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President's Message January 1988 

Dear Customer, 

Catalyst Semiconductor is a company founded in 1985, whose objective is to 
provide innovative solutions to integrated circuits utilizing non-volatile memory. 

Our long term strategic alliances with major semiconductor manufacturers give us 
the credibility and stability to offer quality products at competitive prices in high 
volumes. We maintain strict quality controls over our foundries to guarantee the 
high quality and reliability of our products. 

Our worldwide sales, marketing, and applications network is committed to support 
your requirements. Our pledge is to be partners in innovation with our customers. 
It is our charter to be leaders in new product design and introductions. 

B.K. Marya 

President & Chairman 
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LIFE RELATED POLICY 

In situations where semiconductor component 
failure may endanger life, system designers using 
this product should design the system with ap
propriate error detection and correction, redundan
cy and back-up features to prevent such an 
occurrence. 

Catalyst Semiconductor's products are not 
authorized for use as critical components in life sup
port devices or systems. 

1. Life support devices or systems are devices or 
systems which, (a) are intended for surgical implant 
into the body, or (b) support or sustain life, and 
whose failure to perform, when properly used in ac
cordance with instructions for use provided in the 
labeling, can be reasonably expected to result in a 
significant injury to the user. 

2. A critical component is any component of a life 
support device or system whose failure to perform 
can be reasonably expected to cause the failure of 
the life support device or system, or to affect its 
safety or effectiveness. 

II 

LIMITED WARRANTY 

Devices sold by Catalyst Semiconductor, Inc. are 
covered by the warranty and patent indemnification 
provisions appearing in its Terms of Sale only. 
Catalyst Semiconductor, Inc. makes no warranty, 
express, statutory, implied, or by description, 
regarding the information set forth herein or regard
ing the freedom of the described devices from 
patent infringement. 

Catalyst Semiconductor, Inc. makes no warranty of 
merchantability or fitness for any purpose. Catalyst 
Semiconductor, Inc. reserves the right to discon
tinue production and change specifications and 
prices at any time and without notice. Catalyst 
Semiconductor, Inc. assumes no responsibility for 
the use of any circuitry other than circuitry embodied 
in a Catalyst Semiconductor, Inc. product. No other 
circuits, patents, licenses are implied. 
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CATALYST SEMICONDUCTOR PRODUCT FAMILY 

l l l l l l 
NVRAMs EEPROMs EPROMs SRAMs MICROCOMPUTERs ASEED™ 

I I I I I I 
Parallel Serial OTPs CMOS SMART CARD CUSTOM 

MICROCOMPUTERs 

CAT22C10 /I CAT93C46 CAT2764A CAT71C88 CAT62C580 8-BIT MICROs 

CAT22C12 /I CAT93C46I CAT27128A CAT71C256 CAT62C780 Parallel & Serial 

CAT59C11 CAT27256 CAT71C256L EE CORES 

CAT59C11A CAT27512 EPROM ARRAYS 

CAT59C11I SRAMCELLS 
l l RF/ANALOG CAT35C102 

Serial 
CAT35C202 

CMOS LOGIC 

CAT24C44 II 
CAT35C104 

CAT27C210 
l CAT27HC256 

Parallel 

CA T28C 16A /I 
CAT28C17A /I 
CAT28C64A 

CAT28C256 

ASEED TM indicates application-specific EE devices. 

The ' II' indicates industrial temperature range parts. 

IV 
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CATALYST RELIABILITY AND QUALITY ASSURANCE 

A commitment to outstanding Quality and Reliability 
is an integral part of the Catalyst corporate policy. 
This is embodied in a comprehensive quality 
program which is extensively documented and 
structured to meet the highest standards of the most 
discriminating customer. This program assures 
quality at all phases of the production process and 
provides for the prevention and ready detection of 
discrepancies and for timely and positive corrective 
action. The quality and reliability programs utilized 
at Catalyst can be divided into the following areas: 

1) Design-in quality and reliability 

2) Document Control 

3) Incoming inspection 

4) Material Traceability 

5) In-Line Inspection 

6) Subcontractor Control 

7) Comprehensive qualification programs 

8) Ongoing monitors 

9) Thorough production testing 

10) Continued quality and reliability improvement 

11) Customer Service 

By definition, quality is conformance to specifica
tion, whether process or procedures, electrical or 
mechanical, customer or Catalyst Semiconductor, 
Inc. Similarly, reliability is continued conformance 
to specification. Therefore, it is necessary for the 
Quality and Reliability group to be involved in all 
phases of the design and manufacturing process. 

1) Designed in Quality and Reliability 

The Catalyst Q/R program begins at the process 
design as well as circuit design level. 

VI 

For example: 

Parametric margins for device operations are 
above and beyond those necessary to simply meet 
specification. 

Special attention is paid to electrostatic dis
charge protection (ESD). Every pin is designed to 
withstand 2000V minimum (Human Body model). 

Attention is also paid to layout and process 
sensitive problems such as CMOS latch-up. Every 
device must meet rigid standards and test condi
tions well beyond those anticipated in normal 
operation. 

Reliability failure rate and process parameter 
requirements for qualification are clearly docu
mented for all products at or prior to product con
ception thereby helping to assure the highest 
standards of quality and reliability. These stand
ards must be demonstrated at qualification. The in
volvement of quality and reliability personnel as part 
of the development team assures that a product 
manufactured under state-of-the-art technology will 
continue to be a useful product well into the future. 

2) Document Control 

The document control group maintains control over 
all manufacturing specifications, lot travelers, 
procurement specification and drawings, reticle 
tapes, and test programs. 

They also are charged with the generation and 
translation of customer specification requirements 
into Catalyst internal travelers, specifications, and 
procedures. 

Any and all changes to specifications are subject to 
approval by Engineering and Manufacturing 
managers. 

See Fig. 1 block diagrams on document control. 
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RELIABILITY AND QUALITY 

3) Incoming Inspection 

For all purchased materials the manufacturer is re
quired to maintain a high product quality level. The 
manufacturer's facility must also meet the require
ments of Catalyst QC and is subject to periodic 
audit to verify that the manufacturer is following the 
required quality procedures and keeping proper 
records. All manufacturers must be qualified before 
their aterials may be used in production. 

Incoming inspection is performed on each lot of 
material, with the individual purchasing specification 
for that material as a standard to determine defec
tive mataerial. Those lots that do not meet the stand
ard are rejected and returned to the manufacturer. 
The manufacturer must then analyze and report on 
the failures, stating what corrective action is being 
performed to correct the problem. Those actions are 
reviewed by Catalyst and, upon approval, are ac
cepted by Catalyst for implementation by the 
manufacturer. 

4) Material Traceability 

Catalyst maintains a complete history of production 
lots, from incoming to outgoing inspection. Incom
ing material is inspected and assigned a lot number 
that is referenced on production travelers thereby 
identifying that material throughout the production 
process. In addition, all assembled units are marked 
with a lot number which provides the neccessary 
traceability to determine any information about 
the history of the component or any material used 
to build that component. 

5) In-Line Inspection 

Manufacturing facilities used to build Catalyst 
products are carefully monitored and audited for 
adequate QC and QA procedures and methods. 

Among the myriad of process and quality control 
procedures that must be in operation the following 
is a sample: 

- Incoming inspection of all materials such as 
chemicals, wafers, masks, and piece parts. 

- Vendor qualification and monitoring data. 

VII 

- Calibration and maintenance procedures of fab 
and test equipment. 

- Environmental controls over temperature, rela
tive humidity, particle content in clean air facilities, 
wafer resistivity and bacteria content in deionized 
water. 

- Training procedures for operators. - Process 
monitor procedures, frequency and sampling plans. 

- X and R charts and evidence of corrective ac
tion response capability. 

Experience has proven that such close control of 
operators, equipment, and environment is highly ef
fective towards improved quality and increased 
yields. 

Fig. 2 shows typical inprocess QC flows utilized by 
Catalyst vendors to control critical process steps in 
wafer fab, assembly, and test. 

6) Subcontractor Control 

All of Catalysts subcontractor facilities and proce
dures must be qualified before manufacturing is al
lowed to begin. Every product manufactured must 
meet Catalyst's quality standards. In preparation for 
manufacturing for Catalyst, the subcontractor is in
structed to use only equipment, materials, condi
tions, and quality control procedures which are 
specified or approved by Catalyst. Based on 
Catalyst instructions, the subcontractor develops 
detailed manufacturing standards which are ap
proved or qualified by Catalyst. During manufactur
ing, Catalyst provides the subcontractor with 
technical and quality control support. The sub
contractor must submit process quality control 
reports periodically. In addition the subcontractors 
facility is subject to periodic audit by Catalyst, and 
the products are checked regularly against Catalyst 
quality standards. 

A summary of the relationship between Catalyst 
and the subcontractor is shown in Fig. 3. 
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RELIABILITY AND QUALITY 

7) Comprehensive Qualification Programs 

Catalyst's extensive Qualification Program is the 
backbone of the quality program. Device, process, 
and package qualification programs are thorough
ly documented and required failure rate criteria are 
established as part of the development cycle. Only 
engineering samples are allowed to be delivered 
without meeting the qualification criteria.The 
qualification programs have their basis and are in 
accordance with MIL-STD-883C. 

Historically, memory products have been the test 
vehicle for bringing new technology to the 
marketplace. During qualification and subsequent 
reliability monitor program, the memory devices are 
thoroughly analyzed for failure mechanisms and 
the process technology altered to eliminate them. 
After completion of this process the technology is 
able to be transferred to other types of devices and 
products, i.e., the smart card micro. 

For example, the following is a list of reliability tests 
necessary to be performed on the qualification of a 
new wafer fab technology for EEPROMs. Samples 
from the first 5 wafer lots must pass these tests: 

1) 125° C operating life, 1000 hrs. 

2) 150° C data retention storage, 1000 hrs. after 
1 OK cycles. 

3) Endurance cycle/bake @ 150° C. 

4) Temp. cycle, -65 /+150° C, 1000 cycles 

5) High voltage lifetest, 1000 hrs. 

6) E.S.D. (1.5K /1 OOpf), 2000 volts all pins 

7) Latch-up sensitivity, 100 mA/pin 

It is from these tests that information on infant mor
tality, long term failure rates, and associated failure 
mechanisms is determined. The data from these 
tests are published in a reliability report and made 
available to our customers. 

Similarly, samples of a new package technology or 
facility must undergo their own extensive qualifica 

VIII 

tion to assure the highest standards in mechanical 
integrity. 

8) Ongoing Monitor Program 

While initial qualification is a key step in product in
troduction, it would be meaningless if products were 
not monitored throughout their product life. Each 
quarter production lots are randomly sampled for 
the monitor program and submitted to many of the 
same comprehensive tests used for initial qualifica
tion. As in the qualification process, any device 
failures are carefully analyzed using bench testers, 
microscopes, and S.E.M. to determine failure 
mechanisms and their importance to the process 
and the device. In this way, Catalyst reliability en
gineers can develop extensive data on long term 
problems that will quickly and accurately determine 
why a product may have failed and generate the 
necessary feedback to the applicable engineering 
groups. 

An example of the monitor program for EEPROM 
technology: 

1) 125° C operating life, 1000 hrs. 

2) 150° C data retention storage, 1000 hrs. after 
10K cycles. 

3) Endurance cycle/bake@ 150° C. 

4) Temp cycles, 1000 cy, -65 /150° C. 

5) H.A.S.T. test, 24 hrs., +5V, 94% R.H., 38 psi.* 

6) Pressure Pot, 96 hrs. • 

(* Plastic package only) 

As in qualification, reliability failure rate goals are 
clearly documented and results are carefully 
scrutinized to ensure goals are met. 

9) Thorough Production Testing 

Every device manufactured by Catalyst must be 
thoroughly tested for electrical functionality prior to 
shipment. Test programs are validated prior to 
qualification to ensure the required limits, as deter-
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RELIABILITY AND QUALITY 

mined in the data sheet for each product, are being 
met. Not only are the operating specifications 
carefully scrutinized, but also any and all reliability 
requirements must be checked. See Fig. 4. 

For example, one of the most important specifica
tions for EE PROMS is the ability to perform 10,000 
write/erase cycles and have 10 years data reten
tion. Catalyst has taken the position that all outgo
ing products will meet specifications including long 
term reliability requirements. Therefore, 100 per
cent of all units are tested for reliability during the 
test flow. These tests are specifically designed to 
eliminate reliability rejects from reaching the cus
tomer as well as infant mortality type rejects. 

10) Continued R/QA Improvement 

In order to achieve its goal as an industry leader in 
reliability and quality, Catalyst is continually push
ing improvements in design and process. Before 
any changes are implemented in a qualified tech
nology, test chips are generated and again 
rigorously tested. If an improvement in process or 

IX 

design is to be implemented, it must again be 
qualified prior to shipment of any revenue 
parts. The same is true for any significant 
change in package related materials, facility, or 
methods. 

11) Customer Service 

Customer feedback and problems are con
tinually monitored and analyzed with failure 
analysis reports written and distributed to ap
plicable engineering groups for immediate cor
rective action. Sometimes problems are 
related to the application, rather than the IC it
self, and corrective measures can be sug
gested. 

Customer service activities also include the 
collection, evaluation and feedback of quality
related data from customers. It is Catalyst's in
tent to be continual aware of how it can improve 
the quality and reliability of all Catalyst 
products. 

At Catalyst, we believe in satisfied customers. 
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CATALYST DOCUMENT CONTROL SYSTEM Flg.1 

QA DOCUMENT CONTROL MASTER FILE 

WORKING FILES 

ENGINEERING PRODUCTION DESIGN ETC. 

• Specification written or data collected for engineering change of 
existing specification 

• ECN number issued by document control. 
• ECN circulated and approved by manufacturing, engineering, 

and R/QA managers. 

• Approved ECN returned to document control. 
• Document control revises master file and generates new documents 

to pertinent working files. 

x 
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IN-PROCESS QC FLOW CHART Fig. 2A 

WAFER FABRICATION (3 µm SI Gate CMOS 

FLOW PROCESS QC ITEM SAMPLING METHOD 

STARTING MATERIAL 

P-WELL FORMATION THICKNESS 1 WAFER/LOT 
RESISTIVITY 1 WAFER/LOT 

ACTIVE AREA FORMATION CRITICAL DIMENSION 2 WAFERS/ LOT 

FIELD FORMATION THICKNESS 1 WAFER/CHARGE 

GATE FORMATION THICKNESS 1 WAFER/CHARGE 
RESISTIVITY 1 WAFER/CHARGE 
CRITICAL DIMENSION 2 WAFERS/LOT 

SID FORMATION THICKNESS 1 WAFER/10 LOTS 
RESISTIVITY 1 WAFER/ 10 LOTS 

INTERLAYER THICKNESS 1 WAFER/LOT 
FORMATION P-CONCENTRATION 1 WAFER/LOT 

METAL FORMATION THICKNESS 2 WAFERS/ 10 LOTS 

FINAL PASSIVATION THICKNESS 2 WAFERS/ CHARGE 
FORMATION 

PARAMETER CHECK DEVICE PARAMETER 3 WAFERS/ LOT 

ELECTRICAL TEST ELECTRICAL 100% 
CHARACTERISTICS 

XI 
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IN-PROCESS QC FLOW CHART Fig. 28 

I ASSEMBLY & TESTING PROCESS (PLASTIC DIP) I 
FLOW PROCESS 

SCRIBING 

CHIP VISUAL 

DIE BONDING 

WIRE BONDING 

VISUAL INSPECTION 

MOLDING 

VISUAL INSPECTION 

SOLDER PLATING 

LEAD CUTTING/FORMING 

MARKING 

ELECTRICAL TEST 

OUTGOING INSPECTION 

PACKING/SHIPPING 

QCITEM 

VISUAL 

VISUAL 

BOND STRENGTH 
VISUAL 

VISUAL 

VISUAL 

VISUAL 

VISUAL 

VISUAL 

ELECTRICAL 
CHARACTERISTICS 

XII 

SAMPLING METHOD 

100% 

TWICE/SHIFT/MAC* 

ONCE/SHIFT/MAC 
ONCE/SHIFT/MAC 

100% 

100% 

PER LOT 

PER LOT 

100% 

100% 

* MAC means machine 
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SUBCONTRACTOR CONTROL SYSTEM Fig. 3 

CATALYST SUBCONTRACTOR 

l PRODUCT SPECIFICATIONS STANDARDS 
DEVELOPMENT 

I I 
[ TRIAL EVALUATION J 14-H MANUFACTURING 

PRODUCTION QUALIFICATION STANDARDS 

l MARKET ORDER l J PRODUCT J PRODUCTION J Process 
SURVEY RECEIVED j 1 PLANNING l CONTROL control 

I 
ENGINEERING 

SUPPORT Quality 
PRODUCTION control 

I<-
QUALITY 
CONTROL OUTGOING 

SUPPORT INSPECTION 

PERIODIC 
AUDIT 

lSHIPMENTn 
INCOMING/ 
OUTGOING 
INSPECTION 

QUALITY 
REPORT 

INVESTIGATION/ IMPROVEMENT 
[CUSTOMER CLAIM H COUNTERMEASURE OF t--

SERVICE PROCESS 

XIII 
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QA FLOWCHART Fig. 4 

INCOMING 
MATERIAL 

J 
QUALIFIED 

PPORT -PHOTO SU 
QCINSPEC 

WAFER 
TION FAB 

l 
WAFER SORT 

l 
QUALIFIED 
ASSEMBLY 

LINE 

I 
ASSEMBLY LINE 

ENVIRONMENTALS 

I 
ELECTRICAL TEST 

1 
QA ACCEPTANCE 

PROGRAM VERIFICATION 
VISUAUMECHANICAL 

FACT, PARAMETRIC TESTING 
AT TEMPERATURE AOL= 0.1% 

I 
MARK&PACK 

T 
FINAL VISUAL 

1 
[ PLANT CLEARANCE 

l 
[ SHIP 

XIV 

QC INSPECTION 

QCFAB 
INSPECTION/ 
QA MONITOR 

QC INSPECTION 

QC INSPECTION/ 
QA MONITOR 

QC INSPECTION 

R/QC INSPECTION 

QA INSPECTION 

QA INSPECTION 
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CATALYST NV RAM CAT22C10 

CAT22C10, CAT22Cl0 I [Industrial Temperature] 

256-BIT (64X4) NON-VOLATILE CMOS STATIC RAM 

DESCRIPTION 

The Catalyst CAT22C10 Non-Volatile Random Ac
cess Memory (NVRAM) is a 256-bit device with a 
64x4 organization. It features fully static CMOS cir
cuitry for very low power consumption. The active 
current is 40mA. and the standby current is 30µA. 

An internal EEPROM array provides bit-by-bit back
up for the static RAM array. Store operations write 
data from the RAM array to the EEPROM array. 
Recall operations write data from the EEPROM 
array to the RAM array. 

Data retention for each store cycle is specified for 
over 10 years, and over 10,000 store operations 
can be performed reliably. Unlimited recall opera
tions, and read and write operations to the RAM are 
further specified. 

The CAT22C10 has internal false store protection 
circuitry, which prohibits any store operation for Vee 
less than 3.5 volts (typically) to ensure the integrity 
of the EEPROM data. Other internal circuitry per
forms an automatic recall operation upon Vee 
power-up. 

BLOCK DIAGRAM 

Aa 

A4 

As 

STORE 

RECALL-

~--~---'--EE_P_R_O.~MARAAYl 
Aro RE 

STATIC RAM Row 

Select ARRAY 

Column Select 

Control 

Logic 

Read/Write 

Circuits 

CS WE l!Oo 1101 1102 l!Oa 

RECALL 

FEATURES 
• CMOS technology - completely static opera

tion 
• Low current consumption (standby 30µA max., 

operation 40mA. max.) 
• Single power supply (+5V ±10%) 
• RAM access time 200ns, and 300ns. 
• Fully TTL and CMOS compatible 
• JEDEC standard 18-pin 300-mil package 
• Write protect circuit to preserve data on Power-

up and Power-down 
• Automatic recall on power-up 
• 3-state output 
• Short store pulse -200ns 
• Short recall pulse -300ns 
• False store protection below 3.5V operation 

level 
• 10,000 non-volatile store cycles per bit 

PIN CONFIGURATION 

NC 18 Vee 

A4 2 17 NC 

AJ 3 16 As 

A2 4 15 1/03 

A, 5 14 If~ 

Ao 6 13 1101 

cs 7 12 l!Oo 

Vss 8 11 WE 

STORE 9 10 RECALL 

(TOP VIEW) 

Arr As Address STORE Store 
l!Orrl/03 Datainfout Vee +5V 
WE Write enable Vss Ground 
cs Chip select NC No connect 
RECALL Recall 
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CAT22C10 NV RAM CATALYST 

MODES OF OPERATION 

ln_mit Input/Output Mode 

cs WE RECALL STORE 

H - H H Output high impedance Standby 

L H H H Output data RAM Read 

L L H H Input data RAM Write 

- H L H Output high impedance RECALL (EEPRO~RAM) 

H - L H Output high impedance RECALL (EEPRO~RAM) 

- H H L Output high impedance STORE (RAM-+EEPROM) 

H - H L Output high impedance STORE (RAM-+EEPROM) 

NOTES: 

• RECALL signal has priority over STORE signal when both are applied at the same time 
• STORE is inhibited when RECALL is active 
• The auto recall is activated on power-up when Vee reaches =3.SV 
• The store operation is inhibited when Vee is below =3.SV 
• Vee rise and fall time should be between 1 Oms and 1 OOOms 

Auto RECALL 

STORE inhibit 

1-4 

Vee 

5.0 

3.5 

Jl 
Sl_ 

Jl 
_n_ 



CATALYST 

MAXIMUM RATINGS* 

Storage temperature 

Temperature under bias 

Power supply 

Input voltage 

Output voltage 

Output current 

Lead temperature 

(soldering for 10 seconds) 

Tstg • 

Tbias 

Vee 

V1N . 

VouT 
louT 

NV RAM 

. -65°C to + 150°C 

. -4o0c to +85°C 

. -0.3 to +6V 

. -0.3 to +6V 

. 0.0 to +6V 

. 5mA 

. 260°C 

CAT22C10 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee= +5V ±10%, CAT22C10 TA= 0°C to +70°C, CAT22C101 TA= -40°C to +85°C) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

leeo Current consumption (operating) All input=5.5V, TA =0°C 15 40 mA 

All outputs unloaded 

Ices Current consumption (stand-by) 30 µA 

lu Input current 0:;;; V1N:;;; 5.5V 0.1 10 µA 

ILO Output leakage current O :;;; Vour :;;; 5.5V 0.1 10 µA 

V1H High level input voltage 2.0 Vee v 
V1L Low level input voltage 0.0 0.8 v 
VoH High level output voltage loH =-2mA 2.4 v 
VoL Low level output voltage· loL = 4.2mA 0.4 v 
VoH RAM data holding voltage Vee 1.5 5.5 v 

CAPACITANCE 
(TA= 25°C, f = 1.0 MHz, Vee= 5V) 

Symbol Parameter Conditions Limits Unit 

Typ. max. 

C110 lnpuVOutput capacitance V11o=OV 10 pF 

C1N Input capacitance V1N =OV 6 pF 

Note: These parameters are periodically sampled and are not 100% tested. 
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CAT22C10 NVRAM CATALYST 

AC CHARACTERISTICS <Write Cycle> 

( CAT22C10 TA= o0c to +70°C, CAT22C101 TA= -40°C to +85°C) 

Symbol Parameter Conditions 22C10-20 22C10-30 Units 

Min Max Min Max 

twc Write cycle time 200 300 ns 

tcw CS write pulse width Vee = 4.5 to 5.5V 
CL= 1 OOpF + 1 TTL gat~ 

150 150 ns 

"s Address set-up time VoH=2.2V 50 50 ns 
VoL=0.65V 

twp Write pulse width V1H=2.2V 150 150 ns 

Write recovery time 
V1L=0.65 

twR 25 25 ns 

tow Data valid time 100 100 ns 

toH Data hold time 20 20 ns 

twz Output disable time 10 100 10 100 ns 

tow Output enable time 10 10 ns 

AC CHARACTERISTICS <Write Cycle> 

( CAT22C10 TA= o0c to +70°C, CAT22C101 TA= -40°C to +85°C) 

twc 

Address 

tcw 

twp 

tow 

Datain DATA VALID 

Data out / / / z ~---High_-z _tow--«=k= 
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CATALYST NV RAM CAT22C10 

AC CHARACTERISTICS <Early Write Cycle> 

( CAT22C10 TA = o0 c to + 70°C, CAT22C101 TA = -40°C to +85°C ) 

twc 

Address 

cs II 
Data in DATA VALID 

Data out Hi h-Z 

AC CHARACTERISTICS <Read Cycle> 

( CAT22C10 TA= o0c to +70°C, CAT22C101 TA= -40°C to +85°C) 

tRC 

Addre_s_s --~)K~-----------~)V----.,. ____ _ 
------------>! tAA 

cs 
~---------.. tco 

tHz 
toH 

tLz ~ ~----,.---,-----,.-,. 

Data l/O_----+--+---<KLLLA~ __ D_a_ta_v_a_lid __ ~ALL~h Z 

Symbol Parameter Conditions 22C10-20 22C10-30 Units 

Min Max Min Max 

tRC Read cycle time 200 300 ns 

tAA Address access time Vee= 4.5 to 5.5V 200 300 ns 
CL= 100pF 

tea CS access time + 1TIL gate 200 300 ns 
VoH =2.2V 

toH Output data hold time VoL=0.65V 50 50 ns 

tLz CS enable time 
V1H= 2.2V 

V1L=0.65 
10 10 ns 

tHz CS disable time 10 100 10 100 ns 
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CAT22C10 NVRAM CATALYST 

AC CHARACTERISTICS <Store Cycle> 

Symbol Parameter Conditions Min Max Units 

tsrc Store time Vee= 4.5 to 5.5V 10 ms 

tsTP Store pulse width 
CL= 1 OOpF + 1TTL gate 
Vott = 2.2V, VoL= 0.65V 

200 ns 

lsTZ Store disable time Vitt= 2.2V, V1L = 0.65V 100 ns 

loST Store enable time 10 ns 

lsTP 

- lsTZ 

Data 110 

AC CHARACTERISTICS <Recall Cycle> 

Symbol Parameter Conditions Min Max Units 

tRCC Recall cycle time Vee= 4.5 to 5.5V 1400 ns 

tRCP Recall pulse width 
CL= 1 OOpF + 1 TTL gate 
Vott = 2.2V, VoL= 0.65V 

300 ns 

tRCZ Recall disable time Vitt= 2.2V, V1L = 0.65V 100 ns 

loRC Recall enable time 10 ns 

IARC Recall data access time 1100 ns 

tRCC 

Address Address 

tRCP 

tARC 

Data undefined Data valid 

------tRCZ 
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CATALYST NV RAM CAT22C10 

DEVICE OPERATION 

The configuration of the CAT22C10 allows a com
mon address bus to be directly connected to the ad
dress inputs, and the Input/Output (1/0) pins to be 
connected directly to a common 1/0 bus if it has less 
than 1 TIL load and 1 OOpF capacitance. If not, the 
1/0 path should be buffered. 

When the chip ~ect (CS) goes low, the chip is ac
tivated. When CS is forced high, the chip goes into 
the standby mode and consumes very little current. 
With the Non-Volatile functions inhibited, the device 
operates like a Static RAM. The Write Enable (WE) 
selects a write operation when WE is low and a 
read operation when WE is high. In either of these 
modes, an array byte (4 bits) can be addressed uni
quely by using the address lines (Ao - As), and that 
byte will be read or written to through the Input/Out
put pins (l/Oo - l/03). 

The Non-Volatile functions are inhibited by holding 
the STORE input and the RECALL high. When the 
RECALL input is taken low, it initiates a recall 
operation which transfers the contents of the entire 
EEPROM array into the Static RAM. When the 
STORE input is taken low, it initiates a store opera
tion which transfers the entire Static RAM array 
contents into the EEPROM array. 

STANDBY MODE 

The chip select (CS) input controls all of the func
tions of the CAT22C10. When a high level is sup
plied to the CS pin, the chip goes into the standby 
mode. In the mode the chip consumes 99.9% less 
power and the outputs are put into a high im
pedance state. Because Ices is Jess than 1 OOµA in 
standby mode, the designer has the flexibility to use 
this part in battery operated systems. 

READ 

When the chip is enabled (CS = low), the Non
Volatile functions are inhibited (STORE= high and 
RECALL= high). The Write Enable (WE) can put 
the chip into the read mode when it is held high. In 
this mode, the data in the Static RAM array may be 
accessed by selecting an address on the input pins 
Ao - As. This will occur when the outputs are con
nected to a bus which is loaded by no more than 
100pF and 1 TTL gate. If the loading is greater than 

this, some additional buffering circuitry is recom
mended. 

WRITE 

Like the read mode, with the chip enabled and the 
non-volatile functions inhibited, the Write Enable 
(WE) will select the write mode when taken to a low 
level. In this mode, the address must be supplied 
for the byte to be written to. After the set-up time 
(!As), the input data must be supplied to pins l/Oo -
1/03. When these conditions, including the write 
pulse width time (twp), are met, the data will be writ
ten to the specified location in the static RAM. A 
write function may also be initiated from the standby 
mode by setting WE = low, inhibiting the Non
volatile functions, supplying valid addresses, and 
then taking CS low and supplying input data. 

RECALL 

At anytime, except during a store, taking the 
RECALL pin low will initiate a recall o~ation. This 
is independent of the state of CS, WE, or Ao-As. 
After the RECALL pin has been held low for the 
duration of the Recall Pulse Width (tRcP ), the recall 
will continue independent of any other inputs. 
During the recall, the entire content of the EE PROM 
array is transferred to the Static RAM array. The 
first byte of data may be externally accessed after 
the recalled data access time from end of recall 
(tARc). After this, any other bytes may be accessed 
by using the normal read mode. 

If RECALL is held low for the entire Recall Cycle 
time (tRcc), the contents of the Static RAM may be 
immediately accessed by using the normal read 
mode. A recall operation can be performed an un
limited number of times without affecting the in
tegrity of the data. A recall operation is 
automatically performed upon power-up (low to 
high transition) of VCC. 

The outputs 1/00-1/03 will go into the high im
pedance state as long as the RECALL signal is held 
low. 



CAT22C10 NVRAM CATALYST 

STORE 

At any time, except during a recall operation, taking 
the STORE pin low will initiate a store operation. 
This takes place independent of the state of CS, 
WE or Ao-As. The STORE pin must be held low for 
the duration of the Store Pulse Width (tsTP) to en
sure that a store operation is initiated. Once in
itiated, the STORE pin may be left low or taken high 
and the store operations will complete its transfer 
of the entire contents of the Static RAM array into 
the EEPROM array within the Store Cycle time 
(tsre). However, if a store operation is initiated 
during the write mode, the contents of the ad
dressed Static RAM byte and its corresponding 
byte in the EEPROM array will be unknown. 

During the store operation, the outputs are in a High 
impedance state. At least 10,000 store operations 
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can be performed reliably. The data which is writ
ten into the EEPROM array during a store opera
tion has a data retention time greater than 10 years. 

DATA PROTECTION DURING POWER-UP 
AND POWER-DOWN 
The CAT22C10 has on-chip circuitry which will 
prevent a store operation from occurring when Vee 
falls below 3.5V. This function eliminates the 
potential hazard of a spurious Store operation being 
initiated because the system signals are unstable 
at a low Vee. This function does not affect the 
ability of external circuitry to intentionally do a Store 
operation when Vee falls below 4.5V. In fact, it is 
still important to prevent a potential second initia
tion of a store operation. 



CATALYST NVRAM CAT22C12 

CAT22C12, CAT22C12 I [Industrial Temperature] 
1024-BIT (256X4) NON-VOLATILE CMOS STATIC RAM 

DESCRIPTION 

The Catalyst CAT22C12 Non-Volatile Random Ac
cess Memory (NVRAM) is a 1024-bit device with a 
256x4 organization. It features fully static CMOS 
circuitry for very low power consumption. The ac
tive current is 50mA. and the standby current is 
30µA. 

An internal EE PROM array provides bit-by-bit back
up for the static RAM array. Store operations write 
data from the RAM array to the EEPROM array. 
Recall operations write data from the EEPROM 
array to the RAM array. 

Data retention for each store cycle is specified for 
' over 10 years, and over 10,000 store operations 

can be performed reliably. Unlimited recall opera
tions, and read and write operations to the RAM are 
further specified. 

The CAT22C12 has internal false store protection 
circuitry, which prohibits any store operation for Vee 
less than 3.5 volts (typically) to ensure the integrity 
of the EEPROM data. Other internal circuitry per
forms an automatic recall operation upon Vee 
power-up. 

BLOCK DIAGRAM 

EEPROMARRAY 

Row STATIC RAM /sTORE 

Select ARRAY 

As 
AG 
A1 

Column Select 

STORE 
RECALL 

Control 
Logic 

Read/Write 
Circuits 

FEATURES 
• CMOS technology - completely static opera

tion 
• Low current consumption (standby 30µA max., 

operation 50mA. max.) 
• Single power supply (+5V ±10%) 
• RAM access time 200ns, and 300ns. 
• Fully TTL and CMOS compatible 
• JEDEC standard 18-pin 300-mil package 
• Write protect circuit to preserve data on Power-

up and Power-down 
• Automatic recall on power-up 
• 3-state output 
• Short store pulse -200ns 
• Short recall pulse -300ns 
• False store protection below 3.SV operation 

level 
• 10,000 non-volatile store cycles per bit 

PIN CONFIGURATION 

A1 18 Vee 

A4 2 17 As 

A3 3 16 As 

A2 4 15 1/03 

A1 5 14 I/~ 

Ao 6 13 110, 

cs 7 12 l/Oo 

Vss 8 11 WE 

STORE g 10 RECALL 

(TOP VIEW) 

ArrA1 Address in STORE Store 
l/Crrl/03 Datainlout Vee +5V 
WE Write enable Vss Ground 
cs Chip select NC No connect 
RECALL Recall 
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CAT22C12 NV RAM CATALYST 

MODES OF OPERATION 

ln_Rllt Input/Output Mode 

cs WE RECALL STORE 

H - H H Output high impedance Standby 

L H H H Output data RAM Read 

L L H H Input data RAM Write 

- H L H Output high impedance RECALL (EEPRO~RAM) 

H - L H Output high impedance RECALL (EEPROM~RAM) 

- H H L Output high impedance STORE (RAM~EEPROM) 

H - H L Output high impedance STORE (RAM~EEPROM) 

NOTES: 

• RECALL signal has priority over STORE signal when both are applied at the same time 
• STORE is inhibited when RECALL is active 
• The auto recall is activated on power-up when Vee reaches =3.5V 
• The store operation is inhibited when Vee is below =3.5V 
• Vee rise and fall time should be between 1 oms and 1 oooms 

Auto RECALL 

STORE inhibit 
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5.0 
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Jl 
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Jl 
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CATALYST 

MAXIMUM RATINGS* 

Storage temperature 

Temperature under bias 

Power supply 

Input voltage 

Output voltage 

Output current 

Lead temperature 

(soldering for 1 O seconds) 

Tstg . 

Tbias 

Vee 

V1N . 

Vour 
lour 

NVRAM 

. -65°C to + 150°C 

. -4o0c to +B5°C 

. -0.3to +6V 

. -0.3to +6V 

. 0.0 to +6V 

.5mA 

. 260°C 

CAT22C12 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee = +5V ±10%, CAT22C 12 TA = 0°C to + 70°C, CAT22C 121 TA = -40°C to +85°C ) 

Symbol Parameter Conditions Limits Unit 
Min. Typ. Max. 

leeo Current consumption (operating) All input=5.5V, TA =0°C 15 50 mA 
All outputs unloaded 

Ices Current consumption (stand-by) 30 µA 

Ju Input current O::>V1N ::>5.5V 0.1 10 µA 

ILO Output leakage current O ::> Vour:;; 5.5V 0.1 10 µA 

V1H High level input voltage 2.0 Vee v 

V1L Low level input voltage 0.0 0.8 v 

VoH High level output voltage IOH=-2mA 2.4 v 

VoL Low level output voltage loL = 4.2mA 0.4 v 

VoH RAM data holding voltage Vee 1.5 5.5 v 

CAPACITANCE 

(TA= 25°C, f = 1.0 MHz, Vee= 5V) 

Symbol Parameter Conditions Limits Unit 
Typ. max. 

C110 Input/Output capacitance V11o=OV 10 pF 

C1N Input capacitance V1N =OV 6 pF 

Note: These parameters are periodically sampled and are not 100% tested. 
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CAT22C12 NVRAM CATALYST 

AC CHARACTERISTICS <Write Cycle> 

( CAT22C12 TA= o°Cto +70°C, CAT22C121TA = -40°Cto +85°C) 

Symbol Parameter Conditions 22C12-20 22C12-30 Units 
Min Max Min Max 

twc Write cycle time 200 300 ns 

tcw CS write pulse width Vee= 4.5 to 5.5V 150 150 ns 
CL= 100pF + 1TTL gate 

tAs Address set-up time VoH=2.2V 50 50 ns 
VoL=0.65V 

twp Write pulse width V1H=2.2V 150 150 ns 

Write recovery time 
V1L=0.65 

twR 25 25 ns 

tow Data valid time 100 100 ns 

tDH Data hold time 20 20 ns 

twz Output disable time 10 100 10 100 ns 

tow Output enable time 10 10 ns 

AC CHARACTERISTICS <Write Cycle> 

( CAT22C12 TA= 0°C to +70°C, CAT22C121 TA= -40°C to +85°C) 

twc 

Address 

tcw 

- tAs twp 

tow toH 

Data in DATA VALID 

Data out 7 z 7 z >>t-----1 _H_igh-Z -to----t;w =k= 
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CATALYST NV RAM 

AC CHARACTERISTICS <Early Write Cycle> 

( CAT22C12 TA = o0 c to+ 70°C, CAT22C121 TA = -40°C to +85°C ) 

twc 

Address 

Data in DATA VALID 

Data out Hi h-Z 

AC CHARACTERISTICS <Read Cycle> 

( CAT22C12 TA= o0c to +70°C, CAT22C121 TA= -40°C to +85°C) 

tRC 

---------- !AA 

------+------. l+-------~~o 

1"'~~~~-+--~~~-t-~~ 
ILZ i----- IOH 

CAT22C12 

IHZ 

Data l/0~---1----1-----l(KLLl)K Data Valid flL) High Z 
~--------~ 

Symbol Parameter Conditions 22C12-20 22C12-30 Units 
Min Max Min Max 

IRC Read cycle time 200 300 ns 

!AA Address access time Vee= 4.5 to 5.5V 

CL= 100pF 
200 300 ns 

~o CS access time + 1TILgate 200 300 ns 
VoH =2.2V 

toH Output data hold time VoL=0.65V 50 50 ns 

ILZ CS enable time 
V1H=2.2V 

10 10 
V1L=0.65 

ns 

IHZ CS disable time 10 100 10 100 ns 
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CAT22C12 NVRAM CATALYST 

AC CHARACTERISTICS <Store Cycle> 

Symbol Parameter Conditions Min Max Units 

tsrc Store time Vee= 4.5 to 5.5V 10 ms 

ISTP Store pulse width 
CL= 100pF + 1TTL gate 

VoH = 2.2V, VoL= 0.65V 
200 ns 

tsTZ Store disable time V1H = 2.2V, V1L = 0.65V 100 ns 

tosT Store enable time 10 ns 

tsrc 

ISTP 

- tsTZ 

Data 1/0 Hi h Z 

AC CHARACTERISTICS <Recall Cycle> 

Symbol Parameter Conditions Min Max Units 

IRCC Recall cycle time Vee= 4.5 to 5.5V 1400 ns 

IRCP Recall pulse width 
CL= 1 OOpF + 1 TTL gate 300 ns 
VoH = 2.2V, VoL= 0.65V 

IRCZ Recall disable time V1H = 2.2V, V1L = 0.65V 100 ns 

to RC Recall enable time 10 ns 

!ARC Recall data access time 1100 ns 

IRCC 

Address Address Valid 

!ARC 

toRC ,._ __ .., ~----~ 

Data 1/0 
High Z 

Data undefined Data valid 

i.------ IRCZ 

1-16 



CATALYST NVRAM CAT22C12 

DEVICE OPERATION 

The configuration of the CAT22C12 allows a com
mon address bus to be directly connected to the ad
dress inputs, and the lnpuVOutput (l/O) pins to be 
connected directly to a common 1/0 bus if it has less 
than 1 TTL load and 1 OOpF capacitance. If not, the 
110 path should be buffered. 

When the chip select (CS) goes low, the chip is ac
tivated. When CS is forced high, the chip goes into 
the standby mode and consumes very little current. 
With the Non-Volatile functions inhibited, the device 
operates like a Static RAM. The Write Enable (WE) 
selects a write operation when WE is low and a 
read operation when WE is high. In either of these 
modes, an array byte (4 bits) can be addressed uni
quely by using the address lines (Ao - A7), and that 
byte will be read or written to through the lnpuVOut
put pins (llOo - 1103). 

The Non-Volatile functions are inhibited by holding 
the STORE and the RECALL high. When the 
RECALL input is taken low, it initiates a recall 
operation which transfers the contents of the entire 
EEPROM array into the Static RAM. When the 
STORE input is taken low, it initiates a store opera
tion which transfers the entire Static RAM array 
contents into the EEPROM array. 

STANDBY MODE 

The chip select (CS) input controls all of the func
tions of the CAT22C12. When a high level is sup
plied to the CS pin, the chip goes into the standby 
mode. In the mode the chip consumes 99.9% less 
power and the outputs are put into a high im
pedance state. Because Ices is less than 1 OOµA in 
standby mode, the designer has the flexibility to use 
this part in battery operated systems. 

READ 

When the chip is enabled (CS = low), the Non
Volatile functions are inhibited (STORE = high and 
RECALL = high). The Write Enable (WE) can put 
the chip into the read mode when it is held high. In 
this mode, the data in the Static RAM array may be 
accessed by selecting an address on the input pins 
Ao - A?. This will occur when the outputs are con
nected to a bus which is loaded by no more than 
1 OOpF and 1 TTL gate. If the loading is greater than 

this, some additional buffering circuitry is recom
mended. 

WRITE 

Like the read mode, with the chip enabled and the 
non-volatile functions inhibited, the Write Enable 
(WE) will select the write mode when taken to a low 
level. In this mode, the address must be supplied a 
for the byte to be written to. After the set-up time 
(tAs), the input data must be supplied to pins l/Oo -
1103. When these conditions, including the write 
pulse width time (twp), are met, the data will be writ-
ten to the specified location in the static RAM. A 
write function may also be initiated from the standby 
mode by setting WE = low, inhibiting the Non-
Volatile functions, supplying valid addresses, and 
then taking CS low and supplying input data. 

RECALL 

At anytime, except during a store, taking the 
RECALL pin low will initiate a recall o~ation. This 
is independent of the state of CS, WE, or Ao-A7. 
After the RECALL pin has been held low for the 
duration of the Recall Pulse Width (tRcP), the recall 
will continue independent of any other inputs. 
During the recall, the entire content of the EE PROM 
array is transferred to the Static RAM array. The 
first byte of data may be externally accessed after 
the recalled data access time from End of Recall 
(tARc). After this, any other bytes may be accessed 
by using the normal read mode. 

If RECALL is held low for the entire Recall Cycle 
time (tRcc), the contents of the Static RAM may be 
immediately accessed by using the normal read 
mode. A recall operation can be performed an un
limited number of times without affecting the in
tegrity of the data. A recall operation is 
automatically performed upon power-up (low to 
high transition) of Vee. 

The outputs l/Oo-1/03 will go into the high im
pedance state as long as the RECALL signal is held 
low. 
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CAT22C12 NVRAM CATALYST 

STORE 

At anytime, except during a recall operation, taking 
the STORE pin low will initiate a store operation. 
This takes place independent of the state of CS, 
WE or Ao-A1. The STORE pin must be held low for 
the duration of the Store Pulse Width (tsTP) to en
sure that a store operation is initiated. Once in
itiated, the STORE pin may be left low or taken high 
and the store operations will complete its transfer 
of the entire contents of the Static RAM array into 
the EEPROM array within the Store Cycle time 
(tsre). However, if a store operation is initiated 
during the write mode, the contents of the ad
dressed Static RAM byte and its corresponding 
byte in the EEPROM array will be unknown. 

During the store operation, the outputs are in a high 
impedance state. At least 10,000 store operations 
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can be performed reliably. The data which is writ
ten into the EEPROM array during a store opera
tion has a data retention time greater than 10 years. 

DATA PROTECTION DURING POWER-UP 
AND POWER-DOWN 
The CAT22C12 has on-chip circuitry which will 
prevent a store operation from occurring when Vee 
falls below 3.5V. This function eliminates the 
potential hazard of a spurious store operation being 
initiated because the system signals are unstable 
at a low Vee. This function does not affect the 
ability of external circuitry to intentionally do a store 
operation when Vee falls below 4.5V. In fact, it is 
still important to prevent a potential second initia
tion of a store operation. 



CATALYST NVRAM CAT24C44 

CA T24C44, CA T24C44 I [Industrial Temperature] 
256-BIT (16X16) NON-VOLATILE CMOS SERIAL STATIC RAM 

DESCRIPTION 

The Catalyst CAT24C44 Non-Volatile RAM 
(NVRAM) is a 256-bit device with a 16 x 16 or
ganization. It features fully static CMOS circuitry for 
very low power consumption. Active current is 1 O 
mA and standby current is typically 5µA. An inter
nal EEPROM array provides bit-by-bit backup for 
the static RAM array. Store operations write data 
from the RAM to the EEPROM array. Recall opera
tions write data from the EEPROM array by either 
hardware inputs or software commands. 

Data retention for each store cycle is specified for 
over 10 years and over 10,000 store operations can 
be performed reliably. There are unlimited recall 
operations from the EEPROM along with unlimited 
read and write operations to the RAM. 

The CAT24C44 has internal false store protection 
circuitry to prohibit store operations when Vee is 
less than 3.5V (typ.). This ensures EEPROM data 
integrety. Other internal circuitry performs an 
automatic recall upon power-up. 

PIN CONFIGURATION 

TOP VIEW 

CE 8 Vee 
SK 7 STORE 

DI 3 6 RECALL 

DO 4 5 Vss 

FEATURES 
• CMOS technology, completely static opera- a 

tion 
• Single 5-volt supply 
• Low current consumption (standby-5µA typ., 

operation 1 OmA typ., sleep current 5µA typ.) 
• Software/hardware control of non-volatile 

functions 
• Fully TTL & CMOS compatible with high drive 

ability 
• Write protection preserves data on power-up 

and power-down 
• Auto-recall on power-up 
• Serial port compatible (i.e. COPS™, 8051) 
• 3-State output 
• Short store pulse - 200ns 
• Short recall pulse - 500ns 
• False store protection below 3.5V 

operation level 
• 10,000 non-volatile store cycles bar bit. 
• 8 pin low cost 300-mil package 

SK Serial Clock 
DI Serial Data Input 
DO Serial Data Output 
CE Chip Enable 
RECALL Recall 
STORE Store 
Vee +5V 
Vss Ground 
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CAT24C44 NVRAM CATALYST 

BLOCK DIAGRAM 

EEPROMARRAY 

RECALL 
I 

Row Decode STATIC RAM 
ARRAY 

STORE 

256-Bit Control STORE(7) 
Logic 

CE(1) RECALL(6) 

Instruction Column Decode 
Dl(3) Register 

D0(4) 
SK(2) 

Instruction 4-Bit 
Decode Counter 
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CATALYST NVRAM 

NON-VOLATILE MODES OF OPERATION 

Operation STORE RECALL Inst. Write Enable 

Latch 

Hardware recall 1 0 x 
Software recall 1 1 RCL x 
Hardware store 0 1 SET 

Software store 1 1 STO SET 

X = Don't care 

NOTES: 

• The store operation has priority over all the other operations 
• The auto recall is activated on power-up when Vee reaches .. 3.5V 
• The store operation is inhibited when Vee is below .. 3.5V 
• Vee rise and fall time should be between 1 Oms and 1 OOms 

Vee 

5.0V 

3.5V1---+-----~1<--r------------1t------

Auto recall 

store inhibit 

Jl 
_n__ 

CAT24C44 

Previous 
RECALL 

x 
x 

TRUE 

TRUE 
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CAT24C44 

MAXIMUM RATINGS* 
Storage temperature 

Temperature under bias 

Power supply 

Input voltage 

Output voltage 

Output current 

Lead temperature 

(soldering for 1 O seconds) 

Tstg . 

Tbias 

Vee 

V1N . 

Vour 
lour 

NVRAM 

. -65°C to + 150°C 

. -50° C tb + 125°C 

. -0.3 to+6V 

. -0.3 to Vee +0.3V 

. o.o to +Vee 

. 5mA 

. 260°C 

CATALYST 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee= +5V ±10%, CAT24C44 TA= 0°C to +70°C, CAT24C441 TA= -40°C to +85°C) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

leeo Current consumption (operating) 
l11o=OmA 

10 20 mA All inputs= Vee, TA =0°C 

Ices Current consumption (stand-by) lnputs=Vee or Vss 5 30 µA 

ISL Sleep current CE=Vss 5 30 µA 

lu Input current 0 s; V1N s; 5.5V 0.1 10 µA 

ILO Output leakage current 0 s; Vour s; 5.5V 0.1 10 µA 

V1H High level input voltage 2.0 Vee v 

V1L Low level input voltage 0.0 0.8 v 

VoH High level output voltage loH = -2mA 2.4 v 
VoL Low level output voltage loL = 4.2mA 0.40 v 

VoH Data holding voltage Vee 1.5 5.5 v 

CAPACITANCE 
(TA = 25°C, f = 1.0 MHz, V cc = 5V) 

Symbol Parameter Conditions Limits Unit 

Typ. max. 

C110 lnput'Output capacitance V11o=OV 8 pF 

C1N Input capacitance V1N =OV 6 pF 

Note: These parameters are periodically sampled and are not 100% tested. 
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AC CHARACTERISTICS 

( CAT24C44 TA = 0°C to + 70°C, CAT24C441 TA = -40°C to +85°C, Vee = 5V ±10% ) 

Symbol Parameter Conditions Min Max Units 

FsK SK frequency Vee= 4.5 to 5.5V DC 1.0 MHz 

tsKH SK positive pulse width 
CL= 100pF + 1TIL gate 400 ns 
VoH = 2.2V, VoL= 0.65V 

ts KL SK negative pulse width V1H = 2.2V, V1L = 0.65V 400 ns 
Input rise and fall 

tos Input data setup time times= 1 Ons. 400 ns a 
toH Input data hold time 80 ns 

tpo SK data valid time 375 ns 

tz CE disable time 1.0 µs 

tcES CE enable setup time 800 ns 

tcEH CE enable hold time 400 ns 

tcos CE de-select time 800 ns 

READ CYCLE 

SK CYCLE# 6 7 8 9 10 11 

SK 
CE V1H --------------->-----+---------~I 

DI 

DO Dn 

WRITE CYCLE 
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RAM READ 

CE 

SK 

D1 

DO 

2 3 4 5 

NVRAM CATALYST 

6 7 8 9 10 11 12 7/~ 
~ 

Bit 8 of READ instructions is "Don't Care" 

RAM WRITE 

CE 

SK 

D1 
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STORE CYCLE 

Symbol Parameter Conditions Min Max Units 

!ST Store time Vee = 4.5 to 5.5V 10 ms 

ISTP Store pulse width 
CL= 1 OOpF + 1TTL gate 

VoH = 2.2V, VoL= 0.65V 
200 ns 

ISTZ Store disable time V1H = 2.2V, V1L = 0.65V 100 ns 

HARDWARE STORE 

!sTZ 

DO 

RECALL CYCLE 

Symbol Parameter Conditions Min Max Units 

!Rec Recall cycle time Vee= 4.5 to 5.5V 2500 ns 

IRCP Recall pulse width 
CL= 1 OOpF + 1TTL gate 

VoH = 2.2V, VoL= 0.65V 
500 ns 

IRCZ Recall disable time V1H = 2.2V, V1L = 0.65V 500 ns 

!oRC Recall enable time 10 ns 

!ARC Recall data access time 1500 ns 

RECALL CYCLE 

IRCC 

IRCP 

IRCZ 

DO HIGH Z 

!oRC 
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INSTRUCTION SET 

Instruction Format, 12, '1, lo 

WRDS 1XXXXOOO 

STO 1XXXX001 

SLEEP 1XXXX010 

WRITE 1AAAA011 

WREN 1XXXX100 

RCL 1XXXX101 

READ 1AAAA11X 

X = Don't care 

A = Address bit 

NON-DATA OPERATIONS 

CE 

2 3 4 

SK 

DI 

DEVICE OPERATION 

The CAT24C44 is a 256 bit non-volatile CMOS 
serial static RAM intended for use with the COPS TM 

family of microcontrollers, or other standard 
microprocessors such as the 8048 or 8051. The 
CAT24C44 is organized as 16 registers by 16 bits. 
Seven 8 bit instructions control the device's operat
ing modes, the RAM reading and writing, and the 
EEPROM storing and recalling. It is also possible 
to control the EEPROM store and recall functions 
in hardware with the STORE and RECALL pins. 
The CAT24C44 operates on a single 5 Volt supply 
and will generate, on chip, the high voltage required 
during a RAM to EEPROM storing operation. 

Instructions, addresses, and write data are clocked 
into the DI pin on the rising edge of the clock (SK). 
The DO pin remains in a high impedance state ex-
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Operation 

Reset write enable latch 

Store RAM data in EEPROM 

Enter SLEEP mode 

Write data into RAM address AAAA 

Set write enable latch (enables writes and stores) 

Recall EEPROM data into RAM 

Read data from RAM address AAAA 

6 7 8 9 

cept when outputting data from the device. The 
CE (chip enable) pin must remain selected (low) 
during the entire data transfer. 

The format for all instructions sent to the CAT24C44 
is one logical "1" start bit, 4 address bits (data read 
or write operations) or 4 "don't care" bits (device 
mode operations), and a 3 bit op code (See table 
above). For data write operations, the 8 bit instruc
tion is followed by 16 bits of data. For data read in
structions, DO will come out of the high impedance 
state and enable 16 bits of data to be clocked from 
the device. The 8th bit of the read instruction is a 
"don't care" bit. This is to eliminate any bus con
tention that would occur in applications where the 
DI and DO pins are tied together to form a common 
Dl/O line. A word of caution while clocking data to 
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or from the device. If the CE pin is prematurely 
deselected while shifting in an instruction, that in
struction will not be executed and the shift register 
internal to the CAT24C44 will be cleared. If there 
are more than or less than 16 SK clocks during a 
memory data transfer, an improper data transfer will 
result. 

WREN/WRDS 

The CAT24C44 powers up in the program disable 
state (the "write enable latch" is reset). Any 
programming after power-up or after a WRDS 
(RAM write/EEPROM store disable) instruction 
must first be preceded by the WREN (RAM 
write/EEPROM store enable) instruction. Once 
writing/storing is enabled, it will remain enabled 
until power to the device is removed, the WRDS in
struction is sent, or an EEPROM store has been ex
ecuted (STO/STORE). The WRDS (write/store 
disable) can be used to disable all CAT24C44 
programming functions, and will prevent any ac
cidental writing to the RAM, or storing to the 
EEPROM. Data can be read normally from the 
CAT24C44 regardless of the "write enable latch" 
status. 

SLEEP 

The sleep mode places the CAT24C44 into a lower 
quiescent power mode. Internal RAM power is 
turned off, and any data that is written into the RAM 
area is lost. However, data from the last RAM to 
EEPROM store operation is retair d in the 
EEPROM memory. The CAT24C44 will exit the 
sleep mode, and restore the RAM memory area by 
issuing either a hardware or software recall com
mand. 

RCL/RECALL 

Data is transferred from the EEPROM data memory 
to RAM by either sending the RCL instruction, or by 
pulling the RECALL input pin low. Although the 
EEPROM data is automatically transferred to RAM 
at power up, a recall operation must be performed 
before the EE PROM store, or RAM write operations 
can be executed. Either recall operation will set the 
"previous recall latch" internal to the CAT24C44. 

STO/STORE 

Data in the RAM memory area is stored in the 
EEPROM memory either by sending the STO in
struction or by pulling the STORE input pin low. To 
prevent any unwanted store operation, the follow
ing conditions must all be true before data can be 
transferred: 

The "previous recall latch" must be set. (See 
RCL/RECALL) 

The "write enable latch" must be set. (See 
WREN/WRDS) 

A store operation must be executed. 

During the store operation, all other CAT24C44 
functions are inhibited. Upon completion of the 
store operation the "write enable latch" is reset. 
The device also provides false store protection for 
Vee falling below a 3.5 volt level. If Vee falls below 
this level, the store operation is disabled and "write 
enable latch" is reset. 

READ 

Upon receiving a start bit, 4 address bits, and the 3 
bit read command (clocked into the DI pin), the DO 
pin of the CAT24C44 will come out of the high im
pedance state and the 16 bits of data, located at the 
address location specified in the instructions, will be 
clocked out of the device. When clocking data from 
the device, the first bit clocked out (DO) is timed from 
the falling edge of the 8th clock, all succeeding bits 
(D1 - D15) are timed from the rising edge of the 
clock. (See Read Cycle timing diagram.) 

WRITE 

After receiving a start bit, 4 address bits, and the 3 
bit WRITE command, the 16 bit word is clocked into 
the device for storage into the RAM memory loca
tion specified. 

[COPS™ is a trademark of National Semiconductor 
Corporation.] 
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CAT93C46 
lK BIT SERIAL EEPROM 

DESCRIPTION 

The CAT93C46 is a 1 K bit Serial EEPROM memory 
device organized in 64 registers of 16 bits (ORG pin 
at Vee) or 128 registers of 8 bits each (ORG pin at 
GND). Each register can be written (or read) serial
ly by using the DI (or DO) pin. The CAT93C46 is 
manufactured using Catalyst's advanced CMOS 
EEPROM floating gate technology. It is designed 
to endure 10,000 erase/write cycles and has a data 
retention of 10 years. It is packaged in an 8 pin dip 
or S.O. package. To be offered in a 3-volt version 
( CAT33C101 ). 

PIN CONFIGURATION 

TOP VIEW 

PIN FUNCTIONS 

cs 
SK 
DI 
DO 
Vee 
GND 

Chip select 
Clock input 
Serial data input 
Serial data output 
+SV power supply 
Ground 

NC No connection 
ORG Memory organization 

Note: ORG, When the ORG pin is connected to +SV, 
the 64x16 organization is selected. When it is con
nected to ground, the 128x8 organization is selected. 
If the ORG pin is left unconnected, then an internal 
pull up device will select the 64x16 organization. 

FEATURES 
• Highly reliable CMOS floating gate technology 
• Single 5-volt supply 
• 64x16 or 128x8 user selectable serial memory 
• Compatible with National Semiconductor 

NMC 9346 
• Self timed programming cycle with Autoerase 
• Word and chip erasable 
• Operating range 0°C to 70°C [industrial temp 

range available) 
• 10,000 erase/write cycles 
• 10 year data retention 
• Power-on data protection 

BLOCK DIAGRAM 

ORG 

DI 

cs 

SK 

Vee GND 

Memory Array 

128x8 

or 
64x16 

Data register 

Mode decode logic 

Clock generator 

Address 

Decoder 

Output 

buffer 

DO 
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ABSOLUTE MAXIMUM RATINGS* 
Storage temperature 

Power supply 

Voltage on any input pin 

Voltage on any output pin 

Tstg . 

Vee 

EE PROM 

. -65°C to + 150°C 

.+7V 

• -0.3 to +7V 

. -0.3V to Vee +0.3V 

CATALYST 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Yee = +5V ±10%, TA = 0°C to 70°C ) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

lec1 Current consumption (operating) 
Vee =5V, CS= V1H 3 mA Outputs unloaded 

lec2 Current consumption (stand-by) Vee= 5.5V, CS= o 100 µA 

DI =0, SK=O 

lu Input leakage current V1N =5.5V 10 µA 

ILO Output leakage current VouT = 5.5V, cs= 0 10 µA 

V1H High level input voltage 2.0 Vee +1 v 

V1L Low level input voltage -0.1 0.8 v 

VoH High level output voltage loH = -400µA 2.4 v 
VoL Low level output voltage loL = 2.1mA 0.4 v 

INSTRUCTION SET 

Instruction Start Bit Opcode Address Data Comments 

128 x 8 S4 x 1S 128 x 8 S4 x 1S 

READ 1 1 0 AS-AO A5-AO Read address AN - AO 

ERASE 1 1 1 AS-AO A5-AO ERASE address AN - AO 

WRITE 1 0 1 AS-AO A5-AO D7-DO D15-DO WRITE address AN -AO 

EWEN 1 0 0 11XXXXX 11XXXX Program enable 

EWDS 1 0 0 ooxxxxx ooxxxx Program disable 

ERAL 1 0 0 10XXXXX 10XXXX Erase all addresses 

WRAL 1 0 0 01XXXXX 01XXXX D7- DO D15- DO Program all addresses 
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AC CHARACTERISTICS 

(Vee= +5V ±10%, TA= 0°C to 70°C ) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

tcss CS setup time 0.2 µs 

tesH CS hold time CL= 100pF 0 µs 

DI setup time 
VoL = 0.8V, VoH = 2.0 

0.4 tors 
VrL = 0.45, VrH = 2.4 

µs 

torH DI hold time 0.4 µs 

tpo1 Output delay to 1 2 µs 

tpoo Output delay to O 2 µs 

IHZ Output delay to Hi-Z 0.4 µs 

IEW Erase/Write pulse width 10 ms 

tesMIN Minimum CS low time 1 µs 

ISKHI Minimum SK high time 1 µs 

ISKLOW Minumun SK low time 1 µs 

tsv Output delay to status valid CL= 100pF 1 µs 

SKMAX Maximum frequency DC 250 kHz 
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SYNCHRONOUS TIMINGS 

SK C cle 

!sKHI --+- !sKLOW \.- tcsH 

SK to1s 

DI 
lcSMIN 

cs 
to1s 

DO IPD1 

INSTRUCTION TIMING <ORGANIZATION> 

Organization AN (or AN) DN (or DN) 

128 x 8 As D7 

64 x 16 As D1s 

INSTRUCTION TIMING <READ> 

INSTRUCTION TIMING <WRITE> 

SK 1-JLJu'1-JLruul,,!1---fl--_I1r 
cs 

r-~~~~~~~~~~~~~~~---fJ<--~,14-lcS-+1,~~1-~~~1 

AN AN-1 
DI 

DO 
HIGH Z 
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INSTRUCTION TIMING <EWENS, EWDS> 

SK 

cs 

DI 0 0 

INSTRUCTION TIMING <ERASE> 

SK 

cs 
AN AN-1 

DI 
~---~ 

DO 
HIGH Z 

INSTRUCTION TIMING <ERAL> 

SK 

cs 

DI 
0 0 

CAT93C46 

l--+--+-~f----1--~'f---

IEW 

tHz 

HIGH Z 

STANDBY 

64x16 = 4X's 
128x8 = 5X's 

D 0 -----------------i1--+---.J 
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INSTRUCTION TIMING <WRAL> 

SK 

cs STANDBY 

D1 ___;-1\~0~-0~-0~/~1_v~Z~Z~Z~Z~Z~Z_,_~...,_DN~~~\...::....:--+-~-+-__,,1-~~-1--~~
s4x1s = 4X's 
128x8 = SX's 

IHZ 
DO~~~~~~~~~~~~~~~~~~~r1-~-1-~~~ 

DEVICE OPERATION 

The CAT93C46H is a 1024 bit non-volatile memory 
intended for use with the COPS TM family of 
microcontrollers, or other standard microproces
sors. The CAT93C46H can be organized as either 
64 registers by 16 bits, or as 128 registers by 8 bits. 
Seven, 9 bit instructions (1 Obit instruction in 128 by 
8 organization) control the reading, writing, and 
erase operations of the device. The CAT93C46H 
operates on a single 5 Volt supply and will generate 
on chip, the high voltage required during any 
programming operation. Instructions, addresses, 
and write data are clocked into the DI pin on the 
rising edge of the clock (SK). The DO pin is nor
mally in a high impedance state except when read
ing data from the device, or when checking the 
busy\ready status after a programming operation. 
The busy/ready status can be determined after a 
programming operation by selecting the device and 
polling the DO pin; DO low indicates that the 
programming operation is not completed, while DO 
high indicates that the device is ready. If neces
sary, the DO pin may be placed back into a high im
pedance state during chip select by shifting a 
dummy "1" into the DI pin. The DO will enter the 
high impedance state on the falling edge of the 
clock (SK). Placing the DO pin into the high im
pedance state is recommended in applications 
where the DI pin and and the DO pin are to be tied 
together to form a common Dl/O pin. The format 
for all instructions sent to the CAT93C46H is 1 logi
cal "1" start bit, a 2 bit (or 4 bit) op code, a 6 bit ad
dress (7 bit address when organized as 128 X 8), 
and for write operations a 16 bit data field (8 bit data 
field when organized as 128 X 8). 
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HIGHZ 

READ 

Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT93C46H will come out of the high impedance 
state, after sending 1 dummy zero bit the 16 bits (or 
8 bits) of data located at the address location 
specified in the instruction will be shifting out. The 
data bits being shifted out will toggle on the rising 
edge of the SK clock and is stable after the specified 
time delay tpDo or tPD1. 

ERASE/WRITE ENABLE AND DISABLE 

The CAT93C46H powers up in the programming 
disable state. Any programming after power-up or 
after an EWDS (programming disable) instruction 
must first be preceded by the EWEN (programming 
enable) instruction. Once programming is enabled, 
it will remain enabled until power to the device is 
removed, or the EWDS instruction is sent. The 
EWDS instruction can be used to disable all 
CAT93C46H programming and erasing functions, 
and will prevent any accidental programming or 
erasing of the device. Data can be read normally 
from the CAT93C46H regardless of the program
ming enable/disable status. 

ERASE 

Upon receiving an ERASE command and address, 
the CS (chip select) must be deselected for a min
imum of 1 µs (TcsMIN). The falling edge of CS will 
start the self clocking erase cycle of the memory 
location specified in the instruction. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The BUSY/READY 
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status of the CAT93C46H can be determined by 
selecting the device and polling the DO pin. 

WRITE 

After receiving a WRITE command, address and 
the data, the CS (chip select) must be deselected 
for a minimum of 1 µs (TcsMIN). The falling edge of 
CS will start the self clocking erase and data store 
cycle of the memory location specified in the in
struction. The clocking of the SK pin is not neces
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT93C46H can be determined by selecting the 
device and polling the DO pin. With the 
CAT93C46H it is NOT necessary to erase a 
memory location before the WRITE command. 

ERASE ALL 

Upon receiving an ERASE ALL command, the CS 
(chip select) must be deselected for a minimum of 
1 µs (TcsMIN). The falling edge of CS will start the 

self clocking erase cycle of all memory locations in 
the device. The clocking of the SK pin is not neces
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT93C46H can be determined by selecting the 
device and polling the DO pin. 

WRITE ALL 

Upon receiving a WRITE ALL command and data, 
the CS (chip select) must be deselected for a min
imum of 1 µs (TcsMIN). The falling edge of CS will 
start the self clocking data write to all memory loca-
tions in the device. The clocking of the SK pin is I 
not necessary after the device has entered the self 
clocking mode. The BUSY/READY status of the 
CAT93C46H can be determined by selecting the 
device and polling the DO pin. It IS necessary for 
all memory locations to be erased before the 
WRITE ALL command is executed. 

Ml CROWi RE and COPS are registered trademarks 
of the National Semiconductor Corporation. 
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CA T93C461 [Industrial Temperature] 

lK BIT SERIAL EEPROM 

DESCRIPTION 

The CAT93C461 is a 1 K bit Serial EEPROM 
memory device organized in 64 registers of 16 bits 
(ORG pin at Vee) or 128 registers of 8 bits each 
(ORG pin at GND). Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT93C461 is manufactured using Catalyst's ad
vanced CMOS EEPROM floating gate technology. 
It is designed to endure 10,000 erase/write cycles 
and has a data retention of 1 O years. It is packaged 
in an 8 pin dip or S.O. package. To be offered in a 
3-volt version ( CAT33C101 I ). 

PIN CONFIGURATION 

TOP VIEW 

cs 
SK 

DI 

DO 

PIN FUNCTIONS 

cs 
SK 
DI 
DO 
Vee 
GND 

8 

7 

Vee 

NC 

Chip select 
Clock input 
Serial data input 
Serial data output 
+5V power supply 
Ground 

NC No connection 
ORG Memory organization 

Note: ORG, When the ORG pin is connected to +5V, 
the 64x 16 organization is selected. When it is con
nected to ground, the 128x8 organization is selected. 
If the ORG pin is left unconnected, then an internal 
pull up device will select the 64x16 organization. 

FEATURES 
• Highly reliable CMOS floating gate technology 
• Single 5-volt supply 
• 64x16 or 128x8 user selectable serial memory 
• Compatible with National Semiconductor 

NMC 9346 
• Self timed programming cycle with Autoerase 
• Word and chip erasable 
• Operating range -40°C TO +85°C 
• 10,000 erase/write cycles 
• 1 O year data retention 
• Power-on data protection 

BLOCK DIAGRAM 

ORG 

DI 

cs 

SK 

Vee GND 

Memory Array 

128x8 

or 
64x16 

Data register 

Clock generator 

Address 

Decoder 

Output 

buffer 

DO 
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ABSOLUTE MAXIMUM RATINGS * 
Storage temperature 

Power supply 

Voltage on any input pin 

Voltage on any output pin 

Tstg . 

Vee 

EEPROM 

. -65°C to + 150°C 

. +7V 

. -0.3 to +7V 

. -0.3V to Vee +0.3V 

CATALYST 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee = +5V ±10%, TA = -40°C to +85°C ) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

lee1 Current consumption (operating) 
Vee =5.0V, CS= V1H 

4 mA Outputs unloaded 

lee2 Current consumption (stand-by) Vee= 5.5V, CS= 0 100 µA 

DI =0, SK= O 

lu Input leakage current V1N =5.5V 10 µA 

ILO Output leakage current Vour = 5.5V, CS= o 10 µA 

V1H High level input voltage 2.0 Vee +1 v 
V1L Low level input voltage -0.1 0.8 v 

VoH High level output voltage loH = -400µA 2.4 v 
VoL Low level output voltage loL = 2.1mA 0.4 v 

INSTRUCTION SET 

Instruction Start Bit Opcode Address Data Comments 
128 x 8 64 x 16 128 x 8 64 x 16 

READ 1 1 0 A6-AO A5-AO Read address AN - AO 

ERASE 1 1 1 A6-AO A5-AO ERASE address AN - AO 

WRITE 1 0 1 A6-AO A5-AO D7-DO D15- DO WRITE address AN - AO 

EWEN 1 0 0 11XXXXX 11XXXX Program enable 

EWDS 1 0 0 ooxxxxx ooxxxx Program disable 

ERAL 1 0 0 10XXXXX 10XXXX Erase all addresses 

WRAL 1 0 0 01XXXXX 01XXXX D7- DO D15- DO Program all addresses 
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AC CHARACTERISTICS 

(Vee= +5V ±10%, TA= -40°C to +85°C) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

tcss CS setup time 0.2 µs 

tesH CS hold time CL= 100pF 0 µs 

to1s DI setup time 
VoL = 0.8V, VoH = 2.0 

0.4 
V1L = 0.45, V1H = 2.4 

µs 

to1H DI hold time 0.4 µs 

tpo1 Output delay to 1 2 µs 

tpoo Output delay to 0 2 µs 

tHz Output delay to Hi-Z 0.4 µs 

tEW Erase/Write pulse width 10 ms 

tcSMIN Minimum CS low time 1 µs 

lsKHI Minimum SK high time 1 µs 

tsKLOW Minimum SK low time 1 µs 

tsv Output delay to status valid CL= 100pF 1 µs 

SKMAX Maximum frequency DC 250 kHz 
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SYNCHRONOUS TIMINGS 

SK 

DI 

cs 

DO 

SKC cle 

tsKHI -+ tsKLOW 

INSTRUCTION TIMING <ORGANIZATION> 

Organization 

128 x8 

64x 16 

INSTRUCTION TIMING <READ> 

SK 

cs 

DI 1 0 

DO ~~~~~~~~~~~~-----
HIGH Z 

INSTRUCTION TIMING <WRITE> 

AN (or AN) 

As 

As 

CATALYST 

I-- tcsH 

DN (or ON) 

D1 

015 

SK 

cs 

1-rul_f ~)Lf1__Jl___J 

2-14 

DI 

DO 

,.-~~~~~~~~~-T,f--~~----,ft--~~~tcs---.i,~71--~--..1 

AN AN-1 DO Verify Status 

HIGH Z 
r tHz 

HIGHZ 
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INSTRUCTION TIMING <EWENS, EWDS> 

SK 

cs 

DI 0 0 

Enable= 11 
Disable =00 

INSTRUCTION TIMING <ERASE> 

SK 

cs 

DI 

DO 
HIGH Z 

INSTRUCTION TIMING <ERAL> 

/ / 

CAT93C461 

tHz 
HIGHZ 

:>-15 

I 



CAT93C461 EEPROM CATALYST 

INSTRUCTION TIMING <WRAL> 

SK 

cs 

DI __/1\0 0 Oj 1 

DEVICE OPERATION 

The CAT93C461 is a 1024 bit non-volatile memory 
intended for use with the COPS™ family of 
microcontrollers, or other standard microproces
sors. The CAT93C461 can be organized as either 
64 registers by 16 bits, or as 128 registers by 8 bits. 
Seven, 9 bit instructions (10 bit instruction in 128 by 
8 organization) control the reading, writing, and 
erase operations of the device. The CAT93C461 
operates on a single 5 Volt supply and will generate 
on chip, the high voltage required during any 
programming operation. Instructions, addresses, 
and write data are clocked into the DI pin on the 
rising edge of the clock (SK). The DO pin is nor
mally in a high impedance state except when read
ing data from the device, or when checking the 
busy\ready status after a programming operation. 
The busy/ready status can be determined after a 
programming operation by selecting the device and 
polling the DO pin; DO low indicates that the 
programming operation is not completed, while DO 
high indicates that the device is ready. If neces
sary, the DO pin may be placed back into a high im
pedance state during chip select by shifting a 
dummy "1" into the DI pin. The DO will enter the 
high impedance state on the falling edge of the 
clock (SK). Placing the DO pin into the high im
pedance state is recommended in applications 
where the DI pin and and the DO pin are to be tied 
together to form a common Dl/O pin. The format 
for all instructions sent to the CAT93C461 is 1 logi
cal "1" start bit, a 2 bit (or 4 bit) op code, a 6 bit ad
dress (7 bit address when organized as 128 X 8), 
and for write operations a 16 bit data field (8 bit data 
field when organized as 128 X 8). 
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HIGHZ 

READ 

Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT93C461 will come out of the high impedance 
state, after sending 1 dummy zero bit the 16 bits (or 
8 bits) of data located at the address location 
specified in the instruction will be shifting out. The 
data bits being shifted out will toggle on the rising 
edge of the SK clock and is stable afterthe specified 
time delay tpoo or tpo1. 

ERASE/WRITE ENABLE AND DISABLE 

The CAT93C461 powers up in the program ming dis
able state. Any programming after power-up or 
after an EWDS (programming disable) instruction 
must first be preceded by the EWEN (programming 
enable) instruction. Once programming is enabled, 
it will remain enabled until power to the device is 
removed, or the EWDS instruction is sent. The 
EWDS instruction can be used to disable all 
CAT93C461 programming and erasing functions, 
and will prevent any accidental programming or 
erasing of the device. Data can be read normally 
from the CAT93C461 regardless of the program
ming enable/disable status. 

ERASE 

Upon receiving an ERASE command and address, 
the CS (chip select) must be deselected for a min
imum of 1 µs (TcsMIN). The falling edge of CS will 
start the self clocking erase cycle of the memory 
location specified in the instruction. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The BUSY/READY 
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status of the CAT93C461 can be determined by 
selecting the device and polling the DO pin. 

WRITE 

After receiving a WRITE command, address and 
the data, the CS (chip select) must be deselected 
for a minimum of 1 µs (TcsMIN). The falling edge of 
CS will start the self clocking erase and data store 
cycle of the memory location specified in the in
struction. The clocking of the SK pin is not neces
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT93C461 can be determined by selecting the 
device and polling the DO pin. With the CAT93C461 
it is NOT necessary to erase a memory location 
before the WRITE command. 

ERASE ALL 

Upon receiving an ERASE ALL command, the CS 
(chip select) must be deselected for a minimum of 
1 µs (T CSMIN). The falling edge of CS will start the 

self clocking erase cycle of all memory locations in 
the device. The clocking of the SK pin is not neces
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT93C461 can be determined by selecting the 
device and polling the DO pin. 

WRITE ALL 

Upon receiving a WRITE ALL command and data, 
the CS (chip select) must be deselected for a min
imum of 1 µs (TcsMIN). The falling edge of CS will 
start the self clocking data write to all memory loca-
tions in the device. The clocking of the SK pin is II 
not necessary after the device has entered the self 
clocking mode. The BUSY/READY status of the 
CAT93C461 can be determined by selecting the 
device and polling the DO pin. It IS necessary for 
all memory locations to be erased before the 
WRITE ALL command is executed. 

COPS and Ml CROWi RE are registered trademarks 
of the National Semiconductor Corporation. 
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CATALYST EEPROM CAT59C11 

CAT59Cll 
lK BIT SERIAL EEPROM 

DESCRIPTION 

The CAT59C11 is a 1 K bit Serial EEPROM 
memory device organized in 64 registers of 16 bits 
(ORG pin at Vee) or 128 registers of 8 bits each 
(ORG pin atGND). Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT59C11 is manufactured using Catalyst's ad
vanced CMOS EEPROM floating gate technology. 
It is designed to endure 10,000 erase/write cycles 
and has a data retention of 1 O years. It is packaged 
in an 8 pin dip and Small Outline packages. To be 
offered in a 3-volt package ( CAT33C201 ). 

PIN CONFIGURATION 

TOP VIEW 

8 Vee 

7 ROY/BUSY 

6 ORG 

5 GND 

PIN FUNCTIONS 

CS Chip select 
CLK Clock input 
DI Serial data input 
DO Serial data output 
Vee +SV power supply 
ROY/BUSY Status output 
GND Ground 
ORG Memory organization 

Note: When the ORG pin is connected to +SV, the 
64x16 organization is selected. When it is connected 
to ground, the 128x8 organization is selected. If the 
ORG pin is left unconnected, then an internal pullup 
device will select the 64x16 organization. 

FEATURES 
• Highly reliable CMOS floating gate technology 
• Single 5-volt supply 
• 64x16 or 128x8 user selectable serial memory 
• Compatible with General Instruments ER5911 
• Self timed programming cycle with Autoerase 
• Word and chip erasable 
• Operating range o0c to 70°C [industrial temp. 

range available] 
• 10,000 erase/write cycles 
• 10 year data retention 
• Power-on data protection 

BLOCK DIAGRAM 

Vee GND 

Memory Array Address 

ORG Decoder 
128x8 

or 
64x16 

Output 
Data register 

DI buffer 

cs Mode decode logic 

CLK Clock generator DO 

ADY/BUSY 
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ABSOLUTE MAXIMUM RATINGS* 
Storage temperature 
Power supply 
Voltage on any input pin 
Voltage on any output pin 

Tstg . 

Vee 

EEPROM 

. -65°C to + 150°C 

.+7V 

. -0.3to +7V 

. -0.3V to Vee +0.3V 

CATALYST 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee = +5V ±1 O"/o, TA = 0°C to 70°C ) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

lee1 Current consumption (operating) 
Vee =5.SV, CS= 1 

5 mA DO unloaded 

lee2 Current consumption (stand-by) Vee = 5.5V, CS = 0 100 µA 

DI =0, SK=O 

lu Input leakage current V1N =5.5V 10 µA 

ILO Output leakage current Vour = 5.5V, CS= o 10 µA 

V1H High level input voltage 2.0 Vee +1 v 
V1L Low level input voltage -0.1 0.8 v 
VoH High level output voltage IOH =-400µA 2.4 v 
VoL Low level output voltage loL = 2.1mA 0.4 v 

INSTRUCTION SET 

Instruction Start Bit Opcode Address Data Comments 

128 x 8 64x 16 128x 8 64x 16 

READ 1 1000 Aa-Ao As-Ao Read address AN - Ao 

PROGRAM 1 X100 Aa-Ao As-Ao D1- Do D1s- Do Program address AN - Ao 

PEN 1 0011 0000000 000000 Program enable 

PDS 1 0000 0000000 000000 Program disable 

ERAL 1 0010 0000000 000000 Erase all addresses 

WRAL 1 0001 0000000 000000 D1- Do D1s- Do Write all addresses 
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AC CHARACTERISTICS 

(Vee = +5V ±10%, TA = 0°C to 70°C ) 

Symbol Parameter Conditions Limits Unit 
Min. Typ. Max. 

tcss CS setup time 0.2 µs 

tcsH CS hold time CL= 100pF 0 µs 

to1s DI setup time 
VoL = a.av, VoH = 2.0 

0.4 
V1L = 0.45, V1H = 2.4 

µs 

to1H DI hold time 0.4 µs 

tpo1 Output delay to 1 2 µs 

tpoo Output delay to 0 2 µs I 
tEW Erase/Write pulse width 20 ms 

tsKHI Minimum SK high time 1 µs 

tsKLOW Minumun SK low time 1 µs 

CKMAX Maximum frequency DC 250 kHz 
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SYNCHRONOUS TIMINGS 

CLK -----i 

DI 

cs 

DO 

CLKC cle 

tcKHI -+- tcKLOW 

to1s 

INSTRUCTION TIMING <ORGANIZATION> 

Organization 

128x8 

64x 16 

INSTRUCTION TIMING <READ> 

cs 

CLK 

AN (or AN) 

As 

A5 

I-- tcsH 

DN (or ON) 

D1 

015 

DI 0 0 ~--------
DO ------H-IG_H_Z------~~ 

INSTRUCTION TIMING <PROGRAM> 
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cs 

CLK 

DI 

ROY/BUSY 
HIGH Z 

/ 
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CATALYST EEPROM CAT59C11 

INSTRUCTION TIMING <PEN, PDS, for 128 x 8 organization> 

cs 

CLK 

DI --..Jr1\0 0/ \ 0 0 0 0 0 0 0 
Enable= 11 
Disable= 00 

INSTRUCTION TIMING <PEN, PDS' for 64 x 16 organization> 

cs 

CLK 

DI __/1\ 0 0 I \ 0 0 0 0 0 0 
Enable= 11 
Disable= 00 

INSTRUCTION TIMING <ERAL, 128 x 8 organization> 

cs _/ 

CLK 

DI 

ROY/BUSY 

0 0 1 0 0 0 0 0 0 0 0 j---l1'CX 
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INSTRUCTION TIMING cERAL 64 x 16 organization> 

cs _J 

CLK 

DI 

ROY/BUSY 

0 0 

INSTRUCTION TIMING cWRAL 128 x 8 organization> 

cs 

CLK 

DI 

ADY/BUSY 

0001 000000 

INSTRUCTION TIMING cWRAL 64 x 16 organization> 

cs 

CLK 

DI 

ROY/BUSY 

0001 00000 

DEVICE OPERATION 

The CAT59C11 is a 1024 bit non-volatile memory 
intended for use with all standard controllers. The 
CAT59C11 can be organized as either 64 registers 
by 16 bits, or as 128 registers by 8 bits. Six, 11 bit 
instructions (12 bit instruction in 128 by 8 organiza
tion) control the reading, writing, and erase opera
tions of the device. The CAT59C11 operates on a 
single 5 Volt supply and will generate on chip the 
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high voltage required during any programming 
operations. Instructions, addresses, and write data 
are clocked into the DI pin on the rising edge of the 
clock (CLK). The DO pin is normal in a high im
pedance state except when reading data from the 
device. The ready/busy status can be determined 
after ..!.....Q!flgramming operation by polling the 
ROY/BUSY pin. 
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The format for all instructions sent to the CAT59C11 
is one logical "1" start bit, a 4 bit op code, a 6 bit ad
dress (7 bit address when organized as 128 X 8), 
and for write operations a 16 bit data field (8 bit data 
field when organized as 128 X 8). 

READ 
Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT59C11 will come out of the high impedance 
state. After sending 1 dummy zero bit the 16 bits 
(or 8 bits) of data located at the address location 
specified in the instruction will be shifted out. The 
data bit being shifted out will toggle on the rising 
edge of the CLK and is stable after the specified 
time delay tpo1 and tpoo). 

ERASE/WRITE ENABLE AND DISABLE 
The CAT59C11 powers up in the programming dis
able state. Any programming after power-up or 
after a PDS (programming disable) instruction must 
first be preceded by the PEN (program ming enable) 
instruction. Once programming is enabled, it will 
remain enabled until power to the device is 
removed or the PDS instruction is sent. The PDS 
instruction can be used to disable all the 
CAT59C11 's program and erase functions, and will 
prevent any accidental programming or erasing of 
the device. Data can be read normally from the 
CAT59C11 regardless of the programming 
enable/disable status. 

PROGRAM 
After receiving a PROGRAM command, address, 
and the data, the RDY/BUSY pin goes low and the 
self clocking erase and data store cycle begins. 
The clocking of the CLK pin is not necessary after 
the device has entered the self clocking mode. The 
ready/busy status of the CAT59C11 can be deter
mined by polling the RDY/BUSY pin. 

ERASE ALL 
Upon receiving an WRAL command, the 
RDY/BUSY pin goes low and the self clocking 
erase sequence starts. The clocking of the CLK pin 
is not necessary after the device has entered the 
self clocking mode. The ready/busy status of the 
CAT59C11 can be determined by polling the 
RDY/BUSY pin. 

WRITE ALL 
Upon receiving a WRAL command and data, the 
ROY/BUSY pin goes low and the self clocking data 
store cycle starts. The clocking of the CLK pin is not 
necessary after the device has entered the self 
clocking mode. The ready/busy status of the 
CAT59C11 can be determined by polling the 
RDY/BUSYpin. It IS necessary for all memory loca
tions to be erased before the WRAL command is 
executed. 
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CAT59C11A 
lK BIT SERIAL EEPROM 

DESCRIPTION 

The CAT59C11 A is a 1 K bit Serial EE PROM 
memory device organized in 64 registers of 16 bits 
(ORG pin at Vee) or 128 registers of 8 bits each 
(ORG pin at GND). Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT59C11A is manufactured using Catalyst's ad
vanced CMOS EEPROM floating gate technology. 
It is designed to endure 10,000 erase/write cycles 
and has a data retention of 1 O years. It is packaged 
in an 8 pin dip and Small Outline packages. To be 
offered in a3-volt package (CAT33C201A). 

PIN CONFIGURATION 

TOP VIEW 

DI 

DO 

3 

4 

PIN FUNCTIONS 

cs 
CLK 
DI 
DO 
Vee 
ROY/BUSY 
GND 
ORG 

6 

5 

ORG 

GND 

Chip select 
Clock input 
Serial data input 
Serial data output 
+5V power supply 
Status output 
Ground 
Memory organization 

Note: When the ORG pin is connected to +5V, the 
64x16 organization is selected. When it is connected 
to ground, the 128x8 organization is selected. If the 
ORG pin is left unconnected, then an internal pullup 
device will select the 64x16 organization. 

FEATURES 
• Highly reliable CMOS floating gate technology 
• Single 5-volt supply 
• 64x16 or 128x8 user selectable serial memory 
• Compatible with General Instruments ER5911 
• Self timed programming cycle with Autoerase 
• Word and chip erasable 
• Operating range 0°C to 70°C [industrial temp. 

range available] 
• 10,000 erase/write cycles 
• 1 O year data retention 
• Power-on data protection 

BLOCK DIAGRAM 

Vee GND 

Memory Array Address 

ORG Decoder 
128x8 

or 

64x16 

Output 

DI buffer 

cs Mode decode logic 

CLK 
Clock generator 

DO 

ROY/BUSY 



CAT59C11A 

ABSOLUTE MAXIMUM RATINGS* 
Storage temperature 

Power supply 

Voltage on any input pin 

Voltage on any output pin 

Tstg 

Vee 

EE PROM 

. -65°C to + 150°C 

. +7V 

. -0.3 to +7V 

. -0.3V to Vee +0.3V 

CATALYST 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee = +5V ±10%, TA= 0°C to 70°C) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

lee1 Current consumption (operating) 
Vee =5.SV, CS= 1 

3 mA DO unloaded 

lee2 Current consumption (stand-by) Vee= 5.5V, CS= o 100 µA 

DI= 0, SK =0 

lu Input leakage current V1N = 5.5V 10 µA 

ILO Output leakage current VouT = 5.5V, cs= 0 10 µA 

V1H High level input voltage 2.0 Vee +1 v 

V1L Low level input voltage -0.1 0.8 v 

VoH High level output voltage loH =-400µA 2.4 v 

VoL Low level output voltage· loL = 2.1mA 0.4 v 

INSTRUCTION SET 

Instruction Start Bit Opcode Address Data Comments 

128 x 8 64 x 16 128 x 8 64 x 16 

READ 1 1000 As-Ao As-Ao Read address AN - Ao 

PROGRAM 1 X100 As-Ao As-Ao D1- Do D1s - Do Program address AN - Ao 

PEN 1 0011 0000000 000000 Program enable 

PDS 1 0000 0000000 000000 Program disable 

ERAL 1 0010 0000000 000000 Erase all addresses 

WRAL 1 0001 0000000 000000 D1- Do D1s - Do Write all addresses 
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AC CHARACTERISTICS 

(Vee= +SV ±10%, TA= 0°C to 70°C) 

Symbol Parameter 

less CS setup time 

lcSH CS hold time 

to1s DI setup time 

tDIH DI hold time 

tPD1 Output delay to 1 

tpoo Output delay to 0 

tEW Erase/Write pulse width 

lsKHI Minimum SK high time 

lsKLOW Minimum SK low time 

CKMAX Maximum frequency 

EE PROM 

Conditions 

CL= 100pF 
VoL = O.SV, VoH = 2.0 

V1L = 0.45, V1H = 2.4 

CAT59C11A 

Limits Unit 
Min. Typ. Max. 

0.2 µs 

0 µs 

0.4 µs 

0.4 µs 

2 µs 

2 µs I 
10 ms 

1 µs 

1 µs 

DC 250 kHz 
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CAT59C11A EEPROM 

SYNCHRONOUS TIMINGS 

CLKC cle 

tcKHI -..j.- tcKLOW 

DI 

cs 

DO 

to1s 

INSTRUCTION TIMING <ORGANIZATION> 

Organization 

128 x8 

64x 16 

INSTRUCTION TIMING <READ> 

cs 

CLK 

DI 0 0 

t?o1 

AN (or AN) 

As 

As 

DO ~~~~~~~~~~~~~~ 
HIGH Z 

INSTRUCTION TIMING <PROGRAM> 
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cs 

CLK 

DI 

RDYIBUSY 
HIGH Z 

l 

CATALYST 

I-- tcSH 

DN (or ON) 

D1 

015 

/ 



CATALYST EE PROM CAT59C11A 

INSTRUCTION TIMING <PEN, PDS, for 128 x 8 organization> 

cs 

CLK 

DI -~11\ o o; \ o o o 0 0 0 0 
Enable= 11 
Disable= 00 

INSTRUCTION TIMING <PEN, PDS 'for 64 x 16 organization> 

cs 

CLK 

DI _______/1\0 0/ \ o o o 0 0 0 
Enable= 11 
Disable= 00 

INSTRUCTION TIMING <ERAL, 128 x 8 organization> 

cs _} 

CLK 

DI 

RDYIBUSY 
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INSTRUCTION TIMING cERAL 64 x 16 organization> 

cs _j 

CLK 

DI 

ROY/BUSY 

0 0 

INSTRUCTION TIMING cWRAL 128 x 8 organization> 

cs 

CLK 

\ \\ \ \ \/ 

DI 

ROY/BUSY 

0001 000000 

INSTRUCTION TIMING cWRAL 64 x 16 organization> 

cs 

CLK 

DI 

ROY/BUSY 

0001 00000 

DEVICE OPERATION 

The CAT59C11Aisa1024 bit non-volatile memory 
intended for use with all standard controllers. The 
CAT59C11A can be organized as either 64 
registers by 16 bits, or as 128 registers by 8 bits. 
Six, 11 bit instructions (12 bit instruction in 128 by 
8 organization) control the reading, writing, and 
erase operations of the device. The CAT59C11 A 
operates on a single 5 Volt supply and will generate 
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on chip the high voltage required during any 
programming operations. Instructions, addresses, 
and write data are clocked into the DI pin on the 
rising edge of the clock (CLK). The DO pin is nor
mal in a high impedance state except when read
ing data from the device. The ready/busy status 
can be determined after a programming operation 
by polling the ROY/BUSY pin. 
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The format for all instructions sent to the 
CAT59C11A is one logical "1" start bit, a 4 bit op 
code, a 6 bit address (7 bit address when organized 
as 128 X 8), and for write operations a 16 bit data 
field (8 bit data field when organized as 128 X 8). 

READ 
Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT59C11A will come out of the high impedance 
state. After sending 1 dummy zero bit the 16 bits 
(or 8 bits) of data located at the address location 
specified in the instruction will be shifted out. The 
data bit being shifted out will toggle on the rising 
edge of the CLK and is stable after the specified 
time delay tpo1 and tpoo). 

ERASE/WRITE ENABLE AND DISABLE 
The CAT59C11A powers up in the programming 
disable state. Any programming after power-up or 
after a PDS (programming disable) instruction must 
first be preceded bythe PEN (programming enable) 
instruction. Once programming is enabled, it will 
remain enabled until power to the device is 
removed or the PDS instruction is sent. The PDS 
instruction can be used to disable all the 
CAT59C11A's program and erase functions, and 
will prevent any accidental programming or erasing 
of the device. Data can be read normally from the 
CAT59C11 A regardless of the programming 
enable/disable status. 

PROGRAM 
After receiving a PROGRAM command, address, 
and the data, the ROY/BUSY pin goes low and the 
self clocking erase and data store cycle begins. 
The clocking of the CLK pin is not necessary after 
the device has entered the self clocking mode. The 
ready/busy status of the CAT59C11Acan be deter
mined by polling the ROY/BUSY pin. 

ERASE ALL 
Upon receiving an WRAL command, the 
ROY/BUSY pin goes low and the self clocking 
erase sequence starts. The clocking of the CLK pin 
is not necessary after the device has entered the 
self clocking mode. The ready/busy status of the 
CAT59C11 A can be determined by polling the 
ROY/BUSY pin. 

WRITE ALL 
Upon receiving a WRAL command and data, the 
ROY/BUSY pin goes low and the self clocking data 
store cycle starts. The clocking of the CLK pin is not 
necessary after the device has entered the self 
clocking mode. The ready/busy status of the 
CAT59C11A can be determined by polling the 
ROY /BUSY pin. It IS necessary for all memory loca
tions to be erased before the WRAL command is 
executed. 
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CATALYST EE PROM CAT59C111 

CAT59Cll I [Industrial Temperature] 

lK BIT SERIAL EEPROM 

DESCRIPTION 

The CAT59C11 I is a 1 K bit Serial EEPROM 
memory device organized in 64 registers of 16 bits 
(ORG pin at Vee) or 128 registers of 8 bits each 
(ORG pin atGND). Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT59C11 I is manufactured using Catalyst's ad
vanced CMOS EEPROM floating gate technology. 
It is designed to endure 10,000 erase/write cycles 
and has a data retention of 10 years. It is packaged 
in an 8 pin dip and Small Outline packages. To be 
offered in a 3-volt version (CAT33C201 I). 

PIN CONFIGURATION 

TOP VIEW 

cs 
CLK 

DI 3 

DO 4 

PIN FUNCTIONS 

cs 
CLK 
DI 
DO 
Vee 
ROY/BUSY 
GND 
ORG 

8 Vee 

7 ROY/BUSY 

6 ORG 

5 GND 

Chip select 
Clock input 
Serial data input 
Serial data output 
+SV power supply 
Status output 
Ground 
Memory organization 

Note: When the ORG pin is connected to +SV, the 
64x16 organization is selected. When it is connected 
to ground, the 128x8 organization is selected. If the 
ORG pin is left unconnected, then an internal pullup 
device will select the 64x16 organization. 

FEATURES 
• Highly reliable CMOS floating gate technology 
• Single 5-volt supply 
• 64x16 or 128x8 user selectable serial memory 
• Compatible with General Instruments ER5911 
• Self timed programming cycle with Autoerase 
• Word and chip erasable 
• Operating range -40°C to +85°C 
• 10,000 erase/write cycles 
• 1 O year data retention 
• Power-on data protection 

BLOCK DIAGRAM 

Vee GND 

Memory Array Address 

ORG Decoder 
128x8 

or 
64x16 

Output 
Data register 

DI buffer 

cs Mode decode logic 

CLK 
Clock generator 

DO 

ROY/BUSY 
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CAT59C11 I 

ABSOLUTE MAXIMUM RATINGS* 
Storage temperature 

Power supply 

Voltage on any input pin 

Voltage on any output pin 

Tstg 

Vee 

EEPROM 

. -65°C to + 150°C 

. +7V 

. -0.3 to +7V 

. -0.3V to Vee +0.3V 

CATALYST 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee= +5V ±10%, TA= -40°C to +85°C ) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

lee1 Current consumption (operating) 
Vee =5.SV, CS= 1 

5 mA DO unloaded 

lee2 Current consumption (stand-by) Vee= 5.5V, CS= O 100 µA 

DI =0, SK=O 

lu Input leakage current V1N =5.5V 10 µA 

ILO Output leakage current Vour = 5.5V, CS= o 10 µA 

V1H High level input voltage 2.0 Vee +1 v 
V1L Low level input voltage -0.1 0.8 v 
VoH High level output voltage loH = -400µA 2.4 v 
VoL Low level output voltage loL = 2.1mA 0.4 v 

INSTRUCTION SET 

Instruction Start Bit Opcode Address Data Comments 

128 x 8 64 x 16 128 x 8 64 x 16 

READ 1 1000 As-Ao A5-Ao Read address AN - Ao 

PROGRAM 1 X100 As-Ao A5-Ao D1- Do D15 - Do Program address AN - Ao 

PEN 1 0011 0000000 000000 Program enable 

PDS 1 0000 0000000 000000 Program disable 

ERAL 1 0010 0000000 000000 Erase all addresses 

WRAL 1 0001 0000000 000000 D1- Do D15- Do Write all addresses 
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AC CHARACTERISTICS 

(Vee= +5V±10%, TA= -40°C to +85°C) 

Symbol Parameter Conditions Limits Unit 
Min. Typ. Max. 

tcss CS setup time 0.2 µs 

tesH CS hold time CL= 100pF 0 µs 

to1s DI setup time 
VoL = O.SV, VoH = 2.0 

0.4 
V1L = 0.45, V1H = 2.4 

µs 

t01H DI hold time 0.4 µs 

tpo1 Output delay to 1 2 µs 

tpoo Output delay to 0 2 µs I 
tEw Erase/Write pulse width 20 ms 

tsKHI Minimum SK high time 1 µs 

tsKLOW Minumun SK low time 1 µs 

CKMAX Maximum frequency DC 250 kHz 
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SYNCHRONOUS TIMINGS 

CLK 

DI 

cs 

DO 

____ __, 

CLKC cle 

tcKHI -+- tcKLOW 

to1s 

INSTRUCTION TIMING <ORGANIZATION> 

Organization 

128x8 

64 x 16 

INSTRUCTION TIMING <READ> 

cs 

CLK 

DI 0 0 

AN (or AN) 

As 

As 

DO -------------~ HIGH Z 

INSTRUCTION TIMING <PROGRAM> 

2-38 

cs 

CLK 

DI 

RDY/BUSY 

x 0 

HIGH Z ' 

CATALYST 

I- tcsH 

DN (orDN) 

D1 

D1s 
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CATALYST EEPROM 

INSTRUCTION TIMING <PEN, PDS, for 128 x 8 organization> 

cs 

CLK 

DI -~r1\ o o; \ o o o 0 0 0 0 
Enable= 11 
Disable= 00 

INSTRUCTION TIMING <PEN, PDS 'for 64 x 16 organization> 

cs 

CLK _f1_ 

DI _____/1\0 0/ \ o o o 
Enable= 11 
Disable= 00 

INSTRUCTION TIMING <ERAL, 128 x 8 organization> 

cs _J 

CLK 

DI 

ROY/BUSY 

0 0 0 

CAT59C111 
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INSTRUCTION TIMING <ERAL 64 x 16 organization> 

cs _J \ \\ \ \ \/ 

CLK 

DI 0 0 

ROY/BUSY 

INSTRUCTION TIMING <WRAL 128 x 8 organization> 

cs 
CLK 

DI 

ROY/BUSY 

0001 000000 

INSTRUCTION TIMING <WRAL 64 x 16 organization> 

cs 

CLK 

DI 

ROY/BUSY 

0001 00000 

DEVICE OPERATION 

The CAT59C11Iisa1024 bit non-volatile memory 
intended for use with all standard controllers. The 
CAT59C11 I can be organized as either 64 registers 
by 16 bits, or as 128 registers by 8 bits. Six, 11 bit 
instructions (12 bit instruction in 128 by 8 organiza
tion) control the reading, writing, and erase opera
tions of the device. The CAT59C11 I operates on a 
single 5 Volt supply and will generate on chip the 
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high voltage required during any programming 
operations. Instructions, addresses, and write data 
are clocked into the DI pin on the rising edge of the 
clock (CLK). The DO pin is normal in a high im
pedance state except when reading data from the 
device. The ready/busy status can be determined 
after ...!....Q!!>gramming operation by polling the 
ROY/BUSY pin. 
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The format for all instructions sent to the 
CAT59C11 I is one logical "1" start bit, a 4 bit op 
code, a 6 bit address (7 bit address when organized 
as 128 X 8), and for write operations a 16 bit data 
field (8 bit data field when organized as 128 X 8). 

READ 
Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT59C11 I will come out of the high impedance 
state. After sending 1 dummy zero bit the 16 bits 
(or 8 bits) of data located at the address location 
specified in the instruction will be shifted out. The 
data bit being shifted out will toggle on the rising 
edge of the CLK and is stable after the specified 
time delay tpo1 and tpoo). 

ERASE/WRITE ENABLE AND DISABLE 
The CAT59C11 I powers up in the programming dis
able state. Any programming after power-up or 
after a PDS (programming disable) instruction must 
first be preceded by the PEN (programming enable) 
instruction. Once programming is enabled, it will 
remain enabled until power to the device is 
removed or the PDS instruction is sent. The PDS 
instruction can be used to disable all the 
CAT59C11 l's program and erase functions, and will 
prevent any accidental programming or erasing of 
the device. Data can be read normally from the 
CAT59C11 I regardless of the programming 
enable/disable status. 

PROGRAM 
After receiving a PROGRAM command, address, 
and the data, the ROY/BUSY pin goes low and the 
self clocking erase and data store cycle begins. 
The clocking of the CLK pin is not necessary after 
the device has entered the self clocking mode. The 
ready/busy status of the CAT59C11 I can be deter
mined by polling the ROY/BUSY pin. 

ERASE ALL 
Upon receiving an WRAL command, the 
ROY/BUSY pin goes low and the self clocking 
erase sequence starts. The clocking of the CLK pin 
is not necessary after the device has entered the 
self clocking mode. The ready/busy status of the 
CAT59C11 I can be determined by polling the 
ROY/BUSY pin. 

WRITE ALL 
Upon receiving a WRAL command and data, the 
RDY/BUSYpin goes low and the self clocking data 
store cycle starts. The clocking of the CLK pin is not 
necessary after the device has entered the self 
clocking mode. The ready/busy status of the 
CAT59C11 I can be determined by polling the 
RDY/BUSYpin. It IS necessary for all memory loca
tions to be erased before the WRAL command is 
executed. 
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CAT35C102 
2K BIT SERIAL EEPROM 

DESCRIPTION 

The CAT35C102 is a 2K bit Serial EE PROM 
memory device organized in 128 registers of 16 bits 
(ORG pin at Vee) or 256 registers of 8 bits each 
(ORG pin at GND). Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT35C102 is manufactured using Catalyst's ad
vanced CMOS EEPROM floating gate technology. 
It is designed to endure 10,000 erase/write cycles 
and has a data retention of 10 years. It is packaged 
in an 8 pin dip or SO package. To be offered in a 
3-volt version ( CAT33C102 ). 

PIN CONFIGURATION 

TOP VIEW 

cs • 1 

SK 2 

DI 3 

DO 4 

PIN FUNCTIONS 

cs 
SK 
DI 
DO 
Vee 
GND 
NC 
ORG 

8 Vee 
7 NC 

6 ORG 

5 GND 

Chip select 
Clock input 
Serial data input 
Serial data output 
+5V power supply 
Ground 
No connection 
Memory organization 

Note: When the ORG pin is connected to +5V, 
the 128x16 organization is selected. When it is 
connected to ground, the 256x8 organization is 
selected. If the ORG pin is left unconnected, 
then an internal pullup device will select the 
128x16 organization. 

Preliminary 

FEATURES 
• Highly reliable CMOS floating gate technology 
• Single 5-volt supply 
• 128x16 or 256x8 user selectable serial 

memory 
• Microwire TM compatible 
• Self timed programming cycle with Autoerase I 
• Operating range o°C to 70°C [industrial temp. 

range available] 
• 10,000 erase/write cycles 
• 10 year data retention 
• Power-on data protection 

BLOCK DIAGRAM 

ORG 

DI 

cs 

SK 

Vee GND 

Memory Array 

128x16 

or 
256x8 

Clock generator 

Address 

Decoder 

Output 

buffer 

DO 
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CAT35C102 

ABSOLUTE MAXIMUM RATINGS* 
Storage temperature 

Power supply 

Voltage on any input pin 

Voltage on any output pin 

Tstg 

Vee 

EE PROM 

. -65°C to + 150°C 

. +7V 

. -0.3to +7V 

. -0.3V to Vee +0.3V 

CATALYST 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee = +5V ±10%, TA = 0°C to 70°C ) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

lce1 Current consumption (operating) 
Vee =5.0V, CS= V1H 

3 mA Output unloaded 

lce2 Current consumption (stand-by) Vee = 5.5V, CS = o 100 µA 
DI= 0, SK=O 

lu Input leakage current V1N =5.5V 10 µA 

ILO Output leakage current Vour = 5.5V, CS= O 10 µA 

V1H High level input voltage 2.0 Vee +1 v 

V1L Low level input voltage -0.1 0.8 v 

VoH High level output voltage loH = -400µA 2.4 v 

VoL Low level output voltage loL = 2.1mA 0.4 v 

INSTRUCTION SET 

Instruction Start Bit Opcode Address Data Comments 

256 x 8 128 x 16 256 x 8 128 x 16 

READ 1 1 0 A7-AO A6-AO Read address AN - AO 

ERASE 1 1 1 A7-AO A6-AO ERASE address AN - AO 

WRITE 1 0 1 A7-AO A6-AO D7- DO D15 - DO WRITE address AN - AO 

EWEN 1 0 0 11XXXXXX 11XXXXX Program enable 

EWDS 1 0 0 ooxxxxxx ooxxxxx Program disable 

ERAL 1 0 0 10XXXXXX 10XXXXX Erase all addresses 

WRAL 1 0 0 01XXXXXX 01XXXXX D7- DO D15- DO Program all addresses 
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AC CHARACTERISTICS 

(Vee = +5V ±10%, TA = o°C to 70°C ) 

Symbol Parameter Conditions Limits Unit 
Min. Typ. Max. 

tcss CS setup time 50 ns 

tcSH CS hold time CL= 100pF 0 ns 

to1s DI setup time 
VoL = o.av, VoH = 2.0 

100 
V1L = 0.45, V1H = 2.4 

ns 

tDIH DI hold time 100 ns 

tpo1 Output delay to 1 500 ns 

1Poo Output delay to 0 500 ns 

IHZ Output delay to Hi-Z 100 ns 

tEw Erase/Write pulse width 10 ms 

tcSMIN Minimum CS low time 250 ns 

tsKHI Minimum SK high time 250 ns 

tsKLOW Minimum SK low time 250 ns 

tsv Output delay to status valid CL= 100pF 500 ns 

SKMAX Maximum frequency DC 1 MHz 



CAT35C102 

SYNCHRONOUS TIMINGS 

SK 

DI 

cs 
DO 

EEPROM 

SK Cycle 

--+-ts KL ow 

INSTRUCTION TIMING <ORGANIZATION> 

Organization 

256x8 

128 x 16 

INSTRUCTION TIMING <READ> 

INSTRUCTION TIMING <WRITE> 
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SK 

cs 

DI 

DO 
HIGH Z 

AN(orAN) 

A1 

Ae 

CATALYST 

tcSMIN 

DN (or ON) 

D1 

015 

STANDBY 
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INSTRUCTION TIMING <EWENS, EWDS> 

SK 

cs 

DI 0 0 

INSTRUCTION TIMING <ERASE> 

SK 

cs 

DI 

DO 
HIGH Z 

INSTRUCTION TIMING <ERAL> 

SK 

cs 

STANDBY 

tHz 
HIGH Z 

DI _____;-:1\_0~_0~r=r\~1~~~-~/~/~/__,_/-,--1~1-+~-+--ir~~-t--1t----
12sx16 = sx·s 
256x8 = 6X's tHz 

D 0 ------------------11--+-----,J 
HIGH Z 
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INSTRUCTION TIMING <WRAL> 

K 

s 

D I ___;-1\ 0 0 0 [T""'( 

DEVICE OPERATION 

The CAT35C102 is a 2048 bit non-volatile memory 
intended for use with the COPS TM family of 
microcontrollers, or other standard microproces
sors. The CAT35C102 can be organized as either 
128 registers by 16 bits, or as 256 registers by 8 
bits. Seven, 10 bit instructions (11 bit instructions 
in 256 by 8 organization) control the reading, writ
ing, and erase operations of the device. The 
CAT35C102 operates on a single 5 Volt supply and 
will generate on chip, the high voltage required 
during any programming operation. Instructions, 
addresses, and write data are clocked into the DI 
pin on the rising edge of the clock (SK). The DO 
pin is normally in a high impedance state except 
when reading data from the device, or when check
ing the busy\ready status after a programming 
operation. The busy/ready status can be deter
mined after a programming operation by selecting 
the device and polling the DO pin; DO low indicates 
that the programming operation is not completed, 
while DO high indicates that the device is ready. If 
necessary, the DO pin may be placed back into a 
high impedance state during chip select by shifting 
a dummy "1" into the DI pin. The DO will enter the 
high impedance state on the falling edge of the 
clock (SK). Placing the DO pin into the high im
pedance state is recommended in applications 
where the DI pin and and the DO pin are to be tied 
together to form a common Dl/O pin. The format 
for all instructions sent to the CAT35C102 is 1 logi
cal "1" start bit, a 2 bit (or 4 bit) op code, a 7 bit ad
dress (8 bit address when organized as 256 X 8), 
and for write operations a 16 bit data field (8 bit data 
field when organized as 256 X 8). 
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tHZ 

HIGHZ 

READ 

Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT35C102 will come out of the high impedance 
state, after sending 1 dummy zero bit the 16 bits (or 
8 bits) of data located at the address location 
specified in the instruction will be shifting out. The 
data bits being shifted out will toggle on the rising 
edge of the SK clock is stable after the specified 
time delay tpoo or tpo1 

ERASE/WRITE ENABLE AND DISABLE 

The CAT35C102 powers up in the programming 
disable state. Any programming after power-up or 
after an EWDS (programming disable) instruction 
must first be preceded by the EWEN (programming 
enable) instruction. Once programming is enabled, 
it will remain enabled until power to the device is 
removed, or the EWDS instruction is sent. The 
EWDS instruction can be used to disable all 
CAT35C102 programming and erasing functions, 
and will prevent any accidental programming or 
erasing of the device. Data can be read normally 
from the CAT35C102 regardless of the program
ming enable/disable status. 

ERASE 

Upon receiving an ERASE command and address, 
the CS (chip select) must be deselected for a min
imum of 250 ns (TcsMIN). The falling edge of CS 
will start the self clocking erase cycle of the memory 
location specified in the instruction. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The BUSY /READY 
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status of the CAT35C102 can be determined by 
selecting the device and polling the DO pin. 

WRITE 

After receiving a WRITE command, address and 
the data, the CS (chip select) must be deselected 
for a minimum of 250 ns (TcsMIN). The falling edge 
of CS will start the self clocking erase and data store 
cycle of the memory location specified in the in
struction. The clocking of the SK pin is not neces
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT35C102 can be determined by selecting the 
device and polling the DO pin. With the 
CAT35C102 it is NOT necessary to erase a 
memory location before the WRITE command. 

ERASE ALL 

Upon receiving an ERASE ALL command, the CS 
(chip select) must be deselected for a minimum of 

250 ns (T CSMIN). The falling edge of CS will start 
the self clocking erase cycle of all memory locations 
in the device. The clocking of the SK pin is not 
necessary after the device has entered the self 
clocking mode. The BUSY/READY status of the 
CAT35C102 can be determined by selecting the 
device and polling the DO pin. 

WRITE ALL 

Upon receiving a WRITE ALL command and data, 
the CS (chip select) must be deselected for a min
imum of 250 ns (TcsMIN). The falling edge of CS 
will start the self clocking data write to all memory 
locations in the device. The clocking of the SK pin 
is not necessary after the device has entered the 
self clocking mode. The BUSY/READY status of 
the CAT35C102 can be determined by selecting the 
device and polling the DO pin. It IS necessary for 
all memory locations to be erased before the 
WRITE ALL command is executed. 

COPS and MICROWIRE are registered trademarks 
of the National Semiconductor Corporation. 
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CAT35C202 
2K BIT SERIAL EEPROM 

DESCRIPTION 

The CAT35C202 is a 2K bit Serial EEPROM 
memory device organized in 128 registers of 16 bits 
(ORG pin at Vee) or 256 registers of 8 bits each 
(ORG pin atGND). Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT35C202 is manufactured using Catalyst's ad
vanced CMOS EEPROM floating gate technology. 
It is designed to endure 10,000 erase/write cycles 
and has a data retention of 1 O years. It is packaged 
in an 8 pin dip and Small Outline packages. To be 
offered in a 3-volt version (CAT33C202). 

PIN CONFIGURATION 

TOP VIEW 

cs 
CLK 

DI 

DO 

PIN FUNCTIONS 

cs 
CLK 
DI 
DO 
Vee 
ROY/BUSY 
GND 
ORG 

6 

5 

ORG 

GND 

Chip select 
Clock input 
Serial data input 
Serial data output 
+5V power supply 
Status output 
Ground 
Memory organization 

Note: When the ORG pin is connected to +5V, the 
128x16 organization is selected. When it is con
nected to ground, the 256x8 organization is selected. 
If the ORG pin is left unconnected, then an internal 
pull up device will select the 128x16 organization. 

Preliminary 

FEATURES 
• Highly reliable CMOS floating gate technology 
• 10 ms programming cycle 
• Single 5-volt supply 
• 128x16 or 256x8 user selectable 

serial memory 
• Compatible with General Instruments ER5912 
• Self timed programming cycle with Autoerase 
• Word and chip erasable 
• Operating range 0°C to 70°C [Industrial temp. 

range available] 
• 10,000 erase/write cycles 
• 10 year data retention 
• Power-on data protection 

BLOCK DIAGRAM 

ORG 

DI 

cs 

CLK 

Vee GND 

Memory Array 

128x16 

or 

256x8 

Data register 

Mode decode logic 

Clock generator 

Address 

Decoder 

Output 

buffer 

DO 

ROY/BUSY 
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ABSOLUTE MAXIMUM RATINGS* 
Storage temperature 

Power supply 

Voltage on any input pin 

Voltage on any output pin 

Tstg 

Vee 

EEPROM 

. -65°C to + 150°C 

. +7V 

. -0.3 to +7V 

. -0.3V to Vee +0.3V 

CATALYST 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee = +SV ±10%, TA = o0c to 70°C ) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

lee1 Current consumption (operating) 
Vee =5.0V, CS= 1 

3 mA DO unloaded 

lee2 Current consumption (stand-by) VCC = 5.5V, CS= 0 100 µA 
DI= 0, SK =0 

lu Input leakage current V1N = 5.5V 10 µA 

ILO Output leakage current Vour = 5.5V, CS= o 10 µA 

V1H High level input voltage 2.0 Vee +1 v 

V1L Low level input voltage -0.1 0.8 v 

VoH High level output voltage loH = -400µA 2.4 v 

VoL Low level output voltage' loL = 2.1mA 0.4 v 

INSTRUCTION SET 

Instruction Start Bit Opcode Address Data Comments 

25G x 8 128 x 1G 25G x 8 128 x 1G 

READ 1 1000 A7-AO AG-AO Read address AN - AO 

PROGRAM 1 X100 A7-AO AG-AO D7- DO D15 - DO Program address AN - AO 

PEN 1 0011 00000000 0000000 Program enable 

PDS 1 0000 00000000 0000000 Program disable 

ERAL 1 0010 00000000 0000000 Erase all addresses 

WRAL 1 0001 00000000 0000000 D7- DO D15- DO Write all addresses 
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AC CHARACTERISTICS 

(Vee = +5V ±10%, TA = 0°C to 70°C ) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

less CS setup time 50 ns 

lcSH CS hold time CL= 100pF 0 ns 

to1s DI setup time 
VoL = o.av, VoH = 2.0 

100 
V1L = 0.45, V1H = 2.4 

ns 

to1H DI hold time 100 ns 

tpo1 Output delay to 1 500 ns 

tpoo Output delay to 0 500 ns 

tEW Erase/Write pulse width 10 ms 

lsKHI Minimum SK high time 250 ns 

lsKLOW Minimum SK low time 250 ns 

CKMAX Maximum frequency DC 1 MHz 
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SYNCHRONOUS TIMINGS 

CLK 

DI 

cs 

DO 

CLKCycle 

tcKHI -+-tcKLOW 

--------< 

EEPROM 

INSTRUCTION TIMING <ORGANIZATION> 

Organization AN (or AN) 

256x8 A1 

128 x 16 As 

INSTRUCTION TIMING <READ> 

cs 

CLK. 

DN (or ON) 

D1 

015 

DI 0 0 ~------
DO~~~~~~~~~~~ O JONv-1~ 

HIGHZ ~~ 

INSTRUCTION TIMING <PROGRAM> 
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cs 

CLK 

DI 

ROY/BUSY 
HIGH Z 

l 
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INSTRUCTION TIMING <PEN, PDS, for 256 x 8 organization> 

cs 

CLK 

DI _fT\ 0 0/ \ o o o 0 0 0 0 0 
Enable= 11 
Disable= 00 

INSTRUCTION TIMING <PEN, PDS' for 128x16 organization> 

cs 

CLK 

DI _fT\ 0 Oj \ o o o 0 0 0 0 
Enable= 11 
Disable= 00 

INSTRUCTION TIMING <ERAL, 256 x 8 organization> 

cs _J 

CLK 

DI _f1\ o oj1\ 0 

ROY/BUSY 

0 0 0 0 0 0 0 0 ,. rf'<'l ,,.__....., ~'-

2-55 

I 



CAT35C202 EE PROM CATALYST 

INSTRUCTION TIMING cERAL 128 x 16 organization> 

cs 

CLK 

DI 

ADY/BUSY 

0 0 00000000~ 

INSTRUCTION TIMING cWRAL 256 x 8 organization> 

cs 

CLK 

DI 

ROY/BUSY 

0001 0000000 

INSTRUCTION TIMING cWRAL 128 x 16 organization> 

cs 

CLK 

DI 0001 000000 

ROY/BUSY 

DEVICE OPERATION 

The CAT35C202 is a 2048 bit non-volatile memory 
intended for use with all standard controllers. The 
CAT35C202 can be organized as either 128 
registers by 16 bits, or as 256 registers by 8 bits. 
Six, 12 bit instructions (13 bit instruction in 256 by 
8 organization) control the reading, writing, and 
erase operations of the device. The CAT35C202 
operates on a single 5 Volt supply and will generate 
on chip the high voltage required during any 
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programming operations. Instructions, addresses, 
and write data are clocked into the DI pin on the 
rising edge of the clock (CLK). The DO pin is nor
mal in a high impedance state except when read
ing data from the device. The read~/busy sta!us 
can be determined after a programming operation 
by polling the ROY/BUSY pin. 

The format for all instructions sent to the 
CAT35C202 is one logical "1" start bit, a 4 bit op 
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code, a 7 bit address (8 bit address when organized 
as 256 X 8), and for write operations a 16 bit data 
field (8 bit data field when organized as 256 X 8). 

READ 
Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT35C202 will come out of the high impedance 
state. After sending 1 dummy zero bit the 16 bits 
(or 8 bits) of data located at the address location 
specified in the instruction will be shifted out. The 
data bit being shifted out will toggle on the rising 
edge of the CLK and is stable after the specified 
time delay tpo1 and tpoo). 

ERASE/WRITE ENABLE AND DISABLE 
The CAT35C202 powers up in the programming 
disable state. Any programming after power-up or 
after a PDS (programming disable) instruction must 
first be preceded by the PEN (programming enable) 
instruction. Once programming is enabled, it will 
remain enabled until power to the device is 
removed or the PDS instruction is sent. The PDS 
instruction can be used to disable all the 
CAT35C202's program and erase functions, and 
will prevent any accidental programming or erasing 
of the device. Data can be read normally from the 
CAT35C202 regardless of the programming 
enable/disable status. 

PROGRAM 
After receiving a PROGRAM command, address, 
and the data, the ROY/BUSY pin goes low and the 
self clocking erase and data store cycle begins. The 
clocking of the CLK pin is not necessary after the 
device has entered the self clocking mode. The 
ready/busy status of the CAT35C202 can be deter
mined by polling the ROY/BUSY pin. 

ERASE ALL 
Upon receiving an WRALcommand, the ROY/BUSY 
pin goes low and the self clocking erase sequence 
starts. The clocking of the CLK pin is not necessary 
after the device has entered the self clocking mode. 
The ready/busy status of the CAT35C202 can be 
determined by polling the ROY/BUSY pin. 

WRITE ALL 
Upon receiving a WRAL command and data, the 
ROY/BUSY pin goes low and the self clocking data 
store cycle starts. The clocking of the CLK pin is not 
necessary after the device has entered the self 
clocking mode. The ready/busy status of the 
CAT35C202 can be determined by polling the 
ROY/BUSY pin. It IS necessary for all memory loca
tions to be erased before the WRAL command is ex
ecuted. 
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CAT35C104 
4K BIT SERIAL EEPROM 

DESCRIPTION 

The CAT35C104* is a 4K bit Serial EEPROM 
memory device organized in 256 registers of 16 bits 
(ORG pin at Vee) or 512 registers of 8 bits each 
(ORG pin at GND). Each register can be written (or 
read) serially by using the DI (or DO) pin. The 
CAT35C104 is manufactured using Catalyst's ad
vanced CMOS EEPROM floating gate technology. 
It is designed to endure 10,000 erase/write cycles 
and has a data retention of 1 O years. It is packaged 
in an 8 pin dip or SO package. To be offered in a 
3-volt version (CAT33C104). 

*Available in G.I. compatible protocol CAT35C204. 
Also to be offered in a 3-volt version ( CAT33C204). 

PIN CONFIGURATION 

TOP VIEW 

cs • 1 8 Vee 

SK 2 7 NC 

DI 3 6 ORG 

DO 4 5 GND 

PIN FUNCTIONS 

CS Chip select 
SK Clock input 
DI Serial data input 
DO Serial data output 
Vee +5V power supply 
GND Ground 
NC No connection 
ORG Memory organization 

Note: When the ORG pin is connected to +5V, 
the 256x16 organization is selected. When it is 
connected to ground, the 512x8 organization is 
selected. If the ORG pin is left unconnected, 
then an internal pullup device will select the 
256x16 organization. 

Preliminary 

FEATURES 
• Highly reliable CMOS floating gate technology 
• Single 5-volt supply 
• Available in 8 pin DIP or S.O. package 
• 256x16 or 512x8 user selectable serial 

memory 
• Mircowire TM compatible 
• Self timed programming cycle with Autoerase I 
• Operating range o0c to 70°C [industrial temp. 

range available] 
• 10,000 erase/write cycles 
• 1 O year data retention 
• Power-on data protection 

BLOCK DIAGRAM 

ORG 

DI 

cs 

SK 

Vee GND 

Memory Array 

256x16 

or 
512x8 

Data register 

Mode decode logic 

Clock generator 

Address 

Decoder 

Output 

buffer 

DO 



CAT35C104 

ABSOLUTE MAXIMUM RATINGS* 
Storage temperature 

Power supply 

Voltage on any input pin 

Voltage on any output pin 

Tstg 

Vee 

EE PROM 

. -65°C to + 150°C 

. +7V 

. -0.3 to +7V 

. -0.3V to Vee +0.3V 

CATALYST 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee = +5V ±10%, TA = 0°C to 70°C ) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

lee1 Current consumption (operating) 
Vee =5.0V, CS= V1H 

3 mA Output unloaded 

lee2 Current consumption (stand-by) Vee= 5.5V, CS= o 100 µA 

DI= 0, SK= 0 

lu Input leakage current V1N =5.5V 10 µA 

ILO Output leakage current Vour = 5.5V, CS= o 10 µA 

V1H High level input voltage 2.0 Vee+1 v 
V1L Low level input voltage -0.1 O.S v 
VoH High level output voltage loH = -400µA 2.4 v 
VoL Low level output voltage loL = 2.1mA 0.4 v 

INSTRUCTION SET 

Instruction Start Bit Opcode Address Data Comments 

512 x s 256 x 16 512 x s 256 x 16 

READ 1 1 0 AS-AO A7-AO Read address AN - AO 

ERASE 1 1 1 AS-AO A7-AO ERASE address AN - AO 

WRITE 1 0 1 AS-AO A7-AO 07- DO D15- DO WRITE address AN -AO 

EWEN 1 0 0 11XXXXXXX 11XXXXXX Program enable 

EWDS 1 0 0 ooxxxxxxx ooxxxxxx Program disable 

ERAL 1 0 0 10XXXXXXX 10XXXXXX Erase all addresses 

WRAL 1 0 0 01XXXXXXX 01XXXXXX D7- DO 015- DO Program all addresses 
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AC CHARACTERISTICS 

(Vee = +5V ±10%, TA = 0°C to 70°C ) 

Symbol Parameter Conditions Limits Unit 
Min. Typ. Max. 

tcss CS setup time 50 ns 

tcSH CS hold time CL=100pF 0 ns 

to1s DI setup time 
VoL = o.av, VoH = 2.0 

100 
V1L = 0.45, V1H = 2.4 

ns 

IDIH DI hold time 100 ns 

1Po1 Output delay to 1 500 ns 

tpoo Output delay to 0 500 ns I 
tHz Output delay to Hi-Z 100 ns 

tEW Erase/Write pulse width 10 ms 

tcSMIN Minimum CS low time 250 ns 

tsKHI Minimum SK high time 250 ns 

tsKLOW Minimum SK low time 250 ns 

tsv Output delay to status valid CL= 100pF 500 ns 

SKMAX Maximum frequency DC 1 MHz 
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SYNCHRONOUS TIMINGS 

SK 

DI 

cs 

DO 

SK Cycle 

tsKHI --+-tsKLOW 

EE PROM 

INSTRUCTION TIMING <ORGANIZATION> 

Organization AN (or AN) 

512 x 8 As 

256 x 16 A1 

INSTRUCTION TIMING <READ> 

INSTRUCTION TIMING <WRITE> 

SK 

cs 

DI 

DO 
HIGH Z 
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J+- tcsH 

tcSMIN 

DN (or DN) 

D1 

D1s 

STANDBY 



CATALYST EE PROM 

INSTRUCTION TIMING <EWENS, EWDS> 

SK 

cs 

DI 

INSTRUCTION TIMING <ERASE> 

SK 

cs 
AN AN-1 

DI ~---~ 

DO 
HIGH Z 

INSTRUCTION TIMING <ERAL> 

SK 

cs 

CAT35C104 

STANDBY 

1---+--+----fr----t---f'/----
tHz 
HIGH Z 

DI ~--~-~~~-~~~__.,__.....__t---IJ~---+---1'}-----

tHz 

HIGH Z 
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INSTRUCTION TIMING <WRAL> 

SK 

cs 

DI 0 0 0 

DEVICE OPERATION 

The CAT35C104 is a 4096 bit non-volatile memory 
intended for use with the COPS TM family of 
microcontrollers, or other standard microproces
sors such as the 8048, or 8051. The CAT35C104 
can be organized as either 256 registers by 16 bits, 
or as 512 registers by 8 bits. Seven, 11 bit instruc
tions (12 bit instructions in 512 by 8 organization) 
control the reading, writing, and erase operations of 
the device. The CAT35C104 operates on a single 
5 Volt supply and will generate on chip, the high 
voltage required during any programming opera
tion. Instructions, addresses, and write data are 
clocked into the DI pin on the rising edge of the clock 
(SK). The DO pin is normally in a high impedance 
state except when reading data from the device, or 
when checking the busy/ready status after a 
programming operation. The busy/ready status 
can be determined after a programming operation 
by selecting the device and polling the DO pin; DO 
low indicates that the programming operation is not 
completed, while DO high indicates that the device 
is ready. If necessary, the DO pin may be placed 
back into a high impedance state during chip select 
by shifting a dummy "1 •into the DI pin. The DO will 
enter the high impedance state on the falling edge 
of the clock (SK). Placing the DO pin into the high 
impedance state is recommended in applications 
where the DI pin and and the DO pin are to be tied 
together to form a common Dl/O pin. The format 
for all instructions sent to the CAT35C104 is 1 logi
cal "1" start bit, a 2 bit (or 4 bit) op code, a 8 bit ad
dress (9 bit address when organized as 512 X 8), 
and for write operations a 16 bit data field (8 bit data 
field when organized as 512 X 8). 
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Status VerifY STANDBY 

HIGHZ 

READ 

Upon receiving a READ command and address 
(clocked into the DI pin), the DO pin of the 
CAT35C104 will come out of the high impedance 
state, after sending 1 dummy zero bit the 16 bits (or 
8 bits) of data located at the address location 
specified in the instruction will be shifting out. The 
data bits being shifted out will toggle on the rising 
edge of the SK clock is stable after the specified 
time delay tPDO or tPD1 

ERASE/WRITE ENABLE AND DISABLE 

The CAT35C104 powers up in the programming 
disable state. Any programming after power-up or 
after an EWDS (programming disable) instruction 
must first be preceded by the EWEN (programming 
enable) instruction. Once programming is enabled, 
it will remain enabled until power to the device is 
removed, or the EWDS instruction is sent. The 
EWDS instruction can be used to disable all 
CAT35C104 programming and erasing functions, 
and will prevent any accidental programming or 
erasing of the device. Data can be read normally 
from the CAT35C102 regardless of the program
ming enable/disable status. 

ERASE 

Upon receiving an ERASE command and address, 
the CS (chip select) must be deselected for a min
imum of 250 ns (TcsMIN). The falling edge of CS 
will start the self clocking erase cycle of the memory 
location specified in the instruction. The clocking 
of the SK pin is not necessary after the device has 
entered the self clocking mode. The BUSY/READY 



CATALYST EE PROM CAT35C104 

status of the CAT35C104 can be determined by 
selecting the device and polling the DO pin. 

WRITE 

After receiving a WRITE command, address and 
the data, the CS (chip select) must be deselected 
for a minimum of 250 ns (TcsMIN). The falling edge 
of CS will start the self clocking erase and data store 
cycle of the memory location specified in the in
struction. The clocking of the SK pin is not neces
sary after the device has entered the self clocking 
mode. The BUSY/READY status of the 
CAT35C104 can be determined by selecting the 
device and polling the DO pin. With the 
CAT35C104 it is NOT necessary to erase a 
memory location before the WRITE command. 

ERASE ALL 

Upon receiving an ERASE ALL command, the CS 
(chip select) must be deselected for a minimum of 
250 ns (T CSMIN). The falling edge of CS will start 

the self clocking erase cycle of all memory locations 
in the device. The clocking of the SK pin is not 
necessary after the device has entered the self 
clocking mode. The BUSY/READY status of the 
CAT35C104 can be determined by selecting the 
device and polling the DO pin. 

WRITE ALL 

Upon receiving a WRITE ALL command and data, 
the CS (chip select) must be deselected for a min
imum of 250 ns (TcsMIN). The falling edge of CS 
will start the self clocking data write to all memory 
locations in the device. The clocking of the SK pin I 
is not necessary after the device has entered the 
self clocking mode. The BUSY/READY status of 
the CAT35C104 can be determined by selecting the 
device and polling the DO pin. It IS necessary for 
all memory locations to be erased before the 
WRITE ALL command is executed. 

COPS and Ml CROWi RE are registered trademarks 
of the National Semiconductor Corporation. 
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CATALYST EE PROM CAT28C16A 

CAT28C16A, CA T28C16AI [Industrial Temperature] 

2Kx8 BIT CMOS EEPROM 

DESCRIPTION 

The CAT28C16A is a fast, low power, 5V-only 
CMOS EEPROM requiring a simple interface for in
system programming. 

On-chip address and data latches, self-timed write 
cycle with auto-erase and Vee power up/down write 
protection eliminate additional timing and protec
tion hardware. Data polling is provided to allow the 
user to minimize write cycle time. 

The CAT28C16A is fabricated in reliable floating 
gate CMOS technology. It is designed for up 
to10,000 write cycles and 1 O years data retention. 

PIN CONFIGURATION 

PIN CONFIGURATION 24-Pin DIP, and S.O. 

TOP VIEW 

A1 24 Vee 

AG 2 23 As 

As 3· 22 As 

At 4 21 WE 

A3 5 20 OE 

A2 6 19 A10 

A1 7 18 CE 

Ao 8 17 1107 

l/Oo 9 16 I/Os 

1/01 10 15 I/Os 

l/D2 11 14 l/04 

Vss 12 13 l/03 

FEATURES 
• Access time - 150 ns. and 200 ns. 
• Low CMOS power: 

Active - 25 mA max 
Standby - 1 OOµA max 

• 5V-only operation 
• Simple write operation: 

On-chip address and data latches 
Self-timed write cycle with auto-erase 
Data polling 
Power up/down write protection 

• Fast write cycle time 
1 O ms max byte write, 5 ms available 

• Reliable floating gate CMOS technology 
• JEDEC approved 24 pin DIP.Small Outline, 

and 32 pin PLCC packages available. 

PIN CONFIGURATION 32-Pin PLCC 

...... 0 0 0 o Jw 0 
< z z z ~ 3: z 

As As 
As Ae 
A4 NC 
A3 NC 
A2 OE 
A1 A10 
Ao CE 
NC 1/07 
l/Oo I/Os 
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CAT28C16A 

BLOCK DIAGRAM 

A-0 - A10 
Address 
Inputs 

CE 
OE 
WE 

PIN NAMES 

CAPACITANCE 
(TA= 25°C, f = 1.0 MHz, Vee= 5V) 

Symbol Parameter 

EE PROM 

X - Buffers 16,384-Bit 
Latches EEPROM 

and Decoder Array 

Y - Buffers 1/0 Buffers 
Latches and Latches 

and Decoder 

Control Logic 
~ 

Ao-A10 
l/Oo-1/07 
CE 
OE 
WE 
Vee 
Vss 

l/Oo-1/07 
Data inputs/outputs 

Address inputs 
Data inputs/outputs 
Chip enable 
Output enable 
Write enable 
+5V 
Ground 

Conditions Limits 
Typ. max. 

C110 Input/Output capacitance V11o=OV 10 

C1N Input capacitance V1N =OV 6 

Note: These parameters are periodically sampled and are not 100% tested. 
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Unit 

pF 
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CATALYST 

ABSOLUTE MAXIMUM RATINGS* 
Temperature under bias 
Storage temperature 
Voltage on any input pin relative to Vss 
Voltage on any output pin relative to Vss 
D.C. output current 

EEPROM 

. -40°C to +85°C 

. -65°C to + 150°C 

. -0.5 to +7V 

. -0.5 to Vee +0.5V 

.5mA 

CAT28C16A 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee= +5V ±10%, CAT2816A TA= 0°C to +70°C, CAT2816AI TA= -40°C to +85°C) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

Ice Vee current (operating, TTL) CE=OE=V1L, f=6. ?MHz, 35 mA 

all I/O's = open 

lccc Vee current (operating, CMOS) ~=OE=V1LC*, f=6.7MHz, 25 mA 

all I/O's = open 

lss Vee current (stand-by, TTL) CE=V1H 1 mA 

All I/O's open 

lssc Vee current (stand-by, CMOS) CE=VIHC** 100 µA 

All I/O's open 

lu Input leakage current V1N = GND to Vee 10 µA 

ILO Output leakage current Vour = GND to Vee, 10 µA 

CE= V1H 

V1H High level input voltage 2.0 Vee +1 v 

V1L Low level input voltage -0.3 0.8 v 

VoH High level output voltage loH = -400µA 2.4 v 

VoL Low level output voltage loL = 2.1mA 0.4 v 

Vw1 Vee trip voltage for write protection 3.0 3.5 v 

Note: 
• V1Lc = -0.3V to +0.3V 
•• V1Hc = Vee - 0.3V to Vee + 1.0V 
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MODE SELECTION 

Mode CE WE OE 1/0 Power 

Read L H L Dour ACTIVE 

Byte write L ~ H D1N ACTIVE 

Standby and write H x x HIGHZ STANDBY 

inhibit 

Write inhibit x x L 

Write inhibit x H x 
Chip erase L L 12V HIGHZ ACTIVE 

AC CHARACTERISTICS ·TEST CONDITIONS 

Parameter Conditions 

Input pulse level 0.4 to 2.4 V 

Input rise and fall times 10 ns 

Input/output timing reference level 'O' = 0.8V, '1' = 2.0 V 

Output load CL= 100pF, 1 TIL gate 

AC CHARACTERISTICS <Read Cycle> 

CAT2816A TA= 0°C to +70°C, CAT2816AI TA= -40°C to +85°C, Vee= +5V±10% 

Symbol Parameter 28C16A-15 28C16A-20 Units 

Min. Max. Min. Max. 

tRe Read cycle time 150 200 ns 

tcE CE access time 150 200 ns 

IAA Address access time 150 200 ns 

toE OE access time 70 80 ns 

tLZ CE low to active output 10 10 ns 

toLZ OE low to active output 10 10 ns 

!Hz CE high to high Z output 10 50 10 55 ns 

to HZ OE high to high Z output 10 50 10 55 ns 

toH Output hold from address change 20 20 ns 
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CATALYST EEPROM CAT28C16A 

AC CHARACTERISTICS <Write Cycle> 

(CAT2816A TA= o°Cto +70°C, CAT2816AI TA= -40°Cto +85°C, Vee= +SV ±10%) 

Symbol Parameter 28C16A-15 28C16A-20 Units 
Min Max Min Max 

twc Write cycle time 10 10 ms 

tAs Address setup time 10 10 ns 

tAH Address hold time 70 100 ns 

tcs Write setup time 0 0 ns 

tcH Write hold time 0 0 ns 

tcw· CE pulse time 100 150 ns II 
toES, toEH OE setup time, OE hold time 10 15 ns 

twp• WE pulse width 100 150 ns 

toL Data latch time 50 50 ns 

tos Data setup time 50 50 ns 

toH Data hold time 10 10 ns 

tJNIT Write inhibit period after power-up 5 20 5 20 ms 
. .. NOTE:• A wnte pulse of less than 20ns duration will not 1nit1ate a wnte cycle . 

TIMING <Read Cycle> 

ADDRESS 

CE 

OE 

tLZio---+---

DATA OUT DalaValid 
HlghZ 
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TIMING <WE Controlled Write Cycle> 

------ twc -----+1 

ADDRESS 

CE 

OE 

DATA OUT >---------Hl_gh_z __________ __, ,_/ ___ _ 

__,_~..._, I 

DATA IN 
Data Valid 

TIMING <CE Controlled Write Cycle> 

io------lwc 

ADDRESS 

OE 
~..,.+...,.----+------+--.--1---~~,.--{! I I 

toes I 
lcs 

IA. 
High Z 'f 

DATA OUT ---------------+---------/ -----

< / / / t_D•_1ava1_id ~-* / / / / II / / /'>-
,~ t 08 ,I, ~ ~oH 

DATA IN 

2-72 



CATALYST EEPROM CAT28C16A 

PIN DESCRIPTIONS 

ADDRESSES (Ao-A10) 

The Address inputs are used to select an 8-bit 
memory location during read and write cycles. 

CHIP ENABLE ( CE ) 

The Chip Enable input must be held LOW to enable 
read and write cycles. When CE is held HIGH, the 
device is deselected and power consumption is 
reduced to the standby level. 

OUTPUT ENABLE ( OE ) 

The Output Enable input, in conjunction with CE, 
determines whether the device outputs are high im
pedance, or output data during a read cycle. 

DATA IN/DATA OUT (l/Oo-1101) 

Data is output to the 1/0 pins during a read cycle, 
and written into the device from the 1/0 pins during 
a write cycle. 

WRITE ENABLE ( WE ) 

The Write Enable input, in conjunction with CE and 
OE, initiates a write cycle. 

DEVICE OPERATION 

READ 

Device data is output to the data bus when both OE 
and CE are LOW. The data bus is high impedance 
when either CE or OE go HIGH. This 2-line control 
architecture can be used to eliminate bus conten
tion in a system environment. 

BYTE WRITE 

A write cyc~s initiated when both CE and WE are 
LOW and OE is HIGH. Both CE and WE control
led write cycles can be executed, i.e., t~address 
is latched on the falling edge of either CE or WE, 
whichever occurs las.h..'!fhile data is latched on the 
rising edge of either CE or WE, whichever occurs 
first. Once initiated, a byte write cycle automatical
ly erases the addressed byte and times itself to 
completion. 

DATA POLLING 

Data polling is provided to indicate the completion 
of a byte write cycle. Once a byte write cycle is in
itiated, attempting to read the last byte written will 
output the complement of that data on 1101 (l/Oo-
1/06 are indeterminate) until the programming cycle 
is complete. Upon completion of the self-timed byte 
write cycle all I/Os will output true data during a read 
cycle. 

FALSE WRITE PROTECTION 

(I) The CAT28C16A has an on-chip Vee sense cir- -
cu it which disables the internal write circuitry when- (jl 
ever Vee is less than 3.0V. 

(2) During power-up, write operations are inhibited 
for 5ms to 20ms after Vee reaches 3.0V. Read 
cycles are not affected during this initialization 
period. 

(3) Write cycles are inhibited if OE is LOW, or CE 
or WE are HIGH. 

(4) A write pulse of less than 20ns duration will not 
initiate a write cycle. 

CHIP ERASE 

The entire memory can be set..!Q_j 's by setting CE 
LOW, OE to 12V, and pulsing WE LOW for 10ms. 

V1H 

CE 

VH = 12V 

OE V1H 

ts IH 

V1H 

WE 
V1L 

ts= 1µs 
IH = 1µs 
tw=10ms 
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CATALYST EEPROM CAT28C17A 

CAT28Cl 7 A, CAT28Cl 7 Al [Industrial Temperature] 

2Kx8 BIT CMOS EEPROM 

DESCRIPTION 

The CAT28C17A is a fast, low power, 5V-only 
CMOS EEPROM requiring a simple interface for in
system programming. 

On-chip address and data latches, self-timed write 
cycle with auto-erase and Vee power up/down write 
protection eliminate additional timing and protec
tion hardware. Data polling and a ROY/BUSY pin 
are provided to allow the user to minimize write 
cycle time. 

The CAT28C17 A is fabricated in reliable floating 
gate CMOS technology. It is designed for up 
to10,000 write cycles and 1 O years data retention. 

PIN CONFIGURATION 

PIN CONFIGURATION 28-Pin DIP, and S.O. 

TOP VIEW 

ROY/BUSY 1 28 Vee 

NC 2 27 WE 

A1 3· 26 NC 

As 4 25 As 

As 5 24 Ag 

A4 6 23 NC 

A3 7 22 OE 

A2 8 21 A,o 

A, 9 20 CE 

Ao 10 19 1/07 

l!Oo 11 18 I/Os 

1101 12 17 1/05 

1102 13 16 1/04 

Vss 14 15 1/03 

FEATURES 
• Access time - 150 ns. and 200 ns. 
• Low CMOS power: 

Active - 25 mA max. 
Standby - 1 OOµA max. 

• 5V-only operation 
• Simple write operation: 

On-chip address and data latches 
Self-timed write cycle with auto-erase 
Data polling 
Power up/down write protection 

• Fast write cycle time 
1 O ms max. byte write, 5 ms available 

• Reliable floating gate CMOS technology 
• JEDEC approved 28 pin DIP.Small Outline, 

and 32 pin PLCC packages available. 

PIN CONFIGURATION 32-Pin PLCC 

As As 
A5 Ag 

A4 27 NC 

A3 26 NC 

A2 25 OE 

A1 24 A10 
Ao 23 CE 

NC 22 1/0, 

l/Oo 13 21 I/Os 

14 15 16 17 18 19 20 

~ (\) "" "<!" 11) 

0 0 ~ (.) 
~ ~ ~ .::::.:: .::::::. > z 
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CAT28C17A 

BLOCK DIAGRAM 

Ao-A10 
Address 
Inputs 

CE 
OE 
WE 

PIN NAMES 

CAPACITANCE 
(TA= 25°C, f = 1.0 MHz, Vee= 5V) 

Symbol Parameter 

EEPROM 

X - Buffers 16,384-Bit 
Latches EEPROM 

and Decoder Array 

Y - Buffers 1/0 Buffers 
Latches and Latches 

and Decoder 

Control Logic 
~ 

l/Oo-1/07 
Data inputs/outputs 

ROY/BUSY 

Ao-A10 
l/Oo-1/01 
CE 

Address inputs 
Data inputs/outputs 
Chip enable 

OE 
WE 
ROY/BUSY 
Vee 
Vss 

Output enable 
Write enable 
Ready/Busy indicator 
+5V 
Ground 

Conditions Limits 
Typ. max. 

C110 Input/Output capacitance V11o=OV 10 

C1N Input capacitance V1N =OV 6 

Note: These parameters are periodically sampled and are not 100% tested. 
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CATALYST 

ABSOLUTE MAXIMUM RATINGS* 
Temperature under bias 
Storage temperature 
Voltage on any input pin relative to Vss 
Voltage on any output pin relative to Vss 
D.C. output current ..... 

EE PROM 

. -40°C to +85°C 

. -65°C to + 150°C 

. -0.5to+7V 

. -0.5 to Vee +0.5V 

.5mA 

CAT28C17A 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee= +5V±10%, CAT28C17A TA= 0°C to +70°C, CAT28C17AI TA= -40°C to +85°C) 

Symbol Parameter Conditions Limits Unit 
Min. Typ. Max. 

Ice Vee current (operating, TIL) CE=OE=V1L, f=6.7MHz, 35 mA 
all I/O's = open 

lccc Vee current (operating, CMOS) Pe=OE=VILC*, f=6. 7MHz, 25 mA 
all I/O's = open 

Isa Vee current (stand-by, TIL) CE=V1H 1 mA 
All I/O's open 

I sec Vee current (stand-by, CMOS) CE=V1HC*" 100 µA 
All I/O's open 

lu Input leakage current V1N = GND to Vee 10 µA 

I Lo Output leakage current Vour = GND to Vee. 10 µA 
CE= V1H 

V1H High level input voltage 2.0 Vee +1 v 
V1L Low level input voltage -0.3 0.8 v 

VoH High level output voltage loH =-400µA 2.4 v 

VoL Low level output voltage loL=2.1mA 0.4 v 

Vw1 Vee trip voltage for write protection 3.0 3.5 v 

Note: 
• V1Lc = -0.3V to +0.3V 
•• V1HC = Vee - 0.3V to Vee + 1.0V 
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CAT28C17A EE PROM CATALYST 

MODE SELECTION 

Mode CE WE OE 1/0 Power 

Read L H L Dour ACTIVE 

Byte write L ~ H D1N ACTIVE 

Standby and write H x x HIGHZ STANDBY 

inhibit 

Write inhibit x x L 

Write inhibit x H x 
Chip erase L L 12V HIGHZ ACTIVE 

AC CHARACTERISTICS ·TEST CONDITIONS 

Parameter Conditions 

Input pulse level 0.4to 2.4 v 
Input rise and fall times 10 ns 

Input/output timing reference level 'O' = O.SV, '1' = 2.0 V 

Output load CL= 100pF, 1 TILgate 

AC CHARACTERISTICS <Read Cycle> 

CAT28C17A TA= 0°C to +70°C, CAT28C17AI TA= -40°C to +85°C, Vee= +5V ±10% 

Symbol Parameter 28C17A-15 28C17A-20 Units 

Min Max Min Max 

tRe Read cycle time 150 200 ns 

lcE CE access time 150 200 ns 

IAA Address access time 150 200 ns 

loE OE access time 70 80 ns 

tLZ CE low to active output 10 10 ns 

toLZ OE low to active output 10 10 ns 

tHz CE high to high Z output 10 50 10 55 ns 

loHZ OE high to high Z output 10 50 10 55 ns 

loH Output hold from address change 20 20 ns 
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AC CHARACTERISTICS <Write Cycle> 

(CAT28C17A TA= o°C to +70°C, CAT28C17AI TA= -40°C to +85°C, Vee= +5V ±10%) 

Symbol Parameter 28C17A-15 28C17A-20 Units 

Min Max Min Max 

twc Write cycle time 10 10 ms 

IAs Address setup time 10 10 ns 

IAH Address hold time 70 100 ns 

tcs Write setup time 0 0 ns 

tcH Write hold time 0 0 ns 

tcw· CE pulse time 100 150 ns I 
toES, toEH OE setup time, OE hold time 10 15 ns 

twp• WE pulse width 100 150 ns 

toL Data latch time 50 50 ns 

tos Data setup time 50 50 ns 

toH Data hold time 10 10 ns 

t1NIT Write inhibit period after power-up 5 20 5 20 ms 

toe Time to device busy 70 80 ns 

NOTE:• A write pulse of less than 20ns duration will not initiate a write cycle. 

TIMING <Read Cycle> 

---- tRC 
ADDRESS 

CE 

OE 

tlZ------

DATA OUT DalaValld 
High z 
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CAT28C17A EEPROM CATALYST 

TIMING <WE Controlled Write Cycle> 

1+------twc 

ADDRESS 

CE 

OE 

toes 
,.__ ___ twp~----

DATA IN Data Valid 

los ----<-to 

TIMING <CE Controlled Write Cycle> 

ADDRESS 

!As !AH 

tcw 

CE 

lo E 

OE 
-r--ri--r----+~~~~-+----,---,~-r----1; I I 

I 
WE lcs le 

ROY/BUSY 

DATA IN ~--D•_ta_V•_lid-+-~ ,,--,--,--,-.,..-// I I Z>-
1 

10s-----... loH 
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CATALYST EEPROM CAT28C17A 

PIN DESCRIPTIONS 
ADDRESSES (Ao-A10) 
The Address inputs are used to select an 8-bit 
memory location during read and write cycles. 

CHIP ENABLE ( CE ) 
The Chip Enable input must be held LOW to enable 
read and write cycles. When CE is held HIGH, the 
device is deselected and power consumption is 
reduced to the standby level. 

OUTPUT ENABLE ( OE ) 

The Output Enable input, in conjunction with CE, 
determines whether the device outputs are high im
pedance, or output data during a read cycle. 

DATA IN/DATA OUT (l/Oo-1/01) 
Data is output to the 1/0 pins during a read cycle, 
and written into the device from the 1/0 pins during 
a write cycle. 

WRITE ENABLE (WE ) 

The Write Enable input, in conjunction with CE and 
OE, initiates a write cycle. 

READ/BUSY (ROY/BUSY) 
The ROY/BUSY pin is an open drain output which 
indicates device status during programming. This 
output is pulled low during the write cycle and 
released at the end of programming., Several 
devices may be OR-tyed to the same ROY/BUSY 
line. 

DEVICE OPERATION 
READ 
Device data is output to the data bus when both OE 
and CE are LOW. The data bus is high impedance 
when either CE or OE go HIGH. This 2-line control 
architecture can be used to eliminate bus conten
tion in a system environment. 

BYTE WRITE 
A write cycle is initiated when both CE and WE are 
LOW and OE is HIGH. Both CE and WE control
led write cycles can be executed, i.e., t~address 
is latched on the falling edge of either CE or WE, 
whichever occurs las~hile data is latched on the 
rising edge of either CE or WE, whichever occurs 
first. Once initiated, a byte write cycle automatical
ly erases the addressed byte and times itself to 
completion. 

DATA POLLING 
Data polling is provided to indicate the completion 
of a byte write cycle. Once a byte write cycle is in
itiated, attempting to read the last byte written will 
output the complement of that data on 1101 (l/Oo-
1/0s are indeterminate) until the programming cycle 
is complete. Upon completion of the self-timed byte 
write cycle all I/Os will output true data during a read 
cycle. 

FALSE WRITE PROTECTION 
(I) The CAT28C17A has an on-chip Vee sense cir
cuit which disables the internal write circuitry when
ever Vee is less than 3.0V. 

(2) During power-up, write operations are inhibited 
for 5ms to 20ms after Vee reaches 3.0V. Read 
cycles are not affected during this initialization 
period. 

(3) Write cycles are inhibited if OE is LOW, or CE 
or WE are HIGH. 

(4) A write pulse of less than 20ns duration will not 
initiate a write cycle. 

CHIP ERASE 
The entire memory can be set to 1 's by setting CE 
LOW, OE to 12V, and pulsing WE LOW for 1 Oms. 

ts= 1µs 
tH = 1µs 
tw=10ms 
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CATALYST EEPROM CAT28C64A 

CAT28C64A 
SK x 8 BIT CMOS EEPROM 

DESCRIPTION 

The CAT28C64A is a fast, low power, SV-only 
CMOS EE PROM requiring a simple interface for in
system programming. 

On-chip address and data latches, self-timed write 
cycle with auto-erase and Vee power up/down write 
protection eliminate additional timing and protec
tion hardware. Data polling is provided to allow the 
user to minimize write cycle time. Page write mode 
reduces programming time. 

The CAT28C64A is fabricated in reliable floating 
gate CMOS technology. It is designed for up 
to10,000 write cycles and 1 O years data retention. 

PIN CONFIGURATION 

PIN CONFIGURATION 28-Pin DIP, and S.O. 

TOP VIEW 

NC 1 28 Vee 

A,2 2 27 WE 

A1 3· 26 NC 

As 4 25 As 

As 5 24 As 

A4 6 23 A11 

A3 7 22 OE 

A2 8 21 A,o 

A, 9 20 CE 

Ao 10 19 1107 

l/Oo 11 18 I/Os 

110, 12 17 I/Os 

VC>.! 13 16 l/04 

Vss 14 15 1/03 

FEATURES 
• Fast read access time: 150ns/200ns/250ns 
• Low CMOS power: 

Active 30 mA max., Standby 1 OOµA 
max. 

• SV-only operation 
• Simple write operation: 

On-chip address and data latches 
Self-timed write cycle with auto-erase 
Data polling 

• Power up/down and software write protection 
• Fast nonvolatile write cycle: 5 ms max. 
• Automatic page write: 1 to 32 bytes in 5 ms 
• TTL compatible 1/0 
• JEDEC approved 28 pin DIP.Small Outline, 

and 32 pin PLCC packages available. 
• 10,000 rewrites/byte, 10 year data retention 
• Effective byte-write cycle of 156 µs./byte 

PIN CONFIGURATION 32-Pin PLCC 

C\I " jw ..... ~ 0 0 0 
< < z z ~ s: z 

As As 

As Ag 
A4 A11 
Aa NC 

A2 OE 

A1 A10 
Ao CE 

NC 1107 
l!Oo I/Os 
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CAT28C64A 

BLOCK DIAGRAM 

Vee 

Ao-A4 

PIN NAMES 

CAPACITANCE 

AddressBuffers 
and Latches 

Inadvertent 
Write 

Protection 

Control Logic 

Timer 

Address 
Buffer 

and Latches 

Ao-A12 
l/Oo-1/07 
CE 
OE 
WE 
Vee 
Vss 

(TA= 2s·c. f = 1.0 MHz, Vee= SV) 

Symbol Parameter 

C1t0 Input/Output capacitance 

C1N Input capacitance 

EE PROM 

Row decoder 

High voltage 
Generator 

65,536-Bit 
EEPROM 

Array 

32 Byte page 
1------------ register 

DATA polling 
and 

RIB LOGIC 

Column 
Decoder 

Address inpu1S 

Data inputs/outputs 
Chip enable 
Output enable 
Write enable 
+5V 
Ground 

Conditions 

Vvo =OV 

V1N =OV 

1/0 Buffers 

~ 
l/Oo-1/07 

Umlts 
Typ. max. 

10 

6 

Note: These parameters are periodically sampled and are not 100% tested. 
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CATALYST 

ABSOLUTE MAXIMUM RATINGS* 
Temperature under bias 
Storage temperature 
Voltage on any input pin relative to Vss 
Voltage on any output pin relative to Vss 
D.C. output current 

EEPROM 

. -1 o°C to +85°C 

. -65°C to + 150°C 

. -0.5to+7V 

. -0.5 to Vee +0.5V 

.5mA 

CAT28C64A 

*Stresses above those listed under "Absolute Maximum Ratings• may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

DC CHARACTERISTICS 

(Vee = +SV ±10%, TA = 0°C to 70°C ) 

Symbol Parameter Conditions Limits Unit 
Min. Typ. Max. 

Ice Vee current (operating, TTL) CE=OE=V1L, f=6. 7MHz, 40 mA 
all I/O's = open 

lccc Vee current (operating, CMOS) PE=OE=VILO'. f=6. 7MHz, 30 mA 
all I/O's = open 

lsB Vee current (stand-by, TTL) CE=VIH 1 mA 
All I/O's open 

lssc Vee current (stand-by, CMOS) CE=V!HC"* 100 µA 
All I/O's open 

lu Input leakage current V1N = GND to Vee 10 µA 

ILO Output leakage current Vour = GND to Vee, 10 µA 
CE=V1H 

V1H High level input voltage 2.0 Vee +1 v 

V1L Low level input voltage -0.3 0.8 v 

VoH High level output voltage loH =-400µA 2.4 v 

VoL Low level output voltage loL = 2.1mA 0.4 v 

Vw1 Vee trip voltage for write protection 3.0 4.0 v 

Note: 
* V1Lc = -0.3V to +0.3V 
** V1HC = Vee - 0.3V to Vee + 1.0V 
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CAT28C64A EE PROM CATALYST 

MODE SELECTION 

Mode CE WE 

Read L H 

Byte write- (WE controlled) L \J 
Byte write (CE controlled) \J L 

Standby, and Write inhibit H x 
Read and Write inhibit L H 

AC CHARACTERISTICS ·TEST CONDITIONS 

Parameter 

Input pulse level 

Input rise and fall times 

Input/output timing reference level 

Output load 

AC CHARACTERISTICS <Read Cycle> 

TA =0°C to +70°C, Vee= +5V±10% 

Symbol Parameter 

tRe Read cycle time 

tcE CE access time 

tAA Address access time 

toE OE access time 

tLZ CE low to active output 

toLZ OE low to active output 

tHZ CE high to high Z output 

loHZ OE high to high Z output 

loH Output hold from address change 

2-86 

OE 110 Power 

L Dour ACTIVE 

H D1N ACTIVE 

H D1N ACTIVE 

x HIGHZ STANDBY 

H HIGHZ ACTIVE 

Conditions 

0.4 to 2.4 V 

10 ns 

'O' = O.SV, '1' = 2.0 V 

CL= 100pF, 1 TTL gate 

28C64A-15 28C64A-20 28C64A-25 Units 

Min. Max. Min. Max. Min. Max. 

150 200 250 ns 

150 200 250 ns 

150 200 250 ns 

70 80 100 ns 

10 10 10 ns 

10 10 10 ns 

10 50 10 55 10 60 ns 

10 50 10 55 10 60 ns 

20 20 20 ns 



CATALYST 

AC CHARACTERISTICS <Write Cycle> 

(TA= o0 to 70°C, Vee= +SV ±10%) 

Symbol Parameter 

twc Write cycle time 

!:As Address setup time 

!:AH Address hold time 

tcs Write setup time 

tcH Write hold time 

tcw· CE pulse time 

to ES OE setup time 

toEH OE hold time 

twp. WE pulse width 

toL Data latch time 

tos Data setup time 

toH Data hold time 

ttNIT Write inhibit period after power-up 

toe Time to device busy 

tPL Page load time 

EE PROM 

28e64A-15 

Min Max 

5 

10 

70 

0 

0 

100 

10 

10 

100 

50 

50 

10 

5 20 

70 

30 

NOTE:* A write pulse of less than 20ns duration will not initiate a write cycle. 

TIMING <Read Cycle> 

---- tRC 

ADDRESS 

CE 

OE 

tLZ ----+---
DATA OUT 

HighZ 

CAT28C64A 

28C64A-20 28C64A-25 Units 

Min Max Min Max 

10 10 ms 

10 10 ns 

100 120 ns 

0 0 ns 

0 0 ns 

120 150 ns I 
10 10 ns 

10 10 ns 

120 150 ns 

50 50 ns 

50 50 ns 

10 10 ns 

5 20 5 20 ms 

80 100 ns 

30 30 µs 
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CAT28C64A EEPROM CATALYST 

TIMING <WE Controlled Write Cycle> 

------ twc -----.i 
ADDRESS 

CE 

DATA IN 
Data Valid 

TIMING <CE Controlled Write Cycle> 

-----twc 

ADDRESS 

OE 

76. 
DATAOUT -----------H--'lg_hz __ --1--------//-----

DATA IN 

( / / / 'C_D•ta_va1_id ~~* / / / / II / / /)-
'~ tDs .I. ~;DH 
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CATALYST EE PROM CAT28C64A 

PIN DESCRIPTIONS 

ADDRESSES (Ao-A12) 
The Address inputs are used to select an 8-bit 
memory location during read and write cycles. 

CHIP ENABLE ( CE ) 
The Chip Enable input must be held LOW to enable 
read and write cycles. When CE is held HIGH, the 
device is deselected and power consumption is 
reduced to the standby level. 

OUTPUT ENABLE ( OE ) 
The Output Enable input, in conjunction with CE, 
determines whether the device outputs are high im
pedance, or output data during a read cycle. 

DATA IN/DATA OUT (l/Oo-1101) 
Data is output to the 1/0 pins during a read cycle, 
and written into the device from the 1/0 pins during 
a write cycle. 

WRITE ENABLE (WE ) 
The Write Enable input, in conjunction with CE and 
OE, initiates a write cycle. 

DEVICE OPERATION 

READ 
Device data is output to the data bus when both OE 
and CE are LOW. The data bus is high impedance 
when either CE or OE go HIGH. This 2-line control 
architecture can be used to eliminate bus conten
tion in a system environment. 

BYTE WRITE 
A write cyc~s initiated when both CE and WE are 
LOW and OE is HIGH. Both CE and WE control
led write cycles can be executed, i.e., t~address 
is latched on the falling edge of either CE or WE, 
whichever occurs last, while data is latched on the 
rising edge of either CE or WE, whichever occurs 
first. Once initiated, a byte write cycle automatical
ly erases the addressed byte and times itself to 
completion. 

PAGE WRITE 
The CAT28C64A contains a 32 byte temporary 
buffer which allows programming of 1 to 32 bytes 
on a single 5ms nonvolatile write cycle, which can 

effectively reduce programming time by a factor of 
32. The 32 byte page into which the data will be writ
ten is specified by the addresses As - Ai 2 during the 
first system write operation following the completion 
of a previous nonvolatile write cycle. The byte 
within the specified page is identified by the addres
ses Ao - A4 during the first and subsequent system 
write cycles. Bytes can be written into the page in 
any order. Each successive byte load cycle, 
started by WE HIGH to LOW transition, must b~ 
within 30 µs of the rising edge of the preceding WE. 
If a subsequent WE HIGH to LOW transition is not 
detected within 30 µs, the internal automatic 
programming cycle will commence. There is no 
page write window limitation. The page window is 
infinitely wide so long as the host continues to ac
cess the device within the byte load cycle time of 
30µs. 

DATA POLLING 
Data polling is provided to indicate the completion 
of a byte write cycle. Once a byte write cycle is in
itiated, attempting to read the last byte written will 
output the complement of that data on 1/07 (l/Oo-
1/0s are indeterminate) until the programming cycle 
is complete. Upon completion of the self-timed byte 
write cycle all I/Os will output true data during a read 
cycle. 

FALSE WRITE PROTECTION 
(I) The CAT28C64A has an on-chip Vee sense cir
cuit which disables the internal write circuitry when
ever Vee is less than 3.0V. 

(2) During power-up, write operations are inhibited 
for 5ms to 20ms after Vee reaches 3.0V. Read 
cycles are not affected during this initialization 
period. 

(3) Write cycles are inhibited if OE is LOW, or CE 
or WE are HIGH. 

(4) A write pulse of less than 20ns duration will not 
initiate a write cycle. 
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CAT28C64A EE PROM CATALYST 

PAGE MODE WRITE CYCLE 

OE 
//// 

fl 
fl " '\ 11 

CE 
'\. /77\. /77\. oz// /77\. /77\. 

WE 

ADDRESS 

1wc 

1/0 LAST BYTE 

BYTEO BYTEI BYTE2 BYTEn BYTEn +1 BYTEn +2 
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CATALYST EE PROM CAT28C256 

CAT28C256 
32K x 8 BIT CMOS EEPROM 

DESCRIPTION 

The CAT28C256 is a fast, low power, 5V-only 
CMOS EEPROM requiring a simple interface for in
system programming. 

On-chip address and data latches, self-timed write 
cycle with auto-erase and Vee power up/down write 
protection eliminate additional timing and protec
tion hardware. Data polling is provided to allow the 
user to minimize write cycle time. Page write mode 
reduces programming time. 

The CAT28C256 is fabricated in reliable floating 
gate CMOS technology. It is designed for up 
to10,000 write cycles and 1 O years data retention. 

PIN CONFIGURATION 

PIN CONFIGURATION 28-Pin DIP, and S.O. 

TOP VIEW 

A14 1 28 Vee 

A12 2 27 WE 

A? 3 26 A13 

As 4 25 As 

As 5 24 Ag 

A4 6 23 A11 

AJ 7 22 OE 

A2 8 21 A10 

A1 9 20 CE 

Ao 10 19 l/07 

l!Oo 11 18 I/Os 

1/01 12 17 I/Os 

l/02 13 16 l/04 

14 1/03 

Preliminary 

FEATURES 
• Fast read access time: 150ns/200ns/250ns 
• Low CMOS power: 

Active 30 mA max., Standby 1 OOµA 
max. 

• 5V-only operation 
• Simple write operation: 

On-chip address and data latches 
Self-timed write cycle with auto-erase 
Data polling 

• Power up/down and software write protection 
• Fast nonvolatile write cycle: 5 ms max. 
• Automatic page write: 1 to 32 bytes in 5 ms 
• TTL compatible 1/0 
• JEDEC approved 28 pin DIP.Small Outline, 

and 32 pin PLCC packages available. 
• 10,000 rewrites/byte, 1 O year data retention 

PIN CONFIGURATION 32-Pin PLCC 

~ ;:!: 
I~ 

(') 

I'- () tJ ~ 

tJ 
< < < z > < 

As As 
As Ag 

A4 A11 
A3 NC 

A2 
A1 A10 
Ao CE 

NC 1/07 

l/Oo I/Os 

C\J en (') .,,. lll 

~ ~ en () 
~ ~ ~ > z 
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CATALYST OTP ROM CAT2764A 

CAT2764A OTP 
8,196 x 8-BIT ONE-TIME PROGRAMMABLE ROM 

DESCRIPTION 

The CAT2764A is a 8,192 X 8-bit One Time 
Programmable Read Only Memory (OTPROM). It 
is offered in a plastic package, ideally suited for high 
volume production. The fast access time of the 
CAT2764A allows itto be used in systems that util
ize high performance microprocessors with no 
WAIT states. Two control lines eliminate bus con
tention in multiple bus microprocessor systems. 
The CAT2764A is manufactured using N-channel 
dual-poly silicon gate MOS technology and supplied 
in a 28-pin JEDEC approved package. 

FEATURES 
• 5V single power supply 
• 8, 192 words x 8-bit configuration 
• Access time: 

150 ns. max. (CAT2764A-15) 
200 ns. max. (CAT2764A-20) 
250 ns. max. (CAT2764A-25) 

• Power consumption: 
525 mW max. (read operation) 
184 mW (max. during stand-by) 

• Fully static operation 
• TTL compatible Input/Output 

(3-state output) 

PIN CONFIGURATION BLOCK DIAGRAM 

Oo 01 ....... . 01 

TOP VIEW l 
1 Vee 

Output Buffers 

2 PGM 
3· NC Memory matrix 

As 4 As PGM PGM 8192 x 8-bit -Vee 
As 5 As 
A4 6 A11 CE CE -Vpp 
A3 7 OE Decoder 

A2 8 21 A10 OE -GND 
A1 9 CE Input buffers 
Ao 10 en 
Oo 11 Os 
Di 12 Os 
D2 13 16 04 

Ao A1 ........ A12 

14 15 03 

This specification may be changed without no1ilication. 
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CAT2764A OTP ROM 

FUNCTION TABLE 

~ CE OE PGM 
e (20) (22) (27) 

Read V1L V1L V1H 

Output dlsable V1L V1H V1H 

Stand-by V1H - -

Program V1L VJH VtL 

Program verify VtL V1L VtH 

Program Inhibit V1H - -
The • - • means the value can be either V1L or V1H 

ABSOLUTE MAXIMUM RATINGS 

Temperature under bias 
Storage temperature 
All input/output voltages 
Vee supply voltage 
Program Voltage 
Power assembly voltage 

(Voltages with respect to ground) 

TA ... . 
Tstg .. . 

V1N. Vour 
Vee 
Vpp 

Po . 

CATALYST 

Vpp Vee 
Outputs 

(1) (28) 

+5V +5V Dour 

+5V_i +5V High impedance 

+5V 

+12.5 v 
+12.5V 

+12.5V 

t:. +5V High impedance 

+6V DtN 

+6V Dour 

+6V High impedance 

0 ° c - 70 ° c 
-55°C- 125°C 
- 0.6 - 13.5 v 
-0.6V- 7V 
- 0.6 - 14 v 
1.5W 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other 
conditions above those indicated m the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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CATALYST OTP ROM CAT2764A 

DC CHARACTERISTICS <Read Operation> 

(Vee= 5V ± 5%, Vpp =Vee, voltages with respect to ground, TA= o0 c - 70°C) 

Symbol Parameter Conditions Limits Units 

Min. Typ. Max. 

lu Input leakage current V1N = V1H or V1L - - 10 µA 

ILO Output leakage current Vour = 5.25V - - 10 µA 

lcc1 Vee power current (stand-by) CE = V1H, outputs unloaded - - 35 mA 

lce2 Vee power current (operation) CE = V1L. outputs unloaded - - 100 mA 

lpp1 Program power current Vpp =Vee - - 5 mA 

V1H Input voltage "H" level - 2.0 - Vee+1 v 
V1L Input voltage "L" level - -0.1 - 0.8 v 

VoH Output voltage "H" level loH = -400µA 2.4 - - v 
VoL Output voltage "L" level loL = 2.1mA - - 0.45 v 

AC CHARACTERISTICS <Read Operation> 

(Vee= 5V ± 5%, Vpp =Vee. PGM = V1H. TA= 0°C - 70°C) 

Symbol Parameter Conditions 2764A-15 2764A-20 2764A-25 Unit 

Min. Max. Min. Max. Min. Max. 

tAee Address access time CE =OE= V1L - 150 - 200 - 250 ns 

teE CE access time OE= V1L - 150 - 200 - 250 ns 

toE OE access time CE= V1L - 60 - 70 - 100 ns 

toF Output disable time CE= V1L 0 50 0 60 0 70 ns 

Address Addresses Valid 

CE 

OE 

Output Valid Output High Z 

'Ace 
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CAT2764A OTP ROM 

DC CHARACTERISTICS <Programming Operation> 

(Vee= 5.75 - 6.5V, Vpp = 12.5V ± 0.5V, TA= 25°C ± 5°C) 

Symbol Parameter Conditions 

lu Input leakage current V1N = V1H or V1L 

lpp Vpp power current CE= PGM=V1L 

Ice Vee power current -

V1H Input voltage "H" level -

V1L Input voltage "L • level -

VoH Output voltage "H" level loH =-400µA 

VoL Output voltage "L" level loL= 2.1mA 

AC CHARACTERISTICS <Programming Operation> 

(Vee= 5.75 - 6.5V, Vpp = 12.5V ± 0.5V, TA= 25°C ± 5°C) 

Symbol Parameter Conditions 

tAs Address set-up time -

to ES OE set-up time -

tos Data set-up time -

tAH Address hold time -
toH Data hold time -

toFP Output enable to output -
float delay 

tvs Vpp and Vee power set-up times -

tpw PGM initial program pulse width Vee = 6V ±0.25V 

tpw High-speed initial program Vee= 6.25V ±0.25V 
pulse width 

toPW PGM overprogram pulse width Vee = 6V ±0.25V 

tcES CE set-up time -

toE Data valid from OE -
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Limits Unit 
Min. Typ. Max. 

- - 10 µA 

- - 50 mA 

- - 100 mA 

2.0 - Vee+1 v 

-0.1 - 0.8 v 

2.4 - - v 

- -1.05 0.45 v 

Limits Unit 
Min. Typ. Max. 

2 - - µs 

2 - - µs 

2 - - µs 

0 - - µs 

2 - - µs 

0 - 130 ns 

2 - - µs 

0.95 1.0 1.05 ms 

95 100 105 µs 

2.85 - 78.75 ms 

2 - - µs 

- - 150 ns 



CATALYST OTP ROM CAT2764A 

TIMING <Programming Operation> 

Address ''----P-r-og_ra_m------+---V-e-rify-1 11~ ~ ,- AddressN ~ 

Data 

v pp 

CE 

PGM 

Vpp 
Vee 

tDs 

tvs 

ICES 

tpw 

topw 

tAH 
Hl-Z 

Data input 

IOFP 

10ES toE 

6.25/6.0V (1) ili-----·1--------------------
Vcc sv ~ 1vs 

(1) Note: VCC = 6.25 V ± 0.25V for Quick Pulse Programming™, 6.0V ± 0.25V for Intelligent Programming™. 

Programming Mode 

As shipped, all bits of the OTPROM are in the logic 
one state. The device is programmed by selective
ly writing logic zeros into the desired bit locations. 
To enter the programming mode, Vccand Vpp must 
be adjusted to their_Qf9gramming levels, the device 
must be selected (CE = V1L), outputs are disabled 
(OE = V1H), and a program write pulse must be ap
plied to the PGM pin. Afterthe program write pulse, 

the programmed data may be verified by enabling 
the outputs (OE =V1L) and comparing the written 
data to the read data. This device is compatible 
with the Intelligent Programming TM algorithm, and 
the Quick Pulse Programming TM algorithm. Intel
ligent Programming and Quick Pulse Programming 
are registered trademarks of Intel Corp. [9/87] 

Caution: exceeding 14V on Vpp will permanently damage the device. 
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CATALYST OTP ROM CAT27128A 

CAT27128A OTP 
16,384 x 8-BIT ONE-TIME PROGRAMMABLE ROM 

DESCRIPTION 

The CAT27128A is a 16,384 X 8-bit One Time 
Programmable Read Only Memory (OTPROM). It 
is offered in a plastic package, ideally suited for high 
volume production. The fast access time of the 
CAT27128A allows it to be used in systems that util
ize high performance microprocessors with no 
WAIT states. Two control lines eliminate bus con
tention in multiple bus microprocessor systems. 
The CAT27128A is manufactured using N-channel 
dual-poly silicon gate MOS technology and supplied 
in a 28-pin JEDEC approved package. 

FEATURES 
• 5V single power supply 
• 16,384 words x 8-bit configuration 
• Access time: 

150 ns. max. (CAT27128A-15) 
200 ns. max. (CAT27128A-20) 
250 ns. max. (CAT27128A-25) 

• Power consumption: 
525 mW max. (read operation) 
184 mW (max. during stand-by) 

• Fully static operation 
• TTL compatible Input/Output 

(3-state output) 

Ao A1 ........ A13 

This specification may be changed withoot notification. 
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CAT27128A OTP ROM 

FUNCTION TABLE 

~ CE OE PGM 
e (20) (22) (27) 

Read V1L V1L V1H 

Output disable V1L V1H V1H 

Stand-by V1H - -

Program V1L V1H V1L 

Program verify V1L V1L V1H 

Program inhibit V1H - -
The " - " means the value can be either V1L or V1H 

ABSOLUTE MAXIMUM RATINGS 

Temperature under bias 

Storage temperature 

All input/output voltages 

Vee supply voltage 

Program Voltage 

Power assembly voltage 

(Voltages with respect to ground) 

TA ... . 
Tstg .. . 

V1N. Vour 

Vee 
Vpp 

Po . 

CATALYST 

Vpp Vee 
Outputs 

(1) (28) 

+5V +5 v Dour 

+5V +5V High impedance 

+5 v +5 v High impedance 

+12.5 v +6 v D1N 

+12.5 v +6 v Dour 

+12.5 v +6V High impedance 

0 ° c - 70 ° c 
- 55 ° c - 125 ° c 
- 0.6 - 13.5 v 
- 0.6V- 7 V 
-0.6-14V 

1.5W 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other 
conditions above those indicated m the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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CATALYST OTP ROM CAT27128A 

DC CHARACTERISTICS <Read Operation> 

(Vee= 5V ± 5%, Vpp =Vee voltages with respect to ground, TA= o0c - 70°C) 

Symbol Parameter Conditions Limits Units 

Min. Typ. Max. 

lu Input leakage current V1N = V1H or V1L - - 10 µA 

ILO Output leakage current Vour= 5.25V - - 10 µA 

lcc1 Vee power current (stand-by) CE = V1H, outputs unloaded - - 35 mA 

lee2 Vee power current (operation) CE = V1L , outputs unloaded - - 100 mA 

IPP1 Program power current Vpp =Vee - - 5 mA 

V1H Input voltage "H" level - 2.0 - Vee+1 v 
V1L Input voltage "L" level - -0.1 - 0.8 v 

VoH Output voltage "H" level iOH =-400µA 2.4 - - v 
VoL Output voltage "L • level loL= 2.1mA - - 0.45 v I 

AC CHARACTERISTICS <Read Operation> 

(Vee = 5V ± 5%, Vpp = Vee. PGM = V1H. TA= o0 c - 70°C) 

Symbol Parameter Conditions 27128A-15 27128A-20 27128A-25 Unit 

Min. Max. Min. Max. Min. Max. 

1Acc Address access time CE=OE=V1L - 150 - 200 - 250 ns 

tcE CE access time OE=VIL - 150 - 200 - 250 ns 

toE OE access time CE= V1L - 60 - 75 - 100 ns 

toF Output disable time CE= V1L 0 50 0 60 0 70 ns 

TIMING <Read Operation> 

Address Addresses Valid 

CE 

OE 

Output HighZ 
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CAT27128A OTP ROM 

DC CHARACTERISTICS <Programming Operation> 

(Vee= S.7S - 6.SV, Vpp = 12.SV ± O.SV, TA= 2S°C ± s°C) 

Symbol Parameter Conditions 

lu Input leakage current V1N = V1H or V1L 

lpp Vpp power current CE=PGM=V1L 
All ou~ts unloaded 

Ice Vee power current All outputs unloaded 

VtH Input voltage "H" level -
VtL Input voltage "L" level -

VoH Output voltage "H" level loH =-400µA 

VoL Output voltage "L • level loL = 2.1mA 

AC CHARACTERISTICS <Programming Operation> 

(Vee= s.7S - 6.SV, Vpp = 12.sv ± o.sv, TA= 2s0 c ± s°C) 

Symbol Parameter Conditions 

I.As Address set-up time -

loES OE set-up time -

tos Data set-up time -

I.AH Address hold time -

IDH Data hold time -
toFP Output enable to output -

float delay 

tvs Vpp and Vee power set-up times -

tpw PGM initial program pulse width Vee = 6V ±0.25V 

tpw High-speed initial program Vee= 6.25V ±0.25V 
pulse width 

loPW PGM overprogram pulse width Vee = 6V ±0.25V 

tcES CE set-up time -

loE Data valid from OE -
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Limits Unit 
Min. Typ. Max. 

- - 10 µA 

- - 50 mA 

- - 100 mA 

2.0 - Vee+1 v 
-0.1 - 0.8 v 
2.4 - - v 
- - 0.45 v 

Limits Unit 
Min. Typ. Max. 

2 - - µs 

2 - - µs 

2 - - µs 

0 - - µs 

2 - - µs 

0 - 130 ns 

2 - - µs 

0.95 1.0 1.05 ms 

95 100 105 µs 

2.85 - 78.75 ms 

2 - - µs 

- - 150 ns 



CATALYST OTP ROM CAT27128A 

TIMING <Programming Operation> 

Program Verify 
.J x Address N 
.J 

Address 

1AS 
v oJa input 

Hl-Z 
Datao 

~ 
Data 

t DS ~ IDH l'-------.J 
utput 
l--1--~1 

t DFP 

Vpp 
Vee / v pp 

tvs 

CE '\ 
ICES 

} v toEs toE 
tpw -+ I+-

~ 1oPw -+ I+- .J 

PGM 

6.2516.0V (1)Y-'----+-------------------
Vee 5v ~ 1vs 

(1) Note: VCC = 6.25 V ± 0.25V for Quick Pulse Programming™, 6.0V ± 0.25V for Intelligent Programming™. 

Programming Mode 

As shipped, all bits of the OTP ROM are in the logic 
one state. The device is programmed by selec
tively writing logic zeros into the desired bit loca
tions. To enter the programming mode, Vee and 
Vpp must be adjusted to theit:_Q[ogramming levels, 
the device must be selected (CE= V1L), outputs are 
disabled (OE = V1H), and a program write pulse 
must be applied to the PGM pin. After the program 

write pulse, the programmed data may be verified 
by enabling the outputs (OE =V1L) and comparing 
the written data to the read data. This device is 
compatible with the Intelligent Programming ™ al
gorithm, and the Quick Pulse Programming™ algo
rithm. Intelligent Programming and Quick Pulse 
Programming are registered trademarks of Intel 
Corp. [9/87) 

Caution: Exceeding 14V on Vpp will permanently damage the device. 
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CATALYST OTP ROM CAT27256 

CAT27256 OTP 
32,768 x8-BIT ONE-TIME PROGRAMMABLE ROM 

DESCRIPTION 

The CAT27256 is a 32,768 X 8-bit One Time 
Programmable Read Only Memory (OTPROM). It 
is offered in a plastic package, ideally suited for high 
volume production. The fast access time of the 
CAT27256 allows it to be used in systems that util
ize high performance microprocessors with no 
WAIT states. Two control lines eliminate bus con
tention in multiple bus microprocessor systems. 
The CAT27256 is manufactured using N-channel 
dual-poly silicon gate MOS technology and supplied 
in a 28-pin JEDEC-approved package. 

FEATURES 
• 5V single power supply 
• 32,768 words x 8-bit configuration 
• Access time: 

170 ns. max. (CAT27256-17) 
200 ns. max. (CAT27256-20) 
250 ns. max. (CAT27256-25) 

• Power consumption: 
525 mW max. (read operation) 
184 mW (max. during stand-by) 

• Fully static operation 
• TIL compatible Input/Output 

(3-state output) 

PIN CONFIGURATION BLOCK DIAGRAM 
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CAT27256 OTP ROM 

FUNCTION TABLE 

~ CE OE Vpp 
e (20) (22) (1) 

Read V1L V1L +5V 

Output disable V1L V1H +5V 

Stand-by V1H - +5V 

Program V1L V1H +12.5 v 

Program verify V1H V1L +12.5 v 

Program inhibit V1H V1H +12.5 v 

The • - " means the value can be either V1L or V1H 

ABSOLUTE MAXIMUM RATINGS 

Temperature under bias 

Storage temperature 

All inpuVoutput voltages 

Vee supply voltage 

Program Voltage 

Power assembly voltage 

(Voltages with respect to ground) 

TA ... . 
Tstg .. . 

V1N, VouT 
Vee 
Vpp 

Po . 

Vee 
(28) 

+5V 

+5V 

+5V 

+6 v 

+6V 

+6V 

Outputs 

Dour 

High impedance 

High impedance 

D1N 

Dour 

High impedance 

0 Q c N 70 °c 
" 55 ° c N 125 ° c 
- 0,6 N 13,5 v 
- 0.6V N 7 v 
-0.6N14V 

1.5W 

CATALYST 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other 
conditions above those indicated 1n the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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CATALYST OTP ROM 

DC CHARACTERISTICS <Read Operation> 

(Vee= 5V ± 5%, Vpp =Vee. TA= o0 c N 70°C) 

Symbol Parameter Conditions 

lu Input leakage current V1N= 5.25V 

ILO Output leakage current Vour= 5.25V 

lee1 Vee power current (stand-by) CE=V1H 

lee2 Vee power current (operation) CE= V1L 

lpp1 Program power current Vpp =Vee 

V1H Input voltage "H" level -

V1L Input voltage "L" level -

VoH Output voltage "H" level loH = -400µA 

VoL Output voltage "L • level loL= 2.1mA 

AC CHARACTERISTICS <Read Operation> 

(Vee= 5V ± 5%, Vee= Vpp, TA= o0 c N 70°C) 

Symbol Parameter Conditions 27256-17 
Min. Max. 

!Ace Address access time CE= OE= V1L - 170 

lcE CE access time OE= V1L - 170 

loE OE access time CE= V1L - 60 

toF Output disable time CE= V1L 0 50 

TIMING <Read Operation> 

Address Add reases Valid 

CE 

1CE 

OE 

Output 

'Ace 

CAT27256 

Limits Units 
Min. Typ. Max. 

- - 10 µA 

- - 10 µA 

- - 35 mA 

- - 100 mA 

- - 5 mA 

2.0 - Vce+1 v 
-0.1 - 0.8 v 
2.4 - - v 
- - 0.45 v 

27256-20 27256-25 Unit 
Min. Max. Min. Max. 

- 200 - 250 ns 

- 200 - 250 ns 

- 75 - 100 ns 

0 55 0 60 ns 

Valid Output 
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CAT272S6 OTP ROM 

DC CHARACTERISTICS <Programming Operation> 

(Vee .. S.7S - 6.SV, Vpp = 12.sv ± o.sv, TA= 2s0c ± s°C) 

Symbol Parameter Conditions 

lu Input leakage current V1N =5.25V 

lpp Vpp power current CE =VIL 

Ice Vee power current -
V1H Input voltage "H" level -
V1L Input voltage "L" level -
VOH Output voltage "H" level IOH =-400µA 

VoL Output voltage "L" level loL=2.1mA 

AC CHARACTERISTICS <Programming Operation> 

(Vee• S.7S - 6.SV, Vpp = 12.SV ± O.SV, TA= 2S°C ± s°C) 

Symbol Parameter Conditions 

tAs Address set-up time -

toes OE set-up time -

tos Data set-up time -
tAH Address hold time -
toH Data hold time -

toFP Output enable .to output -
float delay 

tvs Vpp power set-up time -

1Pw CE initial program pulse width Vee = 6V ±0.25V 

1Pw High-speed initial program Vee= 6.25V ±0.25V 
pulse width 

topw CE overprogram pulse width Vee = 6V ±0.25V 

toe Data valid from OE -
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Um Its Unit 
Min. Typ. Max. 

- - 10 µA 

- - 50 mA 

- - roo mA 

2.0 - Vee+1 v 
-0.1 - 0.8 v 
2.4 - - v 
- - 0.45 v 

Umits Unit 
Min. Typ. Max. 

2 - - µs 

2 - - µs 

2 - - µs 

0 - - µs 

2 - - µs 

0 - 130 ns 

2 - - µs 

0.95 1.0 1.05 ms 

95 100 105 µs 

2.85 - 78.75 ms 

- - 150 ns 



CATALYST OTP ROM CAT27256 

TIMING <Programming Operation> 

Program Verify ---.1 
·~~~~~~----~~-:~ 

AddressN 1~ Address 

Data Data input 
HI~ Z 

tDs _... lDH 
-~"': f. IAH 

--+ -

Vpp 

CE 

Vee 
sv 

Ypp 

Vee 
tvs 

! tPW-+ 
1oPw -i+ 

6.2_S1_6_v_c1_i _1~1 

tDFP 

toES 

(1) Note: VCC = 6.25 V ± 0.25V for Quick Pulse Programming™, 6.0V ± 0.25V for Intelligent Programming™. 

Programming Mode 

As shipped, all bits of the OTP ROM are in the logic 
one state. The device is programmed by selec
tively writing logic zeros into the desired bit loca
tions. To enter the programming mode, Vee and 
Vpp must be adjusted to their programming levels, 
outputs are disabled (OE = V1H)t...!.nd a program 
write pulse must be applied to the CE pin. After the 
program write pulse the programmed data may be 

verified by enabling the outputs (OE=V1L) and com
paring the written data to the read data. This device 
is compatible with the Intelligent Programming™ al
gorithm, and the Quick Pulse Programming™ algo
rithm. Intelligent Programming and Quick Pulse 
Programming are registered trademarks of Intel 
Corp. [9/87) 

Caution: Exceeding 14V on Vpp will permanently damage the device. 

I 
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CATALYST OTP ROM CAT27512 

CAT27512 OTP 
65,536 x 8-BIT ONE-TIME PROGRAMMABLE ROM 

DESCRIPTION 

The CAT27512 is a 65,536 x 8-bit One Time 
Programmable Read Only Memory (OTPROM). It 
is offered in a plastic package, ideally suited for high 
volume production. The fast access time of the 
CAT27512 allows it to be used in systems that util
ize high performance microprocessors with no 
WAIT states. Two control lines eliminate bus con
tention in multiple bus microprocessor systems. 
The CAT27512 is manufactured using N-channel 
dual-poly silicon gate MOS technology and supplied 
in a 28-pin JEDEC-approved package. 

FEATURES 
• 5V single power supply 
• 65,536 words x 8-bit configuration 
• Access time: 

200 ns. max. (CAT27512-20) 
250 ns. max. (CAT27512-25) 

• Power consumption: 
525 mW max. (read operation) 
184 mW (max. during stand-by) 

• Fully static operation 
• TTL compatible Input/Output 

(3-state output) 

PIN CONFIGURATION BLOCK DIAGRAM 

Oo 01 ........ 07 
TOP VIEW i 

A1s 1 Vee 

A12 2 A14 
Output Buffers 

A1 3· A,a 
As 4 As Memory matrix 
As 5 Ag PGM 65536 x 8-bit +--Vee 
A4 6 A11 
Aa 7 OEN pp 

CE CE +--GND 
A2 8 21 A,o Decoder 

A, 9 CE 
OENpp 

Ao 10 19 01 Input buffers 
Oo 11 18 Os 
01 12 17 Os 
02 13 16 04 

GND 14 15 Oa Ao A1 ........ A1s 

This specification may be changed without notification. 
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CAT27512 OTP ROM 

FUNCTION TABLE 

~ CE OEN pp 
e (20) (22) 

Read V1L V1L 

Output disable V1L V1H 

Stand-by V1H -

Program V1L 12.SV 

Program inhibit V1H 12.SV 

The " - " means the value can be either V1L or V1H 

ABSOLUTE MAXIMUM RATINGS 

Temperature under bias 

Storage temperature 

All input/output voltages 

Vee supply voltage 

Program Voltage 

Power assembly voltage 

(Voltages with respect to ground) 

TA ... . 
Tstg .. . 

V1N, Vour 
Vee 
Vpp 

Po . 

CATALYST 

Vee 
Outputs 

(28) 

+5V Dour 

+5V High impedance 

+5V High impedance 

+6V D1N 

+6V High impedance 

0 ° c - 70 ° c 
- 55 ° c - 125 ° c 
- 0.6 - 13.5 v 
- 0.6V- 7 V 
- 0.6 - 14 v 

1.5W 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
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CATALYST OTP ROM 

DC CHARACTERISTICS <Read Operation> 

(Vee= 5V ± 5%, TA= o0 c N 70°C) 

Symbol Parameter Conditions 

lu Input leakage current V1N=5.25V 

I Lo Output leakage current Vour=5.25V 

lee1 Vee power current (stand-by) CE= V1H 

lec2 Vee power current (operation) CE= V1L 

V1H Input voltage "H" level -

V1L Input voltage "L • level -

VoH Output voltage "H" level loH =-400µA 

VoL Output voltage "L • level loL = 2.1mA 

AC CHARACTERISTICS <Read Operation> 

(Vee = 5V ± 5%, TA = o0c N 70°C) 

Symbol Parameter Conditions 

tAce Address access time CE = OENpp = V1L 

tcE CE access time OENPP=V1L 

toE OE access time CE= V1L 

toF Output disable time CE= V1L 

TIMING <Read Operation> 

Address Addreeaee Valid 

CE 

OE 

Output 

CAT27512 

Limits Units 
Min. Typ. Max. 

- - 10 µA 

- - 10 µA 

- - 35 mA 

- - 100 mA 

2.0 - Vcc+1 v 

-0.1 - 0.8 v 

2.4 - - v 

- - 0.45 v 

27512-20 27512-25 Unit 
Min. Max. Min. Max. 

- 200 - 250 ns 

- 200 - 250 ns 

- 70 - 100 ns 

0 55 0 60 ns 

Velld Output 
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CAT27512 OTP ROM 

DC CHARACTERISTICS cProgrammlng Operation> 

(Vee= 5.75 - 6.SV, Vpp = 12.SV ± 0.SV, TA= 25°C ± s°C) 

Symbol Parameter Conditions 

lu Input leakage current V1N = 5.25V 

lpp Vpp power current CE= V1L 

Ice Vee power current -

V1H Input voltage "H" level -

V1L Input voltage "L" level -

VoH Output voltage "H" level loH =-400µA 

VoL Output voltage "L • level loL= 2.1mA 

AC CHARACTERISTICS cProgrammlng Operation> 
(Vee= 5.75 - 6.SV, Vpp .. 12.sv ±0.SV, TA= 25°C±5°C) 

Symbol Parameter Conditions 

tAs Address set-up time -

toEH OE/Vpp hold time -

tos Data set-up time -

fAH Address hold time -

toH Data hold time -

toFP CE enable to output float delay -

tvs Vpp power set-up time -
tpw CE initial program pulse width Vee = 6V ±0.25V 

tpw High speed initial program pulse width Vee = 6.25V ±0.25V 

toPW CE overprogram pulse width Vee = 6V ±0.25V 

tov Data valid from CE -

tvR OE/Vpp recovery time -
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Limits Unit 
Min. Typ. Max. 

- - 10 µA 

- - 50 mA 

- - 100 mA 

2.0 - Vee+1 v 
-0.1 - 0.8 v 
2.4 - - v 
- - 0.45 v 

Limits Unit 
Min. Typ. Max. 

2 - - µs 

2 - - µs 

2 - - µs 

0 - - µs 

2 - - µs 

0 - 130 ns 

2 - - µs 

0.95 1.0 1.05 ms 

95 100 105 µs 

2.85 - 78.75 ms 

- - 1 µs 

2 - - µs 



CATALYST OTP ROM CAT27512 

TIMING <Programming Operation> 

Program Verify I__, 
Address N ,===x== Address 

1AS ~H Data input 
HighZ 

Data ~utput 
- tDH 

•Ds -- -lDFP 

Data 

OE /vpp Vpp 1VR 

V1L 

•vs 
toEH 

•Dv 

CE 

tpw 

1oPw -
Vee .:25£0V(l) ti 

(1) Note: vee = 6.25 V ± 0.25V for Quick Pulse Programming™, 6.0V ± 0.25V for Intelligent Programming™. 

Programming Mode 

As shipped, all bits of the OTP ROM are in the logic 
one state. The device is programmed by selec
tively writing logic zeros into the desired bit loca
tions. To enter the programming mode, Vee and 
OENpp must be adjusted to their programming 
levels, and a program write pulse must be applied 
to the CE pin. After the program write pulse the 
programmed data may be verified by enabling the 
outputs (OE I Vpp = V1L and CE = V1L) and com-

paring the written data to the read data. This device 
is compatible with the Intelligent Programming TM 

algorithm, and the Quick Pulse Programming TM al
gorithm. Intelligent Programming and Quick Pulse 
Programming are registered trademarks of Intel 
Corp. [9/87] 

Caution: Exceeding 14V on Vpp will permanently damage the device. 
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CATALYST EPROM CAT27C210 

CAT27C210 
1 MEGABIT (64k X 16) CMOS EPROM 

DESCRIPTION 

The CAT27C21 O is a 1 megabit high-speed 
EPROM. It features low power operation, 16 three 
state output buffers, and a pumping circuit to raise 
the EPROM cell's gate voltage to a level higherthan 
Vpp during programming operation. Two control 
lines eliminate bus contention in microprocessor 
systems. The CAT27C210 is packaged in a 40 pin 
DIP (plastic OTP or CERDIP), or a 44 pin PLCC 
(OTP). The CERDIP is equipped with a transparent 
lid to enable device erasing. 

PIN CONFIGURATION 40 Pin DIP 

Vpp Vee 
CE 2 PGM 
01s 3 38 NC 
014 4 A1s 
013 5 36 A14 
012 6 35 A13 

012 
011 7 34 A12 
010 8 33 A11 

011 

Og 9 32 Arn 010 

Oa 10 031 Ag Qg 

Gnd 11 30 Gnd Os 

01 12 29 As Gnd 

Os 13 28 A1 NC 

Os 14 27 As 0, 

04 15 26 As Os 
03 16 25 A4 05 

02 17 24 A3 04 

01 18 23 A2 
Oo 19 22 A1 
OE 20 21 Ao 

FEATURES 
• Fast read access time: 150ns max. 
• Low CMOS power: 

Active - 30 mA max. (CMOS input level) 
Standby - 1 OOµA max. 

• 16 three state output buffers 
• ESD protection greater than 2000V 
• 64K words by 16 bits 
• TTL compatible 1/0 I 
• One-time-programmable option 
• Pin/functional equivalent to Intel 2721 O 
• 40 pin plastic DIP (OTP), 40 pin CERDIP, or 

44 pin plastic leaded chip carrier (OTP) 
available. 

• Compatible with Quick Pulse TM programming 

PIN CONFIGURATION 44 Pin PLCC 

TOP VIEW 

~ ~ 
(.) 
z <( <( 

31 

30 

17 29 
18 19 20 21 2223 24 25 26 27 28 

"""'~o,UJ 0 o~"'"'" 
0 0 0 0 0 z <( <( <( <( <( 

A13 

A12 

A11 

A10 

Ag 

Gnd 

NC 

As 

A1 

As 

A5 
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CAT27C210 EPROM 

BLOCK DIAGRAM 

X - Buffers 1024 x 1024-Bit 

Latches Array 

and Decoder 

Ao-A15 
Address 

Inputs 

Y - Buffers 
Output Buffers 

Latches 
Read/Write Ckt 

and Decoder 

CE 

OE Control Logic ~ 
Pgm 

PIN NAMES 

CAPACITANCE 
(TA= 25 °C, f = 1.0 MHz) 

Symbol Parameter 

Cour Output capacitance 

C1N Input capacitance 

Oo-015 

Supply voltages 

Ao-A15 
Oo-015 
CE 
OE 
PGM 

Vee 
Vss 
Vpp 

Address inputs 
Data outputs 
Chip enable 
Output enable 
Write enable· 

Read voltage supply 
Ground 
Program voltage supply 

Conditions 

Vour=OV 

V1N =OV 

Cvpp Vpp supply capacitance Vpp =OV 

Note: These parameters are periodically sampled and are not 100% tested. 
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Typ. max. 

10 

6 

25 

CATALYST 

Unit 

pF 

pF 

pF 



CATALYST EPROM CAT27C210 

FUNCTION TABLE I Mode selection 

Operating Conditions: Vee= +5V, Vee= Vpp (during read) 

~ e 

Read 

Output disable 

Stand-by 

Program 

Program verify 

Program inhibit 

Signature MFG 

Signature device 

Notes on Modes table: 
Logic levels 

Supply Voltage 

Read 

Output disable 

Standby 

Program 

Program verify 

Program inhibit 

Signature MFG. 

Signature Device. 

Vpp 

Vee 

Vee 

Vee 

Vpp 

Vpp 

Vpp 

Vee 

Vee 

CE OE 

V1L VIL 

V1L V1H 

V1H x 

V1L V1H 

V1L V1L 

V1H x 

V1 L V1L 

V1 L V1L 

V1H = TIL logic 1 level. 

V1L = TIL logic O level 

PGM 

x 

x 

x 

V1L 

V1H 

x 

x 

x 

Vpp =programming (high V) 

V10 = signature voltage ( high V) 

AO 

x 

x 

x 

x 

x 

x 

V1L 

V1H 

x =supply voltage between ground and Vee 

A9 1/0 

x DOUT 

x HIZ 

x HIZ 

x D1N 

x Dour 

x HIZ 

V10 0031H 

V10 0007H 

Read mode, the content of the addressed memory word is placed 

on the 1/0 pins Oo to 015 
Device is selected (active mode), programming is disabled and 

Oo to 015 output buffers are tri-stated (PMOS and NMOS drivers 

are turned off.) 

Device is deselected, low power dissipation. 

Word programming mode, logic zeros in the bit pattern driving the 

Oo to to 015 input buffers are written into the respective memory 

cells of the addressed word. 

Following a programming cycle, to verify the cell contents of the 

memory word being programmed (not recommended as normal 

read operation) 

CE set to logic 1 level prevents programming and deselects the 

device. 

Signature mode, code of IC manufacturer output on 110 pins Oo to 

015 
Signature mode, code of IC type output on 1/0 pins Oo to 015 
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CAT27C210 

ABSOLUTE MAXIMUM RATINGS* 
Temperature under bias 

Storage temperature 

EPROM 

Voltage on all input/output pins relative to Gnd 

Voltage on A9 relative to Gnd 

D.C. output current, short-curcuit 

Program supply voltage VPP 

Read supply voltage VCC 

Max power dissapation (TA = 25°C) 

Max lead soldering temp (1 O seconds) 

. -10°C tO +85°C 

. -65°C to + 125°C 

. -1.0 to +7V 

. -1.0to 14.0V 

.20mA 

. -1.0to 14.0V 

. -1.0to+7V 

.1.0W 

. 260°C 

CATALYST 

*Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress rating only and the functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for ex
tended periods may affect device reliability. 
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CATALYST EPROM CAT27C210 

READ OPERATION AND STANDBY MODES 

Memory access for reading an address location is controlled by CE and OE. Chip enable CE is used inde
pendently of all other input signals as the primary device selection. In the logic 0 sta~TIL level V1L), CE 
powers up all input and sensitive internal circuitry. In the logic 1 state (TIL level V1H), CE places the device 
in standby mode, all DC paths .!Qj)round are shut-off and the power dissipation is reduced to a minimum. 
A logic 1 on the output enable OE (output enable) disables the output buffers and places the output pads 
in a high impedance state. Assuming that the address lines Ao to A1s have been stable for a time equal to 
tAcc - toE, the output data is available after a delay of toE from the falling edge of OE. 

SIGNATURE MODE 

The signature mode allows the programmer to identifyth~anufacturer and the type of the part. This mode 
is entered as a regular READ mode by driving low the CE and OE inputs, in addition to driving the input 
address bit Ag to high voltage V1H level. 

A logic low level (Vil) on the address pin Ao outputs on Oo to 01s the binary code of the IC manufacturer. 

CATALYSTCode: 0000 0000 0011 0001 (0031H) 

A logic high level (V1H) on the address pin Ao outputs the device type on Oo to 01s 

Device type: 0000 0000 0000 01110 (007H) 

AC CHARACTERISTICS <Read Operation> 

TA= 0°C to +70°C, Vee= +5V ±10% 

Symbol Parameter 

tACC Address access time 

ICE CE to output delay 

loE OE to output delay 

IOF OE high to output High i 

Notes: 

Min. Typ 

0.0 

Max Units 

150 ns 

150 ns 

60 ns 

50 ns 

Output floating (OUT High Z) is defined as the state where the external data line is no longer driven 
by the output buffer. 

Input rise and fall times (1 Oto 90%) . 20ns 

Input pulse levels . 0.45 to 2.4V 

Input and output timing reference . . 0.80 to 2.0V 



CAT27C210 EPROM CATALYST 

AC TESTING IN/OUT WAVEFORM AC TEST LOAD CIRCUIT 

2.4V 

0.45V 

2.0V 
Test points 

o.sv 

Figure 1 - Output Load Circutt 

1.3V 

1N914 

3.3Kohms 

Device under 1--1-----0 Out 
test 

C, • 100pF 

DC CHARACTERISTICS <Read and Standby Modes> 

(Vee= +SV ±1 O"k, TA = 0°C to 70°C ) 

Symbol Parameter Conditions 

Ice Vee current (operating, TIL) f =DC to 5MHz 

lccc Vee current (operating, CMOS) f= DC to 5MHz 

lse Vee current (stand-by, TIL) CE= V1H 

lsec Vee current (stand-by, CMOS) CE= V1H 

lu input load current V1N =5.5V 

ILO Output leakage current VouT=5.5V 

V1H High level input voltage TIL 

V1HC High level input voltage CMOS 

V1L Low level input voltage TIL 

V1LC Low level input voltage CMOS 

VoH High level output voltage IOH =-400µA 

VoL Low level output voltage loL= 2.1mA 

lpp Vpp load current (READ) Vpp=5.5V 

The maximum current values are with outputs Oo to 01s unloaded. 
Vee must be applied simultaneously or before Vpp and removed 
simultaneously or after Vpp. 
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T (Includes jig 
-::;::- capacttance) 

Limits 
Min. Typ. Max. 

40 

30 

1 

100 

1.0 

1.0 

2.0 Vcc+0.5 

Vee-0 .. 5 Vee +0.5 

-0.5 0.8 

-0.5 0.3 

2.4 

0.4 

1.0 

Unit 

mA 

mA 

mA 

µA 

µA 

µA 

v 
v 
v 
v 
v 
v 

µA 



CATALYST EPROM CAT27C210 

AC TIMING <Read Operation> 

AC Waveforms (Read Mode) 

Address Addresses Valid 

CE 

OE 

Output HighZ 

'ACC--..... 

Programming Mode 

As shipped, all the bits of the CAT27C21 Oare in the 
logic one state. The device is programmed by 
selectively writing logic zeros into the desired bit 
locations. To enterthe programming mode, Vee and 
Vpp must be adjusted to their programming levels, 
CE is pulled to V1L. and a program write pulse is ap
plied to the PGM pin. After the program write pulse, 
the programmed data may then be verified by 

enabling the outputs (OE=V1L, CE = V1L. and 
PGM = V1H), then comparing the written data to the 
read data. This device is compatible with the Intel
ligent Programming TM and the Quick Pulse 
Programming™ algorithm. algorithm. Intelligent 
Programming and Quick Pulse Programming are 
registered trademarks of Intel Corp.[9/87) 

CAUTION: Exceeding 14Von the VPP pin will permanently damage the device. 
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CAT27C210 EPROM CATALYST 

DC CHARACTERISTICS <Programming Mode> 

(Vee = +SV ±10%, TA= 25°C ± s0c ) 
Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

vcc Low voltage supply 6.0 6.5 v 
Quick Pulse program 

Vee Low voltage supply 5.75 6.25 v 
Intelligent program 

Vpp High voltage supply 12.5 13.0 v 
Quick Pulse program 

Vpp High voltage supply 12.0 13.0 v 
Intelligent program 

lccP Vee current, program + verify see note 45 mA 

lpp Vpp current, program operation 40 mA 

lu Input load current V1N =5.SV 1.0 µA 

ILO Output leakage current Vour=5.5V 1.0 µA 

V1L Input low level TTL -0.5 0.8 v 

V1LC Input low level CMOS -0.5 0.3 v 

VoL Output low level loL = 2.4 0.45 v 

V1H Input high level TTL 2.0 Vcc+0.5 v 

V1HC Input high level CMOS Vcc-0.5 Vcc+0.5 v 

VoH Output high level loH = -400µA 2.4 v 

V10 As signature level 11.5 12.5 v 

Notes: 

The maximum current values are with outputs Oo to 01s unloaded. 

Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
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CATALYST EPROM 

AC CHARACTERISTICS <Programming> 

TA= 2s0 c ± 5°C 

Symbol Parameter Conditions 

tAS Address set-up time 

toES OE set-up time Input rise and fall times: 

tos Data set-up time 
10%-90% = 20ns 

Input pulse levels: 

tAH Address hold time 0.45 to 2.4V 

Data hold time 
Input timing reference 

toH level: 0.8 to 2.0V 

teES CE set-up time Output timing reference 

tvps Vpp set-up time 

tves Vee set-up time 

tpw PGM pulse width, Intelligent Pgm.' 

tpw PGM pulse width, Quick Pulse Pgm. 

topw 'i5'GM-overprogram pulse-Intelligent Pgm 

toE Data valid from OE 

toFP OE high to output High Z 

Note: 

CAT27C210 

Limits Unit 

Min. Typ. Max. 

2 µs 

2 µs 

2 µs 

0 µs 

2 µs 

2 µs 

2 µs 

2 µs 

0.95 1.0 1.05 ms 

95 100 105 µs 

2.85 - 78.5 ms 

- 130 ns 

- 150 ns 

Output floating (OUTPUT HIGH Z) is defined as the state where the external data line is no longer driven 
by the output buffer. 
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CAT27C210 EPROM 

AC TIMING <Programming Operation> 

Program Verify 

~H 
AO-A15 ) Address stable ( 

Data 

YiL I 

tAs J-:=j tAH ~ 
VIH 

HighZ ~ HighZ I T 
Data in stable Data out valid 1---

Yi L J, l'--t1 
14--tos toH -----1 toFP I--

2.75/12.5V i ,.---+----+--+-----1---1----1/'-+----

/ tvps 
5.0V---' i.---...i 

6.25/SV V~----<----+---<--->---+----1-' l-----

_-~J tvcs 5.0V 

CE ~H--""' 

1\ YiL '-------+---+----+---+---+------+----
tcES 

~H~-----.._ r-+---+---+---1/-+-----

PGM \ VV 
YiL ~ 

OE 
~H - -------+---1---l·_to_E __ s~ toe 

___. tpw 14-

~L ___. topw 14- ~'-------1/. 

CATALYST 

Note: When programming the device a 0.1 microfarad capacitor is required between Vpp and Vss to sup
press spurious voltage transients which can damage the part. 
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CATALYST EPROM CAT27HC256 

CAT27HC256 
32, 768 x 8-BIT HIGH-SPEED CMOS EPROM Preliminary 

DESCRIPTION 

The CAT27HC256 is a high speed 256K UV 
erasable and electrically reprogrammable EPROM 
ideally suited for applications where fast turn
around and pattern experimentation are important 
requirements. The CAT27HC256 is packaged in a 
28-pin ceramic dual-in-line package with a 
transparent lid. The lid allows the user to expose the 
~hip to ultraviolet light to erase the bit pattern, allow
ing new pattern to be written into the device by fol
lowing the programming procedure. 

FEATURES 
• 5V single power supply 
• 32, 768 words x 8-bit configuration 
• Fast access time: 55 ns. 
• Low current requirements: 

Active: 40 mA max (TTL levels) 
Standby: 1 mA max (TTL levels) 
Standlby: 100µA (CMOS levels) 

• High speed programming 
• TTL compatible Input/Output 
• 12.5V programming 
• 28-pin JEDEC approved DIP 
• Electronic signature 
• Industrial and military temperature range avail

able 

PIN CONFIGURATION BLOCK DIAGRAM 

TOP VIEW 
Oo 01 ....... . 01 

Vpp Vee i 
A,2 2 A14 
A1 3· A,3 

Output Buffers 

AG 4 Aa 
As 5 Ag Memory matrix 
A4 6 A,, PGM 32, 768 x 8-bit -Vee 
A3 7 0 OE 
A2 8 A,o CE 
A, 9 CE 

CE Decoder 
+--Vpp 

Ao 10 01 
OE 

Oo 
+--GND 

11 06 
Ci 12 Os 

Input buffers 

°'1 13 04 
GND 14 03 

Ao A1 ........ A14 

This specification may be changed without notttication. 
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CATALYST CMOS STATIC RAM CAT71C88 

CAT71C88 
16K X 4-BIT HIGH SPEED CMOS STATIC RAM 

GENERAL DESCRIPTION 

The CAT71 C88 is a static CMOS RAM organized 
as a 16,384 word by 4 bit array. It features 5V single 
power supply operation and direct TTL input/output 
compatibility. Since the circuitry is completely 
static, external clock and refresh operations are un
necessary. The CAT71 C88 is offered in a 22-pin 
slim package. 

PIN CONFIGURATION 

(TOP VIEW) 

As 22 Vee 

A1 2 21 Ag 

As 3 20 A10 

As 4 19 A11 

A4 5 18 A12 

Ao 6 17 A13 

A1 7 16 l/Oo 

A2 8 15 1/01 

A3 9 14 I/~ 

cs 10 13 l/03 

Vss 11 12 WE 

FEATURES 
• CMOS technology - completely static 

operation 
• Low power dissipation: 

Standby - 11 mW max. 
Operation 605 mW. max. 

• Single power supply (+5V ±10%) 
• Operating temperature TA = o0 to 70°C 
• Fully TTL compatible, input and output 
• 3-state output 
• JEDEC standard 22-pin 300-mil wide package 
• Access time= 45/55170 ns max. 

PIN NAMES 

Arr-A13 Address input 
l/Oo-1/0:3 Data input/output 
WE Write enable 
cs Chip select 
Vcc,Vss Supply Voltage 
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CAT71C88 CMOS STATIC RAM CATALYST 

FUNCTIONAL BLOCK DIAGRAM 

As MEMORY ARRAY ..--0 Vee A, 
512 ROWS 

A, ..--0 Vss 
Aa 32COLUMNS 

Ao X4BLOCKS 
A,o 
A,, 

A,, 
A,, 

l/Oo 
INPUT COLUMN 1/0 vo, 
DATA CIRCUITS 

VO, 
vo, 

Absolute Maximum Ratings 

Symbol Rating Conditions Value Unit 

Vee Supply voltage TA= 25°C -0.3 to 7.0 v 

V1N Input voltage 
with respect to Vss 

-0.3 to 7.0 v 

PD Power dissipation TA= 25°C 1.0 w 
TsTG Storage temp. - -55to+150 oc 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other condi
tions above those indicated in the operational sections of this specification is not implied. Exposure to ab
solute maximum rating conditions for extended periods may affect device reliability. 
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CATALYST CMOS STATIC RAM 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Conditions Limits 

Min. Typ. 

Vee Supply voltage - 4.5 5 

V1H "H" Input voltage Vee= 5V± 10% 2.2 -

V1L "L" Input voltage -0.3 -

ToPR Operating temperature - 0 

CL - - -
Output load 

TTL - -

Note: When pulse width is equal to or smaller than 20ns, V1H max. =Vee+ 1.0V, V1L min= -1.0V. 

DC CHARACTERISTICS 

(Vee= +5V±10%, TA= 0°C to 70°C) 

Symbol Parameter 

lu Input leakage current 

ILO Output leakage current 

VoH "H" output voltage 

VoL "L" output voltage 

Ices Standby supply current (CMOS) 

lccs1 Standby supply current (TTL) 

Ice A Operating supply current 

CAPACITANCE 
(TA= 25°C, f = 1.0 MHz, Vee= 5V) 

Symbol Parameter 

Cvo Input/Output capacitance 

C1N Input capacitance 

Conditions 

V1 =0 to Vee 

CS=V1H 

V110 = 0 to Vee 

loH =-4mA 

loL=BmA 

CS ?.Vee -0.2V 

V1N s; 0.2V or 

V1N?. Vee -0.2V 

CS=V1H 

Tcvc =min. cycle 

Min. cycle 

Conditions 

Vvo=OV 

V1N =OV 

Note: These parameters are periodically sampled and are not 100% tested. 

Limits 

Min. Typ. 

-1 

-1 

2.4 

Limits 

Typ. max. 

8 

6 

CAT71C88 

Unit 

Max. 

5.5 v 

VCC+0.3 v 

0.8 v 

70 oc 

30 pF 

1 -

Unit 

Max. 

1 µA 

1 µA 

- v 

0.4 v 

2 mA 

30 mA 

110 mA 

Unit 

pF 

pF 
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CAT71C88 CMOS STATIC RAM CATALYST 

AC CHARACTERISTICS • TEST CONDITIONS 

Parameter Conditions 

Input pulse level V1H = 3.0V, V1L = OV 

Input rise and fall times 5 ns 

Input/output timing reference level 1.5V 

Output load CL= 30pF, 1 TTL gate 

READ CYCLE 

(Vee= 5V ± 10%, TA= o0 to 70°C) 

Symbol Parameter 71C88-45 71C88-55 71C88-70 Units 
Min .. Max. Min. Max. Min. Max. 

tRC Read cycle time 45 55 70 ns 

!Ac Address access time 45 55 70 ns 

tco Chip select access time 45 55 70 ns 

lex Chip selection to output active 5 5 5 ns 

to HA Output hold time from address change 5 5 5 ns 

tore Output 3-state from deselection 0 25 0 25 0 30 ns 

tpu Chip selection to power up time 0 0 0 ns 

tpo Chip deselection to power down time 0 45 0 55 0 70 ns 

Notes: 1. Read condition: During the overlap of a low CS and a high WE. 
2. Tex and Tom are measured± 200 mV from steady state voltage with specified loading in Figure 2. 

5V 5V 

Dour D OUT 

30 pF CL 
2550 2550 

Fig. 1. Output load Fig. 2. Output load 

Note: CL includes scope and jig. 
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CATALYST CMOS STATIC RAM CAT71C88 

READ CYCLE TIMING 1 <Address Controlled> 

~-tRC -t
Dour \\\ 

NOTE: WE = V1H, CS = V1L 

READ CYCLE TIMING 2 <CS Controlled> 

tcx 

High Z 

tco -

tRC 

Valid Data 

Torn 

Dour Valid Data 
Hi h Z 

i---+ttpu 
ICC 

Power supply 
ISS -----

NOTE: WE = V1H 

50% 

WRITE CYCLE [see notes following table for conditions] 

(TA = 0° to 70°C) 

Symbol Parameter 71C88·45 
Min. Max. 

twc Write cycle time 45 

tcw Chip selection to End of Write 40 

tAw Address valid to End of Write 40 

!As Address to Write set-up time 0 

tw Write time 40 

twR Write recovery time 5 

tos Data set-up time 25 

toH Data hold from write time 0 

torw Output 3-state from write 0 20 

tow Output active from End of Write 0 

---- Tpo 

50% 

71C88·55 71C88-70 Units 

Min. Max. Min. Max. 

55 70 ns 

45 55 ns 

45 55 ns 

0 0 ns 

45 55 ns 

10 15 ns 

25 30 ns 

0 0 ns 

0 25 0 30 ns 

0 0 ns 
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CAT71C88 CMOS STATIC RAM CATALYST 

Notes: 
1. Write condition: During the overlap of a low CS and a low WE. 
2. tAs is specified from a low CS or a low WE, whichever occurs last after the address is set. 
3. tw is an overlap time of a low CS and a low WE. 
4. twR, tos and toH are specified from a high CS or a high WE, whichever occurs first. 
5. torw and tow are measured ±200mV from steady state voltage with specified loading in Figure 2. 
6. When 1/0 pins are in data output mode, don't force inverse input signals to those pins. 

WRITE CYCLE <Timing 1 • WE Control> 

twc 

Ao-A13 

tcw 

tAw 
tw 

tos 

DtN DATA VALID 

Dour Hi hZ 

WRITE CYCLE < Timing 2 • cs Control> 

twc 

Ao-A13 

tcw ------
tAs 

tAw 
tw 

tos 

DtN DATA VALID 

i.--~-toTW ---~-.i 

Dour_...L-7------L..Z----'/_/"---'""-z------L..z---Lz_l---Hi_gh z __ 
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CATALYST CMOS STATIC RAM CAT71C256 

CAT71C256 
32K x 8-BIT CMOS STATIC RAM 

GENERAL DESCRIPTION 

The CAT71 C256 is a high performance 262, 144 bit 
CMOS static RAM organized as a 32,768 X 8 bit 
array. It features 5V single power supply operation 
and direct TTL input/output compatibility. Since the 
circuitry is completely static, external clock and 
refreshing operations are unnecessary. The 
CAT71 C256 is a CMOS device that reg!!Jres v~ 
low power during standby (1 mA). The CS and OE 
control signals facilitate OR-tying of the output 
lines, simplifying memory expansion. 

PIN CONFIGURATION 28-Pin DIP 

TOP VIEW 

A14 28 Vee 

A12 2 27 WE 

A1 3· 26 A13 

As 4 25 As 

A5 5 24 Ag 

A4 6 23 A11 

A3 7 22 OE 

A2 8 21 A10 

A1 9 20 cs 
Ao 10 19 l/07 

l/Oo 11 18 I/Os 

1/01 12 17 l/05 

1/02 13 16 l/04 

Vss 14 15 1/03 

FEATURES 
• Single 5 V supply ( ± 10%) 
• Low power consumption 

385 mW max (operation) 
5.5 mW max (stand-by) 

• 32,768 X 8 configuration 
• Static operation 
• Access I Cycle time 

85 ns max (CAT71 C256-85) 
100 ns max (CAT71C256-10) 
120 ns max (CAT71C256-12) 

• TTL compatible INPUT/OUTPUT 
• Three state outputs 
• 28-pin DIP, or 32-pin PLCC packages 

PIN CONFIGURATION 32-Pin PLCC 

I'- ~ ::: (.) u ILU 
~ 

<t <t <t z ~ ::: <t 

As 
As 
A4 7 
A3 8 

A2 9 
TOP VIEW 

A1 10 
Ao 11 
NC 12 
l/Oo 

~ C\J "' "'" 
.,., 

~ ~ "' (.) 
~ ~ ~ "' > z 

As 
Ag 

A11 
NC 

OE 

A10 
cs 
1/07 

I/Os 
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CAT71C256 

BLOCK DIAGRAM 

As 0---------1 

A 7 ' >---------< 

A a o------4 
Ag v-------; 

A io{J-------; 

A ,,u-------1 
A12 

A i3v-------; 

AuO--------l 

l/Oo v----.------; 

110, U----t-r--------j 

1102 l ,.__,_,~-----< 

1103 U---t-H-..,.----jA 

1104 0--H-t-+-r---t 

I/Os U---t-H--t-t--r---t....-r" 

110 6 0-+-l-t--t-++-r--l 
1107 c J--t-l-t--+-t-t-11-t-1 

CMOS STATIC RAM 

ROW 

SELECT 

INPUT 

DATA 

CONTROL 

MEMORY ARRAY 

512 ROWS 

64COLUMNS 

X 8 BLOCKS 

COLUMN 1/0 
CIRCUITS 

COLUMN SELECT 

Pin Assignment [28 and 32 pin package] Ao -A14 
l/Oo-1/07 
cs 
WE 
OE 
Vee, Vss 
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--0 Vee 

--0 Vss 

:Address inputs 
:Data input/output 
:Chip select 
:Write enable 
:Output enable 
:Supply voltage 

CATALYST 



CATALYST CMOS STATIC RAM CAT71C256 

MODES OF OPERATION 

Mode cs WE OE 1/0 Operation 

Standby H x x High Z 

Read L H H High Z 

L H L Dour 

Write L L x D1N 

X=HorL 

Absolute Maximum Ratings 

Symbol Rating Conditions Value Unit 

Vee Supply voltage TA= 25°C, with respect -0.3 to 7.0 v 
to Vss 

V1N Input voltage -0.3 to Vee +0.3 v 

Po Power dissipation TA= 25°C 1.0 w 

Tsrn Storage temp. - -55 to +150 oc 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other condi
tions above those indicated in the operational sections of this specification is not implied. Exposure to ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

Vee Supply voltage Vee= 5V± 10% 4.5 5 5.5 v 

Vss 0 v 

VeeH Data retention voltage 2 5 5.5 v 

V1H "H" Input voltage SV± 10% 2.2 - vcc +0.3 v 

V1L "L" Input voltage -0.3 - 0.8 v 

ToPR Operating temp. 0 - +70 oc 

CL Output load - - 100 pF 

TIL - - 1 -
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CAT71C256 CMOS STATIC RAM CATALYST 

DC CHARACTERISTICS 

(Vee = +5V ±10%, TA = 0°C to 70°C ) 

Symbol Parameter Conditions Limits Unit 

Min. Typ. Max. 

lu Input leakage current V1N = 0 to Vee -1 1 µA 

ILO Output leakage current CS or OE= V1H -1 1 µA 
Vl/O = o to Vee 

VoH "H" output voltage loH = -1mA 2.4 - v 

VoL "L" output voltage loL = 2.1mA 0.4 v 

Ices Standby supply current (CMOS) cs '?.Vee -0.2V 0.2 1 mA 

V1N=O to Vee 

lccs1 Standby supply current (TTL) CS= V1H 3 mA 

Tcvc =min. cycle 

lccA Operating supply current Min. cycle 70 mA 

AC CHARACTERISTICS· TEST CONDITIONS 

Parameter Conditions 

Input pulse level V1H = 2.4V, V1L = 0.6V 

Input rise and fall times 5 ns 

Input/output timing reference level 1.5V 

Output load CL= 100pF, 1 TTL gate 

READ CYCLE 
I\ I ,.., I , .. ,..,..., "'T" ,..Q .-. _ _,.,..Q"\ 
lVCC=OV :!: IV7o, IA=V IV fV \J} 

Symbol Parameter 71C256-85 71C256-10 71C256-12 Units 

Min. Max. Min. Max. Min. Max. 

tRC Read cycle time 85 100 120 ns 

tAc Address access time 85 100 120 ns 

tco Chip select access time 85 100 120 ns 

toE Outut enable to output valid 45 50 60 ns 

tcx Chip selection to output active 10 10 10 ns 

to HA Output hold time from address change 5 10 10 ns 

tom Output 3-state from output disable 0 30 0 50 0 60 ns 

tern Output 3-state from chip deselection 30 40 50 ns 

tox Output enable to output active 5 5 5 ns 
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CATALYST CMOS STATIC RAM CAT71C256 

READ CYCLE 

tRc 

tco 

toE --+ 

1/0 
Data out valid 

NOTES: _ __ __ 
1. A READ occurs during the overlap of a low CS, a low OE and a high WE. 
2. tern and toro are specified by the time when DATA OUT is floating. II 

WRITE CYCLE 

(TA= o0 to 7o0c, Vee = sv ± 10%) 

Symbol Parameter 71C256.a5 71C256-10 71C258-12 Units 
Min. Max. Min. Max. Min. Max. 

twc Write cycle time 85 100 120 ns 

tcw Chip selection to End of Write 75 90 100 ns 

tAW Address valid to End of Write 75 90 100 ns 

tAs Address to Write set-up time 0 0 0 ns 

tw Write time 70 75 90 ns 

twR Write recovery time 5 10 10 ns 

tos Data set-up time 40 40 50 ns 

toH Data hold from write time 0 0 0 ns 

torw Output 3-state from write 0 30 0 50 0 60 ns 

twx Output active from End of Write 5 5 5 ns 
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CAT71C256 CMOS STATIC RAM CATALYST 

WRITE CYCLE TIMING 

two 

Ao-A14 

------tw 

I+-----+--~ lAW 
tow 

1/0 (DIN) 

torw twx 

1/0 (Dour) 

Notes: 
1. Write condition: During the overlap of a low CS and a low WE. 
2. OE may be both high and low in a Write cycle. 
3. tAs is specified from a low CS or a low WE, whichever occurs last after the address is set. 
4. tw is an overlap time of a low CS and a low WE. 
5. twR, tos and toH are specified from a high CS or a high WE, whichever occurs first. 
6. torw is specified by the time when DATA OUT is floating, not defined by output level. 
7. When 1/0 pins are in data output mode, don't force inverse input signals to those pins. 

CAPACITANCE 

(TA= 25°C, f = 1.0 MHz, Vee= SV) 

Symbol Parameter Conditions Limits Unit 
Typ. max. 

C110 Input/Output capacitance Vvo=OV 10 pF 

C1N Input capacitance V1N =OV 10 pF 

Note: These parameters are periodically sampled and are not 100% tested. 
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CATALYST CMOS STATIC RAM CAT71C256L 

CAT71C256L 
32K x 8-BIT CMOS STATIC RAM 

GENERAL DESCRIPTION 

The CAT71 C256L is a low power high performance 
262, 144 bit CMOS static RAM organized as a 
32,768 X 8 bit array. It features 5V single power 
supply operation and direct TIL input/output com
patibility. Since the circuitry is completely static, ex
tern al clock and refreshing operations are 
unnecessary. The CA T71 C256L is a CMOS device 
that requires extremely_JQ_w power during standby 
(100 µA). The CS and OE control signals facilitate 
OR-tying of the output lines, simplifying memory ex
pansion. 

PIN CONFIGURATION 28-Pin DIP 

TOP VIEW 

A14 28 Vee 

A12 2 27 WE 

A1 3 26 A1a 

As 4 25 As 

As 5 24 Ag 

A4 23 A11 

Aa 7 22 OE 

A2 8 21 A10 

A1 9 20 cs 
Ao 10 19 l/07 

l/Oo 11 18 I/Os 

l/01 12 17 I/Os 

I/~ 13 16 l/04 

Vss 14 15 l/03 

FEATURES 
• Single 5 V supply ( ± 10%) 
• Low power consumption 

385 mW max (operation) 
0.55 mW max (stand-by) 

• 32,768 X 8 configuration 
• Static operation 
• Access I Cycle time 

85 ns max (CAT71 C256L-85) 
100 ns max (CAT71C256L-10) 
120 ns max (CAT71C256L-12) 

• TIL compatible INPUT/OUTPUT 
• Three state outputs 
• 28-pin DIP, or 32-pin PLCC packages 

PIN CONFIGURATION 32-Pin PLCC 

~ ;'!: 
I~ "' ,.... 

(.) u ~ 

u 
< < < z > < 

As 
A5 
A4 7 

A3 
A2 TOP VIEW 
A1 
Ao 
NC 

l/Oo 

~ C\J "' '<t I!) 

~ ~ "' (.) 
~ ~ ~ "' > z 

As 
Ag 

A11 
NC 

OE 
A10 
cs 
1/07 

I/Os 
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CAT71C256L CMOS STATIC RAM 

BLOCK DIAGRAM 

As 
ROW 

A1 

As SELECT 

Ag 

l/Oo 
INPUT 

110, 

l/02 DATA 

l/03 
CONTROL 

1/04 

I/Os 

1/06 

1/07 

Pin Assignment [28 and 32 pin package] 

4-16 

MEMORY ARRAY 

512 ROWS 

64COLUMNS 

X8BLOCKS 

COLUMN 1/0 
CIRCUITS 

COLUMN SELECT 

Ao A, A2A3A4 As 

Ao-A14 
l/Oo -1/07 
cs 
WE 
OE 
Vee, Vss 

--0 Vee 

--0 Vss 

:Address inputs 
:Data input/output 
:Chip select 
:Write enable 
:Output enable 
:Supply voltage 

CATALYST 



CATALYST CMOS STATIC RAM CAT71C256L 

MODES OF OPERATION 

Mode cs WE OE UO Operation 

Standby H x x HighZ 

Read L H H HighZ 

L H L Dour 

Write L L x D1N 

X=HorL 

Absolute Maximum Ratings 

Symbol Rating Conditions Value Unit 

Vee Supply voltage TA = 25°C, with respect -0.3 to 7.0 v 
to Vss 

V1N Input voltage -0.3 to Vee +0.3 v 

Po Power dissipation TA= 25°C 1.0 w 
Tsm Storage temp. - -55 to +150 oc 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and the functional operation of the device at these or any other condi
tions above those indicated in the operational sections of this specification is not implied. Exposure to ab
solute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Conditions Limits Unit 
Min. Typ. Max. 

Vee Supply voltage Vee= 5V± 10% 4.5 5 5.5 v 

Vss 0 v 

VccH Data retention voltage 2 5 5.5 v 

V1H "H" Input voltage 5V± 10% 2.2 - vcc +0.3 v 

V1L "L" Input voltage -0.3 - 0.8 v 

ToPR Operating temp. 0 - +70 oc 

CL Output load - - 100 pF 

TTL - - 1 -
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CAT71C256L CMOS STATIC RAM 

DC CHARACTERISTICS 

(Vee= +5V ±10%, TA= o0c to 70°C) 

Symbol Parameter 

lu Input leakage current 

ILO Output leakage current 

VoH "H" output voltage 

VOL "L" output voltage 

Ices Standby supply current (CMOS) 

lccs1 Standby supply current (TIL) 

lccA Operating supply current 

Conditions 

V1N =Oto Vee 

CS or OE= V1H 

Vl/O = 0 to Vee 

loH = -1 mA 

loL = 2.1 mA 

CS ~Vee -0.2V 

V1N =0 to Vee 

CS= V1H 

Tcvc =min. cycle 

Min.cycle 

AC CHARACTERISTICS • TEST CONDITIONS 

Limits 

Min. Typ. 

-1 

-1 

2.4 

2 

Parameter Conditions 

Input pulse level V1H = 2.4V, V1L = 0.6V 

Input rise and fall times 5 ns 

Input/output timing reference level 1.5V 

Output load CL= 100pF, 1 TIL gate 

READ CYCLE 

(Vee = 5V ± ~ 0%, TA -- 0° to ?0°C) 

CATALYST 

Unit 

Max. 

1 µA 

1 µA 

- v 
0.4 v 

100 µA 

3 mA 

70 mA 

Symbol Parameter 71C256L-415 71C256L-10 71C256L-12 Units 

Min. Max. Min. Max. Min. Max. 

tRC Read cycle time 85 100 120 ns 

tAc Address access time 85 100 120 ns 

tea Chip select access time 85 100 120 ns 

toE Outut enable to output valid 45 50 60 ns 

tcx Chip selection to output active 10 10 10 ns 

to HA Output hold time from address change 5 10 10 ns 

torn Output 3-state from output disable 0 30 0 50 0 60 ns 

tcTD Output 3-state from chip deselection 30 40 50 ns 

tax Output enable to output active 5 5 5 ns 
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CATALYST 

READ CYCLE 

1/0 

NOTES: 

CMOS STATIC RAM 

tox 
tcx 

tco 

toE -

Data out valid 

1. A READ occurs during the overlap of a low CS, a low OE and a high WE. 
2. tcro and tom are specified by the time when DATA OUT is floating. 

WRITE CYCLE 

(TA= o0 to 70°C, Vee= sv ± 10%) 

Symbol Parameter 71C25&L.as 71C256L-10 

Min. Max. Min. Max. 

twc Write cycle time 85 100 

tcw Chip selection to End of Write 75 90 

tAW Address valid to End of Write 75 90 

tAs Address to Write set-up time 0 0 

tw Write time 70 75 

twR Write recovery time 5 10 

tos Data set-up time 40 40 

toH Data hold from write time 0 0 

torw Output 3-state from write 0 30 0 50 

twx Output active from End of Write 5 5 

CAT71C256L 

II 

71C256L-12 Units 
Min. Max. 

120 ns 

100 ns 

100 ns 

0 ns 

90 ns 

10 ns 

50 ns 

0 ns 

0 60 ns 

5 ns 
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CAT71C256L CMOS STATIC RAM CATALYST 

WRITE CYCLE TIMING 

twc 

Ao-A14 

------tw 

1-----+---- lAW 

tcw 

1/0 (DIN) Data in stable 

1/0 (Dour) 

Notes: 
1. Write condition: During the overlap of a low CS and a low WE. 
2. OE may be both high and low in a Write cycle. 
3. !As is specified from a low CS or a low WE, whichever occurs last after the address is set. 
4. tw is an overlap time of a low CS and a low WE. 
5. twR, tos and toH are specified from a high CS or a high WE, whichever occurs first. 
6. torw is specified by the time when DATA OUT is floating, not defined by output level. 
7. When 1/0 pins are in data output mode, don't force inverse input signals to those pins. 

CAPACITANCE 

(TA= 25°C, f = 1.0 MHz, Vee= 5V) 

Symbol Parameter Conditions Limits Unit 
Typ. max. 

C110 Input/Output capacitance V110 = OV 10 pF 

C1N Input capacitance V1N =OV 10 pF 

Note: These parameters are periodically sampled and are not 100% tested. 
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CATALYST CMOS STATIC RAM 

CS CONTROL 

Standby Mode 
Vee 
4.5V 

V1H 

VeeH 

cs CS ;;: Vee - 0.2V 

ov 

LOW Vee DATA RETENTION CHARACTERISTICS 

TA= o0c to 70°C, unless otherwise noted. 

Symbol Parameter Conditions 

VeeH Vee for data retention CS ;;: Vee -0.2V 

leeH Data retention current CS;;: Vee -0.2V, 
Vee =3V 

tsu CS to Data retention time 

tR Operation recovery time 

CAT71C256L 

tR 

Limits Unit 
Min. Typ. Max. II 
2 v 

1 50 µA 

0 ns 

tRe ns 
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MICROCOMPUTERS 

MICROCOMPUTERs 
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CATALYST SMART CARD MICROCOMPUTER CAT62C580 

CAT62C580 
Smart Card Microcomputer 

Description: 

The CAT62C580 is a single chip 8-bit microcom
puter, with 16K-bits EEPROM, 3K-bytes ROM, and 
128 bytes RAM. The built-in hardware security fea
tures protect the program memory (ROM cannot 
be dumped). The CAT62C580's unique architec
ture makes it ideal for "Portable Database" ap
plications, such as IC cards for banking, personal 
health records, and a variety of ID's including entry 
access, telephone debit cards, and large number of 
military applications. 

FUNCTIONAL BLOCK DIAGRAM 

Seri~i+-~-----1, 
[ P H z] C ----.. Accumulatorr-

Flags 

Voo 
::..lt-----+1 

l 

B Register 

Features: 
• 8-Bit CPU, RAM, EEPROM, and ROM on a 

single chip 
• Low Power CMOS Technology 
• Hardware and Software Security 
• Speed: 800 ns instruction cycle at 5 MHz 
• Clock Frequency: D.C. to 5 MHz 
• Single Pin, High Speed Serial l/O Interface 
• 9600 baud using "DL Y" instruction 
• 14 Internal Registers 
• 9 Addressing modes 
• 95 Instructions 
• 10,000 EEPROM erase/write cycles per byte 
• Ten year EEPROM data retention 

,..v 8 

ROM 
3KX8 

,..I-- 8 

1 

RAM 
(stack) 
128 x 8 

..Y 8 

EE PROM 
2KX8 

RESrT 
·M:i,r,___..., 

CLOCK 
x'<::::·I 

Vss 
:> ,:::,!!----+! 

i 

Timing 
and 

control 
l/ ALU~ 

,..v 8 ,.v 8 

~ 
}. }. 

D Register 

Stack Pointer 

' 
,.v 8 

(BA) Register J 
' 
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CAT62C580 SMART CARD MICROCOMPUTER CATALYST 

OPERATING CONDITIONS 

Parameter Symbol Limits Unit 

Supply Voltage Voo 4.5 to 5.5 Volts 

Temperature Range fop 0 to 70 QC 

PIN DESCRIPTION 
Voo 

EEPROM RAM 
2K bytes 128 bytes 

SERIALl/O 

CLOCK 
8 bit ROM 
CPU 3K bytes 

RESET 
95 instructions 

Vss 

Pin Function Input/Output 

Voo Power supply pin, +5 Volts± 10% 

Vss Power supply pin, 0 Volts 

CLOCK CPU Clock input pin. Pulled down internally by approximately 100 K INPUT 

RESET Resets the CPU. Pin is an active low in~ut and is pulled down INPUT 
internally by approximate y 100 K 

SERIAL 1/0 Serial data input/oUtP.Ut pin or 8seudo bidirectional rin. The pin is INPUT/OUTPUT 
pulled up by approximately 1 K, and is set high a CPU reset. 
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CATALYST SMART CARD MICROCOMPUTER CAT62C580 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Conditions Limits Unit 

Supply Voltage Voo TA= 25°C -0.5 to 7 Volts 

Input Voltage V1 TA= 25°C -0.3 to Voo +0.5 Volts 

Output Voltage Vo TA= 25°c -0.3 to Voo +0.5 Volts 

Storage Temperature Tstg -40 to 125 OC 

D.C. CHARACTERISTICS 

(Voo = 5V ± 10%, TA= 0° to +70oC) 

Parameter Symbol Conditions Min. Typ. Max. Unit 

Supply Current loo f = 5 MHz - 4 10 mA 

CLOCK -0.3 - 0.5 

Low Input Voltage 
RESET 

V1L Volts - -0.3 - 0.5 

SERIALl/O -0.3 - 0.8 

CLOCK 2.4 - Voo 
High Input Voltage 

RESET 
V1H Volts 

- 4.0 - Voo 

SERIALl/O 2.0 - Voo 

Low Output Voltage VoL loL MAX=1.6mA 0 - 0.4 Volts 

High Output Voltage VoH loH MAX~ -100µA 2.4 - Voo Volts 

Input Current l1L1 V1 = O (see note) - - 1 µA 

(CLOCK, RESET) 
iiH1 V1 =VDD (see note) 20 µA - -

Input Current (SIO) l1L2 V1 = 0 (see note) - - -1 mA 

SERIAL 1/0 
l1H2 V1 =VDD (see note) - - -1 µA 

Input Capacitance C1 f = 1 MHz - 15 - pF 

Output Capacitance Co 
Ta= 25°C - 20 - pF 

NOTE: CLOCK and RESET are pulled down internaly, and SERIAL 1/0 is pulled up. 
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CAT62C580 SMART CARD MICROCOMPUTER CATALYST 

A.C. CHARACTERISTICS 

(Voo = 5 Volts± 10%, Ta = o0 to + 7o°C) 

Parameter Symbol Min Typ Max Unit 

CLOCK Cycle Time Tcv 200 - - ns 

CLOCK Duty Cycle (TcHITcv)*1 oo 40 - 60 % 

CLOCK Cycle Rise Time TcR - - 5.0 us 

CLOCK Cycle Fall Time TcF - - 5.0 us 

Reset Pulse Width TRW B*Tcv - - us 

SERIAL 1/0 Rise Time TsR - - 5.0 us 

SERIAL 1/0 Fall Time TsF - - 5.0 us 

NOTE: Output load capacitance= 30pF. 

TIMING DIAGRAM 

TcL 

CLOCK 
2.4V 2.4V 

O.SV o.sv O.SV 
TcH 

- -TcR TcF 

2.0V 

SERIALl/O 
O.BV O.BV 

-
TsF TsR 

5-6 



CATALYST SMART CARD MICROCOMPUTER CAT62C580 

REGISTER SET 

MEMORY MAP 

127 

7 

0 

RAM 

(Stack) 

I 

Rn 

111 

7FH 

I 7 

I 7 

I 7 

rrllMJ 

I 7 

7 °"ff? 

6 ""Rs 
Rs 
R4 
R3 
R2 
R1 
R..ll.. 

Rn is the local register area of the RAM. 

RAM map 

o I ACCUMULATOR (ACC) 

0 I B-REGISTER 

0 I D-REGISTER 

PHZC I CONDITION CODE REGISTER (CCR) 

0 I STACK POINTER (SP) 

0 I PROGRAM COUNTER (PC) 

6K 17FFH 

3k 

31 

0 

EE PROM 
01FH 

OFH 01EH 

01DH 

OEH 01CH 

OBFFH 
3 006 

005 
ROM 

2 004 

003 

002 

001 

0 000 

ZP is the Zero Page addressed with the "CZP" 
instruction. 

ROM and EEPROM map 
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CAT62C580 SMART CARD MICROCOMPUTER CATALYST 

INSTRUCTION SET 

MNEMONIC opr OPERATION BYTES CYCLE FLAGS 

c p H z 
MOVA,opr B A<-B 1 1 • 

0 A<-0 1 1 • 

@0 A <-(0) 1 1 . 
@O+ A <-(0), 0 <-- 0+1 1 2 . 
@0- A <-- (0), 0 <-- 0-1 1 2 . 

N A<-- (N) 2 2 . 
N+@O A<-(N + 0) 2 3 . 

#N A <--#N 2 2 • 

MOVopr,A B B<-A 1 1 

0 0<-A 1 1 

@O (0) <-(A) 1 1 

@0+ (0) <-A, 0 <- 0+1 1 2 

@0- (0) <-A, 0 <- 0-1 1 2 

N (N) <-A 2 2 

N+@O (N+O) <--A 2 3 

MOVO,opr Rn 0<-Rn 1 2 

#N 0<-#N 2 2 

MOVRn,opr 0 Rn<-0 1 2 

#N Rn <-#N 2 3 

MOV@BA,opr @O (BA)<-(0) 1 4 

MOV@O,opr @BA (0) <---(BA) 1 4 

MOV@O+,opr #N (0) <-- #N, 0 <-- 0+1 2 2 

MOVW@O,opr BA (0) <--A, (0+1) <- B 1 3 

MOVWBA, opr @O A<- (0), B <- (0+1) 1 3 . 
MOVWBA,opr #N A <--#N1, B <--#N2 3 3 . 
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CATALYST SMART CARD MICROCOMPUTER CAT62C580 

MNEMONIC opr OPERATION BYTES CYCLE FLAGS 

c p H z 
XCHA, opr B A<->B 1 2 * 

D A<--> D 1 2 * 

@D A<-> (D) 1 2 * 

N A<-> (N) 2 2 * 

XCH D, opr B D <--> B 1 2 

SP D <-->SP 1 2 

XCH C, opr p C<->P 1 1 * * 

ADDA, opr @D A <--A+ (D) 1 1 * * * 

N A <--A+ (N) 2 2 * * * 

#N A<-A+#N 2 2 * * * 

ADCA, opr @D A<-A+(D) +C 1 1 * * * 

N A <-- A + (N) + C 2 2 * * * 

#N A<-A+#N +C 2 2 * * * 

DAA Decimal Adjust 1 1 * * 

CMPA, opr @D A is compared with (D) 1 1 * * 

N A is compared with (N) 2 2 * * 

#N A is compared with #N 2 2 * * 

CMP@D,opr @BA (D) is compared with (BA) 1 4 * * 

EORA,opr @D A<-A.V(D) 1 1 * 

N A<-A.V(N) 2 2 * 

#N A <-A.V#N 2 2 * 

ORA, opr @D A <-A ORed with (D) 1 1 * 

N A <-A ORed with (N) 2 2 * 

#N A <-A ORed with #N 2 2 * 

ANDA, opr @D A <-A ANDed with (0) 1 1 * 

N A <-- A AN Ded with (N) 2 2 * 

#N A <--A ANDed with #N 2 2 * 
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CAT62C580 SMART CARD MICROCOMPUTER CATALYST 

MNEMONIC opr OPERATION BYTES CYCLE FLAGS 

c p H z 
INC opr A A <--A+ 1 1 1 * 

D D <-- D + 1 1 1 

@D (D) <-- (D) + 1 1 1 * 

N (N) <-- (N) + 1 2 2 * 

DEC opr A A <--A- 1 1 1 * 

D D <-- D - 1 1 1 

@D (D) <-- (D) - 1 1 1 * 

N (N) <-- (N) - 1 2 2 * 

RRC opr A L. c. A1to Ao __J 1 1 * * 

@D 4 C • (D)1 to (D)o __J 1 1 * * 

N L. c .. (N)1 to (N)o __J 2 2 * * 

RLC opr A L C+ A1 to Ao _.J 1 1 * * 

@D L C +(D)1 to (D)o _.J 1 1 * * 

N L C +(N)1 to (N)o _.J 2 2 * * 

PUSH opr PSW (SP)<- A, (SP -1) <-CCR, SP<-- SP -2 1 3 

D (SP)<-- D, SP<-- SP -1 1 2 

POP opr PSW CCR <-(SP -1), A <-(SP -2) SP<-- SP+ 2 1 3 * * * 

D D <--SP+ 1, SP <--SP+ 1 1 2 

JZ opr addr ii Z= 1, PC <- PC+2+addr 2 2i3 

JNZ opr addr if Z=O, PC<- PC+2+addr 2 2/3 

JC opr addr if C=1, PC <- PC+2+addr 2 2/3 

JNC opr addr if C=O, PC <-- PC+2+addr 2 2/3 

JB opr baddr,addr if (baddr)=1, PC<-- PC+3+addr 2 3/4 

JNB opr baddr,addr if (baddr)=O, PC<-- PC+3+addr 2 3/4 

DJNZ opr Rn,addr 
(Rn)<-- (Rn)-1, if Rn= o, 

2 3/4 PC<-- PC+2+addr (n=4 to 7) 

JMNE opr #N,addr if (D) * #N, PC<-- PC+ 3 + addr 3 3/4 

JONE opr #N,addr if D * #N, PC<-- PC+ 3 + addr 3 3/4 

JMP opr addr PC <-- addr (0 to 4K) 2 2 
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CATALYST SMART CARD MICROCOMPUTER CAT62C580 

MNEMONIC opr OPERATION BYTES CYCLE FLAGS 

c p H z 
CAL opr addr (SP) <-- PC+2, PC <-- addr, SP <-- SP - 2 2 4 

CZP opr addr (SP)<-- PC+2, PC<-- ZP, SP<-- SP - 2 1 4 

RT PC <- (SP), SP <- SP+2 1 3 

NOP No Operation 1 1 

CLR opr A A <--0 1 1 . 
RC c <--0 1 1 0 

SC c <-- 1 1 1 1 

RBopr baddr (baddr) <-- O 2 2 

SBopr baddr (baddr) <-- 1 2 2 

CPL opr A A <--A 1 1 . 
c C <--C 1 1 . 

CHK opr p P <- C, if A=odd, C <- 1 else C <- 0 1 1 . . 
SIN C <--Sl/O 1 1 . 

sour Sl/O <-- C 1 1 

DLYopr N Delay N+3 Cycles 2 3 to 259 I 
NOTE: One instruction cycle time is equal to 4 divided by the clock frequency. 

5-11 



5-12 



CATALYST SMART CARD MICROCOMPUTER CAT62C780 

CAT62C780 
Smart Card Microcomputer 

Description: 

The CAT62C780 is a single chip 8-bit microcom
puter, with BK-bytes of EEPROM, 6K-bytes ROM, 
and 192 bytes RAM. The built-in hardware security 
features protect the program memory (ROM cannot 
be dumped). The CAT62C780's unique architec
ture makes it ideal for "Portable Database" ap
plications, such as IC cards for banking, personal 
health records, and a variety of ID's including entry 
access, telephone debit cards, and large number of 
military applications. 

EE PROM 

SK bytes 

CLOCK 8 bit Enhanced 

CPU 
RESET 

114 instructions 

Preliminary 

Features: 
• Enhanced 8-Bit CPU, RAM, EEPROM, and 

ROM in a single chip 
• Low Power CMOS Technology 
• Hardware and Software Security 
• Speed: 800 ns instruction cycle at 5 MHz 
• Clock Frequency: D.C. to 5 MHz 
• Single Pin, High Speed Serial l/O Interface 
• 114 Instructions 
• 10,000 EEPROM erase/write cycles per byte 
• Ten year EEPROM data retention 
• Downward compatible with the CAT62C580 
• ECG 
• Page Write 

Voo 

RAM 

192 bytes 

SERIAL 1/0 

ROM 

6Kbytes 

Vss 
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CATALYST APPLICATION NOTE AN-1 

Using Catalyst's Serial EEPROMS 
in Shared Input/Output Configuration 

by Asim Bajwa 
5/88 

Catalyst Semiconductor's family of serial 
EEPROMs utilizes four signals for the communica
tion interface; Chip Select (CS) for device selection, 
Serial Clock (SK or CLK) for synchronizing serial 
data to and from the device, Data Input (DI) to input 
serial data to the device, Data Output (DO) to out
put serial data from the device. This interface can 
be reduced to 3 signals by sharing DI and DO as a 
common input/output signal. However, the follow
ing precautions should be taken to prevent 
problems due to DI/DO contention: 

1) READ Instruction In shared DI/DO 
configuration: 
(applies to 93C46, 59C11, 35C102/202, 
35C104/204) 

DO remains in high impedance while most of the 
READ instruction (i.e. start bit, opcode and ad
dress) is being input and offers no contention to the 
DI driver on a shared DI/DO signal. However, typi
cally sons after the rising edge of the serial clock 
shifts in the least significant bit of the address 
stream (AO), DO outputs the 'O' dummy bit to flag 
the beginning of the output data stream. If AO is a 
'1' and the DI driver has not been disabled by the 
time the 'O' dummy bit becomes valid, a low im
pedance path between the system power supply 
and ground is created through the DI driver pullup 
and DO pulldown device (Fig. 1 ). 

Unless this condition causes excessive noise on 
the system power supply (which may in turn cause 
noisy or spurious signals to the device), the READ 
instruction will continue and complete normally 
since AO is already shifted into the device. 

To minimize potential problems during this low im
pedance condition, a current limiting resistor should 
be placed between the DI driver and the DO pin 
when using the shared DI/DO signal (Fig. 2). 

Alternatively, an open drain (or open collector) DI 
driver with pullup resistor can be used (Fig. 2). 

In either case, the clocking rate should be slow 
enough to ensure that the resistor can charge or dis
charge the shared DI/DO bus capacitance before 
the appropriate clock edge. For example, if the 
resistor used is 1 Okohm, and the bus capacitance 
is 1 OOpF, then a safe clock rate is calculated to be: 

Clock Period (T) = 2 x 3RC 

Frequency (f) 

= 2 x 3 x 1 Okil x 100pF 
= 6 µsec 

= 1 IT 
= 167kHz 

2) Programming Instructions in shared DI/DO 
configuration: 
(applies to 93C46, 35C102 and 35C104 only) 

All devices in the Catalyst serial EEPROM family 
feature self-timed programming cycles. A program
ming status signal indicates whether the self-timed 
programming cycle is still in progress or has been 
completed. A 'O' status signal indicates that the 
device is still programming. A '1' status signal indi
cates that the programming cycle has been com
pleted and the device is is ready to receive the next 
instruction. This feature will allow a user to minimize 
the programming time (tEw). 

The 59C11, 35C202 and 35C204 devices have a 
separate ready/busy signal pin (ROY/BUSY) to out
put the programming status signal. The DO signal 
stays in high impedance throughout the program
ming cycle and therefore will not interfere with the 
DI signal in a shared DI/DO configuration. 

On the 93C46, 35C102 and 35C 104 serial 
EEPROMs, the programming status signal can be 
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AN-1 APPLICATION NOTE CATALYST 

read on the DO pin by bringing CS high after initiat
ing a programming cycle. In a 4-signal interface, 
after a programming cycle the status signal is reset 
to high impedance by the start bit of the next instruc
tion (Fig. 3). 

In a shared DI/DO configuration, the '1' status sig
nal on DO can be clocked into the device as a start 
bit and reset the status signal before it can be read, 
or otherwise interfere with the DI signal for the next 
instruction cycle. The following steps are recom
mended to avoid these conditions for a 3-signal in
terface (Fig. 4): 

a) The clock (SK) should be stopped after shifting 
in the programming instruction. This prevents the '1' 
ready status from resetting the status signal before 
it can be read. 

b) After reading the '1' ready status, at least one 
clock pulse should be input to the device while the 
DI/DO signal is '1' in order to reset the status signal. 

c) CS should then be brought low to reset the in
struction logic. 

The next instruction can now be executed without 
any contention from the DO signal. 

Figure 1a. DI/DO contention timing during read cycle 

cs 

CLK 

DI 1 1 
HighZ 

~ DO 
High Z 

DI/DO Contention 

Figure 1 b. Current path 

vcc 
vcc SERIAL 

EEPROM ROY/BUSY 
( 59C11, 35C202, 35C204 only ) 

DI - ORG 

l I-
DI Driver - Vss 

DO I--

-=-
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Figure 2. Three possible configurations to minimize problems due to contention 

cs cs cs 
SK/CLK SK/CLK SK/CLK 
DI DI 

DI 
DO 

DI DRIVER DO ---j DO 

---

Figure 3. Programming instruction and status reset with 4-signal interface 
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Programming 
instruction , 
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ready ready 
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Figure 4. Programming instruction and status reset with 3-signal interface 
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Serial EEPROM Programming Time Optimization 
Using the CAT59Cll and CAT93C46 in 8 and 16-bit word organization 

by Christophe Chevallier 
3/88 

Many applications with serial EEPROMS require 
the storage of bytes. The best way to optimize 
programming speed is to program 2 bytes at a time, 
using the x16 organization, and then switch to the 
byte organization for the read operation. 

In the 16-bit organization, 16 bits are programmed 
simultaneously. The write time is the same for 8 or 
16 bits : maximum is 1 Oms. Writing the whole array 
(128 bytes) this way will save 0.64s. 

To operate the EEPROM this way, the processor 
controlling the data transfer should control the ORG 
pin (pin 6). At V1L the chip is in the x8 (byte) or
ganization, at V1H the chip is in the x16 (word) or
ganization. 

Getting into programming mode 
Before programming the memory, an EWEN 
(erase/write enable) operation should be per
formed. It needs to be done only once after the chip 
has been powered up. To protect the memory 
against undesirable write operations, the program
ming operations can be disabled by doing an 
EWDS (erase/write disable). It is safe to perform an 
EWDS if the chip is not being programmed, to avoid 
a false write in case of power transients. These 
operations (EWEN, EWDS) can be performed with 
the ORG pin high or low. Changing the state of the 
ORG pin will not change the status of the chip 
whether programming is enabled or disabled. 

To write a 16-bit word, once the ORG and the CS 
pins are high, the start bit and the write opcode '01' 
are entered, followed by the 6-bit address (for a 
1 Kbit memory) and the 2 data bytes to be written. 
Since the device is functionally static, the SK clock 
can be maintained high or low long enough to give 
time to the processor to fetch the second data byte. 
The programming will start at the end of the data 
acquisition (59C11) or when CS goes down 
(93C46). 

Reading at the correct address 
The internal memory, in the byte organization, is 
divided into 2 pages of 64 bytes, the high page with 
A6=1 and the low page with A6=0. When writing a 
16-bit word, the first 8 bits entered correspond to 
the high page address, the last 8 bits to the low 
page address. (See bit maps and example). Using 
hexadecimal notation, the low page addresses are 
Oto 3F, the high page addresses are 40 to 7F. 
In the 16-bit organization, only the addresses O to 
3F are used. To get the byte address of the first 
byte entered, add 40 to the address used in the 
x16 mode. (In the example, 40 + 2E = 6E ). 

For example, consider the following operations: 

Using x16 mode, WRITE at address 2E the data 
A658. (See map 1 ). This will be done with ORG pin 
high, entering a 6-bit address. 

Using x8 mode (ORG pin low, entering a 7-bit ad- II 
dress), a READ at address 2E wil output 58, a , 
READ at address 6E will output A6. (See map 2). 

Floating the ORG pin 
The ORG pin can be left floating, in this case an in
ternal pull-up resistor will bring the pin high, select
ing the 16-bit organization. When switching the 
ORG pin from V1L to floating, care should be taken 
to leave enough time for the ORG pin to reach V1H. 

This time depends on the capacitance of the line 
arriving on the ORG pin. The internal pull-up is 
small, in order to stay within the 1 O µA input 
leakage specification. Typically, the leakage cur
rent on this pin is around 5µA at V1L = OV, and will 
decrease at higher input voltage. 

(continued) 
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Therefore, for a 1 OOpF line capacitance, it will re
quire T = C V I I = 1 OOpF x 2V I 2.5µA ( average 
pull-up current). T = 80 µs 

In this example, the processor should wait 1 OOµs 
after releasing the ORG pin before starting a new 
operation. The best way to avoid this wait is to drive 
the ORG pin high instead of letting it float. 

ORG pin 

DIN I Dour PATTERNS 

Opcode 

Start Address Data 

Write @ 2E, Data A658 10 1110 1010 0110 0101 

Read @ 6E, Data A6 I 1 I 10 I 110 1110 1010 0110 

Read @ 2E, Data 58 I 1 I 10 I 010 1110 0101 1011 

1011 

LOGICAL BIT MAP 2: 

CATALYST 

LOGICAL BIT MAP 1: 
x 16 ORGANIZATION x BYTE ORGANIZATION 
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Content 

Address 3F 

2E A6 58 

1 
0 

Address 

Content 

7F 

6E A6 

2E 58 

1 
0 
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CAT93C46 I CAT35C102 to 8051 Microcontroller 
Communication 
Using the 8051 's Built-in Shift Register 

by Jim Troutner 
5/88 

The CAT93C46, and CAT35C102 are serial access 
EEPROMs intended for use with many of todays 
standard microcontrollers and microcomputers. To 
operate the serial EEPROM, first select the device 
by driving the CS pin to a logic one state, and shift 
in the instructions, address, and data into the 
EEPROMs DI pin. All data is shifted in on the rising 
edge of the SK clock, while data being read from the 
device appears at the DO pin a short time delay (tpd) 
after the rising edge of the SK clock. 

This all seems to be very straight forward and in 
most application few problems will be encountered. 
However in some applications were it is desired to 
interface to microcontrollers with built in shift 
registers, such as the 8051, some special problems 
must be considered. 

First the instruction, address, and data of the 
memory device can range from 9 bits (for the 
CAT93C46 organized as 64 X 16) to as many as 12 
bits (for the CAT35C104 organized as 512 X 8). 
While the built in shift register of many 
microcontrollers will only send and receive multiples 
of 8 bits. This problem can be solved by shifting all 
the extra bits (require to make a multiple of 8) into 
the memory as zeros before the start bit is sent (all 
leading zeros shifted into the EEPROM will be ig
nored). 

Next, the clock line on some of these 
microcontrollers is initially a logic one, a clock con
sist of a falling edge and then a rising edge. The 
problem here is that the EEPROM requires the last 
clock of any operation to have a falling edge before 
the EEPROM is deselected. With the 8051 (or any 
other microcontroller that clocks in the same man
ner) the falling edge the the first clock is ignored, and 
the last clock is left in the logic one state. 

The solution here would be to simply add one ad
ditional clock pulse to the SK pin before deselect
ing the device. Another solution (for those 
processors that must send 8 clocks) is to send one 
byte of zeros then deselect the device. Additional 
zeros clocked into the EEPROM after the instruc
tion, address, and data are shifted in will be ig
nored. 

Also communicating using the processors built in 
shift register will requires that the DI and DO pin 
the the EE PROM be wired together to form a com
mon Dl/O pin. The problem here is that after an 
EEPROM erase or write operation the DO pin 
comes out of its high impedance state to indicated 
the EEPROM's ready/busy status. This status 
must be cleared and the DO pin returned to high 
impedance before any additional operations can 
be sent to the EEPROM. To return the DO pin to 
its high impedance state, deselect and then 
reselect the EEPROM to start the erase or write 
operation, at this time the DO pin will be driven to 
a logic zero state to indicated a busy status. At this 
point, all that needs to be done is to stop the SK 
clock and monitor the DO pin until it indicates a 
ready state, then clock the status into the DI pin (DI 
and DO are tied). The DO will return to the high im
pedance state on the falling edge of the clock. If 8 
clocks must be sent at a time due to processor 
limitation, then when the EEPROM status indicates 
it is ready shift a byte of zeros to the EEPROM 
before deselecting it. What really happens here is 
the processor tries to shift zeros into the EEPROM, 
however the DO pin indicating ready (logic 1) will 
hold the DI pin high. After the one is clocked in, the 
DO pin will return to high impedance and the 
remainder of the byte from the processor will be 
clocked into the EEPROM as zeros. Deselect the 
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EEPROM after returning the DO pin to the high im
pedance state. 

An example program has been provided containing 
all the 8051 routines needed to exercise the 
CAT93C46, CAT35C102, and CAT35C104. The 
connection of the memory device to the 8051 is il
lustrated in Figure 1. In this scheme the EEPROMs 
CS pin could have been connected to any available 
1/0 line, and the ORG pin would probably be wired 
to Vee or GND depending on the application. The 
DI pin and DO pin of the EEPROM are wired 
together to form a common Dl/O pin, and must be 
connected (through a current limit resister) to the 
RxD pin (port 3, pin 0) of the 8051. The clock the 
the 8051 shift register appears at the TxD pin (port 
3, pin 1). 

This program utilizes the built in serial port of the 
8051 set to the mode O configuration. This con
figuration defines the serial port of the 8051 as an 

EE PROM 

1 cs ·Vee 8 

2 SK NC 7 

3 DI OR 
4 DO GN 

Current Limit 

Figure 1. 
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8 bit shift register which will receive and send data 
using the RxD pin as data, and the TxD pin as clock. 
The clock frequency of the shift register is defined 
as the 8051 oscillatorfrequency divided by 12, there
fore care must be taken not to exceed the maximum 
SK clock frequency of the EEPROM by adjusting the 
8051 oscillator. 

The basic flow of the program is illustrated in Figure 
2, and a complete assembled listing has also been 
provided. Subroutines in this program are used to 
enable the EEPROM for writing, erase the entire 
EEPROM memory array, and write or read a par
ticular memory address within the EEPROM array. 

In this application the 8051 does allow programmer 
access to the shift register clock pin (port 3 pin 1 ), 
therefore with this processor it is not necessary to 
send 8 additional clocks when only one additional 
clock is needed. 

4 
P1.3 

5 
8 P1.4 

0 
5 

10 RxD 1 
11 TxD 
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< ASM51 > CROSS ASSEMBLER VER.2.5m 
CAT EEPROM - 8051 I/0 ROUTINES 

APPLICATION NOTE 

ASSEMBLE LIST DATE: 

CATALYST 

PAGE: 1 

LOC. OBJECT LINE STATEMENT C46S_l6.ASM 

$TITLE(CAT EEPROM - 8051 I/0 ROUTINES) 
Jim Troutner 

0030 
0031 
0032 
0033 
0034 
0035 
0036 
0040 
0040 
0044 

0060 
0060 

OOBO 
OOBl 
0093 
0094 
OOBO 

6-12 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Catalyst Semiconductor 
Date 01/15/88 

This routine drives the EEPROM using the 8 bit 
shift register (in mode 0) of the 8051. 

;********************************************************************7 
; 8051 Port Assignments I 

;********************************************************************; 

DATAIO 
SCLK 
EESEL 
EEORG 
EE STAT 

BIT 
BIT 
BIT 
BIT 
BIT 

P3.0 
P3.1 
Pl.3 
Pl. 4 
P3.0 

;SERIAL 
;SERIAL 
;EEPROM 
;EEPROM 
;EEPROM 

DATA INPUT/OUTPUT 
CLOCK (TxD) 
CHIP SELECT 
ORGANIZATION 
STATUS WILL APPEAR 

PIN (RxD) 

HERE 

;********************************************************************; 
8051 DATA MEMORY MAP ' ;********************************************************************' 

EE ADDR: 
INS H: 
INS-L: 
DATAH: 
DATAL: 
R OATH: 
R::)ATL: 

CYCMAX: 
CYCCNT: 

STACK: 

DSEG 0030 
ORG 030H 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 
DS 1 

ORG 040H 
DS 4 
DS 1 

ORG 060H 
DS 31 

$EJECT 

;EEPROM data address. 
;EEPROM instruction and address. 

;Data to be stored to, or compared 
; to EEPROM data. 
;Data read from the EEPROM. 

;Number of write/read cycles before 
; a failure. 
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< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 
CAT EEPROM - 8051 I/0 ROUTINES 

LOC. OBJECT LINE STATEMENT C46S 16.ASM 

42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

0006 70 
0010 71 

72 
0004 73 

74 
0040 75 

76 
77 

;********************************************************************* 
CONSTANTS ' ;********************************************************************* 

NOTE: User must enter the number of DATA bits, and ADDRESS bits 
required for the EEPROM being tested. This program will 
automatically adjust the ORG pin of the EEPROM depending 
on the value entered for D BITS. 

This program was designed to address the CAT93C46 
or the CAT35Cl02 in an 8 bit or 16 bit data organization. 

It will also address the CAT35Cl04 in the 16 bit data 
organization only. 

To modify this program to operate with a specific device 
such as the CAT93C46, first select the data organization 
mode desired (8 bits or 16 bits) by changing the D BITS 
equate below. Then check the CATALYST DATA BOOK to
determine the number of address bits required for that 
device at that data organization, and change the A BITS 
below to the specified number of address bits. i.e- If 
A BITS = 6, and D BITS = 16 then the program is set up 
for the CAT93C46 In the 64 x 16 mode. 

To run the program simply re-assemble it, load it the 
emulator, and run it. 

A BITS EQU 
D-BITS EQU 

6 
16 

;Number of address bit (6,7, or 8). 
;Number of data bits (8, or 16). 

LONG EQU 

ADDMAX EQU OlH 

$EJECT 

A BITS - 2 

SHL A BITS 

;Number used to adjust long 
; EEPROM instructions. 
;Max EEPROM address + 1 

II 
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< ASM51 > CROSS ASSEMBLER VER.2.Srn ASSEMBLE LIST DATE: PAGE: 3 
CAT EEPROM - B051 I/0 ROUTINES 

LOC. OBJECT LINE STATEMENT C46S_l6.ASM 

7B ;******************************************************************** 
79 ' EEPROM INSTRUCTIONS 
BO ;******************************************************************** 
Bl ;SHORT INSTRUCTIONS 
B2 ; 1 START, 2 INSTRUCTION BITS 

0001 B3 READ H EQU HIGH(llOB SHL A_BITS) ;READ MEMORY @ SPECIFIED ADDRE 
COBO B4 READ-L EQU LOW(llOB SHL A BITS) 
0001 BS ERASE H EQU HIGH(lllB SHL A_BITS) ;ERASE CELL @ SPECIFIED ADDRES 
coco B6 ERASE-L EQU LOW(lllB SHL A BITS) 
0001 B7 WRITE-H EQU HIGH(lOlB SHL A_BITS) ;WRITE DATA TO SPECIFIED ADDREI 
0040 BB WRITE-L EQU LOW(lOlB SHL A_BITS) 

B9 
90 ;LONG BIT INSTRUCTIONS 
91 ; 1 START, 4.INSTRUCTION BITS 

0001 92 EWEN H EQU HIGH(lOOllB SHL LONG) ;ENABLE PROGRAMING 
0030 93 EWEN-L EQU LOW(lOOllB SHL LONG) 
0001 94 EWDS-H EQU HIGH(lOOOOB SHL LONG) ;DISABLE PROGRAMING (DEFAULT) 
0000 95 EWDS-L EQU LOW(lOOOOB SHL LONG) 
0001 96 ERAL-H EQU HIGH(l0010B SHL LONG) ;ERASE ALL ADDRESSES 
0020 97 ERAL-L EQU LOW(lOOlOB SHL LONG) 
0001 9B WRAL-H EQU HIGH(lOOOlB SHL LONG) ;WRITE DATA TO ALL ADDRESSES 
0010 99 WRAL::::L EQU LOW(lOOOlB SHL LONG) 

100 
0001 101 TEST H EQU HIGH(06000H SHR A BITS) 
COBO 102 TEST::::L EQU LOW(06000H SHR A_BITS) 

103 
104 $EJECT 
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< ASMSl > CROSS ASSEMBLER VER.2.Sm ASSEMBLE LIST DATE: PAGE: 4 
CAT EEPROM - 80Sl I/O ROUTINES 
LOC. OBJECT LINE STATEMENT C46S_l6.ASM 

lOS 
106 CSEG 0000 
107 ORG 0000 
108 
109 ;********************************************************************* 
110 ' 

PROGRAM START 
111 ;********************************************************************* 
112 
113 START: 

0000 02 00 30 114 JMP PSTINT ;Jump over Interupt routines 
llS 

0030 116 ORG 0030H 
117 
118 PSTINT: ;Program starting point 

0030 C2 93 119 CLR EESEL ;Deselect the EEPROM 
0032 74 10 120 MOV A, #D BITS ;Set the EEPROM ORG pin. 
0034 B4 08 02 [0039] 121 CJNE A,#s-;-oRG16 

122 ORGB: 
0037 C2 94 123 CLR EEORG 

124 ORG16: 
0039 7S 81 60 12S MOV SP,#STACK ; Stack = 60H -- 7FH 
003C E4 126 CLR A ;Clear the RAM 
003D 78 7F 127 MOV R0,#7FH 

128 CLRLOP: 
003F F6 129 MOV @RO,A 
0040 DB FD [003F] 130 DJNZ RO,CLRLOP 

131 
0042 11 93 [0093] 132 A CALL EN EE ;Enable the EEPROM for writing 
0044 11 C9 [OOC9] 133 A CALL BLKERA ;Erase the EEPROM 

134 
0046 7S 34 SA 13S MOV DATAL,#SAH ;Init the store data registers 
0049 7S 33 AS 136 MOV DATAH,#OASH 

137 
138 STORE: 

004C 11 D6 [OOD6] 139 A CALL EE STR ;Store data to the EEPROM 
140 

004E 63 34 FF 141 XRL DATAL,#OFFH ;Complement the data located 
OOSl 63 33 FF 142 XRL DATAH,#OFFH ; in DATAL and DATAH 

143 
OOS4 11 83 [0083] 144 A CALL INCADD ;Increment and test address 
OOS6 so F4 [004C] 14S JNC STORE ;Not finished store next addr. 

146 
147 READ: 

OOSB 31 02 [0102] 148 A CALL EE RD ;Read data from the EEPROM 
149 

OOSA ES 36 lSO MOV A,R DATL ;Compare the EEPROM read data 
OOSC BS 34 14 [0073] lSl CJNE A,DATAL,ERROR 
OOSF 30 94 OS [0067] 1S2 JNB EEORG,DATOK ;Data ok if in 8 bit mode. 
0062 ES 3S 153 MOV A,R DATH 
0064 BS 33 oc [0073] 154 CJNE A,DATAH,ERROR 
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< ASMSl > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 5 
CAT EEPROM - 8051 I/0 ROUTINES 
LOC. OBJECT LINE STATEMENT C46S_16.ASM 

0067 11 83 
0069 40 OA 

006B 63 34 FF 
006E 63 33 FF 

0071 01 58 

0073 BO FE 

0075 78 44 
0077 D3 
0078 79 04 

007A E4 
007B 36 
007C D4 
0070 F6 
007E 18 
007F 09 F9 
0081 01 4C 

0083 05 30 
0085 ES 30 
0087 60 03 
0089 B4 40 05 

008C 75 30 00 
008F D3 
0090 22 

0091 C3 
0092 22 
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[0083] 
[0075] 

[0058] 

[0073] 

[007A] 
[004C] 

[008C] 
[0091] 

155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
lUU 
201 
202 
203 
204 
205 
206 
207 
208 

DATOK: 

ERROR: 

INCCYC: 

NXT: 

ACALL INCADD 
JC INCCYC 

XRL 
XRL 

DATAL,#OFFH 
DATAH,#OFFH 

AJMP READ 

SJMP ERROR 

RO,#CYCCNT 

;Inc the cycle counter 

;Complement the data located 
; in DATAL and DATAH 

;Data error, wait here 

;Increment the cycle counter 
MOV 
SETB 
MOV 

c 
Rl,#(CYCCNT-CYCMAX) 

CLR A 
ADDC A,@RO 
DA A 
MOV @RO,A 
DEC RO 
DJNZ Rl,NXT 
AJMP STORE 

;Each time all the EEPROM addresses 
are written and then read correctly 
the register 'CYCCNT' is incremented 
by one. The counter is stored in 
BCD so that it can be read directly 
from data memory as a decimal number. 

;*******************************************************************7 

' ;*******************************************************************7 
Sobroutine II I N c A D D II 

Routine will increment the address located in the EE ADDR register 
by one. If an overflow occures, the address is set to OOOH and 
the routine will return with the carry bit set. 

;ENTRY: EE_ADDR register data address 

;EXIT: 

INCADD: 

UViffLO: 

INCOK: 

;END SUB 

EE ADDR = New data address 
IF-C = 1, then address was reset 

C = O, then increment was OK 
Registers altered = AC, EE_ADDR, C flag. 

INC EE ADDR 
MOV A,EE ADDR 
JZ OVRFLO 
CJNE A,#ADDMAX,INCOK 

MOV EE ADDR,tO 
SETB C -
RET 

CLR C 
RET 
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< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 6 
CAT EEPROM - S051 I/0 ROUTINES 

LOC. OBJECT LINE STATEMENT C46S 16.ASM 

0093 75 31 01 
0096 75 32 30 
0099 11 B7 

009B 11 AO 
009D 02 01 18 

OOAO D2 Bl 
OOA2 02 93 

OOA4 C2 99 
OOA6 S5 31 99 

OOA9 30 99 FD 

OOAC C2 99 
OOAE S5 32 99 

OOBl 30 99 FD 
OOB4 C2 99 
OOB6 22 

[OOB7] 

[OOAO] 

[00A9] 

[OOBl] 

209 
210 
211 
212 
213 
214 
215 
216 
217 
21S 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 

;*******************************************************************? 
Soubroutine II E N E E II 

' ;*******************************************************************? 

; Routine will enable the EEPROM for data writing. 

;ENTRY: Nothing required 

;EXIT: 

EN EE: 

; END SUB 

Registers altered 

MOV 
MOV 
A CALL 

INS H,#EWEN H 
INS-L,#EWEN-L 
MIRROR -

ACALL OUT16 
JMP LSTCLK 

INS_H, INS_L, and Pl.3 

;Store the Enable EEPROM write 
; instruction to the INS buffer. 
;Swap the bits within the bytes 
; to shift out. 

;*******************************************************************? 
Subroutine II 0 u T 1 6 II , II 0 u T 8 " 

' ;*******************************************************************? 

; Routine will shift out the INS buffer to the EEPROM. 

;ENTRY: INS H and INS L must contain the EEPROM instruction 
and address (or data to send to EEPROM) . 

;EXIT: Registers altered = Pl.3 

OUT16: 
SETB SCLK 
SETB EESEL ;Enable the EEPROM. 

OUT16 2: - CLR TI 
MOV SBUF,INS_H ;Shift out first S bits. 

WFRSTS: 
JNB TI,WFRST8 

OUTS: ;When entering at OUTS, the 
; EEPROM must already be selected. 

CLR TI 
MOV SBUF,INS L ;Shift out last S bits. 

WLSTS: 
JNB TI,WLSTS 
CLR TI 
RET 

;END SUB 
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< ASMSl > CROSS ASSEMBLER VER.2.Sm ASSEMBLE LIST DATE: PAGE: 7 
CAT EEPROM - 8051 I/0 ROUTINES 

LOC. OBJECT LINE STATEMENT C46S_l6.ASM 

2S7 
2S8 
2S9 
260 
261 
262 
263 
264 
26S 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 

OOB7 ES 31 278 
OOB9 79 08 279 

280 
OOBB 13 281 
OOBC cs 32 282 
OOBE 33 283 
OOBF cs 32 284 
OOCl D9 F8 [OOBB] 28S 
OOC3 13 286 
OOC4 cs 32 287 
00C6 FS 31 288 
ooc8 22 289 

290 
291 
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;******************************************************************** 
Subroutine 11 M .I RR 0 R II ' ;******************************************************************** 

When shifting data out of the 8051, the data is shifted out LSB 
to MSB. When shifting data into the 8051, data is shifted in 
MSB to LSB. These routines were written to represent the 
EEPROM Instruction, address, and data in the same manner as 
presented the Catalyst data sheet, however this data must 
under go a bit swap (i.e. bit7 bitO, bit6 bitl, and so 
on) just prior to shifting it out to accommodate the LSB 
first output shifting of the 80Sl. Since the 8051 will shift 
the data in MSB first, no swap is necessary when data is read 
from the EEPROM. 

ENTRY: INS_H, and INS_L = EPROM instruction plus address, or data 

EXIT: Both INS H and INS L have a MSB to LSB bit swap. 
Registers altered ~AC, INS_H, INS_L, Rl, and c flag. 

MIRROR: 
MOV A, INS_H 
MOV Rl,#8 ;Set up bit counter 

FIN_M: 
RRC A ;Shift INS H (AC) LSB into the 
XCH A,INS_L ; LSB of INS_L while shifting the 
RLC A ; MSB of INS L into the MSB of 
XCH A,INS L ; INS H (AC)-;-
DJNZ Rl,FIN_M ;Check the bit counter. 
RRC A ;Shift last bit into INS L 
XCH A,INS L ;Store the swapped INS_L-to INS L. 
MOV INS_H-;-A ;Store the swapped INS_H to INS=H. 
RET 

END SUB 



CATALYST APPLICATION NOTE AN-3 

< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 8 
CAT EEPROM - 8051 I/0 ROUTINES 

LOC. OBJECT LINE STATEMENT C46S 16.ASM 

OOC9 75 31 01 
oocc 75 32 20 
OOCF 11 B7 

OODl 11 AO 
OOD3 02 00 EE 

OOD6 75 31 01 
OOD9 74 40 
OODB 45 30 
OODD F5 32 
OODF 11 B7 

OOEl 11 AO 
OOE3 85 33 31 
OOE6 85 34 32 
OOE9 30 94 12 

OOEC 11 A4 

OOEE C2 Bl 
OOFO C2 93 

[OOB7] 

[OOAO] 

[OOB7] 

[OOAO] 

[OOFE] 

[OOA4] 

292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 

;******************************************************************* 
Subroutine 11 BLKERA 11 , 

;******************************************************************* 

; Routine will erase the entire EEPROM memory 

;ENTRY: Nothing required 

;EXIT: Registers altered INS_H, and INS L 

BLKERA: 
MOV 
MOV 
A CALL 

INS H,#ERAL H 
INS-L,#ERAL-L 

;Store the Erase ALL instruction 
, to the INS buffer. 

MIRROR - ;Swap the bits within the bytes 
; to shift out. 

;END SUB 

ACALL OUT16 
JMP OUTRET 

;******************************************************************* 
Subroutine S T R , 

;******************************************************************* 
II E E 

Routine will store the data located in DATAH and DATAL into 
the EEPROM at the location pointed to by EE ADDR. In 8 bit 
data mode only DATAL will be stored to the EEPROM. 

NOTE: The EEPROM must be write enabled. 

ENTRY: EE ADDR = address in EEPROM to store the data 
DATAH, and DATAL = the data to store to EEPROM 

EXIT: Registered altered = AC, INS_H, INS_L, and Pl.3 

EE_STR: 
INS H,#WRITE H 
A, #WRITE L -
A,EE ADDR 
INS L,A 

;Store the write instruction 
; plus address to the INS 
; register. 

MOV 
MOV 
ORL 
MOV 
A CALL MIRROR ;Swap the bits within the bytes 

, to shift out. 

ALL16: 

OUTRET: 

ACALL OUT16 
MOV INS H,DATAH 
MOV INS-L,DATAL 
JNB EEORG,ONLY8 

ACALL OUT16 2 

CLR 
CLR 

SCLK 
EESEL 

;Shift out the instruction. 

;Shift out the DATA. 

;Falling edge of last clock 
;Deselect the EEPROM. 
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AN-3 APPLICATION NOTE CATALYST 

< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 9 
CAT EEPROM - S051 I/0 ROUTINES 

LOC. OBJECT LINE STATEMENT C46S_16.ASM 

OOF2 D2 93 

OOF4 30 BO FD 
OOF7 D2 Bl 
OOF9 C2 Bl 
OOFB C2 93 
OOFD 22 

OOFE 11 AC 
0100 80 EC 

0102 75 31 01 
0105 74 80 
0107 45 30 
0109 F5 32 
OlOB 11 B7 

OlOD 11 AO 
OlOF C2 Bl 
0111 D2 Bl 
0113 30 94 07 

0116 31 21 

OllS C2 Bl 
OllA C2 93 
OllC 22 

OllD 31 2B 
OllF 80 F7 

6-20 

[OOF4] 

[OOAC] 
[OOEE] 

[OOB7] 

[OOAO] 

[OllD] 

[0121] 

[012B] 
[OllS] 

343 
344 
345 
346 
347 
34S 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
36S 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
3Sl 
3S2 
3S3 
384 
3S5 
3S6 
387 
3SS 
3S9 
390 

WAITRDY: 

ONLYS: 

SETB EESEL 

JNB 
SETB 
CLR 
CLR 
RET 

EESTAT,WAITRDY 
SCLK 
SCLK 
EESEL 

ACALL OUTS 
JMP OUTRET 

;Check if EEPROM is ready for 
; the next operation. 

;Put DO pin of EEPROM in 
; high Z state. 

;END SUB 
;******************************************************************** 
, 
;******************************************************************** 

Subroutine II E E R D II 

Routine will read the data located the EEPROM address specified 
by EE ADDR onto registers R DATH and R DATL. If in the S bit 
data mode, data is read into the R_DATL register. 

ENTRY: EE ADDR address in EEPROM to read the data 

EXIT: R DATH, and RDATL = data read from the EEPROM 
Registered altered = AC, INS H, INS L, R_DATH, R DATL 

P3.l and Pl.3 -

EE_RD: 

I_ALL16: 

LSTCLK: 

I_ONLY8: 

;END SUB 

MOV 
MOV 
ORL 
MOV 
A CALL 

INS H, #READ H 
A,#READ L -
A,EE ADDR 
INS L,A 

MIRROR 

ACALL OUT16 
CLR SCLK 
SETB SCLK 
JNB EEORG,I_ONLYS 

ACALL IN16 

CLR 
CLR 
RET 

SCLK 
EESEL 

ACALL INS 
JMP LSTCLK 

;Store the read instruction 
; plus the address to the 
; INS register. 

;Swap the bits within the bytes 
, to shift out. 
;Send the instruction. 
;Send an extra clock to clear 
; the dummy zero from the EEPROM. 

;Read the data from EEPROM. 

;Falling edge of last clock 
;Deselect the EEPROM 



CATALYST APPLICATION NOTE AN-3 

< ASM51 > CROSS ASSEMBLER VER.2.5m ASSEMBLE LIST DATE: PAGE: 10 
CAT EEPROM - 8051 I/0 ROUTINES 

LOC. OBJECT LINE STATEMENT C46S 16.ASM 

0121 C2 98 
0123 D2 9C 

0125 30 98 FD [0125] 
0128 85 99 35 

0128 C2 98 
012D D2 9C 

012F 30 98 FD [012F] 
0132 85 99 36 
0135 C2 9C 
0137 C2 98 
0139 22 

ASSEMBLY END 1 ERRORS:O 
LAST CODE ADDRESS:0139 

391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 

;******************************************************************** 
Subroutine "INl6","IN8 11 

' ;******************************************************************** 

Routine will shift into the R DATH, and R DATL buffer 
the data from EEPROM. If 8 bit data mode Is selected, the 
data is shifted into R DATL. 

;ENTRY: Nothting required 

;EXIT: R DATH, and RDATL 
Registers altered 

IN16: 
CLR 
SETB 

R W1ST8: 
- JNB 

IN8: 

R WLST8: 

MOV 

CLR 
SETB 

- JNB 
MOV 
CLR 
CLR 
RET 

RI 
REN 

RI,R WlSTB 
R_DATH,SBUF 

RI 
REN 

RI,R WLST8 
R DATL,SBUF 
REN 
RI 

EEPROM read data. 
R_DATH, and R DATL 

;Reset the receive done flag. 
;Enable serial input. 

;Wait for the first 8 bits. 
;Store first byte to memory. 

;Reset the receive done flag. 

;Wait for last 8 bits. 
;Store last byte to memory. 
;Disable serial input. 

;END SUB 
;******************************************************************** 

END 

n-?1 
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PACKAGING INFORMATION 

PACKAGE INFORMATION 

I 
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PACKAGING INFORMATION 

GENERAL ORDERING INFORMATION 

Prefix Device# Suffix 

CAT 28C64A P -20 

t I Speed (If applicable) 

Temperature Range 

None = Commercial (0° to 10° C) 
I= Industrial (-40° to 85° C) 

Package 

D = CERDIP 
K = Small Outline 
N ... PLCC 
P =Plastic DIP 

CATALYST 

Device part number , may be followed by: 

A .. Advanced device 
L .. Low power device 

Device used in the example above is a CAT28C64APl-20 (Plastic DIP, Industrial temp., 200 ns access time) 
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CATALYST PACKAGE DIAGRAMS 

8 PIN PLASTIC DIP 

0.24 (6.15) 

0.37 (9.39) 
o.35 (8.85) I 

1 • • 

0.26 (6.55)10 inches (mm) 

0.065 (1.64) I.._ 

0.055 (1.40) r--

18 PIN PLASTIC DIP 

g: ~~g:g~irm 
I 0.149 (3.77) 

0.125 (3.17) 

0.02 o (0.5~1-.j~ I I 0.112 (2.84) 
O.Q16 (0.40) i+-+! 0.088 (2.24) 

l_ 0.897 (22.800)__j I o.835 (21.200) l 

0.308 (7.82) 
0.292 (7.42) 

I• •I 

A 
0.364 (9.26) 
0.324 (8.26) 

Inches (mm) 

0.314 (7.970) 
0.286 (7.270) 

0.020 (0.508) MIN II 
0.199(5.060) MAxT6ouuuuornJ-~J B 

0.098 (2.500) Ml~ITTITTilll T 
0.065 (1.650) _J r+/j.- -I h 0.370 (9.398) 
0.037 ,0.950) I . I o.33o (8.382) 

0.023 (0.580) 0.11 (2.790) 
0.015 (0.381) 0.09 (2.290) 
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PACKAGE DIAGRAMS 

8 PIN S.O. DIP 

0.213 (5.4) 
0.205(5.2) 

R 0.008 (0.2) / 

R 0.008 (0.2) 

CATALYST 

Inches (mm) 

Dimensional tolerance unless 
otherwise specnied is +/- 0.0039 (0.1) 

0.08 (2.03) Max. 

.. l._l_' _____ o_.2_59_l_6._6o_i _____ ~-.... ~ 0.025 (0.65) 

7-4 

0.303 (7.7) 
0.318(8.1) 

0.210 (5.35) 
0.203 (5.15) 

0.054 (1.37) ____ ....._ __ 

0.046 (1.17) 
------ 0.0267 (0.68) 

0.0303 (0.77) 

Mount pad I aygut 

0.0137(0.35) __ LJ 
0.0177 (0.45) 

1111111 

A= 0.049 (1.27) 

0.05 (1.270) Typ. 

0.299 (7.620) 



CATALYST PACKAGE DIAGRAMS 

22 PIN PLASTIC DIP 

I+--- 1.08 (27.93) ---1 
I 1.10 (27.43J I 

:~::;:::I§::::::::] 
0.330 (8.37) 
0.310 (7.87) 

0.022 (.55) 1..---...1 
0.018 (.45) 

0.170(4.30) E~r-----------1 B 0.130 (3.30) 0.023 (0.6) 

0.140(3.55) ~ ~ T Max-.. 
0.120 (3.05) -11.-, I I 

.....,, I o.365 (9.26J 

0.065 (1.64) 0.020 (0.50) - ,...___ 0.112 (2.84) 0.325 (8.26) 
0.055 (1.40) 0.016 (0.40) 0.088 (2.24) 

24 PIN PLASTIC DIP 

.550 (13 .970) 
.530 ( 13 .462) 

1.260 (32.004) 

1.213 (30.800) 

.065 ( 1 . 651 ) 

.Q15 (0. 381j 
.220(5.588)E~ .170(4.318) ~ 

.160 (4 .064) ~ 111 T 

.125(3.175) j L ~~ ~ ~ 

.065(1.651) .020(0.508) .110(2.794) 

.040 ( 1 . 016) .015 (0 .381 ) .090 (2 .286 ) 

Inches (mm) 

.610 (15 .494) 

.590 (14. 986) 

I I 

I \ 
1· .670 (17. 018, ·1 

.630 (16. 002) 
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PACKAGE DIAGRAMS CATALYST 

28 PIN PLASTIC DIP 

Inches (mm) I· 1.470 (37.338 i___J 
1.437 (36.500) - - - - l 

~::::I~: : : : : : : : : : : : : I 
.065 ( 1. 651) .610 (15 .494) 
015(0 381) .590(14.986) 

~:~~ 9mmmmm::::;;:::;;::;~ ;;:::;;::::;;::_J~ ::;;:::;;::::;;~ ~::::;;::::;;:::· i l '\ 
.065 ( 1 . 651) .020 (0 .508 i .110 (2 .794 i 1· .670 (17. 010 i"I 
.040 ( 1 . 016) .015 (0 .381) .090 (2 .286) .630 (16. 002) 

28 PIN CERDIP 

I 1.485 (37.719) I 
II .. 

1.435 (36.449 ) 

~!'~~~n:nnnnnnnnnn I 
Inches (mm) 

.:>l:>\l.l.UO_L~OOOD~ODDDD I 
.015(0.381) Minj 

::: ;,:,:},f J~i=::;::;~::::::::::::::::;::;;:'.;::::;L:::::::::::::~;::;j:::::::::::::~:::::::::::::::, 
.625 (15 .875) 

I I 

I \ 
1· .675 (17. 145 i ·1 

Ref . 
. 065 ( 1 . 651) .020 (0 .508) .110 (2 .794) 
.Q40 ( 1 . 016) .015 (0 .381 ) .090 (2 .286 ) 
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CATALYST 

32 PIN PLCC 

.050(1.27) r 
Typ. 

.017(.431) t= 

1· 

0.485 (12.31) 
0.495 (12.57) 

0.453 (11.50) 
0.447 (11.35) 

0.553 (14.04) 
0.547 (13.89) 

0.595 (15.11) 
0.585 (14.86) 

l 

PACKAGE DIAGRAMS 

0.049 (1.24) 
0.043 (1.09) 

0.523 (13.28) 
0.517(13.13) 
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PACKAGE DIAGRAMS 

40 PIN PLASTIC DIP 

r 
.550 (13 .970) 
.530 ( 13 .462) 

2.070 (52.578) 
.... ,. ------ 2.034 (51.676)-------·1 

.065 ( 1 . 651 ) 

.220 (5 .588) . .015 (0. 3811 

.170(4.3181~ 
.160(4.064) ~ II~ T 
.125(3.175) JL Jl ~ ~ 

.065 ( 1 . 651) .020 (0 .508) .110 (2 .794) 

.040 ( 1 . 016) .015 (0 .381 ) .090 (2 .286) 

40 PIN CERDIP 

2.080 (52.832) I 
------ 2.030 (51.562) • 

. 600(15.2rr DD DD DD D n DD DD DD DD I 

0515 

(lS ·'l_~ D D D D D D D ~ D D D D D D D D I 
~ 0.232 (5.893) Ma,, .ot:C~·. 381 11 

.187 (4.750 j 

,:(:::~~! 
Min. j L j~ _j ~ 

. 065 ( 1 . 651) .020 (0 .508) .110 (2 .794) 

.040 ( 1 . 016) .016 (0 .406) .090 (2 .286) 
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CATALYST 

.610 (15 .494) 

.590 (14. 986) 

I I 

I \ 
1· .670 (17. 018 ;1 

.630 (16. 002) 

.625 (15 .875) 

I I 

I \ 
1· .675 (17 . 145) ·1 

Ref . 



CATALYST 

44 PIN PLCC 

.050(1.27) r 
Typ. 

017(A32) t 

1· 

0.697 (17.70) 
0.681 (17.30) 

0.655 (16.65) 
0.650 (16.50) 

·1 

PACKAGE DIAGRAMS 

0.098 (2.49) Norn. 

0.626 (15.90) 
0.620 (15.75) 

0.176 ( 4.47) 
0.170 (4.32) 

0.695 (17.653) 
0.685 (17.399) 
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PACKAGE DIAGRAMS CATALYST 

DIE PRODUCTS 

A number of CATALYST SEMICONDUCTOR's products are available for purchase in die form. 

Please contact the factory or your local CATALYST SEMICONDUCTOR, INC. representative for 
additional information. 
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CROSS REFERENCE 

CROSS REFERENCE 
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CATALYST CROSS REFERENCE 

NV RAMS 

CATALYST PART NUMBER PART ALTERNATE TECHNOLOGY PINS 
AND DESCRIPTION NUMBER SOURCE 

CAT22C10 CAT22C10 CMOS 18 
256-Bit (64x4) 
Non-Volatile CMOS 
Static RAM 

NCR52210 NCR SNOS 18 
X2210 XICOR NMOS 18 

CAT22C12 CAT22C12 CMOS 18 
1024-Bit (256X4) 
Non-Volatile CMOS 
Static RAM 

NCR52212 NCR SNOS 18 
X2212 XICOR NMOS 18 

CAT24C44 CAT24C44 CMOS 8 
256-Bit (16x16) 
Non-Volatile Serial 
CMOS Static RAM 

X2444 XICOR NMOS 8 

II 
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CROSS REFERENCE CATALYST 

EEPROMS 

CATALYST PART NUMBER PART ALTERNATE TECHNOLOGY PINS 
AND DESCRIPTION NUMBER SOURCE 

CAT28C16A CAT28C16A CMOS 24 
2Kx8 CMOS 
EEPROM 

2816A INTEL/SEEQ NMOS 24 
X2816A XICOR NMOS 24 
28C16 ATMEL CMOS 24 
XL2816A EXEL NMOS 24 
TS28C16A THOMSON CMOS 24 
KM2816A SAMSUNG NMOS 24 
NMC2816 NATIONAL NMOS 24 
M2816 SGS NMOS 24 
MSM2816A OKI NMOS 24 
R2816A ROCKWELL NMOS 24 

CAT28C17A CAT28C17A CMOS 28 
2Kx8 CMOS 
EE PROM 

2817A INTEL/SEEQ NMOS 28 
28C17 ATMEL CMOS 28 
AM2817A AMO NMOS 28 
TS28C17A THOMSON CMOS 28 
KM2817A SAMSUNG NMOS 28 

CAT28C64A CAT28C64A CMOS 28 
8Kx8 CMOS 
EE PROM 

2864 :~nEL HMOS 1')0 

'""' X2864A XICOR NMOS 28 
28C64A ATMEL CMOS 28 
2864A SEEQ NMOS 28 
AM2864A AMO NMOS 28 
XL2864A EXEL NMOS 28 
MSM2864A OKI NMOS 28 
HN58064 HITACHI NMOS 28 

8-4 



CATALYST 

EEPBOMS 

CATALYST PART NUMBER 
AND DESCRIPTION 

CAT93C46 (1) 
1 K-Bit Serial 
EE PROM 

CAT59C11A 
1 K-Bit Serial 
EE PROM 

CAT35C102 (2) 
2K-Bit Serial 
EEPROM 

CAT35C202 (2) 
2K Bit Serial 
EE PROM 

PART 
NUMBER 

CAT93C46 

NMC9346/COP495 
93C46 
HY93C46 
MSM16811 
TS93C46 
SC22011 
NCR59308 

CAT59C11A 

ER5911 
MSM16911 
TS59C11 

CAT35C102 

CAT35C202 

ER5912 

(1) User selectable organization: 64x16 or 128x8 
(2) User selectable organization: 128x16 or 256x8 

CROSS REFERENCE 

ALTERNATE TECHNOLOGY PINS 
SOURCE 

CMOS 8 

NATIONAL NMOS 8 
ICT CMOS 8 
HYUNDAI CMOS 8 
OKI (1) CMOS 8 
THOMSON (1) CMOS 8 
SIERRA CMOS 8 
NCR SNOS 8 

CMOS 8 

GI SNOS 8 
OKI (1) CMOS 8 
THOMSON (1) CMOS 8 

CMOS 8 

CMOS 8 

II GI (2) SNOS 8 
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CROSS REFERENCE CATALYST 

ONE-TIME PROGRAMMABLE EPROMS 

CATALYST PART NUMBER PART ALTERNATE TECHNOLOGY PINS 
AND DESCRIPTION NUMBER SOURCE 

CAT2764A CAT2764A NMOS 28 
8Kx8 EPROM 
Vpp = 12.5V 

P2764A INTEL NMOS 28 
AM2764A AMO NMOS 28 
TMS27P64 Tl NMOS 28 
MSM2764 OKI NMOS 28 
µP02764 NEC NMOS 28 
TMM2764 TOSHIBA NMOS 28 

CAT27128A CAT27128A NMOS 28 
16Kx8 EPROM 
Vpp = 12.5V 

P27128A INTEL NMOS 28 
AM27128A AMO NMOS 28 
MSM27128 OKI NMOS 28 
µP027128 NEC NMOS 28 

CAT27256 CAT27256 NMOS 28 
32Kx8 EPROM 
Vpp = 12.5V 

P27257 INTEL NMOS 28 
AM27256 AMO NMOS 28 
tv1Srv127256 OKI ~Jtv10S 'lO 

£.V 

CAT27512 CAT27512 NMOS 28 
64Kx8 EPROM 
Vpp = 12.5V 

AM27512 AMO NMOS 28 
MSM27512 OKI NMOS 28 
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CATALYST CROSS REFERENCE 

SRA MS 

CATALYST PART NUMBER PART ALTERNATE TECHNOLOGY PINS 
AND DESCRIPTION NUMBER SOURCE 

CAT71C88 CAT71C88 CMOS 22 
16Kx4 CMOS 
FAST Static RAM 

MSM5188US OKI CMOS 22 
AM99C164 AMD CMOS 22 
CY7C164 CYPRESS CMOS 22 
IMS1620 INMOS CMOS 22 
SR64K4 LATIICE CMOS 22 
MCM6288 MOTOROLA CMOS 22 
µPD4362 NEC CMOS 22 
IDT7188 IDT CMOS 22 
VT64KS4 VTI CMOS 22 

CAT71C256 CAT71C256 CMOS 28 
32Kx8 CMOS 
Static RAM 

MSM51257RS/RJ OKI CMOS 28 
HM62256 HITACHI CMOS 28 
MB84256 FUJITSU CMOS 28 
TC53257 TOSHIBA CMOS .28 
M5M5256 MITSUBISHI MixMOS 28 

CAT71C256L CAT71C256L CMOS 28 
32Kx8 CMOS 
Static RAM 

MSM51257LRS/JS OKI CMOS 28 
HM62256 HITACHI CMOS 28 
MB84256 FUJITSU CMOS 28 
TC53257 TOSHIBA CMOS 28 
M5M5256 MITSUBISHI MixMOS 28 
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REPRINTS 

ARTICLE REPRINTS 
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! TECHNOLOGY TO WATCH 

DOES CATALYST HAVE 
THE KEY TO SMART CARDS? 
A tiny but powerful microcontroller from 

Catalyst Semiconductor Inc. may be 
the key that will unlock a worldwide 
billion-dollar business in smart-card 

chips. Measuring 4.5 by 5 mils by only 200 µm 
thick, the CAT61C580 chip is small enough to 
meet size requirements set by the International 
Organization for Standardization for smart-card 
applications, yet it packs 2-K bytes of electrically 
erasable, programmable read-only memory. 
That's at least four times the EEPROM of any 
other ISO-compliant smart-card chip now avail
able using the same 2-µm CMOS design rules. 

The Santa Clara, Calif., company achieved this 
density by stripping away the peripheral logic 
around the EEPROM and writing these functions 
into microcode. That left plenty of room for the 
2-K bytes of EEPROM, and the chip is still about 
30% smaller than competing devices that have 
only a fourth or less memory. What's more, Cat
alyst is working on an 8-K-byte chip, which will 
be made by shrinking the cur
rent 220-µm2 EEPROM cell size to 
80 µm2 with a combination of 
proprietary design refinements 
and 1.5-µm geometries. The 
CAT61C580 is just being re
leased; the 8-K-byte chip should 
be available next vear. 

Working in conjunction with 
joint developer Oki Electric Co., 
Tokyo, Catalyst designers modi
fied an Oki microcontroller by 
adding a programmable logic ar
ray and 2-K bytes of EEPROM. 
(Fig. 1). They also managed to 
squeeze in 3-K bytes of ROM, 128 
bytes of random-access memory, 
and enough electrostatic-dis
charge-protection circuitry to 
protect the chip from up to 
15,000 kV, enough to protect 
against the static electricity gen
erated by removing a credit card 
from a pocket or a billfold. 

In addition, the CAT61C580 op-

1. LlnLE GIANT. Catalyst's B·bit micro
controller is tiny enough for use in smart 
cards, yet it has an elephant's memory. 

Catalyst Semiconductor thinks that its 
new chip, which meets ISO smart-card 
standards and has 2-K bytes of EEPROM, 
could finally open up the market 



erates at the ISO-recommended frequency of 4.9 
MHz with a high-speed instruction-cycle time of 
813.8 ns, allowing it to run at the rso's recom
mended 9,600 baud through a single serial input/ 
output pin. Power dissipation of the 8-bit chip is 
only 20 mW. 

The architecture of the chip allows asynchro
nous, two-way communications through a single 
serial 110 pin. This eliminates the need for a 
universal asynchronous receiver/transmitter and 
an interrupt, reducing the number of pins to 
only five-one third to one half of what's re
quired in other approaches. 

A TANTALIZING IDEA 

The idea of EEPROM-based microcontrollers 
has long captured designers' imaginations be
cause of the wide range of applications-not 
only for smart cards, but also for robotics, artifi
cial intelligence, industrial controls, consumer 
products, and more. But so far, applications have 
been limited to a small number of niche markets 
for controllers, because of the small amount of 
EEPROM that could economically share the same 
chip as the microcontroller. Smart cards are one 
application that promises to allow EEPROM-based 
microcontrollers to break out of their niche; now 
that such a powerful chip that meets ISO smart
card standards exists, that breakout could be 
imminent. And with the increased memory that 
is promised, the chips will have a crack at the 
full range of potential microcontroller markets. 

Catalyst president and founder B. K. Marya 
claims his is the only chip that meets, and in 
some cases exceeds, all of the rso requirements 
for smart-card applications, including area, thick
ness, electrostatic discharge, power dissipation, 
and speed. Of these, the first three are the most 
critical, he says. 

"The thickness must be no more than that of a 
standard credit card, 200 µ.m. And the area must 
not only be 5 by 5 mils or less, but [the chip 
must] be as square as possible, to prevent the 

possibility of breakage when the card is bent. In 
addition, the chip must be capable of withstand
ing the electrostatic discharge that builds up tak
ing credit cards in and out of pockets and wal
lets." This buildup has been measured in excess 
of 10 kv, he says. 

The 2-K-byte chip is aimed at a projected near
term market for smart cards that some estimate 
to be worth hundreds of millions of dollars (see 
p. 55). In a typical smart-card transaction, a card 
holder puts the card in a point-of-sale terminal. 
The terminal supplies the card with electric pow
er and communicates to the card's microcon
troller through pin contacts on the card's sur
face. The user is asked to enter a password. 
When the sale is rung up, the amount of the 
transaction is stored in the card's EEPROM, cred
ited to the retailer's account, and debited from 
the card holder's credit balance, which is also 
stored in the card's memory. The card holder can 
replenish the credit balance at an automatic
banking machine. 

What has held back the development of the 
EEPROM-based microcontroller market, Marya 
says, is the fact that, although stand-alone EE
PROM parts of 16-K, 64-K, and 256-K densities are 
becoming commonplace, EEPROM-based microcon
troller densities have trailed the stand-alone den
sities by at least four generations. 

One way to achieve more on-board EEPROM is 
to advance the processing state of the art: scal
ing down the lateral dimensions from geometries 
between 2 and 3 µ.m to between 1.25 and 1.5 µ.m, 
and the vertical dimensions on the EEPROM from 
150 to 250 A down to 80 to 90 A, which comes 
close to the limits at which EEPROMs operate 
reliably. The problem with this, says Marya, is 
that it requires manufacturers to push the pro
cess technology for microcontrollers beyond 
what is currently available even for stand-alone 
EEPROMs. And although such an advance is tech
nically feasible for the high-volume applications 
that could use such large EEPROM/microcon

troller combinations, the 
high cost of manufactur
ing such devices rules out 
their use. Marya says 
there is also the problem 
of reliability, which is crit
ical for smart cards, 
where data integrity and 
security are important. So 
to make room for more 
EEPROM, Catalyst replaced 
the peripheral-function cir
cuitry with microcode. 

To get 2-K bytes of EE
PROM into an ISO-standard 
smart-card chip, says 
Marya, "what is required 
is a fundamental rethink-

2. ATTRACTIVE SWAP. By writing the latch, timer, and test logic functions into microcode, Catalyst ing of the architecture of 
designers were able to free up more than enough room on the chip for 2-K bytes of EEPROM. EEPROM-based microcon-



trollers. Basically, most 
current implementations 
are 'brute-force' affairs 
combining the functions 
of an EEPROM and a mi
crocontroller on the same 
chip, without any modifi
cation whatsoever." 

By writing the func
tions of the EEPROM's pe
ripheral logic into micro
code, Catalyst has freed 
up real estate for more 
EEPROM. "Essentially, we 
have taken a standard EE
PROM device, stripped off 

3. SIMPLIFIED BUS. By eliminating latches, timers, and test logic, the complex bus structure of 

a standard EEPROM-based chip (a) is replaced with a simpler three-bus arrangement (b). 

such peripheral circuitry as the latches, timers, 
and self-test logic, and incorporated these func
tions into the microcode of the on-board 8-bit 
microcontroller (Fig. 2), resulting in a 5-by-4.5-
mm die size," says Marya. To achieve these 
breakthroughs, Catalyst designers came up with 
an architecture that differs from standard sin
gle-chip EEPROM/CPU implementations in five 
fundamental ways. 

First, even though it uses the same 200- to 
250-µm 2 cell structure as the CPU, the 2-K-byte 
EEPROM takes up only half the area of the 
microcontroller. Second, the microcontroller's mi
crocode has been expanded to include the latch, 
timing, and test functions usually associated 
with the operation of the EEPROM. Although this 
increases the area occupied by the microcode by 
5%, eliminating the peripherals from the EEPROM 
circuitry saves 20% of the EEPROM's space. 

Third, the bus architecture has been simpli
fied. In the traditional one- and two-chip ap
proach (Fig. 3a), at least six separate data, ad
dress, and control lines link the EEPROM and the 
CPU. Moreover, Marya says, the user has to pro
vide necessary waveforms on control pins WE, 
OE, and CE, along with the valid data and ad
dress. The completion of programming is sig
naled via the RDY /BUSY pin, which has to be 
monitored by the microcontroller. In the 
CAT61C580, the interface between the CPU and 
the EEPROM is reduced to a three-bus structure 
(Fig. 3b), because the EEPROM's hard-wired latch
es and timer are eliminated. In addition, testing 
of the EEPROM is done internally, eliminating the 
need for test pads. 

Fourth, the addressing scheme has been modi
fied, says Marya, in that the EEPROM is above 
the ROM address space but, unlike the ROM, it is 
addressed through RAM. The addressing scheme 
is made efficient by eliminating page boundaries 
and providing both direct and indirect addressing 
of the RAM. 

Finally, two additional registers have been 
added to the basic architecture: a B register to 
enhance the arithmetic logic unit's computation
intensive tasks, and a D register, which can be 
auto-incremented or -decremented to enhance the 

speed of the RAM's read and write operations. 
The 128-by-8-bit RAM provides 32 levels of nest
ing, and it can be used as a stack for pop and 
push operations. 

WHAT'S IN THE MICROCODE 
Most of the read, write, and erase functions 

are performed using two simple move commands 
incorporated into the CPU's microcode, MOV1 and 
MOV2• The first command transfers data from 
the internal RAM to the EEPROM, erasing previ
ous data after receiving the appropriate 24-bit 
security code. The second command reads data 
out of the EEPROM locations and into the RAM. 
With these commands, EEPROM programming is 
made totally transparent to the user. "This 
transparency adds an additional level of security 
and reliability, since, unlike other implementa
tions, the actual mechanism of writing into EE
PROM is never revealed to the user," says Marya. 

In addition to these special instructions, there 
are the 95 other housekeeping commands usually 
incorporated into a microcontroller: 55 one-byte 
instructions, 35 two-byte instructions, and 5 
three-byte instructions. However, the instruc
tions have been modified to reflect the chip's use 
in smart-card applications. The large number and 
smaller width of instructions provide more pro
gramming power to the user, and that's impor
tant in smart cards, where programming space 
is limited to on-board ROM, says Marya. 

Security is also essential for smart-card appli
cations, because the user stores important finan
cial and personal information in the card's EE
PROM. So Catalyst designers· incorporated a set 
of special instructions into the microcode and a 
program into the on-board ROM that allows a 
three-level security scheme. "In a credit card 
application, this would make it possible not only 
for the primary user, say the financial institu
tion, such as MasterCard or Visa, to have an 
access code, but the issuing b'lnk and the individ
ual card user as well-the first incorporated into 
the nonerasable ROM when the chip is sold to the 
issuing institution, and the other two inserted 
into the EEPROM when the card is issued to a 
customer," says Marya. "In any transaction, all 



three codes must be matched before any infor· 
mation is revealed to the user or any data is 
changed on the card-the first two between the 
card and the machine automatically, and the 
third by the user on request." 

The high voltage for erasing and program
ming the 1,:EPRmI cell is generated on the 
CATG1C580, so the chip needs only a single pow· 
er supply of ;i V. Fabricated with a 2-µm ICEPROM 
process, which combines a 2-µm CMOS logic pro· 
cess with a conventional high-voltage two-tran· 
sistor, floating-gate tunnel-oxide EICPROM pro· 
cess, the chip's EICPROM is specified for 10,000 
program-erase cycles and 10 years of data reten· 
tion. The process uses dual oxides-a thin oxide 
to obtain high-speed EEPRO:ll read capability and 
a thicker oxide to withstand the 21 v required 
for erasing and programming the cell. 

In this scheme, Marya says, the user can 
change his code at regular intervals, as can the 
issuing institution via the automatic teller ma· 
chine. Also, the card-reading machine can be pro· 
grammed to disqualify the card after a certain 
number of unsuccessful attempts to enter the 
code. In addition, he says, further levels of secu· 
rity can be incorporated into the EEPROM, such 
as specifying several individuals who are autho· 

rized to use the card, and their credit limits. 
Catalyst is evaluating a number of strategies 

to take advantage of planned second-generation 
improvements. First, implementing the 2-K·hyte 
architecture in 1.5-µm CMOS and using the 80· 
µm" cell that is now under development will re· 
duce the die size of 2-K·byte devices by as much 
as 50%, while increasing the number of dice per 
wafer and lowering the cost of the finished de
vices. Alternatively, the same process improve
ments will allow an increase in EEPROM array 
capacity from 2-K bytes to 8-K bytes without sub
stantially increasing the present die size. Finally, 
Marya says, the enhancements will allow fabri· 
cation of 16-bit microcontrollers with as much as 
32-K bytes of EEPROM, opening a host of applica· 
tion areas that require real-time response, such 
as artificial intelligence, robotics, and high-per
formance industrial and military controllers. D 

TECHNOLOGY TO WATCH is a regular feature of 
Electronics that provides readers with exclu· 
sive, in-depth reports on important technical 
innovations from companies around the 
world. It covers significant technology, process
es, and developments incorporated in major 
new products. 
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THE CHANGING FACE OF 
NONVOLATILE MEMORIES 

Non volatile memories are taking on a 
whole new look. As both erasable pro
grammable read-only memories and 
electrically erasable PROMS get faster 

and denser, they are starting to displace high
density ROMs and high-speed PROMS in new ap
plications. In current applications, nonvolatile 
memory will now take up significantly less board 
space. Higher densities also will make it easier 
to incorporate larger amounts of nonvolatile 
memory on other types of chips, opening the 
door to logic chips that integrate large arrays of 
EPROM and EEPROM. 

A new generation of higher-density commodity 
parts is under development, while lower-density 
parts are being pushed to significantly faster 
access times. Moreover, the need for designers 
to choose between speed and density may disap
pear, as companies such as WaferScale Integra
tion Inc. in Fremont, Calif., (see p. 65) develop 
parts that combine both features. 

Beyond making improvements to conventional 
parts, a drive is under way among chip makers 
to develop memories tailored to specific market 
segments-markets where speed is paramount, 
or power requirements are important, for in
stance. An example of the latter is a 64-Kbit 
EEPROM that needs only 3 V, reducing backup 
h~ttPnr rP1111irf'm1mt~ in liP'htweiP'ht nortable 
equip~ent. ·The part was jointly developed by 
Catalyst Semiconductor Inc. of Santa Clara, 
Calif., and Oki Semiconductor Corp. of Tokyo 
(see p. 67). In addition, companies are looking to 
incorporate nonvolatile-memory technology into 
other non-memory chips, applying their expertise 
to a variety of logic circuits-including microcon
trollers, digital signal processors, programmable 
logic, and even application-specific integrated cir
cuits based on standard cells. 

One reason for all the activity in nonvolatile
memory product development is today's healthy 
market. The current crop of EPROM and EEPROM 
products are chalking up very strong sales-so 
strong that cautious manufacturers are reluc
tant to believe the optimistic projections of fu
ture business, says Victor deDios, senior indus
try analyst at Dataquest Inc. of San Jose, Calif. 
Overall, he says, worldwide EPROM sales for 1987 
can be expected to hit $1 billion, up 8% from 
$910 million in 1986 and up 14% from the reces-
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Faster, denser EPROMs and EEPROMs 
are finding new uses, displacing big ROMs 
and fast PROMs, for example; big chunks 
of them can also be added to AS!Cs 

by Bernard C. Cole 



developed by Catalyst and Oki 
(see fig. 1). Pin-for-pin compatible 
with Intel's 27210, it features 150-
ns access times, an active power 
figure of only 150 mA, and a 
standby power of 500 µA. 

One indicator of things to come 
is a 4-Mbit EPROM under develop
ment at Toshiba. Built using a 0.8-
µm CMOS process, it incorporates a 
basic cell measuring only 9 µm2 , 

matching that of many single-tran
sistor dynamic random-access mem
ory cells. The 8-bit-wide device fea
tures a high cell current of about 
10 µA, resulting in a low typical 
access time of 120 ns. 

1. FAST EPROM. A 64-K-by-16-bit EPROM developed jointly by Catalyst Semicon
ductor and Oki Semiconductor boasts a 150-ns access time. 

Access times are also being re
duced in current lower-density 
EPROMs-from an average of 200 
to 350 ns down to 150 to 200 ns, 
says Alan Ankerbrand, director of 
MOS memory marketing at Nation
al Semiconductor. And within a 
year, he says, speeds will edge 
downward even more, to about 

sionary dip to $876 million in 1985. Next year, 
says deDios, with projected sales up 20% to $1.2 
billion, they will again equal the sales for 1984, 
the industry's high point to date. Prospects are 
even brighter in EEPROMs. DeDios estimates that 
sales for 1987 will reach $231 million, up 61% 
from the $139 million in 1986. In 1988, he expects 
sales to grow by about 50% to $345 million. 

And while the markets are taking off, some
what surprisingly, Japanese makers of EPROM 
and EEPROM aren't keeping pace with the explod
ing market growth. They will slip from a market 
share of 15% to 20% in 1986 to less than 5% this 
year. To be sure, most U. S. manufacturers re
gard the Japanese slippage as temporary. There
fore, they're in a hurry to develop products that 
will put them in a strong position for both com
modity parts and in high-return specialty niches 
when competition heats up again as the Japa
nese charge back into the marketplace. 

For now, strong sales and the drop in Japa
nese competition is causing a period of price 
stability. And most EPROM manufacturers are us
ing the resulting higher profits to fund more 
development work on CMOS processes that will 
take them to higher densities, higher speeds, and 
lower power, says deDios. The market is moving 
away from 64-Kbit EPROMs and toward 256-Kbit 
and 512-Kbit devices, says Dave Bostwick, direc
tor of strategic development for the memory 
group at Advanced Micro Devices Inc., Sunny
vale, Calif. Also entering the market in volume 
production are 1-Mbit EPROMs from AMD, Fujitsu, 
Hitachi, Intel, and Toshiba. One of the most re
cent arrivals on the 1-Mbit EPROM scene is the 
CAT27C210, a 64-K-by-16-bit CMOS device jointly 

100 to 150 ns. Dataquest's deDios 
agrees: "By this time next year anything under 
512 Kbits in density with access times of more 
than 150 ns will be out of the mainstream." 

In traditional full-function EEPROMs based on 
the Fowler-Nordheim effect, says deDios, the 
majority of the marketplace is moving froin 64 
Kbits to 256 Kbits. Most authorities agree cur
rent technology stops there, however: "Unless a 
radically new cell structure and architecture 
comes along, it will be difficult for EEPROMs to 
move beyond 256 Kbits," says Ian Wilson, direc
tor of product marketing at SGS Semiconductor 
Corp. U.S., in Phoenix, Ariz. 

An alternative technology that many firms are 
looking at to break beyond 256 Kbits is "flash" 
architecture, so named because the contents of 
all the memory's array cells are erased simulta
neously by a single field emission of electrons 
from the floating gate of an erase gate. Such an 
EEPROM combines the advantages of the ultravio
let-light-erasable PROM and floating-gate EE
PROMs. It unites the high density, small size, low 
cost, and hot-electron-write capability of an 
EPROM with the easy erasability, on-board repro
grammability, high endurance, and cold-electron
tunnelling erasure of floating-gate EEPROMs. 

So far, the only player in the flash EEPROM 
market is Seeq Technology Inc., San Jose, Calif., 
which introduced its first device, the 128-Kbit 
48128, in August 1986. It is now following up 
this initial n-MOS part with two higher-density 
1.5-µm CMOS parts, the 512-Kbit 48C512 and the 
1-Mbit 48Cl024, both with 8-bit-wide organiza
tions. With a memory-cell size of only 20 µm2-

about one quarter the size of current EEPROM 
cells-these parts achieve EPROM die sizes, says 
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Mike Villott, vice president of marketing at 
Seeq, and they provide EEPROM features previ
ously not available. Such features include on-chip 
address and data input latches to permit micro
processor-compatible write and erase cycles, as 
well as chip-erase and page-erase modes. 

And whereas the 48128 required a 21-V power 
supply on multiple pins, the new flash EEPROMs 
require only a single 12-V external supply for 
programming and erasure. Moreover, he says, 
this programming voltage can be applied during 
read operations, which eliminates the need to 
switch it off when not erasing or programming. 
Byte write time is only 1 ms, and chip and byte 
erase times are no more than 5 s. Endurance
the number of times the device can be erased 
and written to-is 100 cycles minimum and can 
be screened to 1,000 cycles. 

Hoping to follow Seeq into the market with a 
high-density flash EEPROM is Exel Microelectron
ics of San Jose, Calif., which is in development 
on a 512-Kbit device it expects to introduce early 
next year. Also investigating the technology as a 
way to achieve higher EEPROM densities are 
AMD, Fujitsu, Hitachi, National Semiconductor, 
Texas Instruments, and Toshiba. 

Another recent convert appears to be Intel 
Corp., Santa Clara, Calif., although until recently 
it was enthusiastically exploring another ap
proach to high-density EEPROMs, the thick-oxide 
technique pioneered by Xicor Inc. of San Jose, 
Calif. Intel, however, has abandoned its efforts 
in this area, says Don Knowlton, general manag
er of Intel's programmable-memory operations 
in Folsom, Calif., and is investigating other tech
niques for higher density, including the flash
EEPROM approach. 

That leaves Xicor going it alone with the thick
oxide technique. The company is now in produc
tion with a 256-Kbit n-MOS device, the X28256 
[Electronics, May 12, 1986, p. 30) and is also 
developing a CMOS version, the X28C256, which it 
----- - _...__ .L- ! __ .i.. ____ ,_ ___ 1--1---- .LL!-----.- ___ ..J - 1 ,. .. "\....!.._ 
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device tentatively scheduled for early next year. 
For many manufacturers, however, the bright 

prospects in the mainstream EPROM and EEPROM 
market are essentially an opportunity to carve 
out new niches. The past has taught them a 
painful lesson: the memories may be nonvolatile, 
but their market is not. They want to find areas 
where price pressure and competition are less 
intense. Among the possibilities they're explor
ing are high-speed bipolar PROM replacements, 
parts tailored to specific applications such as 
smart cards, and other applications outside the 
traditional domain of EPROMs and EEPROMs. 

Two companies that have successfully estab
lished themselves in the bipolar PROM replace
ment market are Cypress Semiconductor Inc. of 
San Jose, Calif., and WaferScale Integration, 
with 16-Kbit and 64-Kbit CMOS EPROMs in the 35-
to-50-ns range. Also looking to participate is 
Seeq, which has just introduced two byte-wide 
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2. REPROGRAMMABLE DSP. General Instrument has put 2.5 

Kbytes of EEPROM on a digital signal processor chip. 
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Kbit 36C32 [Electronics, April 30, 1987, p. 66). 
Others thinking hard about entering the market 
include AMD, Intel, and SGS. 

Another niche is being explored by Intel, 
which is looking at what Knowlton calls "appli
cation-oriented" EPROMs-nonvolatile memory 
devices with extra logic that optimizes the de
vices for specific applications. One of the compa
ny's first efforts in this direction was the 27916 
KEPROM, or keyed-access EPROM, which com
bines the memory array with a pseudo-random 
number generator and encryption circuitry that 
can determine if the person accessing its con
tents is authorized. Taking the concept even fur
ther, the company this month introduced the 
first in a new series of such applications-oriented 
EPROMs, the 87C257 and 68C257-256-Kbit de
vices with on-chip latches that allow the memo
ry's address and data pins to be tied directly to a 
microcontroller's multiplexed address and data 



president of Catalyst Semiconductor. In the 
new generation of devices from AMD, Cata
lyst, Intel, SGS, and Xicor, on-chip nonvolatile 
memory has risen to 32 Kbits or 64 Kbits. 

On-chip nonvolatile memory is also being 
used on DSPs. One such device is the 
DSP320EE12 from General Instrument, a 
pin-for-pin compatible version of Ti's 
TMS320C10 DSP chip, but with 2.5 Kbytes 
of EEPROM added (see fig. 2). In the very 
near future, says Marya, it should be possi
ble to incorporate up to 256 Kbits onto the 
microcontroller chip. 

3. ERASIC. Exel's 78C800 is the first in a family of what it calls 
electrically reprogrammable ASICs, made with EEPROM technology. 

In programmable logic devices, two non
volatile memory vendors-Intel and the 
Exel subsidiary of Exar Corp,, San Jose, 
Calif.-have already entered the market. A 
third, Seeq, has just entered into a technol
ogy exchange agreement with Monolithic 
Memories Inc,, which dominates the field
programmable array-logic market with its 
bipolar devices. 

pins, The two devices, intended for the 8051/8096 
and 6800 series of microcontrollers, respectively, 
eliminate the need for the external logic, such as 
latches and inverters, that is typically required 
in microcontroller-based systems, says Tom 
Price, EPROM marketing manager. 

Japanese firms seem to be carving out a niche 
for themselves in extremely high-density EE
PROMs and EPROMs of more than 1 Mbit, for use 
in smart cards and memory cards. Estimated to 
be a billion-dollar market by the early 1990s 
[Electronics, Dec. 18, 1986, p. 55], smart cards 
will require high levels of built-in microcontroller 
intelligence, as well as memory that is both 
dense and nonvolatile. The only direct U.S. com
petitor to the Japanese in the EEPROM- and 
EPROM-based smart- and memory-card market is 
General Instrument Microelectronics, Chandler, 
Ariz. Besides planning to produce EPROMs and 
EEPROMs ranging from 256 Kbits to 1 Mbit over 
the next six months, the company has installed 
the equipment to make the smart cards them
selves, as well as card readers, power supplies, 
and connectors. Also making efforts in this di
rection are Texas Instruments Inc. and Motorola 
Inc,, but only at the chip level. The fourth con
tender in this arena is the team of Catalyst 
Semiconductor Inc. and Oki Semiconductor, 
which aims to produce controllers and EEPROMs. 

Another strategy EPROM and EEPROM compa
nies are following is diversification. outside tradi
tional stand-alone products. They are applying 
their improved nonvolatile technology to micro
controllers, DSPs, field-programmable logic, and 
even standard-cell ASICs, 

Traditionally, small amounts of EPROM or EE
PROM-usually no more than 1,024 bits-have 
been incorporated into microcontrollers to give us
ers some reprogrammability, "With new advances 
in nonvolatile memory technology, much higher 
levels can be incorporated," says B. K. Marya, 

Just entering the market this month with a 
PLD product based on its EEPROM technology is 
Exel, with the first in a family of what it calls 
ERAS!Cs, or electrically reprogrammable AS!Cs. 
Designated the 78C800 (see fig. 3), it is the first 
commercially available CMOS PLD offering a sin
gle-plane folded-NOR architecture, says Narayan 
Purohit, Exel product marketing manager. This 
approach makes it possible to implement multi
level logic designs and does away with the limi
tations of the traditional AND/OR-based designs 
now used. Intel's first proprietary PLD is an 
EPROM-based programmable bus-interface con
troller designated the 5CBIC. A programmable 
three-port transceiver with embedded program
mable logic macrocells and cross-point signal 
routing, it allows designers to implement any of 
a number of different bus interfaces with a sin
gle circuit. A third company, WaferScale Inte
gration, is working with Altera Corp. of Santa 
Clara, Calif,, a manufacturer of EPROM-based 
PLDs, on a new family of user-configurable mi
crosequencers based on ics proprietary high
speed split-gate technology [Electronics, March 
19, 1987, p. 76]. 

On the standard-cell side, at least two nonvola
tile-memory companies-WaferScale and Exel
are in the market with cell libraries that incorpo
rate EPROM and EEPROM cells, respectively. Simi
lar efforts are under way at Intel and National 
Semiconductor, among other companies. In the 
Exar effort, Exel's EEPROM technology has been 
incorporated in standard cells ranging from a 
single bit to arrays of 1 Kbits. The same family 
of products also includes a wide range of analog 
megacells, including analog-to-digital and digital
to-analog converters and a variety of switched
capacitor filters. At WaferScale, engineers are 
upgrading an already existing EPROM-based cell 
library with cells that incorporate the company's 
newest and fastest EPROM technology. D 
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. TECHNOLOGY TO WATCH 

Five volts is no longer 
the magic number 

when engineers talk porta
ble and battery-backed ap
plications. Catalyst Semi
conductor Inc. of Santa 
Clara, Calif., has just put 
the finishing touches on a 
64-Kbit EEPROM that reads 
and writes with a supply 

voltage as low as 3 v. And this diminutive appe
tite comes at no substantial cost in speed. With 
an access time of 120 ns, the memory keeps pace 
with many existing 5-V devices. When operated 
at 5 v, its reads take a mere 60 ns. Also in its 
favor is the fact that it draws an active current 
of only 7.5 mA at 8 MHz, about a fifth that of its 
rivals. 

Low voltage opens up a wide range of battery
backed applications, says B. K. Marya, Catalyst's 
founder and president-among them, hand-held 
computers, smart cards, pagers, beepers, and 
many telecommunications devices, which require 
long-term battery backup as well as small size. 

The memory also will compete with nonvolatile 
static random-access memories that incorporate 
a 3-v lithium battery. "The advantage of battery
powered nonvolatile SRAMs is their ability to 
read and write data with access times of 120 ns 
or less," Marya points out. Moreover, "tradition
al high-density EEPROMs of 64 Kbits or more 
usually require at least a 5-V read and write 
voltage. And they are not only slow but also 
difficult to operate if reprogramming is neces
sary, requiring as they do at least four AA-type 
batteries or an expensive lithium power source." 
Because it can be operated and programmed 
with a 3-v supply, the device requires only two 
1.5-v batteries in portable consumer settings and 
makes i~ possib~e to ?o ~th ~m~ll l~t!1ium power 
:suurce:s iu :su1arL caru:s . .£JveuLua.uy, 1uarya 
says, as the power-supply requirements of 
EEPROMs continue to decline, it may be 
possible to substitute solar cells for bat
teries in a wide variety of applications. 

The EEPROM is the fruit of international 
cooperation. The cell and circuit design 
were contributed by Catalyst, which also 
created and modified the architecture. Oki 
Semiconductor of Tokyo furnished the 
process, jointly modified by the two part
ners, and served as the silicon foundry. 

CATALYST'S EEPROM 
NEEDS A MISERLY.3 VOLTS 

In addition, a dual-clocked, high-voltage 
switching circuit guarantees that switches are 
thrown reliably, even when the voltage fluctu
ates. And dynamic, rather than static, page 
latching keeps the memory writing even while 
supply volt.age varies. 

Measuring 4.84 by 7.06 mm and housed in a 
28-pin plastic dual in-line package, the Catalyst 
MSM28C64A (see fig. 1) is fabricated with a 
slight modification of Oki's 1.5-µ.m n-well double
polysilicon CMOS floating-gate process. The mem
ory incorporates five types of transist.ors: p
channel and n-channel enhancement-mode MOS 
transist.ors for fabricating the 3-v circuits, and 
enhancement, depletion, and non-ion-implanted n
type transistors for fabricating the charge-pump
ing circuitry that converts the 3-V supply to 18 v 
on-chip; in addition to these transist.ors, there are 
the floating-gate devices themselves. 

The key to achieving low-voltage operation in 
portable applications is the ability t.o maintain 
stable reads and writes over long periods, de
spite the substantial variations in supply voltage 
associated with batteries. Relaxing the supply
voltage t.olerances of the . basic EEPROM cell 
makes that possible. With its dynamic page
mode latching scheme, the device is relatively 
insensitive to voltage changes and can operate 
even if the supply voltage varies 20% in either 
direction, Catalyst claims. By comparison, most 
competitive devices can operate only within vari
ations of ±10 v. When operated at, for example, 
5 v, the Catalyst part's supply voltage can vary 
from 4 to 6 v, whereas conventional EEPROMs 

Critical to the success of the joint ven
ture was a variety of proprietary circuit 
wizardry. Broadening the supply-voltage 
range ensured successful reads and writes 
despite voltage fluctuations. Bootstrapping 
capacitors and a clever differential sense 
amplifier make certain that reads are ac
complished quickly in the face of low volt
age and power-supply variations. 

1. LOW VOLTAGE. Catalyst's MSM28C64A EEPROM has five types of transistors that 

form the charge-pump circuit needed to convert the 3-V supply to 18 Von-chip. 
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there is sufficient voltage, 
on the order of 0.1 to 0.2 DISCHARGE 

SIGNAL 1 n·CHANNEL DEPLETION 
TRANSISTOR 

v, to trigger the sense 
amplifier." In Catalyst's 3-

DISCHARGE 
SIGNAL 2 

HIGH· 
VOLTAGE 
SWITCHES 

V design, however, the 

n·CHANNEL ENHANCEMENT 
TRANSISTOR 

voltage change is only on 
the order of 0.02 v. With 
the use of a differential 
sense amplifier rather 
than a single-ended one, 
this minute voltage differ
ential is magnified about 
100 times to a level suffi-
cient to trigger operation. 

2. BOOTSTRAP. A decoder circuit with bootstrapping capacitor beween the two cell transistors 
To achieve low-voltage 

programming, Marya says, 
Catalyst and Oki engineers 
made a number of im

helps keep read operations fast despite lower voltages and wider supply tolerances. 

have a much narrower operating margin, from 
4.5 to 5.5 v. 

An additional benefit of the lower operating 
voltage is that power dissipation is 25% to 50% 
less than that of comparable devices. At 8 MHz, 
active power is 49.5 milliwatts and standby is 
only 22.5 mW. At 1 MHz, active and standby 
power are 15 mW and 7.5 mW, respectively. 

The low operating voltage was achieved with a 
variety of design improvements in both the read 
and write circuitry. Special bootstrap decoder cir
cuits and a differential sense amplifier made it 
possible to keep reads fast despite the lower 
voltages and wider supply tolerances. In the 
first instance, the key was adding bootstrapping 

Catalyst uses dynamic page-mode latching, 
opening the door to battery operation; the 
usual static latching needs a highly stable 
supply voltage that batteries can't supply 

capacitors between the two transistors in the cell 
and between the decoder and the output to the 
word line (see fig. 2). "In present designs, when 
the supply voltage is too low, there is insuffi
cient voltage across the enhancement-mode read 
transistor to allow it to switch reliably," Marya 
says. "With the addition of the bootstrap capaci
tor, sufficient charge is accumulated to stabilize 
the voltage during the read operation." 

To prevent latchup that might be caused by a 
large instantaneous discharge of current from 
the capacitor onto the word line, which could 
occur during a write, the circuit also incorpo
rates a predecoder to step down the discharge 
incrementally. The differential sense amplifier 
also boosts the EEPROM's reliability during 
reads. "In other designs, when the threshold 
voltage of a memory cell is set to the low state 
during a read, a very small current flows into 
the bit line, on the order of about 70 to 100 µA," 
says Marya. "Normally, in most 5-v designs 

provements to the high-voltage switches and to 
the page-mode latches. Usually, the high-voltage 
switches are controlled by a single clock, so there 
is only a relatively narrow range within which the 
switch can sense the clock edge reliably. In 5-v 
devices, this occurs as long as the voltage is be
tween 4.5 and 5.5 v. Below 4.5 v, such designs fail, 
switching erratically. Designers from the two com
panies solved this, he says, by going to a fail-safe 
switching scheme in which a dual clock is used, 
allowing the switches to operate reliably over the 
entire range from 3 to 7 v. 

In the other critical improvement to the pro
gramming circuitry, company engineers went 
with a dynamic page-mode latching scheme, 
rather than the static configuration generally 
used, which is highly dependent on supply volt
age for correct operation. "If the supply voltage 
varies outside a very narrow range of a few 
tenths of a volt, static latching no longer 
works," Marya says. "With a dynamic scheme, 
the page-latch threshold levels vary dynamically 
up and down as the supply voltage varies." 

As with most other high-density EEPROMs, the 
16-K-by-4-bit device also incorporates two redun
dant rows in the event of faulty array cells. This 
meant that it was necessary to modify the re
dundant cells to operate at lower voltages. Since 
they are located farther out on the array, they 
are served by longer lines, which means more 
capacitance or sensing lower-voltage signals. 
Here, the basic changes involved modifications 
to the interpoly oxide to take into account the 
lower voltage by reducing the load capacitance. 
Taking advantage of the differential-sensing 
scheme employed in the array, a special reset 
circuit selects a redundant word line when a 
faulty bit occurs in one of the word lines. The 
proprietary circuit works even when the supply 
voltage is as low as 1 V and consumes practically 
no power, Marya claims. The same scheme is 
also employed to select or key in EEPROM-based 
circuit elements to trim the programming volt
age and the write cycle. -Bernard C. Cole 
For more information, circle 481 on the reader service card. 

Reprinted from ELECTRONICS, July 9, 1987 issue. 
Copyright© 1987, McGraw-Hill, !no. All rights reserved. 
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CATALYST 

DOMESTIC SALES OFFICES 
ALABAMA: 
MACRO-MARKETING ASSOCIATES, INC 
11513S. MEMORIAL PARKWAY 
HUNTSVILLE, AL 35803 
TEL: (205) 883-9630 FAX: (205) 880-2947 

ARIZONA: 
TU SAR 
6016 E. LARKSPUR 
SCOTISDALE, AZ 85254 
TEL: (602) 998-3688 FAX: (602) 998-3689 

CALIFORNIA, NORTHERN: 
EMERGING TECHNOLOGY SALES, INC. 
2030 FORTUNE DRIVE, #B 
SAN JOSE, CA 95131 
TEL: (408) 433-9366 FAX: (408) 434-6730 

CALIFORNIA, SOUTHERN: (San Diego & Im
perial Counties) 
C&KASSOCIATES 
8333 CLAIRMONT MESA BLVD., #102 
SAN DIEGO, CA 92111 
TEL: (619) 279-0420 FAX: (619) 279-7650 

CALIFORNIA, SOUTHERN: (Los Angeles & 
Orange County) 
H-TECHNICAL SALES 
25201 PASEO DEALICIA,#106 
LAGUNA HILLS, CA 92653 
TEL: (714) 583-1488 FAX: (714) 583-9284 

CANADA: 
Electronic Sales Professionals 
5200 DIXIE RD., #201 
MISSISSAUGA, ONTARIO 
CANADA L4W 1E4 
TEL: (416) 626-8221 FAX: (416) 238-3277 

COLORADO: 
MOSS MARKETING 
2231 FEDERAL BLVD. 
DENVER, CO 80211-4691 
TEL: (303) 455-7205 FAX: (303) 455-8258 

CONNECTICUT: 
ALPHA-OMEGA SALES CORP. 
10-G ROESSLER RD 
WOBURN, MA 01801 
TEL: (617) 933-0237 FAX: (617) 938-8416 

FLORIDA: 
SALES SPECIALISTS 
1999 JUANA RD. 
BOCA RATON, FL 33432 
TEL:(305) 391-3718 

GEORGIA: 
MACRO-MARKETING ASSOC IA TES, INC. 
3040 HOLCOMB BRIDGE RD., #J2 
NORCROSS, GA 30071 
TEL: (404) 662-5580 

IDAHO, SOUTHERN: 
MOSS MARKETING 
669 SOUTH 2ND EAST 
SAL TLAKE CITY, UT 84111 
TEL: (801) 363-5875 

ILLINOIS, NORTHERN: 
LTD TECHNOLOGIES, INC. 
810 ARLINGTON HEIGHTS RD 
ITASCA, IL 60143 
TEL: (312) 773-2900 FAX: (312) 773-0358 

ILLINOIS, SOUTHERN: 
ELECTRl-REP 
2258 SCHUTEZ RD.,#108 
ST. LOUIS, MO 63146 
TEL: (314) 993-4421 FAX: (314) 993-6340 

INDIANA: 
SAi MARKETING 
5650 CAITO DR., #103 
INDIANAPOLIS, IN 46226 
TEL: (317) 545-1010 FAX: (317) 545-1310 

IOWA: 
TECHNICAL ELECTRONICS, INC. 
POBOX671 
CEDAR RAPIDS, IA 52406 
TEL: (319) 366-5443 FAX: (319) 365-6943 

KANSAS: 
ELECTRl-REP 
7050 W. 107TH ST., #210 
OVERLAND PARK, KS 66212 
TEL: (913) 649-2168 FAX: (913) 649-4537 

KENTUCKY: 
SAi MARKETING 
270 REGENCY RIDGE, #202 
DAYTON, OH 45459 
TEL: (513)435-3181 FAX: (513) 434-3760 

LOUISIANA: 
LOGIC 1 SALES 
200 E. SPRINGVALLEY, STE. A 
RICHARDSON, TX 75081 
TEL: (214) 234-0765 FAX: (214) 669-3042 

MAINE: 
ALPHA-OMEGA SALES CORP. 
10-G ROESSLER RD 
WOBURN, MA 01801 
TEL: (617) 933-0237 FAX: (617) 938-8416 

MARYLAND: 
THIRD WAVE SOLUTIONS 
7310 RITCHIE HIGHWAY,#412 
GLEN BURNIE, MD 21061 
TEL: (301) 787-0220 FAX: (301) 787-1572 

MASSACHUSETTS: 
ALPHA-OMEGA SALES CORP. 
10-G ROESSLER RD 
WOBURN, MA 01801 
TEL: (617) 933-0237 FAX: (617) 938-8416 

MIClflGAN: 
SAi MARKETING 
101 N. ALLOY DR. 
FENTON, MI 48430 
TEL: (313) 750-1922 

MINNESOTA: 
MICROELECTRONIC SALES 
6440 FL YING CLOUD DR. 
MINNEAPOLIS, MN 55344-3310 
TEL: (612) 829-0948 FAX: (612) 829-0991 

MISSISSIPPI: 
MACRO-MARKETING ASSOCIATES, INC. 
11513S. MEMORIAL PARKWAY 
HUNTSVILLE, AL 35803 
TEL: (205) 883-9630 FAX: (205) 880-2947 

MISSOURI: 
ELECTRl-REP 
2258 SCHUTEZ RD •• #108 
ST. LOUIS, MO 63146 
TEL: (314) 993-4421 FAX: (314) 993-6340 

MONTANA, EASTERN: 
MOSS MARKETING 
2231 FEDERAL BLVD. 
DENVER, CO 80211-4691 
TEL: (303) 455-7205 FAX: (303) 455-8258 

NEBRASKA: 
ELECTRl-REP 
7050W. 107TH ST.,#210 
OVERLAND PARK, KS 66212 
TEL: (913) 649-2168 FAX: (913) 649-4537 

NEVADA: 
EMERGING TECHNOLOGY SALES, INC. 
2030 FORTUNE DR., #B 
SAN JOSE, CA 95131 
TEL: (408) 433-9366 FAX: (408) 434-6730 

NEVADA, CLARK COUNTY: 
TUSAR 
6016 E. LARKSPUR 
SCOTISDALE, AZ 85254 
TEL: (602) 998-3688 FAX: (602) 998-3689 

SALES OFFICES 

NEW HAMPSHIRE: 
ALPHA-OMEGA SALES CORP. 
10-G ROESSLER RD 
WOBURN, MA 01801 
TEL: (617) 933-0237 FAX: (617) 938-8416 

NEW MEXICO: 
MOSS MARKETING 
9004 MENAUL N.E. 
ALBUQUERQUE, NM 87112-2240 
TEL: (505) 292-7505 

NEW YORK, NORTH OF ROCKLAND: 
MICRO-TECH MARKETING 
1350 BUFFALO RD 
ROCHESTER, NY 14624 
TEL: (716) 328-1420 FAX: (716) 328-3003 

NEW YORK, SOUTH OF ROCKLAND: 
AURORA MARKETING 
2606JERUSALEM AVE. 
N. BELLMORE, NY 11710 
TEL: (516) 221-0764 

NORTH CAROLINA: 
M ICROSALES INC. 
4713 STILLER ST. 
RALEIGH, NC 27609 
TEL:(919) 881-0007 

NORTH DAKOTA: 
MICROELECTRONIC SALES 
6440 FL YING CLOUD DR. 
MINNEAPOLIS, MN 55344-3310 
TEL: (612) 829-0948 FAX: (612) 829-0991 

OHIO: 
SAi MARKETING 
270 REGENCY RIDGE, #202 
CENTERVILLE, OH 45459 
TEL: (513) 435-3181 FAX: (513) 435-3760 

SAi MARKETING 
1631 NW PROFESSIONAL BLDG. SUITE 104 
COLUMBUS, OH 43220 
TEL: (614)451-0778 

OKLAHOMA: 
LOGIC 1 SALES 
6953 S. 66TH EAST AVE. 
TULSA, OK 74133 
TEL: (918) 494-0765 

OREGON: 
MICRO SALES, INC. 
1865 NW 169 PLACE, #210 
BEAVERTON, OR 97007 
TEL: (503) 645-2841 FAX: (503) 645-3754 

PENNSYLVANIA: (West PA only) 
SAi MARKETING 
3645 WARRENSVILLE CENTER RD, #122 
SHAKER HEIGHTS, OH 44122 
TEL: (216) 751-3633 FAX: (216) 751-4510 

PENNSYLVANIA: 
S.J. ASSOCIATES 
ROUTE 73 & FELLOWSHIP RD 
PLAZA OFFICE CENTER, #204 
MT. LAUREL, NJ 08054 
TEL: (609) 866-1234 FAX: (609) 866-8627 

RHODE ISLAND: 
ALPHA-OMEGA SALES CORP. 
10-G ROESSLER RD 
WOBURN, MA 01801 
TEL: (617) 933-0237 FAX: (617) 938-8416 

SOUTH CAROLINA: 
MICROSALES INC. 
4713 STILLER ST. 
RALEIGH, NC 27609 
TEL: (919) 881-0007 

SOUTH DAKOTA: 
MICROELECTRONIC SALES 
6440 FL YING CLOUD DR. 
MINNEAPOLIS, MN 55344-3310 
TEL: (612) 829-0948 FAX: (612) 829-0991 



SALES OFFICES 

DOMESTIC SALES OFFICES (cont) 

TENNESSEE: 
MACRO-MARKETING ASSOCIATES, INC. 
11513 S. MEMORIAL PARKWAY 
HUNTSVILLE, AL 35803 
TEL: (205) 883-9630 FAX: (205) 880-2947 

TEXAS: 
LOGIC 1 SALES 
200 E. SPRINGVALLEY, STE. A 
RICHARDSON, TX 75081 
TEL: (214) 234-0765 FAX: (214) 669-3042 

LOGIC 1 SALES 
815 E. 53 1/3 ST. 
AUSTIN, TX 78751 
TEL:(512)459-1297 FAX: (512)459-1712 

UTAH: 
MOSS MARKETING 
669 SOUTH 2ND EAST 
SALT LAKE CITY, UT 84111 
TEL: (801) 363-5875 

DISTRIBUTORS 

DOMESTIC DISTRIBUTORS 

CENION ELECTRONICS. INC. 

CALIFORNIA, !RV!NE: 
20MORGAN 
IRVINE, CA 92718 
TEL: (714) 855-9111 FAX: (714) 855-0579 

CALIFORNIA, SAN DIEGO: 
16835 W. BERNARDO DRIVE 
SAN DIEGO, CA 92127 
TEL: (619) 451-3501 

CALIFORNIA, SANJOSE: 
1737 NORTH FIRST ST., #300 
SANJOSE, CA 95112 
TEL: (408) 993-9770 

NEW YORK, CENTRAL !SUP: 
1727VETERANS MEMORIAL HWY., #302 
CENTRAL ISLIP, NV 11722 
TEL:(516) 582-5665 

WASHINGTON, REDMOND: 
4038 ~48TH AVENUE, N.E .. 
REDMOND, WA 98052 
TEL:(206) 88Hl194 
FAX: (206) 881-5232 

FUTURE ELECJRONICS. INc. 

ARIZONA, PHOENIX: 
3617 NORTH 35TH AVE. 
PHOENIX, AZ 85017 
TEL: (602) 272-7951 FAX: (602) 233-1753 
TWX:910-951-0183 

CALIFORNIA, CHATSWORTH: 
21730 NORDHOFF ST. 
CHATSWORTH, CA 91311 
TEL: (818) 700-0914 FAX: (818) 700-0826 
TWX: 510-100-0842 

CALIFORNIA, !RVINE: 
1692BROWNINGAVE. 
IRVINE, CA 92714 
TEL: (714) 250-4141 FAX: (714) 25o-4185 
TWX:82!1018 

CALIFORNIA, SAN DIEGO: 
3940 RUFFIN RD. 
SAN DIEGO, CA 92123 
TEL: (619) 278-5020 FAX: (619) 576-8584 
TWX:910-322-1069 

1n...11. 

VERMONT: 
ALPHA-OMEGA SALES CORP. 
1Q-G ROESSLER RD 
WOBURN, MA 01801 
TEL: (617) 933-0237 FAX:(617) 938-1!416 

VIRGINIA: 
THIRD WAVE SOLUTIONS 
7310 RITCHIE HIGHWAY,#412 
GLEN BURNIE, MD 21061 
TEL: (301) 787-0220 FAX: (301) 787-1572 

WASHINGTON: 
MICRO SALES, INC. 
2212112THAVE., NE 
BELLEVUE, WA 98004 
TEL: (206) 451-0568 

WASHINGTON, D.C.: 
THIRD WAVE SOLUTIONS 
7310 RITCHIE HIGHWAY, #412 
GLEN BURNIE, MD 21061 
TEL: (301) 787-0220 FAX: (301) 787-1572 

CALIFORNIA, SAN JOSE: 
575 RIVER OAKS PKWY. 
SAN JOSE, CA 95134 
TEL: (408) 434-1122 FAX: (408) 433-0822 

COLORADO, WESTMINSTER: 
9046 MARSHALL CT. 
WESTMINSTER, CO 80030 
TEL: (303) 650-0123 FAX: (303) 650-0937 
TWX:881093 

CONNECTICUT, BETHEL: 
24 STONY HILL RD. 
BETHEL, CT 06801 
TEL: (203) 743-9594 FAX: (203) 789-9745 
TWX:880965 

FLORIDA, ALTAMONTE SPRINGS: 
380 SOUTH LAKE BLVD. 
ALTAMONTE SPRINGS, FL 32701 
TEL: (305) 767-8414 FAX: (305) 834-9318 
TWX:797184 

FLORIDA, CLEARWATER: 
4900 N. CREEKSIDE DR. 
CLEARWATER. FL 34620 
TEL: (813) 578-2770 FAX: (813) 576-7600 
TWX:880964 

GEORGIA, NORCROSS: 
3000 NORTHWOODS PKWY., #295 
NORCROSS, f3A 30071 
TEL: (404) 441-7676FAX: (404) 441-7580 

!LLINOIS, CHICAGO: 
1000 E. STATE PKWY., #B 
SCHAUMBURG, IL 60195 
TEL: (312) 882-1255 FAX: (312) 49Q-9290 TWX: 
894098 

MARYLAND, COLUMBIA: 
OAKLAND CENTER 8980, SUITE N Rt. 1 
COLUMBIA, MD 21045 
TEL: (301) 995-1222 FAX: (301) 730-0509 
TWX:880961 

MASSACHUSETTS, BOSTON: 
133 FLANDERS RD. 
WESTBOROUGH, MA 01581 
TEL: (617) 368-2400 FAX: (617) 366-1195 
TWX:755917 

MICHGAN, LIVONIA: 
35200 SCHOOLCRAFT RD. 
SUITE 106, LIVONIA, Ml 48150 
TEL: (313) 261-5270 

CATALYST 

WISCONSIN, WESTERN: 
MICROELECTRONIC SALES 
6440 FL YING CLOUD DR. 
MINNEAPOLIS, MN 55344-3310 
TEL: (612) 829-0948 FAX: (612) 829-0991 

WISCONSIN, EASTERN: 
LTD TECHNOLOGIES, INC. 
10855 W. POTTER RD. 
MILWAUKEE, WI 53226 
TEL:(414)n4-1000 

WYOMING: 
MOSS MARKETING 
2231 FEDERAL BLVD. 
DENVER, CO 80211-4691 
TEL:(303) 455-7205 FAX: (303) 455-8258 

MINNESOTA, EDEN PRAIRIE: 
10025VALLEV VIEW RD.,#196 
EDEN PRAIRIE, MN 55344 
TEL: (612) 944-2200 FAX: (612) 944-2520 

NEW JERSEY, FA!RRELD: 
122 FAIRFIELD RD. 
FAIRFIELD, NJ 07006 
TEL: (201) 227-4346 FAX: (201) 227-5305 

NEW YORK, LIVERPOOL: 
7453 MORGAN RD. 
LIVERPOOL, NY 13088 
TEL: (315)451-2371 FAX: (315) 451-7258 
TWX:880963 

NEW YORK, ROCHESTER: 
333 METRO PARK, 1ST FLOOR 
ROCHESTER, NV 14623 
TEL: (716) 272-1120 FAX: (716) 272-7182 
TWX:797904 

OREGON, PORTLAND: 
CORNELL OAKS CORPORATE CENTER 
15236 NW GREENBRIER PKWY 
PHASE 111 BLDG. A 
BEAVERTON, OR 97006 
TEL: (503) 645-9454 FAX: (503) 645-1559 

PENNSYLVANIA, PHILADEPHIA: 
520 FELLOWSHIP RD., #A101 
MT. LAUREL, NJ 08054 
TEL: (609) ns-7600 FAX: (609) 778-4621 
TWX:880967 

TEXAS, RICHARDSON: 
1900 FIRMAN DR., #150 
RICHARDSON, TX 75081 
TEL: (214) 437-2437 FAX: (213) 669-2347 

UTAH, SALT LAKE CITY: 
2250 W. REDWOOD RD. 
SAL TLAKE CITY, UT 84119 
TEL: (801) 972-8489 FAX: (801) 972-3602 
TWX:880962 

WASHINGTON, REDMOND: 
4038148TH AVE., NE 
REDMOND, WA 98052 
TEL: (206) 881-8199 FAX: (206) 881-5232 
TWX:880966 



CATALYST 

DISTRIBUTORS (cont) 

MILGRAY ELECTRONICS 

CONNECTICUT, MILFORD: 
MILFORD PLAINS OFFICE PARK 
326 WEST MAIN STREET 
MILFORD, CT 06460 
TEL: (203) 878-5538 
FAX: (203) 878-6970 

FLORIDA, WINTER PARK: 
1350 LEE ROAD 
SUITE 104 
WINTER PARK, FL 32789 
(305) 647-5747/(800) 432-0645 
FAX: (305) 629-0757 

GEORGIA, ATLANTA: 
17 DUNWOODY PARK 
SUITE 102 
ATLANTA, GA 30338 
TEL: (404) 393-966/(800) 241-5523 
FAX: (404) 399-0742 

ILLINOIS, CHICAGO: 
765ROUTE83 
SUITE 123 
BENSENVILLE, IL 60106 
(312) 350-0490 
FAX:(312) 350-0587 

KANSAS, KANSAS CITY: 
6400 GLENWOOD 
SUITE313 
OVERLAND PARK, KS 66202 
(913) 236-8800 
FAX: (913) 384-6825 

MARYLAND, COLUMBIA: 
(WASHINGTON) 
9801 BROKEN LAND PARKWAY 
SUITE 103 
COLUMBIA, MD 21046 
(301) 621-8169/(800) 638-6656 
(301) 995-6169 - BAL Tl MORE 
FAX:(301) 381-3066 

MASSACHUSETTS, WILllotNGTON: 
(NEW ENGLAND) 
BALLARDVALE PARK 
187 BALLARDVALE STREET 
WILIMINGTON, MA01887 
(617) 657-5900 
FAX: (617) 658-7989 

NEW JERSEY, (DELAWARE VALLEY): 
3001 GREENTREE EXECUTIVE CAMPUS 
SUITEC 
MARL TON, NJ 08053 
(609) 983-5010/(800) 257-7111 
FAX:(609) 985-1607 

CANADIAN DISTRIBUTORS 

FUTURE ELECTRONICS. INC. 

CALGARY: 
3220 5TH AVE., NE 
CALGARY, ALBERTA T2A 5N1 
TEL: (403) 235-5325 TWX: 610-821-1927 

EDMONTON: 
5312 CALGARY TRAILS. 
EDMONTON, ALBERTA T6H 4J8 
TEL: (403) 438-2858 TWX: 037-42883 

MONTREAL: 
237 HYMUS BLVD. 
POINTE CLAIRE, QUEBEC H9R 5C7 
TEL: (514) 694-7710 FAX: (514) 695-3707 
TWX:05-823554 

NEW YORK, FARMINGDALE: 
77 SCHMITT BOULEVARD 
FARMINGDALE, NY 11735 
(516) 391-3000/(800) MILGRAY 
FAX: (516) 752-9870 

NEW YORK, ROCHESTER: 
TOWERS AIRPORT BUSINESS PARK 
1200ASCOTTSVILLE ROAD 
ROCHESTER, NY 14624 
(716) 235-0830 
FAX: (716) 436-3647 

OHIO, CLEVELAND: 
6155ROCKSIDE ROAD 
CLEVELAND,OH44131 
(216) 447-1520/(800) 321-0006 
(800) 362-2808 
FAX:(216)447-1761 

TEXAS, DALLAS: 
17060DALLAS PARKWAY 
SUITE 105 
DALLAS, TX 75248 
(214) 248-1603/(800) 441-9078 
FAX: (214) 248-0128 

UTAH, SALTLAKECITY: 
4190 SOUTH HIGHLAND DRIVE 
SUITE 102 
SALT LAKE CITY, UT 94124 
(801) 272-4999 
FAX: (801) 272-7005 

NU HORIZONS 

MASSACHUSETTS, DANVERS: 
151 ANDOVER ST. 
DANVERS, MA 01930 
TEL: (617) 777-8800 

NEW JERSEY, PINEBROOK: 
39 ROUTE46 
PINEBROOK, NJ 07058 
TEL: (201) 882-8300 

NEW YORK, AMITYVILLE: 
6000 NEW HORIZONS BLVD. 
AMITYVILLE, NY 11701 
TEL: (516) 226-6000 
FAX: (516) 226-6262 

NEW YORK, EAST ROCHESTER: 
100 BLUFF DRIVE 
EAST ROCHESTER, NY 14445 
TEL: (716) 242-5980 

OTTAWA: 
BAXTER CENTER 1050 BAXTER RD. 
OTTAWA, ONTARIO K2C 3P2 
TEL: (613) 820-8313 FAX: (613) 820-3271 

QUEBEC CITY: 
1990 BOUL. CHAREST 0., #190 
ST. FOY, QUEBEC G1 N 4K8 
TEL: (418) 682-5775 FAX: (418) 682-8092 

TORONTO: 
82 ST. REGIS CR. NORTH 
DOWNSVIEW, ONTARIO M3J 1Z3 
TEL: (416) 638-4771 FAX: (416) 638-2936 

QPS ELECIBONICS. INC. 

SCHAUMBURG: 
101 E. COMMERCE DR. 
SCHAUMBURG, IL 60173 

SALES OFFICES 

TEL: (312) 884-6620 FAX: (312) 884-7573 

CYPRESS ELECTRONICS 

ARIZONA, PHOENIX: 
5685 N. SCOTTSDALE 
SUITE 100 
SCOTTSDALE, AZ 85253 
TEL: (602) 966-2256 

CALIFORNIA, NORTHERN: 
2175 MARTIN AVENUE 
SANTA CLARA, CA 95050 
TEL: (408) 980.2500, (916) 929-5126 

CALIFORNIA, SAN DIEGO: 
10054 MESA RIDGE COURT 
SAN DIEGO, CA 92121 
TEL: (619) 535-0011 

CALIFORNIA, SOUTHERN 
6230 DESCANSO AVENUE 
BUENA PARK, CA 90620 
TEL: (213) 744-0355, (714) 521-5230 

COLORADO, WHEAT RIDGE: 
12441 W. 49TH AVENUE 
WHEAT RIDGE, CO 80033 
TEL: (303) 431-2622 

OREGON, BEAVERTON: 
15075 SW KOLL PARKWAY, D 
BEAVERTON, OR 97006 
(503) 641-2233 

TEXAS, DALLAS: 
2156 W. NORTHWEST HWY. 
DALLAS TX 75220 
TEL: (214) 869-1435 

WASHINGTON, BOTHELL: 
22125 17TH AVENUE, SE., #114 
BOTHELL, WA 98021 
TEL: (206) 483-1144 

DIAMOND ELECTRONICS 

NEW HAMPSHIRE, HUDSON: 
66F RIVER RD. 
HUDSON, NH 03051 
TEL: (603) 883-1515 
FAX: (603) 883-4508 

VANCOUVER: 
1695 BOUNDARY RD. 
VANCOUVER, B.C. V5K 4X7 
TEL: (604) 294-1166 FAX: (604) 294-1206 
TWX:04-354744 

WINNIPEG: 
106 KING EDWARD 
WINNIPEG, MANITOBA R3H ON8 
TEL: (204) 339-0554 FAX: (204) 786-7711 



INTERNATIONAL SALES OFFICES 

EUROPE 

EUROPEAN OFFICE 
CATALYST SEMICONDUCTOR U.K. 
1 PECKOVER COURT 
GREAT HOLM, 
MILTON KEYNES, 
BUCKS MKS 9AH 
ENGLAND 
TEL: (0908) 561229 INTL: 44 908 561229 
FAX: (0908) 561233 

AUSTRIA: 
BECOS GMBH. 
TICHTELGASSE 10 
1120 VIENNA, AUSTRIA 
TEL: (0222) 834101 
FAX: (0222) 872007 

BELGIUM: 
BETEA SNNV 
CHAUSSEE DE LOUVAIN 775 
LEUVENSESTEENWEG 
B-1140 
BRUSSELS, BELGIUM 
TEL: (02) 7368050 
FAX: (02) 7364954 

DENMARK: 
DELCO NS 
HEJREVAHG 13 
DK-3450 ALLEROED 
DENMARK 
TEL: (02) 277733 
FAX: (02) 277770 

FINLAND: 
YLEISELEKTRONllKKA QY 
LUOMANNOTOKO 6 
SF-02200 
ESPOO 
FINLAND 
TEL: (90) 452 1255 
FAX: (90) 428 932 

FRANCE: 
NEWTEK 
8 RUE DE L'ESTEREL 
SILIC 583 
94663 RUNGIS CEDEX 
FRANCE 
TEL: (1) 4687 2200 
FAX:(1) 4687 8049 

GERMANY: 
TEKELEC AIRTRONIC 
KAPUZINER STRASSE 9 
8000 MUNICH 2 
WEST GERMANY 
TEL: (089) 51640 
FAX:(089) 516410 

ITALY: 
SILVERSTAR 
2014 MILANO 
VIA DEL GRACCHI 20 
ITALY 
TEL: (02) 4996 
FAX: (02) )435594 
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NETHERLANDS: 
TEKELEC AIRTRONIC 
INDUSTREWEG BA 
2712 LB ZOETERMEER 
NETHERLANDS 
TEL: (079) 310100 
FAX: (079) 417504 

NORWAY: 
HENACO A.S. 
TRONDHEIMSVEIEN 436 
PO BOX 126 
KALDBAKKEN 
N 0902 OSLO 9 
NORWAY 
TEL: (02) 162110 
FAX: (02) 257780 

SPAIN: 
ANATRONIC S.A. 
AVENIDA DE VALLDOLID 27 
28002 MADRID 
SPAIN 
TEL: (91) 242-4455 
FAX: (91) 248-6975 

SWEDEN: 
SATTCO A.B. 
DALVAGEN 10 
S-171 36 SOLNA 
STOCKHOLM 
SWEDEN 
TEL: (08) 734-0040 
FAX: (08) 734-9155 

SWITZERLAND: 
DIMOS A.G. 
BADENERSTR. 701 
8048 ZURICH 
SWITZERLAND 
TEL: (01) 626140 
FAX: (01) 626044 

UNITED KINGDOM: 
MIC RO LOG LTD. 
THE CORNERSTONE 
THE BROADWAY, 
WOKING 
SURREY GU21 5EZ 
ENGLAND 
TEL: (04862) 29551 
FAX: (04862) 73909 

MICROPROCESSOR & MEMORY 
DISTRIBUTION LTD 
8 SOUTHVIEW PARK 
CAVERSHAM 
READING 
BERKS RG4 OAF 
ENGLAND 
TEL: (0734) 481666 
FAX: (0734) 481618 

JAPAN 
JAPAN: 
MARUBUN CORPORATION 
8-1, NIHOMBASHI ODEMMACHO 
CHUO-KU, TOKYO 103 
JAPAN 
TEL: (03) 639-9805 
FAX: (03) 661-7433 
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CATALYST SEMICONDUCTOR, INC. Headquarters 
2231 Calle de Luna 
Santa Clara, CA. 95054 
Tel: 408-748-7700 
TLX: 5106017631 
FAX: 408-980-8209 

UNITED KINGDOM: 
CATALYST SEMICONDUCTOR, LTD. 
1 Peckover Court 
Great Holm 
Milton Keynes 
Bucks MKS 9HA 
England 
Tel : 0908 561229 
Intl: 44 908 561229 
Fax : 0908 561233 
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