAS low, there
fore, SC should not be raised. 
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HM534251 Series 

Address 

L 

SC 

SI/o Yj+1 

SAM Data Before Transfer SAM Data After Transfer 

0084-4 

Figure 1. Real Time Read Transfer 

Write Transfer Cycle (CAS high, DT/OE low, WE low, and 
SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tSRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 

• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SilO. If SE is set 
high SilO becomes high impedance and internal pointer is 
incremented at the SC rising edge. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SilO data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SilO 
data isn't input into data register. Internal pOinter is incre
mented according to the SC rising edge, so SE high can 
mask data for SAM. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re
fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refresh cy
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as readlwrite cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev
ery 8 ms . 

RAS Only Refresh Cycle: RAS only refresh cycle is per
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address ( = refresh address) from ex
ternal circuits. To distinguish this cycle from data transfer cy
cle, DT/OE should be high at the falling edge of RAS. 

CBR Refresh Cycle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is in high im
pedance and power dissipation is lowered because CAS cir
cuits don't operate. 

Hidden Refresh Cycle: Hidden refresh cycle performs re
fresh by reactivating RAS when DT 10E and CAS keep low 
in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector), orga
nized as fully static circuitry, don't require refresh. 
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HM534251 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit Note 

Terminal Voltage VT 1.0to + 7.0 V I 

Power Supply Voltage Vcc - 0.5 to + 7.0 V I 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto +70 ·C 

Storage Temperature Tstg -55to + 125 ·C 

Note: I. Relative to V ss 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vcc 4.5 5.0 5.5 V I 

Input Higb Voltage VIH 2.4 - 6.5 V I 

Input Low Voltage VIL -0.5 - 0.8 V 1,2 

Notes: I. All voltage referenced to V ss. 
2. - 3.0V for pulse width oS 10 ns. 

• DC Electrical Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV) 

HM534251-1O HM534251-11 HM534251-12 HM534251-15 Test Conditions 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max RAM Port SAM Port 

ICC! - 70 - 70 - 60 - 55 rnA RAS,CAS SE = VIH, SC = V1L 
Operating 

Cycling SE = V IL, SC Cycling 1,2 Current ICC? 120 120 100 85 rnA - - - - tRC = Min tscc = Min 

ICC2 - 7 - 7 - 7 - 7 rnA 
RAS,CAS 

SE = VIH, SC = VIL 
Standby 

SE = VIL, SC Cycling I Current ICC8 - 65 - 55 - 55 - 40 rnA = VIH 
tscc = Min 

RASOnly ICC3 - 70 - 70 - 60 - 55 rnA RASCycling SE = VIH, SC = VIL 
Refresh CAS = VIH SE = V IL, SC Cycling 2 
Current ICC9 - 120 - 120 - 100 - 85 rnA tRC = Min tscc = Min 

ICC4 - 80 - 80 - 70 - 60 rnA CAS Cycling SE = VIH, SC = VIL 
Page Mode 

RAS = VIL SE = V IL, SC Cycling 1,3 Current ICC 10 130 130 110 90 rnA - - - - tRC = Min tscc = Min 

CAS Before ICC5 - 60 - 60 - 50 - 40 rnA 
RASCycling 

SE = VIH, SC = VIL 
RASRefresh SE = VIL, SC Cycling 
Current ICCl1 - 110 - 110 - 90 - 70 rnA tRC = Min 

tscc = Min 

Data ICC6 - 95 - 95 - 90 - 85 rnA RAS,CAS SE = VIH, SC = VIL 
Transfer Cycling SE = VIL, SC Cycling 2 
Current ICCl2 - 135 - 135 - 125 - 115 rnA tRC = Min tscc = Min 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 ",A Current 

Output Leakage 
lLO -10 10 -10 10 -10 10 -10 10 ",A Current 

Output High 
VOH 2.4 - 2.4 - 2.4 - 2.4 - V IOH = -2mA Voltage 

Output Low 
VOL - 0.4 - 0.4 - 0.4 - 0.4 V IOL = 4.2 rnA Voltage 

Notes: I. Icc depends on output load condition when the device is selected. Icc max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed once or less while CAS = VIH. 
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HM534251 Series 

• Capacitance (TA = 25·C, Vee = 5V, f = 1 MHz, Bias: Clock, I/O = Vee, Address = Vss) 

Parameter Symbol Min Typ 

Address CIl - -

Clocks CI2 - -
110, SilO CliO - -

• AC Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV)1, 11 

Test Conditions 

Input Rise and Fall Time 
Output Load 
Input Timing Reference Levels 
Output Timing Reference Levels 

Output Load (A) 

IOH=-2mA . 
IOL =4.2mA . 

+5V 

5 ns 
See Figures 

0.BV,2.4V 
0.4V,2.4V 

Max 

5 

5 

7 

Output Load (B) 

IOL =4.2mA . 

Unit 

pF 

pF 

pF 

+5V 

I/O -"--"---M~--t 51/0 - .... - ..... -+1....,..,.-. 

J'" 
0084-5 

Note: 1. Including Scope & Jig. 
Common Parameters 

HM53425 1-10 HM534251-11 HM534251-12 HM534251-15 
Parameter Symbol Unit 

Min Max Min Max Min Max Min Max 

Random Read or 
tRC 190 190 220 260 Write Cycle Time - - - - ns 

RAS Precharge 
tRP 80 - 80 - 90 - 100 - ns Time 

RAS Pulse Width tRAS 100 10000 100 10000 120 10000 150 10000 ns 

CAS Pulse Width tCAS 30 10000 30 10000 35 10000 40 10000 ns 

Row Address 
tASR 0 0 0 0 Setup Time 

- - - - ns 

Row Address 
tRAH 15 15 15 20 Hold Time 

- - - - ns 

Column Address 
tASC 0 0 0 0 Setup Time - - - - ns 

Column Address 
tCAH 20 20 20 25 Hold Time 

- - - - ns 

RAStoCAS 
tRCD 25 70 25 70 25 85 30 110 Delay Time ns 

RAS Hold Time tRSH 30 - 30 - 35 - 40 - ns 

CAS Hold Time tCSH 100 - 100 - 120 - 150 - ns 

CAS to RAS Pre-
tCRP 10 10 10 10 charge Time - - - - ns 

Transition Time 
tT 3 50 3 50 3 50 3 50 (Rise to Fall) ns 

Refresh Period tREF - 8 - 8 - 8 - 8 ms 
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HM534251 Series 

Common Parameters (continued) 

HM534251-1O HM534251-11 HM534251-12 HM534251-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

DTtoRAS 
toTS 0 0 0 0 Setup Time - - - - os 

DT to RAS 
torn 15 15 15 20 Hold Time - - - - os 

Data-in to OR 
tow 0 0 0 0 Delay Time - - - - os 

Data-in to CAS 
tozc 0 0 0 0 Delay Time - - - - os 

Read Cycle (RAM), Page Mode Read Cycle 

HM534251-1O HM534251-11 HM534251-12 HM534251-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Access Time 
tRAC 100 100 120 150 2,3 fromRAS - - - - os 

Access Time 
tCAC 30 30 35 40 3,5 from CAS - - - - os 

Access Time 
toAC 30 30 35 40 os 3 from OR - - - -

Address 
tAA 45 45 55 70 3,6 Access Time - - - - ns 

Output Buffer 
Tum-otT Deiay tOFFI - 25 - 25 - 30 - 40 ns 7 
Referenced to CAS 

Output Buffer 
Tum-off Deiay tOFF2 - 25 - 25 - 30 - 40 ns 7 
Referenced to OR 

Read Command 
tRCS 0 0 0 0 Setup Time - - - - ns 

Read Command 
tRCH 0 0 0 0 12 Hold Time - - - - ns 

Read Command Hold 
Time Referenced tRRH 10 - 10 - 10 - 10 - os 12 
toRAS 

RAS to Column 
tRAO 20 55 20 55 20 65 25 80 5,6 

Address Delay Time os 

Page Mode 
tpc 55 - 55 - 65 - 80 - os Cyc1eTime 

CAS Precharge 
tel' 10 - 10 - 15 - 20 - ns Time 

Access Time from 
tACP 50 50 60 75 CAS Precharge - - - - ns 

RAS Pulse Width 
tRASP 0.1 100 0.1 100 0.12 100 0.15 100 in Page Mode I£s 
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HM534251 Series 

Write Cycle (RAM), Page Mode Write Cycle 

HM534251-1O HM534251-11 HM534251-12 HM534251-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Write Command 
twcs 0 0 0 0 9 Setup Time - - - - ns 

Write Command 
tWCH 25 25 25 30 Hold Time 

- - - - ns 

Write Command 
twp 15 15 20 25 Pulse Width 

- - - - ns 

Write Command to 
tRwL 30 30 35 40 RAS Lead Time 

- - - - ns 

Write Command to 
tCWL 30 30 35 40 CAS Lead Time - - - - ns 

Data-in 
tDS 0 0 0 0 10 Setup Time - - - - ns 

Data-in 
tDH 25 25 25 30 10 Hold Time - - - - ns 

WE to RAS 
tws 0 0 0 0 Setup Time 

- - - - ns 

WEtoRAS 
tWH 15 15 15 20 Hold Time 

- - - - ns 

Mask Data to 
tMS 0 0 0 0 RAS Setup Time - - - - ns 

Mask Data to 
tMH 15 15 15 20 RAS Hold Time - - - - ns 

OEHoldTime 
tOEH 10 10 15 20 Referenced to WE 

- - - - ns 

Page Mode 
tpc 55 - 55 - 65 - 80 - ns Cyc1eTime 

CAS Precharge 
tcp 10 - 10 - 15 - 20 - ns Time 

RAS Pulse Width 
tRASP 0.1 100 0.1 100 0.12 100 0.15 100 in Page Mode ,,"S 

Read-Modify-Write Cycle 

HM534251-1O HM534251-11 HM534251-12 HM534251-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Read-Modify-Write 
tRWC 255 - 255 - 295 - 350 - ns Cyc1eTime 

RAS Pulse Width tRwS 165 10000 165 10000 195 10000 240 10000 ns 

CAS to WE Delay tCWD 65 - 65 - 75 - 90 - ns 9 

Column Address 
tAWD 80 80 95 120 9 to WE Delay - - - - ns 

OE to Data-in 
tODD 25 25 30 40 Delay Time - - - - ns 

Access Time 
tRAC 100 100 120 150 2,3 from RAS 

- - - - ns 

Access Time 
tCAC 30 30 35 40 3,5 from CAS 

- - - - ns 

Access Time 
tOAC 30 30 35 40 3 fromOE 

- - - - ns 

Address 
tAA 45 45 55 70 3,6 Access Time - - - - ns 

RAS to Column 
tRAD 20 55 20 55 20 65 25 80 5,6 Address Delay ns 
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HM534251 Series 

Read-Modify-Write Cycle (continued) 

HM534251-1O 
Parameter Symbol 

Min Max 

Ontput Buffer 
Turn-off Delay toFF2 - 25 
Referenced to OE 

Read Command 
tRCS 0 Setup Time -

Write Command to 
tRWL 30 RAS Lead Time -

Write Command to 
tCWL 30 CAS Lead Time -

Write Command 
twp 15 Pulse Width -

Data-in 
tos 0 Setup Time -

Data-in 
tOH 25 Hold Time -

WE to RAS 
tws 0 Setup Time -

WE to RAS 
tWH 15 Hold Time -

Mask Data to 
tMS 0 RAS Setup Time 

-

Mask Data to 
tMH 15 RAS Hold Time -

OE Hold Time 
tOEH 10 Referenced to WE -

Refresh Cycle 

HM534251-1O 
Parameter Symbol 

Min Max 

CAS Setup Time 
(CAS Before tCSR 10 -
RAS Refresh) 

CAS Hold Time 
(CAS Before tCHR 20 -
RAS Refresh) 

RAS Precharge to 
tRPC 10 -CAS Hold Time 

Transfer Cycle 

HM534251-1O 
Parameter Symbol 

Min Max 

WE to RAS 
tws 0 

Setup Time -

WEtoRAS 
tWH 15 Hold Time -

SE to RAS 
tES 0 Setup Time 

-

SE to RAS 
tEH 15 Hold Time 

-

RAStoSC 
tSRO 25 Delay Time -

SCtoRAS 
tSRS 30 Setup Time -

HM534251-11 HM534251-12 HM534251-15 

Min Max Min Max Min Max 

- 25 - 30 - 40 

0 - 0 - 0 -

30 - 35 - 40 -

30 - 35 - 40 -

15 - 20 - 25 -

0 - 0 - 0 -

25 - 25 - 30 -

0 - 0 - 0 -

15 - 15 - 20 -

0 - 0 - 0 -

15 - 15 - 20 -

10 - 15 - 20 -

HM534251-11 HM534251-12 HM534251-15 

Min Max Min Max Min Max 

10 - 10 - 10 -

20 - 25 - 30 -

10 - 10 - to -

HM534251-11 HM534251-12 HM534251-15 

Min Max Min Max Min Max 

0 - 0 - 0 -

15 - 15 - 20 -

0 - 0 - 0 -

15 - 15 - 20 -

30 - 30 - 35 -

40 - 40 - 45 -
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Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 10 

ns 10 

ns 

ns 

ns 

ns 

ns 

Unit Note 

ns 

ns 

ns 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 



HM534251 Series 

Transfer Cycle (continued) 

HM534251-1O HM534251-11 HM534251-12 HM534251-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

DTHoldTime 
tROH 80 90 90 110 fromRAS - - - - ns 

DT Hold Time 
tCOH 20 30 30 45 

from CAS 
- - - - ns 

Last SCto 
tsoo 5 5 5 10 

DT Delay Time 
- - - - ns 

First SC to 
tSOH 20 25 25 30 

DTHoldTime 
- - - - ns 

DTtoRAS 
tOTL 50 50 50 50 

Lead Time - - - - ns 

DTHoldTime 
Referenced to tOTHH 20 - 25 - 25 - 30 - ns 
RASHigh 

DT Precharge Time tOTP 30 - 35 - 35 - 40 - ns 

Serial Data Input 
tSID 50 - 60 - 60 - 75 - ns 

Delay Time from RAS 

Serial Data Input 
tSZR - 10 - 10 - 10 - 10 ns 

to RAS Delay Time 

Serial Output 
Buffer Turn-off tSRZ 10 50 10 60 10 60 10 75 ns 7 
Delay from RAS 

RAS to SOUl (Low-Z) 
tRLZ 5 - 10 - 10 - 10 - ns 

Delay Time 

Serial Clock 
tscc 30 40 40 60 

Cycle Time - - - - ns 

Serial Clock 
tSCC2 40 40 40 60 13 

Cycle Time 
- - - - ns 

Access Time 
tSCA 30 35 40 50 4 

fromSC - - - - ns 

Serial Data-out 
tSOH 7 7 7 7 4 

Hold Time 
- - - - ns 

SC Pulse Width tsc 10 - 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - 10 - 10 - ns 

Serial Data-in 
tSIS 0 0 0 0 

Setup Time 
- - - - ns 

Serial Data-in 
tSIR IS 20 20 25 

Hold Time 
- - - - ns 

@HITACHI 
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HM534251 Series 

Serial Read Cycle 

Parameter 

Serial Clock 
Cycle Time 

Access Time 
fromSC 

Access Time 
fromSE 

Serial Data-out 
Hold Time 

SC Pulse Width 

SC Precharge Width 

Serial Output 
Buffer Turn-off 
Delay from SE 

Serial Write Cycle 

Parameter 

Serial Clock 
Cycle Time 

SC Pulse Width 

SC Precharge Width 

Serial Data-in 
Setup Time 

Serial Data-in 
Hold Time 

Serial Write 
Enable Setup Time 

Serial Write 
Enable Hold Time 

Serial Write Dis-
able Setup Time 

Serial Write Dis-
able Hold Time 

HM534251-10 
Symbol 

Min Max 

tscc 30 -

tSCA - 30 

tSEA - 25 

tSOH 7 -

tsc 10 -

tscp 10 -

tSEz - 25 

HM53425 1-10 
Symbol 

Min Max 

tscc 30 -

tse 10 -

tscp 10 -

tSIS 0 -

tSIH 15 -

tsws 0 -

tSWH 30 -

tSWIS 0 -

tSWIH 30 -

Notes: I. AC measurements assume tT = 5 ns. 

HM534251-11 HM534251-12 HM534251-15 
Unit Note 

Min Max Min Max Min Max 

40 - 40 - 60 - ns 

- 35 - 40 - 50 ns 4 

- 30 - 30 - 40 ns 4 

7 - 7 - 7 - ns 4 

10 - 10 - 10 - ns 

10 - 10 - 10 - ns 

- 25 - 25 - 30 ns 7 

HM534251-11 HM534251-12 HM534251-15 
Unit Note 

Min Max Min Max Min Max 

40 - 40 - 60 - ns 

10 - 10 - 10 - ns 

10 - 10 - 10 - ns 

0 - 0 - 0 - ns 

20 - 20 - 25 - ns 

0 - 0 - 0 - ns 

35 - 35 - 50 - ns 

0 - 0 - 0 - ns 

35 - 35 - 50 - ns 

2. Assumes that tRCD oS tRCD (max) and tRAD oS tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

1014 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
5. When tReD ~ tRCD (max) and tRAD oS tRAD (max), access time is specified by tCAC' 
6. When tRCD oS tRCD (max) and tRAD ~ tRAD (max), access time is specified by tAA' 
7. tOFF (max) is defined as the time at which the output achieves the open circuit condition (V OH - 200 m V, VOL + 200 m V). 
8. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Transition times are measured between 

VIH and VIL. 
9. When twes ~ twes (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 

condition. When tAWD ~ tAWD (min) and tCWD ~ tCWD (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read ont from a data output pin and input data is written into the selected address. In this case, imped
ance on 1/0 pins is controlled by OE. 

10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or a read
modify-write cycles. 

II. After power-up, pause for 100 I-'s or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either tRCH or tRRH is satisfied, operation is guaranteed. 
13. tec2 is defined as the last SAM cycle time before read transfer in read transfer cycle (I). 
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• TIMING WAVEFORMS 
• Read Cycle 

• Early Write Cycle 

Address 

110 
(OUTPUT) 

I/O 
(INPUT) 

iiT/oii 

tRCD 

tOIH 

HM534251 Series 

rz::z:a; Don't care 
0084-7 

HIGH-Z 

Oil IIIIIIIIIIIIIIIII?I L 
1ZZ:a: Don' t care 

0084-8 

Note: 'I. When WE is high level, all the data on IIOs can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 

• Delayed Write Cycle 

r----------------tRC---------------__ ~ 

M------tRAS -------_ 

f.,iS 

Addross 

5T/iiE 

TIO 

(OUTPuT) -'-'lr----=-----r'~.I'-----'-"'=~'"'-'''!-----_;t.-'-.l.-L-L.J.~-L-L-'-...L..L 

I/O 
(INPUT) 

IIIGH-Z 

tZZ2I; Don' t care 
0064-9 

Note: 'I. When WE is high level, all the data on II0s can be written into the memory cell. When WE is low level, the data on II0s 
are not written except for the case that the 1/0 is high at the falling edge of RAS. 

• Read-Modify-Write Cycle 

~--------------t~t----------~ ______ tRWS _________ -1 

tCSH 
.,.-,-J-_-W:::,BlRC;QD===;t---tCAS------...., rt----

Address 

110 
(INPUT) 

I/O 
(OUTPUT) 

tzz:2j; Don' t eare 
0084-10 

Note: 'I. When WE is high level, all the data on 1I0s can be written into the memory cell. When WE is low level, the data on 1I0s 
are not written except for the case that the 1/0 is high at the falling edge of RAS. 

@HITACHI 
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HM534251 Series 

• Page Mode Read Cycle 

liAS 

lIO 
(OUTPUT) 

1/0 

1f--·>-------------tUC--------------------l 
___ -ir-L.~-------lRASP ---------------L1:-----{ 

__ 1-

(INPUl) '-!c7!:--'-L....JITL.~...f-''''' 

UI/OE 

IZZLI, Uon't caro 

0064-11 

• Page Mode Write Cycle (Early Write) 

liAS 

CAS 

WE 

I/O 
(INPUT) 

liD 
(OUTPUT) 

r----------LI!C-----------------------~_1 

~-------LRASP---------------~ib_~tH~P--J 

i1=====~CSii==:=;;::O:::;::===_it]iPc:c====~I---t=:::tiRSH==~::::::tLtCIU' 

tz"ZLI; DOlI't ca:o 

0084-12 

Note: 'I. When WE is high level, all the data on l/Os can be written into the memory cell. When WE is low level, the data on l/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534251 Series 

• Page Mode Write Cycle (Delayed Write) 

tRC ~~ lRAsr---Er-_ 
1r-:-= ___ ~I.10---"' ""' i -----

RAS 

CAS tASH 

I/O 

(INPUT) --"j~.-----_~ \L.LLJ ~=-i u----L.L_1_LL_1_.t2!~·u.--L-J.----L---LJ'-'l'_7!-_f\L.l.----'-'L.L-1-LL-1-LL---'---L-L-L....L-l4-L---'--

liD IIIGII-Z I 
tOrs tOEIl (OUTI'Ul)@f 41 

Of/DE -------------+-r-r-j-r-rj-r-Tn--.--,n--.--nr-r-n-.--rj-,--,-l/-,---,zmr--r--

iZ"ZLJ; Don't CAre 

0084-13 

Note: '\. When WE is high level, all the data on lIOs can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• RAS Only Refresh Cycle 

I 
1
-1--- ---'.RC--:----------i 
'--___ tRAS 

----,1 
lL tRP 

I/O 
(OUTPUT) 

I/O 

High-Z 

t PC I 

(INPUT) W-W-.L..I...+1-L..L.J:...L...L....LL..L..I-...J.'--L....L...L..LJ.-L..L..L....L....L...L..LJ.'--L....L...L..J....J.-1 

e::z:a; Don't care 

~HITACHI 
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--------------------- HM534251 Series 

• CAS Before RAS Refresh Cycle 

f--tRP- - I--- tRP '.. tRC 3 
.l:-----,l.i~ tRAS - ..J 1 

RAS --11 +'D~ - Jf - -- -~ - ---
~ ,I 

Address 

1/0 
(INPUT) 

I/O 
(OUTPUT) 

~ tCHR tCRP ----l 
---'--4 

!II IOJT~///17I11 I I 0/1/1 

OIl I 0 u!lOZll / I ///11 / I / 

IIVJ/II I 1//0/1 I I II! I 1011 

HIGH-Z 

VIIIIIOIVIII/////////// 
tZZ:3 j Don I t care 

~HITACHI 
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HM534251 Series ------------------------------

• Hidden Refresh Cycle 

I/O 
(OUTPUT) 

I/O 
(INPUT) 

LtRC--------"'dl"',;.....--tRC-------I 

I~ 

VALID DATA OUT 

HIGH-Z 

IZ:Z:a i Don't ~.r. 
0084-16 

• HITACHI 
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• Read Transfer Cycle (1)1,2 

Address 

1/0 

I/O 

r~-~--------tRC----------------------~ 

--ir tRJ~_----_----;~<----"t-:::RP:----~ 

!~~!L._-..J tRSH II 
--II--~lf------- tCAS--..:....-..,r-==-,--

(INPUT) '-'---'--';-;-'-.t........'--'-'--'--'-.L-.(.....£-'--'--!--.L-.'--"-+...l.::f.;;-;:f--'~-L..L.....L. 

SC 

SIlO 
(OUTPUT) 

SIlO 
(INf'I)T) 

HIGH-Z 

HM534251 Series 

1Z22; Don't eare 

Notes: 1. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (I). 
2. SE is in low level. (When SE is high, SIlO becomes high impedance.) 

~HITACHI 
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HM534251 Series -------------------------------

• Read Transfer Cycle (2) 

~--------------tRC---------------·~1 

----------- tRAS --

-11----1J---tCAS---,.-j./=---,-----

:. ~ I HiwI :1_ 7--1 _·~I __ 
(OUTPUT) lL L- tCDH I I 
(I~~~T) 7lZ1ZZ1 1/7 1 1777!J / 1 111// /11/ 

tOTS .• tRO~--------41___l.,=---J.~-r-,__,r_r_r_-.-r-: I I- . I tDTHH 

tOTP 

SC 

~; Don't care 

[OJ; Inhib! t rising transient 

Notes: I. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
2. SE is in low level. (When SE is high, SIlO becomes high impedance.) 
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------------------------ HM534251 Series 

• Pseudo Transfer Cycle 

__ ~II tRC 
tRAS 

tRP 
1 II 

tRC tRSH I ~ tCAS 

tASR ~ I 
-- tRAHI tCIH 

/ R ~ SAK START ~/ / / / / / / / / / / / / / ADO. Address 

A~OO tCSH ~~ 
~ IJHU 111I111111111111111111 / 

~TUb, I 
WOO ~c==JII/IIIIIIIIIIIIIIIIII/111 

II I 
SE nhlf 11I1111111111111111111111 Ll('ms1~\ tSR tSCC 

SC 

SIlO 
(INPUT) 

SIlO 
(OUTPUT)-..,----:-_~t!'-_--=r 

tscA 

I/O ; Don I t care 

1ZZ.2J; Dan I t eare 

~ i Inhibit rising transient 

~HITACHI 
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HM534251 Series -------------------------------

• Write Transfer Cycle 

_-LI-... -----tRC.~------:----"1 
~:: _ tR!.5--

1t:.Rr~______ -.:-;",....--'tl 

II 

Address ...L1t--~.!-4 

SC 

SIlO 
(INPUT) 'r--=-;\L--'--'-i-L-'-.L-J'--'--'-L.-L.~r_-='--__'t'''-L--'-.J..J 

SIlO 
(OUTPUT) 

HIGH-Z 

lZ".ZLl; Don't care 

~; Inhibit rising transient 

~HITACHI 
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HM534251 Series 

• Serial Read Cycle 

'-tRAS----1 
------------~lr ~OTiL...1 1"----

,e 1 V 

iff/OE 

tDTS JI I 1 

llllllllllllllllf tlllflll/if 

sc 

SIlO 
(OUTPUT) 

• Serial Write Cycle 

~; Don't care 

IZZd i Don' t care 

Notes: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address 0 is accessed next to address 511. 

• HITACHI 
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HM534251A Series 
262,144-Word x 4-Blt Multiport CMOS Video RAM 

• DESCRIPTION 
The HM534251A is a l-Mbit multiport video RAM 

equipped with a 256k-word x 4-bit dynamic RAM and a 
512-word x 4-bit SAM (serial access memory). Its RAM and 
SAM operate independently and asynchronously. It can 
transfer data between RAM and SAM and has write mask 
function. 

• FEATURES 
• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 
RAM ............................. 256k-word x 4-bit 
SAM ....................•......... 512-word x 4-bit 

• Access Time 
RAM .......................... 80 nsll00 ns (max) 
SAM ............................ 25 ns/25 ns (max) 

• Cycle Time 
RAM ........•................. 150 ns/190 ns (min) 
SAM ............................ 30 ns/30 ns (min) 

• Low Power 
Active RAM ......................... 360 mW (max) 

SAM ......................... 280 mW (max) 
Standby ............................ 38.5 mW (max) 

• High-speed Page Mode Capability 
• Mask Write Mode Capability 
• Bidirectional Data Transfer Cycle Between RAM and SAM 

Capability 
• Real Time Read Transfer Cycle Capability 
.3 Variations of Refresh ................ (8 ms/512 cycles) 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• TTL Compatible 

• ORDERING INFORMATION 
Part No. Access Time Package 

HM534251AJ-8 80ns 400 mil 28-pin 
HM534251AJ-1O lOOns PlasticSOJ 

(CP-28D) 

HM53425IAZ-8 80ns 400 mil 28-pin 
HM534251AZ-1O lOOns Plastic ZIP 

(ZP-28) 

• PIN DESCRIPTION 
Pin Name Function 

Ao-As Address Inputs 

1100-110 3 RAM Port Data Inputs/Outputs 

SI/00-SII03 SAM Port Data Inputs/Outputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

DT/OE Data Transfer/Output Enable 

SC Serial Clock 

SE SAM Port Enable 

Vee Power Supply 

VSS Ground 

NC No Connection 

• PIN OUT 

• HITACHI 

HM534251AJ Series 

3DCP28D 

(CP-28D) 

HM534251AZ Series 

(ZP-28) 

HM534251AJ Series 

Vss 
SI,03 
SItO:! 
Sf: 
1,03 

ItO:! 
N:; 
t:1iS" 
N:; 
PO 
A1 
~ 
A3 
A7 

(Top View) 

HM534251AZ Series 

ItO:! 2 
'SE" 4 
SI,03 6 
SC 8 
SL01 10 
I,Q() 12 
W; 14 
R.lIS" 16 
/l6 18 
M 20 
A7 22 
~ 24 
fJ(J 26 
t:1iS" 2B 

r---

~ 

= 

~ 

~ 1 
3 
5 

F= 7 
9 

F= 11 

= 13 
15 

F== 17 
19 
21 
23 
25 

F= 27 

V 

(Bottom View) 

N:; 
1,03 

SItO:! 
Vss 
SI,Q() 

DT« 
L01 
I\C 
/>8 
PO 
Va; 
A3 
A1 
N:; 
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------------------------------ HM534251A Series 

• BLOCK DIAGRAM 

AO-A8 
I 

Icolumn Addressj IROW Addressj..-.1 Refresh I Buffer Buffer Counter 

I .. .. 
:---l 

Row Decoder Iserlal Addr:J 
Counter 

I I ~-

:; - I-- I--
~ 

CD Memory Array '" ... e "0 

'" 0 
"0 '" u 
0 o!S ::J '" u 

~ 
CD 0 

'" '" e c 0 
1O.~ E 

c '!: "'0\ - ..:! 
E 0. "'", ::2: 

00:: 0 
..:! E « u 
0 « VI 

::2: u '" « C VI 

'" I-- c-- -VI 

1"- 1"-
I .- I 

Input Data 
Control 

Serial Output I Serial Input I 
Buffer Buffer .... I 1"-

... .-
'" SI/OO-SI/03 ... 

...x.~ 
"'0\ 
"'''' ::2:0:: 

~ 

I Input Output I I TI mmg Generator I Buffer Buffer 

1"- I 
..... 

I/OO-I/03 

0083-3 

• HITACHI 
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HM534251A Series -----------------------------

• PIN FUNCTIONS 

RAS (input pin): MS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of MS. The 
input level of these signals determine the operation cycle of 
the HM534251A. 

• Table 1. Operation Cycles of HM534251A 

Input Level at the Falling Edge of RAS Operation Mode 
CAS DT/OE WE SE 

L X X X CBRRefresh 

H L L L Write Transfer 

H L L H Pseudo Transfer 

H L H X Read Transfer 

H H L X Read/Mask Write 

H H H X ReadlWrite 

CAS (input pin): Column address is fetched into chip at the 
falling edge of CAS. CAS controls output impedance of I/O 
in RAM. 

Ao-Aa (input pins): Row address is determined by Ao-Aa 
level at the falling edge of RAS. Column address is deter
mined by Ao-Aa level at the falling edge of eAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
MS, the HM534251A turns to mask write mode. According 
to the I/O level at the time, write on each I/O can be 
masked. (WE level at the failing edge of RAS is don't care in 
read cycle.) When WE is high at the falling edge of MS, a 
normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 

1/00-1/03 (input/output pins): I/O pins function as mask 
data at the falling edge of MS (in mask write mode). Data 
is written only to high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func
tion as input/output pins as those of a standard DRAM. 

DT /01: (input pin): DT fOE pin functions as DT (data trans
fer) pin at the falling edge of RAS and as OE (output en
able) pin after that. When Dr is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy
cle, data outputs from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is fetched into the SAM data 
register. 

SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be
cause internal pointer is incremented at the rising edge of 
SC. 

SI/Oo-SI/03 (input/output pins): SI/Os are Input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SI/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 

• OPERATION OF HM534251A 
RAM Read Cycle (DT /OE high and CAS high at the falling 
edge ofMS) 

Row address is entered at the RAS falling edge and col
umn address at the eAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data outputs through 
I/O pin. At the falling edge of MS, DT /OE and eAS be
come high to distinguish RAM read cycle from transfer cycle 
and CSR refresh cycle. Address access time (tAA) and MS 
to column address delay lime (tRAD) specifications are add
ed to enable high-speed page mode. 

RAM Write Cycle (Early Write, Delayed Write, Read· 
Modify·Wrlte) (DT/DE high and eAS high at the falling 
edge ofMS) 

• Normal Mode Write Cycle cwr=. high at the falling edge of 
RAS) 

When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is written in the select
ed addresses. When all 4 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes in high im
pedance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

If WE is set low after tCWD (min) and tAWD (min) after the 
eAS falling edge, this cycle becomes a read-modify-write cy
cle and enables read/write at the same address in one cy
cle. In thiS cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of MS, the cycle be
comes a mask write mode cycle which writes only to select
ed I/O. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of MS. Then the data 
is written in high I/O pins and masked in low ones and inter
nal data is retained. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is retained during the page access. 

High·Speed Page Mode Cycle (DT /OE high and CAS 
high at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data of the 
same row address at high speed toggling CAS while MS is 
low. Its cycle time is one third of the random read/write cy
cle. Note that address access time (tAA), RAS to column ad
dress delay time (tRAD), and the access time from eAS pre
charge (tACP) are added. In one RAS cycle, 512-word mem
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRASP max 
(100,...s). 
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• Transfer Operation 

The HM534251A provides the read transfer cycle, pseudo 
transfer cycle and write transfer cycle as data transfer cy
cles. These transfer cycles are set by driving CAS high and 
DT 10E low at the falling edge of RAS. They have following 
functions: 

(1) Transfer data between row address and SAM data reg
ister (except for pseudo transfer cycle) 

Read transfer cycle: RAM to SAM 
Write transfer cycle: SAM to RAM 

(2) Determine SilO state 

Read transfer cycle: SilO output 
Pseudo transfer cycle and write transfer cycle: SilO in
put 

(3) Determine first SAM address to access after transfer
ring at column address (SAM start address). 

SAM start address must be determined by read transfer 
cycle or pseudo transfer cycle after power on, and deter
mined for each transfer cycle. 

Read Transfer Cycle (CAS high, DT 10E low and WE high 
at the falling edge of RAS) 

This cycle becomes read transfer cycle by driving DT lOE 
low and WE high at the falling edge of RAS. The row ad
dress data (512 x 4-bit) determined by this cycle is trans
ferred to SAM data register synchronously at the rising edge 
of DT/OE. After the rising edge of DT/OE, the new address 
data outputs from SAM start address determined by column 
address. In read transfer cycle, DT/OE must be risen to 
transfer data from RAM to SAM. 

RAS 

CAS 

Address Xi 

DT/OE L 

DSF 

Yj 

HM534251A Series 

This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tSDD (min) speci
fied between the last SAM access before transfer and 
DT lOE rising edge and tSDH (min) specified between the 
first SAM access and DT 10E rising edge must be satisfied. 
(See figure 1.) 

When read transfer cycle is executed, SilO becomes out
put state by first SAM acess. Input must be set high imped
ance before tszs (min) of the first SAM access to avoid data 
contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle switches SilO to input state and 
set SAM start address without data transfer to RAM. 

This cycle starts when CAS is high, DT/OE low, WE low 
and SE high at the falling edge of RAS. Data should be in
put to SilO later than tSID (min) after RAS becomes low to 
avoid data contention. SAM access becomes enabled after 
tSRD (min) after RAS becomes high. In this cycle, SAM ac
cess is inhibited during RAS low, therefore, SC must not be 
risen. 

Write Transfer Cycle (CAS high, DT/OE low, WE low and 
SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tSRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. 

SC 

SIlO r----....::: r-----; r----__i r-----; r---~-__i r....,-:--:-:--
Yj Yj+l 

SAM Data before Transfer SAM Data after Transfer 

0083-4 

Figure 1. Real Time Resd Transfer 
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HM534251A Series -----------------------------

Data transferred to SAM by read transfer cycle can be 
written to other address of RAM by write transfer cycle. 
However, the address to write data must be the same MSB 
of row address (AX8) as that of the read transfer cycle. 

• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SliD. When ~ is 
set high, SliD becomes high impedance, and the internal 
pointer is incremented by the SC rising. After indicating the 
last address (address 511), the intemal pOinter indicates ad
dress 0 at the next access. 

Serial Write Cycle 
If previous data transfer cycle is pseudo transfer cycle or 

write transfer cycle, SAM port goes into write mode. In this 
cycle, SliD data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, SliD data 
isn't fetched into data register. Internal pointer is increment
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 511), the 
internal pointer indicates address 0 at the next access. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re
fresh to retain data. Refresh is executed by accessing all 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 

Terminal Voltage VT 

Power Supply Voltage VCC 

Power Dissipation PT 

Operating Temperature Topr 

Storage Temperature Tstg 

Note: 1. Relative to V ss. 

• ELECTRICAL CHARACTERISTICS 

512 row addresses within 8 ms. There are three refresh cy
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac
cessed within 8 ms. 

(1) RAS Only Refresh Cycle: RAS only refresh cycle is exe
cuted by activating only RAS cycle with CAS fixed to 
high after inputting the row address (= refresh address) 
from external circuits. To distinguish this cycle from 
data transfer cycle, DT/OE must be high at the falling 
edge ofRAS. 

(2) CBR Refresh Cycle: CBR refresh cycle is set by activat
ing CAS before RAS. In this cycle, refresh address 
need not to be input through external circuits because it 
is input through an internal refresh counter. In this cy
cle, output is in high impedance and power dissipation 
is lowered because CAS circuits don't operate. 

(3) Hidden Refresh Cycle: Hidden refresh cycle executes 
CBR refresh with the data output by reactivating RAS 
when DT /OE and CAS keep low in normal RAM read 
cycles. 

SAM Refresh 
SAM parts (data register, shift register and selector), or

ganized as fully static circuitry, require no refresh. 

Rating Unit Note 

-1.0to +7.0 V 1 

-0.5 to +7.0 V 1 

1.0 W 

Oto +70 'C 

- 55 to + 125 'C 

• Recommended DC Operating Conditions (T A = 0 to + 70"C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage VCC 4.5 5.0 5.5 V 1 

Input High Voltage VIH 2.4 - 6.5 V 1 

Input Low Voltage VIL -0.5 - O.S V 1,2 

Notes: 1. All voltages referenced to V ss. 
2. - 3.0V for pulse width S 10 ns. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) 

HM534251A-S HM534251A-1O Test Conditions 
Parameter Symbol Unit 

Min Max Min Max RAM Port SAM Port 

ICCI - 65 - 50 rnA RAS,CAS SC = VIL, SE = VIH 
Operating Current Cycling SE = Vu., SC Cycling 

ICC7 - 115 - 100 rnA tRC = Min tsee = Min 

Iccz - 7 - 7 rnA RAS,CAS SC = VU .. SE = VIH 
Standby Current = VIH SE = VIL, SC Cycling Ices - 50 - 50 mA 

tsec = Min 
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HM534251A Series 

• DC Electrical Characteristics (T A = 0 to + 70'C, Vee = 5V ± 10%, Vss = OV) (continued) 

HM534251A-8 HM534251A-1O Test Conditions 
Parameter Symbol Unit 

Min Max Min Max RAMPart SAM Port 

RASOnly 
ICC3 - 65 - 50 rnA RASCycling SC = VIL, SE = VIR 

CAS = VIR SE = V IL, SC Cycling Refresh Current ICC9 - 115 - 100 rnA tRC = Min tscc = Min 

ICC4 - 70 - 65 rnA CAS Cycling SC = VIL, SE = VIR 
Page Mode Current RAS = VIL SE = VIL, SC Cycling 

ICClD - 120 - 115 rnA tpc = Min 
tscc = Min 

CAS Before RAS 
ICC5 - 55 - 40 rnA RASCycling SC = VIL, SE = VIR 

Refresh Current 
tRC = Min SE = VIL, SC Cycling 

ICCll - 105 - 90 rnA 
tscc = Min 

ICC6 - 75 - 60 rnA RAS,CAS SC = VIL, SE = VIH 
Data Transfer Current Cycling 

SE = VIL, SC Cycling 
ICC 12 - 125 - 110 rnA tRC = Min tscc = Min 

Input Leakage Current ILl -10 10 -10 10 p.A 

Output Leakage Current ILO -10 10 -10 10 p.A 

Output High Voltage VOH 2.4 - 2.4 - V IOH = -2mA 

Output Low Voltage VOL - 0.4 - 0.4 V IOL = 4.2rnA 

Note: I. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition . 

• Capacitance (TA = 25'C, Vee = 5V, f = 1 MHz, Bias: Clock, I/O = Vee, address = Vss) 

Parameter Symbol Min Typ Max 

Address Cn -
Clock CI2 -
I/O, SI/O, QSF CliO -

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = 0V)1, 16 

Test Conditions 
Input Rise and Fall Time: 
Output Load: 
Input Timing Reference Levels: 
Output Timing Reference Levels: 

IIO 

Output Load (A) 

I oH=-2mA 
• 

IOl =4. 2mA 
• 

Note: * I. Including scope & jig. 

+5V 

5 ns 
See Figures 

0.8V,2.4V 
0.4V,2.4V 

0083-5 

• HITACHI 

-

-

-

5 

5 

7 

Output Load (B) 

I oH =-2mA • 

IOl=4.2mA 
• SIlO 

Unit 

pF 

pF 

pF 

+5V --

0083-6 
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HM534251A Series 

Common Parameter 

HM534251A-8 HM534251A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Random Read or Write Cycle Time tRC 150 - 190 - us 

RAS Precharge Time tRP 60 - 80 - us 

RAS Pulse Width tRAS 80 10000 100 10000 us 

CAS Pulse Width tCAS 20 - 25 - us 

Row Address Setup Time tASR 0 - 0 - us 

Row Address Hold Time tRAH 10 - 15 - us 

Columu Address Setup Time tASC 0 - 0 - us 

Column Address Hold Time tCAH 15 - 20 - us 

RAS to CAS Delay Time tRCD 20 60 25 75 us 2 

RAS Hold Time 
tRSH 20 25 Referenced to CAS - - ns 

CAS Hold Time 
tCSH 80 100 Referenced to RAS - - ns 

CAS to RAS Precharge Time tCRP 10 - 10 - ns 

Transition Time (Rise to Fail) tT 3 50 3 50 ns 3 

Refresh Period tREF - 8 - 8 ms 

DT to RAS Setup Time tDTS 0 - 0 - us 

DT to RAS Hold Time tDTH 10 - 15 - us 

Data-in to CAS Delay Time tDZC 0 - 0 - us 4 

Data-in to OE Delay Time tDZO 0 - 0 - ns 4 

Output Buffer Turn-off Delay 
tOFF! - 20 - 25 us 5 

Referenced to CAS 

Output Buffer Turn-off Delay 
tOFF2 - 20 - 25 ns 5 Referenced to OE 

Read Cycle (RAM), Page Mode Read Cycle 

HM534251A-8 HM534251A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 ns 6,7 

Access Time from CAS tCAC - 20 - 25 us 7,8 

Access Time from OE tOAC - 20 - 25 ns 7 

Address Access Time tAA - 40 - 45 us 7,9 

Read Commaud Setup Time tRCS 0 - 0 - us 

Read Command Hold Time tRCH 0 - 0 - ns 10 

Read Commaud Hold Time Referenced to RAS tRRH 10 - 10 - us 10 

RAS to Column Address Delay Time tRAD 15 40 20 55 us 2 

Column Address to RAS Lead Time tRAL 40 - 45 - ns 

Column Address to CAS Lead Time tCAL 40 - 45 - us 

Page Mode Cycle Time tpc 50 - 55 - ns 

CAS Precharge Time tcp 10 - 10 - ns 

Access Time from CAS Precharge tACP - 45 - 50 ns 

Page Mode RAS Pulse Width tRASP 80 100000 100 100000 ns 
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HM534251A Series 

Write Cycle (RAM), Page Mode Write Cycle 

HM534251A·S HM534251A·1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - ns 11 

Write Command Hold Time tWCH 15 - 20 - ns 

Write Command Pulse Width twp 15 - 20 - ns 

Write Command to RAS Lead Time tRWL 20 - 25 - ns 

Write Command to CAS Lead Time tCWL 20 - 25 - ns 

Data·in Setup Time tDS 0 - 0 - ns 12 

Data·in Hold Time tDH 15 - 20 - ns 12 

WE to RAS Setup Time tws 0 - 0 - ns 

WE to RAS Hold Time tWH 10 - 15 - ns 

Mask Data to RAS Setup Time tMS 0 - 0 - ns 

Mask Data to RAS Hold Time tMH 10 - 15 - ns 

OE Hold Time Referenced to WE tOEH 20 - 25 - ns 

Page Mode Cycle Time tpc 50 - 55 - ns 

CAS Precharge Time tcp 10 - 10 - ns 

CAS to Data·in Delay Time tCDD 20 - 25 - ns 13 

Page Mode RAS Pulse Width tRASP SO 100000 100 100000 ns 

Read-Modify-Write Cycle 

HM534251A·8 HM534251A·1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Read·Modify·Write Cycle Time tRWC 200 - 250 - ns 

RAS Pulse Width 
tRWS 130 10000 160 10000 (Read·Modify·Write Cycle) ns 

CAS to WE Delay Time tCWD 45 - 55 - ns 14 

Column Address to WE Delay Time tAWD 65 - 75 - ns 14 

OE to Data·in Delay Time toDD 20 - 25 - ns 12 

Access Time from RAS tRAC - SO - 100 ns 6,7 

Access Time from CAS tCAC - 20 - 25 ns 7, S 

Access Time from OE tOAC - 20 - 25 ns 7 

Address Access Time tAA - 40 - 45 ns 7,9 

RAS to Column Address Delay Time tRAD 15 40 20 55 ns 

Read Command Setup Time tRCS 0 - 0 - ns 

Write Command to RAS Lead Time tRWL 20 - 25 - ns 

Write Command to CAS Lead Time tCWL 20 - 25 - ns 

Write Command Pulse Width twp 15 - 20 - ns 

Data·in Setup Time tDS 0 - 0 - ns 12 

Data·in Hold Time tDH 15 - 20 - ns 12 

OE Hold Time Referenced to WE tOEH 20 - 25 - ns 

Refresh Cycle 

HM534251A·S HM534251A·IO 
Parameter Symbol Unit Note 

Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - ns 

(CAS Before RAS Refresh) 

CAS Hold Time 
tCHR 15 20 (CAS Before RAS Refresh) - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - ns 
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HM534251A Series 

Read Transfer Cycle 

Parameter 

DT Hold Time Referenced to RAS 

DT Hold Time Referenced to CAS 

DT Hold Time Referenced to Column Address 

DT Precharge Time 

DT to RAS Delay Time 

SC to RAS Setup Time 

I'st SC to RAS Hold Time 

I'st SC to CAS Hold Time 

I'st SC to Column Address Hold Time 

Last SC to DT Delay Time 

l'st SC to DT Hold Time 

Serial Data-in to l'st SC Delay Time 

Serial Clock Cycle Time 

SC Pulse Width 

SC Precharge Time 

SC Access Time 

Serial Data-out Hold Time 

Serial Data-in Setup Time 

Serial Data-in Hold Time 

RAS to Column Address Delay Time 

Column Address to RAS Lead Time 

DT High Hold Time to 
RAS Precharge Time 

HM534251A-8 
Symbol 

Min Max 

tRDH 70 10000 

tCDH 20 -

tADH 30 -

tDTP 40 -

tDRD 70 -

tSRS 30 -

tSRH 85 -

tSCH 30 -

tSAH 50 -

tSDD 5 -

tSDH 15 -

tszs 0 -

tscc 30 -

tsc 10 -

tscp 10 -

tSCA - 25 

tSOH 5 -

tSIS 0 -

tSIR 15 -

tRAD 15 40 

tRAL 40 -

tDTHH 25 -

Pseudo Transfer Cycle, Write Transfer Cycle 

HM534251A-8 
Parameter Symbol 

Min Max 

SE Setup Time Referenced to RAS tES 0 0 

SE Hold Time Referenced to RAS tEH 10 -
SC Setup Time Referenced to RAS tSRS 30 -
RAS to SC Delay Time tSRD 25 -

Serial Output Buffer Turn-off 
tSRZ 10 45 Time Referenced to RAS 

RAS to Serial Data-in Delay Time tSID 45 -
Serial Clock Cycle Time tscc 30 -

SC Pulse Width tsc 10 -

SC Precharge Time tscp 10 -
SC Access Time tseA - 25 

SE Access Time tSEA - 25 

Serial Data-out Hold Time tSOH 5 -
Serial Write Enable Setup Time tsws 5 -

Serial Data-in Setup Time tSIS 0 -
Serial Data-in Hold Time tSIR 15 -

~HITACHI 

HM534251A-1O 
Unit 

Min Max 

90 10000 ns 

25 - ns 

35 - ns 

45 - ns 

90 - ns 

30 - ns 

105 - ns 

35 - ns 

55 - ns 

5 - ns 

15 - ns 

0 - ns 

30 - ns 

10 - ns 

10 - ns 

- 25 ns 

5 - ns 

0 - ns 

20 - ns 

20 55 ns 

45 - ns 

30 - ns 

HM534251A-1O 
Unit 

Min Max 

0 0 ns 

15 - ns 

30 - ns 

25 - ns 

10 50 ns 

50 - ns 

30 - ns 

10 - ns 

10 - ns 

- 25 ns 

- 25 ns 

5 - ns 

5 - ns 

0 - ns 

20 - ns 
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HM534251A Series 

Serial Read Cycle, Serial Write Cycle 

HM534251A-8 HM534251A-IO 
Parameter Symbol Unit Note 

Min Max Min Max 

Serial Clock Cycle Time tscc 30 - 30 - ns 

SC Pulse Width tsc 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - ns 

Access Time from SC tSCA - 25 - 25 ns 15 

Access Time from SE tSEA - 25 - 25 ns 15 

Serial Data-out Hold Time tSOH 5 - 5 - ns 

Serial Output Buffer Tum-off 
tSEZ - 20 - 25 ns 5 

Time Referenced to SE 

Serial Data-in Setup Time tSIS 0 - 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - ns 

Serial Write Enable Setup Time tsws 5 - 5 - ns 

Serial Write Enable Hold Time tSWH 15 - 20 - ns 

Serial Write Disable Setup Time tSWIS 5 - 5 - ns 

Serial Write Disable Hold Time tSWIH 15 - 20 - ns 

Notes: 1. AC measurements assume tT = 5 ns. 
2. When tRCD > tRCD (max) and tRAD > tRAD (max), access time is specified by tcAC or tAA. 
3. VIH (min) and VIL (max) are reference levels for measuring timing of input singals. Transition time tT is measured between 

VIH and VIL. 
4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 

cycle, either tDZC (min) or tDZO (min) must be satisfied. 
5. tOFFI (max), tOFF2 (max) and tSEZ (max) are defined as the time at which the output achieves the open circuit condition 

(YOH - 200 mY, VOL + 200 mY). 
6. Assume that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
7. Measured with a load circuit equivalent to 2 TIL loads and 100 pF. 
8. When tRCD O!: tRCD (max) and tRAD :S tRAD (max), access time is specified by tCAC. 
9. When tRCD :S tRCD (max) and tRAD O!: tRAD (max), access time is specified by tAA. 

10. If either tRCH or tRRH is satisfied, operation is guaranteed. 
II. When twcs O!: twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 

condition. 
12. These parameters are specified by the later falling edge of CAS or WE. 
13. Either tcDD (min) or toDD (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 

applying data to the device when output buffer is on. 
14. When tAWD O!: tAWD (min) and tCWD O!: tCWD (min) in read-modify-write cycle, the data of the selected address outputs 

to an I/O pin and input data is written into the selected address. toDD (min) must be satisfied because output buffer must 
be turned off by OE prior to applying data to the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
16. After power-up, pause for 100 p.s or more and execute at least 8 initia1ization cycle (normal memory cycle or refresh cycle), 

then start operation. 
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HM534251A Series -----------------------------

• TIMING WAVEFORMS 
• Read Cycle 

WE 

I/O 
(Output) 

I/O 
(Input) 

DT/of 

III: Don't care 
0003-7 

• Early Write Cycle 

RAS 

CAS 

Address 

WE 

I/O 
(Output) 

I/O 
(Input) 

DT/Of 

im:Don't care 
0083-8 

Note: 'I. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low . 
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HM534251A Series 

• Delayed Write Cycle 

Address 

:/0 
(Output) 
I/O 
( Input) 

I!Dl : Don I t care 

Note: 'I. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 

• Read-Modify-Write Cycle 

Address 

I/O 
(Output 

i/O 
(Input) 

DT/OE 

m: Don't care 

Note: 'I. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 

@HITACHI 
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HM534251A Series --------------------------------

• Page Mode Read Cycle 

Address 

110 
(Output )--++----+----f 

110 
(l nput) 

• Page Mode Write Cycle (Early Write) 

Address 

110 
(Output) 

I/O 
(Input) 

DT/OE 

1M: Don't care 

0083-11 

m: Don't care 
0083-12 

Note: 'I. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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• Page Mode Write Cycle (Delayed Write) 

Jlrlrlress 

WE 
I/O 
(Output) 

I/O 
(Input) 

DT/OE 

HM534251A Series 

iii: Don't care 
0083-13 

Note: '\. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 

• RAS Only Refresh Cycle 

Address 

I/O 
(Output 

I/O 
(Input) 

DT/OE 

m: Don't care 
0063-14 

~HITACHI 
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HM534251A Series -------------------------------

• CAS Before RAS Refresh Cycle 

Address 

I/O 
(Output 

DT/DE 

• Hidden Refresh Cycle 

Address 

I/O 
(Output) 

I/O 
(Input) 

DT/DE 

e: Don't care 
0083-15 

1m: Don't care 
0083-16 
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HM534251A Series 

• Read Transfer Cycle (1) 

Address 
="""~---TI---A 

1/0 
(Output)---:]--1=j~~~~~~iii:=~=j::====r--

DTlor 

SC 

SIlO (Outpu t) ....:::~~.:..J'8888:ffi~~~ 
SIlO (Input) 

Previous Row~1 I.-New Row 

fie : Don I t care 

0083-17 
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HM534251A Series 

• Read Transfer Cycle (2) 

Address 

1/0 
(Output )----:~I--14:_=~:=~=:iIf====h~===;j--

DT/OE 

SC 

SIlO 
(Output)~"jt;~-------------~~-~~~~ 

SIlO 
(Input) 

i 

1m: Don't care 

~HITACHI 
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HM534251A Series 

• Pseudo Transfer Cycle 

Address 

110 (Output)----t+----------...:..:..:.::.:.:...-=----t---------

DT/OE 

SC 

tSOH 

SIlO 
(Output 

SIlO 
( Input) 

~ : Don I t care 

0083-19 
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• Write Transfer Cycle 

Address 

I/O 
(Output\--------~------------------~~--------4--------------

DT/DE 

sc 

51/0 (Output)-----It----------------------------l+------tl---

SIlO 
(Input) OOI"' __ X' 

Imi : Don I t care 

0083-20 
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• Serial Read Cycle 

SE 

sc 

51/0 
(Output) 

• Serial Write Cycle 

sc 

51/0 
(Input) 

HM534251A Series 

~ ; Don't care 

0083-21 

1m: Don't care 

0083-22 
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HM534252 Series 
262,144-Word x 4-Bit Multiport CMOS Video RAM 

• DESCRIPTION 
The HM534252 is a 1-Mbit multi port video RAM equipped 

with a 256k-word x 4-bit dynamic RAM and a 512-word x 
4-bit SAM (serial access memory). 

Its RAM and SAM operate independently and asynchro
nously. It can transfer data between RAM and SAM and has 
a write mask function. 

It also provides logic operation mode to simplify its opera
tion. In this mode, logic operation between memory data and 
input data can be executed by using internal logic-arithmetic 
unit. 

• FEATURES 
• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 
RAM ............................. 256k-word x 4-bit 
SAM .............................. 512-word x 4-bit 

• Access Time 
RAM ........... 100 ns/l00 ns/120 ns/150 ns (max) 
SAM ................ 30 ns/40 ns/40 ns/50 ns (max) 

• Cycle Time 
RAM ........... 190 ns/190 ns/220 ns/260 ns (max) 
SAM ................ 30 ns/40 ns/40 ns/60 ns (max) 

• Low Power 
Active 

RAM ............................. 385 mW (max) 
SAM ............................. 358 mW (max) 

Standby ............................. 40 mW (max) 
• High-speed Page Mode Capability 
• Logic Operation Mode Capability 
• 2 Types of Mask Write Mode Capability 
• Bidirectional Data Transfer Cycle between RAM and SAM 

Capability 
• Real Time Read Transfer Capability 
• 3 Variations of Refresh (8 ms/512 Cycles) 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• TTL Compatible 

• PIN DESCRIPTION 

Pin Name Function 

Ao-As Address Inputs 

I/Oo-I/0 3 RAM Port Data Inputs/Outputs 

SI/Oo-SI/0 3 SAM Port Data Inputs/Outputs 

RAS Row Address Strobe 

CAS Colmnn Address Strobe 

WE Write Enable 

• PIN OUT 

(CP-28D) 

(ZP-28) 

HM534252JP Series 
sc 21 v" 

51/00 27 51/03 
51/01 Z6 51/02 

iiT/OE 25 S'E 
1/00 2. 1/03 
1/01 23 1/02 
W£ 22 NC 
NC 21 fA! 

iiAS 9 20 NC 
AI 10 19 AD 
Ai II 18 AI 
AS 12 17 A2 
A. 13 16 A3 

Yee 14 15 Al 

(Top View) 

HM534252ZP Series 
INC 
31/03 
551/02 
7 V .. 
951/00 

II lIT/ill 
131/01 
15 NC 
17 AI 
19 A5 

(Bottom View) 

DT/OE Data Transfer/Output Enable • ORDERING INFORMATION 
SC Serial Clock Part No. Access Time 
SE SAM Port Enable HM534252IP-1O lOO ns 
Vee Power Supply HM534252IP-ll lOOns 

Vss Ground 
HM534252IP-12 l20ns 
HM534252IP-15 l50ns 

NC No Connection HM534252ZP-lO lOOns 
HM534252ZP-1l 100 ns 
HM534252ZP-12 l20ns 
HM534252ZP-15 150ns 

@HITACHI 

3DCP28D 

30ZP28 
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Package 

400 mil 
28-pin 
Plastic SOJ 
(CP-28D) 

400 mil 
28-pin 
Plastic ZIP 
(ZP-28) 

1046 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 



• BLOCK DIAGRAM 

RAM 

511 
Dout 

Din 

Memory 
Array 

0 Row 
0 

• PIN FUNCTION 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of those signals determine the operation of the 
HM534252. 

• Table 1. Operation Cycles of the HM534252 

Input Level at the 
Falling Edge of RAS Operation Cycle 

CAS DT/OE WE SE 

H H H X RAM ReadIWrite 

H H L X Mask Write 

H L H X Read Transfer 

H L L H Pseudo Transfer 

H L L L Write Transfer 

L X H X CBRRefresh 

L X L X Logic Operation Set/Reset 

Note: X; Don't care. 

CAS (input pin): Column address is put into chip at the fail
ing edge of CAS. CAS controls output impedance of liD in 
RAM. 

Ao-As (input pins): Row address is determined by Ao-As 
level at the falling edge of RAS. Column address is deter· 
mined by Ao-As level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM534252 turns to mask write mode. According to 
the liD level at the time, write on each liD can be masked. 
(WE level at the falling edge of RAS is don't care in read 

~ 

E 

" "0 
<.> 

511 

HM534252 Series 

SAM 

Pointe 

lIDl 

~ 
1;; 
·iI 

" a:: 
:= From :2 
en Column Address 

(SAM Start Address) 

0112-3 

cycle.) When WE is high at the falling edge of RAS, a nor
mal write cycle is executed. After that, WE switches readl 
write cycles as in a standard DRAM. In a transfer cycle, the 
direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 

1/00-1/03 (input/output pins): liD pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high liD pins. Data on low liD pins are 
masked and internal data are retained. After that, they func
tion as input/ output pins as those of a standard DRAM. 

DT IDE (input pin): DT IDE pin functions as DT (data trans
fer) pin at the falling edge of RAS and as DE (output en
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy
cle, data outputs from an SilO pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SilO 
pin at the rising edge of SC is put into the SAM data regis
ter. 

SE (input pin): SE pin activates SAM. When SE is high, SliD 
is in the high impedance state in serial read cycle and data 
on SilO is not put into the SAM data register in a serial 
write cycle. SE can be used as a mask for serial write be
cause internal pointer is incremented at the rising edge of 
SC. 

SI/Oo-SI/03 (input/output pins): SilOs are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SilO outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SilO inputs data. 
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HM534252 Series -------------------------------

• OPERATION OF HM534252 

• Operation of RAM Port 

RAM Read Cycle (DT/OE high, CAS high, at the falling 
edge of RAS) 

Row address is entered at the RAS falling edge and col
umn address at the CAS falling edge to the device as in 
standard DRAM. Then when WE is high and DT 10E is low 
while CAS is low, the selected address data outputs through 
1/0 pin. At the falling edge of RAS, DT 10E and CAS be
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (tM) and RAS 
to column address delay time (tRAD) specifications are add
ed to enable high-speed page mode. 

RAM Write Cycle (Early Write, Delayed Write, Read
Modify-Write) (DT/OE high, CAS high at the falling edge of 
RAS) 

• Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after RAS is set low, a 
write cycle is executed and 1/0 data is written at the select
ed addresses. When all 4 II0s are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes high imped
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be
comes a delayed write cycle. Data is input at the WE falling 
edge. I/O does not become high impedance in this cycle, so 
data should be entered with OE in high. 

If WE is set low after tCWD (min) and tAwD (min) after the 
CAS failing edge, this cycle becomes a read-modify-write cy
cle and enables write after read to execute in the same ad
dress cycle. In this cycle also, to avoid I/O contention, data 
should be input after reading data and setting OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be
comes a mask write mode cycle which writes only to select
ed I/O. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter
nal data is preserved. This mask data is effective during the 
RAS cycle, So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Page Mode Cycle (DT/OE high, CAS high at 
the falling edge of RAS) 

High-speed page mode cycle readslwrites the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random readlwrite 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore address access time (tAAl, RAS to column address 
delay time (tRAD), and access time from CAS precharge 
(tACP) are added. In one RAS cycle, 512-word memory cells 
of the same row address can be accessed. It is necessary 
to specify access frequency within tRAS max (10 J.ts). 

Transfer Operation 

The HM534252 provides the transfer cycle, pseudo trans
fer cycle, and write transfer cycle as data transfer cycles. 
These transfer cycles are set by driving DT 10E low at the 
falling edge of RAS. 

They have following functions: 

(1) Transfer data between row address and SAM data regis
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 
(a) Read transfer cycle:RAM -- SAM 
(b) Write transfer cycle:RAM +- SAM 

(3) Determine input or output of SAM I/O pin (SI/O) 
Read transfer cycle: SI/O output 
Pseudo transfer cycle, 

write transfer cycle: SI/O input 

(4) Determine first SAM address to access (SAM start ad
dress) after transferring at column address. When SAM 
start address is not changed, neither CAS nor address 
need to be set because SAM start address can be 
latched internally. 

Read Transfer Cycle (CAS high, DT/OE low, WE high at 
the falling edge of RAS) 

This cycle becomes read transfer cycle by driving DT 10E 
low and WE high at the falling edge of RAS. The row ad
dress data (512 x 4-bit) determined by this cycle is trans
ferred synchronously at the rising edge of DT 10E. After the 
rising edge of DT 10E, the new address data outputs from 
SAM start address determined by column address. 

This cycle can access SAM serially even during transfer 
(real time read transfer). In this case, the timing tSDD (min) is 
specified between the last SAM access before transfer and 
DT/OE riSing edge, and tSDH (min) between the first SAM 
access and DT 10E rising edge (see figure 1). 

If read transfer cycle is executed, SI/O becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and SI/O is in input 
state, uncertain data outputs after tRLZ (min) after the RAS 
falling edge. Before that, input should be set high imped
ance to avoid data contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching SI/O from 
output state to input state because data in RAM isn't rewrit
ten. This cycle starts when CAS is high DTIOE low, WE low, 
and SE high, at the falling edge of RAS. The output buffer in 
SI/O becomes high impedance within tSRZ (max) from the 
RAS falling edge. Data should be input to SI/O later than 
tSID (min) to avoid data contention. SAM access becomes 
enabled after tSRD (min) after RAS becomes high. In this cy
cle, SAM access is inhibited during RAS low, therefore, SC 
should not be raised. 
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HM534252 Series 

CAS \I...---_----JI 

Address ___ ---'XI.._---.:X.;.;.i __ ..JX'-__ ....;yJ __ ...JXI.. ______________ _ 

SC 

51/0 

SAM Data Before Transfer SAM Data After Transfer 

0112-4 

Figure I. Real Time Read Transfer 

Write Transfer Cycle (CAS high, DT 10E low, WE low, and • Refresh 
SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tSRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 

• SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data trans
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SilO. If SE is set 
high SilO becomes high impedance and internal pointer is 
incremented at the SC rising edge. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SilO data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SilO 
data isn't input into data register. Internal pOinter is incre
mented according to the SC rising edge, so SE high can 
mask data for SAM. 

RAM Refresh 

RAM, which is composed of dynarnic circuits, requires re
fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refresh cy
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as readlwrite cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev
ery 8 ms. 

RAS Only Refresh Cycle: RAS only refresh cycle is per
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter
nal circuits. In this cycle, output is high-impedance and pow
er dissipation is less than that of normal readlwrite cycles 
because CAS internal circuits don't operate. To distinguish 
this cycle from data transfer cycle, DT 10E should be high at 
the falling edge of RAS. 

CBR Refresh Cycle: CBR refresh cycle is set by activat
ing CAS before RAS. In this cycle, refresh address does not 
need to be input through external circuits because it is input 
through an internal refresh counter. In this cycle, output is in 
high Impedance and power dissipation is lowered like in 
RAS only refresh cycles because CAS circuits don't operate. 
To distinguish this cycle from logic operation set/reset cycle, 
WE should be high at the falling edge of RAS. 
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HM534252 Series 

Hidden Refresh Cycle: Hidden refresh cycle performs re
fresh by reactivating RAS when DT 10E and CAS keep low 
in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector), orga
nized as fully static circuitry, don't require refresh. 

Logic Operation Mode 

The HM534252 supports logic operation capability on 
RAM port. It performs logic operations between the memory 
cell data and input data in logic operation mode cycle, and 
writes the result into the memory cell (read modify write). 
This function realizes high speed raster operations and sim
plifies penpheral circuits for raster operations. 

Logic Operation Set/Reset Cycle (CAS and WE Low at 
the falling edge of RAS) 

In logic operation set/reset cycle, the following operations 
are performed at the same time; (1) Selection of logic opera
tions and logic operation mode set/reset, (2) Mask data pro
gramming, (3) CAS before RAS refresh. 

Figure 2 shows the timing for logic operation set/reset cy
cle. This cycle starts when CAS and WE are low at the fail
ing edge of RAS. In this cycle, logic operation codes and 
mask data are programmed by row address and 1/0 pin at 
the falling edge of RAS respectively. When write cycle is 
performed after this cycle, the logic operation write cycle 

, 
1\ 

starts. In the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-modi
fy-write cycle is performed internally. In this cycle, logic op
eration codes and mask data programmed are available until 
reprogrammed. In normal mode, mask data is available only 
for one RAS cycle. Here, the mask data programmed in nor
mal mode is named as "temporary mask data" and the one 
programmed in logic operation set/reset cycle is named as 
"mask data". 

(1) Selection of logic operations and logic operation mode 
set/reset 

Table 2 shows the logiC operations. One operation is se
lected among sixteen ones by combinations of AO-A3 levels 
at the falling edge of RAS. (A4-A8 are Don't care.) Logic 
operation codes (A3, A2, A 1, AO) = (0, 1, 0, 1) resets the 
logic operation mode. When write cycle is performed after 
than, normal write cycle starts. However, even in this case, 
mask data is still available. 1/0 should be at high level at the 
falling edge of RAS in logiC operation set/reset cycle when 
mask data is not used. 

(2) Mask data programming 

Highllow level of 1/0 at the falling edge of RAS functions 
as mask data. When 1/0 is high, the data is written in write 
cycle. When 1/0 is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 
this cycle, is available until reprogrammed. It is advanta
geous when the same mask data continues. 

\ _____ ---=-L __ ---J/ 
I 

AO-A3 Logic Code 

WE \'---_L~ __ / 

1/00-1/03 -----'X'---_Mask..---;----,x~ ___ _ 
0112-5 

Figure 2. Logic Operation Set/Reset 
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o Table 2. Logic Code 

Logic Code 

A3 A2 Al AO 

0 0 0 0 

0 0 0 I 

0 0 I 0 

0 0 I I 

0 I 0 0 

0 I 0 I 

0 I I 0 

0 I I I 

I 0 0 0 

I 0 0 I 

I 0 I 0 

I 0 I I 

I I 0 0 

I I 0 I 

I I I 0 

I I I I 

Notes: Di; External data·in 
Mi; The data of the memory cell 

wr 

1/00 

1/01 

1/02 

1/03 

LOlie 

Remarks 

Logic operation 
set/resel cycle 

"H" 

"L" 

"L" 

"H" 

Mask data is sel 
1/01. 2: Masked 
Assume 1I1al the 
logic I. sat to 
'AND1' 

HM534252 Series 

Symbol Write Data Note 

Zero 0 

ANDI DioMi 

AND2 DioMi Logic Operation Mode Set 

- Mi 

AND3 DioMi 

THROUGH Di Logic Operation Mode Reset 

EOR DioMi + DioMi 

ORI DioMi 

NOR DioMi 

ENOR DioMi + DioMi 

INVI Di 

OR2 Di+ Mi 
Logic Operation Mode Set 

INV2 Mi 

OR3 Di + Mi 

NAND Oi + Mi 

One I 

Write cycle Write cycle Write cycle Write cycle 

"O"Wnte Masked "O"Wnte 

Masked "1 "Write Masked Masked 

Masked "O"Wnte Masked Masked 

"1 "Write Masked "O"Wnte "1 "Write 

ANOl THROUGH ANDl ANDl 

Temporary mask 
data is sel, and 
valid only in this 
cycle. 
VOO, 3: Masked 

0112-6 

Figure 3. 2 Types of Mask Write Function and Logic Operation Function 
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Also, temporary mask data is programmed by falling WE 
at the falling edge of RAS in logic operation mode cycle af
ter mask data is programmed in logic operation set/reset cy
cle. In this case, temporary mask data is available only for 
one cycle. 

Logic operation is reset during temporary mask write cy
cle. It means that external input data is written into I/O 
when temporary mask data is set. Figure 4 shows write 
mask and logic operations. These functions are useful when 
RAM port is divided into frame buffer area and data area, as 
they save the need to reprogram logic operation codes and 
mask data. 

Read I-word source data 

Read I-word destination data 

Execute logic operation between source data 

and destination data 

Write the result of operation into the destination 

address 

(a) Normal Mode 

Write Cycle in Logic Operation Mode (Early Write, 
Delayed Write, Page Mode) 

Write cycle after logic operation set cycle is logic opera
tion mode cycle. In this cycle, the following read-modify-write 
operation is performed internally. 

(1) Reading memory data in given address into internal bus. 

(2) Performing operation between input data and memory 
data. 

(3) Writing the result of (2) into address given by (1). 

I Execute logic operation set/reset cycle I 

I Read I-word source data I 

I Write read data into the destination address I 

(b) Logic Operation Mode 

0112-7 

Figure 4. Sequence of Raster Operation 

Figure 4 shows sequence of raster operation. Raster op
eration which needs 3 cycles (destination read, operation, 
destination write) in normal mode can be executed in one 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 

Terminal Voltage VI 

Power Supply Voltage Vee 

Power Dissipation PI 

Operating Temperature Topr 

Storage Temperature TsIg 

Note: I. Relative to V ss . 

• ELECTRICAL CHARACTERISTICS 

write cycle of logic operation mode. It makes raster opera
tion faster and simplifies peripheral hardware for raster oper
ation . 

Value Unit Note 

- 1.0 to + 7.0 V I 

- 0.5 to + 7.0 V I 

1.0 W 

Oto + 70 ·C 

- 55 to + 125 ·C 

• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vee 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V 1 

Input Low Voltage VIL -0.5 - 0.8 V 1,2 

Notes: I. All voltages referenced to V ss. 
2. - 3.0V for pulse width :$ 10 ns. 
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HM534252 Series 

• DC Characteristics (T A = 0 to 70·C. Vee = SV ± 10%. Vss = OV) 

HM534252-1O HM534252-1I HM534252-12 HM534252-15 Test Conditions 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max RAM Port SAM Port 

IcC! - 70 - 70 - 60 - 55 rnA RAS. SC = VIL. SE = VIH 
Operating CAS Cycling SE = VIL. SC Cycling 1.2 Current ICC7 - 120 - 120 - 100 - 85 mA tRC = Min tscc = Min 

ICC2 - 7 - 7 - 7 - 7 rnA - SC = VIL. SE = VIH 
Standby RAS. 

SE = V IL. SC Cycling I 
Current Iccs - 65 - 55 - 55 - 40 rnA CAS = VIH 

tscc = Min 

RASOnly ICC3 - 70 - 70 - 60 - 55 mA RASCyciing SC = VIL. SE = VIH 
Refresh CAS = VIH SE = VIL. SC Cycling 2 
Current ICC9 - 120 - 120 - 100 - 85 rnA tRC = Min tscc = Min 

ICC4 - 80 - 80 - 70 - 60 mA CAS Cycling SC = VIL. SE = VIH 
Page Mode 

RAS = VIL SE = VIL. SC Cycling 1.3 Current 130 130 110 90 mA ICCIO - - - - tRC = Min tscc = Min 

CAS Before RAS 
Iccs - 60 - 60 - 50 - 40 mA SC = VIL. SE = VIH 

Refresh Current 
RASCyciing SE = V IL. SC Cycling 

ICCll - 110 - 110 - 90 - 70 mA tRC = Min tscc = Min 

ICC6 - 95 - 95 - 90 - 85 rnA RAS.CAS SC = VIL. SE = VIH 
Data Transfer 
Current - \35 - \35 - 125 - 115 rnA Cycling SE = V IL. SC Cycling 2 

ICC12 tRC = Min tscc = Min 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 /LA Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 -10 10 /LA Current 

Output High 
VOH 2.4 - 2.4 - 2.4 - 2.4 - V IOH = -2mA Voltage 

Output Low 
VOL - 0.4 - 0.4 - 0.4 - 0.4 V IOL = 4.2mA Voltage 

Notes: I. ICC depends on output loading condition when the device is selected. ICC max is specified at the output open condition. 
2. Address can be changed less than three times while RAS = V IL. 
3. Address can be changed once or less while CAS = VIH. 

• Capacitance (TA = 2S·C. Vee = 5V. f = 1 MHz. Bias: Clock. lID = Vee. Address = Vss) 

Parameter Symbol Min Typ Max Unit 

Address Cn - - 5 pF 

Clock CI2 - - 5 pF 

I/O. SI/O CliO - - 7 pF 
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• AC Characteristics (TA = 0 to +70'C, vee = 5V ±10%, vss = OV)(1, 11) 

Test Conditions 
Input Rise and Fall Time 
Output Load 
Input Timing Reference Levels 
Output Timing Reference Levels 

Output Load (A) 

I/O 

Note: "I. Including scope & jig. 

Common Parameter 

+5V 

5 ns 
See figures 
0.8V,2.4V 
0.4V,2.4V 

0112-8 

Output Load (B) 

+5V 

SI/O 

Parameter Symbol HM534252-1O HM534252-11 HM534252-12 HM534252-15 

Min Max Min Max Min Max Min Max 

Random Read or 
tRC 190 190 220 260 Write Cycle Time - - - -

RAS Precharge Time tRP 80 - 80 - 90 - 100 -

RAS Pulse Width tRAS 100 10000 100 10000 120 10000 150 10000 

CAS Pulse Width tCAS 30 10000 30 10000 35 10000 40 10000 

Row Address Setup Time tASR 0 - 0 - 0 - 0 -

Row Address Hold Time tRAH 15 - 15 - 15 - 20 -
Column Address Setup Time tASC 0 - 0 - 0 - 0 -

Column Address Hold Time tCAH 20 - 20 - 20 - 25 -

RAS to CAS Delay Time tRCO 25 70 25 70 25 85 30 110 

RAS Hold Time tRSH 30 - 30 - 35 - 40 -

CAS Hold Time tCSH 100 - 100 - 120 - 150 -
CAS to RAS Precharge Time tCRP 10 - 10 - 10 - 10 -
Transition Time (Rise to Fall) tT 3 50 3 50 3 50 3 50 

Refresh Period tREF - 8 - 8 - 8 - 8 

DT to RAS Setup Time tOTS 0 - 0 - 0 - 0 -

DT to RAS Hold Time tOTH 15 - 15 - 15 - 20 -
Data-in to OE Delay Time tozo 0 - 0 - 0 - 0 -

Data-in to CAS Delay Time tozc 0 - 0 - 0 - 0 -
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Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 5,6 

ns 

ns 

ns 

ns 8 

ms 

ns 

ns 

ns 

ns 
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Read Cycle (RAM), Page Mode Read Cycle 

HM534252-1O HM534252-11 HM534252-12 HM534252-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Access Time from RAS tRAC - 100 - 100 - 120 - 150 ns 2,3 

Access Time from CAS tCAC - 30 - 30 - 35 - 40 ns 3,5 

Access Time from OE tOAC - 30 - 30 - 35 - 40 ns 3 

Address Access Time tAA - 45 - 45 - 55 - 70 ns 3,6 

Output Buffer Turn-off Delay 
tOFF! - 25 - 25 - 30 - 40 ns 7 

Referenced to CAS 

Output Buffer Turn-off Delay 
toFF2 - 25 - 25 - 30 - 40 ns 7 

Referenced to OE 

Read Command Setup Time tRCS 0 - 0 - 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - 0 - 0 - ns 12 

Read Command Hold Time 
tRRH 10 10 10 10 12 

Referenced to RAS 
- - - - ns 

RAS to Column Address 
tRAO 20 55 20 55 20 65 25 80 5,6 

Delay Time 
ns 

Page Mode Cycle Time tpc 55 - 55 - 65 - 80 - ns 

CAS Precharge Time tcp 10 - 10 - 15 - 20 - ns 

Access Time from CAS 
tACP 50 50 60 - 75 ns 

Precharge - - -

Write Cycle (RAM), Page Mode Write Cycle 

HM534252-10 HM534252-11 HM534252-12 HM534252-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - ns 9 

Write Command Hold Time tWCH 25 - 25 - 25 - 30 - ns 

Write Command Pulse Width twp 15 - 15 - 20 - 25 - ns 

Write Command to RAS 
tRWL 30 30 35 - 40 - ns 

Lead Time - -

Write Command to CAS 
tCWL 30 30 35 - 40 - ns 

Lead Time 
- -

Data-in Setup Time tos 0 - 0 - 0 - 0 - ns 10 

Data-in Hold Time tOH 25 - 25 - 25 - 30 - ns 10 

WE to RAS Setup Time tws 0 - 0 - 0 - 0 - ns 

WE to RAS Hold Time tWH 15 - 15 - IS - 20 - ns 

Mask Data to RAS Setup Time tMS 0 - 0 - 0 - 0 - ns 

Mask Data to RAS Hold Time tMH 15 - 15 - IS - 20 - ns 

OE Hold Time Referenced 
tOEH 10 - 10 - 15 - 20 - ns 

to WE 

Page Mode Cycle Time tpc 55 - 55 - 65 - 80 - ns 

CAS Precharge Time tcp 10 - 10 - 15 - 20 - ns 
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HM534252 Series -------------------------------

Read-Modify-Write Cycle 

HM534252-10 HM534252-11 HM534252-12 HM534252-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Read Modify Write Cycle Time tRWC 255 - 255 - 295 - 350 - ns 

RAS Pulse Width tRWS 165 10000 165 10000 195 10000 240 10000 ns 

CAS to WE Delay leWD 65 - 65 - 75 - 90 - ns 9 

Cnlumn Address to WE Delay tAWD 80 - 80 - 95 - 120 - ns 9 

OE to Data-in Delay Time tODD 25 - 25 - 30 - 40 - ns 

Access Time from RAS tRAC - 100 - 100 - 120 - 150 ns 2,3 

Access Time from CAS tCAC - 30 - 30 - 35 - 40 ns 3,5 

Access Time from OE tOAC - 30 - 30 - 35 - 40 ns 3 

Address Access Time tAA - 45 - 45 - 55 - 70 ns 3,6 

RAS to Column Address Delay tRAD 20 55 20 55 20 65 25 80 ns 5,6 

Output Buffer Tum-off 
toFF2 - 25 - 25 - 30 - 40 ns Delay Referenced to OE 

Read Command Setup Time tRCS 0 - 0 - 0 - 0 - ns 

Write Command to RAS 
tRWL 30 30 35 40 Lead Time 

- - - - ns 

Write Command to CAS 
tCWL 30 30 35 40 Lead Time - - - - ns 

Write Command Pulse Width twp 15 - 15 - 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - 0 - ns 10 

Data-in Hold Time tDH 25 - 25 - 25 - 30 - ns 10 

WE to RAS Setup Time tws 0 - 0 - 0 - 0 - ns 

WE to RAS Hold Time tWH 15 - 15 - 15 - 20 - ns 

Mask Data to RAS Setup Time tMS 0 - 0 - 0 - 0 - ns 

Mask Data to RAS Hold Time tMH 15 - 15 - 15 - 20 - ns 

OE Hold Time Referenced 
tOEH 10 10 15 20 to WE - - - - ns 

Refresh Cycle 

HM534252-1O HM534252-11 HM534252-12 HM534252-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - 10 - 10 - ns (CAS Before RAS Refresh) 

CAS Hold Time 
tCHR 20 20 25 30 (CAS Before RAS Refresh) - - - - ns 

RAS Precharge to CAS 
tRPC 10 - 10 - 10 - 10 - ns Hold Time 
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HM534252 Series 

Transfer Cycle 

HM534252-1O HM534252-11 HM534252-12 HM534252-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

WE to RAS Setup Time tws 0 - 0 - 0 - 0 - ns 

WE to RAS Hold Time tWH 15 - 15 - 15 - 20 - ns 

SE to RAS Setup Time tES 0 - 0 - 0 - 0 - ns 

SE to RAS Hold Time tEH 15 - 15 - 15 - 20 - ns 

RAS to SC Delay Time tSRo 25 - 30 - 30 - 35 - ns 

SC to RAS Setup Time tSRS 30 - 40 - 40 - 45 - ns 

DT Hold Time from RAS tROH 80 - 90 - 90 - 110 - ns 

DT Hold Time from CAS tcOH 20 - 30 - 30 - 45 - ns 

Last SC to DT Delay Time tsoo 5 - 5 - 5 - 10 - ns 

First SC to DT Hold Time tSOH 20 - 25 - 25 - 30 - ns 

DT to RAS Lead Time tOTL 50 - 50 - 50 - 50 - ns 

DT Hold Time Referenced 
tOTHH 20 25 25 30 to RAS High - - - - ns 

DT Precharge Time tOTP 30 - 35 - 35 - 40 - ns 

Serial Data Input Delay 
tSID 50 - 60 - 60 - 75 - ns Time from RAS 

Serial Data Input to 
tSZR - 10 - 10 - 10 - 10 ns RAS Delay Time 

Serial Output Buffer Tum-off 
tSRZ 10 50 10 60 10 60 10 75 ns 7 Delay from RAS 

RAS to Sout (Low-Z) 
tRLZ 5 - 10 - 10 - 10 - ns Delay Time 

Serial Clock Cycle Time tscc 30 - 40 - 40 - 60 - ns 

Serial Clock Cycle Time tSCC2 40 - 40 - 40 - 60 - ns 13 

Access Time from SC tSCA - 30 - 40 - 40 - 50 ns 4 

Serial Data-out Hold Time tSOH 7 - 7 - 7 - 7 - ns 4 

SC Pulse Width tsc 10 - 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - 10 - 10 - ns 

Serial Data-in Setup Time tSIS 0 - 0 - 0 - 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - 20 - 25 - ns 

Serial Read Cycle 

HM534252-1O HM534252-11 HM534252-12 HM534252-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Serial Clock Cycle Time tscc 30 - 40 - 40 - 60 - ns 

Access Time from SC tSCA - 30 - 40 - 40 - 50 ns 4 

Access Time from SE tSEA - 25 - 30 - 30 - 40 os 4 

Serial Data-out Hold Time tSOH 7 - 7 - 7 - 7 - ns 4 

SC Pulse Width tsc 10 - 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - 10 - 10 - ns 

Serial Outp~uffer Turn-off 
Delay from SE tSEZ - 25 - 25 - 25 - 30 ns 7 
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HM534252 Series 

Serial Write Cycle 

Parameter 

Serial Clock Cycle Time 

SC Pulse Width 

SC Precharge Width 

Serial Data-in Setup Time 

Serial Data-in Hold Time 

Serial Write Enable 
Setup Time 

Serial Write Enable Hold Time 

Serial Write Disable 
Setup Time 

Serial Write Disable 
Hold Time 

Logic Operation Mode 

Parameter 

CAS Hold Time (Logic 
Operation Set/Reset Cycle) 

RAS Pulse Width in 
Write Cycle 

CAS Pulse Width in 
Write Cycle 

CAS Hold Time in Write Cycle 

RAS Hold Time in Write Cycle 

Write Cycle Time 

Page Mode Cycle Time 
(Write Cycle) 

Symbol 

tscc 

tsc 

tscp 

tSIS 

tSIH 

tsws 

tSWH 

tSWIS 

tSWIH 

Symbol 

tpCHR 

tRFS 

tcps 

tpCSH 

tpRSH 

tpRC 

tppc 

HM534252-1O 

Min Max 

30 -

10 -
10 -
0 -

15 -

-0 

30 -

0 -

30 -

HM534252-1O 

Min Max 

90 -

140 10000 

60 10000 

140 -

60 -
230 -

85 -

Notes: I. AC measurements assume tT = 5 ns. 

HM534252-11 HM534252-12 HM534252-15 
Unit Note 

Min Max Min Max Min Max 

40 - 40 - 60 - ns 

10 - 10 - 10 - ns 

10 - 10 - 10 - ns 

0 - 0 - 0 - ns 

20 - 20 - 25 - ns 

0 - 0 - 0 - ns 

35 - 35 - 50 - ns 

0 - 0 - 0 - ns 

35 - 35 - 50 - ns 

HM534252-11 HM534252-12 HM534252-15 
Unit Note 

Min Max Min Max Min Max 

90 - 100 - 120 - ns 

140 10000 165 10000 200 10000 ns 

60 10000 70 10000 80 10000 ns 

140 - 165 - 200 - ns 

60 - 70 - 80 - ns 

230 - 265 - 310 - ns 

85 - 100 - 120 - ns 

2. Assume that tRCD oS tRCD (max) and tRAD oS tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

1058 

value shown in this table, tRAC exceeds that value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
5. When tRCD ~ tRCD (max) and tRAD oS tRAD (max), access time is specified by tCAC' 
6. When tRCD oS tRCD (max) and tRAD ~ tRAD (max), access time is specified by tAA' 
7. topp (max) is defined as the time at which the output achieves the open circuit condition (V OH - 200 m V, VOL + 

200 mY). 
8. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Transition times are measured between 

VIH and VIL. 
9. When twcs ~ twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 

condition. When tAWD ~ tAWD (min) and tCWD ~ tcwD (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data output pin and input data is written into the selected address. In this case, imped
ance on I/O pins is controlled by OE. 

10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read
modify-write cycles. 

II. After power-up, pause for 100 p,s or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either tRCH or tRRH is satisfied, operation is guaranteed. 
13. tSCC2 is defined as the last SAM cycle time before read transfer in read transfer cycle (I). 
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• TIMING WAVEFORMS 
• Read Cycle 

Address 

I/O 
(Output) 

I/O 
(Input) 

• Early Write Cycle 

Address 

I/O 
(Input) 

I/O 
(Output) 

HM534252 Series 

t.e 

~ : Don't care 
0112-10 

'l")j; : Don't care 
0112-11 

Note: * 1. When WE is high level, all the data on Ii0s can be written into the memory cell. When WE is low level, the data on Ii0s 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 

• Delayed Write Cycle 

I/O H'lh-Z 
(Output)----------==-------------

fL:Zl : Don't care 
0112-12 

Note: "I. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS, 

• Read-Modify-Write Cycle 

Address 

I/O 
(Input) 

I/O 
(output) 

0112-13 

Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS, 
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• Page Mode Read Cycle 

Address 

I/O 
(Output) 

I/O 
(Input) 

• Page Mode Write Cycle (Early Write) 

Address 

I/O 
(Input) 

I/O 
(Output) 

HM534252 Series 

t.e 

.~ : Don't care. 

0112-14 

~ : Don't care 

0112-15 

Note: • 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534252 Series 

• Page Mode Write Cycle (Delayed Write) 

Address 

I/O 
(Input) 

too 

VIIIIIIOIi 
~ : Don't care 

0112-16 

Note: * 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the 1/0 is high at the falling edge of RAS. 

• RAS Only Refresh Cycle 

Address 

I/O 
(Output) 

I/O 
(Input) 

o : Don't care. 
0112-17 

~HITACHI 
1062 Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 



------------------------- HM534252 Series 

• CAS Before RAS Refresh Cycle 

Addre •• 11 1m liJlljJ/il /Ifl/ Ii !ll1i / !l(1i !fa 
WE ! llifllJJJfl///(!fi/j! / !II)/! mfllll! 

(ln~~t) 'i//l/l/l/l/ff/il /IIiJ /lI/J/J/IIIlJ !II! 
I/o _______ .....;,;;Hi::;.;gh..;;-Z _______ _ 

(Output) 

OliO[ 7/i1J lij!JJfl/ Ii iTliJ/ / Ii /I Ii IiJ)/(IiZ 
IZZI : Don't care 

• Hidden Refresh Cycle 

RAS 

CAS 

Address 

I/o 
(Output) ---++--++---_1.--------'1 

I/o 7771~------~~------(Input) 

[Zl: Don't care 

.HITACHI 
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HM534252 Series 

• Read Transfer Cycle (1)*1, *2 

'" 
---,~---------~ 

wr 

'/0 
(Ou'pu') 

./0 77.,.IJ.-rrrrrrrrF;:;:::;.~:;:;::;:Jf-rfTT-rrrrTT-r-T"r7-r
(Input) ..L....,f..I...L..u...i..J'-L.LJ.:.J...LJ.:.J....L.L..L..'rf-~..L..~LJ.:.J....L.I.:.J....L.I.'-L...i.. 

sc 

s'/O 
(~.P~)~,~~~-T~,~~,f-~~~~J~~=-~'~Jl~~J~~.L 

Sl/O 
(Input) 

~ : Don't care 
0112-20 

Notes: "I. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
*2. SE is in low level. (When SE is high, SIlO becomes high impedance.) 
* 3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed . 

• Read Transfer Cycle (2)'1, *2 

Address 

wr 

./0 
(Output) 

'" 
'" 

I/O 7"7...,JlrT-'-rrT"7~;::;::::;=::i~;=r~..,...,l,-T'7-'-rT~rrT"7-r 
(Input) ~.L,!,I-L..LLJ...LLJ.'....L...L.L../...LLJ.'-L,f-'y.+.L.I.w.:.J....L-L...I.:.J....L.I.W 

sc 

s'/O 
(Output) 1~t,;;:::r----~6.0.:1.LLu.:..J..LLU.'.iJ\.-~L~LL'..L 

SIlt. t=~~}--------------------:=::----------------('nput) A 
~ . Don't care 

~ : Inhibit rlsrng tranSIent 

0112-21 

Notes: "I. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. SE is in low level. (When SE is high, SIlO becomes high impedance.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM534252 Series 

• Pseudo Transfer Cycle 

Address 

sc 

SI/O 
(Input) 

SI/O 
(Output) 

toe 

~ : Don't care 

~ : Inhibit rlSlng transient 
I/O : Don't care 

Note: * 1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed, 

• Write Transfer Cycle 

Address 

sc 

SI/O 
(Input) 

SI/O 
(Output) 

t .. 

'us 

Il?Z1 : Don't care 

~ : Inhibit "5101 ",nSlent 

Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed, 
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HM534252 Series 

• Serial Read Cycle 

• Serial Write Cycle 

sc 

51/0 
(Output) 

sc 

SI/O 
(Input) 

h~ 7777777777777ZZZZZZZZZ;~77777777 

~ : Don't care. 
0112-24 

ffA~ 7ZZZZZZ7777Z7ZZZZZ77z~~i:777777771 

E22:l : Don't care. 
0112-25 

Notes: *1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is mcremented. 
*2. Address 0 is accessed next to address 5 I I. 
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-------------------------------- HM534252 Series 

• Logic Operation Set/Reset Cycle 

RAS 

CAS 

Addre •• 

WE 

I/o 
(Input) 

I/o High-Z 
(Output) 

or/DE J / IIlJfli Ii III IIII//iJITI/Ij/////////Z 

Notes: *1. Logic code AD-A3. 
* 2. Write mask data. 

IZ:ZI: Don't care 

.HITACHI 
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HM534252 Series 

• LOGIC OPERATION MODE TIMING WAVEFORMS 
• Early Write Cycle 

toe. 

Address 

tfCSH 

High-Z 

!5f/~ !iT Y717777//1/1111111/11111111 
~ : Don't care. 

0112-27 

Note: *1. When WE is high, all the data on lias can be written into the memory cell. When WE is low, the data on lias are not 
written except for the case that the 110 is high at the falling edge of RAS. 

• Delayed Write Cycle 

Address 

I/O 
(Input) -L.'1-___ ..... p'-'/~--------_I\L...J.....J........J........L..L.....L.../......JL. 

I/O 
(Output) 

High-Z I:2ZI : Don·t care. 

0112-28 

Note: *1. When WE is high, all the data on lias can be written into the memory cell. When WE is low, the data on lias are not 
written except for the case that the 1/0 is high at the falling edge of RAS. 
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• Page Mode Write Cycle (Delayed Write) 

RAS 

CAS 

~---------------~RC------------~ 
~-----------~FS----------~ 

I/o .,.,..I!:-~-1.",-l!=.v..,..,...,..,..,.,.~:'!t.J..,..,.U::±i.rr..,..,...,..,...,..,..,.., 

(Input) .JJf-..."..3~~~'-'-.I..I...I..I...n..=I"'"'~AR"1'-'-'-'-'-'-.I..I...I..i. 

I/o High-Z 
(Output) ---+l------~~;;.....----II------

Dr/QE 

EZl: Don't care 

HM534252 Series 

0112-29 

Note: * 1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on 1I0s are not 
written except for the case that the 110 is high at the falling edge of RAS . 

• Page Mode Write Cycle (Early Write) 

~-------------~RC-------------+I 
~---------~FS----------~ 

RAS 

CAS 

I/o .."".I!:-....I,j,~~~~.,...,~~ft..rr'J.,...,~~~~.,...,..,...,.. 
(I n put) ...,1'-...,.,..J"-....... ~"-'.J.I~""-'p ... '-'-I-II'--"'--"I ... J...I.-'-'-

I/o 
(Output) ---fj------.;..;.:: ................ --------

EZl: Don't care 
0112-30 

Note: * 1. When WE is high, all the data on 1I0s can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series 
262,144·Word x 4·Bit Multiport CMOS Video RAM 

• DESCRIPTION 
The HM534253 is a 1-Mbit multiport video RAM equipped with a 256k-word x 

4-bit dynamic RAM and a 512-word x 4-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. In addition, it has two new functions. 
Flash write clears the data of one row in one cycle in RAM. Special read transfer 
internally detects that the last address in SAM is read and transfers the next data of 
one row automatically from RAM if a transfer cycle has previously been executed. 
These functions make it easier to use the HM534253. 

• FEATURES 
• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM and SAM Capability 
RAM .................................................. 256k-word x 4-Bit 
SAM ................................................... 512-word x 4-Bit 

• Access Time RAM ............................... 100 ns/120 ns/150 ns (max) 
SAM .................................. 30 ns/40 ns/50 ns (max) 

• Cycle Time RAM ............................... 190 ns/220 ns/260 ns (min) 
SAM ................................... 30 ns/40 ns/60 ns (min) 

• Low Power 
Active RAM ............................................ 385 mW (max) 

SAM ............................................ 275 mW (max) 
Standby .................................................. 40 mW (max) 

• High-Speed Page Mode Capability 
• Mask Write Mode Capability • PIN OUT 

• Bidirectional Data Transfer Cycle HM534253JP Series 
Between RAM and SAM Capability 

• Special Read Transfer Cycle Capability 
• Flash Write Cycle Capability 
• 3 Variations of Refresh (8 ms/512 cycles) 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. Access Time 

HM534253JP-1O lOOns 
HM534253JP-12 120ns 
HM534253JP-15 150 ns 

HM534253ZP-10 lOOns 
HM534253ZP-12 120ns 
HM534253ZP-15 150ns 

Package 

400 mil 28-pin 
Plastic SOJ 
(CP-28D) 

400 mil 28-pin 
Plastic ZIP 
(ZP-28) 

SC 
51/00 
SI/Ol 

Of/DE 
1/00 
1/01 
WE 
NC 

RAS 
A8 
A6 
A5 
A4 

Vee 

~ 28 
27 

3 26 
4 25 
5 24 
6 23 
7 22 
8 21 
9 20 

10 19 
11 18 
12 17 
13 16 
14 15 

(Top View) 

V •• 
SI/03 
SI/02 
~ 
1/03 
1/02 
OSF 
~ 
QSF 
AO 
Al 
A2 
A3 
A7 

0119-29 

• PIN DESCRIPTION 

Pin Name 

Ao-As 

1/0 0-1/0 3 

SI/OO-SI/03 

RAS 

CAS 

WE 

DT/OE 

SC 

SE 

DSF 

QSF 

Vee 

VSS 

NC 

@HITACHI 

HM534253JP Series 

3DCP28D 

(CP-2SD) 

HM534253ZP Series 

3DZP28 

(ZP-2S) 

HM534253ZP Series 

1/02 2 
~ 4 

SI/03 6 
SC 8 

SI/Ol 10 
1/00 12 
WE 14 
~16 

A6 18 
A4 20 
A7 22 
A224 
AO 26 

CAS 28 

- F=" 

-=== --=== 
-== 
= 

F== 

10SF 
31/03 
5 SI/02 
7 V •• 
9 SI/OO 

11 Of/Cit 
131/01 
15 NC 
17 A8 
19 AS 
21 Vee 
23 A3 
25 Al 
27 QSF 

0119-30 

(Bottom View) 

Function 

Address Inputs 

RAM Port Data Inputs/Outputs 

SAM Port Data Inputs/Outputs 

Row Address Strobe 

Column Address Strobe 

Write Enable 

Data Transfer/Output Enable 

Serial Clock 

SAM Port Enable 

Special Function Input Flag 

Data Register Empty Flag 

Power Supply 

Ground 

No Connection 
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HM534253 Series 

• BLOCK DIAGRAM 

RAM SAM 

511 ,---------., 

• PIN FUNCTION 

Dou! 

Memory 
Array 

o Row 

DR : Data Register 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of those signals determine the operation cycle of 
the HM534253. 

• Table 1. Operation Cycles of the HM534253 

Input Level at the Falling Edge of RAS Operation 

CAS DT/OE WE SE DSF Cycle 

H H H X L RAM Read/Write 

H H H X H Color Register Set 

H H L X L Mask Write 

H H L X H Flash Write 

H L H X L 
Special Read 
Initialization 

H L H X H Special Read 
Transfer 

H L L H X Pseudo Transfer 

H L L L X Write Transfer 

L X X X X CBRRefresh 

Note: X: Don't care. 

CAS (input pin): Column address is put into chip at the fail
ing edge of CAS. CAS controls output impedance of liD in 
RAM. 

Ao-Aa (input pins): Row address is determined by Ao-Aa 
level at the falling edge of RAS. Column address is deter
mined by Ao-Aa level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM534253 tums to mask write mode. According to 
the liD level at the time, write on each liD can be masked. 
(WE level at the falling edge of RAS is don't care in read 

511 o 

From 
Column Address 
(SAM Start 
Address) 

0119-1 

cycle.) When WE is high at the falling edge of RAS, a nor
mal write cycle is executed. After that, WE sWitches readl 
write cycles as in a standard DRAM. In a transfer cycle, the 
direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 

1/00-1/03 (input/output pins): liD pins function as mask 
data at the falling edge of RAS (in mask write and flash 
write mode). Data is written only on high liD pins. Data on 
low 110 pins are masked and internal data are retained. Af
ter that, they function as input/ output pins as those of a 
standard DRAM. 

DT IDE (input pin): DT IDE pin functions as DT (data trans
fer) pin at the falling edge of RAS and as DE (output en
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy
cle, data is output from an SilO pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SilO 
pin at the rising edge of SC is put into the SAM data regis
ter. 

SE (input pin): SE pin activates SAM. When SE is high, SilO 
is in the high impedance state in serial read cycle and data 
on SilO is not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of SC. 

SIlOo-SII03 (input/output pins): SilOs are inputloutput 
pins in S.A.M. Direction of input/output is determined by the 
previous transfer cycle. When it was a special read transfer 
cycle or special read initialization cycle, SilO outputs data. 
When it was a pseudo transfer cycle or write transfer cycle, 
SilO inputs data. 

DSF (input pin): DSF is a special data input flag pin. It is set 
to high when new functions such as color register set. spe
cial read transfer, and flash write, are used. 
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HM534253 Series ------------------------------

QSF (output pin): The HM534253 has a double buffer orga
nization which includes two SAM data registers to relax the 
restriction of timings of DT JOE and SC in real time transfer 
cycle. QSF flag turns high when output from one of SAM 
data registers finished (data register empty flag). If the con
dition is detected and special read transfer cycle is execut
ed, data is transferred to the empty register. SC (serial 
clock) and data transfer cycle can be set asynchronously 
because detection of the last address in SAM and change of 
data register are executed automatically in the chip. It 
makes the system design flexible. 

• OPERATION OF HM534253 

- Operation of RAM Port 

RAM Read Cycle (DT JOE high, CAS high, DSF low at the 
falling edge of RAS) 

Row address is entered at the RAS falling edge and col
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT JOE is low 
while CAS is low, the selected address data is output 
through I/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans
fer cycle and CBR refresh cycle. Address access time (tAA) 
and RAS to column address delay time (tRAO) specifications 
are added to enable high-speed page mode. 

RAM Write Cycle (Early Write, Delayed Write, Read 
Modify Write) (DT JOE high, CAS high, DSF low at the fail
ing edge of RAS) 

• Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is written in the select
ed addresses. When all 4 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes high imped
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

If WE is set low after tcwo (min) and tAWO (min) after the 
CAS falling edge, this cycle becomes a read modify write cy
cle and enables read/write to execute in the same address 
cycle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be
comes a mask write mode cycle which writes only to select
ed 110. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high 110 pins and masked in low ones and inter
nal data is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Page Mode Cycle (DT JOE high, CAS high, 
DSF low at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore, address access time (tAA), RAS to column ad
dress delay time (tRAO), and access time from CAS pre
charge (tACP) are added. In one RAS cycle, 512-word mem
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRAS max 
(10 I-'s). 

- Flash Write Function (See figure 1) 

• Color Register Set Cycle (CAS-DT/OE-WE high, DSF high 
at the falling edge of RAS) 

In color register set cycle, color data is set to the internal 
color register used in flash write cycle. 4 bits of internal col
or register are provided at each I/O. This register is com
posed of static circuits, so once it is set, it preserves the 
data until reset. The data set is just as same as in the usual 
write cycle except that DSF is set high at the falling edge of 
RAS, and early write and delayed write cycle can be execut
ed. In this cycle, memory array access is not executed, so it 
is unnecessary to give row and column addresses. 

• Flash Write Cycle (CAS-DT JOE high, WE low, DSF high at 
the falling edge of RAS) 

In a flash write cycle, a row of data (512 x 4 bit) is 
cleared to 0 or 1 at each I/O according to the data of color 
register mentioned before. It is also possible to mask 110 in 
this cycle. When CAS-DT JOE is set high, WE is low, and 
DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is to I/O. Mask data is as same as that of a RAM 
write cycle. High I/O is cleared, low I/O is not cleared and 
the internal data is preserved. Cycle time is the same as 
those of RAM read/write cycles, so all bits can be cleared in 
1/512 of the usual cycle time. 
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Color Register Set Cyde 

Set (1103, 1102, 1101, 
Il00) .. (1, 0, 0,1) into 
color register. 

Flash Write Cycle 

Executa flash write 

into 1102, 1103 on row 
address Xi using color 
regislt'l'. (Il00, 1101 
are masked.) 

Figure 1. Use of Flash Write 

o HITACHI 

HM534253 Series 

Flash Write Cyde 

Executa IIash write 

into Il00, 1101, 1103 
on raN adchss Xi 
using color register. 
(1102 is masked.) 
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HM534253 Series -------------------------------

• Transfer Operation 

The HM534253 provides the special read initialization cy
cle, special read transfer cycle, pseudo transfer cycle, and 
write transfer cycle as data transfer cycles. These transfer 
cycles are set by driving DTIOE low at the falling edge of 
RAS. They have the following functions: 

(1) Transfer data between row address and SAM data regis
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Special read initialization cycle, 

Special read transfer cycle: RAM ~ SAM 

(b) Write transfer cycle: RAM +- SAM 

(3) Determine input or output of SAM 1/0 pin (SilO) Special 
read initialization cycle: SilO output 

Pseudo transfer cycle, write transfer cycle: SilO input 

(4) Determine first SAM address to access (SAM start ad
dress) after transferring at column address. When SAM 
start address is not changed, neither CAS nor address 
need to be set because SAM start address can be 
latched internally. 

Special Read Initialization Cycle (CAS high, DTIOE low, 
WE high, DSF low at the falling edge of RAS) 

If CAS is high, DTIOE is low, WE high, and DSF low at 
the falling edge of RAS, this cycle becomes a special read 
initialization cycle. Special read initialization is used (1) to 
start special read transfer operation and (2) to switch SAM 
input/output pin (SilO), set in input state by pseudo transfer 
cycle or write transfer cycle, to output state. 

If the clock is set as mentioned before, address of SAM 
transfer word line is set to row address and first SAM ad
dress to access (SAM start address) to column address, it 
becomes possible to execute SAM read after tSRD (min) af
ter RAS is high. In this cycle, SilO outputs uncertain data 
after the RAS falling edge. So when SAM is in input state 
before executing this cycle, it is necessary to stop input be
fore the RAS falling edge. 

SAM access is inhibited while RAS is low in this cycle. SC 
should not be raised during RAS low. 

Special Read Transfer Cycle (CAS high, DT 10E low, WE 
high, DSF high at the falling edge of RAS) 

Ordinary multiport video RAM has some problems; (1) se
vere limitation on timings between processor clock DTIOE 
and CRT clock SC, (2) complicated ex1ernal control circuit to 
detect SAM last address ex1ernally and to insert transfer cy
cle synchronously. Special read transfer cycle makes it pos
sible to relax the timing limitations and to set serial clock 
(SC) and transfer cycle perfectly synchronously. 

Figure 2 shows the block diagram for a special read 
transfer. SAM double buffers are composed of two data reg
isters (DR). When data is read out from ORO serially, special 
read transfer cycle transfers a row of RAM data, which will 
be read from SAM next, to DR1. 

The end of data read from ORO is detected internally and 
data register switching circuit automatically switches to DR1 
output. So data can be output continuously. 

Figure 3 shows special read transfer operation sequence. 
QSF flag indicates that reading out from data register has 
finished (data register empty flag), and special read transfer 
can be executed while QSF is high. At first, special read op
eration starts by executing a special read initialization cycle. 
So QSF becomes high, the processor gives row address 
and SAM start address, which is need next, to the memory, 
and inserts a special read transfer cycle. Data register be
comes full after a special read transfer cycle, so QSF be
comes low during the cycle. When the last SAM address is 
accessed, QSF becomes high and the data register, which 
outputs from the next SAM address, changes, and serial ac
cess can be executed. 

By executing these handshakes, serial clock and transfer 
cycle can be executed perfectly asynchronously, and flexibil
ity of the system design is improved. 

Special read transfer cycle is set by making CAS high, 
DT 10E low, WE high, and DSF high at the falling edge of 
RAS (same as for special read initialization cycle except 
DSF). Like in other transfer cycles, the address of the word 
line to transfer into data register is specified by row address 
and SAM start is specified by column address. When the 
last SAM address data is output, the next data is output 
from the SAM start address specified by this RAS cycle. 
This transfer cycle can be executed asynchronously with 
SAM cycle. However, it is necessary to execute SAM access 
after RAS becomes high after SAM start address is speci
fied by RAS cycle. (See figure 4.) 

QSF should be high at the falling edge of RAS to execute 
a special read transfer cycle. A cycle whose QSF is low is 
neglected (refresh is executed). When the previous transfer 
cycle is a pseudo transfer or write transfer cycle and SilO is 
in input state, special read transfer cycle cannot be used 
(neglected). Special read initialization cycle is required to 
switch SilO to output state. 

Pseudo Transfer Cycle (CAS high, DT 10E low, WE low, 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching SilO from 
output state to input state because data in RAM isn't rewrit
ten. This cycle starts when CAS is high, DT 10E low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in SilO becomes high impedance within tSRZ (max) 
from the RAS falling edge. Data should be input to SilO lat
er than tSID (min) to avoid data contention. SAM access be
comes enabled after tSRD (min) after RAS becomes high, 
like in the special read initialization cycle. In this cycle, SAM 
access is inhibited during RAS low, therefore, SC should not 
be raised. 

Write Transfer Cycle (CAS high, DT 10E low, WE low, and 
SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tSRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 
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Figure 2. Block Diagram for Special Read Transfer 
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Figure 3. Special Read Transfer Operation Sequence 
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Figure 4. The Restriction of Special Read Transfer 
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HM534253 Series 

• SAM PORT OPERATION 

• Serial Read Cycle 
SAM port is in read mode when the previous data trans

fer cycle is special read initialization cycle or special read 
transfer cycle. Access is synchronized with SC rising, and 
SAM data is output from SilO. When the last address is ac
cessed at the state of QSF low (data register is full), it is 
signaled to external circuits that special read transfer is en
abled by making QSF high. Next, after SAM access, output 
data register is switched, then the row address data given 
by previous special read transfer cycle is output from the 
SAM start address. If special read transfer isn't performed 
(QSF high), the column address 0 of the same row address 
is accessed after the last address is accessed. 

• Serial Write Cycle 
If previous data transfer cycle is pseudo transfer cycle or 

write transfer cycle, SAM port goes into write mode. In this 
cycle, SilO data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SilO 
data isn't input into data register. Internal pOinter is incre
mented according to the SC rising edge, so SE high can be 
used to mask data for SAM. 

• REFRESH 

• RAM Refresh 
RAM, which is composed of dynamiC circuits, requires re

fresh to retain data. Refresh is performed by accessing all 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 

Terminal Voltage VT 

Power Supply Voltage Vee 

Power Dissipation PT 

Operating Temperature Topr 

Storage Temperature Tstg 

Note: I. Relative to VSS 

• ELECTRICAL CHARACTERISTICS 

512 row addresses every 8 ms. There are three refresh cy
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as readlwrite cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev
ery 8 ms. 

RAS Only Refresh Cycle: RAS only refresh cycle IS per
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter
nal circuits. In this cycle, output is high-impedance and pow
er dissipation is less than that of normal readlwrite cycles 
because CAS internal circuits don't operate. To distinguish 
this cycle from data transfer cycle, DT 10E should be high at 
the falling edge of RAS. 

CBR Refresh Cycle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is in high im
pedance and power dissipation is lowered like in RAS only 
refresh cycles because CAS circuits don't operate. 

Hidden Refresh Cycle: Hidden refresh cycle performs re
fresh by reactivating RAS when DT 10E and CAS keep low 
in normal RAM read cycles. 

• SAM Refresh 
SAM parts (data register, shift register, selector), orga

nized as fully static circuitry, don't require refresh. 

Value Unit Note 

-1.0to + 7.0 V 1 

-0.5to +7.0 V I 

1.0 W 

o to + 70 ·C 

- 55 to + 125 ·C 

• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vee 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low Voltage VIL -0.5 - 0.8 V 1,2 

Notes: I. All voltages referenced to V ss. 
2. - 3.0V for pulse width :$ 10 ns. 
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HM534253 Series 

• DC Electrical Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV) 

HM534253-1O HM534253-12 HM534253-15 Test Conditions 
Note Parameter Symbol Unit 

Min Max Min Max Min Max RAM Port SAM Port 

ICCI - 70 - 60 - 50 rnA RAS,CAS SC = VIL, SE = VIH 
Operating 

Cycling SE = V IL, SC Cycling Current ICC7 120 100 80 rnA - - - tRC = Min tscc = Min 

ICC2 - 7 - 7 - 7 rnA 
RAS,CAS 

SC = VIL, SE = VIR 
Standby 

SE = VIL, SC Cycling Current ICC8 - 50 - 40 - 30 rnA = VIR 
tscc = Min 

RASOnly ICC3 - 60 - 50 - 40 rnA RAS Cycling SC = VIL, SE = VIR 
Refresh CAS = VIR SE = VIL, SC Cycling 
Current ICC9 - 110 - 90 - 70 rnA tRC = Min tscc = Min 

ICC4 - 65 - 55 - 45 rnA CAS Cycling SC,SE = VIR 
Page Mode 

RAS = VIL SE = VIL, SC Cycling Current IcclO 115 95 75 rnA - - - tRC = Min tscc = Min 

CAS Before ICC5 - 60 - 50 - 40 rnA 
RASCycling 

SC = VIL, SE = VIR 
RASRefresh SE = V IL, SC Cycling 
Current ICCII - 110 - 90 - 70 rnA tRC = Min 

tscc = Min 

Data ICC6 - 90 - 90 - 90 rnA RAS,CAS SC = VIL, SE = VIR 
Transfer Cycling SE = VIL, SC Cycling 
Current ICC 12 - 125 - 125 - 125 rnA tRC = Min tscc = Min 

Input Leakage 
ILl -10 10 -10 10 -10 10 p.A Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 p.A Current 

Output High 
VOH 2.4 - 2.4 - 2.4 - V IOH = -2mA Voltage 

Output Low 
VOL - 0.4 - 0.4 - 0.4 V IOL = 4.2 rnA Voltage 

• Capacitance (TA = 25·C, Vee 5V, f = 1 MHz, Bias: Clock, 1/0 = Vee, Address = Vss) 

Parameter Symbol Min Typ Max Unit 

Address CIl - - 5 pF 

Clock CI2 - - 5 pF 

1/0, SIlO CliO - - 7 pF 
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HM534253 Series 

• AC Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV)1, 11 
Test Conditions 

Input Rise and Fall Time 
Output Load 
Input Timing Reference Levels 
Output Timing Reference Levels 

Output Load (A) 

I/O 

Note: *1. Including scope & jig. 

Common Parameters 

+sv 

5 ns 
See Figures 

0.BV,2AV 
OAV,2AV 

0119-6 

SI/O 

HM534253-1O HM534253-12 
Parameter Symbol 

Min Max Min Max 

Random Read or Write Cycle Time tRC 190 - 220 -
RAS Precharge Time tRP 80 - 90 -
RAS Pulse Width tRAS 100 10000 120 10000 

CAS Pulse Width tCAS 30 10000 35 10000 

Row Address Setup Time tASR 0 - 0 -
Row Address Hold Time tRAH 15 - IS -

Column Address Setup Time tASC 0 - 0 -
Column Address Hold Time tCAH 20 - 20 -

RAS to CAS Delay Time tRCD 25 70 25 85 

RAS Hold Time tRSH 30 - 35 -
CAS Hold Time tCSH 100 - 120 -
CAS to RAS Precharge Time tCRP 10 - 10 -

Transition Time (Rise to Fall) tT 3 50 3 50 

Refresh Period tREF - 8 - 8 

DT to RAS Setup Time tDTS 0 - 0 -

DT to RAS Hold Time tDTH IS - IS -
DSF to RAS Setup Time tsps 0 - 0 -
DSF to RAS Hold Time tSPH 25 - 25 -
Data-in to OE Delay Time tDZO 0 - 0 -
Data-in to CAS Delay Time tDZC 0 - 0 -

@>HITACHI 

Output Load (B) 

+sv 

HM534253-15 
Unit 

Min Max 

260 - ns 

100 - ns 

ISO 10000 ns 

40 10000 ns 

0 - ns 

20 - ns 

0 - ns 

25 - ns 

30 110 ns 

40 - ns 

150 - ns 

10 - ns 

3 50 ns 

- 8 ms 

0 - ns 

20 - ns 

0 - ns 

30 - ns 

0 - ns 

0 - ns 
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HM534253 Series 

Read Cycle (RAM), Page Mode Read Cycle 

HM534253-1O HM534253-12 HM534253-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 100 - 120 - 150 ns 2,3 

Access Time from CAS tCAC - 30 - 35 - 40 ns 3,5 

Access Time from OE toAC - 30 - 35 - 40 ns 3 

Address Access Time tAA - 45 - 55 - 70 ns 3,6 

Output Buffer Turn-off Delay 
tOFFl 0 25 0 30 0 40 ns 7 

Referenced to CAS 

Output Buffer Turn-off Delay 
tOFF2 0 25 0 30 0 40 ns 7 Referenced to OE 

Read Command Setup Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - 0 - ns 12 

Read Command Hold Time 
tRRH 10 10 10 12 

Referenced to RAS - - - ns 

RAS to Column Address 
tRAD 20 55 20 65 25 80 5,6 

Delay Time ns 

Page Mode Cycle Time tpc 55 - 65 - 80 - ns 

CAS Precharge Time tcp 10 - 15 - 20 - ns 

Access Time from CAS Precharge tACP - 50 - 60 - 75 ns 

Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 

HM534253-1O HM534253-12 HM534253-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - ns 9 

Write Command Hold Time tWCH 25 - 25 - 30 - ns 

Write Command Pulse Width twp 15 - 20 - 25 - ns 

Write Command to RAS Lead Time tRWL 30 - 35 - 40 - ns 

Write Command to CAS Lead Time tCWL 30 - 35 - 40 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - ns 10 

Data-in Hold Time tDH 25 - 25 - 30 - ns 10 

WE to RAS Setup Time tws 0 - 0 - 0 - ns 

WE to RAS Hold Time tWH 15 - 15 - 20 - ns 

Mask Data to RAS Setup Time tMS 0 - 0 - 0 - ns 

Mask Data to RAS Hold Time tMH 15 - 15 - 20 - ns 

OE Hold Time Referenced to WE toEH 10 - 15 - 20 - ns 

Page Mode Cycle Time tpc 55 - 65 - 80 - ns 

CAS Precharge Time tcp 10 - 15 - 20 - ns 
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HM534253 Series 

Read-Modify-Write Cycle 

Parameter 

Read-Modify-Write Cycle Time 

RAS Pulse Width 

CAS to WE Delay 

Column Address to WE Delay 

OE to Data-in Delay Time 

Access Time from RAS 

Access Time from CAS 

Access Time from OE 

Address Access Time 

RAS to Column Address Delay 

Output Buffer Turn-off Delay 
Referenced to OE 

Read Command Setup Time 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Write Command Pulse Width 

Data-in Setup Time 

Data-in Hold Time 

WE to RAS Setup Time 

WE to RAS Hold Time 

Mask Data to RAS Setup Time 

Mask Data to RAS Hold Time 

OE Hold Time Referenced to WE 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh) 

CAS Hold Time 
(CAS Before RAS Refresh) 

RAS Precharge to CAS Hold Time 

Symbol 

tRWC 

tRWS 

tCWD 

tAWD 

toDD 

tRAC 

tcAC 

toAC 

tAA 

tRAD 

toFF2 

tRCS 

tRWL 

tCWL 

twp 

tDS 

tDH 

tws 

tWH 

tMS 

tMH 

toEH 

Symbol 

tCSR 

tCHR 

tRPC 

HM534253-1O HM534253-12 HM534253-15 

Min Max Min Max Min Max 

255 - 295 - 350 -

165 10000 195 10000 240 10000 

65 - 75 - 90 -

80 - 95 - 120 -

25 - 30 - 40 -

- 100 - 120 - 150 

- 30 - 35 - 40 

- 30 - 35 - 40 

- 45 - 55 - 70 

20 55 20 65 25 80 

0 25 0 30 0 40 

0 - 0 - 0 -

30 - 35 - 40 -

30 - 35 - 40 -

15 - 20 - 25 -

0 - 0 - 0 -

25 - 25 - 30 -

0 - 0 - 0 -

15 - 15 - 20 -

0 - 0 - 0 -

15 - 15 - 20 -
10 - 15 - 20 -

HM534253-1O HM534253-12 HM534253-15 

Min Max Min Max Min Max 

10 - 10 - 10 -

20 - 25 - 30 -

10 - 10 - 10 -

~HITACHI 
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Unit Note 

ns 

ns 

ns 9 

ns 9 

ns 

ns 2,3 

ns 3,5 

ns 3 

ns 3,6 

ns 5,6 

ns 

ns 

ns 

ns 

ns 

ns 10 

ns 10 

ns 

ns 

ns 

ns 

ns 

Unit Note 

ns 

ns 

ns 



HM534253 Series 

Transfer Cycle 

HM534253-1O HM534253-12 HM534253-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

WE to RAS Setup Time tws 0 - 0 - 0 - ns 

WE to RAS Hold Time tWH 15 - 15 - 20 - ns 

SE to RAS Setup Time tES 0 - 0 - 0 - ns 

SE to RAS Hold Time tEH 15 - 15 - 20 - ns 

RAS to SC Delay Time tSRD 25 - 30 - 35 - ns 

SC to RAS Setup Time tSRS 30 - 40 - 45 - ns 

RAS to QSF Delay Time tRQD - 100 - 120 - 150 ns 4 

RAS to QSF (high) Delay Time tRQH - TBD - TBD - TBD ns 

Serial Data Input Delay Time 
tSID 50 - 60 - 75 - ns fromRAS 

Serial Data Input to RAS 
tSZR - 10 - 10 - 10 ns Delay Time 

Serial Output Buffer Tum-off 
tSRZ 10 50 10 60 10 75 ns 7 Delay from RAS 

RASto Sout 
tRLZ 5 - 10 - 10 - ns (Low-Z) Delay Time 

Serial Clock Cycle Time tscc 30 - 40 - 60 - ns 

Access Time from SC tSCA - 30 - 40 - 50 ns 4 

Serial Data-out Hold Time tSOH 7 - 7 - 7 - ns 4 

SC Pulse Width tsc 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - 10 - ns 

Serial Data-in Setup Time tSIS 0 - 0 - 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - 25 - ns 

Serial Read Cycle 

HM534253-1O HM534253-12 HM534253-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Serial Clock Cycle Time tscc 30 - 40 - 60 - ns 

Access Time from SC tSCA - 30 - 40 - 50 ns 4 

Access Time from SE tSEA - 25 - 30 - 40 ns 4 

Serial Data-out Hold Time tSOH 7 - 7 - 7 - ns 4 

SC Pulse Width tsc 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - 10 - ns 

Serial Output Buffer Tum-off 
tSEZ 0 25 0 25 0 30 ns 7 Delay from SE 

Last SC to QSF Delay Time tSQD - TBD - TBD - TBD ns 4 

@HITACHI 
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HM534253 Series ------------------------------

Serial Write Cycle 

HM534253-1O HM534253-12 HM534253-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Serial Clock Cycle Time tscc 30 - 40 - 60 - ns 

SC Pulse Width tsc 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - 10 - ns 

Serial Data-in Setup Time tSIS 0 - 0 - 0 - ns 

SeriaJ Data-in Hold Time tSIH 15 - 20 - 25 - ns 

Serial Write Enable Setup Time tsws 0 - 0 - 0 - ns 

Serial Write Enable Hold Time tSWH 30 - 35 - 50 - ns 

SeriaJ Write Disable Setup Time tSWIS 0 - 0 - 0 - ns 

Serial Write Disable Hold time tSWIH 30 - 35 - 50 - ns 

Flash Write Cycle 

HM534253-1O HM534253-12 HM534253-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Flash Write Cycle Time tRCFW 230 - 265 - 310 - ns 

RAS Pulse Width tRCSFW 140 - 165 - 200 - ns 

WE to RAS Setup Time tws 0 - 0 - 0 - ns 

WE to RAS Hold Time tWH 15 - 15 - 20 - ns 

CAS High Level Hold Time 
leHHR 20 - 25 - 30 - ns 

Referenced to RAS 

Mask Data to RAS Setup Time tMS 0 - 0 - 0 - ns 

Mask Data to RAS Hold Time tMH 15 - 15 - 20 - ns 

Notes: I. AC measurements assume tT = 5 ns. 
2. Assume that tRCD S tRcD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TIL loads and 100 pF. 
4. Measured with a load circuit equivalent to 2 TIL loads and 50 pF. 
5. When tRCD ~ tRCD (max) and tRAD S tRAO (max), access time is specified by tCAC. 
6. When tRcD S tRCD (max) and tRAD ~ tRAD (max), access time is specified by tAA' 
7. tOFF (max) is defined as the time at which the output achieves the open circuit condition (V OH - 200 m V, 

VOL+200mV). 
8. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Transition times are measured between 

VIH and VIL' 
9. When twcs ~ twcs (min), the cycle is an early write cycle, and 1/0 pins remain in an open circuit (high impedance) 

condition. When tA WD O!: tA WD (min) and leWD ~ tCWD (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data out pin and input data is written into the selected address. In this case, impedance 
on 1/0 pins is controlled by OE. 

10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read
modify-write cycles. 

11. After power-up, pause for 100 fJos or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either tRCH or tRRH is satisfied, operation is gnaranteed. 

~HITACHI 
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• TIMING WAVEFORMS 
• Read Cycle 

Address 

I/O ---1Hr-----~=r::::~t=~~~jp (Output) 

I 
• Early Write Cycle 

I/O 
(Input) 

DSF 

Address 

I/O 
(Input) 

I/O 
(Output) 

DSF 

~ : Don't care. 

~ : Don't care. 
0119-9 

HM534253 Series 

0119-6 

Note: * 1. When WE is high level, all the data on II0s can be written into the memory cell. When WE is low level, the data on II0s 
are not written except for the case that the 1/0 is high at the falling edge of RAS. 

~HITACHI 
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HM534253 Series 

• Delayed Write Cycle 

Address 
~ '''-_-'"' v 

I/O 
(Input) ~'''''''r--'I' '-P '1'------1' '>L.4.'-U""'-I.J.LU-.'-L./""'-I..L 

I/O 
(Output) 

DSF 

~ : Don't care. 
0119-10 

Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• Read-Modify-Write Cycle 

Address 

I/O 
(Output) 

DSF 

t. 
I. 

~ : Don't care. 
0119-11 

Note: 'I. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS . 
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• Page Mode Read Cycle 

Address 

I/O 
(output)--+-!-.l...-~-<1 

~-..:..:=-.......,-

I/O 
(I nput) -'-.L:-'Y-r-.ili:U.!! 

DSF 

• Page Mode Write Cycle (Early Write) 

Address 

I/O 
(Input) 

I/O 
(Output) 

DSF 

HM534253 Series 

to. 

~ : Don't care. 

0119-12 

0119-13 

Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM534253 Series ------------------------------

• Page Mode Write Cycle (Delayed Write) 

Address 

I/o 
(INPUT) 

I/o 
(OUTPUT) 

OSF 

IZZI; Don't care 

0119-14 

Note: *1. When WE is high level, all the data on II0s can be written into the memory cell. When WE is low level, the data on 1I0s 
are not written except for the case that the 1/0 is high at the falling edge of RAS. 

• RAS Only Refresh Cycle 

~----- ~ --------~ 
r+--- ItlAS ---\ 

Lr-----~i.. 

Addre.s 

I/o I t..fJ.~~-----------------(OUTPUT) ... 

I/o ----t~ZZZ2ZZZ2ZZZ2ZZZ2ZZZ2ZZZL (INPUT) 

OSF 

IZZI j Don't car. 
0119-15 
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----------------------------- HM534253 Series 

• CAS Before RAS Refresh Cycle 

• Hidden Refresh Cycle 

RAS 

Address 

WE 

RAS 

CAS 

Address '/I/III!/jJ/ $)//1/ II/!/j 1iII)/TIiIIZ 

WE vm / I!V / / / I!JiV])/T// I! / !/j//]WI 

(lNP~T) 'l// /[I! II! IIII!/ / 1iIII/1111I!}i!]/ II! / 
I/o _______ HIGH-Z ______ _ 

(OUTPUT) 

DT/QE 71i111 I! ///I!flli//J)/TI! II! illlIJ/ III 
DSF I II!J// !/j J////l/lillfl !III(!/j)//lJVJ 

IZZI: Don't care 

I/o ----tt~=tF::_=1:::;;;:;2::1 (OUTPUT) 

DT/CE 

0119-16 

I/o ~7L,.H-------.....!:2L-------(INPUT) L 

DSF 

[Z) ; Don't care 

@HITACHI 
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HM534253 Series 

• Special Read Initialization Cycle (1)*1, *2 

Address 

QSF 

sc 

SI/O 
(Output) 

DSF 

t .. 

too 

~ : Don't care 

~ : Inhibit riSing transient 

I/O : Don't car. 
0119-16 

Notes: 'I. When the previous data transfer cycle is a special read transfer cycle or special read initialization cycle, it is specified as 
special read initialization cycle (I). 

*2. SE is in low level. (When SE is high, SIlO becomes high impedance state.) 
'3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed . 

• Special Read Initialization Cycle (2)'1, '2 

Address 

QSF 

sc 

SI/O '{~[i[}--------------------(Input)~ 

DSF 

~ : Don't car. 
iOQg : Inhibit nSInH transient 

I/O : Don't care 

0119-19 

Notes: * I. When the previous data transfer cycle is a write or pseudo transfer cycle, it is specified as special read initialization 
cycle (2). 

*2. SE is in low level. (When SE is high, SIlO becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM534253 Series 

• Special Read Transfer Cycle*1, *2 

Address 

I/O 
(Output) 

I/O 
(Input) 

sc 

51/0 
(Output) 

51/0 
(Input) 

QSF" 

OSF" 

0119-20 

Notes: * I. When QSF in low level at the faling edge of RAS, the special read transfer cycle is not performed. 
*2. SE is in low level. (When SE is high, SIlO becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

• Pseudo Transfer Cycle 

Address 

sc 

51/0 
(Input) 

51/0 
(Output) 

QSF 

~ : Don't care 

~ : InhIbit rlSIn& tranSIent 

1/0: Don't care 

0119-21 

Note: * I. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM534253 Series 

• Write Transfer Cycle 

Address 

sc 

51/0 
(Input) 

51/0 
(Output) 

High-Z 

t. 
UJlJ: Oon·t care 

QSF I12l1lI : Inhibit rising tranSient 

Note: '\. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

• Serial Read Cycle 

sc 

51/0 
(Output) 

h~ 1777777777777777777777~~~777777ZZ 

~ : Don't care 

~HITACHI 
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• Serial Write Cycle 

sc 

51/0 
(Input) 

HM534253 Series 

n~ 
tDTN 

tDTS 

Jllllllllllllllllllllt~ 11171771/ 

EZZI : Don't care. 
0119-24 

Notes: .1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
*2. Address 0 is accessed next to addres 511. 

• Serial Read Cycle (Around Address 511 In SAM) 

sc 

51/0 
(Output) 

QSF 
0119-25 

Note: .1. Address (i) is the SAM start address provided in the previous special read transfer cycle. When special read transfer cycle 
isn't executed (QSF remains in high level), address 0 is accessed next to address 511. 
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HM534253 Series 

• Color Register Set Cycle (Early Write) 

I/O 
(Input) 

OSF 

Address 

t ... 

t .. 

~ : Don't care. 

Note: *1. The level of address pin is don't care, but cannot be changed in this period. 

• Color Register Set Cycle (Delayed Write) 

I/O 
(Input) 

DSF 

t.e 
tltliS 

t., 

~ : Don't care. 

Note: * 1. The level of address pin is don't care, but cannot be changed in this period. 

~HITACHI 
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• Flash Write Cycle 

Address 

I/O 
(Input) 

DSF 

HM534253 Series 

tac,. 

t ...... 

~ : Don't care. 
0119-28 
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HM534253A Series -------- Preliminary 
262,144-Word x 4-Blt Multlport CMOS Video RAM 

• DESCRIPTION 
The HM534253A is a 1-Mbit multiport video RAM equipped with a 256k-word x 

4-bit dynamic RAM and a 512-word x 4-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a logic operation mode by internal logic-arithmetic unit and 
a write mask function. In addition, it has two modes to realize fast writing in RAM. 
Block write and flash write modes clear the data of 4-word x 4-bit and the data of 
one row (512-word x 4-bit) respectively in one cycle of RAM. And the HM534253A 
makes split transfer cycle possible by dividing SAM into two split buffers equipped 
with 256-word x 4-bit each. This cycle can transfer data to SAM which is not active, 
and enables a continuous serial access. 

• FEATURES 
• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM and SAM Capability 
RAM: 256k-word x 4-bit and SAM: 512-word x 4-bit 

• Access Time 
RAM ................................................ 80 ns/100 ns (max) 
SAM ................................................. 25 ns/25 ns (max) 

• Cycle Time 
RAM ............................................... 150 ns/190 ns (min) 
SAM ................................................. 30 ns/30 ns (min) 

• Low Power 
Active RAM ...............•.............................. 360 mW (max) 

SAM .............................................. 275 mW (max) 
Standby ................................................. 38.5 mW (max) 

• High-Speed Page Mode Capability 
• Logic Operation Mode Capability • PIN OUT 

HM534253AJ Series 

3OCP28D 

(CP-28D) 

HM534253AZ Series 

3DZP28 

(ZP-28) 

• Mask Write Mode Capability HM534253AJ Series HM534253AZ Series 
• Bidirectional Data Transfer Cycle between RAM and 

SAM Capability 
• Split Transfer Cycle Capability 
• Block Write Mode Capability 
• Flash Write Mode Capability 
• 3 Variations of Refresh (8 ms/512 cycles) 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• TTL Compatible 

• PIN DESCRIPTION 

Pin Name Function 

Ao-As Address Inputs 

1/00-1/0 3 RAM Port Data Inputs/Outputs 

SI/OO-SI/03 SAM Port Data Inputs/Outputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

DT/OE Data Transfer/Output Enable 

SC Serial Clock 

SE SAM Port Enable 

DSF Special Function Input Flag 

QSF Special Function Output Flag 

Vee Power Supply 

VSS Ground 

NC No Connection 

/>8 
PO 
PO 
A4 
Va; 

V .. 
sKX3 
SLa! 
SE" 
KX3 
La! 
DSF 
l7S" 
ClSF 
/l(J 

A1 
IQ. 
A3 
tv 

0086-1 

l02 2 
"SE" 4 
SKX3 6 
sc a 
SI.Q1 
LOO 
ViI: 
RJS" 
PO 
A4 
tv 
IQ. 
/l(J 

l7S" 

1 DSF 
3 KX3 
5 SLa! 
7 V .. 
9 SLOO 
11 uriC!: 
13 1.Q1 
15 IIC 

r---"'---I 17 />8 
r---"1-=" 19 PO 
C::J==l 21 Va; 
C::J::==1 2l A3 

~~~25 A1 1= 27 ClSF 

0096-2 

(fop View) (Bottom View) 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM534253AJ-8 80ns 400 mil 28-pin 
HM534253AJ-1O lOOns Plastic SOJ 

(CP-28D) 

HM534253AZ-8 80ns 400 mil 28-pin 
HM534253AZ-1O lOOns Plastic ZIP 

(ZP-28) 
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• BLOCK DIAGRAM 

."J 
~~ 
.J:-",C 
",0 
u:u 

."J 

~o 
.><!:; 
Uc 
.20 
!XlU 

Column Address 
Buffer 

'" :J 
!Xl 

:;; ~ 
-0 
0 ~ U 
QI 

0 !!! 
C -= 
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.2 E 
0 « 

U :l( 
C 
QI 
Vl 
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I 

I100-I103 

Row Decoder 

Memory Array 
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Refresh 
Counter 

~ 
~ 

~ ."J 
'" m.~ CQI .... 0\ "' .... "'QI ~'" 
f-l!) 00:: 

~ 

~ ."J 
'" CQI ro.~ 

"' .... 
.... 0\ 

~'" "'QI 
f-l!) 00:: 

:;; 
"tl 
C 

'" U 
::J OJ 

!Xl 0 

~ C 
E 

::;; .2 
0 « u 

Vl ::;; 
« 
Vl 

SIIOO-SI/03 

Timing Generator 

HM534253A Series 

QSF 
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HM534253A Series -----------------------------

• PIN FUNCTIONS 
FiAS (input pin): FiAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of these signals determine the operation cycle of 
the HM534253A. 

CAS (input pin): Column address and DSF signal are fetched 
into chip at the falling edge of CAS, which determines the 
operation mode of HM534253A. CAS controls output imped
ance of I/O in RAM. 

Ao-As (input pins): Row address is determined by Ao-As 
level at the falling edge of FiAS. Column address is deter
mined by Ao-As level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

WE (input pin): WE pin has two functions at the falling edge 
of FiAS and after. When WE is low at the falling edge of 
RAS, the HM534253A turns to mask write mode. According 
to the I/O level at the time, write on each I/O can be 
masked. (WE level at the falling edge of RAS is don't care in 
read cycle.) When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 

1/00-1/03 (input/output pins): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only to high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func
tion as input/output pins as those of a standard DRAM. In 

• Table 1. Operation Cycles of the HM534253A 

Input Level at the Falling Edge of RAS 

CAS DT/OE WE SE 

L X L X 

L X H X 

H L L L 

H L L H 

H L L X 

H L H X 

H L H X 

H H L X 

H H L X 

H H L X 

H H H X 

H H H X 

H H H X 

Note: X; Don't care. 

DSF 

X 

X 

L 

L 

H 

L 

H 

L 

L 

H 

L 

L 

H 

block write cycle, they function as address mask data at the 
falling edge of CAS. 

DT fOE (input pin): DT fOE pin functions as DT (data trans
fer) pin at the falling edge of RAS and as OE (output en
able) pin after that. When DT is low at the falling edge of 
FiAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy
cle, data outputs from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is fetched into the SAM data 
register. 

SE (input pin): SE pin activates SAM. When SE IS high, SilO 
is in the high impedance state in serial read cycle and data 
on SI/O is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be
cause internal pointer is incremented at the rising edge of 
SC. 

SI/Oo-SI/03 (input/output pins): SilOs are input/output 
pins in SAM. Direction of input/ output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SI/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 

DSF (input pin): DSF is a special function data input flag pin. 
It is set to high at the falling edge of RAS when new func
tions such as color register read/write, split transfer, and 
flash write, are used. DSF is set to high at the falling edge 
of CAS when block write is executed. 

QSF (output pin): QSF outputs data of address A8 in SAM. 
QSF is switched from low to high by accessing address 255 
in SAM and from high to low by accessing 511 address in 
SAM. 

DSF at the Falling Operation Mode 
Edge of CAS 

- Logic Operation Set/Reset 

- CBRRefresh 

X Write Transfer 

X Pseudo Transfer 

X Split Write Transfer 

X Read Transfer 

X Split Read Transfer 

L Read/Mask Write 

H Mask Block Write 

X Flash Write 

L ReadIWrite 

H Block Write 

X Color Register ReadIWrite 
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• OPERATION OF HM534253A 
• RAM Read Cycle (DT fOE high, CAS high and DSF low at 
the falling edge of RAS, DSF low at the falling edge of CAS) 

Row address is entered at the RAS falling edge and col
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT fOE is low 
while CAS is low, the selected address data outputs through 
I/O pin. At the falling edge of RAS, DT fOE and CAS be
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (tAA) and RAS 
to column address delay time (tRAD) specifications are add
ed to enable high-speed page mode. 

• RAM Write Cycle (Early Write, Delayed Write, 
Read-Modify-Write) 
(DT fOE high, CAS high and DSF low at the falling edge of 
RAS, DSF low at the falling edge of (CAS) 

• Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after driving RAS low, a 
write cycle is executed and I/O data is written in the select
ed addresses. When all 4 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before CAS falling edge, this cycle be
comes an early write cycle and I/O becomes in high imped
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

If WE is set low after tCWD (min) and tAWD (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy
cle and enables read/write at the same address in one cy
cle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be
comes a mask write mode which writes only to selected I/O. 
Whether or not an I/O is written depends on I/O level (mask 
data) at the falling edge of RAS. Then the data is written in 
high I/O pins and masked in low ones and internal data is 
retained. This mask data is effective during the RAS cycle. 
So, in high-speed page mode, the mask data is retained dur
ing the page access. 

• High-Speed Page Mode Cycle (DT fOE high, CAS high 
and DSF low at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle. In this cycle, read, write, and block write cycles can 
be mixed. Note that address access time (tAA), RAS to col
umn address delay time (tRAD), and access time from CAS 
precharge (tACP) are added. In one RAS cycle, 512-word 
memory cells of the same row address can be accessed. It 
is necessary to specify access frequency within tRASP max 
(100 I-'s). 

HM534253A Series 

• Color Register Set/Read Cycle (CAS high, DT fOE 
high, WE high and DSF high at the falling edge of RAS) 

In color register set cycle, color data is set to the internal 
color register used in flash write cycle or block write cycle. 4 
bits of internal color register are provided at each I/O. This 
register is composed of static circuits, so once it is set, it 
retains the data until reset. Color register set cycle is just as 
same as the usual write cycle except that DSF is set high at 
the falling edge of RAS, and read, early write and delayed 
write cycle can be executed. In this cycle, HM534253A re
freshes the row address fetched at the falling edge of RAS. 

• Flash Write Cycle (CAS high, DT fOE high, WE low and 
DSF high at the falling edge of RAS) 

In a flash write cycle, a row of data (512-word x 4-bit) is 
cleared to 0 or 1 at each I/O according to the data of color 
register mentioned before. It is also necessary to mask I/O 
in this cycle. When CAS and DT fOE is set high, WE is low, 
and DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is given to I/O. Mask data is as same as that of 
a RAM write cycle. High I/O is cleared, low I/O is not 
cleared and the internal data is retained. Cycle time is the 
same as those of RAM read/write cycles, so all bits can be 
cleared in 1/512 of the usual cycle time. (See figure 1.) If 
this cycle is executed in logic operation mode described lat
er, the logic operation mode is reset only in the cycle and 
masked data in this cycle is written. 

• Block Write Cycle (CAS high, DT/OE high and DSF low 
at the falling edge of RAS, DSF high at the falling edge of 
CAS) 

In a block write cycle, 4 columns of data (4-word x 4-bit) 
is cleared to 0 or 1 at each I/O according to the data of 
color register. Column addresses AO and A 1 are disregard
ed. The data on I/Os and addresses can be masked. I/O 
level at the falling edge of CAS determines the address to 
be cleared. (See figure 2.) If this cycle is executed in logic 
operation mode described later, the logic operation mode is 
reset only in the cycle and masked data in this cycle is writ
ten. 

• Normal Mode Block Write Cycle (WE high at the falling 
edge of RAS) 

The data on 4 I/Os are all cleared when WE is high at 
the falling edge of RAS. 

• Mask Block Write Mode (WE low at the falling edge of 
RAS) 

When WE is low at the falling edge of RAS, HM534253A 
starts mask block write mode to clear the data on an option
al I/O. The mask data is the same as that of a RAM write 
cycle, High I/O is cleared, low I/O is not cleared and the 
internal data is retained. The mask data is available in the 
RAS cycle. In page mode block write cycle, the mask data is 
retained during the page access. 
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• Transfer Operation 

The HM534253A provides the read transfer cycle, split 
read transfer cycle, pseudo transfer cycle, write transfer cy
cle and split write transfer cycle as data transfer cycles. 
These transfer cycles are set by driving CAS high and 
DTIOE low at the falling edge of RAS. They have following 
functions: 

(1) Transfer data between row address and SAM data regis
ter (except for pseudo transfer cycle). 

Read transfer cycle and split read transfer cycle: RAM 
to SAM 

Write transfer cycle and split write transfer cycle: SAM 
to RAM 

(2) Determine SliD state (except for split read transfer cycle 
and split write transfer cycle). 

Read transfer cycle: SilO output 

Pseudo transfer cycle and write transfer cycle: SliD 
input 

(3) Determine first SAM address to access after transferring 
at column address (SAM start address). 

SAM start address must be determined by read trans
fer cycle or pseudo transfer cycle (split transfer cycle 
isn't available) before SAM access, after power on, and 
determined for each transfer cycle. 

Read Transfer Cycle (CAS high, DTIOE low, WE high and 
DSF low at the falling edge of RAS) 

This cycle becomes read transfer cycle by driving DTIOE 
low, WE high and DSF low at the falling edge of RAS. The 
row address data (512 x 4-bit) determined by this cycle is 
transferred to SAM data register synchronously at the rising 
edge of DT/OE. After the rising edge of DTIOE, the new 
address data outputs from SAM start address determined by 
column address. In read transfer cycle, DT 10E must be ris
en to transfer data from RAM to SAM. 

This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tsDD (min) speci
fied between the last SAM access before transfer and 
DT 10E rising edge and tSDH (min) specified between the 
first SAM access and DT IDE rising edge must be satisfied. 
(See figure 3.) 

RAS 

CAS 

Address 

DT/OE L 

DSF 

SC 

SIlO 
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When read transfer cycle is executed, SilO becomes out
put state by first SAM access. Input must be set high imped
ance before tszs (min) of the first SAM access to avoid data 
contention. 

Pseudo Transfer Cycle (CAS high, DTIOE low, WE low, 
SE high and DSF low at the falling edge of RAS) 

Pseudo transfer cycle switchs SilO to input state and set 
SAM start address without data transfer to RAM. 

This cycle starts when CAS is high, DTIOE low. WE low, 
SE high and DSF low at the falling edge of RAS. Data 
should be input to SilO later than tSID (min) after RAS be
comes low to avoid data contention. SAM access becomes 
enabled after tSRD (min) after RAS becomes high. In this cy
cle, SAM access is inhibited during RAS low, therefore, SC 
must not be risen. 

Write Transfer Cycle (CAS high, DT IDE low, WE low, SE 
low and DSF low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tSRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. Data trans
ferred to SAM by read transfer cycle or split read transfer 
cycle can be written to other addresses of RAM by write 
transfer cycle. However, the address to write data must be 
the same as that of the read transfer cycle or the split read 
transfer cycle (row address AX8). 

Split Read Transfer Cycle (CAS high, DT IDE low, WE 
high and DSF high at the falling edge of RAS) 

To execute a continuous serial read by real time read 
transfer, HM534253A must satisfy SC and DTIOE timings 
and requires an external circuit to detect SAM last address. 
Split read transfer cycle makes it possible to execute a con
tinuous serial read without the above timing limitation. Figure 
4 shows the block diagram for a split transfer. SAM data 
register (DR) consists of 2 split buffers, whose organizations 
are 256-word x 4-bit each. Let us suppose that data is read 
from upper data register DR1 (The row address AX8 is 0 

0086-6 

Figure 3. Real Time Read Transfer 
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and SAM address AS is 1). When split read transfer is exe
cuted setting row address AXS 0 and SAM start addresses 
AO to A7, 256-word x 4-bit data are transferred from RAM to 
the lower data register DRO (SAM address AS is 0) automat
ically. After data are read from data register DR1, data start 
to be read from SAM start addresses of data register DRO. If 
the next split read transfer isn't executed while data are 
read from data register DRO, data start to be read from SAM 
start address 0 of DR1 after data are read from data register 
DRO. If split read transfer is executed setting row address 
AXS 1 and SAM start addresses AD to A 7 while data are 
read from data register DR 1, 256-word x 4-bit data are 
transferred to data register DR2. After data are read from 
data register DR 1, data start to be read from SAM start ad
dresses of data register DR2. If the next split read transfer 
isn't executed while data are read from data register DR2, 
data start to be read from SAM start address 0 of data reg
ister DR3 after data are read from data register DR2. In this 
time, SAM data is the one transferred to data register DR3 

Memory 
Array 

AX8=O ~ 
p:) 

g 
~ 
CI) 

~ 
c: 
E 
::l 

Ci 
~ 
CI) 

Sl{) 

finally while row address AXS is 1. In split read data transfer, 
the SAM start address AS is automatically set in the data 
register which isn't used. 

The data on SAM address AS, which will be accessed 
next, outputs to QSF, QSF is switched from low to high by 
accessing SAM last address 255 and from high to low by 
accessing address 511. 

Split read transfer cycle is set when CAS is high, DT 10E 
is low, WE is high and DSF is high at the falling edge of 
RAS. The cycle can be executed asynchronously with SC. 
However, HM534253A must be satisfied tSTS (min) timing 
specified between SC rising and RAS falling. SAM start ad
dress must be accessed, satisfying tRST (min), tesT (min) 
and tAST (min) timings specified between RAS or CAS falling 
and column address. (See figure 5.) 

In split read transfer, SilO isn't switched to output state. 
Therefore, read transfer must be executed to switch SilO to 
output state when the previous transfer cycle is pseudo 
transfer or write transfer cycle. 

Memory 
Array 

~ AX8=! p:) 

g 
~ 
CI) 
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Figure 4. Block Diagram for Split Transfer 

~------~------~/ 
t--tsTs(min)-IFtRST(min)~ 

Address 
---r----~ 

DT/OE 

DSF 

SC 511 
(255) 

n 
(n+255) '---\\---1 

255 
(511) 

Figure 5. Limitation in Split Transfer 
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Split Write Transfer Cycle (CAS high, DT JOE low, WE low 
and DSF high at the falling edge of RAS). 

A continuous serial write cannot be executed because ac
cessing SAM is inhibited during RAS low in write transfer. 
Split write transfer cycle makes it possible. In this cycle, tSTS 
(min), tRST (min), tesT (min) and tAST (min) timings must be 
satisfied like split read transfer cycle. And it is impossible to 
switch SI/O to input state in this cycle. If SI/O is in output 
state, pseudo transfer cycle should be executed to switch 
SI/O into input state. Data transferred to SAM by read trans
fer cycle or split read transfer cycle can be written to other 
addresses of RAM by split write transfer cycle. However, 
pseudo transfer cycle must be executed before split write 
transfer cycle. And the MSB of row address (AX8) to write 
data must be the same as that of the read transfer cycle or 
the split read transfer cycle. 

• SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data trans
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SI/O. When SE is 
set high, SI/O becomes high impedance, and the internal 
pointer is incremented by the SC rising. After indicating the 
last address (address 511), the internal pOinter indicates ad
dress 0 at the next access. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SI/O data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, SI/O data 
isn't fetched into data register. Internal pointer is increment
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 511), the 
internal pointer indicates address 0 at the next access. 

• Refresh 

RAM Refresh 

RAM, which is composed of dynamic circuits, requires re
fresh to retain data. Refresh is executed by accessing all 
512 row addresses within 8 ms. There are three refresh cy
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as read/write cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac
cessed within 8 ms. 

(1) RAS Only Refresh Cycle: RAS only refresh cycle is exe
cuted by activating only RAS cycle with CAS fixed to high 
after inputting the row address (= refresh address) from ex
ternal circuits. To distinguish this cycle from data transfer cy
cle, DT JOE must be high at the falling edge of RAS. 

(2) CBR Refresh Cycle: CBR refresh cycle is set by activat
ing CAS before RAS. In this cycle, refresh address need not 
to be input through external circuits because it is input 

HM534253A Series 

through an internal refresh counter. In this cycle, output is in 
high impedance and power dissipation is lowered because 
CAS circuits don't operate. 

To distinguish this cycle from logic operation set/reset cy
cle, WE must be high at the falling edge of RAS. 

(3) Hidden Refresh Cycle: Hidden refresh cycle executes 
CBR refresh with the data output by reactivating RAS when 
DT JOE and CAS keep low in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register and selector), or
ganized as fully static circuitry, require no refresh. 

• Logic Operation Mode 

The HM534253A supports logic operation capability on 
RAM port. It executes logic operation between the memory 
cell data and external input data in logic operation mode 
write cycle, and writes the result into the memory cell (read
modify-write). This function realizes high speed raster opera
tions and simplifies peripheral circuits for raster operations. 

Logic Operation Set/Reset Cycle (CAS low and WE low 
at the falling edge of RAS). 

In logic operation set/reset cycle, the following operations 
are executed at the same time; 1. Selection of logic opera
tions and logic operation mode set/reset, 2. Mask data pro
gramming, 3. CBR refresh. 

Figure 6 shows the timing for logic operation set/reset cy
cle. This cycle starts when CAS and WE are low at the fail
ing edge of RAS. In this cycle, logic operation codes and 
mask data are programmed by row address and I/O pin re
spectively at the falling edge of RAS. When write cycle is 
executed after this cycle, the logic operation write cycle 
starts. In the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-mod i
fy-write cycle, which writes the operation result of external 
data and memory cell data into memory cell, is executed in
ternally. In this cycle, logic operation codes and mask data 
programmed are available until reprogrammed. Mask data is 
available only for one RAS cycle, in mask write cycle, mask 
block write cycle and flash write cycle. Here, the mask data 
programmed in mask write cycle, mask block write cycle and 
flash write cycle is named as "temporary mask data" and 
the one programmed in logic operation set/reset cycle is 
named as "mask data". 

• Selection of Logic Operations and Logic Operation Mode 
Set/Reset 

Table 2 shows the logic operations. One operation is se
lected among sixteen ones by combinations of AO-A3 levels 
at the falling edge of RAS. (A4-A8 are Don't care.) Logic op
eration codes (A3, A2, A1, AO)=(O,1,O,1)(THROUGH) resets 
the logic operation mode. When write cycle is executed after 
that, normal write cycle starts. However, even in this case, 
mask data is still available. I/O must be at high level at the 
falling edge of RAS in logic operation set/reset cycle when 
mask data is not used. 
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• Mask Data Programming 

High/low level of I/O at the falling edge of RAS functions 
as mask data. When I/O is high, the data is written in write 
cycle. When I/O is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 
this cycle, is available until reprogrammed. It is advanta
geous when the same mask data continues. 

Also, temporary mask data can be programmed by falling 
WE at the falling edge of RAS in logic operation mode cycle, 
after mask data is programmed. The temporary mask data is 
available only for one cycle. 

Logic operation is reset during temporary mask write cy
cle. It means that external input data is written into I/O 
whose temporary mask data is 1. (See figure 7.) These func
tions are useful when RAM port is divided into frame buffer 
area and data area, as they save the need to reprogram log
ic operation codes and mask them. 

RAS ~-----_/ ~ 
CAS \ L ~--------------/ 

--_ .. - -~ 

Ie, '1 AO-A'l X Code __ /~ 

WE \ L 

__ ~ __ ~x~ ________________ _ 
~--~----------/ 

I100-I103 
M"'; Dato X ~ __ ~ ___ x~ ________________ _ 

0086-9 

Figure 6. Logic Operation SetiReset 

• Table 2. Logic Code 

Logic Code 

A3 A2 AI AO 
Symbol Write Data Note 

0 0 0 0 ZERO 0 

0 0 0 I AND! Di·Mi --
0 0 I 0 AND2 Di.Mi Logic Operat;on Mode Set 

0 0 I 1 - Mi 

0 1 0 0 AND3 Di·Mi 

0 1 0 I THROUGH Di Logic Operation Mode Reset 

U I I 0 EOR Di.Mi + Di.Mi 

0 I I I ORI Di+Mi 

I 0 0 0 NOR Di·Mi 

1 0 0 I ENOR Di.Mi + Di.Mi 

I 0 1 0 INVI Di 

1 0 1 1 OR2 Di+Mi 
Logic Operation Mode Set 

1 1 0 0 INV2 Mi 

1 1 0 I OR3 Di+Mi 

1 1 1 0 NAND Di+Mi 

1 1 1 I ONE 1 

Notes. DI. External Data-m. 
Mi: The data of the memory cell. 
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Logic operation 
set/reset cycle Write cycle Write cycle Write cycle Write cycle 

----, 

/' RAS 
'----

CAS "L" "H" 

WE "L" "H" "L" 'H' r~ 
- ---, 

1/00 "H" "O"Write Mask.ed "l"Wrlte "O"Wrlte 

I/Ol "L" Masked "l"Write Masked Masked - -

I/02 "L" Masked / \ "O"Wrlte Masked Masked 

1/03 "H" "l"Write Masked "O"Write "l"Write 

Logic - ANDl THROUGH ANDl ANDl 
Mask data are Temporary 

set to I/O 1 and mask data is set, 

Remarks 1/02. and valid only 

Logic code in this cycle. 

"AND1" is set. (1/00 and 1/03 

are masked.) 

0086-10 

Figure 7. 2 Types of Mask Write Function and Logic Operation Function 
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Logic Operation Mode Write Cycle (Early Write, Delayed 
Write and Page Mode) 

Write cycle after logic operation set cycle is logic opera
tion mode write cycle. However, this mode is reset in block 
write, mask block write, flash write, and mask write cycle. In 
logic operation mode write cycle, the following read-modify
write operation is executed internally. 

(1) Reading memory cell data in given address into internal 
bus. 

Read I-word source data 

Read I-word destination data 

J 
I Execute logic operation between I 

source data and destination data 

J 
I Write the result of operation into 

the destination address 

I 

(a) Normal Mode 
0086-11 

(2) Executing operation between the data given in 110 pin 
and memory cell data. 

(3) Writing the result of (2) into address given by (1). 

Figure 8 shows the sequence of raster operation. Raster 
operation which needs 3 cycles (destination read, operation 
and destination write) in normal mode can be executed in 
one write cycle of logic operation mode. It makes raster op
eration faster and simplifies peripheral hardware for raster 
operation. 

I 

, 
i Execute logiC operal1on ser/reset cycle I 

Read I-word source data 

Write the read data into the 
destination address 

(b) Logic Operation Mode 

I 
0086-12 

Figure 8. Sequence of Raster Operation 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Terminal Voltage VT -1.0to + 7.0 V 

Power Supply Voltage Vee - 0.5 to + 7.0 V 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

Note: I. Relative to Vss . 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70°C) 

Parameter Symbol 

Supply Voltage Vee 

Input High Voltage VIH 

Input Low Voltage VIL 

Notes: I. All voltages referenced to Vss. 
2. - 3.0V for pulse width S 10 ns. 

Min Typ 

4.5 5.0 

2.4 -
-0.5 -

~HITACHI 

Note 

I 

I 

Max Unit 

5.5 V 

6.5 V 

0.8 V 
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• DC Electrical Characteristics (TA = 0 to +70"C, Vee = 5V ±10%, Vss = OV) 

HM534253A-8 HM534253A-IO Test Conditions 
Parameter Symbol Unit 

Min Max Min Max RAM Port SAM Port 

ICCl - 65 - 50 rnA RAS,CAS SC = VIL, SE = VIH 
Operating 

Cycling SE = V IL, SC Cycling Current ICC? 115 100 rnA - - tRC = Min tsoc = Min 

ICC2 - 7 - 7 rnA 
RAS,CAS 

SC = VIL, SE = VIH 
Standby 

SE = V IL, SC Cycling Current ICC8 - 50 - 50 rnA = VIH 
tsoc = Min 

RASOnly ICC3 - 65 - 50 rnA RASCyciing SC = VIL, SE = VIH 

Refresh CAS = VIH SE = V IL, SC Cycling 
Current ICC9 - 115 - 100 rnA tRC = Min tsoc = Min 

ICC4 - 70 - 65 rnA CAS Cycling SC = VIL, SE = VIH 
Page Mode 

RAS = VIL SE = V IL, SC Cycling Current ICC 10 120 115 rnA - - tpc = Min tsoc = Min 

CAS Before ICC5 - 55 - 40 rnA 
RASCycling 

SC = VIL, SE = VIH 

RAS Refresh SE = V IL, SC Cycling 
Current ICCll - 105 - 90 rnA tRC = Min 

tsoc = Min 

Data ICC6 - 75 - 60 rnA RAS,CAS SC = VIL, SE = VIH 

Transfer Cycling SE = VIL, SC Cycling 
Current IcC 12 - 125 - 110 rnA tRC = Min tsoc = Min 

Input Leakage 
ILl -10 10 -10 10 ",A 

Current 

Output Leakage 
ILO -10 10 -10 10 ",A 

Current 

Output High 
VOH 2.4 - 2.4 - V IOH = -2mA 

Voltage 

Output Low 
VOL - 0.4 - 0.4 V IOL = 4.2 rnA Voltage 

Note: I. Icc depends on output loading condition when the device is selected, Icc max is specified at the output open condition. 

• Capacitance (T A = 25°C, Vee = 5V, f = 1 MHz, Bias: Clock, liD = Vee, Address = Vss) 

Parameter Symbol Min Typ Max Unit 

Address CIl - - 5 pF 

Clock CI2 - - 5 pF 

I/O, SI/O, QSF CliO - - 7 pF 

~HITACHI 
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• AC Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV)l, 16 
Test Conditions 

Input Rise and Fall Time 
Output Load 
Input Timing Reference Levels 
Output Timing Reference Levels 

Output Load (A) 

I oH=-2mA 

IOL =4. 2mA • I10 

Note: .1. Including scope and jig. 

Common Parameter 

Parameter 

Random Read or Write Cycle Time 

RAS Precbarge Time 

RAS Pulse Width 

CAS Pu1se Width 

Ro~ Address Setup Time 

Row Address Hold Time 

Column Address Setup Time 

Column Address Hold Time 

RAS to CAS Delay Time 

RAS Hold Time Referenced to CAS 

CAS Hold Time Referenced to RAS 

CAS to RAS Precharge Time 

Transition Time (Rise to FaIl) 

Refresh Period 

DT to RAS Setup Time 

DT to RAS Hold Time 

DSF to RAS Setup Time 

DSF to RAS Hold Time 

DSF to CAS Setup Time 

DSF to CAS Hold Time 

Data-in to CAS Delay Time 

Data-in to OE Delay Time 

Output Buffer Turn-off Delay 
Referenced to CAS 

Output Buffer Turn-off Delay 
Referenced to OE 

+5V 

Symbol 

tRc 

tRP 

tRAS 

tCAS 

tASR 

tRAH 

tASC 

tCAH 

tRcD 

tRSH 

tcSH 

tcRP 

tT 

tREF 

tOTS 

tDTH 

tpSR 

tRFH 

tPSC 

tCPH 

tDZC 

tozo 

toFFI 

toFF2 

5 ns 
See figures 
0.8V,2.4V 
0.4V,2.4V 

0086-13 

HM534253A-8 

Min Max 

150 -
60 -
80 10000 

20 -

0 -

10 -
0 -
15 -
20 60 

20 -

80 -

10 -
3 50 

- 8 

0 -
10 -

0 -

10 -

0 -

15 -

0 -
0 -
- 20 

- 20 

o HITACHI 

Output Load (B) 

I oH=-2mA .. 

IOL =4.2mA • SIlO 

HM534253A-1O 

Min Max 

190 -

80 -
100 10000 

25 -
0 -
15 -

0 -
20 -

25 75 

25 -
100 -
10 -

3 50 

- 8 

0 -

15 -

0 -
15 -
0 -
20 -

0 -

0 -

- 25 

- 25 

+5V 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

ns 

ns 

ns 

os 

ns 

ns 

ns 

ns 

ns 
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Note 
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HM534253A Series 

Read Cycle (RAM), Page Mode Read Cycle 

HM534253A-8 HM534253A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 ns 6,7 

Access Time from CAS tCAC - 20 - 25 ns 7,8 

Access TIme from OE toAC - 20 - 25 ns 7 

Address Access Time tAA - 40 - 45 ns 7,9 

Read Command Setup Time tRCS 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - ns 10 

Read Command Hold Time 
tRRH 10 10 10 

Referenced to RAS 
- - ns 

RAS to Column Address Delay Time tRAO 15 40 20 55 ns 2 

Column Address to RAS Lead Time tRAL 40 - 45 - ns 

Column Address to CAS Lead Time tCAL 40 - 45 - ns 

Page Mode Cycle Time tpc 50 - 55 - ns 

CAS Precharge Time tcp 10 - 10 - ns 

Access Time from CAS Precharge tACP - 45 - 50 ns 

Page Mode RAS Pulse Width tRASP 80 100000 100 100000 ns 

Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 

HM534253A-8 HM534253A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - ns II 

Write Command Hold Time tWCH 15 - 20 - ns 

Write Command Pulse Width twp 15 - 20 - ns 

Write Command to RAS Lead Time tRwL 20 - 25 - ns 

Write Command to CAS Lead Time tcwL 20 - 25 - ns 

Data-in Setup Time tos 0 - 0 - ns 12 

Data-in Hold Time tOH 15 - 20 - ns 12 

WE to RAS Setup Time tws 0 - 0 - ns 

WE to RAS Hold Time tWH 10 - 15 - ns 

Mask Data to RAS Setup Time tMS 0 - 0 - ns 

Mask Data to RAS Hold Time tMH 10 - 15 - ns 

OE Hold Time Referenced to WE toEH 20 - 25 - ns 

Page Mode Cycle Time tpc 50 - 55 - ns 

CAS Precharge Time tcp 10 - 10 - ns 

CAS to Data-in Delay Time tcoo 20 - 25 - ns 13 

Page Mode RAS Pulse Width tRASP 80 100000 100 100000 ns 

@HITACHI 
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HM534253A Series 

Read-Modify-Write Cycle 

Parameter 

Read-Modify-Write Cycle Time 

RAS Pulse Width 
(Read-Modify-Write Cycle) 

CAS to WE Delay Time 

Column Address to WE Delay Time 

OE to Data-in Delay Time 

Access Time from RAS 

Access Time from CAS 

Access Time from OE 

Address Access Time 

RAS to Column Address Delay Time 

Read Command Setup Time 

Write Command to RAS Lead Time 

Write Command to CAS Lead Time 

Write Command Pulse Width 

Data-in Setup Time 

Data-in Hold Time 

OE Hold Time Referenced to WE 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
(CAS Before RAS Refresh Cycle) 

rrs Precharge to CAS Hold Time 

Symbol 

tRWC 

tRWS 

tcwD 

tAWD 

toDD 

tRAC 

tCAC 

tOAC 

tAA 

tRAD 

tRCS 

tRwL 

tcwL 

twp 

tDS 

tDH 

tOEH 

Symbol 

tCSR 

tCHR 

tRPC 

Flash Write Cycle, Block Write Cycle 

Parameter Symbol 

CAS to Data-in Delay Time tCDD 

OE to Data-in Delay Time tODD 

Read Transfer Cycle 

Parameter 

DT Hold Time Referenced to RAS 

DT Hold Time Referenced to CAS 

DT Hold Time Referenced to Column Address 

DT Precharge Time 

DT to RAS Delay Time 

SC to RAS Setup Time 

1st SC to RAS Hold Time 

1st SC to CAS Hold Time 

1 st SC to Column Address Hold Time 

HM534253A-8 

Min Max 

200 -

130 10000 

45 -

65 -
20 -
- 80 

- 20 

- 20 

- 40 

15 40 

0 -
20 -
20 -
15 -
0 -
15 -
20 -

HM534253A-8 

Min Max 

10 -

15 -

10 -

HM534253A-8 

Min Max 

20 -

20 -

HM534253A-8 
Symbol 

Min Max 

tRDH 70 10000 

tCDH 20 -

tADH 30 -

tDTP 40 -

tDRD 70 -

tSRS 30 -

tSRH 85 -

tSCH 30 -

tSAH 50 -

~HITACHI 

HM534253A-1O 
Unit 

Min Max 

250 - ns 

160 
10000 

ns 

55 - ns 

75 - ns 

25 - ns 

- 100 ns 

- 25 ns 

- 25 ns 

- 45 ns 

20 55 ns 

0 - ns 

25 - ns 

25 - ns 

20 - ns 

0 - ns 

20 - ns 

25 - ns 

HM534253A-1O 
Unit 

Min Max 

10 - ns 

20 - ns 

10 - ns 

HM534253A-1O 
Unit 

Min Max 

25 - ns 

25 - ns 

HM534253A-1O 
Unit 

Min Max 

90 10000 ns 

25 - ns 

35 - ns 

45 - ns 

90 - ns 

30 - ns 

105 - ns 

35 - ns 

55 - ns 

1108 Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 
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HM534253A Series 

Read Transfer Cycle (continued) 

HM534253A-8 HM534253A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Last SC to DT Delay Time tSDD 5 - 5 - ns 

1st SC to DT Hold Time tSDH 15 - 15 - ns 

RAS to QSF Delay Time tRQD - 95 - 115 ns 15 

CAS to QSF Delay Time tCQD - 35 - 40 ns 15 

DT to QSF Delay Time tDQD - 25 - 30 ns 15 

QSF Hold Time Referenced to RAS tRQH 20 - 25 - ns 

QSF Hold Time Referenced to CAS tCQH 5 - 5 - ns 

QSF Hold Time Referenced to DT tDQH 5 - 5 - ns 

Serial Data-in to 1st SC Delay Time tszs 0 - 0 - ns 

Serial Clock Cycle Time tscc 30 - 30 - ns 

SC Pulse Width tsc 10 - 10 - ns 

SC Precharge Time tscp 10 - 10 - ns 

SC Access Time tSCA - 25 - 25 ns 15 

Serial Data-out Hold Time tSOH 5 - 5 - ns 

Serial Data-in Setup Time tSIS 0 - 0 - ns 

Serial Data-in Hold Time tSIR 15 - 20 - ns 

RAS to Column Address Delay Time tRAD 15 40 20 55 ns 

Column Address to RAS Lead Time tRAL 40 - 45 - ns 

DT High Hold Time to RAS Precharge tDTHH 25 - 30 - ns 

Pseudo Transfer Cycle, Write Transfer Cycle 

HM534253A-8 HM534253A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

SE Setup Time Referenced to RAS tES 0 - 0 - ns 

SE Hold Time Referenced to RAS tEH 10 - 15 - ns 

SC Setup Time Referenced to RAS tSRS 30 - 30 - ns 

RAS to SC Delay Time tSRD 25 - 25 - ns 

Serial Output Buffer Tum-off Time 
tSRZ 10 45 10 50 ns 

Referenced to RAS 

RAS to Serial Data-in Delay Time tSID 45 - 50 - ns 

RAS to QSF Delay Time tRQD - 95 - 115 ns 15 

CAS to QSF Delay Time tCQD - 35 - 40 ns 15 

QSF Hold Time Referenced to RAS tROH 20 - 25 - ns 

QSF Hold Time Referenced to CAS tCOH 5 - 5 - ns 

Serial Clock Cycle Time tscc 30 - 30 - ns 

SC Pulse Width tsc 10 - 10 - ns 

SC Precharge Time tscp 10 - 10 - ns 

SC Access Time tSCA - 25 - 25 ns 15 

SE Access Time tSEA - 25 - 25 ns 15 

Serial Data-out Hold Time tSOH 5 - 5 - ns 

Serial Write Enable Setup Time tsws 5 - 5 - ns 

Serial Data-in Setup Time tSIS 0 - 0 - ns 

Serial Data-in Hold Time tSIR 15 - 20 - ns 

~HITACHI 
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HM534253A Series 

Split Read Transfer Cycle, Split Write Transfer Cycle 

HM534253A-8 HM534253A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Split Transfer Setup Time tSTS 20 - 25 - ns 

Split Transfer Hold Time 
tRST 80 - 100 - ns Referenced to RAS 

Split Transfer Hold Time 
teST 20 - 25 - ns 

Referenced to CAS 

Split Transfer Hold Time 
tAST 40 - 45 - ns Referenced to Column Address 

SC to QSF Delay Time tSOD - 25 - 30 ns 15 

QSF Hold Time Referenced to SC tSOH 5 - 5 - ns 

Serial Clock Cycle Time tscc 30 - 30 - ns 

SC Pulse Width tsc 10 - 10 - ns 

SC Precharge Time tscp 10 - 10 - ns 

SC Access Time tSCA - 25 - 25 ns 15 

Serial Data-out Hold Time tSOH 5 - 5 - ns 

Serial Data-out Setup Time tSIS 0 - 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - ns 

RAS to Column Address Delay Time tRAD 15 40 20 55 ns 

Column Address to RAS Lead Time tRAL 40 - 45 - ns 

Serial Read Cycle, Serial Write Cycle 

HM534253A-8 HM534253A-IO 
Parameter Symbol Unit Note 

Min Max Min Max 

Serial Clock Cycle Time tscc 30 - 30 - ns 

SC Pulse Width tsc 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - ns 

Access Time from SC tSCA - 25 - 25 ns 15 

Access Time from SE tSEA - 25 - 25 ns 15 

Serial Data-out Hold Time tSOH 5 - 5 - ns 

Serial Output Buffer Turn-off 
tSEZ - 20 - 25 ns 5 

Time Referenced to SE 
Serial Data-in Setup Time tSIS 0 - 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - ns 

Serial Write Enable Setup Time tsws 5 - 5 - ns 

Serial Write Enable Hold Time tSWH 15 - 20 - ns 

Serial Write Disable Setup Time tSWIS 5 - 5 - ns 

Serial Write Disable Hold Time tSWIH 15 - 20 - ns 

@HITACHI 
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HM534253A Series 

Logic Operation Mode 

HM534253A-8 HM534253A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - ns 

(CAS Before RAS) 

CAS Hold Time 
tCHR 15 20 

(CAS Before RAS) - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - ns 

Write Cycle Time tFRC 170 - 215 - ns 

RAS Pulse Width tFRS 100 10000 125 10000 ns 

Page Mode Cycle Time tFPC 70 - 80 - ns 

CAS Pulse Width tFCS 40 - 50 - ns 

RAS Hold Time Referenced to CAS tFRSH AD - 50 - ns 

CAS Hold Time Referenced to RAS tFCSH 100 - 125 - ns 

Column Address to RAS Lead Time tFRA 60 - 70 - ns 

Column Address to CAS Lead Time tFCA 60 - 70 - ns 

RAS to Column Address Delay Time tRAD 15 40 20 55 ns 

Write Command Setup Time twcs a - a - ns 

Write Command Hold Time tWCH 15 - 20 - ns 

Write Command Pulse Width twp 15 - 20 - ns 

Write Command to RAS Lead Time tRWL 20 - 25 - ns 

Write Command to CAS Lead Time tCWL 20 - 25 - ns 

Data-in Setup Time tDS a - a - ns 12 

Data-in Hold Time tDH 15 - 20 - ns 12 

WE to RAS Setup Time tws a - a - ns 

WE to RAS Hold Time tWH 10 - 15 - ns 

Mask Data to RAS Setup Time tMS a - a - ns 

Mask Data to RAS Hold Time tMH 10 - 15 - ns 

OE Hold Time Referenced to WE tDEH 20 - 25 - ns 

CAS Precharge Time tcp 10 - 10 - ns 

Notes: 1. AC measurements assume tT = 5 ns. 
2. When tRCD > tRCD (max) or tRAD > tRAD (max), access time is specified by !cAC or tAA· 
3. VIR (min) and V IL (max) are reference levels for measuring timing of input signals. Transition time tT is measured between 

VIR and VIL' 
4. 

5. 

6. 

7. 
8. 
9. 

10. 
II. 

Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 
cycle, either tDZC (min) or tDZO (min) must be satisfied. 
tOFF! (max) tOFF2 (max) and tSEZ (max) are defined as the time at which the output achieves the open circuit condition 
(VOH - 200 mY, VOL + 200 mY). 
Assume that tRCD S tRCD (max) and tRAD S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
When tRCD O!: tRCD (max) and tRAD S tRAD (max), access time is specified by tCAC' 
When tRCDStRCD (max) and tRADO!:tRAD (max), access time is specified by tAA' 
If either tRCH of tRRH is satisfied, operation is guaranteed. 
When twcs O!: twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) condi
tion. 

12. These parameters are specified by the later falling edge of CAS or WE. 
13. Either tCDD (min) or tODD (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 

applying data to the device when output buffer is on. 
14. When tAWDO!:tAWD (min) and tCWDO!:tcwD (min) in read-modify-write cycle, the data of the selected address outputs to 

an I/O pin and input data is written into the selected address. toDD (min) must be satisfied because output buffer must be 
turned off by OE prior to applying data to the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
16. After power-up, pause for 100 p.s or more and execute at least 8 initialization cycle (normal memory cycle or refresh cycle), 

then start operation. 

@HITACHI 
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HM534253A Series 

• TIMING WAVEFORMS 
• Read Cycle 

Address 

~--tCAC-t 
I _______ ~::::~~tA~A~------+ t-tCOO-t If tRAC --+- tOFF 1 ;-----.;I~ 

I/O ------#-----------#--------t===~~~~~:===:t_1_-------(Output) Valid Dout f 
lof-lOlC----+ of-tOAC...... ;+--tl 

I/O I tOff2 
(Input) 1 I 

.~tolO~1 
l+toTs-t +--tOTH-----+j 

OSF 

iii1 : Don't care 

• Early Write Cycle 

Address 

I/O 
(Output) 

I/O 
(Input) 

Of/DE 

OSF 

tRe 
tRAS 

IE Don't care 

Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 

@HITACHI 
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0086-16 



HM534253A Series 

• Delayed Write Cycle 

>--_.R-p---:L 
Ijtt ==~~=~~~tc~s~H~~~~~~~t==:lrtCRP--+1 ~'RCO-.t-tRSH 

4 'CAS 
----~~-------.I 

Address ~~=~~~Jk~~~~~=>~IIII~IIIIII~IIII~~~~K_ ~-__ -_-_--__ 
f-'RWL 

~~r---u----~.~----~----------~I·~'wP 

DSF 

lim Don't care 

0086-17 

Note: '\. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low . 

• Read-Modify-Write Cycle 

+----tnco---+ 

+---- 'CAC----+ I+-______ ~::~~:·~A~A~ 
I /0 t RAC ----+1.--__ -. 

(tJutPut)------tt----------tr--------t:~~r--II---------

I/O 
( Input) 

DSF 

[100 . Don't care 

0086-18 

Note: '\' This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low . 

• HITACHI 
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HM534253A Series 

• Page Mode Read Cycle 

1t;====================~~tt'R~C====================~;:==~;:==~ II tRASP- I _tRP--t 

f-tRSH--' f---tCAS f--tCRP-" 

Address 

I/O 
(Outpu t )--+t----++--f 

I/O 
( Input) 

nSF 

• Page Mode Write Cycle (Early Write) 

Address 

WE 
I/O 
(Output) 

I/O 
(Input) 

Of/OE 

nSF 

fiIj:non't care 

m Don't care 

Note: * 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 

@HITACHI 
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HM534253A Series 

• Page Mode Write Cycle (Delayed Write) 

WE 
I/O 
(Output) 

I/O 
(Input) 

OT/DE 

OSF 

Je-t.P 

W-t~Rr-. 

tRAS 

m: Don't care 

Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low . 

• RAS Only Refresh Cycle 

tRC 'L 
r-________ tR_A_5 _______ -" .I-t.o-----+ 

~tRPC~ 

Address 

I/O ~II$I~~~---------------------------------------(Output)~ 

tOFF2'" 
I/O 
( Input) 

OT/DE 

OSF 

!m'Oon't care 

.HITACHI 
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HM534253A Series 

• CAS Before RAS Refresh Cycle 

tRC 
tRAS 

~--tCHR---1> ==-------""T,!.=W2U 
Inl'lIblt FallJng TransItion'. : .. 

Address 

~tOFFl High-Z 
!6etPut)~~-------~--------------

OT/DE t@iIDMmffijf@:MIDj$?_~@,Mif#Miai 

1m: Don't care 

• Hidden Refresh Cycle 

1116 

Address 

1~===:t,~=tRc I tRC--c-:-----+1 
-----illl· 'RAS ______ i--tRP_ -tRAS---.}-___ -i 

_tCHR 

tOfF 1 
~ 

I/O ---il---~*--;-;d=====~lJ:·~O~=====}--(Output)- tOAC Va ld out 
.---. ~-. I/O lorn 

( Input) 

OT/DE 

OSF 

rnm Don't care 

~HITACHI 
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HM534253A Series 

• Color Register Set Cycle (Early Write) 

I/O 
(Output) 

DSF 

1r=======~tRAs~tR~C ~ll1!~+--~lRP===:;~1 

____ -!-E==.l=,RC~D~=41 ~~ ~~t~cs~IISt~cA~s§t~R5~II~~~~~[=::lr ",----J'-
If---------------------f 

High-Z 

trSR tRfH •• 

_~ ~t~~ttwmu..%lMIM 
1m : Don't care 

• Color Register Set Cycle (Delayed Write) 

OSF ~ \~:~f~%:}~W:::::::~:::~:;:::~t:::::::~:r:~~:*J~:::=~(:~:~::~:~~:ti:~~~~:~~J1;~%:t~r~*~~:::i~:~%@1 

~ : Don't care 

@HITACHI 
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HM534253A Series 

• Color Register Read Cycle 

I /0 ----~{:==~==t===~t==~~D~=== --+---(Output) Va 1 id 

I/O 
(Input) 

DT/DE 

DSF 

• Flash Write Cycle 

Address 

I/O 
( Input) 

DT/DE 

DSF 

iii: Don't care 

__________________ --{~I-----------t-RA-S-----t-RC-----'jf+----tRP~~ 
!f-tcnp-----4 t-lRCD---t1 

.:', 

m: Don't care 

~HITACHI 
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HM534253A Series 

• Block Write Cycle 

tRAS 

-+-tCRP---+ 

Address 

f-tcoo----+ 
tOFFt ~--t 

I/O ~;;j;iI~-1~ __ ~ __________ ~ ____ ~H~i~9~h-~Z~ ____________ __ 
(Output)!ll; 

I/O 
( Input) 

DSF 

~ : Don't care 

Note: *1. This cycle becomes a normal block write cycle when WE is hIgh and a mask block write cycle when WE is law . 

• Page Mode Block Write Cycle 

Address 

1(0 (Ou tput )-----H-------tt----------tt----"-----tt------------------

1(0 
(l nput) :', 

aT/DE 

DSF '. ~~ 

I!im : Don't care 

Note: *1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low. 

~HITACHI 
Hitachi America, Ltd. • Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589-8300 

0086-29 

0086-30 

1119 



HM534253A Series 

• Read Transfer Cycle (1) 

.~~ .. 

I/O 
(Output)-----+t----+--H------'-'-'-'c.:....:'----+------+--

OSF 

SC 

SIlO 
( Input) 

QSF*I 

Iii : Don't care 
0086-31 

Notes: *\. This QSF timing is referred when SC is risen once or more between the previous transfer cycle and CAS falling 
edge of this cycle (QSF is switched by DT rising). 

1120 

*2. This QSF timing is referred when SC isn't risen between the previous transfer cycle and CAS falling edge of this 
cycle (QSF is switched by RAS or CAS falling). 
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------------------------------- HM534253A Series 

• Read Transfer Cycle (2) 

Address 

I/O 
(Output) 

OT/OE 

OSF 

SC 

SIlO 
(Output) 

SIlO 
(Input) 

QSF 

im:oon't care 
0086-32 
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HM534253A Series 

• Pseudo Transfer Cycle 

Address 

I/O 
(Output 

OSF 

4 tRAS 

4 tCSH , 
~t"CO ~t--lCAS 

I/ AS", /"A\I '"" I/ASCJ ~~I 
__ R -~ SAM Start ". 
~ OW - Address ~~~:@~ 

mJ tws , 4 tWH ~I. 

) i1mtr'°TS , 
if 

.'OTH'I. 

-iFS
\ 

i"FH'1 

••.••. l'; 

l~tEH .'SEZ-t ~tEH+ 

mw '. 

~~C-'I 

tRC 

tRSU 

High-Z 

.. 

SC 

~~"I 
InhIbIt RIsing Tran\.tlon 

.. 
ts OH i-tSRZ---+ 

51/0 
(Output) 

51/0 
( Input) 

QSF 

V. '~t@t V l'd S Sout a lOUt 

_tRQO 
-tRQH 

tCOH 

SAM Address MSB 

tSlo~1 

~f~ 
r'~~ 

~HITACHI 

I 
~ t---tRP---' 

II--tCRP-J-I 

}--

:. 

ttfwH 

JrR 
ft-~c~-Jts~ ~tsc+ +- SCP+ 

r-

tSIStSI~ 
~~ ~~ 

Valid Sin Valid Sin 
~~~~ 

!im: Don't care 
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HM534253A Series 

• Write Transfer Cycle 

Address 

I/O High-Z 
(Output}--------#---------H---------~----------+---------------

OT/DE 

OSF 

SC 

51/0 
(Output) 

SIlO ~·t~~~~j~~~ii~ijt~~~~~~illi~[.~~~ ( Input) 

QSF SAM 

~HITACHI 

mm. Don't care 

Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 
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HM534253A Series 

• Split Read Transfer Cycle 

Address 

liD 
(Output) 

DSF 

SC 

SIlO 
(Output )-rr-----',""" 

SIlO 
(Input) 

QSF 

1m : Don I t care 

0086-35 

Note: *\. If the next transfer cycle after read transfer cycle is split read transfer cycle, one or more access to SC are required 
between read transfer cycle and split read transfer cycle. 
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-------------------------------- HM534253A Series 

• Split Write Transfer Cycle 

Address 

I/O 
(Output) 

DSF 

SC 

51/0 
(Output 

51/0 
( Input) 

QSF 

III : Don I t care 

00B6-36 
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HM534253A Series -----------------------------

• Serial Read Cycle 

sc -f ~-tseA-;Jd ~ I· tSOH--t! btSElB 
SI/u l' - t ~ V I :-d -~ -t . ----~--=:~-_llViit~~~ (Output) va 10 ~ou {ill~ u 1 ,Ol >-

m: Don't care 

• Serial Write Cycle 

SC 

51/0 
( Input) 

lIB: Don't care 

• Logic Operation Set/Reset Cycle 

1126 

Address 

rio 
(Output) 

riO 
(Input) 

DSF 

------f 

~~" . , 

f tRe 
IIt-----tRP 

, 
I tRP---. I tRAS , 

f .L-
f--tRPc~1 f--tCSR~ "--lCHR--+~ l..--tcRP--+ 

• Inhibit Failing TranSItIon ~I 

I~ tAS~ ;RAH'I 
Log Ie Code 

A ~A , ... 
,,~ tws , f tWH t, 

.. :.~::m~~X" :. 

Hi9h~Z 

Ie tMS ~ 4 tMU '._, 

~~~-lli~Mask Da ta*~:~~"1m~;~?l:t:lf~~m:~":~:~~">~· .. 

~: Don't care 

~HITACHI 
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HM534253A Series 

• Logic Operation Mode Early Write Cycle 

Address 

WE 
I/O 
(Output) 
I/O 
(Input) 

DT/QE 

DSF 

mm : Don't care 

0086-40 

Note: * 1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 

• Logic Operation Mode Delayed Write Cycle 

Address 

WE 
I/O 
(Output) 
I/O 
( Input) 

DSF 

4 lFRS 
'rRC 

j I.---'RP--+ 

4 tFCSH II+-lCRP-.---tRCO---t t--tFRSH j 
4 tFCS 

It 
t;;;;;"'RAO-414 tFRA---+ 

I~ tASR RAH +1 'rCA 
wt~ +--4 14·'ASC-+ ~I'CAH 
.~ Row ~ Column } '.' - r-tRWL--t 

If'ws-+ '-'wH-+1 ~twP-+I_ 
tCWL-4 

".,.,.. 

~ 'I !W' 
r 

~~ 

1 High-Z 

~t"HI f-tMII--+J t§~l~toll 
........ 0 ••• •• ~ .... "'" "'Y" • ..... .,. • 

~Temporary Mask ~.~~~~ ... ~<: ··:?x:-":::~.%~ Valid Din 0' •••• •• ~ '. .~::~<~::::%.~ 

tOTsl~1 ~~OEII 
1& Jt tCFI ~illt1iW!i*Mt1Wti§'MMiti 
mlt-trsn-t +tnFH-tkNt-tFSC-t ~k 
:.> .:-:< ·:=:;::~~:::-~~::::·~:;:*.:~~~~~~~;:::;:%i~~::~:X~~}·:~~"9.~~ ::$~::~ 

'0' '0' " ......... <~ .... .... X· ''''.' .•..•. » .' 

~ : Don't care 

0086-41 

Note: * 1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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HM534253A Series 

• Logic Operation Mode Page Mode Write Cycle (Early Write) 

/\ddress 

I/O 
(Output) 
I/O 
(Input) 

DT/OE 

DSF 

m: Don't care 

0086-42 

Note: *\. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 

• LogiC Operation Mode Page Mode Write Cycle (Delayed Write) 

Address 

WE 

I/O 
(Output) 
I/O 
(Input) 

OT/OE 

DSF 

tfRC 

""".,...._--'"'001"'---_ 

11m : Don't care 

0086-43 

Note: *\. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 

~HITACHI 
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HM534253A Series 

• Logic Operation Mode Read-Modify-Write Cycle 

,;ncres~ 

I/O 
(Output) 

I/O 
( Input) 

OSF 

tFRC I 
4 tFRS I .-tRP-t r--

IL 
4 trCSH tCRP 
...-tRco~4 tFRSH I 

I~ 4 tFCS 

~r'AS"",+--t'bb t CAH • 1 +---to +-tkAH-+ .... lIlSC-+ ~ 

:.;0 Row . ~ Column 

• ~ftws~~ t~cslt-4 lAWO I .... tRwL~ 
tcwo I t---tcw-t 

+--twP--+ 
a\ '1 

~ ...-tCAC~ 
tAA 

tRAC---+ 

Val,dOout 

= WMS ... .-tMH-tLJ+-tOZC~ t-tOAC---t IftOH .-toH-t1 

~T.mpO,.ry Mask ~~ j!:3" Valid Din 

:~O I: tOFF! +r I~~' H 000i?-t .. tOEH~1 lOTH 

!:1W I 
f-tFSR'" f-tRFIH ~tFsc ... llt-4 tCFH 

:~;;!!I~~~;m~~~r~~~~~;;;~;~;;~~;~;~;~~~~;~~;~~~~~~;~;~f:; 

.:Don't care 

0086-44 

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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HM538121 Series 
131,072 x 8-Bit Multiport CMOS Video Random Access Memory 

• DESCRIPTION 
The HM538121 is a 1-Mbit multiport video RAM equipped with a 128k-word x 

8-bit dynamic RAM and a 256-word x 8-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. It is suitable for a graphic processing 
buffer memory. 

• FEATURES 
• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM and SAM Capability 
RAM: 128k-word x 8-bit and SAM: 256-word x 8-bit 

• Access Time RAM ..................... 100 ns/100 ns/120 ns/150 ns (max) 
SAM .......................... 30 ns/35 ns/40 ns/50 ns (max) 

• Cycle Time RAM ...................... 190 ns/190 ns/220 ns/260 ns (min) 
SAM ........................... 30 ns/40 ns/40 ns/60 ns (min) 

• Low Power 
Active RAM ........................................ .495 mW (max) 

SAM .......................................... 468 mW (max) 
Standby ................................................. .40 mW (max) 

• High-Speed Page Mode Capability 
• Mask Write Mode Capability 
• Bidirectional Data Transfer Cycle between RAM and SAM Capability 
• Real Time Read Transfer Capability 
• 3 Variations of Refresh (8 ms/512 Cycles) 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. 
Access Time 

Package 
RAM SAM 

HM53812UP-1O lOOns 30ns 400 mil 
HM53812UP-ll lOOns 35 ns 4O-pin 
HM53812UP-12 120ns 40ns Plastic SO] 
HM53812UP-15 150ns 50ns (CP-40D) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-As Address Inputs 

lIOO-lIO? RAM Port Data Inputs/Outputs 

SlIOo-SlI07 SAM Port Data Inputs/Outputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

DT/OE Data Transfer/Output Enable 

SC Serial Clock 

SE SAM Port Enable 

Vee Power Supply 

Vss Ground 

NC Non Connection 

~HITACHI 

Preliminary 

HM53812IJP Series 

3OCP40D 

(CP-40D) 

• PIN OUT 

HM53812IJP Series 

SC 
SI/OO g 
SI/01 
SI/02 ~ sT/tu 
MIOE ..... 

IIOO ..... 
I/Cll Cl 
lien c; 
I/O:! r::l 
VCst ~ 

~a 
NC ~ 
AS 
A6 
AS 
A4 

VSS1 
51/07 
51/06 

37 SI/05 
36 51/04 
35 l=I ~ 
34 P I/07 
33 L :::/C16 
32 Cl 1/05 
31 ~ I/:';!' 
30 f= -V~S2 
29 P !-IC 

~~ ;~ 
26 NC 
25 AO 
24 Al 
23 A2 
22 A3 

VCCl ,-,-,--_...;2;;;.;1'-1 A 7 

0087-1 

(Top View) 
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• BLOCK DIAGRAM 

RA!04 

C RO .... 
C 

• PIN FUNCTION 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in Table 1 are input at the falling edge of RAS. 
The input level of those Signals determine the operation cy
cle of the HM538121. 

• Table 1. Operation Cycles of the HM538121 

Input Level at ~ 
Falling Edge of RAS Operation Cycle 

CAS DT/OE WE SE 

H H H X RAM ReadIWrite 

H H L X Mask Write 

H L H X Read Transfer 

H L L H Pseudo Transfer 

H L L L Write Transfer 

L X X X CBRRefresh 

Note: X: Don't care. 

CAS (input pin): Column address is put into chip at the fall· 
ing edge of CAS. CAS controls output impedance of 110 in 
RAM. 

Ao-As (input pins): Row address is determined by Ao-As 
level at the falling edge of RAS. Column address is deter· 
mined by Ao-A7 level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM538121 turns to mask write mode. According to 
the 110 level at the time, write on each 110 can be masked. 
(WE level at the falling edge of RAS is don't care in read 

SA!04 

ItT/Oil 

I ZS5nLJI n:a:t 

. . I" ,-' ----'11 ·,i ~I:'; I ~ 
= • -'.- I . 1 ;\.---- i -:!..! = 

'I 
. -& 

~ 

:HI 

,,,' 

S II 

HM538121 Series 

i'r~ 
Cal_ ....., ... 

( SIJl .:art .- ) 

0087-2 

cycle.) When WE is high at the falling edge of RAS, a nor· 
mal write cycle is executed. After that, WE switches readl 
write cycles as in a standard DRAM. In a transfer cycle, the 
direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred~om 
SAM to RAM (data is written into RAM), and when WE is 
high, data is transferred from RAM to SAM (data is read 
from RAM). 

1/00-1/07 (input/output pins): 1/0 pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high 110 pins. Data on low 110 pins are 
masked and internal data are retained. After that, they func
tion as input/ output pins as those of a standard DRAM. 

DT IDE (input pin): DT IDE pin functions as DT (data trans
fer) pin at the falling edge of RAS and as DE (output en
able) pin after that. When DT is low at the fallin.!L.edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy
cle, data is output from an SilO pin synchronously With the 
rising edge of SC. In a serial write cycle, data on an SilO 
pin at the rising edge of SC is put into the SAM data regis
ter. 

SE (input pin): SE pin activates SAM. When SE is high, SilO 
is in the high impedance state in serial read cycle and data 
on SilO is not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the riSing edge of SC. 

SI/Oo-SI/07 (input/output pins): SilOs are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SliD outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SliD inputs data. 

@HITACHI 
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HM538121 Series ------------------------------

• OPERATION OF HM538121 

• Operation of RAM Port 

RAM Read Cycle (DT 10E high, CAS high, at the falling 
edge ofRAS) 

Row address is entered at the AMi falling edge and col
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT/OE is low 
while CAS is low, the selected address data is output 
through I/O pin. At the falling edge of RAS, DT lOE and 
CAS become high to distinguish RAM read cycle from trans
fer cycle and CBR refresh cycle. Address access time (tAN 
and RAS to column address delay time (tRAD) specifications 
are added to enable high-speed page mode. 

RAM Write Cycle (Early Write, Delayed Write, Read
Modify-Write) (DT/OE high, CAS high at the falling edge of 
RAS) 

• Normal Mode Write Cycle (WE high at the falling edge of 
AMi) 
When CAS and WE are set low after AMi is set low, a 

write cycle is executed and I/O data is written at the select
ed addresses. When all 8 I/Os are written, WE should be 
high at the falling edge of AMi to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes high imped
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be
comes a delayed write cycle. Data is input at the WE falling 
edge. I/O does not become high impedance in this cycle, so 
data should be entered with OE in high. 

If WE is set low after lewD (min) and tAwD (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy
cle and enables write after read to execute in the same ad
dress cycle. In this cycle also, to avoid I/O contention, data 
should be input after reading data and setting OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of AMi, the cycle be
comes a mask write mode cycle which writes only to select
ed I/O. Whether or not an 110 is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter
nal data is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Page Mode Cycle (DT lOE high, CAS high at 
the falling edge of RAS) 

High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product is based on static column mode, 
therefore, address access time (tAN, RAS to column ad
dress delay time (tRAD), and access time from CAS pre
charge (tACP) are added. In one AMi cycle, 256-word mem
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRASP max 
(100,...s). 

• Transfer Operation 

HM538121 provides the read transfer cycle, pseudo 
transfer cycle, and write transfer cycle as data transfer cy
cles. These transfer cycles are set by driving DT 10E low at 
the falling edge of RAS. 
They have the following functions: 

(1) Transfer data between row address and SAM data regis
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Read transfer cycle: RAM -+ SAM 

(b) Write transfer cycle: RAM ~ SAM 

(3) Determine input or output of SAM I/O pin (SI/O) 

Read transfer cycle: SI/O output 

Pseudo transfer cycle, 
write transfer cycle: SI/O input 

(4) Determine first SAM address to access (SAM start ad
dress) after transferring at column address. 

Read Transfer Cycle (CAS high, DT/OE low, WE high at 
the falling edge of RAS) 

This cycle becomes read transfer cycle by setting DT/OE 
low and WE high at the falling edge of RAS. The row ad
dress data (256 x 8-bit) determined by this cycle is trans
ferred synchronously at the rising of DT lOE. After the rising 
edge of DT 10E, the new address data outputs from SAM 
start address decided by column address. 

This cycle can execute SAM access serially even during 
transfer (real time read transfer). In this case, the timing 
tSDD (min) is specified between the last SAM access before 
transfer and DT 10E riSing edge, and tSDH (min) between the 
first SAM access and DT/OE riSing edge (see Figure 1). 

If read transfer cycle is executed, 51/0 becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and SI/O is in input 
state, uncertain data is output after tRLZ (min) after the RAS 
falling edge. Before that, input should be set high imped
ance to avoid data contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of AMi) 

Pseudo transfer cycle is available for switching SI/O from 
output state to input state because data in RAM isn't rewrit
ten. This cycle starts when CAS is high, or IDE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in 51/0 becomes high impedance within tSRZ (max) 
from the RAS falling edge. Data should be input to SI/O lat
er than tslD (min) to avoid data contention. SAM access be
comes enabled after tsRD (min) after RAS becomes high. In 
this cycle, SAM access is inhibited during RAS low, there
fore, SC should not be raised. 

Write Transfer Cycle (CAS high, DT/OE low, WE low, and 
SE low at the falling edge of AMi) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tSRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 

$ HITACHI 
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HM538121 Series 
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Figure 1. Real Time Read Transfer 

• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SilO. If SE is set 
high SilO becomes high impedance and internal pOinter is 
incremented at the SC rising edge. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SilO data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SilO 
data isn't input into data register. Internal pointer is incre
mented according to the SC rising edge, so SE high can 
mask data for SAM. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic Circuits, requires re
fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refresh cy
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 

refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as readlwrite cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev
ery 8 ms. 

RAS Only Refresh Cycle: RAS only refresh cycle is per
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address ( = refresh address) from ex
ternal circuits. To distinguish this cycle from data transfer cy
cle, DTIOE should be high at the falling edge of RAS. 

CBR Refresh Cycle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is in high im
pedance and power dissipation is lowered because CAS cir
cuits don't operate. 

Hidden Refresh Cycle: Hidden refresh cycle performs re
fresh by reactivating RAS when DT 10E and CAS keep low 
in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector), orga
nized as fully static Circuitry, don't require refresh. 

~HITACHI 
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HM538121 Series 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit Note 

Terminal Voltage VT -1.0to +7.0 V I 

Power Supply Voltage Vcc - 0.5 to + 7.0 V I 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

Note: I. Relative to V ss . 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIR 2.4 - 6.5 V I 

Input Low Voltage VIL -0.5 - 0.8 V 1,2 

Notes: I. All voltages referenced to Vss. 
2. - 3.0V for pulse width S 10 ns. 

• DC Electrical Characteristics (T A = 0 to + 70'C, Vee = 5V ± 10%, Vss = OV) 

HM538121-1O HM538121-11 HM538121-12 HM538121-15 Test Conditions 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max RAM Port SAM Port 

ICC! - 90 - 90 - 80 - 70 mA RAS, CAS SE = VIR, SC = VIL 
Operating 

Cycling SE = VIL, SC Cycling I 
Current ICC7 - 160 - 160 - 140 - 120 rnA tRC = Min tscc = Min 

ICC2 - 7 - 7 - 7 - 7 mA 
RAS,CAS 

SE = VIR, SC = VIL 
Standby 

SE = VIL, SC Cycling I 
Current IcCS - 85 - 70 - 70 - 55 mA = VIR 

tscc = Min 

RASOnly ICC3 - 90 - 90 - 80 - 70 rnA RASCycling SE = VIR, SC = VIL 

Refresh CAS = VIR SE = VIL, SC Cycling I 
Current ICC9 - 150 - 150 - 130 - 110 rnA tRc = Min tscc = Min 

ICC4 - 115 - 115 - 105 - 95 mA CAS Cycling SE = VIR, SC = VIL 
Page Mode 

RAS = VIL SE = VIL, SC Cycling I 
Current ICCIO - 185 - 185 - 160 - 140 mA tpc = Min tscc = Min 

CAS Before Iccs - 80 - 80 - 70 - 60 rnA 
RASCycling 

SE = VIR, SC = VIL 

RAS Refresh SE = VIL, SC Cycling I 
Current ICCll - 130 - 130 - 110 - 90 rnA tRC = Min 

tscc = Min 

Data ICC6 - 115 - 115 - 110 - 100 rnA RAS,CAS SE = VIR, SC = VIL 

Transfer Cycling SE = VII" SC Cycling I 
Current ICC 12 - 185 - 185 - 160 - 140 mA tRC = Min tscc = Min 

Input Leakage 
ILl -10 10 -10 10 -10 10 -10 10 ,.A 

Current 

Output Leakage 
lLO -10 10 -10 10 -10 10 -10 10 ,.A 

Current 

Output High 
VOH 2.4 - 2.4 - 2.4 - 2.4 - V 10H = -2mA 

Voltage 

Output Low 
VOL - 0.4 - 0.4 - 0.4 - 0.4 V IOL = 4.2mA 

Voltage 
.. 

Notes: I. ICC depends on output loading condition when the device is selected. Icc max is specified at the output open condItion 
(11/0 = ISI/O = 0 mA). 

2. Address can be changed less than three times in one RAS cycle. 
3. Address can be changed once or less while CAS = VIH. 
4. Address must be fixed. 
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HM538121 Series 

• Capacitance (TA = 25·C, Vee = 5V, f = 1 MHz, Bias: Clock, I/O = Vee, Address = Vss) 

Parameter Symbol Min Typ 

Address Cn - -

Clocks CI2 - -

I/O, SI/O CliO - -

• AC Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV)1, 11 

Test Conditions 

Input Rise and Fall Time .......................... 5 ns 
Output Load .............................. See Figures 
Input Timing Reference Levels ............... O.BV, 2.4V 
Output Timing Reference Levels ............. 0.4V, 2.4V 

Output Load (A) 

IOli=-2:nA +5 V 
~ . 
I~2:nA ~ 

I/O • i Kl;y-1 
~ =lOOtlF 5Z 
~ I - ~ 

7iT7tT II/ 

Common Parameters 

0087-4 

Note: I. Including Scope and Jig. 

Max 

5 

5 

7 

Output Load (B) 

I~~" "?;,.V 

IOL=4·2::!A 

SIlO P :·1 

~ rop:, ~ 
liTliT liT 

HM538121-1O HM538121-11 HM538121-12 HM538121-15 
Parameter Symbol 

Min Max Min Max Min Max Min Max 

Random Read or 
tRC 190 190 220 260 Write Cycle Time - - - -

RAS Precharge 
tRP 80 - 80 - 90 - 100 -Time 

RAS Pulse Width tRAS 100 10000 100 10000 120 10000 ISO 10000 

CAS Pulse Width teAS 30 10000 30 10000 35 10000 40 10000 

Row Address 
tASR 0 0 0 0 

Setup Time - - - -

Row Address 
tRAH IS - IS IS - 20 -

Hold Time 
-

Column Address 
tASC 0 0 0 0 

Setup Time 
- - - -

Column Address 
tCAH 20 20 20 25 -Hold Time - - -

RAS to CAS 
tRCD 25 70 25 70 25 85 30 110 

Delay Time 

RAS Hold Time tRSH 30 - 30 - 35 - 40 -

CAS Hold Time tcsH 100 - 100 - 120 - ISO -
CAStoRAS 

tCRP 10 10 10 10 -
Pre-charge Time 

- - -

Transition Time 
tT 3 50 3 50 3 50 3 50 

(Rise to Fall) 

Refresh Period tREF - 8 - 8 - 8 - 8 

~HITACHI 

Unit 

pF 

pF 

pF 

0087-5 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 5,6 

ns 

ns 

ns 

ns 8 

ms 
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HM538121 Series 

Common Parameters (continued) 

HM538121-1O HM538121-11 HM538121-12 HM538121-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

DTtoRAS 
toTS 0 0 0 0 Setup Time - - - - ns 

DTto RAS 
tOTH 15 15 15 20 Hold Time 

- - - - ns 

Data-in to OE 
tozo 0 0 0 0 De1ayTime - - - - ns 

Data-in to CAS 
tozc 0 0 0 0 Delay Time 

- - - - ns 

Read Cycle (RAM), Page Mode Read Cycle 

HM538121-1O HM538121-11 HM538121-12 HM538121-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Access Time 
tRAC 100 100 120 150 2,3 fromRAS - - - - ns 

Access Time 
tCAC 30 30 35 40 3,5 from CAS 

- - - - ns 

Access Time 
tOAC 30 30 35 40 3 fromOE - - - - ns 

Address 
tAA 45 45 55 70 3,6 Access Time 

- - - - ns 

Output Buffer 
Turn-off Delay tOFF! - 25 - 25 - 30 - 40 ns 7 
Referenced to CAS 

Output Buffer 
Turn-off Delay tOFF2 - 25 - 25 - 30 - 40 ns 7 
Referenced to OE 

Read Command 
tRCS 0 0 0 0 Setup Time - - - - ns 

Read Command 
tRCH 0 0 0 0 12 Hold Time - - - - ns 

Read Command Hold 
Time Referenced tRRH 10 - 10 - 10 - 10 - ns 12 
toRAS 

RAS to Column 
tRAO 20 55 20 55 20 65 25 80 5,6 

Address Delay Time ns 

Page Mode 
tpc 55 - 55 - 65 - 80 - ns CydeTime 

CAS Precharge 
tcp 10 - 10 - 15 - 20 - ns Time 

Access Time from 
tACP 50 50 60 75 CAS Precharge - - - - ns 

RAS Pulse Width 
tRASP 0.1 100 0.1 100 0.12 100 0.15 100 in Page Mode ".S 

.HITACHI 
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HM538121 Series 

Write Cycle (RAM), Page Mode Write Cycle 

HM538121-1O HM538121-11 HM538121-12 HM538121-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Write Command 
twcs 0 0 0 0 9 Setup Time - - - - ns 

Write Command 
tWCH 25 25 25 30 Hold Time 

- - - - ns 

Write Command 
twp 15 15 20 25 Pulse Width 

- - - - ns 

Write Command to 
tRWL 30 30 35 40 RAS Lead Time - - - - ns 

Write Command to 
tCWL 30 30 35 40 CAS Lead Time - - - - ns 

Data-in 
tDS 0 0 0 0 10 Setup Time - - - - ns 

Data-in 
tDH 25 25 25 30 10 Hold Time - - - - ns 

WEtoRAS 
tws 0 0 0 0 Setup Time - - - - ns 

WEtoRAS 
tWH 15 15 15 20 Hold Time 

- - - - ns 

Mask Data to 
tMS 0 0 0 0 RAS Setup Time 

- - - - ns 

Mask Data to 
tMH 15 15 15 20 RAS Hold Time 

- - - - ns 

OEHoldTime 
tOEH 10 10 15 20 Referenced to WE - - - - ns 

Page Mode 
tpc 55 - 55 - 65 - 80 - ns Cyc1eTime 

CAS Precharge 
tcp 10 - 10 - 15 - 20 - ns Time 

RAS Pulse Width 
tRASP 0.1 100 0.1 100 0.12 100 0.15 100 in Page Mode ILs 

Read-Modify-Write Cycle 

HM538121-10 HM538121-11 HM538121-12 HM538121-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Read-Modify-Write 
tRwC 255 - 255 - 295 - 350 - ns 

Cyc1eTime 

RAS Pulse Width lRWS 165 10000 165 10000 195 10000 240 10000 ns 

CAS to WE Delay tCWD 65 - 65 - 75 - 90 - ns 9 

Column Address 
tAWD 80 80 95 120 9 to WE Delay - - - - ns 

OE to Data-in 
toDD 25 25 30 40 Delay Time - - - - ns 

Access Time 
tRAC 100 100 120 150 2,3 

fromRAS 
- - - - ns 

Access Time 
tCAC 30 30 35 40 3,5 

from CAS - - - - ns 

Access Time 
toAC 30 30 35 40 3 fromOE - - - - ns 

Address 
tAA 45 45 55 70 3,6 

Access Time - - - - ns 

@HITACHI 
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HM538121 Series 

Read-Modify-Write Cycle (continued) 

HM538121-10 
Parameter Symbol 

Min Max 

RAS to Column 
tRAD 20 55 Address Delay 

Output Buffer 
Tum-off Delay tOFF2 - 25 
Referenced to OE 

Read Command 
tRCS 0 Setup Time -

Write Command to 
tRWL 30 RAS Lead Time -

Write Command to 
tcwL 30 CAS Lead Time 

-

Write Command 
twp 15 Pulse Width -

Data-in 
tDS 0 Setup Time 

-

Data-in 
tDH 25 Hold Time -

WE to RAS 
tws 0 Setup Time -

WE to RAS 
tWH 15 Hold Time -

Mask Data to 
tMS 0 RAS Setup Time -

Mask Data to 
tMH 15 

RAS Hold Time -

OEHoidTime 
tOEH 10 Referenced to WE -

Refresh Cycle 

HM538121-10 
Parameter Symbol 

Min Max 

CAS Setup Time 
(CAS Before tCSR 10 -
RAS Refresh) 

CAS Hold Time 
(CAS Before tCHR 20 -
RAS Refresh) 

RAS Precharge to 
tRPC 10 -

CAS Hold Time 

Transfer Cycle 

HM538121-10 
Parameter Symbol 

Min Max 

WE to RAS 
tws 0 Setup Time 

-

WEtoRAS 
tWH 15 

Hold Time 
-

SEtoRAS 
tES 0 

Setup Time 
-

SEtoRAS 
tEH 15 Hold Time -

RASto SC 
tSRD 25 Delay Time -

HM538121-11 HM538121-12 HM538121-15 

Min Max Min Max Min Max 

20 55 20 65 25 80 

- 25 - 30 - 40 

0 - 0 - 0 -

30 - 35 - 40 -

30 - 35 - 40 -

15 - 20 - 25 -

0 - 0 - 0 -

25 - 25 - 30 -

0 - 0 - 0 -

15 - 15 - 20 -

0 - 0 - 0 -

15 - 15 - 20 -

10 - 15 - 20 -

HM538121-11 HM538121-12 HM538121-15 

Min Max Min Max Min Max 

10 - 10 - 10 -

20 - 25 - 30 -

10 - 10 - 10 -

HM538121-11 HM538121-12 HM538121-15 

Min Max Min Max Min Max 

0 - 0 - 0 -

15 - 15 - 20 -

0 - 0 - 0 -

15 - 15 - 20 -

30 - 30 - 35 -

~HITACHI 
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Unit Note 

ns 5,6 

ns 

ns 

ns 

ns 

ns 

ns 10 

ns 10 

ns 

ns 

ns 

ns 

ns 

Unit Note 

ns 

ns 

ns 

Unit Note 

ns 

ns 

ns 

ns 

ns 



HM538121 Series 

Transfer Cycle (continued) 

HM538121-1O HM538121-11 HM538121-12 HM538121-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

SCtoRAS 
tSRS 30 40 40 45 Setup Time 

- - - - ns 

DTHold Time 
tRoH 80 90 90 110 fromRAS - - - - ns 

DT Hold Time 
tCOH 20 30 30 45 from CAS - - - - ns 

Last SC to 
tsoo 5 5 5 10 

DT Delay Time - - - - ns 

First SC to 
tSOH 20 25 25 30 DTHoldTime 

- - - - ns 

DTtoRAS 
tOTL 50 50 50 50 Lead Time 

- - - - ns 

DTHoldTime 
Referenced to tOTHH 20 - 25 - 25 - 30 - ns 
RASHigh 

DT Precharge Time tOTP 30 - 35 - 35 - 40 - ns 

Serial Data Input 
tSID 50 - 60 - 60 - 75 - ns Delay Time from RAS 

Serial Data Input 
tszR - 10 - 10 - 10 - 10 ns to RAS Delay Time 

Serial Output 
Buffer Turn-off tSRZ 10 50 10 60 10 60 10 75 ns 7 
Delay from RAS 

RAS to Sout (Low-Z) 
tRLZ 5 - 10 - 10 - 10 - ns Delay Time 

Serial Clock 
tscc 30 40 40 60 

Cycle Time - - - - ns 

Serial Clock 
tSCC2 40 40 40 60 13 

Cycle Time 
- - - - ns 

Access Time 
tSCA 30 35 40 50 4 

from SC - - - - ns 

Serial Data-out 
tSOH 7 7 7 7 4 Hold Time 

- - - - ns 

SC Pulse Width tsc 10 - 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - 10 - 10 - ns 

Serial Data-in 
tSIS 0 0 0 0 Setup Time 

- - - - ns 

Serial Data-in 
tSIH 15 20 20 25 Hold Time 

- - - - ns 

~HITACHI 
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HM538121 Series 

Serial Read Cycle 

Parameter 

Serial Clock Cycle Time 

Access Time from SC 

Access Time from SE 

Serial Data-out 
Hold Time 

SC Pulse Width 

SC Precharge Width 

Serial Output 
Buffer Turn-off 
Delay from SE 

Serial Write Cycle 

Parameter 

Serial Clock 
Cycle Time 

SC Pulse Width 

SC Precharge Width 

Serial Data-in 
Setup Time 

Serial Data-in 
Hold Time 

Serial Write 
Enable Setup Time 

Serial Write 
Enable Hold Time 

Serial Write Dis-
able Setup Time 

Serial Write Dis-
able Hold Time 

Symbol 

tscc 

tSCA 

tSEA 

tSOH 

tsc 

tscp 

tSEZ 

Symbol 

tscc 

tsc 

tscp 

tSIS 

tSIR 

tsws 

tSWH 

tswIS 

tSWIR 

HM538121-1O 

Min Max 

30 -

- 30 

- 25 

7 -

10 -

10 -

- 25 

HM538121-10 

Min Max 

30 -

10 -
10 -

0 -

15 -

0 -

30 -

0 -

30 -

Notes: I. AC measurements assume tT = 5 ns. 

HM538121-11 

Min Max 

40 -

- 35 

- 30 

7 -

10 -

10 -

- 25 

HM538121-11 

Min Max 

40 -

10 -

10 -

0 -

20 -

0 -

35 -

0 -

35 -

HM538121-12 HM538121-15 
Unit Note 

Min Max Min Max 

40 - 60 - ns 

- 40 - 50 ns 4 

- 30 - 40 ns 4 

7 - 7 - ns 4 

10 - 10 - ns 

10 - 10 - ns 

- 25 - 30 ns 7 

HM538121-12 HM538121-15 
Unit Note 

Min Max Min Max 

40 - 60 - ns 

10 - 10 - ns 

10 - 10 - ns 

0 - 0 - ns 

20 - 25 - ns 

0 - 0 - ns 

35 - 50 - ns 

0 - 0 - ns 

35 - 50 - ns 

2. Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tPAD is greater than the maximum recommended 

1140 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
5. When tRCD ?: tRCD (max) and tRAD :S tRAD (max), access time is specified by tCAC' 
6. When tRCD :S tRCD (max) and tRAD ?: tRAD (max), access time is specified by tAA' 
7. tOFF (max) is defined as the time at which the output achieves the open circuit condition (VOH - 200 mY, VOL + 200 mY). 
8. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Transition times are measured between 

VIR and VIL. 
9. When twcs ?: twcs (min), the cycle is an early write cycle, and 1/0 pins remain in an open circuit (high impedance) 

condition. When tAWD ?: tAWD (min) and tCWD ?: tCWD (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data output pin and input data is written into the selected address. In this case, imped
ance on 1/0 pins is controlled by OE. 

10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or a read
modify-write cycles. 

II. After power-up, pause for 100 !,-S or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either tRCH or tRRH is satisfied, operation is guaranteed. 
13. tCC2 is defined as the last SAM cycle time before read transfer in read transfer cycle (I). 
14. When 1/0 or SilO is in the output state, data input signals must not be applied to 1/0 or SIlO. 
15. When SE is low after power on, SIlO is in the output state. Data input signals must not be applied to SIlO in this time. 
16. When CAS and DTIOE are both low after power on, it is possible'that 110 is in the output state. Data input signals must 

not be applied to 1/0 in this time. 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819. (415) 589-8300 



------------------------------- HM538121 Series 

• TIMING WAVEFORMS 
• Read Cycle 

Address 

1/0 
(OUTPUT) 

lIO 
(INPUT) 

• Early Write Cycle 

\--------tRC--------j 

i----tRAS-------i 

INIII/Ill 
~tOFFl 

VALID 

~; Don't car. 

1--------tRC----------li __ -d.r------ tR,IS----------1j.l:-

JLtRP--1L 
~~==:itUiiRC;oD-============tI'==-:ttR:RSSHH:=::::ji I . , ___ I 
~ tCSH tr:{o i 

II t--tCAS---~r 

,:.y-- --1 ~~ i tASC : ~ I 
Addr~ss Tii--;; -11/ 1 III'§. COLU~:I -u 1 1 / / / 1177 

t'iS' I . II t'iCS II tliCH I I 
I I t"~ IIII~ trr 1r-r-/1"""-"1-'-/ /""""'1-'-[1 
t~S 'ril t~tit I tHM I _ 

"~~) ~ jJl/ !Il!P:'t!ll II flll r I 
I/O ~I ,,,,,un /'/' IT I---=-n..---'-t 

m/o~ :Lffl tola ~illllllll / / / / / / / / / /77 /, 

HIGH-Z 

lZZA: Doft I t care 

0087-6 

0087-7 

Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538121 Series 

• Delayed Write Cycle 

c.is 

~----------_~~t_RC~~~~~~~-=~-i,------e~i 
!J------tRAS li-..::!tR.!!.p--41 

~tiiC1i=::;+========ttii!RSiiTlI=~ I tCRP iL-I H~ __ _ 

II 1ll------ tCAS ---------C! 
tAS" ~rr "CS~'-__ -'-___ -1l 
r--il I I .--- I I 

Address ~ RO~ J« LJLU~N 1;' ! / / / / / / / / / / / / / / / 
H I ItCAH)' I I 

tWS RAil I! t'iCH I 7J1 _I 1lTT!!tI'-tYP 1"-;-/ -;-/ Zr---T"/ -i-; ;.,........,/--0-/ --;-; / 
t TS I tWIl '! I 

1/0 
(OUTPUT) -U1r----=-_-t""-"',..._---"V~AL~I~O~O:!!.AT~A_'1~N __ ___1.L..J"--L-L-'--'--'-...J.....-'-.L...o~ 

I/O 
(INPUT) 

II1GlI-Z 

[ZZLl; Don t t care 
0087-8 

Note: * I. When WE is high level, all the data on 1I0s can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• Read-Modify-Write Cycle 

Addres~ 

I/O 
(INPUT) 

1/0 
(OUTPUT) 

t----------tRWC------------i 
___ ~ ~-------tR~S---------~ 

tCS!l 
..,...,..J,":-'-l-P:ll£2:===:;j1 ---tC.IS 

tZZ.a; Don't care 
0087-9 

Note: 'I. When WE is high level, all the data on 1I0s can be written into the memory cell. When WE is low level, the data on 1I0s 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538121 Series 

• Page Mode Read Cycle 

~------------------------tHC-------------------------
r------------------tRASP-----------------------------

I/O l----:-1tArTA-----I.---,-;V .. ALTI~D ---'---{ 

(OUTPUT) IZC I Dout I}---+----{I 

(INPUT) ----"to"'Z"O ----+----------{ 

VALJU 
OUlit 

I/O ~_~lI~ 
LOTS _ t==L --tOAC ~ __ 

Dr/fiE z:zj-- --'--'----9"----4'--~.J..../f'I=--__'I_L_'_~-_-'-I-'---I-'-------'-II---'-1 L.1-L.lll 

0087-10 

• Page Mode Write Cycle (Early Write) 

Address 

WE 

I/O 
(INPUT) 

I/O 
(OUTPUT) 

r-----------------tRC---------------------------------------------.~ 

tRASP----------------------------------:f~ 
- ...:=lIIl'--t\ 

tIlSII-~..;=----== tCIlP 
tCAL-. ___________ ---'--__ _ 

tASC_ ~-

HIGH-Z 

LOTS tOIII 

~Wllll/lllll///////l//////////////////l/ 

0087-11 

Note: * I. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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HM538121 Series -------------------------------

• Page Mode Write Cycle (Delayed Write) 

Address 

I/o 
(INPUT) 

I/o 
(OUTPUT) 

IZZI; Don't care 

0087-12 

Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

• RAS Only Refresh Cycle 

jr---r---L• -tRA-s-t----1RC-1111~~_=:-LI 
"~---4t- tRP :, 

teRP I I ~pe I 
Uli II ~;TiTTll 
~~ 

Addre •• ill. ROV ]~II....,...,JI~!lT""T"/..,.....,.IJ-:-!lT""T"I!.,....,.../..,....,I!-.-II..--r/--;-;II-,-1 ;..__rl """11 

I/O 
(OUTPUT) 

I/O 

1\ I! \ 
High-Z 

(INPUT) J.../-.!.....!.....!....I..l+-'..L...L./-.1-J.-L-.J.....J.-'--'-.J.-I..-J.-L-.L-J'-'-....I.-L.......L-'--'--'-L.......L-'-......... 

tDTS tDnI 

<tHITACHI 
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---------------------- HM538121 Series 

• CAS Before RAS Refresh Cycle 

RAS 

CAS 

Addre •• Ii IiJfl /IIIj Ii /j/fli / /I !IIIIJ III 
WE 71TIT!IIi / m / Ii / /iii IiJi IITIiJi 

(INP~) 'l / mflJflflli /II/////j /I / /lliZ 
I/o HIGH-Z _____ _ 

(OUTPUT) ------

Of/or 7/IIiJiffi / m !IIi IlIIIfl /I/ll/; 
IZ:ZJ ; Don't care 

@HITACHI 
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HM538121 Series -------------------------------

• Hidden Refresh Cycle 

-1-tRC-------+I ...... --tRC-------; 

tCRP~rRCD .t
l 

~AS tRSH tRP tCH:i
AS ----1t::m~ 

nriICU
- . 11:---!ll ~D - Jj 

tASR lti. H Ii'------.;-------------tl 

I/O 
(OUTPUT) 

I/O 
(INPUT) ....L.....L.-.J'-j 

I I1sC 

VALID DATA OUT 

HIGH-Z 

rz:z::a; Don t t care 
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-------------------------------- HM538121 Series 

• Read Transfer Cycle (1) 1,2 

I tRC 
tRAS .1 

Ii tRP 

I 
1 I 

tRCO tRSH I I tCRP I I 

tCAS J I I 

I I I 
II I I LI"'i d"" -

Aa .. ::ess 7t, RC~ l<X SA~D~:ARI ~ 1111 I I III ,I ! I / I / /i ! ! 
i II '. I tcsn 'I I 

I • I i I 

~rr~ 11111111111111111111111111 
tWS ti'H I I I tOIL - I 

I/O HIGH-Z I ~ 
(OUTPUT) II rtCOH,I~1 -'--

(I~~~T) ZZZIT////1/0772lzrll!TIIZI/; 

SC 

SIlO 
(OUTPUT) 

SIlO 
(INf'UT) 

tROH---1 ~:----:-:=-'----""*-r--r-r-r-. I- tOTHH 

tOTP 

IIIGII-Z 

rni Don't care 

Notes: I. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
2. SE is in low level. (When SE is high, SIlO becomes high impedance.) 
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HM538121 Series ------------------------------

• Read Transfer Cycle (2) 1,2 

i"" 
tRC 

tRAS tRP 

I tRSH ·1 I tCRP 
I 

tCAS 

IIIII 
I/O I Hlgh-Z I I .. \ 

(OUTPUT)--lL!+I-----i-I.--tCOH~:....-:-1 ----!..----

CI~~~T) 1lI0000J//////I// 1///1/// 
tOTS tRDlI-------~:--4.=-__ ,b...,.....r_r-.-'T"""7-...._._. I tOT H 

tOTP 

SC 

SIlO 
(OUTPUT) 

"'""i"j;=:;::;;~_..LtSZR 
SIlO 

(INPUT) '1'-_-=5.::io::.---r 
tz:ZA; Don't care 

lIlJ; Inhibit riaine transient 

Notes: 1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defmed as read transfer cycle (2). 
2. SE is iu low level. (When SE is high, SIlO becomes high impedance.) 
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----------------------- HM538121 Series 

• Pseudo Transfer Cycle 

tRC 
tRA<: 

tRP 

tRCO tRSH I tCRP 
I tCAS 

I} I L.....J 
tASR ItAS9 

CiS Dhj pJ_q ~_LL __ ~....,.......,.---.--.--~ 
Address ~~ SA~~~~AR: ~ I / I / II / IIII I I I I / 

.. Mf=kHi III r 1/ / /111 / / j / L 7 7 L L Il L 1/ 
.,lQ,Ub, I 

DT/OE 1ffl 0 lllllllllllllllllllllll! / 

sc 

SIlO 
(INPUT) I 

tSOIl 

SIlO 

II I 

1---...,..,tSRZ 

(OUTPUT)--r---", __ -=tI'-__ --t 
A 

I/O ; Don't car. 
fZZ2J; Don I t care 

~; Inhibit rising transient 
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HM538121 Series ------------------------------

• Write Transfer Cycle 

tRC 
I ----: 

tRAS tRP "\ 
1 t~\ f-- tRCD I • tRSII---t 

tCAS 11 

~t'MC b I f 
Address 7t'"1 ROV :« SA:O~:A~~ / / ( II / / / I / / ! I ,I / / 

sc 

SIlO 
(~P~),r-_~ __ ~U-L~~~~~~~~~--~~~,~-L~~~S~i~n-

SIlO 
(OUTPUT) 

HIGlI-Z 

rz:z;3; Don' t care 

~; Inhibit risilll transient 

$ HITACHI 
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HM538121 Series 

• Serial Read Cycle 

RAS 

SE 

SC 

51/0 
(OUTPUT) 

Note: 1. Address 0 is accessed next to address 255. 

• Serial Write Cycle 

sc 

si/o 
(INPUT) 

IZZI; Don't care 

IZZI; Don't care 

Note: 1. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address 0 is accessed next to address 255. 

@HITACHI 
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HM538121A Series 
262,144·Word x 4·Bit Multiport CMOS Video RAM 

• DESCRIPTION 
The HM538121A is a 1-Mbit multiport video RAM 

equipped with a 128k-word x 8-bit dynamic RAM and a 
256-word x 8-bit SAM (serial access memory). Its RAM and 
SAM operate independently and asynchronously. It can 
transfer data between RAM and SAM and has write mask 
function. 

• FEATURES 
• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 
RAM: 128k-word x 8-bit and SAM: 256-word x 8-bit 

• Access Time RAM ..........•....... 80 ns/100 ns (max) 
SAM ................... 25 ns/25 ns (max) 

• Cycle Time RAM .................. 150 ns/190 ns (min) 
SAM .................... 30 ns/30 ns (min) 

• Low Power 
Active RAM ......................... 360 mW (max) 

SAM ......................... 280 mW (max) 
Standby ............................ 38.5 mW (max) 

• High-Speed Page Mode Capability 
• Mask Write Mode Capability 
• Bidirectional Data Transfer Cycle between RAM and 

SAM Capability 

• Real TIme Read Transfer Cycle Capability 
• 3 Variations of Refresh (8 ms/512 cycles) 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. Access Time Package 

HM538l21AJ-8 SOns 400 mil40-pin 
HM538l2IAJ-1O lOOns Plastic SO] 

(CP-40D) 

HM538l21AZ-8 80ns 475 mil40-pin 
HM538l21AZ-1O lOOns Plastic ZIP 

(ZP-40) 

• PIN DESCRIPTION 

Pin Name Function 

Ao-Ag Address Inputs 

ll00-II~ RAM Port Data Inputs/Outputs 

SI/Oo-SII07 SAM Port Data Inputs/Outputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

DT/OE Data Transfer/Output Enable 

SC SerialOock 

SE SAM Port Enable 

Vee Power Supply 

Vss Ground 

NC No Connection 

Preliminary 

HM538121AJ Series 

3DCP40D 

(CP-40D) 

HM538121AZ Series 

3DZP40 

(ZP-40) 

• PIN OUT 

HM538121AJ Series HM538121AZ Series 

&: 
5100 
5101 
5102 
5103 
OT.<E 
100 
101 
102 
103 
Va:. 
w: 
NO 
Ri\S" 
NO 
PB 
PB 
PB 
M 
Va:. 

(Top View) 

Vs 
5107 
8105 
5105 
5104 
SE 
107 
lOS 
105 
104 
Vs 
NO 
NC 
~ 
NO 
/10 
A1 
~ 
fJ(3 

iii 

0088-1 

105 
107 
5104 
510S 
Vs 
8100 

Va:. 
fJ(3 

A1 
NO 
NO 
Vs 

104 
105 
llE" 
5105 

9 5107 
11 &: 

~~E313 5101 15 5103 
17100 
19102 
21 Va; 
Z3NO 

~
25NO 
'ZIPS 
29M 
31 iii 
33~ 
35/10 
37m

c:::t=:::j39 NO 

0088-2 

(Bottom View) 
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• BLOCK DIAGRAM 

AO-A7 """ 
Column Address 

Buffer 

'" :::l 
co 

"- e '" "0 
0 c/S u 

'" "-
0 !!! 
c -E a. 
:::l E 
"0 < 
u OJ 

~ 
OJ 

<1'1 

AO-A8 

I 

Row Decoder 

Memory Array 

I100-I107 

Refresh 
Counter 

"-

! 
I'U.!:::! 
-01 
"'OJ 
00:: 

"-

'" "0 
0 

'" u 
:::l '" co 0 

e c 
E 

.=! ::E 0 < u 
<1'1 ::E 

< 
<1'1 

SIIOO-SII07 

Timing Generator 
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HM538121A Series ----------------------------

• PIN FUNCTIONS 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of these signals determine the operation cycle of 
the HM538121A. 

• Table 1. Operation Cycles of the HM538121A 

Input Level at the Falling Edge of RAS 
Operation Mode 

CAS DT/OE WE SE 

L X X X CBRRefresh 

H L L L Write Transfer 

H L L H Pseudo Transfer 

H L H X Read Transfer 

H H L X ReadlMask Write 

H H H X Read/Write 

Note: X: Don't care. 

CAS (input pin): Column address is fetched into chip at the 
falling edge of CAS. CAS controls output impedance of I/O 
in RAM. 

Ao-As (input pins): Row address (AXe-AXs), is determined 
by Ao-As level at the falling edge of RAS. Column (AYo
AY7) address is determined by Ao-Aa level at the falling 
edge of CAS. In transfer cycles, row address is the address 
on the word line which transfers data with SAM data regis
ter, and column address is the SAM start address after 
transfer. 

WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM538121A turns to mask write mode. According 
to the I/O level at the time, write on each I/O can be 
masked. (WE level at the falling edge of RAS is don't care in 
read cycle.) When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy· 
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 

1/00-1/03 (input/output pins): I/O pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only to high I/O pins. Data on low I/O pins are 
masked and internal data are retained. After that, they func· 
tion as input/output pins as those of a standard DRAM. 

DT fOE (input pin): DT fOE pin functions as DT (data trans· 
fer) pin at the falling edge of RAS and as OE (output en
able) pin after that. When Di is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of FiAS, RAM and SAM operate indepen
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy
cle, data outputs from an SI/O pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SI/O 
pin at the rising edge of SC is fetched into the SAM data 
register. 

SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high Impedance state in serial read cycle and data 
on SI/O is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be
cause internal pOinter is incremented at the rising edge of 
SC. 

SI/Oo-SI/D] (input/ output pins): SI/Os are input/ output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SI/O outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SI/O inputs data. 

• OPERATION OF HM538121A 
• RAM Read Cycle (DT/OE high and CAS high at the fail
ing edge of RAS) 

Row address is entered at the RAS falling edge and col
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT fOE is low 
while CAS is low, the selected address data outputs through 
I/O pin. At the falling edge of RAS, DT/DE and CAS be
come high to distinguish RAM read cycle from transfer cycle 
and CSR refresh cycle. Address access time (tAA) and RAS 
to column address delay time (tRAO) speCifications are add
ed to enable high-speed page mode. 

• RAM Write Cycle (Early Write, Delayed Write, 
Read-Modify-Write) (DT/OE high and CAS high at the fail
ing edge of RAS) 

• Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 
When CAS and WE are set low after driving RAS low, a 

write cycle is executed and I/O data is writte~ the select
ed addresses. When all 8 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

I! WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes in high im
pedance. Data is entered at the CAS falling edge. 

I! WE is set low after the CAS falling edge, this cycle be
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

I! WE is set low after tcwo (min) and tAWO (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy
cle and enables read/write at the same address in one cy
cle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

I! WE is set low at the falling edge of RAS, the cycle be
comes a mask write mode cycle which writes only to select
ed I/O. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter
nal data is retained. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is retained during the page access. 

.HITACHI 
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• High-Speed Page Mode Cycle (DT IDE high and CAS 
high at the falling edge of RAS) 

High-speed page mode cycle readslwrites the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random readlwrite 
cycle. Note that address access time (tAA), RAS to column 
address delay time (tRAD), and access time from CAS pre
charge (tACP) are added. In one RAS cycle, 256-word mem
ory cells of the same row address can be accessed. It is 
necessary to specify access frequency within tRASP max 
(100 I'-s). 

• Transfer Operation 

The HM538121 A provides the read transfer cycle, pseudo 
transfer cycle and write transfer cycle as data transfer cy
cles. These transfer cycles are set by driving CAS high and 
DT IDE low at the falling edge of RAS. They have following 
functions: 

(1) Transfer data between row address and SAM data regis
ter (except for pseudo transfer cycle). 

Read transfer cycle: RAM to SAM 

Write transfer cycle: SAM to RAM 

(2) Determine SilO state 

Read transfer cycle: SilO output 

Pseudo transfer cycle and write transfer cycle: SilO 
input 

(3) Determine first SAM address to access after transferring 
at column address (SAM start address). 

SAM start address must be determined by read trans
fer cycle or pseudo transfer cycle after power on, and 
determined for each transfer cycle. 

• Read Transfer Cycle (CAS high, DTIOE low and WE 
high at the falling edge of RAS) 

This cycle becomes read transfer cycle by driving DT IDE 
low and WE high at the falling edge of RAS. The row ad
dress data (256 x 8-bit) determined by this cycle is trans
ferred to SAM data register synchronously at the rising edge 

RAS 

HM538121A Series 

of DT IDE. After the rising edge of DT IDE, the new address 
data outputs from SAM start address determined by column 
address. In read transfer cycle, DT IDE must be risen to 
transfer data from RAM to SAM. 

This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tSDD (min) speci
fied between the last SAM access before transfer and 
DTIOE rising edge and tSDH (min) specified between the 
first SAM access and DT IDE rising edge must be satisfied. 
(See figure 1.) 

When read transfer cycle is executed, SilO becomes out
put state by first SAM access. Input must be set high imped
ance before tszs (min) of the first SAM access to avoid data 
contention. 

• Pseudo Transfer Cycle (CAS high, DT IDE low, WE low 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle switches SilO to input state and 
set SAM start address without data transfer to RAM. 

This cycle starts when CAS is high, DT IDE low, WE low 
and SE high at the falling edge of RAS. Data should be in
put to SilO later than tSID (min) after RAS becomes low to 
avoid data contention. SAM access becomes enabled after 
tSRD (min) after RAS becomes high. In this cycle, SAM ac
cess is inhibited during RAS low, therefore, SC must not be 
risen. 

• Write Transfer Cycle (CAS high, DT IDE low, WE low 
and SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tSRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. 

Data transferred to SAM by read transfer cycle can be 
written to other address of RAM by write transfer cycle. 
However, the address to write data must be the same MSB 
of row address (AX8) as that of the read transfer cycle. 

Add ress ___ .J \..-.-_X_,_· _---' '--_--"_---' '--____________ _ 

DT/OE L 

DSF 

SC 

SIlO 

SAM Data before Transfer SAM Data after Transfer 

0088-4 

Figure 1. Real Time Read Transfer 
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HM538121A Series 

• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SilO. When SE is 
set high, SilO becomes high impedance, and the internal 
pointer is incremented by the SC rising. After indicating the 
last address (address 255), the internal pointer indicates ad
dress 0 at the next access. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SilO data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, SilO data 
isn't fetched into data register. Internal pointer is increment
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 255), the 
internal pointer indicates address 0 at the next access. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re
fresh to retain data. Refresh is executed by accessing all 
512 row addresses within 8 ms. There are three refresh cy-

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 

Terminal Voltage VT 

Power Supply Voltage Vcc 

Power Dissipation PT 

Operating Temperature T"Pr 

Storage Temperature Tstg 

Note: 1. Relative to V ss . 

• ELECTRICAL CHARACTERISTICS 

cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as readlwrite cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac
cessed within 8 ms. 

(1) RAS Only Refresh Cycle: RAS only refresh cycle is exe
cuted by activating only l'lAS cycle with CAS fixed to high 
after inputting the row address (= refresh address) from ex
ternal circuits. To distinguish this cycle from data transfer cy
cle, DT 10E must be high at the falling edge of RAS. 

(2) CBR Refresh Cycle: CBR refresh cycle is set by activat
ing CAS before RAS. In this cycle, refresh address need not 
to be input through external circuits because it is input 
through an internal refresh counter. In this cycle, output is in 
high impedance and power dissipation is lowered because 
CAS circuits don't operate. 

(3) Hidden Refresh Cycle: Hidden refresh cycle executes 
CBR refresh with the data output by reactivating RAS when 
DT 10E and CAS keep low in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register and selector), or
ganized as fully static circuitry, require no refresh. 

Value Unit Note 

- 1.0 to + 7.0 V 1 

-0.5 to + 7.0 V 1 

1.0 W 

Oto + 70 'C 

- 55 to + 125 'C 

• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol 

Supply Voltage Vcc 

Input High Voltage VIR 

Input Low Voltage VIL 

Notes: 1. All voltages referenced to V ss. 
2. - 3.0V for pulse width 10 ns. 

Min Typ 

4.5 5.0 

2.4 -
-0.5 -

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ±10%, Vss = OV) 

HM538121A-8 HM538121A-lO 
Parameter Symbol Unit 

Min Max Min Max 

ICC! - 65 - 50 rnA 
Operating 
Current ICC7 - 115 - 100 rnA 

ICC2 - 7 - 7 rnA 
Standby 
Current ICC8 - 50 - 50 rnA 

RASOnly ICC3 - 65 - 50 rnA 
Refresh 
Current ICC9 - 115 - 100 rnA 

~HITACHI 

Max Unit Note 

5.5 V 1 

6.5 V 1 

0.8 V 1,2 

Test Conditions 

RAM Port SAM Port 

RAS,CAS SC = VIL, SE = VIR 
Cycling SE = VIL, SC Cycling 
tRC = Min tscc = Min 

RAS,CAS 
SC = VIL, SE = VIR 

SE = V IL, SC Cycling = VIR 
tscc = Min 

RASCycJing SC = VIL, SE = VIR 

CAS = VIR SE = V IL, SC Cycling 
tRC = Min tscc = Min 
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------------------------------ HM538121A Series 

• DC Electrical Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV) (continued) 

HM538l21A-8 HM538l21A-10 Test Conditions 
Parameter Symbol Unit 

Min Max Min Max RAM Port SAM Port 

ICC4 - 70 - 65 rnA CAS Cycling SC = Vu" SE = VIH 
PageMode 

RAS = VIL SE = VIr.. SC Cycling Current ICCIO 120 115 rnA - - tpc = Min tscc = Min 

CAS Before ICC5 - 55 - 40 rnA 
RAS Cycling 

SC = VIL, SE = VIH 
RASRefresh SE = VIr.. SC Cycling 
Cnrrent ICCll - 105 - 90 rnA tRC = Min 

tscc = Min 

Data ICC6 - 75 - 60 rnA RAS,CAS SC = VIL, SE = VIH 
Transfer Cycling SE = VIr.. SC Cycling 
Current ICC12 - 125 - 110 rnA tRC = Min tscc = Min 

Input Leakage 
III -10 10 -10 10 ".A Cnrrent 

Output Leakage 
ILO -10 10 -10 10 ".A Current 

Output High 
VOH 2.4 - 2.4 - V IOH = -2rnA Voltage 

Output Low 
VOL - 0.4 - 0.4 V IoL = 4.2mA Voltage 

Note: 1. Icc depends on output loading condition when the device is selected, ICC max is specified at the output open condition . 

• Capacitance (T A = 25·C, Vee = 5V, f = 1 MHz, Bias: Clock, 1/0 = Vee, Address = Vss) 

Parameter Symbol Min Typ Max 

Address Cn - - 5 

Clock CI2 - - 5 

I/O, SI/O, QSF CliO - - 7 

• AC Electrical Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = 0V)l,16 
Test Conditions 

Input Rise and Fall Time 
Output Load 
Input Timing Reference Levels 
Output Timing Reference Levels 

IIO 

Output Load (A) 

lOH=-2mA • 

Note: .1. Including scope and jig. 

+5V 

5 ns 
See figures 
0.aV,2.4V 
0.4V,2.4V 

0088-5 

~HITACHI 

Output Load (B) 

lOH=-2mA 

lot =4. 2mA 
SIlO ( 

Unit 

pF 

pF 

pF 

+5V 

0088-6 
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HM538121A Series 

Common Parameter 

HM538121A-8 HM538121A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Random Read or Write Cycle Time tRc 150 - 190 - ns 

RAS Precharge Time tRP 60 - 80 - ns 

RAS Pulse Width tRAS 80 10000 100 10000 ns 

CAS Pulse Width teAS 20 - 25 - ns 

Row Address Setup Time tASR 0 - 0 - ns 

Row Address Hold Time tRAH 10 - 15 - ns 

Column Address Setup Time tASC 0 - 0 - ns 

Column Address Hold Time tCAH 15 - 20 - ns 

RAS to CAS Delay Tune tRCD 20 60 25 75 ns 2 

RAS Hold Time Referenced to CAS tRsH 20 - 25 - ns 

CAS Hold Time Referenced to RAS tesH 80 - 100 - ns 

CAS to RAS Precharge Time tCRP 10 - 10 - ns 

Transition Time (Rise to Fall) tT 3 50 3 50 ns 3 

Refresh Period tREF - 8 - 8 ms 

DT to RAS Setup Time tDTS 0 - 0 - ns 

DT to RAS Hold Time tDTH 10 - 15 - ns 

Data-in to CAS Delay Time tDZC 0 - 0 - ns 4 

Data-in to OE Delay Time tDZO 0 - 0 - ns 4 

Outpnt Buffer Turn-off Delay 
toFFI - 20 - 25 ns 5 

Referenced to CAS 

Outpnt Buffer Turn-off Delay 
toFF2 - 20 - 25 ns 5 

Referenced to OE 

Read Cycle (RAM), Page Mode Read Cycle 

HM538121A-8 HM538121A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 ns 6,7 

Access Time from CAS teAc - 20 - 25 ns 7,8 

Access Time from OE toAC - 20 - 25 ns 7 

Address Access Time tAA - 40 - 45 ns 7,9 

Read Command Setup Time tRcS 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - ns 10 

Read Command Hold Time 
tRRH 10 - 10 - ns 10 

Referenced to RAS 

RAS to Column Address Delay Time tRAD 15 40 20 55 ns 2 

Column Address to RAS Lead Time tRAL 40 - 45 - ns 

Column Address to CAS Lead Time teAL 40 - 45 - ns 

Page Mode Cycle Time tpc 50 - 55 - ns 

CAS Precharge Time tep 10 - 10 - ns 

Access Time from CAS Precharge tACP - 45 - 50 ns 

Page Mode RAS Pulse Width tRASP 80 100000 100 100000 ns 

OHITACHI 
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HM538121A Series 

Write Cycle (RAM), Page Mode Write Cycle 

HM53812lA-8 HM538121A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - ns II 

Write Command Hold Time tWCH 15 - 20 - ns 

Write Command Pulse Width twp 15 - 20 - ns 

Write Command to RAS Lead Time tRwL 20 - 25 - ns 

Write Command to CAS Lead Time tcwL 20 - 25 - ns 

Data-in Setup Time tos 0 - 0 - ns 12 

Data-in Hold Time tOH 15 - 20 - ns 12 

WE to RAS Setup Time tws 0 - 0 - ns 

WE to RAS Hold Time tWH 10 - 15 - ns 

Mask Data to RAS Setup Time tMS 0 - 0 - ns 

Mask Data to RAS Hold Time tMH 10 - 15 - ns 

OE Hold Time Referenced to WE tOEH 20 - 25 - ns 

Page Mode Cycle Time tpc 50 - 55 - ns 

CAS Precharge Time tcp 10 - 10 - ns 

CAS to Data-in Delay Time teoo 20 - 25 - ns 13 

Page Mode RAS Pulse Width tRASP 80 100000 100 100000 ns 

Read-Modify-Write Cycle 

HM538121A-8 HM538121A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Read-Modify-Write Cycle Time tRWC 200 - 250 - ns 

RAS Pulse Width 
tRWS 130 10000 160 

10000 
(Read-Modify-Write Cycle) 

ns 

CAS to WE Delay Time tcwo 45 - 55 - ns 14 

Column Address to WE Delay Time tAwO 65 - 75 - ns 14 

OE to Data-in Delay Time tO~~ 20 - 25 - ns 12 

Access Time from RAS tRAC - 80 - 100 ns 6,7 

Access Time from CAS tCAC - 20 - 25 ns 7,8 

Access Time from OE tOAC - 20 - 25 ns 7 

Address Access Time tAA - 40 - 45 ns 7,9 

RAS to Column Address Delay Time tRAO 15 40 20 55 ns 

Read Command Setup Time tRCS 0 - 0 - ns 

Write Command to RAS Lead Time tRwL 20 - 25 - ns 

Write Command to CAS Lead Time tcwL 20 - 25 - ns 

Write Command Pulse Width twp 15 - 20 - ns 

Data-in Setup Time tos 0 - 0 - ns 12 

Data-in Hold Time tOH 15 - 20 - ns 12 

OE Hold Time Referenced to WE tOEH 20 - 25 - ns 

Refresh Cycle 

HM538121A-8 HM538121A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - ns 

(CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tCHR 15 20 (CAS Before RAS Refresh Cycle) - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - ns 
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HM538121A Series 

Read Transfer Cycle 

Parameter 

DT Hold Time Referenced to RAS 

DT Hold Time Referenced to CAS 

DT Hold Time Referenced to Column Address 

DT Precharge Time 

DT to RAS Delay Time 

SC to RAS Setup Time 

1st SC to RAS Hold Time 

1st SC to CAS Hold Time 

1st SC to Column Address Hold Time 

Last SC to DT Delay Time 

1st SC to DT Hold Time 

Serial Data-in to 1st SC Delay Time 

Serial Clock Cycle Time 

SC Pulse Width 

SC Precharge Time 

SC Access Time 

Serial Data-out Hold Time 

Serial Data-in Setup Time 

Serial Data-in Hold Time 

RAS to Column Address Delay Time 

Column Address to RAS Lead Time 

DT High Hold Time to RAS Precharge 

HM538l21A-8 
Symbol 

Min Max 

tROH 70 10000 

tCOH 20 -

tAOH 30 -

tOTP 40 -

tORO 70 -

tSRS 30 -

tSRH 85 -

tSCH 30 -

tSAH 50 -

tsoo 5 -

tSOH 15 -

tszs 0 -

tscc 30 -

tsc 10 -

tscp 10 -

tSCA - 25 

tSOH 5 -

tSIS 0 -

tSIH 15 -

tRAD 15 40 

tRAL 40 -

tOTHH 25 -

Pseudo Transfer Cycle, Write Transfer Cycle 

HM538121A-8 
Parameter Symbol 

Min Max 

SE Setup Time Referenced to RAS tES 0 -

SE Hold Time Referenced to RAS tEH 10 -
SC Setup Time Referenced to RAS tSRS 30 -
RAS to SC Delay Time tSRD 25 -
Serial Output Buffer Turn-off Time 

tSRZ 10 45 Referenced to RAS 

RAS to Serial Data-in Delay Time tSID 45 -
Serial Clock Cycle Time tscc 30 -
SC Pulse Width tsc 10 -

SC Precharge Time tscp 10 -

SC Access Time tscA - 25 

SE Access Time tSEA - 25 

Serial Data-out Hold Time tSOH 5 -
Serial Write Enable Setup Time tsws 5 -
Serial Data-in Setup Time tSIS 0 -

Serial Data-in Hold Time tSIH 15 -

~HITACHI 

HM538l21A-1O 
Unit 

Min Max 

90 10000 ns 

25 - ns 

35 - ns 

45 - ns 

90 - ns 

30 - ns 

105 - ns 

35 - ns 

55 - ns 

5 - ns 

15 - ns 

0 - ns 

30 - ns 

10 - ns 

10 - ns 

- 25 ns 

5 - ns 

0 - ns 

20 - ns 

20 55 ns 

45 - ns 

30 - ns 

HM538121A-1O 
Unit 

Min Max 

0 - ns 

15 - ns 

30 - ns 

25 - ns 

10 50 ns 

50 - ns 

30 - ns 

10 - ns 

10 - ns 

- 25 ns 

- 25 ns 

5 - ns 

5 - ns 

0 - ns 

20 - ns 
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HM538121A Series 

Serial Read Cycle, Serial Write Cycle 

HM538121A-8 HM538121A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Serial Clock Cycle Time tscc 30 - 30 - ns 

SC Pulse Width tsc 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - ns 

Access Time from SC tSCA - 25 - 25 ns 15 

Access Time from SE tSEA - 25 - 25 ns 15 

Serial Data-out Hold Time tSOH 5 - 5 - ns 

Serial Output Buffer Turn-off 
tSEZ - 20 - 25 ns 5 Time Referenced to SE 

Serial Data-in Setup Time tSIS 0 - 0 - ns 

Serial Data-in Hold time tSIR 15 - 20 - ns 

Serial Write Enable Setup Time tsws 5 - 5 - ns 

Serial Write Enable Hold Time tswH 15 - 20 - ns 

Serial Write Disable Setup Time tSWIS 5 - 5 - ns 

Serial Write Disable Hold Time tSWIR 15 - 20 - ns 

Notes: I. AC measurements assume tT = 5 ns. 
2. When tRCD > tRCD (max) or tRAD > tRAD (max), access time is specified by tCAC or tAA' 
3. VIR (min) and V IL (max) are reference levels for measuring timing of input signals. Transition time tT is measured between 

VIR and VIL. 
4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 

cycle, either tDZC (min) or tDZO (min) must be satisfied. 
5. tOFFl (max), tOFF2 (max) and tSEZ (max) are defined as the time at which the output achieves the open circuit condition 

(VOH -200mV, VOL + 200mV). 
6. Assume that tRCD > tRCD (max) and tRAD > tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
8. When tRCD > tRCD (max) and tRAD > tRAD (max), access time is specified by tCAC' 
9. When tRCD > tRCD (max) and tRAD > tRAD (max), access time is specified by tAA' 

10. If either tRCH of tRRH is satisfied, operation is guaranteed. 
II. When twcs > twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 

condition. 
12. These parameters are specified by the later falling edge of CAS or WE. 
13. Either tCDD (min) or tODD (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 

applying data to the device when output buffer is on. 
14. When tAWD > tAWD (min) and tCWD > tCWD (min) in read-modify-write cycle, the data of the selected address outputs to 

an I/O pin and input data is written into the selected address. tODD (min) must be satisfied because output buffer must be 
turned off by OE prior to applying data to the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
16. After power-up, pause for 100 I"s or more and execute at least 8 initialization cycles (normal memory cycle or refresh cycle), 

then start operation. 
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HM538121A Series 

• TIMING WAVEFORMS 
• Read Cycle 

tRAS 

tCSH 

tRC 

tRSH • j1-tRCO 
tCAS 

Address 

I/O 
(Output) 

I/O 
( Input) 

Dl/OE 

• Early Write Cycle 

tRAL ----, 
~ +-tR~_ 

i+tASC-+ 1+--->1 tCAH 
tCAl-

~ :+tRAH ,r., 
lim Row )@ Column 

~ 

~~ 'AA 
tRAC-t 

Valid 

'OIC--I ~tOAC-t 

tt,ll....-, :~ tOTS~ lOTH 

W . 

'RC 
tAAS 

-rJ-
,il 

. '~~--

f-tRRH-g 
'RCH 

I 
I~O-+1 tOFFI 

Dout 

~I 

1m: Don't care 

I/O High-Z 
(Output)---tt------tt--------"------------

I/O 
(Input) 

Dl/DE 

Ilil : Don't care 

Note: 'I. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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• Delayed Write Cycle 

Address 

I/O 
(Output) 

I/O 
( Input) 

'Re I 
tRAS 'I ji--'AP-----t! 

tt ~ 
'CSH I r'CAP--? t---'ACO~ tRSH 

'CAS 

'ASP ~ 1'-' d '"'t=:.jtH.'~ 'ASC t---+I'CAH 
~ Row _ Column 

I+tws-ti \t-tWH-+l f-'RWl~ +----'CWL 
at 'I -m 'WP - -

618 

~'MH ir'MH-tj J,ozc-t 
~ 

~ 1+'05-. /+-'oH-+1 
D. Mask Data Valid Din 

'OTS I~~~ ~OFF~::U ""OEH~ __ ~ __ '000 

f!j':W1Wi"fMWW !If m 
mil: Don't care 

Note: * 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 

• Read-Modify-Write Cycle 

k----!==+=~tRAC-4 
I/O -~~1t--~~----t---------~~~~----#--------------(Output) 

I/O 
(Input) 

DT/Of 

~: Don't care 

Note: * 1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538121A Series 

• Page Mode Read Cycle 

I/O 
(Output )--tt----+--f 

I/O 
( Input) 

• Page Mode Write Cycle (Early Write) 

Address 

liE 
I/O 
(Output) 

I/O 
( Input) 

DT/of 

rm : Don't care 

m: Don't care 

Note: * I. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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• Page Mode Write Cycle (Delayed Write) 

ill: Don't care 

Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 

• RAS Only Refresh Cycle 

tRAS 

I/O ~II~~~ ________________________________________ _ 
(Output)l8! 

I/O 
(Input) 

DT/OE 

~HITACHI 
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• CAS Before RAS Refresh Cycle 

I/O 9i1l1l1l~~~ ________ ~H~i~9h~-~Z ________________________ __ 
(Output)li'! 

DT/OE ~ 

• Hidden Refresh Cycle 

Address 

I/O 
(Output) 

I/O 
( Input) 

=~ 
~ Ro 
-~ 

, 

~ 
fruW 

'Rt 
'RAS----t ~.RP---+ 

f--tRCO--; +-'RSH-? 

~~AO~ tRAl-7 
t=H-~AU~ ftCAH"1 

m Col mn 
,. 'Rcsi+tl 'RRH I+tj 

+-'CAC-7 

tRAe r---:: t cp 

toZC-?! ~ 

~I I\OTH I 

W$~ , . 

fill : Don't care 

'RC 
tRAS----t1 i+=tRP---i1 

tCHR ~ll<-tCRP--+~ 

" 
~I 

Va 1 id Oout 

~I 

)r:~.m~:i-:~:::3 

fmll : Don't care 
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• Read Transfer Cycle (1) 

t,c tRP---!.1 lRAS 

l6etPut)----H----+--+----:----~-'H;.:i"'9h'--~Z-+_----_+--

DT/DE 

Z!~~ut) ---------------------------

~: Don't care 
0088-17 

• Read Transfer Cycle (2) 

lRAS 

tCSH 
I lRSH 

____ ff-__ t_''''cD:...---t_''''I~tCAS 

lRAO+ff-~~=====-tC;':;:;AL:===~-~ 
lRAH 

I/O --~~r---t--t===~;,:==H'=·9=h=-Z~~======~~====~t_---(Output) 

DT/liE 

lSRS 

t5C 
SC 

SIlO :::-It::::::---------------;:::+----1IDt:~~;}@ (Output)" 5 

SIlO ~~)@limmmlimmmmmmmm~~--------(Input) III 

[jj , Don't care 
0088-18 
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• Pseudo Transfer Cycle 

Address 

I/O High-Z 
(Output)----+t----------~:.:.:.;--=------l--------

sc 

51/0 
( Input) 

~:Don't care 
0068-19 
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• Write Transfer Cycle 

'RC 
tRAS 

I/O High-Z 
(Output)----ft----------~-----+-------

DT/DE 

sc 

51/0 (Output)---+t------------------It-:----:-:-H-:-

51/0 
( Input) 

!lm: Don't care 

• Serial Read Cycle 

lim: Don't care 

• Serial Write Cycle 

'SWli tswlS tswIH 

Sf 

SC 

SIlO 
(Input) 

IIIlI : Don't care 
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HM538122 Series 
131,072 x 8·Bit Multiport CMOS Video Random Access Memory 

• DESCRIPTION 
The HM538122 is a l-Mbit multiport video RAM equipped with a 128k-word x 

8-bit dynamic RAM and a 256-word x 8-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. 

It also provides logic operation mode to simplify its operation. In this mode, logic 
operation between memory data and input data can be executed by using internal 
logic-arithmetic unit. 

• FEATURES 
• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM and SAM Capability 
RAM ................................................ 128k-word x 8-Bit 
SAM ................................................. 256-word x 8-Bit 

• Access Time RAM ........................ 100 nsll00 ns/120 ns/150 ns (max) 
SAM ............................ 30 ns/35 ns/40 ns/50 ns (max) 

• Cycle Time RAM ........................ 190 ns/190 ns/220 ns/260 ns (min) 
SAM ............................. 30 ns/40 ns/40 ns/60 ns (min) 

• Low Power 
Active RAM ........................................... .495 mW (max) 

SAM ............................................ 468 mW (max) 
Standby ................................................. .40 mW (max) 

• High-Speed Page Mode Capability 
• Logic Operation Mode Capability 
• 2 Types of Mask Write Mode Capability 
• Bidirectional Data Transfer Cycle between RAM and SAM Capability 
• Real Time Read Transfer Capability 
• 3 Variations of Refresh (8 ms/512 Cycles) 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

4 Access Time 
Part No. 

RAM SAM 

HM538122JP-1O lOOns 30ns 
HM538122JP-II lOOns 35 ns 
HM538 I 22JP-12 120 ns 40ns 
HM538122JP-15 150ns SOns 

• PIN DESCRIPTION 

Pin Name Function 

Ao-As Address Inputs 

Package 

400 mil 
4O-pin 
Plastic SOJ 
(CP-40D) 

IIOO-II07 RAM Port Data Inputs/Outputs 

SI/Oo-SII07 SAM Port Data Inputs/Outputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE ReadIWrite Enable 

DT/OE Data Transfer/Output Enable 

SC Serial Clock 

SE SAM Port Enable 

Vee Power Supply 

VSS Ground 

NC Non Connection 

~HITACHI 

Preliminary 

HM538122JP Series 

3DCP40D 

(CP-40D) 

• PIN OUT 

HM538122JP Series 

sc VSS1 

51/00 51/07 

51/01 51/06 

51/02 51/05 

51/03 51/04 

miCE SE 

1/00 1/07 

1/01 1/06 

1/02 1/05 

1/03 1/04 

v ee2 VSS2 

WE NC 

NC NC 

RAS CAS 

NC NC 

A8 AO 

A6 Al 

AS A2 

A4 A3 

Vee1 A7 

0085-1 

(Top View) 
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• BLOCK DIAGRAM 

RAM 

255 

DOUT 

D,N 
Memory 

Array 

0 
ROW 

0 

• PIN FUNCTION 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of those signals determine the operation cycle of 
the HM538122. 

• Table 1. Operation Cycles of the HM538122 

Input Level 
At The Falling Edge ofRAS Operation Cycle 

CAS DT/OE WE SE 

H H H X RAM ReadIWrite 

H H L X Mask Write 

H L H X Read Transfer 

H L L H Pseudo Transfer 

H L L L Write Transfer 

L X H X CBRRefresh 

L X L X Logic Operation Set/Reset 

Note: X: Don't care. 

CAS (input pin): Column address is put Into chip at the fail
ing edge of CAS. CAS controls output impedance of I/O in 
RAM. 

Ao-As (input pins): Row address is determined by Ao-As 
level at the falling edge of RAS. Column address is deter
mined by Ao-A7 level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

HM538122 Series 

SAM 

pointer 

01 . .. 
.~ 

0: 

~ From 
II) Column 

Address 
(SAM start 
address) 

511 

0085-2 

WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM538122 turns to mask write mode. According to 
the 1/0 level at the time, write on each 1/0 can be masked. 
(WE level at the falling edge of RAS is don't care in read 
cycle.) When WE is high at the falling edge of RAS, a nor
mal write cycle is executed. After that, WE switches readl 
write cycles as in a standard DRAM. In a transfer cycle, the 
direction of transfer is determined by WE level at the falling 
edge of RAS. When WE is low, data is transferred from 
SAM to RAM (data IS wntten Into RAM), and when WE IS 
high, data is transferred from RAM to SAM (data is read 
from RAM). 

1/00-1/07 (input/output pins): 1/0 pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only on high 1/0 pins. Data on low 1/0 pins are 
masked and internal data are retained. After that, they func
tion as input/output pins as those of a standard DRAM. 

DT/OE (input pin): DT/OE pin functions as DT (data trans
fer) pin at the falling edge of RAS and as OE (output en
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen
dently. 

SC (input pin): SC is a basic SAM ciock. In a serial read cy
cle, data is output from an SilO pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SilO 
pin at the rising edge of SC is put into the SAM data regis
ter. 

SE (input pin): SE pin activates SAM. When SE is high, SilO 
is in the high impedance state in serial read cycle and data 
on SilO is not put into the SAM data register in serial 
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HM538122 Series 

write cycle. SE can be used as a mask for serial write be
cause internal pOinter is incremented at the rising edge of 
SC. 

SI/Oo-SI/07 (input/output pins): SilOs are input/output 
pins in SAM. Direction of input/output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SilO outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SilO inputs data. 

• OPERATION OF HM538122 

• Operation of RAM Port 
RAM Read Cycle (DT 10E high, CAS high, at the falling 
edge ofRAS) 

Row address is entered at the RAS falling edge and col
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT 10E is low 
while CAS is low, the selected address data is output 
through 1/0 pin. At the falling edge of RAS, DT 10E and 
CAS become high to distinguish RAM read cycle from trans
fer cycle and CBR refresh cycle. Address access time (tAA> 
and RAS to column address delay time (tRAD) specifications 
are added to enable high-speed page mode. 

RAM Write Cycle (Early Write, Delayed Write, Read· 
Modify·Wrlte) 
(DT/OE high, CAS high at the falling edge of RAS) 

• Normal Mode Write Cycle (WE high at the falling edge of 
RAS) 

When CAS and WE are set low after RAS is set low, a 
write cycle is executed and 1/0 data is written at the select
ed addresses. When all 8 lIas are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and 1/0 becomes high imped
ance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be
comes a delayed write cycle. Data is input at the WE falling 
edge. 1/0 does not become high impedance in this cycle, so 
data should be entered with OE high. 

If WE is set low after leWD (min) and tAWD (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy
cle and enables write after read to execute in the same ad
dress cycle. In this cycle also, to avoid 1/0 contention, data 
should be input after reading data and setting OE high. 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be
comes a mask write mode cycle which writes only to select
ed 110. Whether or not an 1/0 is written depends on 1/0 
level (mask data) at the falling edge of RAS. Then the data 
is written in high 1/0 pins and masked in low ones and inter
nal data is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Page Mode Cycle (DT lOE high, CAS high at 
the falling edge of RAS) 

High-speed page mode cycle readslwrites the data of the 
same row address at high speed by toggling CAS while RAS 

is low. Its cycle time is one third of the random readlwrite 
cycle and is higher than the standard page mode cycle by 
70%-80%. This product is based on static column mode, 
therefore address access time (tAA), RAS to column address 
delay time (tRAD), and access time from CAS precharge 
(tACP) are added. In one RAS cycle, 256-word memory cells 
of the same row address can be accessed. It is necessary 
to specify access frequency within tRASP max (100 I£S), 
tRFSP max (100 I£s). 

• Transfer Operation 

HM538122 provides the transfer cycle, pseudo transfer 
cycle, and write transfer cycle as data transfer cycles. These 
transfer cycles are set by driving DT 10E low at the falling 
edge of RAS. 

They have the following functions: 

(1) Transfer data between row address and SAM data regis
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Read transfer cycle: RAM --+SAM 

(b) Write transfer cycle: RAM +- SAM 

(3) Determine input or output of SAM 1/0 pin (SilO) 

Read transfer cycle: SilO output 

Pseudo transfer cycle, write transfer cycle: SilO input 

(4) Determine first SAM address to access (SAM start ad
dress) after transferring at column address. 

Read Transfer Cycle (CAS high, DT/OE low, WE high at 
the falling edge of RAS) 

This cycle becomes read transfer cycle by driving DT 10E 
low and WE high at the falling edge of RJiS. The row ad
dress data (256 x 8-bit) determined by this cycle is trans
ferred synchronously at the rising of DT 10E. After the rising 
edge of DT/OE, the new address data outputs from SAM 
start address determined by column address. 

This cycle can access SAM serially even during transfer 
(real time read transfer). In this case, the timing tSDD (min) is 
specified between the last SAM access before transfer and 
DT lOE rising edge, and tsDH (min) between the first SAM 
access and DT 10E rising edge (see figure 1). 

If read transfer cycle is executed, SilO becomes output 
state. When the previous transfer cycle is either pseudo 
transfer cycle or write transfer cycle and SilO is in input 
state, uncertain data is output after tRLZ (min) after the RAS 
falling edge. Before that, input should be set high imped
ance to avoid data contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
and SE high at the falling edge of RAS) 

Pseudo transfer cycle is available for switching SilO from 
output state to input state because data in RAM isn't rewrit
ten. This cycle starts when CAS is high, DT 10E low, WE 
low, and SE high, at the falling edge of RJiS. The output 
buffer in SilO becomes high impedance within tSRZ (max) 
from the RJiS falling edge. Data should be input to SilO lat
er than tSID (min) to avoid data contention. SAM access be
comes enabled after tsRD (min) after RAS becomes high. In 
this cycle, SAM access is inhibited during RJiS low, there
fore, SC should not be raised. 
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Address 

sc 

Sl/o 

SAM Data After Transfer 

0085-3 

Figure 1. Real Time Read Transfer 

Write Transfer Cycle (CAS high, DT/OE low, WE low, and 
SE low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tSRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this penod, SC should not be raised. 

• SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data trans
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SilO. If SE IS set 
high SilO becomes high impedance and internal pointer is 
incremented at the SC rising edge. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SilO data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SilO 
data isn't input into data register. Internal pointer is incre
mented according to the SC rising edge, so SE high can 
mask data for SAM. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re
fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refresh cy-

cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as readlwrite cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses every 8 ms. 

RAS Only Refresh Cycle: RAS only refresh cycle is per
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter
nal circuits. 
To distinguish this cycle from data transfer cycle, DT 10E 
should be high at the falling edge of RAS. 

CBR Refresh Cycle: CBR refresh cycle is set by activating 
CAS before RAS. In this cycle, refresh address need not to 
be input through external circuits because it is input through 
an internal refresh counter. In this cycle, output is in high im
pedance and power dissipation is lowered because CAS cir
cuits don't operate. 
To distinguish this cycle from logic operation setlreset cycle, 
WE should be high at the falling edge of RAS. 

Hidden Refresh Cycle: Hidden refresh cycle performs re
fresh by reactivating RAS when DT/OE and CAS keep low 
in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector), orga
nized as fully static circuitry, don't require refresh. 

• Logic Operation Mode 

The HM538122 supports logic operation capability on 
RAM port. It performs logic operations between the memory 
cell data and input data in logic operation mode cycle, and 
writes the result into the memory cell (read-modify-write). 
This function realizes high speed raster operations and sim
plifies peripheral circuits for raster operations. 
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HM538122 Series 

Logic Operation Set/Reset Cycle (CAS and WE Low at 
the falling edge of RAS) 

In logic operation set/reset cycle, the following operations 
are performed at the same time; 1. Selection of logic opera
tions and logic operation mode set/reset, 2. Mask data pro
gramming, 3. CAS before RAS refresh. 

Figure 2 shows the timing for logic operation set/reset cy
cle. This cycle starts when CAS and WE are low at the fail
ing edge of RAS. In this cycle, logic operation codes and 
mask data are programmed by row address and 110 pin at 
the falling edge of RAS respectively. When write cycle is 
performed after this cycle, the logic operation write cycle 
starts. In the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-modi
fy-write cycle is performed internally. In this cycle, logic op
eration codes and mask data programmed are available until 
reprogrammed. In normal mode, mask data is available only 
for one RAS cycle. Here, the mask data programmed in nor
mal mode is named as "temporary mask data" and the one 

L 

AO-A3 Logic Code 

L 

1/00-1/07 Mask Data __ --I 

I 

programmed in logic operation set/reset cycle is named as 
"mask data". 

(1) Selection of logic operations and logic operation mode 
set/reset 

Table 2 shows the logic operations. One operation is se
lected among sixteen ones by combinations of Ao-A3 levels 
at the falling edge of RAS. (A4-AS are Don't care.) Logic 
operation codes (A3, A2, AI, AO) = (0, 1,0, 1) resets the 
logic operation mode. When write cycle is performed after 
that, normal write cycle starts. However, even in this case, 
mask data is still available. 110 should be at high level at the 
falling edge of RAS in logic operation set/reset cycle when 
mask data is not used. 

(2) Mask data programming 

Highllow level of 110 at the falling edge of RAS functions 
as mask data. When 110 is high, the data is written in write 
cycle. When 110 is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 
this cycle, is available until reprogrammed. It IS advanta
geous when the same mask data continues. 

0085-4 

Figure 2. Logic Operation Set/Reset 
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• Table 2. Logic Code 
Logic Code 

A3 A2 Al AO 

0 0 0 0 
0 0 0 I 

0 0 I 0 
0 0 I I 

0 I 0 0 
0 I 0 I 

0 I I 0 
0 I I I 

I 0 0 0 
I 0 0 I 

I 0 I 0 
I 0 I I 

I I 0 0 
I I 0 I 

I I I 0 
I I I I 

Notes: Di: External data-in 
Mi: The data of the memory cell 

CAS 

WE 

1/00 

1/01 

1/02 

1/03 

logic 

Logic operatIon 

set/reset cycle 

"L" 

"H" 

Mask data Is 
set. 
1/01.2:Masked 

Assume that 
the logic Is 
set to "AND 1", 

Symbol Write Data 

Zero 0 

AND I Di·Mi 

AND2 Di·Mi 

- Mi 

AND3 Di·Mi 

THROUGH Di 

EOR 

ORI 

NOR 

ENOR 

INVI 

OR2 

INV2 

OR3 

NAND 

One 

Write Cycle 

Masked 

"1" write 

AND 1 

Di.Mi + Di.Mi 

Di+Mi 

Di·Mi 
Di.Mi + Di.Mi 

Write Cycle 

"a .. writ. 

Masked 

THROUGH 

Temporary mask 
data is set. 
and valid only 
in this c yele. 
1/00,3:Masked 

Di 

Di+Mi 

Mi 

Di+Mi 

Di+Mi 

1 

Write Cycle 

Masked 

"0" write 

AND 1 

HM538122 Series 

Notes 

Logic Operation Mode Set 

Logic Operation Mode Reset 

Logic Operation Mode Set 

WrIte Cycle 

Masked 

"'" write 

AND 1 

(1/04-1/07 are also operated similarly.) 
0085-5 

Figure 3. 2 Types of Mask Write Function and Logic Operation Function 
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HM538122 Series 

Also, temporary mask data is programmed by falling WE 
at the falling edge of RAS in logic operation mode cycle af
ter mask data is programmed in logic operation set/reset cy
cle. In this case, temporary mask data is available only for 
one cycle. 

Logic operation is reset during temporary mask write cy
cle. It means that external input data is written into I/O 
when temporary mask data is set. Figure 4 shows write 
mask and logic operations. These functions are useful when 
RAM port is deviced into frame buffer area and data area, 
as they save the need to reprogram logic operation codes 
and mask data. 

Write Cycle in Logic Operation Mode (Early Write, De
layed Write, Page Mode) 

Write cycle after logic operation set cycle is logic opera
tion mode cycle. In this cycle, the following read-modify-write 
operation is performed internally. 

(1) Reading memory data in given address into internal bus 

(2) Performing operation between input data and memory 
data 

(3) Writing the result of (2) into address given by (1) 

Figure 4 shows sequence of raster operation. Raster op
eration which needs 3 cycles (destination read, operation, 
destination write) in normal mode can be executed in one 
write cycle of logic operation mode. It makes raster opera
tion faster and simplifies peripheral hardware for raster oper
ation. 

I 
I 

I 

Execute logic operation 
set/reset cycle 

-. 
Read I-word source data 

Write read data Into 
the destination address 

I 

I 
I 

I 
0085-6 

Figure 4. Sequence of Raster Operation 
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• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Terminal Voltage VT -1.0to +7.0 V 

Power Supply Voltage VCC -0.5to +7.0 V 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto + 70 ·C 

Storage Temperature Tstg - 55 to + 125 ·C 

Note: I. Relative to V ss . 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions rr A = 0 to + 700C} 

Parameter Symbol 

Supply Voltage Vcc 

Input High Voltage VIR 

Input Low Voltage VIL 

Notes: I. All voltages referenced to V ss. 
2. - 3.0V for pulse width to ns. 

Min 

4.5 

2.4 

-0.5 

Note 

I 

I 

Typ 

5.0 

-

-

• DC Electrical Characteristics rrA = 0 to +70'C, Vee = 5V ±10%, Vss = OV} 

HM538122-1O HM538122-11 HM538122-12 HM538122-15 
Parameter Symbol Unit 

Min Max Min Max Min Max Min Max 

ICCI - 90 - 90 - 80 - 70 mA 
Operating 
Current ICC7 - 160 - 160 - 140 - 120 rnA 

ICC2 - 7 - 7 - 7 - 7 rnA 
Standby 
Current Iccs - 85 - 70 - 70 - 55 rnA 

RASOnly ICC3 - 90 - 90 - 80 - 70 rnA 
Refresh 
Current ICC9 - 150 - 150 - 130 - 110 rnA 

ICC4 - 115 - 115 - 105 - 95 rnA 
Page Mode 
Current IcCIO - 185 - 185 - 160 - 140 rnA 

CAS Before Iccs - 80 - 80 - 70 - 60 rnA 
RASRefresh 
Current ICCl1 - 130 - 130 - 110 - 90 rnA 

Data ICC6 - 115 - 115 - 110 - 100 rnA 
Transfer 
Current ICCl2 - 185 - 185 - 160 - 140 rnA 

Input Leakage 
ILl -10 to -10 10 -10 10 -10 10 ",A Current 

Output Leakage 
Iw -10 10 -10 10 -10 10 -10 10 ",A Current 

Output High 
VOH 2.4 - 2.4 - 2.4 - 2.4 - V 

Voltage 

Output Low 
VOL - 0.4 - 0.4 - 0.4 - 0.4 V 

Voltage 

HM538122 Series 

Max Unit Note 

5.5 V I 

6.5 V I 

0.8 V 1,2 

Test Conditions 
Note 

RAM Port SAM Port 

RAS,CAS SC = VIL, SE = VIH 
Cycling SE = VIL, SC Cycling 1,2 
tRC = Min tscc = Min 

-- SC = VIL, SE = VIH 
RAS,CAS 

SE = V IL, SC Cycling I = VIH 
tsec = Min 

RASCycling SC = VIL, SE = VIH 
CAS = VIR SE = VIL, SC Cycling 1,2 
tRC = Min tsec = Min 

CAS Cycling SC = VIL, SE = VIR 
RAS = VIL SE = VIL, SC Cycling 1,3 
tpc = Min tscc = Min 

-- SC = VIL, SE = VIR 
RASCyciing 

SE = VIL, SC Cycling I 
tRC = Min 

tscc = Min 

RAS,CAS SC = VIL, SE = VIR 
Cycling SE = VIL, SC Cycling 1,2 
tRC = Min tscc = Min 

IOH = -2rnA 

IOL = 4.2mA 

Notes: I. ICC depends on output loading condition when the device is selected. ICC max is specified at the output open condition 
(IyO = ISYO = 0 rnA). 

2. Address can be changed less than three times in one RAS cycle. 
3. Address can be changed once or less while CAS = VIR' 
4. ICC2 and Iccs are measured with address fixed . 
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HM538122 Series 

• Capacitance (T A = 25°C, Vee = 5V, f = 1 MHz, Bias: Clock, 1/0 = Vee, Address = Vss) 

Parameter Symbol Min Typ 

Address Cn - -

Clocks CI2 - -

VO,SIIO CliO - -
• AC Electrical Characteristics (T A = 0 to + 700C, Vee = 5V ± 10%, Vss = OV)1, 11 

Test Conditions 

Input Rise and Fall Time 
Output Load 
Input Timing Reference Levels 
Output Timing Reference Levels 

Output Load (A) 

IOl =4.2 mA , 

+5V 

5 ns 
See figures 
0.8V,2.4V 
0.4V,2.4V 

Max 

5 

5 

7 

Output Load (B) 

IOH=-2mA . 
IOl =4.2 mA . 

+5V 

I/o - ... - ..... - ..... 1-..... 51/0 -t--+---+"-" 

Note: 01. Including scope and jig. 

Common Parameter 

Parameter 

Random Read or Write Cycle Time 

RAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

Row Address Setup Time 

Row Address Hold Time 

Column Address Setup Time 

Column Address Hold Time 

RAS to CAS Delay Time 

RAS Hold Time 

CAS Hold Time 

CAS to RAS Precharge Time 

Transition Time (Rise to Fall) 

Refresh Period 

DT to RAS Setup Time 

DT to RAS Hold Time 

Data-in to OE Delay Time 

Data-in to CAS Delay Time 

Symbol 

tRC 

tRP 

tRAS 

tCAS 

tASR 

tRAH 

tASC 

tcAH 

tRCO 

tRSH 

tcSH 

tCRP 

tT 

tREF 

toTS 

tOTH 

tozo 

tozc 

0085-7 

HM538122-1O HM538122-11 

Min Max Min Max 

190 - 190 -

80 - 80 -

100 10000 100 10000 

30 10000 30 10000 

0 - 0 -

IS - 15 -

0 - 0 -

20 - 20 -
25 70 25 70 

30 - 30 -

100 - 100 -

10 - 10 -

3 50 3 50 

- 8 - 8 

0 - 0 -
15 - 15 -

0 - 0 -

0 - 0 -

.HITACHI 

HM538122-12 HM538122-15 

Min Max Min Max 

220 - 260 -

90 - 100 -

120 10000 ISO 10000 

35 10000 40 10000 

0 - 0 -
IS - 20 -

0 - 0 -

20 - 25 -
25 85 30 110 

35 - 40 -

120 - ISO -
10 - 10 -
3 50 3 50 

- 8 - 8 

0 - 0 -

15 - 20 -
0 - 0 -
0 - 0 -

1178 Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819. (415) 589-8300 

Unit 

pF 

pF 

pF 

0085-8 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 5,6 

ns 

ns 

ns 

ns 8 

ms 

ns 

ns 

ns 

ns 



HM538122 Series 

Read Cycle (RAM), Page Mode Read Cycle 

HM538122-1O HM538122-11 HM538122-12 HM538122-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Access Time from RAS tRAC - 100 - 100 - 120 - 150 ns 2,3 

Access Time from CAS tCAC - 30 - 30 - 35 - 40 ns 3,5 

Access Time from OE !oAC - 30 - 30 - 35 - 40 ns 3 

Address Access Time tAA - 45 - 45 - 55 - 70 ns 3,6 

Output Buffer 
Tum-off Delay !oFFl - 25 - 25 - 30 - 40 ns 7 
Referenced to CAS 

Output Buffer 
Tum-off Delay tOFF2 - 25 - 25 - 30 - 40 ns 7 
Referenced to OE 

Read Command Setup Time tRCS 0 - 0 - 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - 0 - 0 - ns 12 

Read Command Hold Time 
tRRH 10 10 10 10 12 Referenced to RAS - - - - ns 

RAS to Column Address Delay Time tRAO 20 55 20 55 20 65 25 80 ns 5,6 

Page Mode Cycle Time tpc 55 - 55 - 65 - 80 - ns 

CAS Precharge Time tcp 10 - 10 - 15 - 20 - ns 

Access Time from CAS Precharge tACP - 50 - 50 - 60 - 75 ns 

RAS Pulse Width in Page Mode tRASP 0.1 100 0.1 100 0.12 100 0.15 100 /Jos 

Write Cycle (RAM), Page Mode Write Cycle 

HM538122-1O HM538122-11 HM538122-12 HM538122-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - 0 - 0 - ns 9 

Write Command Hold Time tWCH 25 - 25 - 25 - 30 - ns 

Write Command Pulse Width twp 15 - 15 - 20 - 25 - ns 

Write Command to RAS Lead Time tRwL 30 - 30 - 35 - 40 - ns 

Write Command to CAS Lead Time tCWL 30 - 30 - 35 - 40 - ns 

Data-in Setup Time tos 0 - 0 - 0 - 0 - ns 10 

Data-in Hold Time tOH 25 - 25 - 25 - 30 - ns 10 

WE to RAS Setup Time tws 0 - 0 - 0 - 0 - ns 

WE to RAS Hold Time tWH 15 - 15 - 15 - 20 - ns 

Mask Data to RAS Setup Time tMS 0 - 0 - 0 - 0 - ns 

Mask Data to RAS Hold TIme tMH 15 - 15 - 15 - 20 - ns 

OE Hold Time Referenced to WE !oEH 10 - 10 - 15 - 20 - ns 

Page Mode Cycle Time tpc 55 - 55 - 65 - 80 - ns 

CAS Precharge Time tcp 10 - 10 - 15 - 20 - ns 

RAS Pulse Width in Page Mode tRASP 0.1 100 0.1 100 0.12 100 0.15 100 /Jos 

Read-Modify-Write Cycle 

HM538122-1O HM538122-11 HM538122-12 HM538122-15 
Parameter Symhol Unit Note 

Min Max Min Max Min Max Min Max 

Read-Modify-Write Cycle Time tRWC 255 - 255 - 295 - 350 - ns 

RAS Pulse Width tRWS 165 10000 165 10000 195 10000 240 10000 ns 

CAS to WE Delay Time tcwo 65 - 65 - 75 - 90 - ns 9 

Column Address to WE Delay Time tAWO 80 - 80 - 95 - 120 - ns 9 
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HM538122 Series 

Read-Modify-Write Cycle (continued) 

Parameter Symbol 

OE to Data-in Delay Time tO~~ 

Access Time from RAS tRAC 

Access Time from CAS tCAC 

Access Time from OE toAC 
Address Access Time tAA 

RAS to Column Address Delay tRAO 

Output Buffer 
Turn-off Delay tOFF2 
Referenced to OE 

Read Command Setup Time tRCS 

Write Command to RAS Lead Time tRWL 

Write Command to CAS Lead Time tCWL 

Write Command Pulse Width twp 

Data-in Setup Time tos 

Data-in Hold Time tOH 

WE to RAS Setup Time tws 

WE to RAS Hold Time tWH 

Mask Data to RAS Setup Time tMS 

Mask Data to RAS Hold Time tMH 

OE Hold Time Referenced to WE tOEH 

Refresh Cycle 

Parameter Symbol 

CAS Setup Time 
tCSR (CAS Before RAS Refresh Cycle) 

CAS Hold Time 
tCHR (CAS Before RAS Refresh Cycle) 

RAS Precharge to CAS Hold Time tRPC 

Transfer Cycle 

HM538122-1O HM538122-11 

Min Max Min Max 

25 - 25 -
- 100 - 100 

- 30 - 30 

- 30 - 30 

- 45 - 45 

20 55 20 55 

- 25 - 25 

0 - 0 -

30 - 30 -
30 - 30 -
15 - 15 -
0 - 0 -
25 - 25 -

0 - 0 -
15 - 15 -
0 - 0 -
15 - 15 -
10 - 10 -

HM538122-1O HM538122-11 

Min Max Min Max 

10 - 10 -

20 - 20 -

10 - 10 -

HM538122-1O HM538122-11 
Parameter Symbol 

Min Max Min Max 

WE to RAS Setup Time tws 0 - 0 -

WE to RAS Hold Time tWH 15 - 15 -

SE to RAS Setup Time tES 0 - 0 -

SE to RAS Hold Time tEH 15 - 15 -
RAS to SC Delay Time tSRD 25 - 30 -
SC to RAS Setup Time tSRS 30 - 40 -
DT Hold Time from RAS tRDH 80 - 90 -
DT Hold Time from CAS tCOH 20 - 30 -
Last SC to DT Delay Time tsoo 5 - 5 -

First SC to DT Hold Time tSOH 20 - 25 -
DT to RAS Lead Time tOTL 50 - 50 -

@HITACHI 

HM538122-12 HM538122-15 

Min Max Min Max 

30 - 40 -
- 120 - 150 

- 35 - 40 

- 35 - 40 

- 55 - 70 

20 65 25 80 

- 30 - 40 

0 - 0 -
35 - 40 -

35 - 40 -

20 - 25 -
0 - 0 -

25 - 30 -

0 - 0 -
15 - 20 -

0 - 0 -

15 - 20 -

15 - 20 -

HM538122-12 HM538122-15 

Min Max Min Max 

10 - 10 -

25 - 30 -

10 - 10 -

HM538122-12 HM538122-15 

Min Max Min Max 

0 - 0 -

15 - 20 -

0 - 0 -

IS - 20 -

30 - 35 -

40 - 45 -

90 - 110 -

30 - 45 -
5 - 10 -

25 - 30 -
50 - 50 -
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Unit Note 

ns 

ns 2,3 

ns 3,5 

ns 3 

ns 3,6 

ns 5,6 

ns 

ns 

ns 

ns 

ns 

ns 10 

ns 10 

ns 

ns 

ns 

ns 

ns 

Unit Note 

ns 

ns 

ns 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



HM538122 Series 

Transfer Cycle (continued) 

HM538122-1O HM538122-11 HM538122-12 HM538122-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

DT Hold Time Referenced 
tDTHH 20 25 25 30 to RAS High - - - - ns 

DT Precharge Time tDTP 30 - 35 - 35 - 40 - ns 

Serial Data Input Delay Time 
tSID 50 - 60 - 60 - 75 - ns fromRAS 

Serial Data Input to RAS 
tSZR - 10 - 10 - 10 - 10 ns to Delay Time 

Serial Output Buffer 
tSRZ 10 50 10 60 10 60 10 75 ns 7 Turn-off Delay from RAS 

RAS to Sout (Low-Z) 
tRLZ 5 - 10 - 10 - 10 - ns Delay Time 

Serial Clock Cycle Time tscc 30 - 40 - 40 - 60 - ns 

Serial Clock Cycle Time tSCC2 40 - 40 - 40 - 60 - ns 13 

Access Time from SC tSCA - 30 - 35 - 40 - 50 ns 4 

Serial Data-out Hold Time tSOH 7 - 7 - 7 - 7 - ns 4 

SC Pulse Width tsc 10 - 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - 10 - 10 - ns 

Serial Data-in Setup Time tSIS 0 - 0 - 0 - 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - 20 - 25 - ns 

Serial Read Cycle 

HM538 122-10 HM538122-11 HM538122-l2 HM538l22-l5 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Serial Clock Cycle Time tscc 30 - 40 - 40 - 60 - ns 

Access Time from SC tSCA - 30 - 35 - 40 - 50 ns 4 

Access Time from SE tSEA - 25 - 30 - 30 - 40 ns 4 

Serial Data-out Hold Time tSOH 7 - 7 - 7 - 7 - ns 4 

SC Pulse Width tsc 10 - 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - 10 - 10 - ns 

Serial Output Buffer 
Tum-off Delay tSEZ - 25 - 25 - 25 - 30 ns 7 
fromSE 

Serial Write Cycle 

HM538122-1O HM538122-11 HM538122-12 HM538122-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max Min Max 

Serial Clock Cycle Time tscc 30 - 40 - 40 - 60 - ns 

SC Pulse Width tsc 10 - 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - 10 - 10 - ns 

Serial Data-in Setup Time tSIS 0 - 0 - 0 - 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - 20 - 25 - ns 

Serial Write Enable Setup Time tsws 0 - 0 - 0 - 0 - ns 

Serial Write Enable Hold Time tSWH 30 - 35 - 35 - 50 - ns 

Serial Write Disable Setup Time tSWIS 0 0 - 0 - 0 - ns 

Serial Write Disable Hold Time tSWIH 30 - 35 - 35 - 50 - ns 
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HM538122 Series 

Logic Operation Mode 

Parameter 

CAS Hold Time 
(Logic Operation 
Set/Reset Cycle) 

RAS Pulse Width 
in Write Cycle 

CAS Pulse Width 
in Write Cycle 

CAS Hold Time 
in Write Cycle 

RAS Hold Time 
in Write Cycle 

Write Cycle Time 

Page Mode Cycle Time 
(Write Cycle) 

Pulse Width in Page Mode 

Symbol 

tpCHR 

tRPS 

tcps 

tpCSH 

tpRSH 

tPRC 

tppc 

tRPSP 

HM538122-1O 

Min Max 

90 -

140 10000 

60 -

140 -

60 -

230 -

85 -

0.14 100 

Notes: I. AC measurements assume tT = 5 ns. 

HM538122-11 HM538122-12 HM538122-15 
Unit Note 

Min Max Min Max Min Max 

100 - 100 - 120 - ns 

165 10000 165 10000 200 10000 ns 

70 - 70 - 80 - ns 

165 - 165 - 200 - ns 

70 - 70 - 80 - ns 

265 - 265 - 310 - ns 

100 - 100 - 120 - ns 

0.14 100 0.165 100 0.2 100 1-'s 

2. Assume that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

1182 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
4. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
5. When tRCD <!: tRCD (max) or tRAD :S tRAD (max), access time is specified by tCAC' 
6. When tRCD :S tRCD (max) and tRAD <!: tRAD (max), access time is specified by tAA' 
7. topp (max) is defined as the time at which the output achieves the open circuit condition (YaH - 200 mY, VOL + 

200 mY). 
8. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Transition times are measured between 

VIH and VIL. 
9. When twcs <!: twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 

condition. 
When tAWD <!: tAwD (min) and tCWD <!: tcwD (min), the cycle is a read-modify-write cycle; the data of the selected 
address is read out from a data output pin and input data is written into the selected address. In this case, impedance on 
I/O pins is controlled by OE. 

10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read
modify-write cycles. 

II. After power-up, pause for 100 1-'s or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either tRCH or tRRH is satisfied, operation is guaranteed. 
13. tSCC2 is defined as the last SAM cycle time before read transfer in read transfer cycle (I). 
14. When I/O or SIlO is in the output state, data input signals must not be applied to I/O or SI/O. 
15. When SE is low after power on, SIlO is in the output state. Data input signals must not be applied to SIlO in this time. 
16. When CAS and DT JOE are both low after power on, it is possible that I/O is in the output state. Data input signals must 

not be applied to I/O in this time. 
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• TIMING WAVEFORMS 
• Read Cycle 

RAS 

Address 

WE 

I/o 
(OUTPUT) 

I/o 
(INPUT) 

Dr/OE 

• Early Write Cycle 

RAS 

CAS 

Address 

WE 

I/o 
(INPUT) 

I/o 
(OUTPUT) 

Dr/Or 

HM538122 Series 

~-----------~----------~ 

IZ:ZI ; Don't care 
0085-9 

IZ:ZI; Don't care 
0085-10 

Note: "I. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case the I/O is high at the falling edge of RAS . 
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HM538122 Series 

• Delayed Write Cycle 

Address 

DT/OE 

I/o 
(OUTPUT) 

I/o 
(INPUT) 

HIGH-Z _______ _ 

E:ZJ ; Don't care 
0085-11 

Note: * I. When WE is high level, all the data on II0s can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS . 

• Read-Modify-Write Cycle 

RAS 

Address 

I/o 
(OUTPUT) 

~--------------~~--------------~ 
--.......,11------ ~ws ----------1 

leSH 

~~--+r-------,}------leAS-----~n-------

1+;-------- ~SH ------+~ 

E:ZJ ; Don't care 
0085-12 

Note: * I. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 
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Page Mode Read Cycle 

CAS 

Addresss 

WE 

I/O 
(OUTPUT) 

I/o 
(INPUT) 

Page Mode Write Cycle (Early Write) 

RAS 

CAS 

Addresss 

I/o 
(INPUT) 

I/o 
(OUTPUT) 

HM538122 Series 

IZZl ; Don't care 

0085-13 

IZZl ; Don't co re 

0085-14 

Note: * 1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS. 

~HITACHI 
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HM538122 Series ------------------------------

Page Mode Write Cycle (Delayed Write) 

CAS 

Addr •••• 

I/o 
(INPUT) 

I/o 
(OUTPUT) 

[ZZJ ; Don't cara 

0085-15 

Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on I/Os 
are not written except for the case that the I/O is high at the falling edge of RAS . 

• RAS Only Refresh Cycle 

RAS 

Addr ... 

I/o 
(OUTPUT) 

I/o 
(INPUT) 

____ ~~----~s----~~----------~ 

[ZZJ i Don't care 
0085-16 

~HITACHI 
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----------------------------- HM538122 Series 

• CAS Before RAS Refresh Cycle 

RAS 

CAS 

Address 

WE 

I/o 
(INPUT) 'l// /II /iI //j/j/i IIJ //i/Ii//liJ /I(/IIJI 

I/o ________ _ 
HIGH-Z 

(OUTPUT) 

TI(/iJ IIJ /Iij/j / / /II / II //Ii Ii 1(/i//iA 
IZZI ; Don't care 

• Hidden Refresh Cycle 

RAS 

CAS 

Address 

I/o ---l1t:=tt===t::~;~~::l (OUTPUT) 

I/o 
(INPUT) ................ u. 

E:Zl j Don't care 

@HITACHI 

0085-17 

0085-18 
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HM538122 Series 

• Read Transfer Cycle (1) 

RAS 

CAS 

Addre •• 

WE 

I/O 
(OUTPUT) 

I/O 
(INPUT) 

SC 

51/0 
(OUTPUT) 

51/0 
(INPUT) 

~--------------~c--------------~ 
__ -'111---------- ~AS -----------;~ 11-----'11 

HIGH-Z 

E:Zl; Don't care 

Notes: * I. When the previous data transfer cycle is a read transfer cycle, it is defined as read transfer cycle (1). 
*2. SE is in low level. (When SE is high, SIlO becomes high impedance.) 
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HM538122 Series 

• Read Transfer Cycle (2) 

*1, *2 

~------------~c--------------~ 
f+-------- ~AS ------+lIJo-~-~ 

RAS 

CAS 

Address 

WE 

I/O 
(OUTPUT) 

I/O 
(INPUT) 

ilT/OE 

SC 

SI/O 
(OUTPUT) tSIH 

t~· I· 
SI/~ 

isiS 

VALID 

(INPUT) s'n 

E:ZJ ; Don't care 

r:z2I j Inhibit rising transient 
0065-20 

Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is defined as read transfer cycle (2). 
*2. SE is in low level. (When SE is high, SIlO becomes high impedance.) 
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HM538122 Series -------------------------------

• Pseudo Transfer Cycle 

RAS 

CAS 

Addre •• 

WE 

SE 

SC 

SI/O 
(INPUT) 

sl/o 
(OUTPUT) 

~------~c------~ 
____ ~~----~AS----~~~_L 

f---- ~SH ---I 

----~+_----.". foo>---- leAS ----+~ ),.--..;...---------

SAM START 
ADD. 

foo------ IeSH ------+~ 

I/O ; Don't care 

E:ZJ ; Don't care 

~ ; Inhibit rising transient 

~HITACHI 
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• Write Transfer Cycle 

si/o 
(OUTPUT) 

~-----------~c------------~ 

HIGH-Z _________ _ 

[Z] ; Don't care 

~; Inhibit rising transient 

~HITACHI 
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0085-22 
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HM538122 Series 

• Serial Read Cycle 

RAS 

SE 

sc 

sl/o 
(OUTPUT) 

Note: I. Address 0 is accessed next to address 255. 

• Serial Write Cycle 

RAS 

iIT/OE 

SE 

sc 

sl/0 
(INPUT) 

IZZl ; Don't care 
0085-23 

IZZl ; Don't care 
0085-24 

Notes: I. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented. 
2. Address 0 is accessed next to address 255. 
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• Logic Operation Set/Reset Cycle 

RAS 

CAS 

Address 

WE 

I/o 
(INPUT) 

I/o HIGH-Z __________ _ 
(OUTPUT) 

Df/OE V /Ij//j / / Iii / / IIJ / liiJ II)! II)! II II /// 

Notes: *1. Logic code AO-A3' 
*2. Write mask data. 

• Logic Operation Mode Timing Waveforms 
Early Write Cycle 

RAS 

CAS 

Address 

WE 

I/o 
(INPUT) 

I/o 
(OUTPUT) 

m/Ql: 

[ZZ] : Don't care 

[ZZ] j Don't care 

HM538122 Series 

0085-25 

0085-26 

Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series -------------------------------

Delay Write Cycle 

RAS 

CAS 

Address 

WE 

I/O 
(INPUT) 

I/O 
(OUTPUT) 

t---------hc---------t 

HIGH-Z 

£Z]; Don't care 
0085-27 

Note: *1. When WE is high, all the data on II0s can be written into the memory celL When WE is low, the data on II0s are not 
written except for the case that the 1/0 is high at the falling edge of RAS. 
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Page Mode Write Cycle (Delayed Write) 

RAS 

CAS 

Address 

WE 

I/O 
(INPUT) 

I/O 
(OUTPUT) 

Dr/QE 

HM538122 Series 

E:ZJ ; Don't care 
0085-28 

Note: *1. When WE is high, all the data on II0s can be written into the memory cell. When WE is low, the data on II0s are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM538122 Series -------------------------------

Page Mode Write Cycle (Early Write) 

RAS 

CAS 

Address 

WE 

I/O 
(INPUT) 

I/O 
(OUTPUT) 

EZl; Don't care 
0085-29 

Note: *1. When WE is high, all the data on I/Os can be written into the memory cell. When WE is low, the data on I/Os are not 
written except for the case that the I/O is high at the falling edge of RAS. 
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HM538123 Series 
131,072-Word X 8-Bit Multiport CMOS Video RAM 

• DESCRIPTION 

The HM538123 is a 1-Mbit multiport video RAM equipped with a 128k-word x 
8-bit dynamic RAM and a 256-word x 8-bit SAM (serial access memory). Its RAM 
and SAM operate independently and asynchronously. It can transfer data between 
RAM and SAM and has a write mask function. In addition, it has two new functions. 
Flash write clears the data of one row in one cycle in RAM. Special read transfer 
internally detects that the last address in SAM is read and transfers the next data of 
one row automatically from RAM if a transfer cycle has previously been executed. 
These functions make it easier to use the HM538123. 

• FEATURES 

HM538123 Series 

3DCP4QD 

(CP-40D) 

• Multiport Organization 
Asynchronous and Simultaneous Operation of RAM and SAM Capability • PIN OUT 
RAM .................................................. 128k-word x 8-bit 
SAM ................................................... 256-word x 8-bit 

• Access Time 
RAM ....................................... 100 ns/120 ns/150 ns (max) 
SAM ........................................... 30 ns/40 ns/50 ns (max) 

• Cycle Time 
RAM ........................................ 190 ns/220 ns/260 ns (min) 
SAM ........................................... 30 ns/40 ns/60 ns (min) 

• Low Power 
Active 

RAM .................................................. 385 mW (max) 
SAM .................................................. 275 mW (max) 

Standby .................................................. 40 mW (max) 
• High-Speed Page Mode Capability 
• Mask Write Mode Capability 
• Bidirectional Data Transfer Cycle between RAM and SAM Capability 
• Special Read Transfer Cycle Capability 
• Flash Write Cycle Capability 
• 3 Variations of Refresh (8 ms/512 Cycles) 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• TTL Compatible 

• ORDERING INFORMATION 

Part No. Access Time Package 

400 mil 
4O-pin 

HM538l23JP-1O 
HM538l23JP-12 
HM538l23JP-15 

lOOns 
l20ns 
l50ns Plastic SOJ (CP-40D) • PIN DESCRIPTION 

Pin Name 

Ao-As 

I/Oo-I/0 7 

SI/OO-SI/0 7 

RAS 

CAS 

WE 

DT/OE 

SC 

SE 

DSF 

QSF 

Vee 

Vss 
NC 

@HITACHI 

HM538123JP Series 

sc V.,1 

51/00 51/07 

51/01 51/06 

51/02 51/05 

51/03 51/04 

i5T/OE SE 
1/00 1/07 

1/01 1/06 

1/02 32 1/05 

1/03 10 31 1/04 

Vee l 11 30 V.,2 

WE 12 29 D5F 

NC 13 28 NC 

RA5 14 27 CAS 

NC 15 26 QSF 

A8 16 25 AO 

A6 17 24 Al 

AS 18 23 A2 

A4 19 22 A3 

Vcc2 20 21 A7 

0111-1 

(Top View) 

Function 

Address Inputs 

RAM Port Data Inputs/Outputs 

SAM Port Data Inputs/Outputs 

Row Address Strobe 

Column Address Strobe 

Write Enable 

Data Transfer Output Enable 

Serial Clock 

SAM Port Enable 

Special Function Input Flag 

Data Register Empty Flag 

Power Supply 

Ground 

No Connection 

Hitachi America, Ltd.' Hitachi Plaza' 2000 Sierra Point Pkwy.' Brisbane, CA 94005-1819' (415) 589-8300 1197 



HM538123 Series 

• BLOCK DIAGRAM 

RAM 

255r----------. 
Dout 

Om Memory 
Array 

SAM 

255 

POinter 

From 
Column Address 
(SAM Start 
Address) 

O~O---~R~O~W----~ 
511 

DR : Data Register 

• PIN FUNCTION 

RAS (input pin): RAS is a basIc RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in Table 1 are input at the falling edge of RAS. 
The input level of those signals determine the operation cy
cle of the H M538123. 

• Table 1. Operation Cycles of the HM538123 

Input Level at the Falling Edge of RAS 
Operation Cycle 

CAS DT/OE WE SE DSF 

H H H X L RAM ReadIWrite 
H H H X H Color Register Set 
H H L X L Mask Write 
H H L X H Flash Write 
H L H X L Special Read 

Initialization 
H L H X H Special Read 

Transfer 
H L L H X Pseudo Transfer 
H L L L X Write Transfer 
L X X X X CBR Refresh 

Note: X; Don't care. 

CAS (input pin): Column address IS put into chip at the fail
ing edge of CAS. CAS controls output impedance of I/O in 
RAM. 

Ao-Aa (input pins): Row address is determined by Ao-Aa 
level at the falling edge of RAS. Column address is deter
mined by Ao-A7 level at the falling edge of CAS. In transfer 
cycles, row address is the address on the word line which 
transfers data with SAM data register, and column address 
is the SAM start address after transfer. 

0111-2 

WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM538123 turns to mask write mode. According to 
the 110 level at the time, write on each I/O can be masked. 
(WE level at the falling edge of RAS is don't care in read 
cycle.) When WE is high at the falling edge of RAS, a nor
mal write cycle is executed. After that, WE switches 
read/write cycles as in a standard DRAM. In a transfer cy
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 

1/00-1/07 (input/output pins): I/O pins function as mask 
data at the falling edge of RAS (in mask write and flash 
write mode). Data is written only on high 110 pins. Data on 
low I/O pins are masked and internal data are retained. Af
ter that, they function as input/ output pins as those of a 
standard DRAM. 

DT JOE (input pin): DT JOE pin functions as DT (data trans
fer) pin at the falling edge of RAS and as OE (output en
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy
cle, data is output from an SilO pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SilO 
pin at the rising edge of SC is put into the SAM data regis
ter. 

SE (input pin): SE pin activates SAM. When SE is high, SI/O 
is in the high impedance state in serial read cycle and data 
on SI/O is not put into the SAM data register in serial write 
cycle. SE can be used as a mask for serial write because 
internal pointer is incremented at the rising edge of SC. 

~HITACHI 
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SI/Oo-SI/07 (input/output pins): SI/Os are input/output 
pins in SAM. Direction of input! output is determined by the 
previous transfer cycle. When it was a special read transfer 
cycle or special read initialization cycle, SI/O outputs data. 
When it was a pseudo transfer cycle or write transfer cycle, 
SI/O inputs data. 

DSF (input pin): DSF is a special data input flag pin. It is set 
to high when new functions such as color register set, spe
cial read transfer, and flash write, are used. 

QSF (output pin): The HM538123 has a double buffer orga
nization which includes two SAM data registers to relax the 
restriction on timings of DT tOE and SC in real time transfer 
cycle. QSF flag turns high when output from one of SAM 
data registers finished (data register empty flag). If the con
dition is detected and special read transfer cycle is execut
ed, data is transferred to the empty register. SC (serial 
clock) and data transfer cycle can be set asynchronously 
because detection of the last address in SAM and change of 
data register are executed automatically in the chip. It 
makes the system design flexible. 

• OPERATION OF HM538123 

• Operation of RAM Port 

RAM Read Cycle (DT tOE High, CAS High, DSF Low at the 
Falling Edge of RAS) 

Row address is entered at the RAS falling edge and col
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and DT tOE is low 
while CAS is low, the selected address data is output 
through I/O pin. At the falling edge of RAS, DT/OE and 
CAS become high to distinguish RAM read cycle from trans
fer cycle and CBR refresh cycle. Address access time (tAA) 
and RAS to column address delay time (tRAO) specifications 
are added to enable high-speed page mode. 

RAM Write Cycle 

(Early Write, Delayed Write, Read Modify Write) 
(CIT tOE High, CAS High, DSF Low at the Falling Edge of 
RAS) 

• Normal Mode Write Cycle 

(WE High at the Falling Edge of RAS) 
When CAS and WE are set low after driving RAS low, a 

write cycle is executed and I/O data is written in the select
ed addresses. When all 8 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and I/O becomes in high im
pedance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with OE in high. 

HM538123 Series 

If WE is set low after leW~ (min) and tAWO (min) after the 
CAS falling edge, this cycle becomes a read modify write cy
cle and enables read/write to execute in the same address 
cycle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving OE high. 

• Mask Write Mode 

(WE Low at the Falling Edge of RAS) 
If WE is set low at the failing edge of RAS, the cycle be

comes a mask write mode cycle which writes only to select
ed I/O. Whether or not an I/O is written depends on I/O 
level (mask data) at the falling edge of RAS. Then the data 
is written in high I/O pins and masked in low ones and inter
nal data is preserved. This mask data is effective during the 
RAS cycle. So, in high-speed page mode cycle, the mask 
data is preserved during the page access. 

High-Speed Page Mode Cycle (DT tOE High, CAS High, 
DSF Low at the Falling Edge of RAS) 

High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle and is higher than the standard page mode cycle by 
70-80%. This product IS based on static column mode, 
therefore, address access time (tAA) , RAS to column ad
dress delay time (tRAO), and access time from CAS pre
charge (tACP) are added. In one RAS cycle, 256-word mem
ory cells of the same row address can be accessed. ft is 
necessary to specify access frequency within tRAS max 
(10 ",s). 

Flash Write Function (See Figure t) 

• Color Register Set Cycle (CAS-DT/OE-WE High, DSF High 
at the Falling Edge of RAS) 

In color register set cycle, color data is set to the internal 
color register used in flash write cycle. 8 bits of internal col
or register are provided at each I/O. This register is com
posed of static circuits, so once it is set, it preserves the 
data until reset. The data set is just as same as in the usual 
write cycle except that DSF IS set high at the falling edge of 
RAS, and early write and delayed wnte cycle can be execut
ed. In this cycle, memory array access is not executed, so It 
is unnecessary to give row and column addresses. 

• Flash Write Cycle (CAS-DT tOE High, WE Low, DSF High 
at the Falling Edge of RAS) 

In a flash write cycle, a row of data (256 x 8 bit) is 
cleared to 0 or 1 at each I/O according to the data of color 
register mentioned before. It is also possible to mask I/O in 
this cycle. When CAS-DT tOE is set high, WE is low, and 
DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is to I/O. Mask data is as same as that of a RAM 
write cycle. High I/O is cleared, low I/O is not cleared and 
the internal data is preserved. Cycle time is the same as 
those of RAM read/write cycles, so all bits can be cleared in 
11512 of the usual cycle time. 

@HITACHI 
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HM538123 Series ----------------------________ _ 

Color Register Set Cycle 

Set (1103, 1/02, 1101, 
1100).(1,0,0, 1) into 
color register. 

Flash Write Cycle 

Execute flash write 
into 1/02, 1103 on row 
address Xi using color 
register. (Il00, 1101 
are masked.) 

Figure I. Use of Flash Write 

~HITACHI 

Rash Write Cycle 

Execute flash write 
into 1100, 1101, 1103 
on row address Xi 
using color register. 
(1102 is masked.) 

(Il04-l/07 are also operated similarly.) 
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• Transfer Operation 

The HM538123 provides the special read initialization cy
cle, special read transfer cycle, pseudo transfer cycle, and 
write transfer cycle as data transfer cycles. These transfer 
cycles are set by driving DT IOE low at the falling edge of 
RAS. They have following functions: 

(1) Transfer data between row address and SAM data regis
ter (except for pseudo transfer cycle) 

(2) Determine direction of data transfer 

(a) Special read initialization cycle, 
Special read transfer cycle: 

(b) write transfer cycle: 
RAM - SAM 
RAM +- SAM 

(3) Determine input or output of SAM 1/0 pin (SilO) 
Special read initialization cycle: SilO output 

Pseudo transfer cycle, 
write transfer cycle: SilO Input 

(4) Determine first SAM address to access (SAM start ad
dress) after transferring at column address. When SAM 
start address is not changed, neither CAS nor address 
need to be set because SAM start address can be 
latched internally. 

Special Read Initialization Cycle (CAS High, DT IOE 
Low, WE High, DSF Low at the Falling Edge of RAS) 

If CAS is high, DT 10E is low, WE high, and DSF low at 
the falling edge of RAS, this cycle becomes a special read 
initialization cycle. Special read initialization is used (1) to 
start special read transfer operation and (2) to switch SAM 

RAM 

Memory 

Array 

DR : Data Register 

HM538123 Series 

input/output pin (SilO) set in input state by pseudo transfer 
cycle or write transfer cycle, to output state. 

If the clock is set as mentioned before, address of SAM 
transfer word line is set to row address and first SAM ad
dress to access (SAM start address) to column address, it 
becomes possible to execute SAM read after tSAD (min) af
ter RAS is high. In this cycle, SilO outputs uncertain data 
after the RAS falling edge. So when SAM is in input state 
before executing this cycle, it is necessary to stop input be
fore the RAS falling edge. 

SAM access is inhibited while RAS is low in this cycle. SC 
should not be raised during RAS low. 

Special Read Transfer Cycle (CAS High, DTIOE Low, 
WE High, DSF High at the Falling Edge of RAS) 

Ordinary multiport video RAM has some problems; (1) se
vere limitation on timings between processor clock DT 10E 
and CRT clock SC, (2) complicated external control circuit to 
detect SAM last address externally and to insert transfer cy
cle synchronously. Special read transfer cycle makes it pos
sible to relax the timing limitations and to set serial clock 
(SC) and transfer cycle perfectly synchronously. 

Figure 2 shows the block diagram for a special read 
transfer. SAM double buffers are composed of two data reg
isters (DR). When data is read out from DRO serially, special 
read transfer cycle transfers a row of RAM data, which will 
be read from SAM next, to DR1. 

The end of data read from DRO is detected internally and 
data register switching circuit automatically switches to DR 1 
output. So data can be output continuously. 

Sout(DRO) 

Detect SAM 
Last Address 

0111-4 

Figure 2. Block Diagram for Special Read Transfer 
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HM538123 Series 

Figure 3 shows special read transfer operation sequence. 
QSF flag indicates that reading out from data register has 
finished (data register empty flag), and special read transfer 
can be executed while QSF is high. At first, special read op
eration starts by executing a special read initialization cycle. 
So QSF becomes high, the processor gives row address 
and SAM start address, which is needed next, to the memo
ry, and inserts a special read transfer cycle. Data register 
becomes full after a special read transfer cycle, so QSF be
comes low during the cycle. When the last SAM address is 
accessed, QSF becomes high and the data register, which 
outputs from the next SAM address, changes, and serial ac
cess can be executed. 

By executing these handshakes, serial clock and transfer 
cycle can be executed perfectly asynchronously, and flexibil
ity of the system design is improved. 

Special read transfer cycle is set by making CAS high, 
DT IDE low, WE high, and DSF high at the falling edge of 
RAS (same as for special read initialization cycle except 
DSF). Like in other transfer cycles, the address of the word 
line to transfer into data register is specified by row address 
and SAM start is specified by column address. When the 
last SAM address data is output, the next data is output 
from the SAM start address specified by this RAS cycle. 
This transfer cycle can be executed asynchronously with 

Multiport 
Video RAM 
Operation 
Cycle 

RAM RAM 

-ORO -OR1 

... 1 I 

Column address 

SAM cycle. However, it is necessary to execute SAM access 
after i"iAS becomes high after SAM start address is speci
fied by RAS cycle. (See Figure 4). 

QSF should be high at the falling edge of RAS to execute 
a special read transfer cycle. A cycle whose QSF is low is 
neglected (refresh is executed). When the previous transfer 
cycle is a pseudo transfer or write transfer cycle and SilO is 
in input state, special read transfer cycle cannot be used 
(neglected). Special read initialization cycle is required to 
switch SilO to output state. 

Pseudo Transfer Cycle (CAS High, DTIOE Low, WE Low, 
and SE High at the Falling Edge of RAS) 

Pseudo transfer cycle is available for switching SilO from 
output state to input state because data in RAM isn't rewrit
ten. This cycle starts when CAS is high, DT IDE low, WE 
low, and SE high, at the falling edge of RAS. The output 
buffer in SI/O becomes high impedance within tSRZ (max) 
from the RAS falling edge. Data should be input to SI/O lat
er than tSID (min) to avoid data contention. SAM access be
comes enabled after tSRD (min) after RAS becomes high, 
like in the special read initialization cycle. In this cycle, SAM 
access is inhibited during RAS low, therefore, SC should not 
be raised. 

RAM 

-ORO 

_L 
/ =1 I 

-----II \~ j 
I 

QSF 

SC 

SI/O 
(Output) 

Y=255 Y=i i +1 1 +2 Y=255 Y=j i +1 

~-.. ~ .. JIfl 
____ -'~ Output from ORO X Output from OR1 C 

Figure 3. Special Read Transfer Operation Sequence 
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Address 

DSF 

SC 

QSF 

(Special read 

transfer cycle) 

HM538123 Series 

(Yk) (Yk+1) 

Row address Xj data 

0111-6 

Figure 4. The Restriction of Special Read Transfer 

Write Transfer Cycle (CAS High, DT 10E Low, WE Low, Serial Write Cycle 
and SE Low at the Falling Edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address to serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tSRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC should not be raised. 

• SAM Port Operation 

Serial Read Cycle 

SAM port is in read mode when the previous data trans
fer cycle is special read initialization cycle or special read 
transfer cycle. Access is synchronized with SC rising, and 
SAM data is output from SilO. When the last address is ac
cessed at the state of QSF low (data register is full), it is 
signaled to external circuits that special read transfer is en
abled by making QSF high. Next, after SAM access, output 
data register is switched, then the row address data given 
by previous special read transfer cycle is output from the 
SAM start address. If special read transfer isn't performed 
(QSF high), the column address 0 of the same row address 
is accessed after the last address is accessed. 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SilO data is programmed into data register at the SC 
rising edge like in the serial read cycle. If SE is high, SilO 
data isn't input into data register. Internal pOinter is incre
mented according to the SC rising edge, so SE high can be 
used to mask data for SAM. 

• Refresh 

RAM Refresh 

RAM, which is composed of dynamic circuits, requires re
fresh to retain data. Refresh is performed by accessing all 
512 row addresses every 8 ms. There are three refresh cy
cles: (1) RAS only refresh cycle, (2) CAS before RAS (CBR) 
refresh cycle, and (3) Hidden refresh cycle. Besides them, 
the cycles which activate RAS such as readlwrite cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required for accessing all row addresses ev
ery 8 ms. 

RAS Only Refresh Cycle: RAS only refresh cycle is per
formed by activating only RAS cycle with CAS fixed to high 
by inputting the row address (= refresh address) from exter
nal circuits. In this cycle, output is high-impedance and pow-
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HM538123 Series 

er dissipation is less than that of normal readlwrite cycles 
because CAS internal circuits don't operate. To distinguish 
this cycle from data transfer cycle, DT IOE should be high at 
the falling edge of RAS. 

CBR Refresh Cycle: CBR refresh cycle is set by activat
ing CAS before RAS. In this cycle, refresh address need not 
to be input through external circuits because it is input 
through an internal refresh counter. In this cycle, output is in 
high impedance and power dissipation is lowered like in 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 

Terminal Voltage VT 

Power Supply Voltage Vcc 

Power Dissipation PT 

Operating Temperature Topr 

Storage Temperature Tstg 

Note: I. Relative to V ss . 

• ELECTRICAL CHARACTERISTICS 

RAS only refresh cycles because CAS circUits don't operate. 

Hidden Refresh Cycle: Hidden refresh cycle performs re
fresh by reactivating RAS when DT IOE and CAS keep low 
in normal RAM read cycles. 

SAM Refresh 

SAM parts (data register, shift register, selector), orga
nized as fully static circuitry, don't require refresh. 

Rating Unit Note 

- 1.0 to +7.0 V I 

-0.5to +7.0 V I 

1.0 W 

Oto + 70 ·C 

- 55 to + 125 ·C 

• Recommended DC Operating Conditions (T A = 0 to + 70'C) 

Parameter Symbol Min Typ Max Unit Note 

Supply Voltage Vcc 4.5 5.0 5.5 V I 

Input High Voltage VIH 2.4 - 6.5 V I 

Input Low Voltage VIL -0.5 - 0.8 V 1,2 

Notes: I. All voltages referenced to V ss. 
2. - 3.0V for pulse width :!> 10 ns. 

• DC Electrical Characteristics (TA = 0 to +70'C, Vee = 5V ± 10%, Vss = OV) 

HM538123-1O HM538123-12 HM538123-15 Test Conditions 
Parameter Symbol Unit Note 

Min Max Min Max Min Max RAM Port SAM Port 

ICC! - 70 - 60 - 50 rnA RAS,CAS SC = VIL, SE = VIH 
Operating 

Cycling SE = V IL, SC Cycling Current ICC7 120 100 80 rnA - - - tRC = Min tscc = Min 

ICC2 - 7 - 7 - 7 rnA 
RAS, 

SC = VIL, SE = VIH 
Standby 

SE = V IL, SC Cycling Current Iccs - 50 - 40 - 30 rnA CAS = VIH 
tscc = Min 

RASOnly ICC3 - 60 - 50 - 40 rnA RAS Cycling SC = VIL, SE = VIH 
Refresh CAS = VIH SE = V IL, SC Cycling 
Current ICC9 - 110 - 90 - 70 rnA tRC = Min tscc = Min 

ICC4 - 65 - 55 - 45 rnA CAS Cycling SC = VIL, SE = VIH 
Page 
Mode ICCID 115 95 75 rnA 

RAS = VIL SE = V IL, SC Cycling - - - tRC = Min tscc = Min 

CAS Before RAS ICC5 - 60 - 50 - 40 rnA 
RAS Cycling 

SC = VIL, SE = VIH 
Refresh SE = V IL, SC Cycling 
Current ICC 11 - 110 - 90 - 70 rnA tRC = Min 

tscc = Min 

Data ICC6 - 90 - 90 - 90 rnA RAS,CAS SC = VIL, SE = VIH 
Transfer Cycling SE = V IL, SC Cycling 
Current ICC12 - 125 - 125 - 125 rnA tRC = Min tscc = Min 
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HM538123 Series 

• DC Electrical Characteristics (TA = 0 to +70"C, Vee = 5V ±10%, Vss = OV) 

HM538123-10 HM538123-12 HM538123-15 
Parameter Symbol Unit Test Conditions Note 

Min Max Min Max Min Max 

Input Leakage 
ILl -10 10 -10 10 -10 10 IJ-A Current 

Output Leakage 
ILO -10 10 -10 10 -10 10 IJ-A Current 

Output High 
VOH 2.4 - 2.4 - 2.4 - V IoH = -2mA Voltage 

Output Low 
VOL - 0.4 - 0.4 - 0.4 V IoL = 4.2mA Voltage 

• Capacitance (T A = 25°C, Vee = 5V, f = 1 MHz, Bias: Clock, I/O = Vee, Address = Vss) 

Item Symbol Min Typ 

Address Cu - -
Clock Cl2 - -

IIO, SIlO Cvo - -

• AC Characteristics (TA = 0 to +70"C, Vee = 5V ±10%, Vss = OV)1, 11 

Test Conditions 

Input Rise and Fall Time: 
Output Load: 
Input Timing Reference Levels: 
Output Timing Reference Levels: 

Output Load (A) 

I/O 

Note: 1. Including scope & jig. 

+sv 

5 ns 
See Figures 

O.8V,2.4V 
O.4V,2.4V 

0111-7 

• HITACHI 

Max Unit 

5 pF 

5 pF 

7 pF 

Output Load (B) 

+Sv 

SI/O 

0111-8 
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HM538123 Series -------------------------------
Common Parameter 

HM538123-10 HM538123-12 HM538123-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Random Read or Write 
tRC 190 220 260 Cycle Time - - - ns 

RAS Precharge Time tRP 80 - 90 - 100 - ns 

RAS Pulse Width tRAS 10000 100 120 10000 ISO 10000 ns 

CAS Pulse Width teAs 30 10000 35 10000 40 10000 ns 

Row Address Setup Time tASR 0 - 0 - 0 - ns 

Row Address Hold Time tRAH IS - IS - 20 - ns 

Column Address Setup Time tASC 0 - 0 - 0 - ns 

Column Address Hold Time teAH 20 - 20 - 25 - ns 

RAS to CAS Delay Time tRCO 25 70 25 85 30 110 ns 5,6 

RAS Hold Time tRSH 30 - 35 - 40 - ns 

CAS Hold Time tcSH 100 - 120 - ISO - ns 
CAS to RAS Precharge Time tcRP 10 - 10 - 10 - ns 

Transition Time (Rise to Fall) tT 3 50 3 50 3 50 ns 

Refresh Period tREF - 8 - 8 - 8 ns 
DT to RAS Setup Time tOTS 0 - 0 - 0 - ns 

DT to RAS Hold Time tOTH IS - IS - 20 - ns 
DSF to RAS Setup Time tsFS 0 - 0 - 0 - ns 

DSF to RAS Hold Time tsFH 25 - 25 - 30 - ns 

Data-in to OR Delay Time tozo 0 - 0 - 0 - ns 

Data-in to CAS Delay Time tozc 0 - 0 - 0 - ns 

Read Cycle (RAM), Page Mode Read Cycle 

HM538123-1O HM538123-12 HM538123-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Access Time from RAS tRAC - 100 - 120 - ISO ns 2,3 

Access Time from CAS tcAC - 30 - 35 - 40 ns 3,5 

Access Time from OR tOAC - 30 - 35 - 40 ns 3 

Address Access Time tAA - 45 - 55 - 70 ns 3,6 

Output Buffer Turn-off 
toFF! 0 25 0 30 0 40 ns 7 Delay Referenced to CAS 

Output Buffer Turn-otT 
toFF2 0 25 0 30 0 40 ns 7 Delay Referenced to OR 

Read Command Setup Time tRCS 0 - 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - 0 - ns 12 

Read Command Hold Time 
tRRH 10 10 10 12 Referenced to RAS - - - ns 

RAS to Column Address 
tRAD 20 55 20 65 25 80 5,6 Delay Time ns 

Page Mode Cycle Time tpc 55 - 65 - 80 - ns 

CAS Precharge Time tcp 10 - IS - 20 - ns 

Access Time from 
tACP 50 60 75 CAS Precharge - - - ns 
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HM538123 Series 

Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 

HM538123-1O HM538123-12 HM538123-15 
Parameter Symbol Unit Note 

Min Max Min Max MiD Max 

Write Command Setup Time twcs 0 - 0 - 0 - os 9 

Write Command Hold Time tWCH 25 - 25 - 30 - ns 

Write Command Pulse Width twp 15 - 20 - 25 - os 

Write Command to RAS Lead Time tRWL 30 - 35 - 40 - ns 

Write Command to CAS Lead Time tcWL 30 - 35 - 40 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - os 10 

Data-in Hold Time tDH 25 - 25 - 30 - os 10 

WE to RAS Setup Time tws 0 - 0 - 0 - os 

WE to RAS Hold Time tWH 15 - 15 - 20 - os 

Mask Data to RAS Setup Time tMS 0 - 0 - 0 - os 

Mask Data to RAS Hold Time tMH 15 - 15 - 20 - ns 

OE Hold Time Referenced to WE tOEH 10 - 15 - 20 - ns 

Page Mode Cycle Time tpc 55 - 65 - 80 - ns 

CAS Precharge Time tcp 10 - 15 - 20 - os 

Read-Modify-Write Cycle 

HM538123-10 HM538123-12 HM538123-15 
Parameter Symbol Unit Note 

MiD Max MiD Max MiD Max 

Read-Modify-Write Cycle Time tRWC 255 - 295 - 350 - os 

RAS Pulse Width tRWS 165 10000 195 10000 240 10000 os 

RAS to WE Delay tcwD 65 - 75 - 90 - os 9 

Column Address to WE Delay tAWD 80 - 95 - 120 - ns 9 

OE to Data-io Delay Time toDD 25 - 30 - 40 - os 

Access Time from RAS tRAC - 100 - 120 - 150 os 2,3 

Access Time from CAS tcAC - 30 - 35 - 40 os 3,5 

Access Time from OE toAC - 30 - 35 - 40 os 3 

Address Access Time tAA - 45 - 55 - 70 os 3,6 

RAS to Column Address Delay tRAD 20 55 20 65 25 80 os 5,6 

Output Buffer Turn-off Delay 
toFF2 0 25 0 30 0 40 ns 

Referenced to OE 

Read Command Setup Time tRCS 0 - 0 - 0 - os 

Write Command to RAS Lead Time tRWL 30 - 35 - 40 - ns 

Write Command to CAS Lead Time tcwL 30 - 35 - 40 - ns 

Write Command Pulse Width twp 15 - 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - 0 - os 10 

Data-in Hold Time tDH 25 - 25 - 30 - os 10 

WE to RAS Setup Time tws 0 - 0 - 0 - ns 

WE to RAS Hold Time tWH 15 - 15 - 20 - os 

Mask Data to RAS Setup Time tMS 0 - 0 - 0 - os 

Mask Data to RAS Hold Time tMH 15 - 15 - 20 - os 

OE Hold Time Referenced to WE tOEH 10 - 15 - 20 - ns 
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HM538123 Series 

Refresh Cycle 

Parameter 

CAS Setup Time 
(CAS Before RAS Refresh) 

CAS Hold Time 
(CAS Before RAS Refresh) 

RAS Precharge to CAS Hold Time 

Transfer Cycle 

Parameter 

WE to RAS Setup Time 

WE to RAS Hold Time 

SE to RAS Setup Time 

SE to RAS Hold Time 

RAS to SC Delay Time 

SC to RAS Setup Time 

RAS to QSF Delay Time 

RAS to QSF (High) Delay Time 

Serial Data Input Delay Time 
fromRAS 

Serial Data Input to RAS 
Delay Time 

Serial Output Buffer Turn-off 
Delay from RAS 

RAS to Sout (Low-Z) 
Delay Time 

Serial Oock Cycle Time 

Access Time from SC 

Serial Data-out Hold Time 

SC Pulse Width 

SC Precharge Width 

Serial Data-in Setup Time 

Serial Data-in Hold Time 

Serial Read Cycle 

Parameter 

Serial Clock Cycle Time 

Access Time from SC 

Access Time from SE 

Serial Data-out Hold Time 

SC Pulse Width 

SC Precharge Width 

Serial Outp~uffer Turn-off 
Delay from SE 

Last SC to QSF Delay Time 

Symbol 

tcSR 

tCHR 

tRPC 

Symbol 

tws 

tWH 

tES 

tEH 

tSRD 

tSRS 

tROD 

tROH 

tSID 

tSZR 

tSRZ 

tRLZ 

tscc 

tSCA 

tSOH 

tsc 

tscp 

tSIS 

tSIH 

Symbol 

tscc 

tSCA 

tSEA 

tSOH 

tsc 

tscp 

tSEZ 

tSQD 

HM538123-1O HM538123-12 HM538123-15 

Min Max Min Max Min Max 

10 - 10 - 10 -

20 - 25 - 30 -

10 - 10 - 10 -

HM538123-1O HM538123-12 HM538123-15 

Min Max Min Max Min Max 

0 - 0 - 0 -
15 - 15 - 20 -

0 - 0 - 0 -

15 - 15 - 20 -

25 - 30 - 35 -

30 - 40 - 45 -

- 100 - 120 - 150 

- TBD - TBD - TBD 

50 - 60 - 75 -

- 10 - 10 - 10 

10 50 10 60 10 75 

5 - 10 - 10 -

30 - 40 - 60 -

- 30 - 40 - 50 

7 - 7 - 7 -

10 - 10 - 10 -

10 - 10 - 10 -
0 - 0 - 0 -

15 - 20 - 25 -

HM538123-1O HM538123-12 HM538123-15 

Min Max Min Max Min Max 

30 - 40 - 60 -

- 30 - 40 - 50 

- 25 - 30 - 40 

7 - 7 - 7 -

10 - 10 - 10 -
10 - 10 - 10 -

0 25 0 25 0 30 

- TBD - TBD - TBD 
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Unit Note 

ns 

ns 

ns 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 4 

ns 

ns 

ns 

ns 7 

ns 

ns 

ns 4 

ns 4 

ns 

ns 

ns 

ns 

Unit Note 

ns 

ns 4 

ns 4 

ns 4 

ns 

ns 

ns 7 

ns 4 



HM538123 Series 

Serial Write Cycle 

HM538123-1O HM538123-12 HM538123-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Serial Clock Cycle Time tscc 30 - 40 - 60 - ns 

SC Pulse Width tsc 10 - 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - 10 - ns 

Serial Data-in Setup Time tSIS 0 - 0 - 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - 25 - ns 

Serial Write Enable Setup Time tsws 0 - 0 - 0 - ns 

Serial Write Enable Hold Time tSWH 30 - 35 - 50 - ns 

Serial Write Disable Setup Time tSWIS 0 - 0 - 0 - ns 

Serial Write Disable Hold Time tSWIH 30 - 35 - 50 - ns 

Flash Write Cycle 

HM538l23-1O HM538123-12 HM538123-15 
Parameter Symbol Unit Note 

Min Max Min Max Min Max 

Flash Write Cycle Write tRCFW 230 - 265 - 310 - ns 

RAS Pulse Width tRCSFW 140 - 165 - 200 - ns 

WE to RAS Setup Time tws 0 - 0 - 0 - ns 

WE to RAS Hold Time tWH 15 - 15 - 20 - ns 

CAS High Level Hold Time 
tCHHR 20 - 25 - 30 - ns 

Reference to RAS 

Mask Data to RAS Setup Time tMS 0 - 0 - 0 - ns 

Mask Data to RAS Hold Time tMH 15 - 15 - 20 - ns 

Notes: 1. AC measurements assume tT = 5 ns. 
2. Assume that tRCD :S tRCD (max) and tRAD :S tRAD (max). If tRCD or tRAD is greater than the maximum recommended 

value shown in this table, tRAC exceeds the value shown. 
3. Measured with a load circuit equivalent to 2 TTL load and 100 pF. 
4. Measured with a load circuit equivalent to 2 TTL load and 50 pF. 
5. When (RCD ~ tRCD (max) and tRAD :S tRAD (max), access time is specified by tCAC' 
6. When tRCD :S tRCD (max) and tRAD ~ tRAD (max), access time is specified by tAA' 
7. tOFF (max) is defined as the time at which the output achieves the open circuit condition (VOH - 200 m V, VOL + 

200 mY). 
8. VIH (min) and VIL (max) are reference levels for measuring timing of input signals. Transition times are measured between 

VIH and VIL. 
9. When twcs ~ twcs (min), the cycle is an early write cycle, and I/O pins remain in an open circuit (high impedance) 

condition. When tAWD ~ tAwD (min) and tCWD ~ tcwD (min), the cycle is a read-modify-write cycle; the data of the 
selected address is read out from a data out pin and input data is written into the selected address. In this case, impedance 
on I/O pins is controlled by OE. 

10. These parameters are referenced to CAS falling edge in early write cycles or to WE falling edge in delayed write or read
modify-write cycles. 

11. After power-up, pause for 100 ,",S or more and execute at least 8 initialization cycles (normal memory cycles or refresh 
cycles), then start operation. 

12. If either tRCH or tRRH is satisfied, operation is guaranteed. 
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HM538123 Series 

• TIMING WAVEFORMS 
• Read Cycle 

Address 

I/O ---tlr---~=r==~~~~~~ (Output) 

• Early Write Cycle 

I/O 
(Input) 

DSF 

Address 

I/O 
(Input) 

I/O 
(Output) 

DSF 

ILZI : Don't care. 

0111-9 

0111-10 

Note: '1. When WE is high level. all the data on I/Os can be written into the memory cell. When WE is low level. the data on II0s 
are not written except for the case that the 1/0 is high at the falling edge of RAS. 
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• Delayed Write Cycle 

Address 

I/O 
(Input) _' ....... ..---'1' 

I/O 
(Output) 

DSF 

HM538123 Series 

Hlgh-Z 

~ : Don't care. 

0111-11 

Note: *1. When WE is high level, all the data on 1I0s can be written into the memory ceIl. When WE is low level, the data on II0s 
are not written except for the case that the 110 is high at the faIling edge of RAS . 

• Read-Modify-Write Cycle 

I/O 
(Input) 

I/O 
(Output) 

DSF 

1:222 : Don't care 

0111-12 

Note: *1. When WE is high level, all the data on 1/0s can be written into the memory ceIl. When WE is low level, the data on 1I0s 
are not written except for the case that the 1/0 is high at the faIling edge of RAS . 
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HM538123 Series 

• Page Mode Read Cycle 

Address 

I/O 
(outPut)---+-+--'--+~~_~~--lT 

I/O 
(Input) -'-.i..;-''-,L~~ 

DSF 

• Page Mode Write Cycle (Early Write) 

I.e 

EZZI : Don't care. 

0111-13 

~ : Don't care 

0111-14 

Note: *1. When WE is high level, all the data on I/Os can be written into the memory cell. When WE is low level, the data on II0s 
are not written except for the case that the 1/0 is high at the falling edge of RAS. 
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• Page Mode Write Cycle (Delayed Write) 

Address 

I/O 
(Input) 

I/O 
(Output) 

DSF 

HM538123 Series 

~ : Don't care 

0111-15 

Note: I. When WE is high level, all the data on II0s can be written into the memory cell. When WE is low level, the data on II0s 
are not written except for the case that the 1/0 is high at the falling edge of RAS. 

• RAS Only Refresh Cycle 

Address 

I/O 
(Output) 

I/O 
(Input) 

DSF 

t •• 

~ : Don't care. 
0111-16 
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HM538123 Series ---------------------------

• CAS Before RAS Refresh Cycle 

• Hidden Refresh Cycle 

toe 

Address WII///////// ///////////1//////1//// # 

wr Wi'//II//$//I//////I/////$//ff#ll& 

(I~~~t) W$/$$#§///l/I/////I//II/I///$J 
I/O Hlgh-Z 

(Output) 

~/~ WdY/$$/#/I/ffff$#/l/ffffM 

DSF W$$//$II$////$//&/&/& 
~ : Don't care. 

t.e 

m t flAS 

m 

Address 

WE 

I/O 
(Output) 

~/OE 

I/O 
(Input) 

DSF 

~ : Don't care. 

~HITACHI 
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HM538123 Series 

• Special Read Initialization Cycle (1)'1, '2 

~ : Don't care 

~ . Inhibit (Ising transient 

Va : Don't care 

0111-19 

Notes: * 1. When the previous data transfer cycle is a special read transfer cycle or special read initialization cycle, it is specified as 
special read initialization cycle (1). 

*2. SE is in low level. (When SE is high, SIlO becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed . 

• Special Read Initialization Cycle (2)*1, *2 

QSF 

sc 

(,~':~)'>fVi~'-----------------------
t7~ : Don·t ca,. 

DSF 
~rrrn7j'TT77777777j'T,'T,'T,rnrn77777777777777777777 ~ . Inhibit rising tranSient 

I/O : Don't care 

0111-20 

Notes: *1. When the previous data transfer cycle is a write or pseudo transfer cycle, it is specified as special read initialization cycle 
(2). 

*2. SE is in low level. (When SE is high, SIlO becomes high impedance state.) 
* 3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM538123 Series 

• Special Read Transfer Cycle '1, '2 

Address 

I/O 
(Output) 

I/O 
(Input) 

SC 

51/0 
(Output) 

51/0 
(Input) 

QSF 

DSF EZ2:J : Don't care. 

Notes: * I. When QSF is low level at the falling edge of RAS, the special read transfer cycle is not perfonned. 
*2. SE is in low level. (When SE is high, SIlO becomes high impedance state.) 
*3. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

~HITACHI 
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HM538123 Series 

• Pseudo Transfer Cycle 

RAs 

CAS 

Addres. 

WE 

DTIOt 

Sf 

SC 

SI/O 
(Inputl 

SI/O 
(Outputl 

QSf 

too 

1/ /t : Don't care 
XX; : InhIbit rlll"1 tranSient 

I/O : Don't eire 

Note: * I. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 

• Write Transfer Cycle 

~ 

eAS 

Address 

W£' 

Of/OE 

Sf 

SC 

SI/O 
(Input) 

SI/O Htgh-Z 
(Output) 

t.QD 

VII1J: Don't care 

QSF _____________ ~ .... __________ 1l22lI: Inhibit rising transient 

Note: *1. CAS and SAM start address don't need to be specified every cycle, if SAM start address is not changed. 
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HM538123 Series 

• Serial Read Cycle 

sc 

51/0 
(Output) 

• Serial Write Cycle '1, '2 

sc 

51/0 
(Input) 

h~ 17ZZZZZZZZZZZZZZZZZZZZ~~ZZZZZZZ7 

~ : Don't care 

0111-24 

n~ 777ZZZ7ZZ7777ZZZZZZ77;~]:ZZZZ77771 

~ : Don't care. 
0111-25 

Note: '\. When SE is high level in a serial write cycle, data is not written into SAM, however, the pointer is incremented . 
• 2. Address 0 is accessed next to address 255. 
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• Serial Read Cycle (Around Address 255 in SAM) 

sc 

SI/O 
(Output) 

QSF 

HM538123 Series 

0111-26 

Note: *1. Address (i) is the SAM start address provided in the previous special read transfer cycle. When special read transfer cycle 
isn't executed (QSF remains in high level), address 0 is accessed next to address 255. 

• Color Register Set Cycle (Early Write) 

I/O 
(Input) 

DSF 

hAl 

t .. 

t ... 

~ : Don't care. 

Note: *1. The level of address pin is don't care, but cannot be changed in this period. 

~HITACHI 
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Color Register Set Cycle (Delayed Write) 

I/O 
(Input) 

DSF 

Address 

I,e 

'co RS. 

~ : Don't care. 

Note: * 1. The level of address pin is don't care, but cannot be changed in this period . 

• Flash Write Cycle 

Address 

I/O 
(Input) 

DSF 

tRCFW 

tlt""f. 

~ : Don't care. 

@HITACHI 
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HM538123A Series 
131,072-Word x a-Bit Multiport CMOS Video RAM 

• DESCRIPTION 
The HM538123A is a 1-Mbit multiport video RAM 

equipped with a 128k-word x 8-bit dynamic RAM and a 
256-word x 8-bit SAM (serial access memory). Its RAM and 
SAM operate independently and asynchronously. It can 
transfer data between RAM and SAM and has a logic opera
tion mode by internal logic-arithmetic unit and a write mask 
function. In addition, it has two modes to realize fast writing 
in RAM. Block write and flash write modes clear the data of 
4-word x 8-bit and the data of one row (256-word x 8-bit) 
respectively In one cycle of RAM. And the HM538123A 
makes split transfer cycle possible by dividing SAM into two 
split buffers equipped with 128-word x 8-bit each. This cycle 
can transfer data to SAM which is not active, and enables a 
continuous serial access. 

• FEATURES 
• Multiport Organization 

Asynchronous and Simultaneous Operation of RAM 
and SAM Capability 
RAM: 128k-word x 8-bit and SAM: 256-word x 8-bit 

• Access Time RAM ................ 80 ns/100 ns (max) 
SAM .................. 25 ns/25 ns (max) 

• Cycle Time RAM ................ 150 ns/190 ns (min) 
SAM .................. 30 ns/30 ns (min) 

• Low Power 
Active RAM ..................... 360 mW (max) 

SAM ..................... 280 mW (max) 
Standby ............................ 38.5 mW (max) 

• High-Speed Page Mode Capability 
• Logic Operation Mode Capability 
• Mask Write Mode Capability 
• Bidirectional Data Transfer Cycle between RAM and 

SAM Capability 
• Split Transfer Cycle Capability 
• Block Write Mode Capability 
• Flash Write Mode Capability 
• 3 Variations of Refresh (8 ms/512 cycles) 

RAS Only Refresh 
CAS Before RAS Refresh 
Hidden Refresh 

• TTL Compatible 

• PIN DESCRIPTION 
Pin Name Function 

Ao-A8 Address Input 

I/Oo-I/O? RAM Port Data Inputs/Outputs 

SI/Oo-SI/O? SAM Port Data Inputs/Outputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WE Write Enable 

DT/OE Data Transfer/Output Enable 

SC Serial Clock 

SE SAM Port Enable 

DSF Special Function Input Flag 

QSF Special Function Output Flag 

Vee Power Supply 

VSS Ground 

NC No Connection 

Preliminary 

HM538123AJ Series 

3DCP40D 

(CP-4OD) 

HM538123AZ Series 

3DZP40 

(ZP-40) 

• PIN OUT 

HM538123AJ Series HM538123AZ Series 

sc V'" 
SKlO SI07 
SI01 SIQ6 
SIQ2 SKl5 
SIQ3 SI04 
DT.<lE: SE 
KlO 107 
101 IQ6 
IQ2 Kl5 
IQ3 104 
Va; VIE; 
'f/E DSF 
tc NC 
AilS" "CAS" 
tc 0ilF 
PB PO 
PO A1 
PO /Q. 
AA />3 
Va; A7 

0069-1 

(Top View) 

• ORDERING INFORMATION 

Part No. Access Time 

HM53S123AJ-S Sans 
HM53Sl23AJ-lO lOOns 

HM53Sl23AZ-S Sans 
HM53Sl23AZ-1O lOOns 

1 104 
3 IQ6 
5 SE 
7 SKl5 
9 SI07 
11 SC 
13 SI01 
15 SIQ3 
17 IQO 
19 IQ2 
21 Va; 
Zltc 
:5tc 
ZlPO 
29AA 
31 A7 
3l/Q. 
35 PO 
37 r:'Rfj 

39 DSF 

(Bottom View) 
0089-2 

Package 

400 mil 2S-pin 
Plastic SO] 
(CP-2SD) 

475 mil2S-pin 
Plastic ZIP 
(ZP-40) 

~HITACHI 
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• BLOCK DIAGRAM 

AD-A8 
AD-A7 I .r---""'------, 
IColumn .~ddress I 
L- BUllE:' l 

t-
:; 
co 

Qj ~ 
u 
0 ~ u 
OJ 

0 ~ 
C 

~ 

E Q 

.2 ~. 
0 
u e( 

c 
Q) 

v> 

Memory Array 511 

Refresh 
Counter 

OJ ru 
c OJ r1J.~ 

~O> 
<1l~ <1l OJ ~<1l 

OC!: f-l? 

~ OJ 

(IJ.~ C OJ 
<1l~ ~Ol 

~'" '" OJ 
f-l? OC!: 

Ci 
u 
0 

:; u 
OJ 

co 0 

~ c 
E 

2 .2 
0 

<l: u 
VI 

2 
<l: 
VI 

SIIOD-SII07 

Timing Generator 

I10D-I107 
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• PIN FUNCTIONS 

RAS (input pin): RAS is a basic RAM signal. It is active in 
low level and standby in high level. Row address and signals 
as shown in table 1 are input at the falling edge of RAS. The 
input level of these signals determine the operation cycle of 
the HM538123A. 

CAS (input pin): Column address and DSF signal are fetched 
into chip at the falling edge of CAS, which determines the 
operation mode of HM538123A. CAS controls output imped
ance of 1/0 in RAM. 

Ao-As (input pins): Row address (AXo-AXs) is determined 
by Ao-As level at the falling edge of RAS. Column address 
(AYo-AY?) is determined by Ao-A? level at the falling edge 
of CAS. In transfer cycles, row address is the address on 
the word line which transfers data with SAM data register, 
and column address is the SAM start address after transfer. 

WE (input pin): WE pin has two functions at the falling edge 
of RAS and after. When WE is low at the falling edge of 
RAS, the HM538123A turns to mask write mode. According 
to the 1/0 level at the time, write on each 1/0 can be 
masked. (WE level at the falling edge of RAS is don't care in 
read cycle.) When WE is high at the falling edge of RAS, a 
normal write cycle is executed. After that, WE switches 
readlwrite cycles as in a standard DRAM. In a transfer cy
cle, the direction of transfer is determined by WE level at 
the falling edge of RAS. When WE is low, data is transferred 
from SAM to RAM (data is written into RAM), and when WE 
is high, data is transferred from RAM to SAM (data is read 
from RAM). 

I/OO-I/O? (input/output pins): 1/0 pins function as mask 
data at the falling edge of RAS (in mask write mode). Data 
is written only to high 1/0 pins. Data on low 1/0 pins are 
masked and internal data are retained. After that, they func
tion as input/output pins as those of a standard DRAM. In 

• Table 1. Operation Cycles of the HM538123A 

Input Level at the Falling Edge of RAS 

CAS DT/OE WE SE 

L X L X 

L X H X 

H L L L 

H L L H 

H L L X 

H L H X 

H L H X 

H H L X 

H H L X 

H H L X 

H H H X 

H H H X 

H H H X 

Note: X: Don't care. 

DSF 

X 

X 

L 

L 

H 

L 

H 

L 

L 

H 

L 

L 

H 

HM538123A Series 

block write cycle, they function as address mask data at the 
falling edge of CAS. 

DT/OE (input pin): DT/OE pin functions as DT (data trans
fer) pin at the falling edge of RAS and as OE (output en
able) pin after that. When DT is low at the falling edge of 
RAS, this cycle becomes a transfer cycle. When DT is high 
at the falling edge of RAS, RAM and SAM operate indepen
dently. 

SC (input pin): SC is a basic SAM clock. In a serial read cy
cle, data outputs from an SilO pin synchronously with the 
rising edge of SC. In a serial write cycle, data on an SilO 
pin at the rising edge of SC is fetched into the SAM data 
register. 

SE (input pin): SE pin activates SAM. When SE is high, SilO 
is in the high impedance state in serial read cycle and data 
on SilO is not fetched into the SAM data register in serial 
write cycle. SE can be used as a mask for serial write be
cause internal pointer is incremented at the rising edge of 
SC. 

SI/OO-SI/O? (input/output pins): SilOs are input/output 
pins in SAM. Direction of input/ output is determined by the 
previous transfer cycle. When it was a read transfer cycle, 
SilO outputs data. When it was a pseudo transfer cycle or 
write transfer cycle, SilO inputs data. 

DSF (input pin): DSF is a special function data input flag pin. 
It is set to high at the falling edge of RAS when new func
tions such as color register readlwrite, split transfer, and 
flash write, are used. DSF is set to high at the falling edge 
of CAS when block write is executed. 

QSF (output pin): QSF outputs data of address A? in SAM. 
QSF is switched from low to high by accessing address 127 
in SAM and from high to low by accessing 255 address in 
SAM. 

DSF at the Falling Operation Mode 
Edge of CAS 

- Logic Operation Set/Reset 

- CBRRefresh 

X Write Transfer 

X Pseudo Transfer 

X Spltt Write Transfer 

X Read Transfer 

X Split Read Transfer 

L Read/Mask Write 

H Mask Block Write 

X Flash Write 

L Read/Write 

H Block Write 

X Color Register Read/W rite 

~HITACHI 
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• OPERATION OF HM538123A 
• RAM Read Cycle (OT/OE high, CAS high and OSF low at 
the falling edge of RAS, OSF low at the falling edge of CAS) 

Row address is entered at the RAS falling edge and col
umn address at the CAS falling edge to the device as in 
standard DRAM. Then, when WE is high and OT JOE is low 
while CAS is low, the selected address data outputs through 
I/O pin. At the falling edge of RAS, DT/OE and CAS be
come high to distinguish RAM read cycle from transfer cycle 
and CBR refresh cycle. Address access time (tM) and RAS 
to column address delay time (tRAD) specifications are add
ed to enable high-speed page mode. 

• RAM Write Cycle (Early Write, Delayed Write, 
Read-Modify-Write) (OT/OE high, CAS high and OSF low 
at the falling edge of RAS, OSF low at the falling edge of CAS) 

• Normal Mode Write Cycle (yVE high at the falling edge of 
RAS) 
When CAS and WE are set low after driving RAS low, a 

write cycle is executed and 110 data is written in the select
ed addresses. When all 8 I/Os are written, WE should be 
high at the falling edge of RAS to distinguish normal mode 
from mask write mode. 

If WE is set low before the CAS falling edge, this cycle 
becomes an early write cycle and 110 becomes in high im
pedance. Data is entered at the CAS falling edge. 

If WE is set low after the CAS falling edge, this cycle be
comes a delayed write cycle. Data is input at the WE falling. 
I/O does not become high impedance in this cycle, so data 
should be entered with DE in high. 

If WE is set low after tCWD (min) and tAWD (min) after the 
CAS falling edge, this cycle becomes a read-modify-write cy
cle and enables read/write at the same address in one cy
cle. In this cycle also, to avoid I/O contention, data should 
be input after reading data and driving DE high. 

Color Reglster Set Cycle 

I/O 

• Mask Write Mode (WE low at the falling edge of RAS) 

If WE is set low at the falling edge of RAS, the cycle be
comes a mask write mode which writes only to selected I/O. 
Whether or not an I/O is written depends on 110 level (mask 
data) at the falling edge of RAS. Then the data is written in 
high I/O pins and masked in low ones and internal data is 
retained. This mask data is effective during the RAS cycle. 
So, in high-speed page mode, the mask data is retained dur
ing the page access. 

• High-Speed Page Mode Cycle (OT/OE high, CAS high 
and OSF low at the falling edge of RAS) 

High-speed page mode cycle reads/writes the data of the 
same row address at high speed by toggling CAS while RAS 
is low. Its cycle time is one third of the random read/write 
cycle. In this cycle, read, write, and block write cycles can 
be mixed. Note that address access time (tM), RAS to col
umn address delay time (tRAD), and access time from CAS 
precharge (tACP) are added. In one RAS cycle, 256-word 
memory cells of the same row address can be accessed. It 
is necessary to specify access frequency within tRASP max 
(100 l-'s). 

• Color Register Set/Read Cycle (CAS high, OT JOE 
high, WE high and DSF high at the falling edge of RAS) 

In color register set cycle, color data is set to the internal 
color register used in flash write cycle or block write cycle. 8 
bits of internal color register are provided at each I/O. This 
register is composed of static circuits, so once it is set, it 
retains the data until reset. Color register set cycle is just 
the same as the usual write cycle except that OSF is set 
high at the falling edge of RAS, and read, early write and 
delayed write cycle can be executed. In this cycle, 
HM538123A refreshes the row address fetched at the falling 
edge of RAS. 

Flash Wnte Cycle flash Wr,te Cycle 

Set color reglSter Execute flash wnte lnto each 

110 on row address Xl uSlng 

becute flash wrlte lnto 

each 110 on row address 

* 1 110 Mask Data 
Low: Mask 
High: Non Mask 

color reglster. 

Figure 1. Use of Flash Write 

~HITACHI 
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• Flash Write Cycle (CAS high, DT 10E high, WE low and 
DSF high at the falling edge of RAS) 

In a flash write cycle, a row of data (256-word x 8-bit) is 
cleared to 0 or 1 at each 1/0 according to the data of color 
register mentioned before. It is also necessary to mask 1/0 
in this cycle. When CAS and DT 10E is set high, WE is low, 
and DSF is high at the falling edge of RAS, this cycle starts. 
Then, the row address to clear is given to row address and 
mask data is given to 1/0. Mask data is the same as that of 
a RAM write cycle. High 1/0 is cleared, low 1/0 is not 
cleared and the internal data is retained. Cycle time is the 
same as those of RAM readlwrite cycles, so all bits can be 
cleared in 1/256 of the usual cycle time. (See figure 1.) If 
this cycle is executed in logic operation mode described lat
er, the logic operation mode is reset only in the cycle and 
masked data in this cycle is written. 

• Block Write Cycle (CAS high, DT 10E high and DSF low 
at the falling edge of RAS, DSF high at the falling edge of 
CAS) 

In a block write cycle, 4 columns of data (4-word x 8-bit) 
is cleared to 0 or 1 at each 1/0 according to the data of 

-{ 
COIOf Re-gllter Set Cycle 

H RAS 

CAS \ / 

HM538123A Series 

color register. Column addresses AO and A 1 are disregard
ed. The data on II0s and addresses can be masked. 1/0 
level at the falling edge of CAS determines the address to 
be cleared. (See figure 2.) If this cycle is executed in logic 
operation mode described later, the logic operation mode is 
reset only in the cycle and masked data in this cycle is writ
ten. 

• Normal Mode Block Write Cycle (WE high at the falling 
edge of RAS) 

The data on 8 liDs are all cleared when WE is high at 
the falling edge of RAS. 

• Mask Block Write Mode (WE low at the falling edge of 
RAS) 

When WE is low at the falling edge of RAS, HM538123A 
starts mask block write mode to clear the data on an option
al 1/0. The mask data is the same as that of a RAM write 
cycle. High 1/0 is cleared, low 110 is not cleared and the 
internal data is retained. The mask data is available in the 
RAS cycle. In page mode block write cycle, the mask data is 
retained during the page access. 

Block Wf1te Cycle 

H 
alOck Write Cyele r 

\ / \ r 
Addr.$$~C01Umn A2-AS)~Column A2-AS8 

WE ,. 

OT/Of! 

OSF W 

'fA ~:I~:i::m 

wammw ~ ~ 

I/O 

Note *1 

WE I/O Mode 

Low I/O Mask Data Mask 

High Don't Care Non Mask 

I/O Mask Data 
Low: Mask 
High: Non Mask 

Address Mask Data 

I/Oo ColumnO (Ao=O,AI =0) Mask Data 
Low: Mask 

I/OI Column I (Ao= I,AI =0) Mask Data 

I/Oz Column2 (Ao=O,AI = I) Mask Data 

I/03 Column3 (Ao= I,AI = I) Mask Data 
High: Non Mask 

Figure 2. Use of Block Write 

~HITACHI 
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• Transfer Operation 

The HM538123A provides the read transfer cycle, split 
read transfer cycle, pseudo transfer cycle, write transfer cy
cle and split write transfer cycle as data transfer cycles. 
These transfer cycles are set by driving CAS high and 
DT/OE low at the falling edge of RAS. They have following 
functions: 

(1) Transfer data between row address and SAM data regis
ter (except for pseudo transfer cycle). 

Read transfer cycle and split read transfer cycle: RAM 
to SAM 

Write transfer cycle and split write transfer cycle: SAM 
to RAM 

(2) Determine SilO state (except for split read transfer cycle 
and split write transfer cycle). 

Read transfer cycle: SilO output 

Pseudo transfer cycle and write transfer cycle: SilO 
input 

(3) Determine first SAM address to access after transferring 
at column address (SAM start address). 

SAM start address must be determined by read trans
fer cycle or pseudo transfer cycle (split transfer cycle 
isn't available) before SAM access, after power on, and 
determined for each transfer cycle. 

Read Transfer Cycle (CAS high, DT 10E low, WE high and 
DSF low at the falling edge of RAS) 

This cycle becomes read transfer cycle by driving DT/OE 
low, WE high and DSF low at the falling edge of RAS. The 
row address data (256 x 8-bit) determined by this cycle is 
transferred to SAM data register synchronously at the rising 
edge of DT/OE. After the rising edge of DT/OE, the new 
address data outputs from SAM start address determined by 
column address. In read transfer cycle, DT/OE must be ris
en to transfer data from RAM to SAM. 

RAS 

CAS 

Address Xi 

DT/OE L 

OSF 

SC 

SIlO 

This cycle can access SAM even during transfer (real 
time read transfer). In this case, the timing tSDD (min) speci
fied between the last SAM access before transfer and 
DT 10E rising edge and tSDH (min) specified between the 
first SAM access and DT/OE rising edge must be satisfied. 
(See figure 3.) 

When read transfer cycle is executed, SilO becomes out
put state by first SAM access. Input must be set high imped
ance before tszs (min) of the first SAM access to avoid data 
contention. 

Pseudo Transfer Cycle (CAS high, DT/OE low, WE low, 
SE high and DSF low at the falling edge of RAS) 

Pseudo transfer cycle switches SilO to input state and 
set SAM start address without data transfer to RAM. 

This cycle starts when CAS is high, DT/OE low, WE low, 
SE high and DSF low at the falling edge of RA~Data 
should be input to SilO later than tSID (min) after RAS be
comes low to avoid data contention. SAM access becomes 
enabled after tSRD (min) after RAS becomes high. In this cy
cle, SAM access is inhibited during RAS low, therefore, SC 
must not be risen. 

Write Transfer Cycle (CAS high, DT/OE low, WE low, SE 
low and DSF low at the falling edge of RAS) 

Write transfer cycle can transfer a row of data input by 
serial write cycle to RAM. The row address of data trans
ferred into RAM is determined by the address at the falling 
edge of RAS. The column address is specified as the first 
address for serial write after terminating this cycle. Also in 
this cycle, SAM access becomes enabled after tSRD (min) 
after RAS becomes high. SAM access is inhibited during 
RAS low. In this period, SC must not be risen. Data trans
ferred to SAM by read transfer cycle or split read transfer 
cycle can be written to other addresses of RAM by write 
transfer cycle. However, the address to write data must be 
the same as that of the read transfer cycle or the split read 
transfer cycle (row address AXe). 

Yj+l 

SAM Data before Transfer SAM Data after Transfer 

0089-6 

Figure 3. Real Time Read Transfer 
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Split Read Transfer Cycle (CAS high, DT 10E low, WE 
high and DSF high at the falling edge of RAS) 

To execute a continuous serial read by real time read 
transfer, HM538123A must satisfy SC and DTIOE timings 
and requires an external circuit to detect SAM last address. 
Split read transfer cycle makes it possible to execute a con
tinuous serial read without the above timing limitation. Figure 
4 shows the block diagram for a split transfer. SAM data 
register (DR) consists of 2 split buffers, whose organizations 
are 128-word x 8-bit each. Let us suppose that data is read 
from upper data register DRI (the row address AXe is 0 and 
SAM address A7 is 1). When split read transfer is executed 
setting row address AXe 0 and SAM start addresses Ao to 
A6, 128-word x 8-bit data are transferred from RAM to the 
lower data register DRO (SAM address A7 is 0) automatical
ly. After data are read from data register DR1, data start to 
be read from SAM start addresses of data register DRO. If 
the next split read transfer isn't executed while data are 
read from data register DRO, data start to be read from SAM 
start address 0 of DR 1 after data are read from data register 
DRO. If split read transfer is executed setting row address 
AXe 1 and SAM start addresses Ao to A6 while data are 
read from data register DR1, 128-word x 8-bit data are 
transferred to data register DR2. After data are read from 
data register DR1, data start to be read from SAM start ad
dresses of data register DR2. If the next split read transfer 
isn't executed while data is read from data register DR2, 
data start to be read from SAM start address 0 of data reg
Ister DR3 after data are read from data register DR2. In this 
time, SAM data is the one transferred to data register DR3 
finally while row address AXe is 1. In split read data transfer, 
the SAM start address A7 is automatically set in the data 
register which isn't used. 

The data on SAM address A7, which will be accessed 
next, outputs to QSF, QSF is switched from low to high by 
accessing SAM last address 127 and from high to low by 
accessing address 255. 

Memory r-y' 

Array a 
Vl 

AX8=O ::l 
a:l 
g 

~ ~ 
0 en 

... 

~ 
c: 
E 
::l 

(3 

~ en 

SJ/O 
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Split read transfer cycle is set when CAS is high, DTIOE 
~w, WE is high and DSF is high at the falling edge of 
RAS. The cycle can be executed asynchronously with SC. 
However, HM538123A must be satisfied tSTS (min) timing 
specified between SC rising and RAS falling. SAM start ad
dress must be accessed, satisfying tRST (min), tesT (min) 
and tAST (min) timings specified between RAS or CAS falling 
and column address. (See figure 5.) 

In split read transfer, SilO isn't switched to output state. 
Therefore, read transfer must be executed to switch SilO to 
output state when the previous transfer cycle is pseudo 
transfer or write transfer cycle. 

Split Write Transfer Cycle (CAS high, DT 10E low, WE low 
and DSF high at the falling edge of RAS) 

A continuous serial write cannot be executed because ac
cessing SAM is inhibited during RAS low in write transfer. 
Split write transfer cycle makes it possible. In this cycle, 
tSTS (min), tRST (min), tesT (min) and tAST (min) timings 
must be satisfied like split read transfer cycle. And it is im
possible to switch SilO to input state in this cycle. If SilO IS 
in output state, pseudo transfer cycle should be executed to 
switch SilO into input state. Data transferred to SAM by 
read transfer cycle or split read transfer cycle can be written 
to other addresses of RAM by split write transfer cycle. 
However, pseudo transfer cycle must be executed before 
split write transfer cycle. And the MSB of row address (AXe) 
to write data must be the same as that of the read transfer 
cycle or the split read transfer cycle. 

Memo!), r'") a Array 

'" ::l AX8=1 a:l 
g 
~ 
<t: ~ en 

0089-7 

Figure 4. Block Diagram for Split Transfer 
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~-------.------~! 
--.t-tsTs(min)-1FtRsr(min) 

Address 
--r-----.J 

DT/OE 

DSF 

SC 127+YJ' 
(Yj) 

0089-8 

Figure 5. Limitation in Split Transfer 

• SAM Port Operation 
Serial Read Cycle 

SAM port is in read mode when the previous data trans
fer cycle is read transfer cycle. Access is synchronized with 
SC rising, and SAM data is output from SilO. When SE is 
set high, SilO becomes high impedance, and the internal 
pOinter is incremented by the SC rising. After indicating the 
last address (address 255), the internal pOinter indicates ad
dress 0 at the next access. 

Serial Write Cycle 

If previous data transfer cycle is pseudo transfer cycle or 
write transfer cycle, SAM port goes into write mode. In this 
cycle, SilO data is fetched into data register at the SC rising 
edge like in the serial read cycle. If SE is high, SilO data 
isn't fetched into data register. Internal pointer is increment
ed by the SC rising, so SE high can be used as mask data 
for SAM. After indicating the last address (address 255), the 
internal pointer indicates address 0 at the next access. 

• Refresh 
RAM Refresh 

RAM, which is composed of dynamic circuits, requires re
fresh to retain data. Refresh is executed by accessing all 
512 row addresses within 8 ms. There are three refresh cy
cles: (1) RAS only refresh cycle, (2) ~ before RAS (CSR) 
refresh cycle, and (3) Hidden refresh cycle. Sesides them, 
the cycles which activate RAS such as readlwrite cycles or 
transfer cycles can refresh the row address. Therefore, no 
refresh cycle is required when all row addresses are ac
cessed within 8 ms. 

(1) RAS Only Refresh Cycle: RAS only refresh cycle is exe
cuted by activating only RAS cycle with CAS fixed to 
high after inputting the row address (= refresh address) 
from external circuits. To distinguish this cycle from data 
transfer cycle, Di IDE must be high at the falling edge of 
RAS. 

(2) CSR Refresh Cycle: CSR refresh cycle is set by activat
ing CAS before RAS. In this cycle, refresh address need 
not to be input through external circuits because it is in-

put through an internal refresh counter. In this cycle, out
put is in high impedance and power dissipation is low
ered because CAS circuits don't operate. 

To distinguish this cycle from logic operation set/reset 
cycle, WE must be high at the falling edge of RAS. 

(3) Hidden Refresh Cycle: Hidden refresh cycle executes 
CSR refresh with the data output by reactivating RAS 
when DT ICE and ~ keep low in normal RAM read cy
cles. 

SAM Refresh 

SAM parts (data register, shift register and selector), or
ganized as fully static circuitry, require no refresh. 

• Logic Operation Mode 

The HM538123A supports logic operation capability on 
RAM port. It executes logic operation between the memory 
cell data and external input data in logic operation mode 
write cycle, and writes the result into the memory cell (read
modify-write). This function realizes high speed raster opera
tions and simplifies peripheral circuits for raster operations. 

Logic Operation Set/Reset Cycle (CAS low and WE low 
at the falling edge of RAS) 

In logic operation set/reset cycle, the following operations 
are executed at the same time; 1. Selection of logic opera
tions and logic operation mode set/reset, 2. Mask data pro
gramming, 3. CSR refresh. 

Figure 6 shows the timing for logic operation set/reset cy
cle. This cycle starts when CAS and WE are low at the fail
ing edge of RAS. In this cycle, logic operation codes and 
mask data are programmed by row address and lID pin re
spectively at the falling edge of RAS. When write cycle is 
executed after this cycle, the logic operation write cycle 
starts. I n the logic operation mode, the specification of cycle 
time is longer than that of normal mode because read-modi
fy-write cycle, which writes the operation result of external 
data and memory cell data into memory cell, is executed in
ternally. In this cycle, logic operation codes and mask data 
programmed are available until reprogrammed. Mask data is 
available only for one RAS cycle, in mask write cycle, mask 
block write cycle and flash write cycle. Here, the mask data 
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programmed in mask write cycle, mask block write cycle and 
flash write cycle is named as "temporary mask data" and 
the one programmed in logic operation set/reset cycle is 
named as "mask data". 

• Selection of Logic Operations and Logic Operation Mode 
Set/Reset 

Table 2 shows the logic operations. One operation is se
lected among sixteen ones by combinations of Ao-Aa levels 
at the falling edge of RAS. (AI-As are Don't care.) Logic 
operation codes (Aa.A2,A1,Ao) = (0,1,0,1 )(THROUGH) resets 

t RAS 

CAS \ L 

l09;i Code ·;0-.£\1 X 

WE \ L 

1/00-1107 X M"~ D,h 

X 

X 

HM538123A Series 

the logic operation mode. When write cycle is executed after 
that, normal write cycle starts. However, even in this case, 
mask data is still available. liD must be at high level at the 
falling edge of RAS in logic operation set/reset cycle when 
mask data is not used . 

• Mask Data Programming 

Highllow level of 110 at the falling edge of RAS functions 
as mask data. When 110 is high, the data is written in write 
cycle. When 110 is low, the input data is masked and the 
same memory cell data remains. Mask data, programmed in 

/ 
/ 

------ ._---

/ 

0089-9 

Figure 6. Logic Operation SetlReset 

• Table 2. Logic Code 

Logic Code 
Symbol Write Data Note 

A3 A2 Al Ao 
0 0 0 0 ZERO 0 

0 0 0 1 AND! Di·Mi 

0 0 1 0 AND2 Di.Mi Logic Operation Mode Set 

0 0 1 1 - Mi 

0 ! 0 0 AND3 Di·Mi 

0 1 0 1 TIfROUGH Di Logic Operation Mode Reset 

0 1 1 0 EOR Di.Mi + Di.Mi 

0 1 1 1 ORl Di+Mi 

1 0 0 0 NOR Di.Mi 

1 0 0 1 ENOR Di.Mi + Di.Mi 

1 0 1 0 INV! Di 

1 0 1 1 OR2 Di+Mi 
Logic Operation Mode Set 

1 1 0 0 INV2 Mi 

1 1 0 1 OR3 Di+Mi 

1 ! ! 0 NAND Di+Mi 

! ! ! ! ONE ! 

Note: Di: External Data-in. 
Mi: The data of the memory cell. 
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HM538123A Series 

this cycle, is available until reprogrammed. It is advanta
geous when the same mask data continues. 

Also, temporary mask data can be programmed by falling 
WE at the falling edge of RAS in logic operation mode cycle, 
after mask data is programmed. The temporary mask data is 
available only for one cycle. 

Logic operation 
set/reset cycle Write cycle 

RAS 

1--, 
1\ ('i'-) 

CAS "L" "H~ 

WE "L" "H" 

I/OO "H" "O"Wr1 te 

I10l "L" Masked 

I/02 "L" Masked / 

I/03 "H" "1 "Wri te 

Logic - ANDl 

Mask data are 

set to I/O 1 and 

Remarks 1/02. 

Logic (ode 

"AND1" is set. 

Logic operation is reset during temporary mask write cy
cle. It means that external input data is written into 1/0 
whose temporary mask data is 1. (See figure 7.) These func
tions are useful when RAM port is divided into frame buffer 
area and data area, as they save the need to reprogram log
ic operation codes and mask them. 

Write cycle Write cycle Write cycle 

/' / 

~ ~ "H" 

"L" 'H' r FLJ 
Masked "t"Wr1 te "O"Wrl te 

"1 "Write Masked Masked 

r\ "O"Write Masked Masked 

Masked "O"Write "1 "Wr, te 

THROUGH ANDl ANDl 

Temporary 

mask data is set, 

and valid only 

in this cycle. 

(1100 and 1/03 

are masked.) 

0089-10 

Figure 7. 2 Types of Mask Write Function and Logic Operation Function 
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Logic Operation Mode Write Cycle (Early Write, Delayed 
Write and Page Mode) 

Write cycle after logic operation set cycle is logic opera
tion mode write cycle. However, this mode is reset in block 
write, mask block write, flash write, and mask write cycle. In 
logic operation mode write cycle, the following read-modify
write operation is executed internally. 

(1) Reading memory cell data in given address into internal 
bus. 

I Read I-word source data I IL-________ -, __________ ~ 
I ,1/ 

I Read I-word destination data I 
~----------.-----------~ 

J 
I Execute logic operation between I 

source data and destination data 

l 
I Write the result of operation into I 

the destination address 

I 

(a) Normal Mode 
0089-11 

HM538123A Series 

(2) Executing operation between the data given in I/O pin 
and memory cell data. 

(3) Writing the result of (2) into address given by (1). 

Figure 8 shows the sequence of raster operation. Raster 
operation which needs 3 cycles (destination read, operation 
and destination write) in normal mode can be executed in 
one write cycle of logic operation mode. It makes raster op
eration faster and simplifies peripheral hardware for raster 
operation. 

I Execute lOgiC operation set/reset CYcle! 

I 

Read I-word source data 

Write the read data into the 
destination address 

(b) Logic Operation Mode 

I 

0089-12 

Figure 8. Sequence of Raster Operation 

• ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value Unit 

Terminal Voltage VT - 1.0 to + 7.0 V 

Power Supply Voltage Vee -0.5to +7.0 V 

Power Dissipation PT 1.0 W 

Operating Temperature Topr Oto +70 ·C 
Storage Temperature TstR - 55 to + 125 ·C 

Note: I. Relative to V ss . 

• ELECTRICAL CHARACTERISTICS 
• Recommended DC Operating Conditions (T A = 0 to + 70·C) 

Parameter Symbol 

Supply Voltage Vee 

Input High Voltage VlH 

Input Low Voltage VIL 

Notes: I. All voltages referenced to V ss. 
2. - 3.0V for pulse width :S 10 ns. 

Min Typ 

4.5 5.0 

2.4 -
-0.5 -

o HITACHI 

Note 

1 

1 

Max Unit Note 

5.5 V I 

6.5 V 1 

0.8 V 1,2 
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HM538123A Series ------------------------------

• DC Electrical Characteristics (TA = 0 to +70·C, Vee = 5V ±10%, Vss = OV) 

HM538123A-8 HM538123A-1O Test Conditions 
Parameter Symbol Unit Note 

Min Max Min Max RAM Port SAM Port 

ICCI - 65 - 50 mA RAS, CAS SC = VIL, SE = VIR 
Operating 

Cycling SE = VIL, SC Cycling Cnrrent ICC7 115 100 mA - - tRC = Min tscc = Min 

ICC2 - 7 - 7 mA SC = VIL, SE = VIR 
Standby 

RAS, CAS = VIR SE = V IL, SC Cycling Current ICC8 50 50 mA - -
tscc = Min 

RASOnly ICC3 - 65 - 50 mA RASCyciing SC = VIL, SE = VIR 
Refresh CAS = VIR SE = V IL, SC Cycling 
Current ICC9 - 115 - 100 rnA tRC = Min tscc = Min 

ICC4 - 70 - 65 mA CAS Cycling SC = VIL, SE = VIR 
Page Mode 

RAS = VIL SE = V IL, SC Cycling Current IcCIO 120 115 mA - - tpc = Min tscc = Min 

CAS Before Iccs - 55 - 40 mA 
RASCyciing 

SC = VIL, SE = VIR 
RAS Refresh SE = VIL, SC Cycling 
Current ICCll - 105 - 90 mA tRC = Min 

tscc = Min 

Data ICC6 - 75 - 60 rnA RAS,CAS SC = VIL, SE = VIR 
Transfer Cycling SE = VIL, SC Cycling 
Current ICCl2 - 125 - 110 mA tRC = Min tscc = Min 

Input Leakage 
ILl -10 10 -10 10 p.A Current 

Output Leakage 
ILO -10 10 -10 10 p.A Current 

Output High 
VOR 2.4 - 2.4 - V lOR = -2rnA Voltage 

Output Low 
VOL - 0.4 - 0.4 V IOL = 4.2 rnA Voltage 

Note: I. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition. 

• Ca~acitance (TA = 25·C, Vee = 5V, f = 1 MHz, Bias: Clock, I/O = Vee, Address = Vss) 

Parameter Symbol Min Typ Max Unit 

Address Cll - - 5 pF 

Clock Cl2 - - 5 pF 

I10, SIlO, QSF CliO - - 7 pF 
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• AC Characteristics (TA = 0 to +70"C, Vee = 5V ±10%, Vss = OV)1, 16 
Test Conditions 

Input Rise and Fall Time 
Output Load 
Input Timing Reference Levels 
Output Timing Reference Levels 

I10 

Output Load (A) 

I oH =-2mA 

~OL =4. 2mA. 

Note: * I. Including scope and jig. 

Common Parameter 

Parameter 

Random Read or Write Cycle Time 

RAS Precharge Time 

RAS Pulse Width 

CAS Pulse Width 

Row Address Setup Time 

Row Address Hold Time 

Column Address Setup Time 

Column Address Hold Time 

RAS to CAS Delay Time 

RAS Hold Time Referenced to CAS 

CAS Hold Time Referenced to RAS 

CAS to RAS Precharge Time 

Transition Time (Rise to Fall) 

Refresh Period 

DT to RAS Setup Time 

DT to RAS Hold Time 

DSF to RAS Setup Time 

DSF to RAS Hold Time 

DSF to CAS Setup Time 

DSF to CAS Hold Time 

Data-in to CAS Delay Time 

Data-in to OE Delay Time 

Output Buffer Tum-off Delay 
Referenced to CAS 

Output Buffer Tum-off Delay 
Referenced to OE 

+5V 

Symbol 

tRC 

tRP 

tRAS 

tCAS 

tASR 

tRAH 

tASC 

tCAH 

tRCD 

tRSH 

tCSH 

tcRP 

tT 

tREP 

tDTS 

tDTH 

tpSR 

tRPH 

tpsc 

tcPH 

tDZC 

tDZO 

!oPPl 

tOPP2 

5 ns 
See figures 
O.8V,2.4V 
0.4V,2.4V 

0089-13 

HM538123A·8 

Min Max 

150 -

60 -
80 10000 

20 -

0 -

10 -

0 -
15 -

20 60 

20 -

80 -

10 -
3 50 

- 8 

0 -

10 -

0 -

10 -

0 -

15 -

0 -
0 -

- 20 

- 20 

~HITACHI 

Output Load (B) 

I oH =-2mA 

IOL =4. 2mA 
• SIlO 

HM538123A·1O 

Min Max 

190 -

80 -

100 10000 

25 -

0 -

15 -

0 -

20 -

25 75 

25 -

100 -
10 -

3 50 

- 8 

0 -

15 -
0 -

15 -

0 -

20 -

0 -

0 -

- 25 

- 25 

HM538123A Series 

+5V 

0089-14 

Unit Note 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 2 

ns 

ns 

ns 

ns 3 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 4 

ns 4 

ns 5 

ns 5 
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HM538123A Series 

Read Cycle (RAM), Page Mode Read Cycle 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 ns 6,7 

Access Time from CAS tCAC - 20 - 25 ns 7,8 

Access Time from OE tOAC - 20 - 25 ns 7 

Address Access Time tAA - 40 - 45 ns 7,9 

Read Command Setup Time tRCS 0 - 0 - ns 

Read Command Hold Time tRCH 0 - 0 - ns 10 

Read Command Hold Time 
tRRH 10 10 10 Referenced to RAS - - ns 

RAS to Column Address Delay Time tRAO 15 40 20 55 ns 2 

Column Address to RAS Lead Time tRAL 40 - 45 - ns 

Column Address to CAS Lead Time tCAL 40 - 45 - ns 

Page Mode Cycle Time tpc 50 - 55 - ns 

CAS Precharge Time tcp 10 - 10 - ns 

Access Time from CAS Precharge tACP - 45 - 50 ns 

Page Mode RAS Pulse Width tRASP 80 100000 100 100000 ns 

Write Cycle (RAM), Page Mode Write Cycle, Color Register Set Cycle 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Write Command Setup Time twcs 0 - 0 - ns 11 

Write Command Hold Time tWCH 15 - 20 - ns 

Write Command Pulse Width twp 15 - 20 - ns 

Write Command to RAS Lead Time tRWL 20 - 25 - ns 

Write Command to CAS Lead Time tcwL 20 - 25 - ns 

Data-in Setup Time tos 0 - 0 - ns 12 

Data-in Hold Time tOH 15 - 20 - ns 12 

WE to RAS Setup Time tws 0 - 0 - ns 

WE to RAS Hold Time tWH 10 - 15 - ns 

Mask Data to RAS Setup Time tMS 0 - 0 - ns 

Mask Data to RAS Hold Time tMH 10 - 15 - ns 

OE Hold Time Referenced to WE toEH 20 - 25 - ns 

Page Mode Cycle Time tpc 50 - 55 - ns 

CAS Precharge Time tcp 10 - 10 - ns 

CAS to Data-in Delay Time tcoo 20 - 25 - ns 13 

Page Mode RAS Pulse Width tRASP 80 100000 100 100000 ns 

Read-Modify-Write Cycle 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Read-Modify-Write Cycle Time tRWC 200 - 250 - ns 

RAS Pulse Width 
tRWS 130 10000 160 10000 (Read-Modify-Write Cycle) ns 

CAS to WE Delay Time tcwo 45 - 55 - ns 14 

Column Address to WE Delay Time tAWO 65 - 75 - ns 14 

OE to Data-in Delay Time tO~~ 20 - 25 - ns 12 
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HM538123A Series 

Read-Modify-Write Cycle (continued) 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Access Time from RAS tRAC - 80 - 100 ns 6,7 

Access Time from CAS tCAC - 20 - 25 ns 7,8 

Access Time from OE toAC - 20 - 25 ns 7 

Address Access Time tAA - 40 - 45 ns 7,9 

RAS to Column Address Delay Time tRAD 15 40 20 55 ns 

Read Command Setup Time tRCS 0 - 0 - ns 

Write Command to RAS Lead Time tRwL 20 - 25 - ns 

Write Command to CAS Lead Time tcwL 20 - 25 - ns 

Write Command Pulse Width twp 15 - 20 - ns 

Data-in Setup Time tDS 0 - 0 - ns 12 

Data-in Hold Time tDH 15 - 20 - ns 12 

OE Hold Time Referenced to WE tOEH 20 - 25 - ns 

Refresh Cycle 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - ns (CAS Before RAS Refresh) 

CAS Hold Time 
tCHR 15 20 (CAS Before RAS Refresh) - - ns 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - ns 

Flash Write Cycle, Block Write Cycle 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

CAS to Data-in Delay Time tCDD 20 - 25 - ns 13 

OE to Data-in Delay Time tODD 20 - 25 - ns 13 

Read Transfer Cycle 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

DT Hold Time Referenced to RAS tRDH 70 10000 90 10000 ns 

DT Hold Time Referenced to CAS tCDH 20 - 25 - ns 

DT Hold Time Referenced to Column Address tADH 30 - 35 - ns 

DT Precharge Time tDTP 40 - 45 - ns 

DT to RAS Delay Time tDRD 70 - 90 - ns 

SC to RAS Setup Time tSRS 30 - 30 - ns 

1st SC to RAS Hold Time tSRH 85 - 105 - ns 

1st SC to CAS Hold Time tSCH 30 - 35 - ns 

1st SC to Column Address Hold Time tSAH 50 - 55 - ns 

Last SC to DT Delay Time tSDD 5 - 5 - ns 

1st SC to DT Hold Time tSDH 15 - 15 - ns 
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HM538123A Series 

Read Transfer Cycle (continued) 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

RAS to QSF Delay Time tROD - 95 - 115 ns 15 

CAS to QSF Delay Time tcoD - 35 - 40 ns 15 

DT to QSF Delay Time tDOD - 25 - 30 ns 15 

QSF Hold Time Referenced to RAS tRQH 20 - 25 - ns 

QSF Hold Time Referenced to CAS tcQH 5 - 5 - ns 

QSF Hold Time Referenced to DT tDOH 5 - 5 - ns 

Serial Data-in to 1st SC Delay Time tszs 0 - 0 - ns 

Serial Clock Cycle Time tsec 30 - 30 - ns 

SC Pulse Width tsc 10 - 10 - ns 

SC Precharge Time tSCP 10 - 10 - ns 

SC Access Time tSCA - 25 - 25 ns 15 

Serial Data-out Hold Time tSOH 5 - 5 - ns 

Serial Data-in Setup Time tSIS 0 - 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - ns 

RAS to Column Address Delay Time tRAD 15 40 20 55 ns 

Column Address to RAS Lead Time tRAL 40 - 45 - ns 

RAS Precharge to DT High Hold Time tDTHH 25 - 30 - ns 

Pseudo Transfer Cycle, Write Transfer Cycle 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

SE Setup Time Referenced to RAS tES 0 - 0 - ns 

SE Hold Time Referenced to RAS tEH 10 - 15 - ns 

SC Setup Time Referenced to RAS tSRS 30 - 30 - ns 

RAS to SC Delay Time tSRD 25 - 25 - ns 

Serial Output Buffer Turn-off Time 
tSRZ 10 45 10 50 ns 

Referenced to RAS 

RAS to Serial Data-in Delay Time tSID 45 - 50 - ns 

RAS to QSF Delay Time tRQD - 95 - 115 ns 15 

CAS to QSF Delay Time tCQD - 35 - 40 ns 15 

QSF Hold Time Referenced to RAS tROH 20 - 25 - ns 

QSF Hold Time Referenced to CAS tCOH 5 - 5 - ns 

Serial Clock Cycle Time tsec 30 - 30 - ns 

SC Pulse Width tsc 10 - 10 - ns 

SC Precharge Time tscp 10 - 10 - ns 

SC Access Time tSCA - 25 - 25 ns 15 

SE Access Time tSEA - 25 - 25 ns 15 

Seria1 Data-out Hold Time tSOH 5 - 5 - ns 

Seria1 Write Enable Setup Time tsws 5 - 5 - ns 

Serial Data-in Setup Time tSIS 0 - 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - ns 

• HITACHI 
1236 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HM538123A Series 

Split Read Transfer Cycle, Split Write Transfer Cycle 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Split Transfer Setup Time tSTS 20 - 25 - ns 

Split Transfer Hold Time 
tRST 80 - 100 - ns Referenced to RAS 

Split Transfer Hold Time 
tCST 20 - 25 - ns 

Referenced to CAS 

Split Transfer Hold Time 
tAST 40 - 45 - ns 

Referenced to Column Address 

SC to QSF Delay Time tSOD - 25 - 30 ns 15 

QSF Hold Time Referenced to SC tSOH 5 - 5 - ns 

Serial Clock Cycle Time tscc 30 - 30 - ns 

SC Pulse Width tsc 10 - 10 - ns 

SC Precharge Time tscp 10 - 10 - ns 

SC Access Time tSCA - 25 - 25 ns 15 

Serial Data-out Hold Time tSOH 5 - 5 - ns 

Serial Data-in Setup Time tSIS 0 - 0 - ns 

Serial Data-in Hold Time tSIH 15 - 20 - ns 

RAS to Column Address Delay Time tRAD 15 40 20 55 ns 

Column Address to RAS Lead Time tRAL 40 - 45 - ns 

Serial Read Cycle, Serial Write Cycle 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

Serial Clock Cycle Time tscc 30 - 30 - ns 

SC Pulse Width tsc 10 - 10 - ns 

SC Precharge Width tscp 10 - 10 - ns 

Access Time from SC tSCA - 25 - 25 ns 15 

Access Time from SE tSEA - 25 - 25 ns 15 

Serial Data-out Hold Time tSOH 5 - 5 - ns 

Serial Output Buffer Turn-off 
tSEZ - 20 - 25 ns 5 

Time Referenced to SE 
Serial Data-in Setup Time tSIS 0 - 0 - ns 

Serial Data-in Hold time tSIH 15 - 20 - ns 

Serial Write Enable Setup Time tsws 5 - 5 - ns 

Serial Write Enable Hold Time tSWH 15 - 20 - ns 

Serial Write Disable Setup Time tswIS 5 - 5 - ns 

Serial Write Disable Hold Time tswIH 15 - 20 - ns 

Logic Operation Mode 

HM538123A-8 HM538123A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

CAS Setup Time 
tCSR 10 - 10 - ns 

(CAS Before RAS) 

CAS Hold Time 
tCHR 15 20 (CAS Before RAS) - - ns 
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Logic Operation Mode (continued) 

HM538l23A-8 HM538l23A-1O 
Parameter Symbol Unit Note 

Min Max Min Max 

RAS Precharge to CAS Hold Time tRPC 10 - 10 - ns 

Write Cycle Time tFRC 170 - 215 - ns 

RAS Pulse Width tFRS 100 10000 125 10000 ns 

Page Mode Cycle Time tFPC 70 - 80 - ns 

CAS Pulse Width tFCS 40 - 50 - ns 

RAS Hold Time Referenced to CAS tFRSH 40 - 50 - ns 

CAS Hold Time Referenced to RAS tFCSH 100 - 125 - ns 

Column Address to RAS Lead Time tFRA 60 - 70 - ns 

Column Address to CAS Lead Time tFCA 60 - 70 - ns 

RAS to Column Address Delay Time tRAD 15 40 20 55 ns 

Write Command Setup Time twcs 0 - 0 - ns 

Write Command Hold Time tWCH 15 - 20 - ns 

Write Command Pulse Width twp 15 - 20 - ns 

Write Command to RAS Lead Time tRWL 20 - 25 - ns 

Write Command to CAS Lead Time tcwL 20 - 25 - ns 

Data-in Setup Time tDS 0 - 0 - ns 12 

Data-in Hold Time tDH 15 - 20 - ns 12 

WE to RAS Setup Time tws 0 - 0 - ns 

WE to RAS Hold Time tWH 10 - 15 - ns 

Mask Data to RAS Setup Time tMS 0 - 0 - ns 

Mask Data to RAS Hold Time tMH 10 - 15 - ns 

OE Hold Time Referenced to WE tDEH 20 - 25 - ns 

CAS Precharge Time tcp 10 - 10 - ns 

Notes: I. AC measurements assume tT = 5 ns. 
2. When tRCD > tRCD (max) or tRAD > tRAD (max), access time is specified by tCAC or tAA' 
3. V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Transition time tT is measured between 

VIH and VIL' 

1238 

4. Data input must be floating before output buffer is turned on. In read cycle, read-modify-write cycle and delayed write 
cycle, either tDZC (min) or tDZO (min) must be satisfied. 

5. tOFFl (max), tOFF2 (max) and tSEZ (max) are defined as the time at which the output achieves the open circuit condition 
(VOH - 200 mY, VOL + 200 mY). 

6. Assume that tRCD :$ tRCD (max) and tRAD :$ tRAD (max). If tRCD or tRAD is greater than the maximum recommended 
value shown in this table, tRAC exceeds the value shown. 

7. Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
8. When tRCD ~ tRCD (max) and tRAD :$ tRAD (max), access time is specified by tCAC' 
9. When tRCD :$ tRCD (max) and tRAD ~ tRAD (max), access time is specified by tAA' 

10. If either tRCH or tRRH is satisfied, operation is guaranteed. 
II. When twcs ~ twcs (min), the cycle is an early write cycle, and 1/0 pins remain in an open circuit (high impedance) 

conditiou. 
12. These parameters are specified by the later falling edge of CAS or WE. 
13. Either tCDD (min) or tODD (min) must be satisfied because output buffer must be turned off by CAS or OE prior to 

applying data to the device when output buffer is on. 
14. When tAWD ~ tAWD (min) and tCWD ~ tcwD (min) in read-modify-write cycle, the data of the selected address outputs 

to an I/O pin and input data is written into the selected address. toDD (min) must be satisfied because output buffer must 
be turned off by OE prior to applying data to the device. 

15. Measured with a load circuit equivalent to 2 TTL loads and 50 pF. 
16. After power-up, pause for 100 J.!s or more and execute at least 8 initialization cycles (normal memory cycle or refresh cycle), 

then start operation. 
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• 'TIMING WAVEFORMS 
• Read Cycle 

III-___ ..!!::: 1.=*I+---:-:-:-:=.:!tA~~· ~,D-+I I to tRAC--+ tOFF 1 ,.-----------,., 

I/O -----1f---------1~---=~t===~~~~~===t_t-------(Output) Val id Dout I 
I/O ~1I1i"lIilf-_t=O:lC~~-it-__ i~~tt=O=AC~~ ______________ -f~~OF~F!:'~~lIilllll 
(Input) ~ 

OL, k-tolO-+! 
~tOTS-l i-tOTH----tj 

~ 
DSF 

II1II : Don't care 

• Early Write Cycle 

tRC tRAS 

tCSH 
tRCO~ 

I/O High-Z 
(Output)---It-------j+------~~.:.-=.---------

I/O ~~~~~};~~~~JlIIIIIIIIIIIIIIIIIIIIIIIIII~1I (Input) ~ 

OT/DE 

OSF 
'It~ 
~i!!!jl;!~ 

~ Oonlt care 

0089-15 

0089-16 

Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538123A Series 

• Delayed Write Cycle 

tRe 
tRAS 

tesH 
tReo----tt---tRSH 

teAs 

I/O 
(Output)---+t------If-~i---tt-------------

I/O 
( Input) 

DSF 
t
e'1m-tt_ ;;~;;;;;;;;::: = 

.:Don't care 
0089-17 

Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low . 

• Read-Modify-Write Cycle 

tRWS 

I/O -~~1t-----l~--~-1~~~---~-------(Output) 

I/O ~~~~~)@~~1t-f--=~~~~~~C~~~~Ii~liii (Input) ~ 

DSF 

~: Don't care 
0089-18 

Note: '1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low . 
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HM538123A Series 

• Page Mode Read Cycle 

I/O 
(Output) 

OSF 

• Page Mode Write Cycle (Early Write) 

WE 

loe 

iii: Don't care 

loe 
tRAS 

I/O 
(Output)--tt-----H------+l--~=::......-+l-----------

I/O 
( Input) 

DT/DE 

DSF 

£m] Don I t care 

0089-19 

0089-20 

Note: *1. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 
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HM538123A Series 

• Page Mode Write Cycle (Delayed Write) 

WE 
I/O 
(Output) 

I/O 
( Input) 

OT/CE 

DSF 

III : Don't care 
0089-21 

Note: * I. This cycle becomes a normal mode write cycle when WE is high and a mask write cycle when WE is low. 

• RAS Only Refresh Cycle 

1242 

tRC 
tRAS 

Address 

I/O 9111t1~~~----------------------------------------(Output)13I: 

I/O 
(Input) 

OSF 

g:Don't care 

~HITACHI 
Hitachi America, Ltd .• Hitachi Plaza. 2000 Sierra Point Pkwy.· Brisbane, CA 94005-1819· (415) 589-8300 

0089-22 



HM538123A Series 

• CAS Before RASi, Refresh Cycle 

CAS,-

I/O ~IIIIII~~ __________ ~~~ ______________________ __ 
(output):j!i 

en/fir' @iOOJi'jmM'mlm!Wlrum!i@jm~61m 

DSF. 

mil : Don't care 

• Hidden Refresh CYII:le 

RAS 

CAS 

Addres's 

W 

I/O 
(Output) 

I/O 
( Input) « 

of/DE 

DSF 

~,Don't care 

~HITACHI 

0089-23 

0089-24 

Hitachi America, Ltd .• Hitachi Plaza· 2000 Sierra Point Pkwy .• Brisbane, CA 94005-1819· (415) 589·8300 1243 



HM538123A Series 

• Color Register Set Cycle (Early Write) 

III : Don't care 

• Color Register Set Cycle (Delayed Write) 

'RC -1-lRP---

tCRP---+ tCSH 
tRSH----t 

teAs 

tws+ 

I/O 
(Output)--------tr------------------~--~~~-------------

I/O 
( Input) 

DT/DE 

DSF 

~: Doni t care 
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HM538123A Series 

• Color Register Read Cycle 

tRAS 

I/O -------~=====:~4===~=={=====~~~~====J_~-----(Output) 

DSF 

• Flash Write Cycle 

Address 

I/O 
(Output) 

I/O 
(Input) 

DT/or 

OSF 

iii: Don't care 

tRC '~. tRP~l tRAS 

; "---
i'--tCRP----+ it--tRCO-->i 

mmwr t~SR 
if--+ tRAH .... 1 

<--"Row ~~ 
.r'ws .. 1 f;-twH-;1 

~, 

I , 

'~I tOFFt High-Z 

tOFFZ~--t if tHS t-tMH-+1 

~' 
Mask Data 

i'--tOTS----+j l+'oTH .... 1 

wmv ~I 
, 

lRFH-t~ 

~ ~:::~ 
m: Don't care 

.HITACHI 
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HM538123A Series 

• Block Write Cycle 

Address 

tRAS 

I/O ~1I~1i~-+ ____ it ________ ~~ ____ ~H~i~9h~-~Z ______________ __ 
(Output)!;! 

I/O 
(Input) 

OT/Of 

DSF 

~. Oon1t care 
0089-29 

Note: * 1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low . 

• Page Mode Block Write Cycle 

1(0 
(Output) 

1(0 
( Input) 

DSF 

tRAS 

' ... :<:~::: ~;;:. : 

• ":> 

iIIl : Don't care 
0089-30 

Note: *1. This cycle becomes a normal block write cycle when WE is high and a mask block write cycle when WE is low. 
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HM538123A Series 

• Read Transfer Cycle (1) 

tRAl 

Address 

I/O High-Z 
(Output)--------~~~--+---~I-------t-cD-H----~~I~~----~~------------r-----

tAOH I I+---------f_ 

DT/OE 
lROH '11-________ +.========= 

DSF 

SC 

SIlO 
(I nput) 

QSF*' 

QSF*' 

~: Don't care 
0089-31 

Notes: * 1. This QSF timing is referred when SC is risen once or more between the previous transfer cycle and CAS falling 
edge of this cycle (QSF is switched by DT rising). 

*2. This QSF timing is referred when SC isn't risen between the previous transfer cycle and CAS falling edge of this 
cycle (QSF is switched by RAS or CAS falling). 
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HM538123A Series 

• Read Transfer Cycle (2) 

tRC FtRP=L tRAS 

RAS 
tCR? 

CAS 

tRAL 

Address 

WE 

I/O High-Z 
(Output) tuil:O----1 

OT /OE 

OSF 

SC 

51/0 
(Output) 

SI/O 
(I nput) 

, ., 
lCQH---t 

teQo 

tRQD 

QSF SAM Address MSB 

0089-32 
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HM538123A Series 

• Pseudo Transh!r Cycle 

tRC 
tRAS 

tCSH- II 'II<-tc .. --+i'--
tCAs __ tR~ ______ ~ -+11 

Ir-------

.; ....... . 

I/O __ ~_~ ___ -1+-____ ~H~ig~h_-Z~ __ ~ ______ _ 
(Output) 

OT /OE 

DSF 

sc 

tS1o--t1 

~ti.¥~~:·· 'X" SliD 
( Input) 

QSF 

~: Don't care 
0089-33 
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HM538123A Series 

• Write Transfer Cycle 

I/O 
(Output) 

DT/BE 

DSF 

SC 

51/0 
(Output) 

SIlO 
( Input) 

QSF 

t'e 
tRAS 

.-: ... . ?:!:~:::? . 
High-Z 

... " 

!mil: Don't care 
0089-34 L-____________________________________________________________ _ 
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HM538123A Series 

• Split Read Transfer Cycle 

Address . ·X 

WE . ' "~ W 

110 
(Output) 

High-Z 

DTIDE .:', 

DSF 
..... >. 

tesT 

Low tRST 

Sf 

SC 

5110 
(Output) 

SIlO 
( Input) 

QSF SAM Addres s MSB 

!iiIiI : Don't care 
0069-35 

Note: * 1. If the next transfer cycle after read transfer cycle is split read transfer cycle, one or more access to SC are required 
betweeu read trausfer cycle and split read transfer cycle. 
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HM538123A Series 

• Split Write Transfer Cycle 

lRC 1 
RAS 

CAS 

lRAS ---+1 t!=:tRP---;' 

11====---' ----f ~ 
~tCSH -"5" .1 ~I 

m;mmm:---tt-_t_R..:.CO,--_~I{-----t(,\' .. ----- ~Il--------

Address 

WE 

I/O 
(Output) '., 

High-Z 

DT/or 
0';.' 

DSF 

'csr---> 

sr Low 

SC 

51/0 
(Output) 

5110 
(Input) 

QSF SAM Address "ISB 

tiiil :Don't care 
0089-36 
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HM538123A Series 

• Serial Read Cycle 

• Serial Write Cycle 

iii: Don't care 

• Logic Operation Set/Reset Cycle 

tRP tRAS 
tRC 

I tRP 

-i'""11"'"~ 
y 1'-

+-tcHR--+I. rtCRP--+ 

~Inhlblt Falhng TranSitIon ?~ 

Address 

1/0 
(Output) 

~ ~ 
Log Ie Coda 

~~ ~I, " ' 

High-Z 
lMS lMH 
~~I 

" '" 1\~put) ~Mask Data~1:_~_ 

DSF 
....... 

~HITACHI 
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HM538123A Series 

• Logie Operation Mode Early Write Cycle 

Address 

OSF 

~==============~~====:tf~R~C::======~~====~~====~·1 11 tFRS ) I'!===tR?----t 

tWCH 

f 1 

tCR?--tI~ 
• 

::::. 
High-Z 

d:tfSR-t tRFHlw-tfSC-t' ...... _g£.iij;:;:;:;:q 

~:Donlt care 
0089-40 

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 

• Logic Operation Mode Delayed Write Cycle 

lfRC 
tFRS 

lFCSH 

Address 

liE 
I/O 
(Output)---:-:---:-~---:------t-l---:---It---:-----..:.:..:."'-.::------

I/O 
( Input) 

OT /OE 

OSF 

1M . Don't care 
0089-41 

Note: *1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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• Logic Operation Mode Page Mode Write Cycle (Early Write) 

Address 

I/O 
(Output) 

I/O 
( Input) 

Ol/or 

DSF 

tFRC 
tFRS 

""""'"--" 

HM538123A Series 

!mil : Don't care 

0089-42 

Note: * I. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 

• Logic Operation Mode Page Mode Write Cycle (Delayed Write) 

WE 

I/O 
(Output) 

I/O 
( Input) 

OSF 

m: DonI t care 
0089-43 

Note: * I. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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HM538123A Series 

• Logic Operation Mode Read-Modify-Write Cycle 

tFRC 
'FRS 

'FCSH 
'FRSH 

tFCS 

DSF at""",-'F_SR_-+ __ , '_RF_H...;-+kl .... ·"'· '-'F_SC_---'I'CFH 

l1li: Don't care 
0089-44 

Note: .1. When WE is high, this cycle enters a logic operation mode. When WE is low, logic operation mode is reset, and a 
temporary mask write cycle starts. 
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