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Front — A variety of features highlight Micron’s DRAM
product line. Shown at left, a circuitry backdrop rendered
from a scanning electron microscope. Bottom right, the
intricate memory of a4 Meg DRAM wafer, etched in silicon,
which reflects the many hues of the natural color spectrum.

Back — Micron’s Boise, Idaho, headquarters.




PREFACE

GENERAL INFORMATION

IMPORTANT NOTICE

Micron Technology, Inc. (Micron), reserves the
right to change products or specifications with-
out notice. Customers are advised to obtain the
latest versions of product specifications, which
should be considered in evaluating a product’s
appropriateness for a particular use. Thereis no
assurance that Micron’s semiconductor prod-
ucts are appropriate for any application by a
customer.

MICRON MAKES NO WARRANTIES, EX-
PRESSED OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTIES OF MERCHANT-
ABILITY OR FITNESS FOR A PARTICULAR
PURPOSE, OTHER THAN COMPLIANCE
WITH MICRON’S SPECIFICATION SHEET
FOR THE PRODUCT AT THE TIME OF DE-
LIVERY. IN NO EVENT SHALL MICRON BE
LIABLE FOR ANY INDIRECT, SPECIAL, IN-
CIDENTAL OR CONSEQUENTIAL DAM-
AGES AS A RESULT OF THE PERFOR-
MANCE, ORFAILURETOPERFORM, OFANY
MICRON PRODUCT.

ANY CLAIM AGAINST MICRON MUST BE
MADE WITHIN 90 DAYS FROM THE DATE
OF SHIPMENT BY MICRON AND MICRON
HAS NO LIABILITY THEREAFTER. Micron’s

liability is limited to replacement of defective
product or either Customer or Micron may elect
refund of amounts paid in lieu of replacement.
The warranty covers only defects arising under
normal use and not malfunctions resulting from
misuse, abuse, modification, or repairs by any-
one other than Micron.

MICRON’S PRODUCTS ARE NOT AUTHO-
RIZED FOR USE AS CRITICAL COMPO-
NENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRIT-
TEN APPROVAL OF THE PRESIDENT OF
MICRON. Life support devices or systems are
those which are intended to support or sustain
life and whose failure to perform can be reason-
ably expected to result in a significant injury or
death to theuser. Critical componentsare those
whose failure to. perform can be reasonably
expected to cause failure of alifesupport device
or system or affect its safety or effectiveness.

MICRON DOES NOT WARRANT PRODUCT
TO BE FREE OF CLAIMS OF PATENT IN-
FRINGEMENT BY ANY THIRD PARTY AND
DISCLAIMS ANY SUCH WARRANTY OR
INDEMNIFICATION AGAINST PATENT IN-
FRINGEMENT.
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MICRON PREFACE

GENERAL INFORMATION

Dear Customer:

Micron Technology, Inc., is dedicated to the design,
manufacture and marketing of high-quality, highly reliable
memory components. Our corporate mission is:

“To be a world-class team
developing advantages for our customers.”

At Micron, we are investing time, talent and resources
to bring you the finest DRAMs, SRAMs and other specialty
memory products. We have developed a unique intelligent
burn-in system, AMBYX®, which evaluates and reports the
quality level of each and every component we produce.

We are dedicated to continuous improvement of all our
products and services. This means continual reduction of
electrical and mechanical defect levels. It also means the
addition of new services such as “just-in-time” delivery
and electronic data interchange programs. And when you
have a design or application question, you can get the
answers you need from one of Micron’s applications
engineers.

We're proud of our products, our progress and our

performance. And we’re pleased that you’re choosing
Micron as your memory supplier.

The Micron Team

PREFACE Micron Technology, Inc., reserves the right to change products or specifications without notice.
Rev. 2/95 I" ©1995, Micron Technology, Inc.
AMBYX s a registered rademark of Micron Technology, Inc.
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GENERAL INFORMATION

ADVANTAGES

Micron Technology brings quality, productivity and
innovation together to provide advantages for our cus-
tomers. Our products feature some of the industry’s
fastest speeds. And we establish delivery standards based
on customer expectations, including JIT programs, made
possible by ever-increasing product reliability.

COMPONENT INTEGRATED CIRCUITS

Micron entered the memory market in 1978, first de-
signing, then manufacturing dynamic random access
memory (DRAM). From there, we developed high-per-
formance fast static RAM (SRAM) and a variety of other
memory products.

SPECIALTY MEMORY PRODUCTS

Beyond our standard component memory, Micron is
introducing many new products, including nonvolatile
flash memory, 64 Meg DRAM, and synchronous graphics
RAM, and continues to offer the broadest line of 3.3V
SRAMs available. Micron is forging ahead into-new and
exciting frontiers by evaluating 8-inch wafer develop-
ment and its processing capabilities.

We are pleased to be first to market with our compact,
easy-to-install 88-pin DRAM card. Ideal for laptop, note-
book and other portable systems, Micron’s DRAM Card
offers both high density and low power within JEDEC
and JEIDA specifications.*

DIE SALES

In addition to our durable packaging, Micron leads the
industry in bare die procurement and the testing of
Micron’s KGD™*® (known good die). Demand for these is
increasing for use in highly specialized applications.
Micron’s bare die products are available both in 6" wafers
and wafflepacks.

CUSTOM MANUFACTURING SERVICES

For total project management, Micron offers value-
added services. These include both standard contract
manufacturing services for system-level products includ-
ing design, assembly, customer kitted assembly, compre-
hensive quality testing or shipping as well as complete
turnkey services covering all phases of production. Our
component and system-level manufacturing facilities
are located in Boise, Idaho, so the component products
you need are readily available.

*See NOTE, page v.
**For more information on AMBYX, see Section 8.

MICRON DATAFAX™

When you can’t afford to wait for critical product
information or specifications, Micron offers a convenient
solution available 24 hours a day, every day. Micron
DataFax enables you to make automated requests for
data sheets, product literature, and other information
from your fax machine. Just dial 208-368-5800 from your
fax machine and Micron DataFax will give you instruc-
tions on how to order documents, including an index of
documents. Once your order is placed, Micron DataFax
will process your order, faxing up to two documents per
call to your fax machine.

QUALITY

Quality is the most important thing we provide to
every Micron customer with each Micron shipment. That's
because we believe that quality must be internalized
consistently at each level of our company. We provide
every Micron team member with the training and moti-
vation needed to make Micron’s quality philosophy a
reality.

One way we have measurably improved both produc-
tivity and product quality is through our own quality
improvement program formed by individuals through-
out the company. Micron quality teams get together to
address a wide range of issues within their areas. We
consistently and regularly perform a company-wide self-
assessment based on the Malcolm Baldrige National
Quality Award criteria. We've also implemented statisti-
cal process controls to evaluate every facet of the memory
design, fabrication, assembly and shipping process. And
our AMBYX intelligent burn-in and test system** gives
Micron a unique edge in product reliability.

These quality programs have resulted in Micron be-
coming one of the first U.S. semiconductor manufactur-
ers to receive ISO 9001 certification. ISO 9001 is the most
comprehensive level of certification in the internationally
recognized ISO family of specifications. The certification
implies that Micron’s systems for accepting orders, re-
viewing customers’ specifications, manufacturing and
testing products, and delivering those products to its
customers are quality controlled and produce consistent
results.

PREFACE
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GENERAL INFORMATION

ABOUT THIS BOOK

CONTENT

The 1995 DRAM Data Book from Micron Technology
provides complete specifications on Micron’s standard
DRAMSs, synchronous graphics RAM (SGRAM), DRAM
modules and DRAM cards.

The DRAM Data Book is one of three product data books
Micron currently publishes. Its two companion volumes
include our SRAM Data Book and Flash Memory Data Book.

SECTION ORGANIZATION

Micron’s 1995 DRAM Data Book contains a detailed Table
of Contents with sequential and numerical indexes of prod-
ucts as well as a complete product selection guide. The Data
Book is organized into twelve sections:

* - Sections 1-6: Individual product families. Each
contains a product selection guide followed by
data sheets.

® Section 7: Technical notes.

¢ Section 8: Summary of Micron’s unique
quality and reliability programs and testing
operation, including our AMBYX intelligent
burn-in and test system.* '

* Section 9: Packaging information.

* Section 10: Customer service notes and sales
information, including a list of sales represen-
tatives and distributors worldwide.

* Section 11: Micron DataFax index.

DATA SHEET SEQUENCE

Data sheets in this book are ordered first by width and
second by depth. For example, the EDO DRAM section
begins with the 1 Meg x 4 followed by all other x4 configu-
rations in-order of ascending depth. Next come the x8
products, etc., as applicable to the specific product family.

DATA SHEET DESIGNATIONS

As detailed in the table below, each Micron product
data sheet is classified as either Advance, Preliminary (in-
dicated on the top of each data sheet) or Final (final data
sheets have no marking). In addition, new product data
sheets that are new additions are designated with a “New”
indicator in the tab area of each page.

SURVEY

We have included a removable, postage-paid survey
form in the front of this book. Your time in completing and
returning this survey will enhance our efforts to continually
improve our product literature. ‘

For more information on Micron product literature, or to
order additional copies.of this publication, contact: -

Micron Technology, Inc.

2805 East Columbia Road

P.O. Box 6

Boise, ID 83707-0006

Phone: 208-368-3900

Fax: 208-368-4431

Micron DataFax: 208-368-5800

Customer Comment Line:
U.S.A. 800-932-4992
Intl. 01-208-368-3410
Fax 208-368-3342

DATA SHEET DESIGNATIONS

DATA SHEET MARKING DEFINITION

Advance This data sheet contains initial descriptions of products still under development.

Preliminary This data sheet contains initial characterization limits that are subject to change upon full
characterization of production devices.

No Marking This data sheet contains minimum and maximum limits specified over the complete power
supply and temperature range for production devices. Although considered final, these
specifications are subject to change, as further product development and data character-
ization sometimes occur.

New This data sheet (which may be either Advance, Preliminary or Final) is a new addition to
the data book.

NOTE: Micron uses acronyms to refer to certain industry-standard-setting bodies. These are defined below:

EIA/JJEDEC—Electronics Industry Association/Joint Electron Device Engineering Council
JEIDA—Japanese Electronics Industry Development Association
PCMCIA—Personal Computer Memory Card International Association

*Micron’s Quality/Reliability Handbook is available by calling 208-368-3900.

PREFACE
Rev. 2/95
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PRODUCT NUMBERING

EXPANDED COMPONENT NUMBERING SYSTEM -

AA BBCC DDDD FFF -GG ZZZZ
L L | €L 1

MT4C4001DJ-7
Micron — [ T Processing Codes
DRAM 70ns Access Time
CMOS SOJ Package
1Megx4 —M8
AA - PRODUCT LINE IDENTIFIER FFF - PACKAGE CODES
MiCron Product ..o MT PLASTIC
DIP oot ettt
BB — PRODUCT FAMILY DIP (Wide Body)..
DRAM Locuiiiisiieseeseeesiset s ssssesssnsssssssss s ssessesansssssnssssens 4 2P
SRAM ...ttt b bbb en 5 Lec... .
CC - PROCESS TECHNOLOGY SOP/SQIC
OMOS ...oooseevieeeeeseeessoees s esssssssesessssssssiessssssene s c T S
LOW VOItAge CMOS ....ooosseeecvoeeessssveresscsseensesnnsssenses LC TSOP (Type I).
TSOP (Type |, RBVEISEA) ...evvveerirticreesereerearereeresevenins XG
DDDD - DEVICE NUMBER TSOP (TYPE 1) cerevereeeirercreceriesece s esaesiessres s eniesanes TG
(Can be modified to indicate variations) TSOP (REVEISEU) --vveeeeeeesssessssassssnsssssssssssss s RG
DRAM...... ; .... Width, Density TSOP (LONGEN) s T
TPDRAM oo Width, Density SOJ .o . T DJ
SRAM ....oooooeeeeeeeseesieneeeeeeseeermss e Total Bits, Width SOJ (REVETSEA) ovovvvvverevrrvnercvrnnrinnsssrinnssssessssssnsesesesssoen DR
Synchronous SRAM .........ccecvevvveererersseeesenens Density, Width SOUJ (LONGET) «.eoveveerceeirencieeseeeiei e sesenssessensasseennne DL
E - DEVICE VERSIONS
(Alphabetic characters only; located between D and F when
required.)
JEDEC Test Mode (4 Meg DRAM)
Errata on Base Part...................... s
;:5?9055 ) Vi Micron Technology, Inc., reserves the right to change products (;r ;g:;:;ﬁ:nﬁ;i}:ﬁmc‘nx:



PREFACE
PRODUCT NUMBERING

EXPANDED COMPONENT NUMBERING SYSTEM (continued)

AA BBCC DDDD FFF -GG

771

(L1t 1 1 _1

MT4C4001DJ-7

GG - ACCESS TIME

. 5ns or 50ns
....... 6ns or 60ns
7ns or 70ns
....... 8ns or 80ns
10ns or 100ns
12ns or 120ns
15ns or 150ns
...... 17ns
.. 20ns
...... ... 25ns
.. 35ns

2Z ZZ - PROCESSING CODES

(Multiple processing codes are separated by a space and are
listed in hierarchical order.)

© Example:
A DRAM supporting low power, extended refresh (L); low voltag
(V) and the industrial temperature range (IT) would be indicated as
vV L T
Interim eeere et e e se et st er s enn et neaes |
LOW VORAGE ....veeveeeri ettt sessnes \Y

Micron — l l " T Processing Codes
DRAM 70ns Access Time
CMOS SOJ Package

1 Meg x4

DRAMs
Low Power (Extended Refresh) ..........ccciciviinnneiivrivnneenns
Low Power (Self Refresh/Extended Refresh)
SRAMs
Low Volt Data Retention .
LOW POWET ...covvnrireireeicn
Low Power, Low Volt Data Retentlon
EPI Wafer ...........
Operating Temperature Range

0°C to +70°C ... T, ... Blank
“40°C 10 +85°C ...euvverveivierrnreenesesnesicannsiinns (intonsinerines IT
-40°C t0 +125°C ..... ' AT
-55°C t0 +125°C ...... . L XT
Special Processing
Engineering Sample errereraesanrnes ES
Mechanical Sample ... MS
Sample Kit* ........ SK
Tape-and-Reel™ ...t esenasesens TR
Bar GOOe™ ...t BC

*Used in device order codes; this code is not marked on device.

PREFACE ; M
Rev. 2/95 vil
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PRODUCT NUMBERING

NEW COMPONENT NUMBERING SYSTEM

Ar :ftf Dnnlnnn EE FFF —GG uz
MT4C1M1 6A1 DJ-8 VL

Micron —— l _L_————- Low Voltage, Low Power (Extended Refresh)
DRAM 70ns Access Time
CMOS SOJ Package

1 Megx 16 Data Sheet Defined
AA - PRODUCT LINE IDENTIFIER eresenrensivesesdenes Megabits
Micron Product .........ccoeeviveierennnce TR S———— MT SOOIt Gigabits
BB — PRODUCT FAMILY ‘ Density, Configuration
Flash (Dual SUPPIY) ...ttt 28 EE - DEVICE VERSIONS

(The first character is an alphabetic character only; the
second character is a numeric character only.)
Specified by individual data sheet.

irterensteaserassossesssisereronsassesdls FFF - PACKAGE CODES
Synchronous SRAM

CC - PROCESS TECHNOLOGY

BICMOS ...

Low Voltage BiICMOS

Flash CMOS &

Low Voltage Flash CMOS TSOP (Type ) .o e

AP FIASH CMOS ... TSOP (Reversed) ..

TSOP (LONGEN) oo . TL

DDDDDD - DEVICE NUMBER SoJ SRR DJ
Depth, Width ' SOJ (WIE) orovoeies e iesoeesre s

Example: SOJ (REVEISEA) ....eovvereriri et DR

1M16 = 1 megabit deep by 16 bits wide = 16 megabits of total S0J (Longer)
memory.

NO LEHEE e Bits

PREFACE iii Micron Technology, Inc., reserves the right to change products or specifications without notice.
Rev. 295 \' ©1995, Micron Technology, Inc.
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PRODUCT NUMBERING

NEW COMPONENT NUMBERING SYSTEM (continued)

A ?E(j(_: DDD|DDD EE FFF -GG zz z
MT4C1M1 6A1 DJ 8 VL

Micron —— —‘:— Low Voltage, Low Power (Extended Refresh)
DRAM - 70ns Access Time
CMOS SOJ Package

1 Meg x 16

Data Sheet Defined

GG — ACCESS TIME
5ns or 50ns
6ns or 60ns
7ns or 70ns
8ns or 80ns
9ns or-90ns
10 s 10ns or 100ns
S12 s 12ns or 120ns
-15.. . 15ns or 150ns
S bt 17ns
-20.. ... 20ns
-25.. .. 25ns
-35.. .. 35ns
-45.. .. 45ns
-53.. ... 53ns
DD ettt ettt st s netenanas 55ns

ZZ 7ZZ - PROCESSING CODES
(Multiple processing codes are separated by a space and are
listed in hierarchical order.)
Example:
A DRAM supporting low power, extended refresh (L); low voltage
(V) and the industrial temperature range (IT) would be indicated as
vV L T
INEBIIM oo et s
Low Voltage

DRAMs
Low Power (Extended Refresh) .........cooeccieirninsivnneniniins L
Low Power (Self Refresh/Extended Refresh)............ccoce.... S
SRAMs ’
Low Volt Data Retention ......c...ccoveveuviecoricionnnisiviiesionnns L
Low Power
Low Volt Data Retention, Low Power ............cccccceveenee. LP
Flash
3.3V REAA (AP) ettt
Bottom Boot Block .....
Top Boot BIOCK .....cocveviirieiricicicn
EPLWATET ....oveecee ettt

- Commercial Testing

0°C 10 +70°C ..uveveeerrereerieceeseniisesis e st sssassianes
-40°C to +85°C ....
-40°C to +125°C
-55°C to +125°C
Special Processing )
Engineering Sample .......c.ooovveiinciinnnneneesieiens ES
Mechanical Sample .
SAMPIE Kit™ ...t SK
Tape-and-Reel™ ..ot TR
Bar COE™ ... enen BC

* Used in device order codes; this code is not marked on device.

PREFACE H
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MICRON

TECHNOLOGY. ING.

MODULE NUMBERING SYSTEM

AA BB CDDDEEEFFF GG HH JJ KK
S N T N Y I o I

MT12LD136xxG-7 L

Micron ——
12 Components
3.3 Volt

DRAM Module

T DRAM Low Power
70ns Access Time
Gold Plating

Device Version

1 Meg !

AA - PRODUCT LINE IDENTIFIER

x36

JJ - ACCESS TIME

Micron Product ........... MT 10ns
BB - NUMBER OF MEMORY COMPONENTS ons
C - PROCESS TECHNOLOGY 17ns

LOW VOLTAGE (3.3V) coveseeeeeeereseriessesssreeneessroeess s L 20ns

25ns
DDD ~ RAM FAMILY 35ns

DRAM ..ottt ss e sss s b e s ssnens D 60ns

DRAM TSOP ...ttt st sr s eeaenes DT 70ns

SRAM ...ttt e beser b enene S 80ns

SRAM TSOP ...t n i ST

SYNCHRONOUS SRAM . . Sy KK - MODULE SPECIAL DESIGNATOR

SYNCHRONOUS SRAM TQFP SYT SRAM _

2V data retention ... L
EEE - DEPTH Low Power ettt res P
" Low Power, 2V data retention ............ccccccourernnee. LP
FFF - WIDTH DRAM
GG - DEVICE VERSIONS Low Power (Extended Refresh) ... L
Specified by individual data sheet (Synchronous SRAM only) ECC
Extended Data Out
HH — PACKAGE CODE Self Refresh .........oooovooeccicceene

(ZEI(')DId Plated SIMM/DIMM ......cooovireireereererer s 16 Meg DRAM 4,096 RSN ....oceooerooeeesseoesitiseessieeeessrn A

SIP ot

SIMM/DIMM..........coeverernee

Small Outling DIMM .......ccuomirrriieeeee e
Small Qutline Gold DIMM .... .
Double-Sided SIMM (1 or 4 Meg x 36 Only) ................... DM
Double-Sided SIMM (Gold 1 or 4 Meg x 36 Only) ............ DG

PREFACE
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DRAM CARD NUMBERING SYSTEM

AA BB CCCC DDDEE FF -G H

1 I 11 11

MT8D88C132VH-8S
Micron — I T Special Designator
8 Components 80ns Access Time
88-Pin DRAM Card Special Designator

1 Meg x32
AA - Product Line Identifier G - ACCESS TIME

MICION ProdUCE ...t MT
BB — NUMBER OF MEMORY COMPONENTS

CCCC - DRAM CARD DESIGNATOR AND PIN COUNT
88-Pin DRAM Gard ..........coocecreeereeseirserceersceieenense D88C

DDD - DEPTH
EE — WIDTH

FF — SPECIAL DESIGNATOR
3.3 Volts ...
Reduced 18ngth (2') ...vveereeerreiee e eenene s H

H-SPECIAL DESIGNATOR
Self REFIESN ..o S

PREFACE
Rev. 2/95
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PRODUCT NUMBERING

DIE PRODUCT NUMBERING SYSTEM

AA BBCC DDDDDD  EEEE F GG -HH
[ I EN 11 1
MT4C4001JD30ADC2-7

Micron — '
DRAM —
CMOS

1 Megx 4

AA — PRODUCT LINE IDENTIFIER

Component Product ......c.cc.ccoeeeeeeernereesreeesee s MT
BB - PRODUCT FAMILY

SRAM ..ot et et e s 5

DRAM.................. .4

Synchronous SRAM .........ccvicnrriecrerece e 58
CC - PROCESS TECHNOLOGY

CMOS et na s ssrn s C

LOW Voltage CMOS ..ot ssessessnne LC
DDDDDD - DEVICE NUMBER

When no alpha character appears as part of this section, the
section is defined as: :
............................................................. Width, Density
Total Bits, Width
......................................... Depth, Width

When an alpha character occurs as part of this section, the
section is defined as:

Depth, Width

Example:

1M16 = 1 megabit deep by 16 bits wide = 16 megabits of total

memory.

No Letter SO OO BRSO Bits
Kilobits

..Megabits

Gigabits

] T 70ns Access Time
- Hot Speed Probe
- Die Form (individual)

D30A Die Data Base

EEEE - DIE DATA BASE REVISION

F - FORM
Die Form...........ccc......
Wafer Form (6" Wafer
GG - TESTING LEVELS
Standard Probe (0°10 70°C) ....ocvvveereerereeririreniesieneinnens
Hot Speed Probe (0° to 70°C) ..
Known Good Die (0°10 70°C) ......c.ccveereunne
KGDPIUs® | ......evrereen. ;
HH - ACCESS TIME
(Applicable for G2 and C3 only)
S 5ns or 50ns
6 ... ... 6ns or 60ns
LY A ... 7ns or 70ns
-8 ... ... 8ns or 80ns
S e 9ns or 90ns
-10 ... .. 10ns or 100ns
21 e 12ns or 120ns
L 1 TSRS 15ns or 150ns
L 1 PP P S PPPRRUSRRY 17ns
-20 . ... 20ns
-25 . ... 26ns
-35 ... ... 35ns
“45 s ... 45ns
-50 (SRAM ONlY) .eovineiiririiaieeire e 50ns
=SS (C2 0NlY) wevieeceriereee e speed sorted

PREFACE
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MT4C16257 ... ; 256K x 16 5V,DC ... 2-117
MT4LC16257 ...... 256K x 16 - 3.3V, DC . 2-131
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MT4LC1IM16C3 .. R .1Megx16  3.3V,DC,1KR 2-163
MT4LCIM16C3 S 1Megx16 - 3.3V,DC, 1KR,S 2-163
DC Dual CAS QcC ' Quad CAS
1KR 1,024 Refresh 2KR 2,048 Refresh
4KR 4,096 Refresh 8KR .. ‘8,192 Refresh
S SELF REFRESH 5V. 5 volt Vcc

3.3V . 3.3 volt Vcc
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PRODUCT SELECTION

EDO DRAM PRODUCT SELECTION GUIDE

Memory Optional Part Access Typical Power Dissipation [Package/No. of Pins
Configuration | Access Cycle Number Time (ns) Standby J Active S0J L TSOP Pége
3.3V EDO DRAMs .
1Meg x4 EDO MT4LC4007J 60, 70, 80 1mwW 115mWwW 20/26 - 1-15
1Meg x 4 EDO, S MT4LC4007J S 60, 70, 80 | 0.25mW 115mW 20/26 - 1-15
4 Meg x 4 EDO, 2KR MT4LCAMA4ES 60, 70 1mwW 150mW 24/26 | 24/26 1-31
4Meg x4 EDO, 2KR, S MT4LC4AM4E8 S | 60, 70 0.4mW 150mwW 24/26 | 24/26 1-31
16 Meg x 4 EDO, 8KR MT4LC16M4G3 50, 60, 70 TmwW 165mW 34 34 1-47
16 Meg x 4 EDO, 4KR MT4LC16M4H9 50, 60, 70 imw 165mW 34 34 1-47
2Meg x 8 EDO, 2KR MT4LC2MBE7 60, 70 Tmw 150mW 28 28 1-63
2Meg x 8 EDO, 2KR, S MT4LC2M8E7 S | 60, 70 0.3mW 150mW 28 28 1-63
8 Meg x 8 EDO, 8KR MT4LC8M8P4 50, 60, 70 1mwW 170mW 34 34 1-77
8Meg x 8 EDO, 4KR MT4LC8M8C2 50, 60, 70 1mW 170mW 34 34 1-77
256K x 16 | EDO, DC MT4LC16270 60, 70, 80 1mwW 85mW 40 40/44 1-107
1Megx 16 | EDO, DC, 1KR MT4LC1M16E5 60, 70 0.9mW 180mwW - 44/50 1-123
1Megx 16 | EDO, DC, 1KR, S| MT4LC1M16E5 S| 60, 70 0.3mW 180mwW - 44/50 1-123
5V EDO DRAMs
1Meg x4 EDO MT4C4007J 60, 70 3mW 175mW | 20/26 - 1-1
1Megx4 EDO, S MT4C4007J S 60, 70 0.8mW 175mW 20/26 - 1-1
256K x 16 | EDO, DC MT4C16270 60, 70, 80 3mw 300mw 40 40/44 1-91

EDO = Extended Data-Out, DC = Dual CAS, 1KR = 1,024 Refresh, 2KR = 2,048 Refresh, 4KR = 4,096 Refresh,
8KR = 8,192 Refresh, S = SELF REFRESH

PREFACE XX Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRODUCT SELECTION

FPM DRAM PRODUCT SELECTION GUIDE

Memory Optional Part - Access Typical Power Dissipation [Package/No.of Pins
Configuration | Access Cycle Number Time (ns) | Standby T Active s0J | TsoP Page
3.3V FPM DRAMs
1 Meg x 4 FPM MT4LC4001J 60, 70, 80 1mwW 100mW | 20/26 | 20/26 | 2-29
1 Meg x 4 FPM, S MT4LC4001J S 60, 70, 80| 0.3mW 100mW | 20/26 | 20/26 2-29
4 Meg x 4 FPM, 2KR MT4LC4M4B1 60, 70 1mWwW 180mW | 24/26 | 24/26 2-65
4 Meg x 4 FPM, 2KR, S MT4LC4M4B1 S | 60, 70 0.3mW 180mW | 24/26 | 24/26 2-65
16 Meg x 4 FPM, 8KR MT4LC16M4A7 50, 60, 70 1mwW 165mW 34 34 2-79
16 Meg x 4 FPM, 4KR MT4LC16M4T8 50, 60, 70 TmwW 225mW 34 34 2-79
2Megx 8 FPM, 2KR MT4LC2M8B1 60, 70 1TmwW 200mW 28 28 2-91
2 Meg x 8 FPM, 2KR, S MT4LC2M8B1 S | 60, 70 0.3mW 200mwW 28 28 2-91
8 Meg x 8 FPM, 8KR MT4LC8MS8ET1 50, 60, 70 1mW 170mW 34 34 2-105
8 Meg x 8 FPM, 4KR MT4LC8M8B6 50, 60, 70 1mW 230mwW 34 34 2-105
256K x 16 | FPM, DC MT4LC16257 60, 70, 80 3mW 150mW 40 40/44 2-131
256K x 16 | FPM, DC, S MT4LC16257 S 60, 70,80 0.3mW 150mW 40 40/44 2-131
1 Megx 16 | FPM, DC, 1KR MT4LC1M16C3 | 60, 70 3mW 250mW - 44/50 2-163
1 Megx 16 | FPM, DC, 1KR, S| MT4LC1M16C3 S| 60, 70 0.3mW 250mW - 44/50 2-163
5V FPM DRAMs
4 Meg x 1 FPM MT4C1004J 60, 70 3mW 225mW | 20/26 | 20/26 2-1
4 Meg x 1 FPM, S MT4C1004J S 60, 70 0.8mW 225mW | 20/26 | 20/26 2-1
1 Meg x 4 FPM ‘ MT4C4001J 60, 70 3mW 225mW | 20/26 | 20/26 2-15
1 Meg x 4 FPM,S = MT4C4001J S 60, 70 0.8mW 225mW | 20/26 | 20/26 2-15
1 Megx 4 FPM, QC MT4C4004J 60, 70 3mW 225mW | 24/26 - 2-41
4 Meg x 4 FPM, 2KR MT4C4M4B1 60, 70 3mwW 250mW | 24/26 | 24/26 2-53
256K x 16 | FPM, DC MT4C16257 60, 70, 80 3mwW 375mW 40 40/44 2-117
1 Megx 16 | FPM, DC, 1KR MT4C1M16C3 60, 70 1imW 350mwW 42 - 2-147

FPM = FAST PAGE MODE, DC = Dual CAS, QC = Quad CAS, 1KR = 1,024 Refresh, 2KR = 2,048 Refresh,
4KR = 4,096 Refresh, 8KR = 8,192 Refresh, S = SELF REFRESH

SGRAM PRODUCT SELECTION GUIDE

Memory Part Speed Power Dissipation No. of Pins
Configuration Number Grade (ns) Standby Active TQFP Page
256K x 32 3.3V MT41LC256K32D4 10, 12, 15 TBD TBD 100 3-1
256K x 32 3.3V MT41LC256K32D4 S 10,12, 15 TBD TBD 100 3-1

S = SELF REFRESH

| PREFACE H Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRODUCT SELECTION

DRAM SIMM PRODUCT SELECTION GUIDE

Memory Part Optional Access Typical Power Dissipation No. of Pins
Configuration Number Access Cycle | Time (ns) Standby |  Active SIMM Page
3.3V SIMMs
1 Meg x 32 3.3V | MT8LD(T)132 60, 70, 80 9.6mW 800mW 72 4-77
1 Meg x 32 3.3V | MT8LD(T)132 S S 60, 70, 80 2.4mW 800mwW 72 4-77
1 Meg x 32 3.3V | MT8LD(T)132 X EDO 60, 70, 80 8mw 920mW 72 4-77
1 Meg x 32 3.3V | MT8LD(T)132 XS EDO, S 60, 70, 80 2mw 920mW 72 4-77
2 Meg x 32 3.3V | MT16LD(T)232 60, 70, 80 19.2mW 810mW 72 4-77
2 Meg x 32 3.3V | MT16LD(T)232 S S 60, 70, 80 4.8mW 802mW 72 4-77
2 Meg x 32 3.3V | MT16LD(T)232 X EDO 60, 70, 80 16mwW 928mW 72 4-77
2 Meg x 32 3.3V | MT16LD(T)232 XS EDO, S 60, 70, 80 4mW 922mW 72 4-77
2 Meg x 32 3.3V | MT4LD232 60, 70 4mW 800mW 72 4-99
2 Meg x 32 3.3V | MT4LD232 S S 60, 70 1.2mW 800mW 72 4-99
2 Meg x 32 3.3V | MT4LD232 X EDO 60, 70 4mW 600mW 72 4-99
2 Meg x 32 3.3V | MT4LD232 XS EDO, S 60, 70 1.2mW 600mW 72 4-99
4 Meg x 32 3.3V | MT8LD432 60, 70 8mwW 1,440mW 72 4-133
4 Meg x 32 3.3V | MT8LD432 S S 60, 70 . 2.4mW 1,440mW - | 72 4-133
4 Meg x 32 3.3V | MT8LD432 X EDO 60, 70 8mw 1,200mW 72 4-133
4 Meg x 32 3.3V | MT8LD432 XS EDO, S 60, 70 3.2mW 1,200mW 72 4-133
8 Meg x 32 3.3V | MT16LD832 60, 70 16mW 1,408mW 72 4-133
8 Meg x 32 3.3V | MT16LD832 S S 60, 70 4.8mW 1,442mW 72 4-133
8 Meg x 32 3.3V | MT16LD832 X EDO 60, 70 16mwW 1,208mwW 72 4-133
8 Meg x 32 3.3V | MT16LD832 XS EDO, S 60, 70 6.4mW 1,203mW 72 4-133
5V SIMMs
1 Megx8 5V MT2D18 60, 70 6mwW 450mW 30 4-1
4 Meg x 8 5V MT2D48 60, 70 6mwW 500mW 30 4-11+
4 Meg x 8 5V MT8D48 ) 60, 70 24mW 1,800mW 30 4-21
4 Megx 9 5V MT3D49 60, 70 ImW 725mW 30 4-31
4 Meg x 9 5V MT9D49 60, 70 27mW .. 2,025mwW 30 4-41
256K x 32 5V MT2D25632 60, 70 6mwW 750mW 72 4-51
512K x 32 5V MT4D51232 60, 70 12mwW 756mW 72 4-51
1 Meg x 32 5V MT8D132 60, 70 24mW 1,800mW 72 4-63
1 Meg x 32 5V MT8D132 S S 60, 70 24mW 1,800mW 72 4-63
2 Meg x 32 5V MT16D232 60, 70 48mwW 1,824mW 72 4-63
2 Meg x 32 5V MT16D232 S S 60, 70 48mwW 1,824mW 72 4-63
4 Meg x 32 5V MT8D432 60, 70 24mW 2,000mW 72 4-119
4 Meg x 32 5V MT8D432 S S 60, 70 2.4mW 1,440mW 72 4-119
8 Meg x 32 5V MT16D832 60, 70 48mwW 2,024mW 72 4-119
8 Meg x 32 5V MT16D832 S S 60, 70 4.8mW 1,443mW 72 4-119
1Meg x 36 5V MT9D136 60, 70 27mwW 2,025mW 72 4-155
2Meg x 36 5V MT18D236 60, 70 54mW 2,052mW 72 4-155
4 Meg x 36 5V MT12D436 60, 70 36mwW 2,500mW 72 4-167
4Megx36 | 5V MT12D436 S S 60, 70 3.6mW 2,340mW 72 4-167
8 Meg x 36 5V MT24D836 60, 70 72mW 2,536mW 72 4-167
8 Meg x 36 5V MT24D836 S S . 60, 70 7.2mW 2,348mW 72 4-167

S = SELF REFRESH; EDO = Extended Data-Out

PREFACE H Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PREFACE

PRODUCT SELECTION

DRAM DIMM PRODUCT SELECTION GUIDE

Memory Part Optional Access Typical Power Dissipation | No. of Pins
Configuration Number Access Cycle | Time (ns) | Standby | Active DIMM Page
3.3V DIMMs )
1 Meg x 32 3.3V | MT2LD(T)132H 60, 70 6mwW 500mW 72 5-1
1 Meg x 32 3.3V | MT2LD(T)132H S S 60, 70 6mwW 500mW 72 5-1
2 Meg x 32 3.3V | MT4LD(T)232H 60, 70 12mwW 506mwW 72 5-1
2 Meg x 32 3.3V | MT4LD(T)232H S S 60, 70 1.2mwW 501mwW 72 5-1
4 Meg x 32 3.3V | MT8LD(T)432H 60, 70 8smwW 1,440mW 72 5-15
4 Meg x 32 3.3V | MT8LD(T)432H S S 60, 70 2.4mW 1,440mW 72 5-15
1 Meg X 64 3.3V | MT16LD(T)164 60, 70 19.2mW | 1,600mW 168 5-47
-1 Meg x 64 3.3V | MT16LD(T)164 S S 60, 70 4.8mW 1,600mW 168 5-47
2Megx64 | 3.3V | MT8LD(T)264 60, 70 8mwW 1,600mW 168 5-69
2 Meg x 64 3.3V | MT8LD(T)264 S S 60, 70 2.4mW 1,600mW 168 5-69
2 Meg x 64 3.3V | MT8LD(T)264 X EDO 60, 70 8mwW 1,200mW 168 5-69
2 Meg x 64 3.3V | MT8LD(T)264 XS EDO,S 60, 70 2.4mW 1,200mW 168 5-69
4 Meg x 64 3.3V | MT16LD(T)464 60, 70 16mwW 2,880mW 168 5-47
4 Meg x 64 3.3V | MT16LD(T)464 S S 60, 70 4.8mW 2,880mW 168 5-47
4 Meg x 64 3.3V | MT16LD(T)464 X EDO 60, 70 16mW 2,400mW 168 5-47
4 Meg x 64 3.3V | MT16LD(T)464 XS EDO, S 60, 70 6.4mW 2,400mW 168 5-47
1 Megx 72 3.3V | MT18LD(T)172 60, 70 21.6mW | 1,800mW 168 5-109
1 Meg x 72 3.3V | MT18LD(T)172 S S 60, 70 5.4mW 1,800mW 168 5-109
2Megx72 | 3.3V | MTOLD(T)272 60, 70 9mwW 1,800mW 168 5-131
2 Meg x 72 3.3V | MTILD(T)272 S S 60, 70 2.7mW 1,800mW 168 5-131
2 Meg x 72 3.3V | MTILD(T)272 X EDO 60, 70 ImwW 1,350mW 168 5-131
2 Meg x 72 3.3V | MTILD(T)272 XS EDO, S 60, 70 2.7mW 1,350mW 168 5-131
4 Meg x 72 3.3V | MT18LD(T)472 60, 70 18mwW 3,240mW 168 5-109
4 Meg x 72 3.3V | MT18LD(T)472 S S 60, 70 5.4mW 3,240mW 168 5-109
4 Meg x 72 3.3V | MT18LD(T)472 X EDO 60, 70 18mwW 2,700mW 168 5-109
( 4 Meg x 72 3.3V | MT18LD(T)472 XS EDO, S 60, 70 5.4mW 2,700mwW 168 5-109
5V DIMMs
1 Meg x 64 5V MT16D(T)164 60, 70 48mW 3,600mW 168 5-29
1 Meg x 64 5V MT16D(T)164 S S 60, 70 12.8mW | 3,600mW 168 5-29
4 Meg x 64 5V MT16D(T)464 60, 70 48mW 4,000mW 168 5-29
1 Meg x 72 5V MT18D(T)172 60, 70 54mW 4,050mW 168 5-91
1Megx72 | 5V | MT18D(T)172S S 60, 70 14.4mW | 4,050mW 168 5-91
4 Megx 72 5V MT18D(T)472 60, 70 54mW 4,500mW 168 5-91

EDO = Extended Data-Out; S = SELF REFRESH

i| preFacE Xiii Micron Technology, Inc., reserves the right to change products or specifications without notce.
Rev. 2/95 XX ©1995, Micron Technology, Inc.
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PRODUCT SELECTION

DRAM CARD PRODUCT SELECTION GUIDE

Memory : Part Access Number of Pins
Configuration Number Time (ns) Card Page
3.3V DRAM Cards
1 Meg x 32 3.3V 4 Megabytes MT8D88C132V(S) 60, 70, 80 88 | 6-33
1 Meg x 32 3.3V 4 Megabytes MT8D88C132VH(S) 60, 70, 80 88 6-49
2 Meg x 32 3.3V 8 Megabytes MT16D88C232V(S) 60, 70, 80 88 6-33
2 Meg x 32 3.3V 8 Megabytes MT16D88C232VH(S) 60, 70, 80 88 6-49
4 Meg x 32 3.3V 16 Megabytes MT8D88C432V(S) 60, 70, 80 88 6-33
4 Meg x 32 3.3V 16 Megabytes - MT8D88C432VH(S) 60, 70, 80 88 6-49
8 Meg x 32 3.3V 32 Megabytes MT16D88C832V(S) 60, 70, 80 88 6-33
8 Meg x 32 3.3V 32 Megabytes MT16D88C832VH(S) 60, 70, 80 88 6-49
5V DRAM Cards
1 Meg x 32 5V 4 Megabytes MT8D88C132(S) 60, 70 88 6-1
1 Meg x 32 5V 4 Megabytes MT8D88C132H(S) 60, 70 88 6-17
2 Meg x 32 5V 8 Megabytes MT16D88C232(S). 60, 70 88 6-1
2 Meg x 32 5V 8 Megabytes MT16D88C232H(S) 60, 70 88 6-17

PREFACE i Micron Technology, Inc., reserves the right to change products or specifications without notice.
Rev. 2/95 XXIv ©1995, Micron Technology, Inc.
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TECHNOLOGY. INC.

EDO DRAM PRODUCT SELECTION GUIDE

Package/No.of Pins

Memory Optional Part Access Typical Power Dissipation
Configuration | Access Cycle Number Time (ns) Standby L Active S0J T TSOP Page
3.3V EDO DRAMs
1Meg x 4 EDO MT4LC4007J 60, 70, 80 1mwW 115mw 20/26 - 1-15
1Meg x 4 EDO, S MT4LC4007J S 60, 70, 80 | 0.25mW 115mW | 20/26 - 1-15
4 Meg x 4 EDO, 2KR MT4LC4M4ES8 60, 70 1mwW 150mW | 24/26 | 24/26 1-31
4 Meg x 4 EDO, 2KR, S MT4LC4M4E8 S | 60, 70 0.4mW 150mW | 24/26 | 24/26 1-31
16 ieg x 4 EDO, 8KR MT4LC16M4G3 50, 60, 70 imwW 165mW 34 34 1-47
16 Meg x 4 EDO, 4KR MT4LC16M4H9 50, 60, 70 imwW 165mW 34 34 1-47
2 iMieg x 8 EDO, 2KR MT4LC2M8E7 60, 70 1mwW 150mwW 28 28 1-63
2Meg x 8 EDO, 2KR, S MT4LC2M8E7 S | 60, 70 0.3mW 150mW 28 28 1-63
8 Meg x 8 EDO, 8KR MT4LC8M8P4 50, 60, 70 imwW 170mwW 34 34 1-77
8Meg x 8 EDO, 4KR MT4LC8M8C2 50, 60, 70 TmW 170mW 34 34 1-77
256K x 16 | EDO, DC MT4LC16270 60, 70, 80 imwW 85mwW 40 40/44 1-107
1Megx 16 | EDO, DC, 1KR MT4LC1M16E5 60, 70 0.9mW 180mwW - 44/50 1-123
“1Megx 16 | EDO, DC, 1KR, S| MT4LC1M16E5 S| 60, 70 0.3mwW 180mW - 44/50 1-123
5V EDO DRAMs
1Megx 4 EDO MT4C4007J 60, 70 3mw 175mW | 20/26 - 1-1
1Meg x 4 EDO, S MT4C4007J S 60, 70 0.8mW 175mW | 20/26 - 1-1
256K x 16 | EDO, DC MT4C16270 60, 70, 80 3mw 300mw 40 40/44 1-91

EDO = Extended Data-Out, DC = Dual CAS, 1KR = 1,024 Refresh, 2KR = 2,048 Refresh, 4KR = 4,096 Refresh,
8KR = 8,192 Refresh, S = SELF REFRESH




MICRO

TEGHNOLOGY, iNC.

PRELIMINARY

MT4C4007J(S)
1 MEG x 4 DRAM

DRAM

1 MEG x 4 DRAM

5V, EDO PAGE MODE,
OPTIONAL SELF REFRESH

FEATURES

¢ Single +5V £10% power supply

JEDEC-standard pinout and packages

High-performance CMOS silicon-gate process

All inputs, outputs and clocks are TTL-compatible

Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR),

HIDDEN; optional Extended and SELF REFRESH

modes

¢ Extended Data-Out (EDO) PAGE MODE access cycle

¢ 1,024-cycle Extended Refresh distributed across 16ms
or 128ms

¢ EDO PAGE MODE cycle times, 25-35ns

OPTIONS MARKING
¢ Timing
60ns access -6
70ns access 7
¢ Refresh Rate
Standard 16ms period None
SELF REFRESH and 128ms period S
* Packages
Plastic SOJ (300 mil) DJ

¢ Part Number Example: MT4C4007]DJ-7

KEY TIMING PARAMETERS
SPEED 'RC 'RAC pC AR 'CAC 'CAS
-6 110ns | 60ns 25ns 30ns 18ns 10ns
-7 130ns | 70ns 33ns 35ns 22ns 15ns
GENERAL DESCRIPTION

The MT4C4007]J(S) is a randomly accessed solid-state
memory containing 4,194,304 bits organized ina x4 configu-
ration with optional SELF REFRESH. During READ or
WRITE cycles, each of the 4 memory bits (1 bit per DQ) is
uniquely addressed through the 20 address bits, which are
entered 10bits (A0-A9) ata time. RASlatches the first 10 bits
and CAS latches the latter 10 bits.

A READ or WRITE cycle is selected with the WE input.
A logic HIGH on WE dictates READ mode while a logic
LOW on WE dictates WRITE mode. During a WRITE cycle,
data-in (D) is latched by the falling edge of WE or CAS,
whichever occurslast, however,only EARLY WRITE cycles
aresupported. LATEWRITE cycles should notbeattempted

PIN ASSIGNMENT (Top View)

20/26-Pin SOJ
(DA-1)

astheresults arenot predictable. WhenWE goes LOW prior
to CAS going LOW (EARLY WRITE cycle), the output pins
remain open (High-Z) until the next CAS cycle.

The four data inputs and four data outputs are routed
through four pins using common I/O, and pin direction is
controlled by WE and OE.

PAGE ACCESS

PAGE operations allow faster data operations (READ or
WRITE) within a row-address-defined (A0-A9) page
boundary.

The PAGE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address
strobed-in by CAS. CAS may be toggled-in by holding
RAS LOW and strobing-in different column-addresses,
thus executing faster memory cycles. Returning RAS
HIGH terminates PAGE operation.

EDO PAGE MODE

The MT4C4007] provides EDO PAGE MODE, which is
an accelerated FAST PAGE MODE cycle. The primary
advantage of EDO is the availability of data-out even after
CAS goes back HIGH. EDO provides for CAS precharge
time (*CP) to occur without the output data going invalid.
This elimination of CAS output control provides for pipe-
line READs.

PAGE MODE DRAMs have traditionally turned the out-
put buffers off (High-Z) with the rising edge of CAS. EDO

i| MT4C40074(S)
|| D23.pms5 - Rev. 2/95
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PRELIMINARY
MT4C4007J(S)

1 MEG x 4 DRAM

EDO PAGE MODE (continued)

operates as any DRAM READ or FAST-PAGE-MODE
m READ, except data will be held valid after CAS goes HIGH,

aslongasRASand OE are held LOW and WE is held HIGH.

OE can be brought LOW or HIGH while CAS and RAS are
o LOW, and the DQs will transition between valid data and
High-Z. Using OE, there are two methods to disable the
outputs and keep them disabled during the CAS HIGH
time. The first method is to have OE HIGH when CAS
transitions HIGH and keep OE HIGH for ‘OEHC. This will
tristate the DQs and they will remain tristate, regardless of
‘OE, until CAS fails again. The second method is to have
OE LOW when CAS transitions HIGH. Then OE can pulse

3
>
=

= Ve
vie-

HIGH for a minimum of 'OEP anytime during the CAS
HIGH period and the DQs will tristate and remain tristate,
regardless of OE, until CAS falls again (please reference
Figure 1 for further detail on the toggling OE condition).
During cycles other than PAGE-MODE READ, the outputs
are disabled at tOFF time after RAS and CAS are HIGH, or
'WHZ after WE transitions LOW. The 'OFF time is refer-
enced from the rising edge of RAS or CAS, whichever
occurs last. WE can also perform the function of turning off
the output drivers under certain conditions, as shown in
Figure 2.

o Yy B . e U N
ADDR ¥:r:m ROW W. COLUMN (A)W M l\‘c()LUMN ® W //)( \COLUMN (€) W COLUMN (D) W
i |
ba S:gf: OPEN \&KVAUD DATA (A)}——qf VALID DATA (&) ‘)& VAL!DDAY;HWTA © S VALID DATA (D)
oo | top | oo
= |Lozre
o8 Vs T e f T
==
The DQs go back to. The DQs remain High-Z The DQs remain High-Z
Low-Z if 1OES is met. until the next CAS cycle until the next CAS cycle
if tOEHC is met. “if tOEP is met.
DON'T CARE
B unperineD
Figure 1
OUTPUT ENABLE AND DISABLE
MT4C40074(S) Micron Technology, Inc.. —— ight to change products or specifications without notice.

D23.pm5 - Rev. 2/95-

©1985, Micron Technology, Inc.



MICR

PRELIMINARY
MT4C4007J(S) P

1 MEG x 4 DRAM m

REFRESH

Preserve correct memory cell data by maintaining power
and executing any RAS cycle (READ, WRITE) or RAS
refresh cycle (RAS ONLY, CBR, or HIDDEN) so that all
1,024 combinations of RAS addresses (A0-A9) are executed
within 'REF max, regardless of sequence. The CBR and
SELF REFRESH cycles will invoke the internal refresh
counter for automatic RAS addressing.

An optional SELF REFRESH mode is also available on
the MT4C4007] S. The “S” version allows the user the choice
of a fully static low-power data retention mode, or a dy-
namicrefreshmodeattheextended refresh period of 128ms.
The optional SELF REFRESH feature is initiated by per-
forming a CBR REFRESH cycle, and holding RASLOW for
the specified 'RASS. Additionally, the “S” version allows
for an extended refresh period of 128ms, or 125us per row
if using distributed CBR REFRESH. This refresh rate can be
applied during normal operation, as wellasduring astandby

=

The SELF REFRESH mode is terminated by driving RAS -
HIGH for a minimum time of ‘RPS. This delay allows for Im
the completion of any internal refresh cycles that may be in
process at the time of the RASLOW-to-HIGH transition. If
the DRAM controller uses a distributed refresh sequence, o
a burst refresh is not required upon exiting SELF RE-
FRESH. However, if the DRAM controller utilizes RAS
ONLY or burst refresh sequence, all 1,024 rows must be w
refreshed within the average internal refresh rate, prior to >

the resumption of normal operation.

STANDBY
Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to a reduced standby level.

‘The chip is preconditioned for the next cycle during the

RAS HIGH time.

or BATTERY BACKUP mode.
s s
AS 3:5: ,X A‘ _._____/__—\4/—___——\—
woon TN o N o I Y/ T ssme YOI omo)
. ‘\\ x
- M vauooar
0Q ok~ OPEN K VALID DATA (A) 4«7 VALID DATA (B) E—Gupur DATA(C) @:
twhz / twhz /
f
= v L
® Vi / /
I J I
The DQs go to High-Z if WE falls, and if WPZ is met, WE may be used to disable the DQs to prepare
will remain High-Z until CAS goes LOW with for input data in an EARLY WRITE cycle. The DQs
WE HIGH (i.e., until a READ cycle is initiated). will remain High-Z until CAS goes LOW with

WE HIGH (j.e., until a READ cycle is initiated).

DON'T CARE

&3 unpeFINED

Figure 2
OUTPUT ENABLE AND DISABLE USING WE

MT4C4007J(S)
D23.pm5 — Rev. 2/95
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MICRON MT4C4007J(S)

1 MEG x 4 DRAM

FUNCTIONAL BLOCK DIAGRAM
EDO PAGE MODE

Wvda oad I M3N

WE DATA-IN o DQ1
CAS R BUFFER o DQ2
CONTROL ° ggi
LOGIC i: °
NO. 2 CLOCK 5 DATA-OUT
GENERATOR BUFFER
o OE
COLUNN-
ADDRESS
a0 0 BUFFER(10)
Ao
A2 o REFRESH SELF REFRESH
A3 0 CONTROLLER OSCILLATOR
Ao T and TIMER
A5 ©
A6 o REFRESH
a0 COUNTER
A8
A9 & o« E | 1024 x 1024 x 4
™ s i g, 8 MEMORY
ADDRESS N5Q i e ARRAY
BUFFERS (10) i T =
I o
j o]
(&)
BAS NO. 1 CLOCK <+«——o Vce
o——— GENERATOR

— <+—o0 Vss

TRUTH TABLE
ADDRESSES DATA-IN/OUT
FUNCTION RAS CAS WE OF R 'c D01-D04
Standby H H—X X X X X High-Z
READ L L H L ROW COL Data-Out
EARLY WRITE L L L X ROW COL Data-In
EDO-PAGE-MODE 1st Cycle L H-L H L ROW COL Data-Out
READ 2nd Cycle L H-L H L n/a COL Data-Out
EDO-PAGE-MODE 1st Cycle L H-L L X ROW CcoL Data-In
EARLY-WRITE 2nd Cycle L H—-L L X n/a COL Data-In
RAS-ONLY REFRESH L H X X ROW n/a High-Z
HIDDEN READ L—-H—-L L H L ROW COL Data-Out
REFRESH WRITE L-H-L L L X ROW COL Data-In
CBR REFRESH H-L L H X X X High-Z
SELF REFRESH H-L L H X X X High-Z

MT4C4007J(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
D23.pm5 - Rev. 2/95 1 "4 ©1995, Micron Technology, Inc.



MICRON

TECHNOLOGY. INC.

PRELIMINARY
MT4C4007J(S)

1 MEG x 4 DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Vss................ -1.0V to +7V
Operating Temperature, T4 (ambient) .......... 0°C to +70°C
Storage Temperature (plastic)..........c..cc.... -55°C to +150°C
Power Dissipation N
Short Circuit Qutput Current ..........ccoceeerveicrnnnenes 50mA

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc = +5V £10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

WvHda odd . M3N

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vcce 4.5 5.5 Y
Input High (Logic 1) Voltage, all inputs ViH 24 | Voor1 | Vv
Input Low (Logic O) Voltage, all inputs ViL -1.0 0.8 Vv
INPUT LEAKAGE CURRENT
Any input OV < VIn < 6.5V (All other pins not.under test = 0V) I -2 2 uA
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vout < 5.5V) loz -10 10 HA
TTL OUTPUT LEVELS High Voltage (lout = -5mA) VoH 24 Y
Low Voltage (lout = 4.2mA) VoL 04 Vv

MT4C4007.(S)
D23.pm5 - Rev. 2/85

Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MT4C4007J(S)
1 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc = +5V £10%)

MAX
PARAMETER/CONDITION SYMBOL| -6 -7 UNITS | NOTES
STANDBY CURRENT: (TTL) lcct 2 2 mA
(RAS = CAS = VIH) ’
STANDBY CURRENT: (CMOS) lcc2 1 1 uA
(RAS = CAS = Other Inputs = Vcc -0.2V) Icc2 200 200 uA
(S only)
OPERATING CURRENT: Random READ/WRITE )
Average power suppiy current [ofox] 110 100 mA | 3,4,
(RAS, CAS, address cycling: 'RC = 'RC [MIN]) 30
OPERATING CURRENT: EDO PAGE MODE
Average power supply current lcca 80 70 mA | 3,4,
(RAS = Vi, CAS, address cycling: tPC = PC [MIN]) 30
REFRESH CURRENT: RAS ONLY :
Average power supply current lccs 110 | 100 mA | 3,30
(RAS cycling, CAS = ViH: 'RC = 'RC [MIN])
REFRESH CURRENT: CBR
Average power supply current lcce 110 100 mA | 3,5
(RAS, CAS, address cycling: {RC = 'RC [MIN]) '
REFRESH CURRENT: Extended (S version only)
Average power supply current during Extended Refresh:
CAS = 0.2V or CBR cycling; RAS = 'RAS (MIN); WE= Vcc -0.2V; lcc7 300 300 pA | 3,5,
A0-A9 and Din = Vcc -0.2V or 0.2V (Din may be left open); (S only) 28
'RC = 125us (1,024 rows at 125us = 128ms)
REFRESH CURRENT: SELF (S version only)
Average power supply current during SELF REFRESH:
CBR cycle with RAS > 'RASS (MIN) and CAS held LOW; Iccs 300 300 UA | 5,29
WE = Vcc -0.2; AO-A9 and Din = Vce -0.2V or 0.2V (S only)
(DiNn may be left open)
CAPACITANCE
PARAMETER SYMBOL MAX | UNITS | NOTES
Input Capacitance: AO-A9 Cn 5 pF 2
Input Capacitance: RAS, CAS, WE, OE Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

MT4C40074S)
D23.pms5 ~Rev. 2/95 1-6

Micron Technology, Inc., reserves the right to change products or specifications without notice.
©1995, Micron Technology, Inc.



MICRO

TECHNO!

PRELIMINARY

MT4C4007J(S)
1 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6,7, 8,9, 10, 11, 12,13, 23) (Vcc = +5V £10%)

AC CHARACTERISTICS -6 -7

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES
Access time from column-address AA 30 - 35 ns
Column-address setup to CAS precharge during WRITE 'ACH 15 15 © ns
Column-address hold time (referenced to RAS) ‘AR 45 50 ns
Column-address setup time 'ASC 0 0 ns
Row-address setup time 'ASR 0 0 ns .
Access time from CAS 'CAC 18 22 ns 15
Column-address hold time 'CAH 10 15 ns

‘CAS pulse width 'CAS 10 10,000 15 10,000 ns

RAS LOW to “don’t care” during SELF REFRESH cycle {CHD 10 10 ns 28
CAS hold time (CBR REFRESH) 'CHR 10 10 ns 5
‘CAS to output in Low-Z ‘cLz 3 3 ns

Data output hold after CAS LOW 'COH 5 5 ns

CAS precharge time ‘CP 10 10 ns 16
Access time from CAS precharge ICPA 35 40 ns

CAS to RAS precharge time 'CRP 10 10 ns

CAS hold time 'CSH 50 55 ns

CAS setup time (CBR REFRESH) 'CSR 10 10 ns 5
Write command to CAS lead time tcwL 15 20 ns

Data-in hold time DH 10 13 ns 22
Data-in hold time (referenced to RAS) 'DHR 45 55 ns

Data-in setup:time DS 0 0 ns 22
Output disable oD 15 ; 20 ns 26
Output Enable time 'OE 15 20 ns 23
OE HIGH hold time from CAS HIGH 'OEHC 10 10 ns

OE HIGH pulse width 'OEP 10 10 ns

OE LOW to CAS HIGH setup time 'OES 5 5 ns

Output buffer turn-off delay 'OFF 3 15 3 20 ns 20
OE setup prior to RAS during HIDDEN REFRESH cycle 'ORD 0 0 ns
EDO-PAGE-MODE READ or WRITE cycle time PC 25 33 ns

Access time from RAS RAC 60 70 ns 14
RAS to column-address delay time 'RAD 15 30 15 35 ns 18
Row-address hold time RAH 10 10 ns
Column-address to RAS lead time RAL 30 35 ns

MT4C4007.(S)
D23.pmS5 — Rev. 2/95
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PRELIMINARY
< | MICHDN MT4C4007J(S)

1 MEG x 4 DRAM

M3

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13, 23) (Vcc = +5V £10%)

m AC CHARACTERISTICS -6 -7
U PARAMETER : SYM MIN MAX MIN MAX UNITS NOTES
O RAS pulse width RAS 60 10,000 70 10,000 ns
RAS pulse width (EDO PAGE MODE) RASP 60 100,000 70 100,000 ns
U RAS pulse width during SELF REFRESH cycle tRASS 100 100 us 28
w Random READ or WRITE cycle time RC 110 130 ns -
> RAS to CAS delay time | 'RCD 20 45 20 50 ns 17
Read command hold time (referenced to CAS) 'RCH 0 0 ns 19
§ Read command setup time RCS 0 0 ns
Refresh period (1,024 cycles) 'REF 16 16 ms
Refresh period (1,024 cycles) S version 'REF 128 . 128 ms
RAS precharge time ‘RP 40 50 ns
RAS to CAS precharge time 'RPC 0 0 ns
RAS precharge time during SELF REFRESH cycle RPS 110 130 ns 28
Read command hold time (referenced to RAS) ‘RRH 0 0 ns 19
RAS hold time . ‘RSH 15 20 ns
Write commaiid to RAS lead time RWL 15 20 ns
Transition time (rise or fall) T 2 50 2 50 ns 9, 10
Write command hold time 'WCH 10 15 ns
Write command hold time (referenced to RAS) 'WCR 45 55 ns
'WE command setup time twcs 0 0 ns 21,26
Output disable delay from WE (CAS HIGH) WHz 3 15 3 20 ns
Write command pulse width twp 10 15 ns
'WE pulse width for output disable when CAS HIGH wpz 10 10 ns
WE hold time (CBR REFRESH) 'WRH 10 10 ns r. 25
WE setup time (CBR REFRESH) 'WRP 10 10 ! ns 25

MT4C40074(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
D23.pmS — Rev. 2/05 1-8 ©1995, Micron Technology, Inc.



MICRON

TECHNOLOGY, INC.

PRELIMINARY

MT4C4007J(S)
1 MEG x 4 DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = +5V; f = 1 MHz.
3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the outputs open.

Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range is assured.

7. Aninitial pause of 100us is required after power-up
followed by eight RAS refresh cycles (RAS ONLY or
CBR with WE HIGH) before proper device operation
is assured. The eight RAS cycle wake-ups should be
repeated any time the 'REF refresh requirement is
exceeded.

8. AC characteristics assume T = 2.5ns.

9. Vi (MIN) and ViL (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between Vin and VIL (or between ViL
and ViH).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
VLL (or between VIL and ViH) in a monotonic manner.

11. If CAS and RAS = Vi, data output is High-Z.

12. If CAS = Vi, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to two TTL gates
and 100pF.

14. Assumes that -RCD < 'RCD (MAX). If 'RCD is greater
than the maximum recommended value shown in this
table, 'RAC will increase by the amount that fRCD
exceeds the value shown.

15. Assumes that 'RCD > 'RCD (MAX).

16. If CAS is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the data-out buffer, CAS must be
pulsed HIGH for 'CP.

17. Operation within the 'RCD (MAX) limit ensures that
'RAC (MAX) can be met. 'RCD (MAX) is specified as

@

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

a reference point only; if ‘/RCD is greater than the
specified 'RCD (MAX) limit, then access time is
controlled exclusively by {CAC.

Operation within the 'RAD (MAX) limit ensures that
fRCD (MAX) can be met. 'RAD (MAX) is specified as
a reference point only; if 'RAD is greater than the
specified fRAD (MAX) limit, access time is controlled
exclusively by tAA.

Either 'RCH or '‘RRH must be satisfied for a READ
cycle.

{OFF (MAX) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH or VoL.

If the cycle is a READ-MODIFY-WRITE, the state of
data-out is indeterminate. OE held HIGH and WE
taken LOW after CAS goes LOW results in a LATE
WRITE (OE-controlled) cycle.

These parameters are referenced to CAS leading edge
in EARLY WRITE cycles.

Even if OE is HIGH, LATE WRITE or READ-
MODIFY-WRITE operations are not permissible and
should not be attempted.

A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE=LOW and OE =HIGH.
'WTS and tWTH are setup and hold specifications for
the WE pin being held LOW to enable the JEDEC test
mode (with CBR timing constraints). These two
parameters are the inverts of 'WRP and ‘WRH in the
CBR REFRESH cycle.

The DQs open during READ cycles once 'OD or ‘OFF
occur.

Extended refresh current is reduced as '‘RAS is
reduced from its maximum specification during the
extended refresh cycle.

If the DRAM controller uses a burst refresh, a burst
refresh of all rows must be executed upon exiting
SELF REFRESH.

Column-address changed once each cycle.

MT4C4007J(S)
D23.pm5 -~ Rev. 2/95 1-9
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MICRON

PRELIMINARY

MT4C4007J(S)
1 MEG x 4 DRAM

TECHNOLOGY. INC.

wvda oaa B man

NOTE:

READ CYCLE

tRe
tRAS tRp
V=
mas vl Z
tcsH
tRSH 'RRH
aDSH
I cRP ReD tcas
CAS V- F
ViL — X
taR
RAD RAL l
|_tAsR 'RAH tasc tcan '
laASR__
v
ADDR VIE ROW m COLUMN y 0( ROW
‘wnp[ WRH s | tRcH
R 7, Ny i
L NOTE 1 .
‘AA
'RAC NOTE 2
fcac toFF
1
cLz
DQ &8’: = OPEN VALID DATA OPEN -
. l toE |.toD
|
— Vi =7
R ) /
Re
RAS . | trRP
Vg Ty 7|‘—
RAS Vit ~
fosH
'RSH
I ‘cRp ReD tcas
TAS Vi = -
Vi -/ \
AR
'RAD RAL
tasR 'RAH tasc tcAH
|-~ tACH
v, 1
towL [
tRwL )
]
twer
twes twen
b 1 1
JWFu:' WRH| wp
=X T .| U
to- NOTE 1 -
'DHR
os 'oH
Vion -
D2 vigi' &(L VALID DATA W
— Vi =
oF v T

DON'T CARE

X UNDEFINED

1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMS.

2.'OFF is referenced from rising edge of RAS or CAS, which ever occurs last.

MT4C4007J(S)

D23.pm5 — Rev. 2/95
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PRELIMINARY
MICRON MT4C4007J(S)

N

1 MEG x 4 DRAM =

EDO-PAGE-MODE READ CYCLE

tRASP trR_,

Ve Y

Nvda odd . M

tpc !RSH
1 tere tacD tcas tcp. fcas fcp tcas cp |
CAS ViH —
ViL - N A A N /]
AR )
RAD RAL
t [ 1 [ t 1 [ [
'ASR RAH ASC CAH 'ASC CAH 'ASC CAH
Vi s y g | |
) T /) TN /) X ) S
t 1 1
I 'WRP WRHI |__ RCS, I \ tReH
e NOTE 1 tAA RRH
tan tan tcPA
1RAC topa tcac
tcac tcac toLz—=] -—

1 1
[P CoH OEHC

VoH - VALID VALID VALID 3
DA g = OPEN DATA DATA DATA 4 OPEN

e | _tog e | L0
=\t ==

EDO-PAGE-MODE EARLY-WRITE CYCLE

tRASP. 1. ‘RP |
WS oUW )
mAS v N
[
tosH trc RSH
1 lerp 'RCD tcas tcp tcas tcp tcas [ |
o W / -
taR co :
tRaD tRAL
t, 1 t, 1, 1 1, 1
ASR, RAH ASC, CAH, ASC, CAH, ASC, CAH,
N N - 7, s
ADDR v:t‘ ROW @ COLUMN W 0< COLUMN W / COLUMN % ROW
towt l towL I towL. l
wes twe wes tweh twes weH
WRP || WRH twe - | we wp
e <—>| LLLENEEHY LA
7/ /) W
WE ”
ViL _/ NOTE 1 %k P
‘wer tRwL
'DHR '
os DH os oH ps DH

pQ 3:3{' / &( VALID DATA VALID DATA L@{ VALID DATA
= W i, T 7 7 T
DON'T CARE

X% UNDEFINED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
i should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMS. )

MT4C40074(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
D23.pms — Rev. 2/95 1-11 ©1995, Micron Technology, inc.



wvyda oaa B man

PRELIMINARY

M'CHDN MT4C4007J(S)

1 MEG x 4 DRAM

EDO-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

'RASP L
— Vg
RAS viiiZ N W
tcsH
tpc trc tRSH
tcrp tRoD tcas tcp tcas ) tep tcas tep
IH— f 3 / }|z Jg
cAS M \\ 7 N 1
tAR tRAL l
tRAD tacH '
‘asR tnAHI tasc tcaH \tasc 1| toan tasc_||_teaH |
Basil ] Biand | I
ADDR X:{‘W ROW W COLUMN (A) EW/;}O{ COLUMN (B) W / / &Z COLUMN (N) w /‘>(
wRP leHl tRos trcri-~] l" twes tweH
=V
v W N4 [ \1 l
Vii—
"‘ NOTE 1 4 taa | tAa +\
™ taac tcpA
tcac fcac tps || toH
||
CoH twHz | -
VioH— £ £~ VALD t
DQ VioL — OPEN 1 VALID DATA (A) {  DATA®) VALI?NDATAJ\
o
— vy 7
= Yt ZLTTT N
HIDDEN REFRESH CYCLE 24
(WE = HIGH; OE = LOW)
(READ) (REFRESH)
'RAS - P, RAS
—_— VY [(———4 —
RAS
vir— N | 1
. _lcrpP tRCD tRSH .
el CHR
CAS Vig= 3 ) ~
ViL— N
%R '
tRAD RAL
1, 1, 1
ASR 'RAH ASC CAH,
— L B!
ADDR  VH ROW COLUMN
L= y A
tAn
RAC
: tcac toFF,
oLz
[l
o VEHZ OPEN @ VALID DATA J—open—
oe ‘op,
1
— Vy ORD
= & i )////

DON'T CARE
K& UNDEFINED
NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer

should implement WE HIGH for 'WRP and 'WRH. This design implementation will facmtate compatibility with
future EDO DRAMS.

MT4C4007.(S) ) Micron Technology, Inc., reserves the right to change products or spedifications without notice.
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PRELIMINARY

MICRON MT4C4007J(S)

N

1 MEG x 4 DRAM [+

CBR REFRESH CYCLE
(Addresses and OE'= DON'T CARE)

Nvda oa3 . M

RP tRAS RP. RAS
vy
ms VD v N
tRPC
tep |, tesm ICHR ‘e | tosm || torm
w W), / ‘Ll
DQ : OPEN!
'wRP | | WRH wrp || twrH.
| et | [t

WE Y i K%, 7 Y Y

RAS-ONLY REFRESH CYCLE

tRe

'RAs RP.
V=TT
TR N . V
l tcRp RPC

CAS VIH =
oS v - /S \_/

tasr tRAH .

ViH = I~

ADDR i @g ROW Y 4’/% ROW
ba YQH = i " open

| \wep WRH _\wrp WRH
=y =~ | [ |
e 7 oo X 7 X

DON'T CARE

X UNDEFINED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design |mplementat|on will facwhtate compatibility with
future EDO DRAMs.

MT4G4007.(S) - Micton Technolagy, nc, reserves the rght to change producs ot speciicatons without notic.
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PRELIMINARY

MICRON MT4C4007J(S)

1 MEG x 4 DRAM
SELF REFRESH CYCLE

(Addresses and OE = DON'T CARE)

Ly i N e WA\

. fer [ lcsr tcHD | . ILC‘E’

= w7 N b

ba YO ‘ , {— oen : :

% \u T K G /)

READ CYCLE

(with WE-controlled disable)

V‘ -
VlH

RAS L — N
tcsH
f tcrp tRcD tcas cp
CAS VI —
ViL - \ //
AR
tRAD
1, 1 1, 1 1,
ASR RAH ASC CAH ASC

L

ViH — N
ADDR VI _m ROW JW ﬂ COLUMN COLUMN
twt=u>l WRH tRcs 4 |
| | RCH  twPz tRcs

- |
"L e UL

tAA
trRaC
fcac

oz WHZ oz _,
DQ ¥8E = OPEN VALID DATA J— OPEN —— m
toE | _top

s B
[/} bonT cARE

UNDEFINED

ql

NOTE: 1. Once 'RASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode.
2. Once 'RPS is satisfied, a complete burst of all rows should be executed.
3. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.

MT4C4007J(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
D23.pm5 -~ Rev. 2195 1-14 ©1995, Micron Technology; inc.



MICRON

TECHNOLOGY, INC.

PRELIMINARY
MT4LC4007J(S)

1 MEG x 4 DRAM

DRAM

1 MEG x 4 DRAM

3.3V, EDO PAGE MODE,

FEATURES

Single +3.3V +0.3V power supply

Low power, 0.25mW standby; 115mW active, typical
JEDEC-standard pinout and packages
High-performance CMOS silicon-gate process

All inputs, outputs and clocks are LVITL-compatible
Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR),
HIDDEN; optional Extended and SELF REFRESH
modes

Extended Data-Out (EDO) PAGE MODE access cycle
¢ 1,024-cycle Extended Refresh distributed across 16ms
or 128ms

Low SELF REFRESH current, 100uA typical, 150pA
(MAX)

¢ EDO PAGE MODE cycle times, 25-35ns

OPTIONS MARKING

* Timing
60ns access -6
70ns access -7
80ns access -8

¢ Refresh Rate
Standard 16ms period None
SELF REFRESH and 128ms period S

¢ Packages
Plastic SOJ (300 mil) DJ
Plastic TSOP (300 mil) TG

¢ Part Number Example: MT4LC4007]DJ-7 S

KEY TIMING PARAMETERS
SPEED RC RAC PC AR CAC CAS
-6 110ns | 60ns | 25ns 30ns 18ns 10ns
-7 130ns 70ns 30ns 35ns 22ns 12ns
-8 150ns | 80ns | 33ns 40ns 22ns 12ns
GENERAL DESCRIPTION

The MT4LC4007](S) is specially designed to operate from
3.0V to 3.6V for low-voltage memory systems. It is a ran-
domly accessed solid-state memory containing 4,194,304
bits organized in a x4 configuration with optional SELF
REFRESH. During READ or WRITE cycles, each of the 4
memory bits (1 bit per DQ) is uniquely addressed through
the 20 address bits, which are entered 10 bits (A0-A9) ata

OPTIONAL SELF REFRESH
PIN ASSIGNMENT (Top View)
20/26-Pin SOJ
(DA-1)
DQ1 01 260 Vss
DQ2 02 251 DQ4
WE Q3 240 DQ3
RAS 04 230 CAS
A9 15 220 OE
A0 9 180 A8
A1 010 170 A7
A2 011 16 0 A6
A3 012 1501 A5
Vee 113 140 A4

time. RAS latches the first 10 bits and CAS latches the latter
10 bits.

AREAD or WRITE cycle is selected with the WE input. A
logic HIGH on WE dictates READ mode while a logic LOW
on WE dictates WRITE mode. Duringa WRITE cycle, data-
in (D) is latched by the falling edge of WE or CAS, which-
ever occurs last. If WE goes LOW prior to CAS going LOW,
the output pins remain open (High-Z) until the next CAS
cycle, which is an EARLY WRITE cycle.

The four data inputs and four data outputs are routed
through four pins using common I/0, and pin direction is
controlled by WE and OE.

PAGE ACCESS

. PAGE operations allow faster data operations (READ,
WRITE or READ-MODIFY-WRITE) within a row-address-
defined (A0-A9) page boundary.

The PAGE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address
strobed-in by CAS. CAS may be toggled-in by holding
RAS LOW and strobing-in different column-addresses,
thus executing faster memory cycles. Returning RAS
HIGH terminates PAGE operation.

MTALC4007(S)
D12.pm5 - Rev. 2/95
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MICRON

TECHNOLOGY. INC.

PRELIMINARY

MT4LC4007J(S)
1 MEG x 4 DRAM

EDO PAGE MODE
The MT4LC4007] provides EDO PAGE MODE, which is
m an accelerated FAST PAGE MODE cycle. The primary
advantage of EDO is the availability of data-out even after
CAS goes back HIGH. EDO provides for CAS precharge
o time (*CP) to occur without the output data going invalid.
This elimination of CAS output control provides for pipe-
line READ:s.
m PAGE MODE DRAMs have traditionally turned the out-
putbuffers off (High-Z) with the rising edge of CAS. EDO
> operates as any DRAM READ or FAST-PAGE-MODE
g READ, except data will be held valid after CAS goes HIGH,
aslongas RAS and OE are held LOW and WE is held HIGH.
OE can be brought LOW or HIGH while CAS and RAS are
LOW, and the DQs will transition between valid data and
High-Z. Using OE, there are two methods to disable the
outputs and keep them disabled during the CAS HIGH

Vin=

time. The first method is to have OE HIGH when CAS
transitions HIGH and keep OE HIGH for tOEHC. This will
tristate the DQs and they will remain tristate, regardless of
OE, until CAS falls again. The second method is to have
OE LOW when CAS transitions HIGH. Then OE can pulse
HIGH for a minimum of 'OEP anytime during the CAS
HIGH period and the DQs will tristate and remain tristate,
regardless of OE, until CAS falls again (please reference
Figure 1 for further detail on the toggling OE condition).
During cycles other than PAGE-MODE READ, the outputs
are disabled at ‘OFF time after RAS and CAS are HIGH, or
'WHZ after WE transitions LOW. The 'OFF time is refer-
enced from the rising edge of RAS or CAS, whichever
occurs last. WE can also perform the function of turning off
the output drivers under certain conditions, as shown in
Figure 2.

RS iz
= X R WY S W Sa——
ADDR Elr:m ROW m COLUMN (A) W M \COLUMN (B) X/ @( \COLUMN (C) W M COLUMN (D) W
vo Vioh— OPEN ‘Ww\uo DATA {A))——< VALID DATA (A) VALID DATA 8) ~ VALID DATA (C) }—————3@ VALID DATA (D)
oo | top _too |
foes, | foere
oF \‘;:[': toE .
toep
The DQs go back to The DQs remain High-Z The DQs remain High-Z
Low-Z if tOES is met. until the next CAS cycle until the next CAS cycle
if tOEHC is met. if tOEP is met.
DON'T CARE
@ UNDEFINED
Figure 1
MT4LC4007J(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
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TECHNOLOGY. INC,

MICRON

PRELIMINARY

MT4LC4007J(S)
1 MEG x 4 DRAM

REFRESH

Preserve correct memory cell data by maintaining power
and executing any RAS cycle (READ, WRITE) or RAS
refresh cycle (RAS ONLY, CBR, or HIDDEN) so that all
1,024 combinations of RAS addresses (A0-A9) are executed
within 'REF max, regardless of sequence. The CBR and
SELF REFRESH cycles will invoke the internal refresh
counter for automatic RAS addressing.

An optional SELF REFRESH mode is also available on
the MT4LC4007] S. The “S” version allows the user the
choice of a fully static low-power data retention mode, or a
dynamic refresh mode at the extended refresh period of
128ms. The optional SELF REFRESH feature is initiated by
performing a CBR REFRESH cycle, and holding RASLOW
for the specified 'RASS. Additionally, the “S” version al-
lows for an extended refresh period of 128ms, or 125us per
row if using distributed CBR REFRESH. This refresh rate
can be applied during normal operation, as well as during
a standby or BATTERY BACKUP mode.

The SELF REFRESH mode is terminated by driving RAS
HIGH for a minimum time of 'RPS. This delay allows for
the completion of any internal refresh cycles that may be in
process at the time of the RAS LOW-to-HIGH transition. If
the DRAM controller uses a distributed refresh sequence,
a burst refresh is not required upon exiting SELF RE-
FRESH. However, if the DRAM controller utilizes RAS
ONLY or burst refresh sequence, all 1,024 rows must be
refreshed within the average internal refresh rate, prior to
the resumption of normal operation.

STANDBY

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to a reduced standby level.
The chip is preconditioned for the next cycle during the
RAS HIGH time.

A Vs

& Ve X S 2 N
ADDR 5;:: ROW @( {:;OLUMN(A) )(’6'/ M COLUMN (B) W M COLUMN(C))W///”M N(ll-;>
oa “;:gr- ‘ }—(mpurmmq \@:

T————————OoFeN VALID DATA (A) VALID DATA (8)
whz /

wHz

/

WE ViH—

;
e

OE ViH— /
ViL—

4

1

The DQs go to High-Z if WE falls, and if tWPZ is met,
will remain High-Z until CAS goes LOW with
WE HIGH (i.e., until a READ cycle is initiated).

7 i

WE may be used to disable the DQs to prepare
for input data in an EARLY WRITE cycle. The DQs
will remain High-Z-until CAS goes LOW with

WE HIGH (i.e., until a READ cycle is initiated).

DON'T CARE

B3 unoerinen

Figure 2
OUTPUT ENABLE AND DISABLE USING WE

MT4LC40074(S)
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PRELIMINARY
MT4LC4007J(S)

1 MEG x 4 DRAM

FUNCTIONAL BLOCK DIAGRAM
EDO PAGE MODE

WE © . 5
= - e > oo
CONTROL > DQ3
LOGIC - o DQ4
NO. 2 CLOCK T DATA-OU
GENERATOR [ BUFFER
OE
COLUMN-
ADDRESS Ao
A0 0 BUFFER(10)
At o " ,
:i ° Cgﬁﬁsg,fm Sg'ézrl'_f_:?gg” SENSE AVPLIFIERS
A4 © T and TIMER
hs REFRESH
A6 ©
e COUNTER
A8 © « 5 é? 1024 x 1024 x 4
A9 24 G, a8 MEMORY
) ADDRESS 3a z9 [ ARRAY
BUFFERS (10 g T 22
T a g [} '
(8]
.| B e
— Vss
TRUTH TABLE
ADDRESSES DATA-IN/OUT
FUNCTION RAS CAS WE OF R 'c DQ1-D04
Standby H H-X X X X X High-Z
READ L L H L ROW COL Data-Out
EARLY WRITE L L L X ROW CcOoL Data-In
READ WRITE L L H—-L L—H ROW COL Data-Out, Data-In
EDO-PAGE-MODE 1st Cycle L H-L H L ROW COL Data-Out
READ 2nd Cycle L H-L H L n/a COL Data-Out
EDO-PAGE-MODE 1st Cycle L H—-L L X ROW CcOL Data-In
EARLY WRITE 2nd Cycle L H—L L X n/a COL Data-In
EDO-PAGE-MODE 1st Cycle L H-L H-L L—H ROW COoL Data-Out, Data-In
READ-WRITE 2nd Cycle L H-L H-L L—H n/a COL Data-Out, Data-In
RAS-ONLY REFRESH L H X X ROW n/a High-Z
HIDDEN READ L—H-L L H L ROW COL Data-Out
REFRESH WRITE L—H-L L L X ROW COL Data-In
CBR REFRESH H-L L H X X X High-Z
SELF REFRESH H—L L H X X X High-Z

MT4LC40074(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
D12.pm5 — Rev. 2/95 1 -1 8 ©1995, Micron Technology, Inc.



PRELIMINARY
MT4LC4007J(S)

1 MEG x 4 DRAM

ABSOLUTE MAXIMUM RATINGS*

Joltage on Any Pin Relative to Vss.............. -1.0V to +4.6V
Jperating Temperature, T (ambient) .......... 0°C to +70°C
storage Temperature (plastic) .................... -55°C to +150°C
2ower Dissipation 1w
short Circuit Output Current .......cocoeeveeriereeiereenens 50mA

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc = +3.3V £0.3V)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 3.0 3.6 \'4
Input High (Logic 1) Voltage, all inputs ViH 20 | Voc+i \';
Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 \
INPUT LEAKAGE CURRENT
Any input OV < VIN < Vce+0.5V (All other pins not under test = 0V) | -2 2 A
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vour < Vcc+0.5V) loz -10 10 pA
TTL OUTPUT LEVELS High Voltage (lout = -2mA) VoH 24 \
Low Voltage (lout = 2mA) VoL .04 \

MT4LC4007J(S)
D12.pm5 - Rev. 2/95

Micron Technology, Inc., reserves the right to change products or specifications without notice.
©1995, Micron Technology, Inc.
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PRELIMINARY

MICRON MT4LC4007J(S)

1 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(Notes: 1, 6, 7) (Vcc = +3.3V 0. 3V)

. ) MAX
PARAMETER/CONDITION SYM -6 -7 -8 UNITS | NOTES
STANDBY CURRENT: (TTL) . 1 “lcct 1 1 1 mA
(RAS = CAS = VIH)
STANDBY CURRENT: (CMOS) Icc2 500 500 500 uA
(RAS = CAS = Other Inputs = Vcc -0.2V) lcc2 100 100 100 uA
(S only)
OPERATING CURRENT: Random READ/WRITE
Average power supply current lccs 80 70 60 mA 3,4,
(RAS, CAS, address cycling: 'RC = 'RC [MIN]) 30
OPERATING CURRENT: EDO PAGE MODE
Average power supply current lcca 60 50 40 mA 3,4,
(RAS = Vi, CAS, address cycling: 'PC = PC [MIN]) 30
REFRESH CURRENT: RAS ONLY .
Average power supply current | leccs 80 70 60 mA | 3,30
(RAS cycling, CAS = Vin: IRC = 'RC [MIN])
REFRESH CURRENT: CBR
Average power supply-current lcce 80 70 60 mA 3,5
(RAS, CAS, address cycling: 'RC = 'RC [MIN])
REFRESH CURRENT: Extended (S version only)
Average power supply current during Extended Refresh:
CAS = 0.2V or CBR cycling; RAS = RAS (MIN); WE= Vcc -0.2V; lec7 150 150 150 HA 3,5,
A0-A9, OE, and Din = Ve -0.2V or 0.2V (Din may be left open); (S only) 28
RC = 125us (1,024 rows at 125us = 128ms)
REFRESH CURRENT: SELF (S version only)
Average power supply current during SELF REFRESH:
CBR cycle with 'RAS > RASS (MIN) and CAS held LOW; lccs 150 150 150 HA 5,29
WE = Vce -0.2; A0-A9,0E, and D = Vee -0.2V or 0.2V (S only)
(DiN may be left open)
CAPACITANCE
PARAMETER SYMBOL MAX | UNITS | NOTES
Input Capacitance: AO-A9 Cit 5 pF 2
Input Capacitance: RAS, CAS, WE, OE Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

MT4LC4007J(S) Micron Technology, Inc., reserves the right to change products or specifications w'xthcnk notice.
D12.pm5 - Rev. 2/95 1 -20 ©1995, Micron Technology, Inc. |



PRELIMINARY

ON MT4LC4007J(S)

MI:H 1 MEG x 4 DRAM

TECHNOLO

:LECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
Notes: 6, 7, 8,9, 10, 11, 12, 13) (Vcc = +3.3V +0.3V)

AC CHARACTERISTICS ry a1 8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Access time from column-address 'AA 30 . 35 40 ns
Column-address setup to CAS precharge 'ACH 15 15 20 ns
during WRITE
Column-address hold time (referenced to RAS) | AR 45 50 55 ns
Column-address setup time TASC 0 0 0 ns
Row-address setup time 'ASR 0 0 0 ns
Column-address to WE delay time 'AWD 55 65 70 ns 21
Access time from CAS | 'cac 18 22 22 ns 15
Column-address hold time 'CAH 10 15 | . 15 ns
CAS pulse width ] ICAS | 10 [10000| 15 |10,000| 15 | 10,000 ns
RAS LOW to “don’t care” during . ICHD 10 10 10 ns 29
SELF REFRESH cycle
CAS hold time (CBR REFRESH) | 'CHR 10 1 10 10 ns 5
CAS to output in Low-Z ] ‘cLz 3 3 3 ns
Data output hold after CAS LOW | ICOH 5 5 .5 ns
CAS precharge time ‘cp 10 10 10 ns 16
Access time from CAS precharge ICPA 35 40 45 ns
CAS to RAS precharge time 'CRP 10 10 10 ns
CAS hold time 'CsH 50 55 65 ns
‘CAS setup time (CBR REFRESH) 'CSR 10 10 10 : _ns 5
‘CAS to WE delay time ‘CWD 40 50 50 ns 21
Write command to CAS lead time ‘cWL 15 | 20 | 20 , ns
Data-in hold time DH 10 15 i 15 ns 22
Data-in hold time (referenced to RAS) 'DHR 45 55 60 ns
Data-in setup time DS 0 0 0 ns 22
Output disable ‘oD 15 20 .20 ns 27
Output Enable time 'OE 15 20 20 ns 23
OE hold time from WE during 'OEH 15 ‘ 20 2 | ns 26
‘ READ-MODIFY-WRITE cycle
‘OE HIGH hold time from CAS HIGH - 'OEHC 10 10 10 ns
'OE HIGH pulse width 'OEP 10 10 10 ns
‘OE LOW to CAS HIGH setup time 'OES 5 5 5 ns
Output buffer turn-off delay OFF 3 15 3 20 3 20 ns 20
OE setup prior to RAS during 'ORD 0 0 0 ns
HIDDEN REFRESH cycle
EDO-PAGE-MODE tPC 25 33 35 ns
READ or WRITE cycle time
EDO-PAGE-MODE 'PRWC 85 100 105 ns
READ-WRITE cycle time
Access time from RAS 'RAC 60 70 80 ns 14
RAS to column-address delay time 'RAD 15 30 15 35 15 40 ns 18
Row-address hold time 'RAH 10 10 10 ns
| Column-address to RAS lead time 'RAL 30 35 40 ns
RAS pulse width RAS 60 10,000 70 10,000 80 10,000 ns
:D:':'ﬁatsog?ﬁ) o g 1 " 2 1 Micron Technology, Inc., reserves the right to change products C;; gsg;ciaio:rtoic:‘n? e\ré!rl‘:oeﬁ gn:t{nci:
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MICFIDN

ECHNOLOGY, INC.

PRELIMINARY

MT4LC4007J(S)
1 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13, 23) (Vcc = +3.3V £0.3V)

AC CHARACTERISTICS -6 -7 -8 .

PARAMETER SYM MIN MAX MIN MAX MIN | MAX UNITS NOTES -
RAS pulse width (EDO PAGE MODE) tRASP 60 100,000 70 100,000 80 .. | 100,000 ns

RAS pulse width during RASS [ 100 100 100 us 29
SELF REFRESH cycle

Random READ or WRITE cycle time tRC 110 130 . 150 ns:

RAS to CAS delay time RCD | 20 45 20 50 20 60 ns 17
Read command hold time (referenced to CAS) | 'RCH 0 0 0 ns 19
Read command setup time tRCS 0 0 0 ns

Refresh period (1,024 cycles) 'REF 16 ) 16 16 ms

Refiesh period (1,024 cycies) S version REF 128 128 128 ms .

RAS precharge time ‘RP 40 50 60 ns

RAS to CAS precharge time ‘RPC 0 -0 0 ns

RAS precharge time during RPS 110 130 150 ns 29
SELF REFRESH cycle

Read command hold time (referenced to RAS) | 'RRH 0 0 0 ns 19
RAS hold time 'RSH 15 20 20 ns

READ WRITE cycle time 'RWC | 150 180 200 ns

RAS to WE delay time RWD 85 100 110 ns 21
Write command to RAS lead time 'RWL 15 20 20 ns

Transition time (rise or fall) T 2 50 2 50 2 50 ns 9,10
Write command hold time 'WCH 10 15 15 : ns

Write command hold time (referenced to RAS) | 'WCR 45 55 60 ns

WE command setup time wcs 0 0 0 ns 21,27
Qutput disable delay from WE (CAS HIGH) tWHZ 3 15 3 15 3 15 ns'

Write command pulse width wp 10 15 15 ns

WE pulse width for output 'WPZ 10 10 10 ns

disable when CAS HIGH v

WE hold time (CBR REFRESH) "WRH | 10 10 10 ns 25
'WE setup time (CBR REFRESH) '‘WRP 10 10 10 ns 25

MTA4LC4007J(S)
D12,pmS - Rev. 2195

1-22
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MICRON

TECHNOLOGY, INC.

PRELIMINARY
MT4LC4007J(S)

1 MEG x 4 DRAM

NOTES

.. Allvoltages referenced to Vss.

!. This parameter is sampled. Vcc = +3.3V +£0.3V;
f=1MHz.

3. Iccis dependent on cycle rates.

L. Iccis dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the outputs open.

5. Enables on-chip refresh and address counters.

5. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range is assured.

7. An initial pause of 100us is required after power-up
followed by eight RAS refresh cycles (RAS ONLY or
CBR with WE HIGH) before proper device operation
is assured. The eight RAS cycle wake-ups should be
repeated any time the 'REF refresh requirement is
exceeded.

8. AC characteristics assume T = 2.5ns.

9. Vi (MIN) and Vi (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between VIH and VIL (or between ViL
and ViH).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi1 and
V1L (or between VIL and VH) in a monotonic manner.

11. If CAS and RAS = Viy, data output is High-Z.

12. If CAS = Vi, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to two TTL gates
and 100pF. Output reference voltages are 0.8V for a
low level and 2.0V for a high level.

14. Assumes that 'RCD < 'RCD (MAX). If 'RCD is greater

than the maximum recommended value shown in this

table, 'RAC will increase by the amount that '/RCD
exceeds the value shown.
15. Assumes that 'RCD > 'RCD (MAX).

16. If CAS is LOW at the falling edge of RAS, Q will be

maintained from the previous cycle. To initiate a new
cycle and clear the data-out buffer, CAS must be
pulsed HIGH for 'CP.

/17. Operation within the 'RCD (MAX) limit ensures that

RAC (MAX) can be met. '/RCD (MAX) is specified as
a reference point only; if /RCD is greater than the
specified '/RCD (MAX) limit, then access time is
controlled exclusively by {CAC.

.18. Operation within the RAD (MAX) limit ensures that

fRCD (MAX) can be met. 'RAD (MAX) is specified as

i
I

a reference point only; if ‘RAD is greater than the

specified '/RAD (MAX) limit, access time is controlled
exclusively by tAA.

19. Either 'RCH or 'RRH must be satisfied for a READ
cycle.

20. *OFF (MAX) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH or VoL.

21. 'WCS, 'RWD, tAWD and *CWD are restrictive
operating parameters in LATE WRITE and READ-
MODIFY-WRITE cycles only. If tWCS 2 tWCS (MIN),
the cycle is an EARLY WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If ' RWD = fRWD (MIN), tAWD = tAWD
(MIN) and {CWD 2 tCWD (MIN), the cycle is a
READ-MODIFY-WRITE and the data output will
contain data read from the selected cell. If neither of
the above conditions is met, the state of data-out is
indeterminate. OE held HIGH and WE taken LOW
after CAS goes LOW results in a LATE WRITE (OF-
controlled) cycle.

22. These parameters are referenced to CAS leading edge
in EARLY WRITE cycles and WE leading edge in
LATE WRITE or READ-MODIFY-WRITE cycles.

23.1f OF is tied permanently LOW, LATE WRITE or
READ-MODIFY-WRITE operations are not permis-
sible and should not be attempted.

24. A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE=LOW and OE=HIGH.

25. 'WTS and 'WTH are setup and hold specifications for
the WE pin being held LOW to enable the JEDEC test
mode (with CBR timing constraints). These two
parameters are the inverts of 'WRP and 'WRH in the
CBR REFRESH cycle.

26. LATE WRITE and READ-MODIFY-WRITE cycles
must have both *OD and ‘OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. If OE is
taken back LOW while CAS remains LOW, the DQs
will remain open.

27. The DQs open during READ cycles once ‘OD or *OFF
occur.

28. Extended refresh current is reduced as 'RAS is
reduced from its maximum specification during the
extended refresh cycle.

29. If the DRAM controller uses a burst refresh, a burst
refresh of all rows must be executed upon exiting
SELF REFRESH.

30. Column-address changed once each cycle.

|
|
|

gm.cmn(s»
1 12.pm5 — Rev. 2/95
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4o PRELIMINARY
MII:FII:IN MT4LC4007J(S)

1 MEG x 4 DRAM

READ CYCLE

tRe
1RAS RP
Vi =
RS il C /
tcsH
RSH RRH
| tcre tReD cas
RS V- ] 7
ViL — . N_%
AR
tRAD RAL ’
1, [ Y 1 '
ASR RAH ASC cAH
aopr ROW coLUMN / /y now
L AL T
‘WRP», WRH tRcs tRCH
S 77, Xy T
- NOTE 1
; ; tan
) RAC NOTE 2
tcac OFF
oz
ba \\;8E = OPEN 1 VALIDDATA  J—————— OPEN -
toE top

= W7 T, /‘!'////////
EARLY WRITE CYCLE

RC
'as " R
Vg S T A —
RAS Vi
fcsH
'RSH
cRP - tAcD toas
TAS Vi < -
Vie - 7
AR
'RAD tRAL
. tasR 'RAH l tasc tcaH tacH

Vi =

woor it 777K Row KN COLUMN 7K Row
fow, |

AL )

wer

WER |

wes weH

‘wre || whi wp

. | .
777/ /)

‘oHR
. tbs oH

VioH =
D vigr = R VALID DATA Y,

=V -
oE vl

DON'T CARE

B UNDEFINED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMs.

2. 'OFF is referenced from rising edge of RAS or CAS, which ever occurs last.

MT4LC4007J(S) Micron Technology, Inc., reserves the right to change products or specifications without notice:
D12.pm5 ~ Rev. 2/95 1 -24 ©1995, Micron Technology, Inc.



PRELIMINARY
MT4LC4007J(S)

1 MEG x 4 DRAM

READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)
tRwe m
tRAS | tpp U
m — o)
- A
tcsH
tRSH U
,l ‘cRP. tReD. cAS
o Yy O X
AR >
' RAD 'RAL
|.£L. 'M—'i e o o g
ADDR \‘ﬂf m ROW W COLUMN W M ROW
| tawD towL I
tRes ! towp tRWL
I‘WRP ‘WHH} tAwD wp
% N T | Y -
tAn
RAC
tcac
oz e tps_ |} ‘oH,
pa ‘\j}gt! - OPEN m VALID D oy VALID Dy OPEN ——-
. toE ] ‘op, toEH |
& Y //i / Y W
EDO-PAGE-MODE READ CYCLE
RASP. Rp_,
Y
ms v N i
osH Pc tRSH
i tcrp RCD cas cp tcas op fcas tcp i
I f / O \
AR
tRAD 'RAL
tasR tRAH tasc_ tcaH, tasc tcAH, tASC tcAH
AppR VM :@i ROW ])@; COLUMN xmr COLUMN ﬁw /7% cotumn W //X_row
"WRPI WRH ‘__ 'RCS [ i tRCH
WE V
e 4222? NOTE 1 W : ’ taa 'RRH %
taA taa oPA
RAC topa tcac
tcac tcac topz— —
torz —| lcon, . 'OEHC | LoFE,
i -
| oo Ygt A G BR o
| ._'O_E_.I top ._'Oi.l ton,
. = t0ES, .
G Vi % toep i_______»'oss /£ 7

DONT GARE
’ UNDEFINED
NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle:(READ or WRITE), the system designer

should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.

?,"4LC4007J(S) - Micron Technology, Inc., reserves the right to change products or specifications without notice.
#)12.pm5 - Rev. 2/95 1 -25 ©1995, Micron Technology, Inc.
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MICR

TECHNOLO!

ON

PRELIMINAR
MT4LC4007J(S)

1 MEG x 4 DRAM

EDO-PAGE-MODE EARLY-WRITE CYCLE

tRASP

- =
tosH tpc tRSH
{ tcrp tRcD tcas tcp tcas tep tcas . fep |
s Vi N N 7 \
AR
'RAD RAL
tAsR, 'RAH, tasc, tcan tasc, cAH tasc, fcan,
apDR M % ROW COLUMN COLUMN K corumn /X row
towe towr | tow |
twes twen twes tweH twes weH '
! WRP ‘WRNI twp twe twp
WE v{[' 7&222’/) NOTE2 W j
tweR tRWL l
bHR
‘s o 'ps oH ps pH
[e) v:gf ///// VALID DATA @( VALID DATA m VALID DATA / /
— Vi
R T 7 7 Wi
EDO-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)
tRASP Rp
IR J ’L
tosH tpc /tPRWC NOTE 1 tRSH
i fcrp 'RCD tcas tep fcas fcp tcas tcp
wu S = =
AR
'RAD tRAL
| tasr_||_tRaH | dasg) tcAH tasc|| . toan | ‘ASCI tcAH |
AoDR VI Zm ROW :L@ COLUMN { coumm X7 OLUMN W /X ro
| tRWD. L
LY ‘CWL-i = towL—-| = towe
Lo P ! |< WPl [ |- twp
AWD. tawp tawp
] WRP ‘WRH] fown ‘owp tcwp ‘
wWE W
sa Vg
R
DON'T CARE
9 B unoerineD
NOTE: 1.'PCis for LATE WRITE cycles only.

2. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMS.

MT4LC40074(S) Micron Technology, Inc., reserves the right to change products or specifications without notice ~
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. PRELIMINARY
MT4LC4007J(S)

1 MEG x 4 DRAM

EDO-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

tRASP R
ViH— { H{—xl\—
RAS v,
L
tosH
tec tpc RSH
tcrp tRCD tcas tep tcas . tep tcas tep
TAs VH— Jz N o
CAS
Vii— \\ 7 | | )
R 'RAL [
tRAD - tAcH '
IasR ‘RAH] tasc toar | tasc || toan | tasc ‘cml
v g
ADDR v}t‘:m ROW m COLUMN (A) COLUMN (B) }(/ / 0} COLUMN (N) w / 42>< ROW
1 |~ |-
l‘wnp WRH tRcs : or--| | twes tweH
—||— [ — ||
WE JH— W * \J ‘{
[ NOTE 1 / ™ taa
™ tcra
RAC
tcaAC . teac :c_s. tDH
1, t
CoH WHZ | o
VIOH~ L
oa V}gt— OPEN VALID DATA (A) g D‘}’\’};’[’B VAU?NDATA%____.___-‘_.___
el

al

= L.

HIDDEN REFRESH CYCLE
(WE = HIGH; OE = LOW)

(READ) (REFRESH)
'RAS L R tRAS
s — S
RAS vy N j I
|« CRP tRcD tRSH
A5 [
CAS | CHR
ViL—
tAR 1
tRAD 1RAL
tASR tRAH_, tasc tCAH
Vig=" s ' I
/), T ST
: tan
tRaC
tcac OFF
oLz
VOH -
ba Vgt'— OPEN: K VALID DATA — OPEN—
toe top,
<2
GE UYH - torD
= Yt T S

DON'T CARE

K% unpeFNED

\

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
‘ should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMS. ‘

IT4LC4007J(S) . Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

MT4LC4007J(S)
MICRON 1 MEG x 4 DRAM
. CBR REFRESH CYCLE
(Addresses and OE = DON'T CARE)
s W J y ;S
_tcp tcsh ICHR RPC tcsm {CHR
s Vi \ /L j& /
w w I U T
‘RAS-ONLY REFRESH CYCLE
(WE = DON'T CARE)
ms W N i
I crp JR_PC’I
e \\;:E :*j tAsR tRAH
soon Wt 77 row S row
= W e U N
o DON'T CARE
@ UNDEFINED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs. :

MTA4LC4007J(S)

Micron Technology, Inc., reserves the right to change products or specifications without notice. =
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PRELIMINARY
Ml:HDN MT4LC4007J(S)

1 MEG x 4 DRAM

SELF REFRESH CYCLE
(Addresses and OE = DON'T CARE)
tRp RASS () ( il 'RPS NOTE 2
s v /. wmec N « tRPC L/\M‘/\—/—
i fop [ fesm fcHp | ) l“C‘P"

= wf N T Y S~
> ¥8f - ‘wRP tWRH ()_ o twRP tWRH

= Yv 77707 KA NI

DON'T CARE

»:‘:’0 UNDEFINED

NOTE: 1. Once 'RASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF'REFRESH mode
2. Once 'RPS is satisfied, a complete burst of all rows should be executed.

R g
MT4LC4007J(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
1 |D12.pm5 — Rev. 2/95 1 -29 ©1995, Micron Technology, Inc.
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PRELIMINARY
MICRON MT4LC4007J(S)

1 MEG x 4 DRAM

_READ CYCLE
(with WE-controlled disable)

.V
RRs v C N\
tcsH
. tcrRP 'RCD tcas tcp
& oW/ A A
AR
tRAD
fASR 'RAH tasc tcAH tasc

aooR W :mi ROW WK com XN COLUMN

WRP i YWRH tRCS l

"RCH twpz 'ncsl

T | U o/

tAA
'RAC
tcac
toLz twHz ‘oz
V, —_
DQ Vgt‘ E OPEN X VALID DATA J— OPEN ——
toE tob

i S T
DON'T CARE

UNDEFINED

(o}
m

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for tWRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.

MT4LC4007J(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MICRON

TECHNOLOGY. INC.

PRELIMINARY

MT4LC4M4ES(S)
4 MEG x 4 DRAM

DRAM

4 MEG x 4 DRAM

3.3V, EDO PAGE MODE,
OPTIONAL SELF REFRESH

FEATURES

¢ Industry-standard x4 pinout, timing, functions and
packages

High-performance CMOS silicon-gate process

Single +3.3V +0.3V power supply

Low power, 0.4mW standby; 150mW active, typical
All inputs, outputs and clocks are TTL-compatible
Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR),
HIDDEN and SELF

® 2,048-cycle (11 row-, 11 column-addresses)
¢ Optional SELF REFRESH, Extended Refresh rate (4x)
e Extended Data-Out (EDO) PAGE access cycle
e 5V tolerant I/Os (5.5V maximum Vi level)
OPTIONS MARKING
¢ Timing
60ns access -6
70ns access -7
® Packages
Plastic SOJ (300 mil) DJ
Plastic TSOP (300 mil) TG
e Refresh Rate
Standard 32ms period None
SELF REFRESH and 128ms period S

¢ Part Number Example: MT4LC4M4E8DJ-7 S

KEY TIMING PARAMETERS

SPEED RC 'RAC PC tAA tCAC CAS

-6 110ns | 60ns 25ns 30ns 15ns 10ns

-7 130ns | 70ns 30ns 35ns | 20ns 12ns
GENERAL DESCRIPTION

The MT4LC4MA4ES(S) is a randomly accessed solid-state

| memory containing 16,777,216 bits organized in a x4 con-
| figuration. The MT4LCAMAES(S) RAS is used to latch the
| first 11 bits and CAS the latter 11 bits. READ and WRITE

cycles are selected with the WE input. A logic HIGH on

| WE dictates READ mode while a logic LOW on WE dictates

WRITE mode. During a WRITE cycle, data-in (D) is latched
by the falling edge of WE or CAS, whichever occurs last. If
WE goes LOW prior to CAS going LOW, the output pins
remain open (High- Z) until the next CAS cycle, regardless
of OE.

PIN ASSIGNMENT (Top View)
24/26-Pin SOJ 24/26-Pin TSOP
(DA-2) (DB-2)
26 1 Vss Veer 14 26 [0Vss
250 DQ4 DQ1 2 25 MDQ4
24 p DQ3 D@2 3 24 WDQ3
230CAS  WEm4 23 [OCAS
22 1 OE RAS 5 22 MOE
210 A9 NC 6 21 MA9
191 A8 A10— 8 19 [mA8
181 A7 AOCH g 18 [NA7
10 17 0 A6 Al 10 17 [11AB
1 160 A5 A2 1 16 [11A5
12 150 A4 A3 12 15 A4
13 14 Vss Veem 13 14 fOVss

If WE goes LOW after mgoes LOW, data-out (Q)ﬁ
activated and retains the selected cell data as long as OE
remains LOW and RAS or CASremains LOW (regardless of
WE). This late WE pulse results ina READ WRITE cycle. If
WE toggles LOW after CAS goes back HIGH, the output
pins will open (High- Z) until the next CAS cycle, regardless
of OE.

The four data inputs and the four data outputs are routed
through four pins using common I/O, and pin direction is
controlled by WE and OE.

PAGE ACCESS

PAGE operations allow faster data operations (READ,
WRITE or READ-MODIFY-WRITE) within a row-address-
defined pageboundary. The PAGE cycle is always initiated
with a row-address strobed-in by RAS followed by a col-
umn-address strobed-in by CAS. CAS may be toggled-in
by holding RAS LOW and strobing-in different column-
addresses, thus executing faster memory cycles. Returning
RAS HIGH terminates the PAGE MODE of operation.

| MTaLCaMaEs(S)
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PRELIMINARY
MT4LC4MAES(S)

4 MEG x 4 DRAM

EDO PAGE MODE

The MT4LC4MA4ES(S) provides EDO PAGEMODE which
is an accelerated FAST PAGE MODE cycle. The primary
advantage of EDO is the availability of data-out even after
CAS returns HIGH. EDO allows CAS precharge time ({CP)
to occur without the output data going invalid. This elimi-
nation of CAS output control allows pipeline READs.

FAST-PAGE-MODE DRAMs have traditionally turned
the output buffers off (High-Z) with the rising edge of
CAS. EDO-PAGE-MODE DRAMs operate similarly to
FAST-PAGE-MODE DRAMs, except data will remain valid
or become valid after CAS goes HIGH during READs,
provided RASand OE are held LOW. If OE is pulsed while
RAS and CAS are LOW, data will toggle from valid data to
High-Z and back to the same valid data. If OF is toggled or
pulsed after CAS goes HIGH while RAS remains LOW,
data will transition to and remain High-Z (refer to Figure 1).
WE can also perform the function of disabling the output
devices under certain conditions, as shown in Figure 2.

If the DQ outputs are wire OR’d, OE must be used to
disable idle banks of DRAMs. Alternatively, pulsing WE to
the idle banks during CAS high time will also High-Z the
outputs. Independent of OE control, the outputs will dis-
able after *OFF, which is referenced from the rising edge of
RAS or CAS, whichever occurs last.

REFRESH

Preserve correct memory cell data by maintaining power
and executing a RAS cycle (READ, WRITE) or RAS refresh
cycle (RAS ONLY, CBR, or HIDDEN) so that all 2,048
combinations of RAS addresses are executed at least every
32ms, regardless of sequence. The CBR REFRESH cycle will
invoke the refresh counter for automatic RAS addressing.

Anoptional SELFREFRESH modeis also available on the
MT4LC4M4E8S. The “S” version allows the user the choice
of a fully static low-power data retention mode, or a dy-
namicrefresh modeatthe extended refresh period of 128ms
four times longer than the standard 32ms specification.

The optional SELF REFRESH feature is initiated by
performing a CBR REFRESH cycle, and holding RASLOW
for the specified 'RASS. Additionally, the “S” version al-
lows for an extended refresh rate of 62.5us per row if using
distributed CBR REFRESH. This refresh rate can be applied
during normal operation or during a standby or BATTERY
BACKUP mode.

The SELF REFRESH mode is terminated by driving RAS
HIGH foraminimum time of {RPS (={RC). This delay allows
for the completion of any internal refresh cycles that may be
in process at the time of the RAS LOW-to-HIGH transition.
If the DRAM controller uses a distributed CBR REFRESH
sequence, a burst refresh is not required upon exiting SELF
REFRESH mode. However, if the DRAM controller utilizes
RASONLY or burst refresh sequence, all 2,048 rows must
be refreshed within 300ys prior to the resumption of normal
operation.

MT4LCAMAES(S)
D24.pm5 - Rev. 2/95
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PRELIMINARY

MT4LC4AMA4ES(S)
4 MEG x 4 DRAM
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ohs it _ ——L

ADDR ‘\}}{':m ROW m; comn e X7/ 7K o e W) 7 comn iy X/ i cowwnio X7

INvdd oa3 l M

oa ¥;g[‘: OPEN “‘Axvmn DATA w}—ﬂ VALID DATA (&) ‘5@ VALID DATA (B) }——\@MA © S VALID DATA (D)
oo o | o
Joes | 1oEHC
& Vo o
Toer
The DQs go back to The DQs remain High-Z The DQs remain High-Z
Low-Z if tOES is met. until the next CAS cycle until the next CAS cycle
if tOEHC is met. if tOEP is met.
Figure 1
OUTPUT ENABLE AND DISABLE
S Vs
- x : Y e WY Ay U
ADDR 3{3:@( ROW W % COLUMN () W / 0( COLUMN (8) W &( COLUMN (C) W »( q’OLLIMN (09

.. “a
- A vauDoAT q
ba V}g‘,:'_ OPEN VALID DATA (A) VALID DATA (B) j;i—(mvu‘r DATA(C) @:
twhz / ‘iz /
e 3!’31 twez |/ ,
% Vi / /
/ I I )
The DQs go to High-Z if WE falls, and if WPZ is met, WE may be used to disable the DQs to prepare
will remain High-Z until CAS goes LOW with for input data in an EARLY WRITE cycle. The DQs
WE HIGH (i.e., until a READ cycle is initiated). will remain High-Z until CAS goes LOW with
WE HIGH (i.e., until a READ cycle is initiated).
DON'T CARE
B unpEFINED
Figure 2.
WE CONTROL OF DQs
MT4LCAMAEB(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MT4LC4MAES(S)
MICRON 4 MEG x 4 DRAM

FUNCTIONAL BLOCK DIAGRAM

INvda odd . M3N

WE ‘
o BURFER sl
DQ3
DATA-OUT bad
OE
[ coLumN-
ADDRESS COLUMN
A0 BUFFER(11) DECODER
Al 3
A2 REFRESH
:i CONTROLLER N P LIFIERS
A5 1
A6
REFRESH
A7 COUNTER I
A8 o
A9 = _ i
Ao ROW- it g, I 28 “oevon | |2
ADDRESS 35 zQ N ARRAY =
BUFFERS (11) T8 a0 EX =
a S0 T o
f 8 e
(&)
RS o | GenEnaTon [— o Ve
«+«——0 Vss
TRUTH TABLE
ADDRESSES DATA-IN/OUT
FUNCTION RAS CAS WE (13 R 'c DQ1-D04
Standby H H-X X X X X High-Z
READ L L H L ROW COL Data-Out
EARLY WRITE L L L X ROW CcOL Data-In
READ WRITE L L H—L L—H ROW COL Data-Out, Data-In
EDO-PAGE-MODE 1st Cycle L H-L H L ROW COL Data-Out
READ | 2nd Cycle L H-L H L n/a COL Data-Out
EDO-PAGE-MODE 1st Cycle L H-L L X ROW CcOoL Data-In
EARLY-WRITE 2nd Cycle L H-L L X n/a COL Data-In
EDO-PAGE-MODE 1st Cycle L H-L H—-L L—H ROW CcOL Data-Out, Data-In
READ-WRITE 2nd Cycle L H-L H—-L L—H n/a COL Data-Out, Data-In
RAS-ONLY REFRESH L H X X ROW n/a High-Z
HIDDEN READ L—=H-L L H L ROW COL Data-Out
REFRESH WRITE L—H-L L L X ROW CcOL Data-In
CBR REFRESH H—-L L H X X X High-Z
SELF REFRESH H—L L H X X X High-Z
g::ﬁqwg:‘(l.sgg L . 1 _3 4 Micron Technology, Inc., reserves the right to change products o égfiﬁiiﬂ?."? Jé'r'.'&‘é?ﬁ;y‘"fﬁi
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PRELIMINARY

MT4LCAMAES(S)
4 MEG x 4 DRAM

ABSOLUTE MAXIMUM RATINGS*
Voltage on Vcc pin Relative to Vss ................. -1V to +4.6V
Voltage on Inputs or I/O pins

Relative to Vss -1V to +5.5V
Operating Temperature, T, (ambient) .......... 0°C to +70°C
Storage Temperature (plastic) ................... -55°C to +150°C
Power Dissipation ..o W
Short Circuit Output CUrrent ...........cc...ccoveeevereccereenne 50mA

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc = +3.3V £0.3V)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

INvdd od

PARAMETER/CONDITION

SYMBOL | MIN | MAX | UNITS | NOTES

Supply Voltage

Vce 3.0 3.6 \

Input High (Logic 1) Voltage, all inputs (including NC pins)

VIH 2.0 5.5 \'

Input Low (Logic 0) Voltage, all inpdts (including NC pins)

Vi -1.0 | 0.8 \%

INPUT LEAKAGE CURRENT
Any input OV < ViN < 5.5V
(All other pins not under test = 0V)

l -2 2 uA

OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vourt < 5.5V) loz -10 10 uA
OUTPUT LEVELS VoH 24 \
Output High Voltage (lout = -2mA) -

Output Low Voltage (lout = 2mA) VoL 0.4 \

MT4LCAMAES(S)
D24.pmS5 ~ Rev. 2195
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PRELIMINARY
MT4LCAMAES(S)

4 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(Notes: 1,6, 7) (Vee = +3.3V £03V)

: MAX

I'|1 PAHAMEI' EH/CONDITION . SYMBOL | -6 -7 |UNITS | NOTES
U STANDBY CURRENT: (TTL) Icct 2 2 mA
QO | RAS=TAS=Vi) ' g

STANDBY CURRENT: (CMOS) icc2 | 500 | 500 | pA
U (RAS = CAS = Other Inputs = Vcc -0.2V) lcce 150 | 150 | pA
2 (S only)
> | OPERATING CURRENT: Random READ/WRITE
g Average power supply current Iccs 120 | 110 | mA |3,4,12

(RAS, CAS, Address Cycling: 'RC = tRC [MIN])
QOPERATING CURRENT: O PAGE MODE

v u_.w-.l_ v rAgC |
Average power supply current lcca 110 {100 [ mA [3,4,12
(RAS = Vi, CAS, Address Cycling: tPC = tPC.[MIN]) . )

REFRESH CURRENT: RAS ONLY
Average power supply current ) lecs 120 | 110 | mA 3,12
(RAS Cycling, CAS Vin:'RC = tRC [MIN])

REFRESH CURRENT: CBR o
Average power supply current Icce 120 [ 110 | mA 3,5
(RAS, CAS, Address Cycling: {RC = 'RC [MIN])
REFRESH CURRENT: Extended (S version only) : :
Average power supply current, CAS = 0.2V or CBR ¢ycling; [eforg 300 | 300 | A | 3,5
RAS = 'RAS (MIN); WE = Vcc -0.2V; A0-A10, OE and Din = (S only)
Vee -0.2V or 0.2V(Din may be ieft open); 'RC = 62.5us
REFRESH CURRENT: SELF (S version only) : i
Average power supply current, CBR cycling with RAS > tRASS(MIN) Iccs 300 | 300 | pA 5
and CAS held LOW; WE = Vcc -0.2V; A0-A10, (S only)
OE and Din = Vce -0.2V or 0.2V(Din may be left open)

MT4LC4M4ES(S) . 1 3 6 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D24.pmS5 — Rev. 2/95 - ©1995, Micron Technology, Inc.



PRELIMINARY
MI:HDN MT4LC4M4ES(S)

N

4 MEG x 4 DRAM m

CAPACITANCE
PARAMETER SYMBOL | MAX UNITS | NOTES
Input Capacitance: Address pins ] Cn 5 pF -2
Input Capacitance: RAS, CAS, WE, OE : Ci2 7 pF 2
Input/Output Capacitance: DQ - Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12) (Ve = +3.3V.£0.3V) ‘

Wvda oa3 I M

AC CHARACTERISTICS -6 -7 ]
PARAMETER SYM MIN MAX MIN MAX UNITS NOTES
Access time from column-address TAA - : 30 35 ns
Column-address set-up to CAS precharge during WRITE 'ACH 15 15 ] ns
Column-address hold time (referenced to RAS) ‘AR 45 55 ns
Column-address setup time 'ASC 0 0 ns
Row-address setup time 'ASR 0 0 ns
Column-address to WE delay time 'AWD 55 65 ns 20
Access time from CAS 'CAC | 15 20 “ns 14
Column-address hold time 'CAH 10 12 . ns

‘CAS pulse width 'CAS 10 10,000 12 10,000 ns

‘CAS LOW to “don’t care” during SELF REFRESH cycle ' | CHD 15 15 ns 25
TAS hold time (CBR REFRESH) ; TCHR | 10 ' 12 ns 5
‘CAS to output in Low-Z ‘cL.z 0 0 . ns

Data output hold after next CAS LOW ICOH | 5 5 ns

CAS precharge time ) 'cp 10 10 ns 15
Access time from CAS precharge 'CPA 35 | 40 ns

‘CAS to RAS precharge time ' ICRP 5 5 ns

CAS hold time ] 'CSH 50 55 ns

CAS setup time (CBR REFRESH) ICSR 5 5 ns 5
CAS to WE delay time . 'CWD 35 40 ns 20
Write command to CAS lead time - cwL 15 15 ) ns

Data-in hold time DH 10 12 ns 21
Data-in hold time (referenced to RAS) DHR 45 55 ns

Data-in setup time DS 0 0 - ns 21
Output disable ‘oD 0 15 0 15 ns

Output Enable 'OE 15 ) 15 ns 22
OE hold time from WE during READ-MODIFY-WRITE cycle | 'OEH 10 12 “ns '
'OE HIGH hold from CAS HIGH 'OEHC 10 10 ns

MT4LCAMAES(S) 1 37 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D24.pm5 - Rev. 2/95 = ©1995, Micron Technology, Inc.
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PRELIMINARY
MT4LC4AMAES(S)

4 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8, 9, 10, 11, 12, 13) (Ve = +3.3V +0.3V)

AC CHARACTERISTICS -6 -7

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES

'OE HIGH pulse width 'OEP 10 10 ns

‘OE LOW to CAS HIGH setup time 'OES 5 5 ns

Qutput buffer turn-off delay 'OFF 3 15 3 15 ns

OE setup prior to RAS during HIDDEN REFRESH cycle ORD 0 0 ns

EDO-PAGE-MODE READ or WRITE cycle time PC 25 30 ns

EDO-PAGE-MODE READ-WRITE cycle time PRWC 75 85 ns

Access time from RAS 'RAC 60 70 ns 13

RAS to column-address delay time 'RAD 12 30 12 35 ns 17

Row-address hoid iime 'RAH 10 10 ns

Column-address to RAS lead time RAL 30 35 ns

RAS pulse width RAS 60 10,000 70 10,000 ns

RAS pulse width (EDO PAGE MODE) RASP 60 | 125000 | .70 |125000| ns

RAS pulse width during SELF REFRESH cycle RASS 100 100 us 25

Random READ or WRITE cycle time RC 110 130 ns

RAS to CAS delay time RCD 14 45 14 50 ns 16

Read command hold time (referenced to CAS) ) ‘RCH 0 0 ns 18

Read command setup time ) 'RCS 0 0 ns

Refresh period (2,048 cycles) 'REF 32 32 ms

Refresh period (2,048 cycles) S version ‘REF 128 128 ms

RAS precharge time RP 40 . 50 ns

RAS to CAS precharge time 'RPC 0 0 ns

RAS precharge time during SELF REFRESH cycle RPS 110 130 ns | 25

Read command hold time (referenced to RAS) 'RRH 0 0 ns 18

RAS hold time ' . RSH 10 12 ns

READ WRITE cycle time ‘RWC 150 177 ns .

RAS to WE delay time 'RWD 80 90 ns 20

Write command to RAS lead time RWL 15 15 ns

Transition time (rise or fall) T 2 50 2 50 ns

Write command hold time : 'WCH 10 12 ns

Write command hold time (referenced to RAS) 'WCR 45 55 | ‘ns -

'WE command setup time ) wes 0 0 ns .20

Output disable delay from WE WHZ 0 13 0 - 15 ns

Write command pulse width ) wp 10 ) 12 ns

'WE pulse to disable at CAS HIGH : wpz 10 12 ns

WE hold time (CBR REFRESH) WRH | 10 10 ns 24

WE setup time (CBR REFRESH) ~ | WRP 10 ’ 10 ns 24
i 1-38 o o . e o e i e ot i
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TECHNOLO

PRELIMINARY

MT4LC4AMAES(S)
4 MEG x 4 DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = +3.3V; f = 1 MHz.

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the outputs open.

Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range is assured.

7. Aninitial pause of 100us is required aft_er_Eower-up
followed by eight RAS refresh cycles (RAS ONLY or
CBR with WE HIGH) before proper device operation
is assured. The eight RAS cycle wake-ups should be
repeated any time the 'REF refresh requirement is
exceeded.

8. AC characteristics assume T = 2.5ns.

9. Vi (MIN) and Vi (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VIL (or between ViL
and V).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between ViH and
VI (or between VIL and ViH) in a monotonic manner.

11. Column address changed once each cycle.

12. Measured with a load equivalent to two TTL gates,
100pF and VoL = 0.8V and Vou = 2.0V.

13. Assumes that 'RCD < fRCD (MAX). If {RCD is greater
than the maximum recommended value shown in this
table, 'RAC will increase by the amount that '‘RCD
exceeds the value shown.

14. Assumes that '/RCD > RCD (MAX).

15. If CAS'is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the data-out buffer, CAS must be
pulsed HIGH for 'CP.

16. Operation within the 'RCD (MAX) limit ensures that
RAC (MAX) can be met. 'RCD (MAX) is specified as
a reference point only; if ‘RCD is greater than the
specified '/RCD (MAX) limit, then access time is
controlled exclusively by {CAC, provided 'RAD is not
exceeded. :

17. Operation within the fRAD (MAX) limit ensures that
'RAC (MIN) and !CAC (MIN) can be met. ‘RAD
(MAX) is specified as a reference point only; if ‘'RAD
is greater than the specified '‘RAD (MAX) limit, then
access time is controlled exclusively by tAA, provided
'RCD is not exceeded.

S

18. Either 'RCH or 'RRH must be satisfied for a READ
cycle.

19. 'OFF (MAX) defines the time at which the output
achieves the open circuit condition, and is not
referenced to VoH or VoL. It is referenced from the
rising edge of RAS or CAS, whichever occurs last.

20. 'WCS, 'RWD, tAWD and {CWD are not restrictive
operating parameters. ‘WCS applies to EARLY
WRITE cycles. 'RWD, tAWD and 'CWD apply to -
READ-MODIFY-WRITE cycles. If 'WCS > 'WCS
(MIN), the cycle is an EARLY WRITE cycle and the
data output will remain an open circuit throughout
the entire cycle. If ‘WCS < fWCS (MIN) and 'RWD >
RWD (MIN), tAWD = 'AWD (MIN) and ‘CWD 2
{CWD (MIN), the cycle is a READ-MODIFY-WRITE
and the data output will contain data read from the
selected cell. If neither of the above conditions is met,
the state of data-out is indeterminate. OE held HIGH
and WE taken LOW after CAS goes LOW results in a
LATE WRITE (OE-controlled) cycle. 'WCS, 'RWD,
tCWD and *AWD are not applicable in a LATE
WRITE cycle.

21. These parameters are referenced to CAS leading edge
in EARLY WRITE cycles and WE leading edge in
LATE WRITE or READ-MODIFY-WRITE cycles.

22. If OF is tied permanently LOW, LATE WRITE or
READ-MODIFY-WRITE operations are not permis-
sible and should not be attempted. Additionally, WE
must be pulsed during CAS HIGH time in order to
place I/O buffers in High-Z.

23. A HIDDEN REFRESH may also be performed after a

WRITE cycle. In this case, WE =LOW and OE =HIGH.

24. 'WTS and 'WTH are setup and hold specifications for
the WE pin being held LOW to enable the JEDEC test
mode (with CBR timing constraints). These two
parameters are the inverts of 'WRP and ‘WRH in the
CBR REFRESH cycle.

25. Refresh must be completed within the time of three
external refresh rate periods prior to active use of the
DRAM (provided distributed CBR REFRESH is used
when in the active mode). Alternatively, a complete
set of row refreshes must be executed when exiting
SELF REFRESH prior to active use of the DRAM if
anything other than distributed CBR REFRESH is
used in the active mode.

MT4LCAMAES(S)
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MICRON MT4LCAMAES(S)

% 4 MEG x 4 DRAM
- READ CYCLE
m tRAS 'RP
- m W ! , /
g f tcRP . tRcD <+:i_: -
m o WI-.‘ :_J . X
> . : :RAD - :HAL l
= won 8 TN . TV:N R /// W I
_ wee ]| ey, { !__ mes | RCH
= e T e O . T,
t::c NOTE2
tcac tOFF
oQ ‘Jg’c = OPEN VALID DATA  p—————— OPEN
) toE |._top
= W, /17// T,
» EARLY WRITE CYCLE
i JJ “
CAS “;:E = _/ t 3
aopR Vi :m ROW ] COLUMN : | l % ROW
twes m: '
"X T e U ‘ o
. | : 'ps 'oH :
b ¥:g[’ Z 0{ VALID DATA W

DON'T GARE

B UNDEFINED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.

2. 'OFF is referenced from rising edge of RAS or CAS, which ever occurs last.
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4 MEG x 4 DRAM

READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

Rwe
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I — [L—
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tRSH
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L crp tRCD. tcas
GAs U - 3
cas v Z i \
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RAD 'RAL
Y [ Y
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ViH s
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W o KU T T o
| tRWD towL
tros _| tcwp tRWL
|
1y 1 1, 1
|wm= WRH| AWD WP
—_— V|
WE UM~
W e | XU I,
tAA
RaC
tcac

. 'ps, DH,
cLz —| -— -
VioH — y
oa Vg - OPEN m VALDD o1 ] VALIDD OPEN
toE I top, '0EH |

® W T, f N,
EDO-PAGE-MODE READ CYCLE

1 1
Bash B
Vg Y
RAS Vi _
tosu tpc RSH
crp 'RCD tcas cp tcas tep tcas cp |
| ' |
CAS Vi — K N 3 X
[ _# 3
‘AR
tRAD RAL
t, 1 t 1, 1,
l 'ASR RAH ‘ 'ASC toan, 'ASC tcaH, l ASC, oA, |
N .,
ADDR Vit _m ROW W coumn ] COLUMN }m COLUMN W / @( ROW
1y 1 1
l wnpi wnHI |__ RCS ] tRCH
/4 N4 e 1/
I [ RRH
- NOTE 1 AA -~
taa Y ‘cpa
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cac tcac toLz—| -— o
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VoH - PEN VALID VALID { VALID
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toE top. ‘o ‘op
<25 DA 20, |
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& UM T / / 0| oES I/ 22:
L~ toep
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R unperineD

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for tWRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMs.
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PRELIMINARY

MICRON I MT4LCAMAES(S)

4 MEG x 4 DRAM

EDO-PAGE-MODE EARLY-WRITE CYCLE

Wvda odd l M3N

tRASP |~BP ]
mAS UH - )
RAs vt T
tosH trc 'RSH
1 terp tRCD tcas tcp tcas top cas - tep |
& W/ A
CAs
ViL - P
AR
RAD 'RAL
I 'ASR 'RAH, I tasc 1CAH I tasc tcaH | tasc CAH,
v
AppR vl m ROW m COLUMN m COLUMN W COLUMN W / 0( Row
towL | towr | towL I
twes WeH ! twes tWCH twes tweH
WRe || twRH wp twp we
e | -
= ViH
R/ W, T
twer tRWL |
DHR
'ps oH . bs 'DH__, \ 'ps 'DH

i | | |
oa Vgt / / / // ﬂ VALID DATA @{ VALID DATA W vaupoata W) )
= T i

EDO-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

1 t
RASP <BE
— V -
s v
tosH tec /tPRWC NOTE 1 tRsH
1 lcrp tRCD tcas cp tcas tcp. fcas tcp
| «CP | BRI DA
— - Ty Ty a
CAS 5:5 - J L
. AR
tRAD ‘AL
tASR RAH, lasg cAH lasg tcaH l lAsc| tcaH | |
N —
AopR i ‘@L ROW m COLUMN W COLUMN W COLUMN w / ROw
1
= s: RL' - I._ tRwL
C
| 'cwu.*I =] towL—| =] - - towL
twp -l [ e I - - twp
tawD tawD tAwD
1 1 1, 1 1
l 'WRP WRH 'CWD cwD 'CWD
we W 7
NOTE 2
tAn taA tAn
tRaC
CAC —»|

oLz ] |-
VIOH =
pa vt = OPEN s
tog—+|
— Vi
oF it

VALD ¥t
V4 LY o W)

NOTE: 1.!PCis for LATE WRITE cycles only.
2. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.
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PRELIMINARY
MICRON MT4LC4M4ES(S)

N

4 MEG x 4 DRAM e

EDO-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

tRASP L

Nvda oad3 . M

tcsH
tpc tpc tRSH
tcrp tRcD tcas tep tcas ’ top tcas _ter
Vig— s - !
CAS y }Z i
Vir— N \5 / N X i
tAR tRAL ’
!
'RAD tACH |
fasr || tRAH tasc tcAH tasc || tcan tasc tcAH '
e i — i {
Vv s !
ADDR V:E:m ROW m COLUMN (A) 20 . GOLUMN (8) / 01 COLUMN (N) 750 %Row
tRCH—=| |~
WRP || tWRH tRCS ror--| twes tweH
v I¢__. .-»] 1M -— || ———
& W N\ i\
L NOTE 1 l tAA tan
'RAC I ‘cPA
| tcac tcac ‘40_5» 'oH
coH tWHZ | |-
s L
N
DQ VIOH— VALID VALID DATA
VioL = OPEN VALID DATA (A) k DATA (B) IN
toe
= Vig—
o= Y
RAS-ONLY REFRESH CYCLE
'Re
tRAS RP
— V — p
ars il N
—_——
| tcrp ‘RPC i
CAS UnH -
[ x X /
tASR RAH
ViH = g
woon Ve TN o) )
VoH - PEN '
oa y3H = ( - OPEN . -
| ‘wrp WRH | WRP | WRH

we W 777 /I¥ NOTE 1 v / 7 X ‘
DON'T CARE

UNDEFINED

NOTE: 1. AlthoughWE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.
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PRELIMINARY

MICRON MT4LCAMA4ES(S)

4 MEG x 4 DRAM

CBR REFEE_SH CYCLE
(Addresses and OE = DON'T CARE)
ms WIS N Vi N o
R A | H j— i 4
w Y I Oy

SELF REFRESH CYCLE
(Addresses and OE = DON'T CARE)

NOTE 1

RP tRASS | RPS

RAS WE z j‘ :Z:c - \ — () (I tRPC = \_/\'()S'/\"‘/——-
= wl A T T\ /S~
ba v {§— open l

= w I Y wrmmm

DON'T CARE
R&| unoeFiNeD

NOTE: 1. Once 'RASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode.
2. Once 'RPS is satisfied, a complete burst of all rows should be executed.

MT4LCAMAES(S) 1-44 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

MT4LC4M4ES(S)
MICRON 4 MEG x 4 DRAM =5

N

_READ CYCLE
(with WE-controlled disable)

A
s vl C N

tosH

tcrp tRCD tcas top

_ |
cRS Vi :J N / N

taR

tRAD )
tAsR tRAH tasc tcan o dasc

ADDR \\ﬂf :m ROW ] COLUMN 1W// //// m COLUMN

1 1 ¢
wnpl WRH | thcs | RCH ﬁwpz[ tHc:s]

" W | T /

INvda odd l M

| I

tAn
tRAC
tcac
; toLz whz oz
pa 381':l E OPEN VALDDATA  [— OPEN — @
. toE ] | _top

Al

)
DON'T CARE

R UNDEFINED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.

MT4LCAMA4ES(S) 1 4 5 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

MICRON | MT4LC4MA4ES(S)

4 MEG x 4 DRAM

HIDDEN REFRESH CYCLE ¢
(WE = HIGH; OE = LOW)

(READ) (REFRESH)
tRAS P tRAS
[re \ ,7L J&k 7
. tcrp tRCD RSH
CAS ‘ tCHR
wo f \ ,|z
taR !
tRAD tRAL
tasr RAH i tasc, tcan
ADDR \\ﬂt’:m_wﬂow m: coumn W/ Z
Y 1,
v tRac =
tcAC toFF
torz :
[ole} zgf: OPEN: (U0 VALID DATA — OPEN—
toE top
— ¢ 1
= Y2 T =" % T,

DON'T CARE

K& uNDEFINED

MT4LCAM4ES(S) . 1 46 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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~ ADVANCE

MT4LC16M4G3/H9
MICRON 16 MEG x 4 DRAM rzrl

=
DRAM | 16 MEG x 4 DRAM mm

3.3V, EDO PAGE MODE

m
O
FEATURES ~ O
* Single +3.3V £03V power supply PIN ASSIGNMENT (Top View) O
¢ Industry-standard x4 pinout, timing, functions and m
packages -Pi
* 13 row-addresses, 11 column-addresses (G3) or ! ! . 34 (EIK_ g)OJ \ >
12 row-addresses, 12 column-addresses (H9) ; g
* High-performance CMOS silicon-gate process Vee 01+ 341 Ves
¢ Allinputs and outputs are LVTTL-compatible pat 02 330 DQ4
* Extended Data-Out (EDO) PAGE MODE access DQ2 03 32 1 DQ3
* 4,096-cycle CAS-BEFORE-RAS (CBR) REFRESH NC 04 31 0 NC
distributed across 64ms NC O5 30 1 NC
OPTIONS MARKING N a4 oh 5
* Timing : WE [J8 270 OE
50ns access -5 RAS Q9 260 NC
60ns access -6 NC [ 10 25 [1 A12/NC
70ns access -7 Ao O 11 24 0 A1
* Packages At Q12 23 0 A10
Plastic SOJ (500 mil) DW A2 13 22 A9
Plastic TSOP (500 mil) W VB 2
¢ Part Number Example: MT4LC16M4G3DW-7 : E A5 016 190 A6
B
KEY TIMING PARAMETERS Veo BT tefives
SPEED | 'RC. | 'RAC | 'PC WA | 'cAC | 'cAS 34-Pin TSOP*
-5 90ns | 50ns | 20ns | 25ns | 13ns 8ns
-6 110ns | 60ns | 25ns | 30ns | 15ns 10ns
7 | 130ns | 70ns | 30ns | 35ns | 20ns” | 12ns ‘ Vee 4 1 34 1D Vss
> - DQ1 ™ 2 33 [ DQ4
DQ2 M 3 32 M@ DQ3
GENERAL DESCRIPTION : NC O 4 31 @ NC
The MT4LC16M4G3 and MTALC16M4H9 arehigh-speed NC @4 5 30 (1.NC
CMOS dynamicrandomaccess memory devices containing NC 4 6 29 O NC_
67,108,864 bits, and designed to operate from 3.0V to 3.6V. NC m 7 28°m CAS
The MT4LC16M4G3 and MT4LC16M4H9 are functionally %g - g gg = gg
organized as 16,777,216 locations containing 4 bits each. The NC o 10 : 25 0 A12/NC
16,777,216 memory locations are arranged in 8,192 rows by A0 o 11 o4 o A1
2,048 columns for the MTALC16MAG3 or 4,096 rows by Al o 12 23 o A10
4,096 columns for the MT4LC16M4H9. During READ or A2 O 13 29 11 A9
WRITE cycles, each location is uniquely addressed via the A3 O 14 21 M A8
address bits. First, the row address is latched by the RAS A4 15 20 M A7
signal, then the column address by CAS . Both devices - A5 1] 16 ; 19 [0 A6
provide EDO PAGE MODE operation, allowing for fast . Vee m17 18 [TI Vss
successive data operations (READ, WRITE or READ-
MODIFY-WRITE) within a given row. .
The MT4LC16M4G3 and MT4LC16M4H9 must be re- *Consult factory for dimensions and availability.
| freshed periodically in order to retain stored data.

MTALC16M4G3/H9 = 1 - 47 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D22.pm5 - Rev. 2/95 ©1995, Micron Technology, Inc.
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ADVANCE
MICRON MT4LC16MA4G3/H9

16 MEG x 4 DRAM

FUNCTIONAL BLOCK DIAGRAM
MT4LC16M4G3 (13 row-addresses)

o DQ1
DbQ2
DQ3
o DQ4

WE 1 DATA-IN

CAS : ] J—' BUFFER
CONTROL
LOGIC I—L

NO.2ClocK | ¥

DATA-OUT

GENERATOR ¢ BuFFER
OE
COLUMN-
A0 o ADDRESS
Al o BUFFER(11)
a2 o
ASo—i [ | REFRESH
SENSE AMPLIFIERS
Ad o CONTROLLER /0 GATING
A5 .0 T
A6 o
A7 o REFRESH
A8 o COUNTER
A9 o
A10 0 © 8192x 2048 x 4
ROW- i MEMORY
Q
ﬁ:; ADDRESS 38 9 ARRAY
BUFFERS (13) | Tg am
o g n
(]
—_— NO.1cCLOCK | <«——o0 Ve
RAS oI GENERATOR |——

<«———0 Vss

FUNCTIONAL BLOCK DIAGRAM
MT4LC16M4H9 (12 row-addresses)

WE
WE ! DATA-IN
CAS < l |—’ BUFFER

CONTROL
LOGIC
NO.2CLOCK | -~ ¥ DATA-OUT

GENERATOR  |e— BUFFER

OE
L[ CoLUMN-
COLUMN
roe DECODER
A1
A2
A3 REFRESH =
A4 o CONTROLLER SENSE AWPLIIERS
A5
A6 '
A7 REFRESH
A8 COUNTER __I ’
A9 _'I
Al0 o L I 4096 x 4096 x 4
At1 ROW- 2 G, MEMORY
ADDRESS &g £ ARRAY
e
w
a L8
3
(8]
— NO.1CLOCK | e
RAS o GENERATOR , i ~—o Ve

MT4LC16M4G3/H9 1 - 4 8 Micron Technology, Inc., reserves the right to change products or specifications without notice:
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ADVANCE
MT4LC16M4G3/H9

16 MEG x 4 DRAM

FUNCTIONAL DESCRIPTION

The functional description for the MT4LC16M4G3 and
MTALC16M4H9 is divided into the two areas described
below (DRAM access and DRAM refresh). Relevant timing
diagrams are included in this data sheet, following the
timing specifications tables.

DRAM ACCESS

Each location in the DRAM is uniquely addressable as
mentioned in the General Description. The data for each
location is accessed via the four 1/O pins (DQ1-4). The WE
signal must be activated to execute a write operation, oth-
erwise a read operation will be performed. The OE signal
must be activated to enable the DQ output drivers foraread
access and can be deactivated to disable output data if
necessary.

EDO PAGE MODE

DRAM READ cycles have traditionally turned the out-
put buffers off (High-Z) with the rising edge of CAS. If
CAS went HIGH, and OF was LOW (active), the output
buffers would be disabled. The MT4LC16M4G3 and
MT4LC16M4H9 offer an accelerated PAGE MODE cycle by
eliminating output disable from CAS HIGH. This option is
called EDOand itallows CAS precharge time ({CP) to occur
without the output data going invalid (see READ and EDO-
PAGE-MODE READ waveforms).

EDO operates as any DRAM READ or FAST-PAGE-
MODE READ, except data will be held valid after CAS
goes HIGH, as long as RAS and OE are held LOW and
WE is held HIGH. OE can be brought LOW or HIGH while
CAS and RAS are LOW, and the DQs will transition be-
tween valid data and High-Z. Using OF, there are two
methods to disable the outputs and keep them disabled
during the CAS HIGH time. The first method is to have
OE HIGH when CAS transitions HIGH and keep OFE
HIGH for 'OEHC thereafter. This will disable the DQs and
they will remain disabled (regardless of the state of OE after
that point) until CAS falls again. The second method is to

have OE LOW when CAS transitions HIGH. Then bringing
OE HIGH for a minimum of *OEP anytime during the
CAS HIGH period will disable the DQs; the DQs will
remain disabled (regardless of the state of OE after that
point) until CAS falls again (please refer to Figure 1).
During other cycles, the outputs are disabled at ‘OFF time
after RASand CASare HIGH, or 'WHZ after WE transitions
LOW. The 'OFF time is referenced from the rising edge of
RAS or CAS, whichever occurs last. WE can also perform
the function of disabling the output drivers under certain
conditions, as shown in Figure 2.

EDO PAGE MODE operations are always initiated with
a row-address strobed-in by the RAS signal, followed by
a column-address strobed-in by CAS, just like for single
location accesses. However, subsequent column locations
within the row may thenbe accessed atthe page modecycle
time. This is accomplished by cycling CAS while holding
RAS LOW, and entering new column addresses with each
CAS cycle. Returning RAS HIGH terminates the EDO
PAGE MODE operation.

DRAM REFRESH

The supply voltage must be maintained at the specified
levels, and the refresh requirements must be met in order to
retain stored data in the DRAM. The refresh requirements
are met by refreshing all 8,192 rows (G3) or all 4,096 rows
(H9) in the DRAM array at least once every 64ms. The
recommended procedure s to execute4,096 CBR REFRESH
cycles, either uniformly spaced or grouped in bursts, every
64ms. The MT4LC16M4G3 internally refreshes two rows
for every CBR cycle, whereas the MT4LC16M4H9 refreshes
one row for every CBR cycle. So with either device, execut-
ing 4,096 CBR cycles covers all rows. Alternatively,
RAS-ONLY REFRESH capability is inherently provided.
However, with this method only one row is refreshed at
a time, so for the MT4LC16M4G3, 8,192 RAS-ONLY
REFRESH cycles must be executed every 64ms to cover all
Tows.

MT4LC16M4G3/HO
D22.pm5 — Rev. 2/95
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ADVANCE

MT4LC16M4G3/H9
16 MEG x 4 DRAM

s

Vi
oA vz

ADDR

DQ YIOH—.

Vi B

M:. COLUMN (D) W

m COLUMN (4) W

T I‘ﬁ.‘c‘oww« E Y,

74 I'w_cowmu © X

VioL -

Nvda odd l M3N

55 ViH-
G Y-

=— Vg
RAS iz

OPEN

“ N . "
wv&vmn DATA lA?;F—’-—] VALID DATA (A) )& VALID DATA (BT;————MATA © VALID DATA (D)
oo | o0 __| l._gv_,
| oes ! 10EHC
toE / \
toep
The DQs go back to The DQs remain High-Z The DQs remain High-Z
Low-Z if tOES is met. until the next CAS cycle until the next CAS cycle
. if tOEHC is met. if tOEP is met.

Figure 1

E CONTROL OF DQs

— V-
cas vz

S/ U S

ADOR ‘J:[‘:m( ROW X/ / m{lcon.uwm) W

0Q VIoH—

VioL ~

OPEN

B S ———
VALID DATA (4)

M COLUMN (B) W / / W COLUMN (C) W /é}(q:;ww(oo

twhiz /

Y

VALID DATA (B)

j;—( INPUT DATA (C) - @:

ViH—
ViL—

7l

= Vi
OE vz

m

=
H

/

The DQs go to High-Z if WE falls, and if 'WPZ is met,
will remain High-Z until CAS goes LOW with
WE HIGH (i.e., until a READ cycle is initiated).

C

Figure 2

WE may be used to disable the DQs to prepare
for input data in an EARLY WRITE cycle. The DQs
will remain High-Z until CAS goes LOW with

WE HIGH (i.e., until a READ cycle is initiated).

WE CONTROL OF DQs

DON'T CARE

B&) unperineD

MT4LC16MIGIH9
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MICRON

TECHNOLOGY, INC.

ADVANCE

MT4LC16M4G3/H9
16 MEG x 4 DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc Relative to Vss ... -1.0V to +4.6V
Voltage on Inputs or I/O Pins

Relative to Vss -1.0V to +5.5V
Operating Temperature, T, (ambient) .......... 0°C to +70°C
Storage Temperature (plastic) ........c..cc...... -55°C to. +150°C
Power Dissipation ..., - 1W
Short Circuit Output Current ........cccicoeveivrererininnns 50mA

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc = +3.3V £0.3V)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

INvHd Oad l M3N

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 3.0 3.6 \']
Input High (Logic 1) Voltage, all inputs VIH 2.0 5.5 \'
Input Low (Logic 0) Voltage, all inputs ViL -1.0 0.8 \
INPUT LEAKAGE CURRENT

Any input OV £ Vin < 5.5V I -2 2 A
(All other pins not under test = 0V) )

OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vourt < 5.5V) loz -10 10 nA
OUTPUT LEVELS VoH 24 Vv
Output High Voltage (lout = -2mA)

Output Low Voltage (lout = 2mA) VoL 0.4 \

MT4LC16M4G3/HI
D22.pm5 ~ Rev. 2/95
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ADVANCE

MT4LC16M4G3/H9
16 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc +3.3V +0.3V)

MAX )
PARAMETER/CONDITION VERSION SYMBOL| -5 -6 -7 | UNITS | NOTES
STANDBY CURRENT: (TTL) MT4LC16M4G3 | Icct 1 1 1 mA :
(RAS = CAS = ViH) MT4LC16M4H9 | Icct 1 1 1
STANDBY CURRENT: (CMOS) MT4LC16M4G3 | lcce | 500 | 500 | 500
(RAS = CAS 2 Vcc -0.2V, DQs may be left open, MT4LC16M4H9 | Icc2 | 500 | 500 | 500 HA
Other inputs: VIN > Vce -0.2V or VIN £ 0.2V)
OPERATING CURRENT: Random READ/WRITE MT4LC16M4G3 | Icca | 130 | 120 | 110 3,4,
Average power supply current MT4LC16M4H9 | lcca | 170 | 160 | 150 mA 29
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) ‘ L
OPERATING CURRENT: EDO PAGE i\nuDE MT4LC16M4G3 | Icca | 150 | 120 | 100 3,4,
Average power supply current MT4LC16M4H9 | “lcc4 | 150 | 120 | 100 mA 29
(RAS = Vi, CAS, Address Cycling: 'PC = tPC [MIN]) . :
REFRESH CURRENT: RAS ONLY MT4LC16M4G3 | Iccs | 130 [ 120 | 110 v 3,26
Average power supply current : MT4LC16M4H9 lccs | 170 | 160 | 150 mA
(RAS Cycling, CAS = Vix: IRC = 'RC [MIN]) :
REFRESH CURRENT: CBR MT4LC16M4G3 | icce | 140 | 130 | 120
Average power supply current MT4LC16M4H9 | Icce | 170 | 160 | 150 mA 3,5
(RAS, CAS, Address Cycling: RC = 'RC [MIN])

MTALC16M4G3/HY
D22.pm5 - Rev. 2/95
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ADVANCE

MlCHDN MT4LC16M4G3/H9 r%

16 MEG x 4 DRAM

CAPACITANCE
PARAMETER SYMBOL | MAX UNITS | NOTES
Input Capacitance: Address pins . Ci 5 pF 2
Input Capacitance: RAS, CAS, WE, OE ' Ci 7 | pF 2
Input/Output Capacitance: DQ Cio 9 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13, 23) (Voc = +3.3V +0.3V) -

WvHda od3 . M

AC CHARACTERISTICS -5 -6 -7 )

PARAMETER SYM MIN MAX MiN MAX MIN MAX UNITS | NOTES

Access time from column-address AA 25 ) 30 | 35 ns '

Column-address set-up to CAS 'ACH 15 15 15 ns

going HIGH during WRITE

Column-address hold time ‘ AR 40 45 55 ns

(referenced to RAS) ‘

Column-address setup time ) tASC 0 0 ] 0 ns

Row-address setup time 'ASR 0 0 0 ns

Column-address to WE delay time AWD 48 55 65 ns 21

Access time from CAS ' 'CAC 13 15 20 ns 15

Column-address hold time 'CAH 8 10 12 ns

‘CAS pulse width ICAS 8 10,000 10 10,000 12 10,000 ns

CAS hold time (CBR REFRESH) CHR 8 : ] 10 12 ns 5

CAS to output in Low-Z . ‘cLz 0 0 0 ns

Data output hold after CAS LOW ] 'COH 5 5 5 : ns

CAS precharge time ‘cp 8 ] 10 10 ns 16

Access time from CAS precharge ICPA ‘ 28 35 40 ns

CAS to RAS precharge time 'CRP 5 5 5 1 ns

CAS hold time 'CSH 44 50 55 | ns

CAS setup time (CBR REFRESH) 'CSR 5 5 5 ns 5

CAS to WE delay time ) 30 35 40 ns 21

Write command to CAS lead time ‘CWL 8 15 15 | ns

Data-in hold time 'DH | 8 10 12 ns 22

Data-in hold time (referenced to RAS) 'DHR 40 45 55 “| ns

Data-in setup time DS 0 0 0 ns 22

Output disable ‘oD 0 13 0 15 0 15 ns | 27,28

Output Enable time 'OE 13 15 15 ns

OE hold time from WE during 'OEH 8 10 12 ns 28

READ-MODIFY-WRITE cycle : 5

OE HIGH hold time from CAS HIGH OEHC 7 10 10 ns

OE HIGH puise width 'OEP 7 10 10 ns

‘OE LOW to CAS HIGH setup time 'OES 4 5 5 ns
MT4LC16M4G3/HY . 1 - 5 3 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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ADVANCE
MT4LC16M4G3/H9

16 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = +3.3V £0.3V)

AC CHARACTERISTICS -5 -6 -7 .
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS | NOTES
Qutput buffer turn-off delay 'OFF 0 13 0 15 0 15 ns 20, 27
OE setup prior to RAS during 'ORD 0 0 0 ns

HIDDEN REFRESH cycle

EDO-PAGE-MODE tPC 20 25 30 ns

READ or WRITE cycle time

EDO-PAGE-MODE tPRWC 71 75 85 ns
READ-WRITE cycle time

Access time from RAS 'RAC 50 60 70 ns 14
RAS to column-address delay time | 'RAD 9 25 12 30 12 35 ns 18
Row-address hold time RAH 8 10 10 ns
Column-address to RAS lead time RAL 25 30 35 ns

RAS pulse width 'RAS 50 10,000 60 10,000 70 10,000 ns

RAS puise width (EDO PAGE MODE) RASP 50 125,000 60 125,000 70 125,000 ns

Random READ or WRITE cycle time ‘RC 90 110 130 ns

RAS to CAS delay time RCD 1 37 14 45 14 50 ns 17
Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command setup time RCS 0 0 0 ns

Refresh period 'REF 64 64 64 ms 26
RAS precharge time RP 30 40 50 ns

RAS to CAS precharge time 'RPC 0 0 0 ns

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS) .

RAS hold time 'RSH 8 10 12 ns

READ WRITE cycle time 'RWC 126 150 177 ns

RAS to WE delay time tRWD 73 80 90 ns 21
Write command to RAS lead time RWL 8 15 15 ns
Transition time (rise or fall) T 1 50 2 50 2 50 ns

Write command hold time 'WCH 8 10 12 ns

Write command hold time 'WCR 40 45 55 ns
(referenced to RAS)

WE command setup time wes 0 0 0 ns 21
WE to outputs in High-Z WHz 10 13 15 ns

Write command pulse width wp 7 10 12 ns

WE pulse width to disable outputs wpz 7 10 12 ns

'WE hold time (CBR REFRESH) 'WRH 8 10 10 ns 25
WE setup time (CBR REFRESH) 'WRP 8 10 10 ns 25

MT4LC16M4G3/HY
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MICRON
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MT4LC16M4G3/H9
16 MEG x 4 DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = +3.3V; f = 1 MHz.

3. Iccis dependent on cycle rates.

4. Icc is dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the outputs open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range is assured.

An initial pause of 100us is required after power-up

followed by eight RAS refresh cycles (RAS ONLY or

CBR with WE HIGH) before proper device operation

is assured. The eight RAS cycle wake-ups should be

repeated any time the ‘REF refresh requirement is
exceeded.

AC characteristics assume *Tof 2ns for -5 and 2.5ns for

-6 and -7.

Vi (MIN) and ViL (MAX) are reference levels for

measuring timing of input signals. Transition times

are measured between Vi and VIL (or between ViL

and V).

In addition to meeting the transition rate specifica-

tion, all input signals must transit between Vin and

VIL (or between VIL and VIH) in a monotonic manner.

1f CAS and RAS = ViH, data output is High-Z.

If CAS = VL, data output may contain data from the

last valid READ cycle.

Measured with a load equivalent to two TTL gates,

100pF and VoL = 0.8V and Von = 2.0V.

Assumes that 'RCD < 'RCD (MAX). If 'RCD is greater

than the maximum recommended value shown in this

table, 'RAC will increase by the amount that 'RCD
exceeds the value shown.

15. Assumes that 'RCD > 'RCD (MAX).

16. If CAS is LOW at the falling edge of RAS, output data
will be maintained from the previous cycle. To initiate
a new cycle and clear the data-out buffer, CAS must
be pulsed HIGH for 'CP. ~

17. Operation within the 'RCD (MAX) limit ensures that
RAC (MAX) can be met. '/RCD (MAX) is specified as
a reference point only; if fRCD is greater than the
specified 'RCD (MAX) limit, then access time is
controlled exclusively by ‘CAC.

18. Operation within the TRAD (MAX) limit ensures that
fRAC (MIN) and {CAC (MIN) can be met. t(RAD
(MAX) is specified as a reference point only; if ‘RAD
is greater than the specified 'RAD (MAX) limit, then
access time is controlled exclusively by 'tAA.

o @

10.

11.
12.

13.

14.

19. Either 'RCH or 'RRH must be satisfied for a READ
cycle.

20. 'OFF (MAX) defines the time at which the output

achieves the open circuit condition, and is not

referenced to VoH or VoL.

tWCS, 'RWD, tAWD and {CWD are not restrictive

operating parameters. 'WCS applies to EARLY WRITE

cycles. If WCS > tWCS MIN, the cycle is an EARLY

WRITE cycle and the data output will remain an open

circuit throughout the entire cycle. RWD, tAWD and

tCWD define READ-MODIFY-WRITE cycles. Meeting
these limits allows for reading and disabling output
data and then applying input data. OE held HIGH and

WE taken LOW after CAS goes LOW resultsina LATE

WRITE (OE-controlled) cycle. tWCS, 'RWD, tCWD and

'AWD are not applicable in a LATE WRITE cycle.

These parameters are referenced to CAS leading edge

in EARLY WRITE cycles and WE leading edge in

LATE WRITE or READ-MODIFY-WRITE cycles.

23.If OF is tied permanently LOW, LATE WRITE or
READ-MODIFY-WRITE operations are not possible.

24. A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, ‘WE = LOW and
OE = HIGH.

25. 'WTS and 'WTH are setup and hold specifications for
the WE pin being held LOW to enable the JEDEC test
mode (with CBR timing constraints). These two
parameters are the inverts of ‘WRP and 'WRH in the
CBR REFRESH cycle.

26. RAS-ONLY REFRESH requires that all 8,192 rows of
the MT4LC16M4G3, or all 4,096 rows of the
MT4LC16M4H9, be refreshed at least once every
64ms. CBR REFRESH, for either device, requires that
at least 4,096 cycles be completed every 64ms.

27. The DQs open during READ cycles once 'OD or ‘OFF
occur. If CAS stays LOW while OE is brought HIGH,
the DQs will open. If OE is brought back LOW (CAS'
still LOW), the DQs will provide the previously read
data. S

28. LATE WRITE and READ-MODIFY-WRITE cycles
must have both tOD and *OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. If OE is
taken back LOW while CAS remains LOW, the DQs
will remain open.

29. Column-address changed once each cycle.

21.

22.

| MTaLC16M4GIHO
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ADVANCE
MlCHDN MT4LC16M4G3/H9

16 MEG x 4 DRAM

READ CYCLE

Wvda odd l M3N

tRe
RAS tRP
vy
s vtz R
fosH |
i tRsH 'RRH
DSt
| tcrP ile) tcas
CAS.' ViH —
ViL = N_%
AR
RAD tRAL ‘
t [ 1 [ !
(ASR RAH ASC (CAH
Vin y
ADDR  Vj ROW COLUMN ROW
'WRFI tWRH trcs tRCH
s nane N A
it NOTE 1 .
'AA
'RAC NOTE2
tcac toFF
oz
DQ \\;8[' = - OPEN VALIDDATA  J——————— OPEN
toE top

= Y- 7 7 T
EARLY WRITE CYCLE

Re
RAS ! il

vy T }7
Aas i C N

fosH
RSH
tcrp tReD cas

|

9|
>
ol

|
v |
Wz

AR
RAD tRAL
tasR tRAH tasc tcAH

tacH

Vi -
ADoR vl _mL ROW m COLUMN ] X ROW
fowt |
'RwL
wer
twes | tweH
we

AP | | IwRH
. DU} B
Vi
- NOTE 1

‘oHR
1. DS oH

VIoH -
b2 vior VALID DATA W

[,
oE it T

il

DON'T CARE

iR uNDEFINED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.

2. 'OFF is referenced from rising edge of RAS or CAS, which ever occurs last.
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MICRON

TECHNOLOGY. INC

ADVANCE

MT4LC16M4G3/H9
16 MEG x 4 DRAM

READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

<
m

INvda od3 l M

tRwc
tRAS ; AP
v ,L—
RAs v \
fosH
'RsH
‘cRp RCD tcas
GAs VH 3
CAS yj
AR
‘RAD tRAL
tASR 'RAH tasc tcan
I tacH
Vi
| tRwD towe |
tRes | towp RwL |
| 1
[ [ P 4
]WHP WHHI tawD we
WE Wi 4 K 7,
E NOTE 1 .
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tRAC
tcac
bs_||_loH
torz—=| |- DA B
v
ba V:gf = OPEN er VALIDD 1 VALID D OPEN
toe ' top, | toEH |
=V
& i / XL
EDO-PAGE-MODE READ CYCLE
RASP L RP
ms VM .
tosH tpc fRsH
|<tcrr ReD tcas tep tcas cp cas tcp |
CAS’ VH =
-/ \
AR
RAD tRAL
'RAH ‘ tasc, toan, tasc, fcaH, tasc [CAH’
Vi
A/ ST ), ST /) ST /), ST Y
twﬂH’ I__ 'Res, { tRCH |
— |
e ¥‘H é?éé? Y 'HHHM
* NOTE 1 AR
A tAA topa
tRAC tcpa cac
cac cac toLz—>| — o
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[ 1 |« OFE )
toz—| | 40_03[ 'OEHC
Von - VALID VALID VALID
0Q v ol DATA DATA DATA Jopen
oe top foE top
20| [
‘oes
G yH 7 ] @l‘_' i 'oEs %
L - toEP

DON'T CARE

B unpeFineD
NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
“future EDO DRAMSs.
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‘ ADVANCE
MICQDN MT4LC16M4G3/H9

16 MEG x 4 DRAM

EDO-PAGE-MODE EARLY-WRITE CYCLE

tRASP - BP

Nvda odd I M3N

Vg
mas vit
tosH tpc 'RSH
12 terp tRCD tcas tcp tcas fcp tcas 1o foP '
vy = ;
s WD S J N iy N / \
AR
RAD RAL
tASR 'RAH, tasc cAH tasc 1CAH, tasc, 1CAH,
v
ADDR vl ROW COLUMN COLUMN COLUMN ROW
I
towL | towL | towe l
1
wes twew twes tweH twes tweH
1 4 1
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[
'[VJICH tRWL |
HR
bs oH | ps PH . | tos oH

| | |
ba 3:8[' / / »ﬁ VALID DATA @{ VALID DATA W VALID DATA / /

R Y I

EDO-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

1 1
RASP DAL
— V] -
ms vt

tosH tpc /tpRWC NOTE 1 tRSH
1 1 1 1 1 1
I CRP. RCD tcas cP tcas cP CAS L)
TAs YH — —
[
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‘RAD tRAL
tash_||_ tRaH, fasg {asc l
Bhai 4_._.1 R Pzl <250« CAH
Vi
ADDR Vit m ROW }@( COLUMN col 423( ROW
‘ncs{ L—‘RWL
| - towe
Iwre [ twRH |
L/ S/
NOTE 2 .
'Ap
RAC
fcac = 3
oz - [=
V) -
oo vy o open w OPEN
E oo
tog—=|

==

DON'T CARE

UNDEFINED

® T

NOTE: 1.'PC is for LATE WRITE cycles only.
2. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.
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ADVANCE

MT4LC16M4G3/H9
MICRON 16 MEG x 4 DRAM

EDO-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

tRASP tpp

| |
RAS xl'f: N JJ{—J\__
tesi
* tpc tpc 'RSH
| crP 'RCD tcas tep tcas . tep tcas e
o Wi f K\ j N L‘ il Y }‘ ’L
tAR tRAL ‘
tRAD tACH I
lasr. _'m| tasc tcan i tasc || tcaH tasc || tcau
ADDR ¥:E:m ROW © COLUMN (A) E(/// % COLUMN (B) )LW / ﬁ COLUMN (N) W/ / @(ROW
wRp 'WRHI l'ncs troH~] l’ twes tweH
WE g:f: ééé’ NOTE 1 W I/ o ‘ ™ +\ «L Jf
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o
% W=7 T
RAS-ONLY REFRESH CYCLE
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‘Re
tRAS g tRP
ms il N J A
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w s f /
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ViH = 4
woor it 771118 Row XX Fow
oQ &gﬁ - oPEN
: . 'wre WRH _WwRP WRH
|

" Yy T e K
m DON'T CARE

Y unDEFINED

. NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMS. ;
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MICRON MTA4LC16MA4G3/H9

16 MEG x 4 DRAM

Wvda ods l M3N

'CBR REFRESH CYCLE
(Addresses and OE = DON'T CARE)
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HIDDEN REFRESH CYCLE 2
(WE = HIGH; OE = LOW)

(READ) __ (REFRESH)
tRAS L /P tRAS k
— V= Jf—xL L
RAS
ViL— N K /
1 terp tRCD tRSH
— : cHR
oAS | o el
ViH=
v A N JZ
'R !
tRAD tRAL
task tRAH_, tasc tcAR,
Vi —
AppR -yl ROW m COLUMN 11){/
4 I A
tan
tRAC
tcac tOFF
oLz
bQ ¥8f: PEN RN : VALID DATA b— OPEN—
toE

= S T == }/
[/ bonT care

K& uNDEFINED

MT4LC16M4G3/HY 1 _60 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D22.pm5 - Rev. 2/95 ©1995, Micron Technology, Inc.



|

MICR

ON

TECHNOLOGY. INC.

ADVANCE

MT4LC16M4G3/H9
16 MEG x 4 DRAM

= X
ViH

_READ CYCLE
(with WE-controlled disable)

|e_tcRP tRCD tcas tcp
o W f ) /) :
aoor VI ___m : RO\:I m : coLUM 7}Wm{ COLUMN
_ eflemy e o ey s |
S/ t L/
oo yoH = OPEN X VALl[i([))DATA ;-—OPEN——— @
. | WWW/

DON'T CARE

UNDEFINED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the System designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs. )
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MICRON

TECHNOLOC

PRELIMINARY

MT4LC2MSE7(S)
2 MEG x 8 DRAM

DRAM

2 MEG x 8 DRAM

3.3V, EDO PAGE MODE,
OPTIONAL SELF REFRESH

FEATURES

¢ Industry-standard x8 pinout, timing, functions and
packages

High-performance CMOS silicon-gate process

Single +3.3V +0.3V power supply

Low power, 0.3mW standby; 150mW active, typical
All inputs, outputs and clocks are TTL-compatible
Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR),
HIDDEN and SELF

® 2,048-cycle refresh (11 row-, 10 column-addresses)

¢ Optional SELF REFRESH, Extended Refresh rate (4x)
¢ Extended Data-Out (EDO) PAGE access cycle

e 5V tolerant I/Os (5.5V maximum ViH level)

MARKING

OPTIONS
¢ Timing
60ns access -6
70ns access : -7
¢ Packages
Plastic SOJ (300 mil) ! DJ
Plastic TSOP (300 mil) TG
* Refresh Rate
Standard 32ms period None
SELF REFRESH and 128ms periods S

¢ Part Number Example: MT4LC2MS8E7D]J-7 S

KEY TIMING PARAMETERS

SPEED RC RAC pC 'AA CAC CAS
-6 110ns | 60ns 25ns 30ns 15ns 10ns
-7 130ns | 70ns 30ns 35ns | 20ns 12ns

| GENERAL DESCRIPTION

The MT4LC2MB8E7(S) is a randomly accessed solid-state
memory containing 16,777,216 bits organized in a x8 con-
figuration. The MT4LC2MBSE7(S) RAS is used to latch the
first 11 bits and CAS the latter 10 bits (A10is ignored during
CAS falling edge.) READ and WRITE cycles are selected
with the WE input. A logic HIGH on WE dictates READ
mode while a logic LOW on WE dictates WRITE mode.
During a WRITE cycle, data-in (D) is latched by the falling

I edge of WE or CAS, whichever occurs last. If WE goes LOW

prior to CAS going LOW, the output pins remain open
(High-Z) until the next CAS cycle, regardless of OE.

PIN ASSIGNMENT (Top View)

28-Pin SOJ 28-Pin TSOP
(DA-5) (DB-3)
Vec 1 28 [1Vss Vee o 1 28 [ Vss
DQ1Q 2 27 [1 DQ8 DQ1 M 2 27 0 DQ8
DQ20 3 26 0 DQ7 DQ2 @™ 3 26 O DQ7
DQ3 [ 4 25 {1 DQ6 D@3 4 i 25 [0 DQ6
DQ4[] 5 24 1 DQ5 DQ4 M § 24 M DQ5
WE 6 23 1 CAS WE 0 6 23 0 CAS
RAST] 7 22 1 OE RAS 7 22 fr1 OE
NCO 8 21 1 A9 NC 8 21 [ A9
A0 9 20 0 A8 Af0™ 9 20 [0 A8
A0 10 19 0 A7 Aom™ 10 19 [ A7
AN 18 [1 A6 At 1 18 [ A6
A2 12 170 A5 A2 12 17. 10 A5
A3[] 13 16 1 A4 A3 13 16 [0 A4
Vee [ 14 15 [ Vss Vee 0 14 15 1 Vss

If WE goes LOW after CAS goes LOW, data-out (Q) is
activated and retains the selected cell data as long as OE
remains LOW and RAS or CAS remains LOW (regardless of

WE). This late WE pulse results in a READ WRITE cycle.

IfWE toggles LOW after CAS goes back HIGH, the output
pins will open (High- Z) until the next CAS cycle, regardless
of OE.

The eight data inputs and the eight data outputs are
routed through eight pins using common I/O, and pin
direction is controlled by WE and OE.

PAGE ACCESS

PAGE operations allow faster data operations (READ,
WRITE or READ-MODIFY-WRITE) within a row-address-
defined pageboundary. The PAGE cycle is always initiated
with a row-address strobed-in by RAS followed by a col-
umn-address strobed-in by CAS. CAS may be toggled-in
by holding RAS LOW and strobing-in different column-
addresses, thus executing faster memory cycles. Returning

RAS HIGH terminates the PAGE MODE of operation.

MTALC2MBET(S) . -
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MICRON

TECHNOLOGY. INC.

PRELIMINARY

MT4LC2M8E7(S)
2 MEG x 8 DRAM

EDO PAGE MODE
The MT4LC2MBE7(S) providesEDOPAGE MODE which
is an accelerated FAST PAGE MODE cycle. The primary
m advantage of EDO is the availability of data-out even after
CAS returns HIGH. EDO provides for CAS precharge time
O (tCP) to occur without the output data going invalid. This
elimination of CAS output control prov1des for pipeline
U READs.
m FAST-PAGE-MODE DRAMs have tradltlonally turned
¥ the output buffers off (High-Z) with the rising edge of
> CAS.EDO-PAGE-MODE DRAMs operate similar to FAST-

PAGE-MODE DRAMs, except data will remain valid or
become valid after CAS goes HIGH during READs, pro-
vided RAS and OF are held LOW. If OE is pulsed while
RASand CASare LOW, data will toggle from valid data to
High-Z and back to the same valid data. If OE is toggled or
pulsed after CAS goes HIGH while RAS remains LOW,
data will transition to and remain High-Z (refer to Figure 1).

If the DQ outputs are wire OR’d, OE must be used to
disable idle banks of DRAMs. Alternatively, pulsing WE to
theidle banks during CAS HIGH time will also High-Z the
outputs. Independent of OE control, the outputs will dis-
able after *OFF, which is referenced from the rising edge of
RAS or CAS, whichever occurs last.

REFRESH
. Preserve correct memory cell data by maintaining
power and executing a RAS cycle (READ, WRITE) or RAS

ViH=

refresh cycle RASONLY, CBR or HIDDEN) so thatall 2,048
combinations of RAS addresses are executed at least every
32ms, regardless of sequence. The CBRREFRESH cycle will
invoke the refresh counter for automatic RAS addressing.

An optional SELF REFRESH mode is also available on
the MT4LC2MS8E?7 S. The “S” version allows the user the
choice of a fully static low-power data retention mode or a
dynamic refresh mode at the extended refresh period of
128ms, four times longer than the standard 32ms
specification.

The optional SELF REFRESH feature is initiated by per-
forming a CBR REFRESH cycle and holding RAS LOW for
the specified 'RASS. Additionally, the “S” version allows
for an extended refresh rate of 62.5us per row if using
distributed CBR REFRESH. This refresh rate can be applied
during normal operation or during a standby or BATTERY
BACKUP mode. .

The SELF REFRESH mode is terminated by driving RAS
HIGH foraminimum time of ‘/RPS (='RC). This delay allows
for the completion of any internal refresh cycles that may be
in process at the time of the RAS LOW-to-HIGH transition.
If the DRAM controller uses a distributed CBR REFRESH
sequence, a burst refresh is not required upon exiting SELF
REFRESH mode. However, if the DRAM controller utilizes
RASONLY or burst refresh sequence, all 2,048 rows must
berefreshed within 300us prior to the resumption of normal
operation.

RAS Vi—
Vi - :
& Ve p . S D W A
ADDR 3{;%( ow W: coumn ) X777 K comne W T corme) M) } - coLuMN (D) W
pa YIoH-. Y AV > o oA RS
Vi OPEN vanATAw,"F———« vawooaaw Y vaome T————-—&K VALID DATA (0) %————&Kummﬂm
ton top top
Joes | foene
& V- ~—
G iz toe
toep.

/

The DQs go back to
Low-Z if 'OES is met.

/

The DQs remain High-Z
until the next: CAS cycle
if tOEHC is met.

/

The DQs remain High-Z
until the next CAS cycle
if 1OEP is met.
77/} DON'T CARE

B unperiNED

Figure 1
OUTPUT ENABLE AND DISABLE

MT4LC2MBET(S)
WO09.pm5 — Rev. 2/95

1-64

Micron Technology, Inc., reserves the right to change products or specifications without notice.
©1995, Micron Technology, Inc.



MICRON

TECHNOLOGY, INC.

PRELIMINARY

MT4LC2M8E7(S)

2 MEG x 8 DRAM

FUNCTIONAL BLOCK DIAGRAM

NO. 2 CLOCK
GENERATOR

DATA-IN BUFFER

ADDRESS
BUFFER

COLUMN- .

A2 L+ SELF REFRESH
REFRESH

N CONTROLLER OSCILLATOR

A3 o " (S-version only)

¥

ADDRESS
UFFERS (11)

REFRESH
COUNTER

DATA-OUT
BUFFER

--1024--]

DECODER

SENSE AMPLIFIERS
/0 GATING

i 1024 x8 =

2048 x 1024 x 8

Nvda Oa3 .

% 20:48 MEMORY
T ARRAY
| =
ms .| hgooe [ 1 —
“+————0 Vss
TRUTH TABLE
ADDRESSES DATA-IN/OUT
FUNCTION RAS CAS WE OF R 'c DQ1-DQ4
Standby H H-X X X X X High-Z
READ L L H L ROW COL Data-Out
EARLY WRITE L L L X ROW COL Data-In
READ WRITE L L H-L L—H ROW COL | Data-Out, Data-In
EDO-PAGE-MODE 1st Cycle L H—-L H L ROW COL Data-Out
READ 2nd Cycle L H—-L H L n/a COL Data-Out
EDO-PAGE-MODE 1st Cycle L H-L L X ROW COL Data-In
EARLY-WRITE 2nd Cycle L H-L L X n/a COL Data-In
EDO-PAGE-MODE 1st Cycle L H-L H-L L—H ROW COL | Data-Out, Data-In
READ-WRITE 2nd Cycle L H-L H-L L—H n/a COL | Data-Out, Data-In
RAS-ONLY REFRESH L H X X ROW n/a High-Z
HIDDEN READ L—~H-L L H L ROW COL Data-Out
REFRESH WRITE L—-H—-L L L X ROW COL Data-In
CBR REFRESH H—L L H X X X High-Z
SELF REFRESH H—-L L H X X X High-Z

MT4LC2MBE7(S)
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MICRON

TECHNOLOGY. INC.

PRELIMINARY

MT4LC2M8E7(S)
2 MEG x 8 DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc pin Relative to Vss ................. -1V to +4.6V
Voltage on Inputs or I/O pins

Relative to Vss -1V to +5.5V
Operating Temperature, T, (ambient) .......... 0°C to +70°C
Storage Temperature (plastic) ..........cco..... -55°C to +150°C
Power Dissipation 1\
Short Circuit Output Current ...........coecevecveeecescsrennns 50mA

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc = +3.3V £0.3V)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 3.0 3.6 \'
Input High (Logic 1) Voltage, all inputs (including NC pins) ViH 2.0 5.5 Vv
Input Low (Logic 0) Voltage, all inputs (including NC pins) Vi -1.0 | 0.8 \
INPUT LEAKAGE CURRENT

Any input OV < VIN < 5.5V li -2 2 LA
(All other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) loz -10 10 uA
OUTPUT LEVELS Vo 24 \"
Output High Voltage (lout = -2mA) -

Output Low Voltage (lout = 2mA) VoL .04 \"

MT4LCMBE7(S)
WO09.pm5 — Rev. 2/95
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PRELIMINARY

MT4LC2MSE7(S)
2 MEG x 8 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

Notes: 1, 6, 7) (Vcc = +3.3V £0.3V)

MAX

PARAMETER/CONDITION

SYMBOL

-6 -7

UNITS.

NOTES

STANDBY CURRENT: (TTL)
(RAS = CAS = Vi)

Icct

2 | 2

mA

STANDBY CURRENT: (CMOS)
(RAS = CAS = Other Inputs = Vcc -0.2V)

Icc2

500 | 500

uA

lcc2
(S only)

150 | 150

pA

. OPERATING CURRENT: Random READ/WRITE

Average power supply current
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

lccs

130 | 120

mA

3,4,12

OPERATING CURRENT: EDO PAGE MODE
Average power supply current
(RAS = Vi, CAS, Address Cycling: 'PC = 'PC [MIN])

Icca

120 | 110

“mA

3,4,12

REFRESH CURRENT: RAS ONLY
Average power supply current
(RAS Cycling, CAS = Vi: 'RC = 'RC [MIN])

Iccs

130 | 120

mA

REFRESH CURRENT: CBR
Average power supply current
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

Icce

130 | 120

mA

3,5

REFRESH CURRENT: Extended (S version only)
Average power supply current, CAS = 0.2V or CBR cycling;
RAS = 'RAS(MIN); WE = Vcc -0.2V; A0-A10, OE and

Din = Vec - 0.2V or 0.2V (Din may be left open); IRC = 62.5us

lcc7
(S only)

300 | 300

LA

3,5

REFRESH CURRENT: SELF (S version only):

Average power supply current, CBR cycling with RAS > 'RASS(MIN)
and CAS held LOW; WE = Vcc -0.2V; A0-A10,

OE and Din = Vec -0.2V or 0.2V (Din may be left open)

Iccs
(S only)

300 | 300
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PRELIMINARY

MICRON ‘ MT4LC2MB8E7(S)

2 MEG x 8 DRAM

CAPACITANCE
PARAMETER SYMBOL | MAX UNITS | NOTES
‘Inptit Capacitance: Address pins Cii 5 pF 2
Input Capacitance: RAS, CAS, WE, OE Ci2 7 pF -2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12) (Vcc = +3.3V £0.3V)

AC CHARACTERISTICS -6 -1

PARAMETER ' SYM MIN MAX MIN MAX UNITS NOTES
Access time from column-address 'AA 30 35 ns |
Column-address set-up to CAS precharge during WRITE 'ACH 15 15 ns ;
Column-address hold time (referenced to RAS) ‘AR 45 55 ns ‘
Column-address setup time tASC 0 0 ns |
Row-address setup time 'ASR 0 0 ns ;
Column-address to WE delay time 'AWD 55 65 ns 20
Access time from CAS 'CAC 15 20 ns 14
Column-address hold time ICAH 10 12 ns

CAS pulse width ) ICAS 10 10,000 12 10,000 ns

CAS LOW to “don’t care” during SELF REFRESH cycle 'CHD 15 15 ) ns 25
CAS hold time (CBR REFRESH) CHR 10 12 ns 5

CAS to output in Low-Z tcLZ 0 0 ns

Data output hold after next CAS LOW 'COH 5 5 ns

CAS precharge time tcp 10 10 ns 15
Access time from CAS precharge 'CPA . 35 40 ns

CAS to RAS precharge time 'CRP 5 5 i ns

CAS hold time 'CSH 50 55 ns

CAS setup time (CBR REFRESH) ICSR 5 5 ns 5

CAS to WE delay time tcwD 35 40 ns 20
Write command to CAS lead time tcwL 15 15 ns

Data-in hold time DH 10 12 ns 21
Data-in hold time (referenced to RAS) 'DHR 45 55 ns

Data-in setup time DS 0 0 ns 21
Output disable oD 0 15 0 15 ns

Output Enable OE 15 15 ns 22

'O hold time from WE during READ-MODIFY-WRITE cycle | 'OEH 12 12 ns

OE HIGH hold from CAS HIGH 'OEHC 10 10 ns

MT4LC2MBE7(S) 1 6 8 Micron Technology, Inc., reserves the right to change products or specifications without notice
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PRELIMINARY
MICRON MT4LC2MSE7(S)

2 MEG x 8 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12) (Vcc = +3.3V +0.3V)

AC CHARACTERISTICS -6 -7 :
PARAMETER SYM MIN MAX MIN MAX UNITS NOTES
'OE HIGH pulse width OEP 10 10 ns

‘OE LOW to CAS HIGH setup time 'OES 5 5 ns

Output buffer tumn-off delay tOFF 3 15 3 15 ns

OE setup prior to RAS during HIDDEN REFRESH cycle 'ORD 0 0 ns
EDO-PAGE-MODE READ or WRITE cycle time PC 25 30 ns
EDO-PAGE-MODE READ-WRITE cycle time 'PRWC 75 85 ns

Access time from RAS RAC 60 70 ns 13
RAS to column-address delay time 'RAD 12 30 12 35 ns 17
Row-address hold time 'RAH 10 10 ns-
Column-address to RAS lead time RAL 30 35 ns

RAS pulse width RAS 60 10,000 70 10,000 | ns

RAS pulse width (EDO PAGE MODE) tRASP 60 125,000 70 = {125,000 ns

RAS pulse width during SELF REFRESH cycle 'RASS 100 100 us 25
Random READ or WRITE cycle time RC 110 130 ns

RAS to CAS delay time RCD 14 45 14 50 ns 16
Read command hold time (referenced to CAS) 'RCH 0 0 ns 18
Read command setup time 'RCS 0 0 ns

Refresh period (2,048 cycles) S version ‘REF 128 128 ms

Refresh period (2,048 cycles) ‘REF 32 ; 32 ms

RAS precharge time : ‘RP 40 50 ns

RAS to CAS precharge time ) ‘RPC 0 . 0 ns

RAS precharge time during SELF REFRESH cycle RPS 110 130 . ns 25
Read command hold time (referenced to RAS) 'RRH 0 0 ns 18
RAS hold time RSH 10 12 ns

READ WRITE cycle time : RWC 150 177 ns

RAS to WE delay time RWD 80 90 ns 20
Write command to RAS lead time RWL 15 15 ns

Transition time (rise or fall) ! T 2 50 2 50 ns

Write command hold time ' ‘WCH 10 : 12 ns

Write command hold time (referenced to RAS) 'WCR 45 55 ns

WE command setup time twcs 0 0 ns 20
Output disable delay from WE WHZ 0 13 0 15 ns

Write command pulse width ) wp 10 12 ns

WE pulse to disable at CAS HIGH ) wpz 10 12 ns

WE hold time (CBR REFRESH) 'WRH 10 10 ns " 24
WE setup time (CBR REFRESH) 'WRP 10 10 ns 24

MT4LC2MBE7(S) . 1-69 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MICRON

TECHNOLOGY. INC.

PRELIMINARY

MT4LC2M8E7(S)
2 MEG x 8 DRAM

10.

11
12

13.

14.
15.

16.

17.

OTES
All voltages referenced to Vss.
This parameter is sampled. Vcc = +3.3V; f = 1 MHz.
Icc is dependent on cycle rates.
Iccis dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle
time and the outputs open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range is assured.

An initial pause of 100us is required after power-up
followed by eight RAS refresh cycles (RAS ONLY or
CBR with WE HIGH) before proper device operation
is assured. The eight RAS cycle wake-ups should be
repeated any time the 'REF refresh requirement is
exceeded.

AC characteristics assume 'T = 2.5ns. ‘

Vi (MIN) and ViL (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between Vix and VIL (or between ViL
and Vin).

In addition to meeting the transition rate specifica-.
tion, all input signals must transit between Vi and
VI (or between VIL and VIH) in a monotonic manner.
. Column address changed once each cycle.

. Measured with a load equivalent to two TTL gates,
100pF and VoL = 0.8V and Von = 2.0V.

Assumes that '/RCD < 'RCD (MAX). If 'RCD is greater
than the maximum recommended value shown in this
table, 'TRAC will increase by the amount that "RCD
exceeds the value shown.

Assumes that 'RCD 2 'RCD (MAX).

If CAS is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the data-out buffer, CAS must be
pulsed HIGH for 'CP.

Operation within the tRCD (MAX) limit ensures that
fRAC (MAX) can be met. 'RCD (MAX) is specified as
a reference point only; if tRCD is greater than the
specified RCD (MAX) limit, then-access time is
controlled exclusively by {CAC, provided 'RAD is not
exceeded.

Operation within the ‘RAD (MAX) limit ensures that
{RAC (MIN) and *CAC (MIN) can be met. 'RAD
(MAX) is specified as a reference point only; if 'RAD
is greater than the specified RAD (MAX) limit, then
access time is controlled exclusively by AA, provided
fRCD is not exceeded.

18. Either ‘RCH or ‘RRH must be satisfied for a READ
cycle. )

19. tOFF (MAX) defines the time at which the output
achieves the open circuit condition, and is not
referenced to VoH or VoL. It is referenced from the
rising edge of RAS or CAS , whichever occurs last.

20. 'WCS, tRWD, tAWD and {CWD are not restrictive
operating parameters. 'WCS applies to EARLY
WRITE cycles. ‘RWD, tAWD and ‘CWD apply to
READ-MODIFY-WRITE cycles. If tWCS > tWCS
(MIN), the cycle is an EARLY WRITE cycle and
the data output will remain an open circuit through-
out the entire cycle. If 'WCS < 'WCS (MIN) and
tRWD 2 'RWD (MIN), tAWD 2> tAWD (MIN) and
fCWD 2 tCWD (MIN), the cycle is a READ-MODIFY-
WRITE and the data output will contain data read
from the selected cell. If neither of the above
conditions is met, the state of data-out is indetermi-
nate. OF held HIGH and WE taken LOW after CAS
goes LOW results in a LATE WRITE (OE-controlled)
cycle. 'WCS, 'TRWD, tCWD and tAWD are not
applicable ina LATE WRITE cycle.

21. These parameters are referenced to CAS leading edge
in EARLY WRITE cycles and WE leading edge in
LATE WRITE or READ-MODIFY-WRITE cycles.

22. If OF is tied permanently LOW, LATE WRITE or
READ-MODIFY-WRITE operations are not permis-
sible and should not be attempted. Additionally, WE
must be pulsed during CAS HIGH time in order to
palce I/O buffers in High-Z.

23. A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, ‘WE=LOW and OE=HIGH.

24.*WTS and 'WTH are setup and hold specifications for
the WE pin being held LOW to enable the JEDEC test
mode (with CBR timing constraints). These two
parameters are the inverts of ‘WRP and 'WRH in the
CBR REFRESH cycle.

25. Refresh must be completed Wxthm the time of three
external refresh rate periods prior to active use of the
DRAM (provided distributed CBR REFRESH is used
when in the active mode). Alternatively, a complete
set of row refreshes must be executed when exiting
SELF REFRESH prior to active use of the DRAM if
anything other than distributed CBR REFRESH is
used in the active mode.

MT4LC2MBE7(S)
WO09.pms5 -~ Rev. 2/95
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TECHNOLOGY. INC.

PRELIMINARY
MT4LC2M8E7(S)

2 MEG x 8 DRAM

READ CYCLE

‘RC
RAS il
Vg
RAS i \
tcsH |
4 E
RSH | RRH
| tcrRP 'RCD tcas
CAS Vi -
ViL = X /
AR
tRAD tRAL ’
tasR RAH tasc tcaH '
v ~
ADDR v{fm ROW m COLUMN W /7 ROW
‘wnP\ 'WRH| f tReS | tRCH
o 77
NOTE 1
tAa
RaC NOTE 2
foac oFF
oz
e VgH = OPEN 1 VALID DATA OPEN
toE 1._top
|
— V=
L /i i V/ W
tRe
'RAS . ‘AP
p— -
ms v /
tcsH
RSH
l crp tReD tcas
CAS xm —F R
AR
tRAD ‘RAL
tasR RAH tasc oA
r_—. l«TAH tacH
v =
AoDR Yl _m ROW COLUMN %/ X ROW
fowr !
tRwL
wer '
wes weH
twrp | | wrd we
o |
WE vy —
Vie f W
NOTE 1
'oHR
__'bs oH
VioH - 3
oa vt % VALID DATA W
— Vi =
& W

DON'T CARE

‘W09.pm5 ~ Rev. 2/95

B UNDEFINED
' NOTE: 1. AlthoughWE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH, This design implementation will facilitate compatibility with
future EDO DRAMSs.
2. 'OFF is referenced from rising edge of RAS or CAS, which ever occurs last.
MT4LC2MBE7(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MICRON

TECH

NOLOGY, INC.

PRELIMINARY

MT4LC2M8E7(S)
2 MEG x 8 DRAM

RAS

CAS

Wvda ods l

ADDR

2o}

OF

v
mAs i

CAS Vin
ViL

v
ADR  yiHt

WE Vi
ViL

V
o0 Ygt

—
= U

READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

tRwe
tRAS f RP
Vig = Li
ViL - X —
fcsH
tRSH
| tcrp tRCD tcas
Vi =
i -/
taR
tRAD tRAL
tasm 'RAH tasc tcAH o
V|H 4
vip ROW COLUMN ROW
| tRWD towL |
1
tRes | tcwp tRwL
|
I‘WRP MI tawD twp
Viy <
il i K Y
t NOTE 1
tan
Rac
tcac
t [
P DS DH
VIOH —.
‘,llgt = OPEN VALID D 57 VALIDD OPEN
toE { top, I toEH
N 7]
v 7 . / K
EDO-PAGE-MODE READ CYCLE
‘RasP. ‘AP,
’_1\_‘
fesH tpc tRsH
1tcrp tRCD cas tcp tcas | tcp tcas N tcp |
_j i )t \_
taR
'RAD 'RAL
l tasR RAH 1 tasc, oaH fasc fcaH, i tasc ‘caH, |
S/, SR V) SCT ), ST ), ST
]'WHP WRH l I__ 'RCs, I tRCH_ |
|
1
M NOTE 1 W tan ﬂm
tAA taA fopa
tRAC tcPA tcac
tcac tcac o1 z—| -
toFF
torz —| . 'COHI toEHC —
- VALID ) VALID Y { VALID
= o DATA W DATA ATA }—OPEN
toE top toE top
B, ﬁ)J:ﬁ— i toes } W
2 toeP

[/} boNT care

UNDEFINED

NOTE: ' 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMS. '

MT4LC2MBE7(S)
WO09.pm5 — Rev. 2/95
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PRELIMINARY
MT4LC2MSE7(S)

2 MEG x 8 DRAM

EDO-PAGE-MODE EARLY-WRITE CYCLE

tRASP 1o RP |
s f pU—
: ‘csH tpc tRsH
i toRP. tRCD tcas tcp fcas cp tcas 1o ler |
W f 5 \
tar
tRAD . RAL
| ASR 'RAH I tasc IcAH, ] tasc_ 1 tcaH | | tasc || toan i
ADDR v{f m ROW m COLUMN /)I COLUMN W COLUMN W 0( ROW
towt | towt | towL ]
twes we wes tweH wes WeH
"WRP ‘Wﬁli‘ twp twp twp
a7/ /A : Y
twer tAwL |
'pHR
i ps toH | tps oH 1 tos toH i
oa v:gr »f VALID DATA @i VALID DATA W VALID DATA W /
R
EDO-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)
’ RASP. \ 'mp
R K H_.
tosH tpc /tPRWC NOTE 1 RSH
,L fcrp ACD foas tcp . tcas tep tcas tep
o WS T H
AR
RAD 'RAL
tasR, || tRaH, ' | asg| tcaH tasg|| toan | Iasg|l toan
ADDR 3{':
we
oa Vg
o U

I/} poN'T caRe

) UNDEFINED
NOTE: 1. 'PCis for LATE WRITE cycles only.
2. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatlblhty with
future EDO DRAMs.

MT4LC2MBE7(S) B 1 73 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
MlCHDN MT4LC2MBE7(S)

2 MEG x 8 DRAM

EDO-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

tRasP SRR
RAS UH— Y
RAS vz | i
tosH
tpc trc tRSH
tcrp tRCD tcas tep tcas ) tep tcas
=5 ViH- — -
CAS iz \ iy N X
tam {RAL
tRAD : tACH
tasR || tRAH tasc tcan \_tasc || tcaH tasc || tcaH
Bacal | Bl |

|
ADDR \‘f:f:m{ ROW i@]ﬁ COLUMN (4) j;(/// _ COLUMN ®) //// ///03 COLUMN (N) 320/ / / // ROW

‘HCH-| ‘«

taa +\

wRP || tWRH tres

| |
we  VIH—
W | UL
£

twes ‘WCH
—

I
1

[ AC CPA

tcac tcac 'Ds ‘DH

COH twHz l__
pQ VIOH— $f VALID VALID DATA
VioL — OPEN - VALID DATA (A) % DATA (B}

= W= 77 T

RAS-ONLY REFRESH CYCLE
moW T " N
l tcrp . | tRPG | |
= \\;}E :_j tasm_ tRAH
soon W 77770 Rolw _ Ky | row
> 38{' - twrP | WRH e twrpP ‘ tWRH

W Vlb‘///////// vere XTI ‘_ﬁW

DON'T CARE
RX unperineD

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.

MT4LC2MBE7(S) 1-74 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
Ml:HQN MT4LC2M8E7(S)

2 MEG x 8 DRAM

CBR REFEE_SH CYCLE
(Addresses and OE = DON'T CARE)

trp tRAS trp tRAS

ms VT h ' n ! )4
tRPC
Lt |, tcsm tcHR IRPC, tcsm tCHR

oAs VM 3’ i /L 1& /
pa = I OPEN l !

wrp || twrH, twre || twRH,

Ve N I e XTI N

SELF REFRESH CYCLE
(Addresses and OE = DON'T CARE)

NOTE 2

RAS ¥:E 2/ e N ( / ’ tRPC L‘/\_SS"/\“/—
L tep . fcsm CHD . L‘E,

R E AR I,

pa 38{_*: twRP tWRH %()_ e twrp } 'WRH

w Wy IF e U 7 KUY

DON'T CARE

:‘::::: UNDEFINED

NOTE: 1.'WRP and 'WRH are for system design reference only. The WE signal is actually a “don’t care” at RAS time
during a CBR REFRESH. However, WE should be held HIGH at RAS time during a CBR REFRESH to
ensure compatibility with other DRAMs that require WE HIGH at RAS time during a CBR REFRESH.

2. Once 'RASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode.
3. Once 'RPS is satisfied, a complete burst of all rows should be executed.

MT4LC2MBET(S) 1 7 5 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MT4LC2MSE7(S)
2 MEG x 8 DRAM

MICRON

TECHNOLOGY, INC.

Wvda odd I

READ CYCLE
(with WE-controlled disable)
- X
s v \
tcsH
\ tCRP treD tcas tcp
|
e R\ / B
AR
RAD
tAsr tRAH tasc tcAH tasc
ADDR x:'ﬂ :m ROW COLUMN 750/ m COLUMN
‘WF‘F'I ‘wRH | RCS | !YHCH twpz ‘RCS|
I | I i e e
WE  ViH -
N e | U
tan
'RAC
tcac
toLz wHz ez
bQ ¥8E = OPEN 3 VALID DATA J— OPEN ——
toE E top
V-
& i i ! VI 7
HIDDEN REFRESH CYCLE 2
(WE = HIGH; OE = LOW)
(READ) (REFRESH)
tRAS o RP__, RAS
R A %L l& i
1_tcrp tRCD tRSH
& | tcHR ’
ViH= s
W F i )
taR !
RAD 'RAL
tAsR tRAH i tasc tcan
ADDR 3}[‘:@3: ROW m‘ COLUMN W
tAA
} tRAC
' tcac toFF
forz
DQ ¥8t‘: OPEN VALID DATA J— OPEN—
toe top,
1
= i i == )

DON'T CARE

m UNDEFINED
NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMs.
MT4LC2M8E7(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MICRON

TECHNOLOGY, INC.

ADVANCE

MT4LC8M8P4/C2
8 MEG x 8 DRAM

DRAM

8 MEG x 8 DRAM

3.3V, EDO PAGE MODE

FEATURES

e Single +3.3V +0.3V power supply

¢ Industry-standard x8 pinout, timing, functions and
packages

¢ 13 row-addresses, 10 column-addresses (P4) or

12 row-addresses, 11 column-addresses (C2)

High-performance CMOS silicon-gate process

All inputs and outputs are LVTTL-compatible

Extended Data-Out (EDO) PAGE MODE access

4,096-cycle CAS-BEFORE-RAS (CBR) REFRESH

distributed across 64ms

OPTIONS MARKING
¢ Timing
50ns access -5
60ns access -6
70ns access -7
e Packages
Plastic SOJ (500 mil) DW
Plastic TSOP (500 mil) ™

e Part Number Example: MT4LC8M8P4DW-7
KEY TIMING PARAMETERS

SPEED RC RAC pc AR iCAC tCAS

-5 90ns 50ns 20ns 25ns 13ns 8ns

-6 110ns | 60ns 25ns 30ns 15ns 10ns

-7 130ns | 70ns 30ns 35ns 20ns 12ns
GENERAL DESCRIPTION

The MT4LC8M8P4 and MT4LC8MBS8C2 are high-speed
CMOS dynamicrandom access memory devices containing
67,108,864 bits, and designed to operate from 3.0V to 3.6V.
The MT4LC8M8P4 and MT4LC8MBS8C2 are functionally
organized as 8,388,608 locations containing 8 bits each. The
8,388,608 memory locations are arranged in 8,192 rows by
1,024 columns for the MT4LC8M8P4 or 4,096 rows by 2,048
columns for the MT4LC8MS8C2. During READ or WRITE
cycles, each location is uniquely addressed via the address
bits. First, therow address is latched by the RAS signal, then
the column address by CAS . Both devices provide EDO
| PAGE MODE operation, allowing for fast successive data
operations (READ, WRITE or READ-MODIFY-WRITE)
within a given row.

The MT4LC8M8P4 and MT4LC8M8C2 mustbe refreshed

periodically in order to retain stored data.

PIN ASSIGNMENT (Top View)

34-Pin SOJ
(DA-6)
Vee 01 34 [ Vss
pQ1 02 330 DQ8
DQ2 [ 3 320 DQ7
DQ3 O 4 31 1 'DQ6
DQ4 05 30 0 DQ5
NC [ 6 29 0 vSS
Vec 07 28 [1 CAS
WE 08 27 0 OE
RAS 9 26 1 NC
NC [ 10 25 1 A12/NC
Ao 011 24 0 A1
A1 012 23% A10
A2 0013 220 A9
A3 O1a 210 A8
A 015 200 A7
As O 16 190 A6
vee 017 18 P Vss
34-Pin TSOP*
Vee 0 1 34 O Vss
DQ1 0 2 33 [ DQ8
DQ2 O 3 32 [0 DQ7
DQ3 o 4 31 ™ DQ6
DQ4 O 5 30 [ DQ5
NC T} 6 29 [T Vss
Voo o 7 28 1 CAS
WE 0 8 27 b OE
RAS ™ 9 26 [0 NC
NC ] 10 25 [ A12/NC
A0 O 11 24 o At
Al 12 23 m A10
A2 13 22 M A9
A3 0 14 21 @ A8
A4 O 15 20 @ A7
A5 1] 16 - 19 [0 A6
Vee ) 17 18 [ Vss

*Consult factory for dimensions and availability.
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MT4LC8M8P4/C2
8 MEG x 8 DRAM

FUNCTIONAL BLOCK DIAGRAM
MT4LC8M8P4 (13 row-addresses)

wE
CAS

NO. 2 CLOCK
GENERATOR

COLUMN-
ADDRESS
BUFFER(10)

v

CONTROL
LOGIC

1

DATA-IN
BUFFER

-

R

DE—

REFRESH

CONTROLLER

]

REFRESH
COUNTER

l—l_.

DATA-OUT
BUFFER

COLUMN
DECODER

SENSE AMPLIFIERS

1/0 GATING

-
E Tk
& G PR 8192x 1024 x 8
Aow 28 B0 | sronns | MEMORY
ADDRESS 28 ga | ot e ARRAY
BUFFERS (13) e 6| 1 Iz
T o —|=
— NO.1cLocK ||
RAS o1 GENERATOR veo
<+——0 Vss
MT4LC8MB8C2 (12 row-addresses)
_v% 1 DATA-IN
CAs 3 |_’ BUFFER bat-
CONTROL o
3 LOGIC
No.2clocK | T f DATA:OUT
GENERATOR |« BUFFER
o OE
COLUMN-
N ADDRESS Lo
BUFFER(11) v
REFRESH
CONTROLLER ENSE ANPLIFIE
AO- 0 T
A1 <--< 2048 X8 <o+
REFRESH
COUNTER
= I g I
& o ] 4006 x 2048 x 8
23 & LalE MEMORY
23 g e | ARRAY
BUFFERS (12) z B Iz
T o bumnd [
— NO.1CLOCK ||
RAS o GENERATOR .

<+——0 Vss
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MT4LC8M8P4/C2
8 MEG x 8 DRAM

FUNCTIONAL DESCRIPTION

The functional description for the MT4LC8M8P4 and
MT4LC8MBS8C2 is divided into the two areas described
below (DRAM access and DRAM refresh). Relevant timing
diagrams are included in this data sheet, following the
timing specification tables.

DRAM ACCESS

Each location in the DRAM is uniquely addressable as
mentioned in the General Description. The data for each
location is accessed via the eight I/O pins (DQ1-8). The
WE signal must be activated to execute a write operation,
otherwise a read operation will be performed. The OF
signal mustbeactivated to enable the DQ output drivers for
aread access and can be deactivated to disable output data
if necessary.

EDO PAGE MODE

DRAM READ cycles have traditionally turned the out-
put buffers off (High-Z) with the rising edge of CAS. If
CAS went HIGH, and OE was LOW (active), the output
buffers would be disabled. The MT4LC8M8P4 and
MT4LC8MBS8C2 offer an accelerated PAGE MODE cycle by
eliminating output disable from CAS HIGH. This option is
called EDO and itallows CAS precharge time (‘CP) to occur
without the output data going invalid (see READ and EDO-
PAGE-MODE READ waveforms in the noted appendix).

EDO operates as any DRAM READ or FAST-PAGE-
MODE READ, except data will be held valid after CAS
goes HIGH, as long as RAS and OE are held LOW and WE
is held HIGH. OE can be brought LOW or HIGH while
CAS and RAS are LOW, and the DQs will transition be-
tween valid data and High-Z. Using OE, there are two
methods to disable the outputs and keep them disabled
during the CAS HIGH time. The first method is to have
OE HIGH when CAS transitions HIGH and keep OF
HIGH for tOEHC thereafter. This will disable the DQs and
they willremain disabled (regardless of the state of OE after
that point) until CAS falls again. The second method is to

have OE LOW when CAS transitions HIGH. Then bringing
OE HIGH for a minimum of ‘OEP anytime during the
CAS HIGH period will disable the DQs; the DQs will
remain disabled (regardless of the state of OE after that
point) until CAS falls again (see Figure 1). During other
cycles, the outputs are disabled at tOFF time after RAS and
CAS are HIGH, or 'WHZ after WE transitions LOW. The
tOFF time is referenced from the rising edge of RAS or
CAS, whichever occurs last. WE can also perform the func-
tion of disabling the output drivers under certain condi-
tions, as'shown in Figure 2.

EDO PAGE MODE operations are always initiated with
a row-address strobed-in by the RAS signal, followed by a

- column-address strobed-inby CAS, just like for single loca-

tionaccesses. However, subsequent columnlocations within
the row may then be accessed at the page mode cycle time.
This is accomplished by cycling CAS while holding RAS
LOW, and entering new column addresses with each CAS
cycle. Returning RAS HIGH terminates the EDO PAGE
MODE operation.

DRAM REFRESH

The supply voltage must be maintained at the specified
levels, and the refresh requirements must be met in order to
retain stored data in the DRAM. The refresh requirements
are met by refreshing all 8,192 rows (P4) or all 4,096 rows
(C2) in the DRAM array at least once every 64ms. The
recommended procedureis to execute 4,096 CBR REFRESH
cycles, either uniformly spaced or grouped in bursts, every
64ms. The MT4LC8M8P4 internally refreshes two rows for
every CBR cycle, whereas the MT4LC8M8C2 refreshes one
row for every CBR cycle. So with either device, executing
4,096 CBR cycles covers all rows. Alternatively, RAS-
ONLY REFRESH capability is inherently provided. How-
ever, with this method only one row is refreshed at a time,
so for the MT4LC8MS8P4, 8,192 RAS-ONLY REFRESH
cycles must be executed every 64ms to cover all rows.

MT4LCBMBP4/C2
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s s
&= - h D, S D, G P, G
ADDR 5:’:_‘2222}( row X7/ % COLUMN (A) )W M COLUMN (8) M // 0( 'COLUMN (0} )(/ 0('.‘ COLUMN (D)
o0 VioH— e = S ™
YR OPEN ‘MVALIDDATA(A)}—ﬁ VALID DATA (4) )&{ VALID DATA (B) }————@Aﬂm VALID DATA (D)
oo _| . top i top
toes I'OEHC
& - toe
toep |
The DQs go back to The DQs remain High-Z The DQs remain High-Z
Low-Z if tOES is met. until the next CAS cycle until the next CAS cycle
if tOEHC is met. if tOEP is met.
Figure 1
E CONTROL OF DQs
ol
o Vi x i / Y/ L T
ADDR “f:f:m( ROW W @( { COLUMN (4) W / / M COLUMN (B) X/ / / M COLUMN (C) X GOLUMN (D) )
R
- B vaup oAt
o 5?8[‘_ OPEN VALID DATA (A) VALID DATA (B) 5—( INPUT DATA (C) @:
Wz / twhz /
WE

3% V- [W / o l /

I T I

The DQs go to High-Z if WE falls, and if WPZ is met, WE may be used to disable the DQs to prepare
will remain High-Z until CAS goes LOW with for input data in an EARLY WRITE cycle. The DQs
WE HIGH (i.e., until a READ cycle is initiated). will remain High-Z until CAS goes LOW with

WE HIGH (i.e., until a READ cycle is initiated).

DON'T CARE

B UNDEFINED

Figure 2
WE CONTROL OF DQs
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Vcc Relative to Vss ... -1.0V to +4.6V
Voltage on Inputs or I/O Pins

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not

Relative to Vss -1.0V to +5.5V
Operating Temperature, T, (ambient) .......... 0°C to +70°C
Storage Temperature (plastic) ...........co....... -55°C to +150°C
Power Dissipation .......c..cocoeveeiienieiiiieeiseniceiee s 1w
Short Circuit Qutput Current .......c.cocoomveeveierirrrecnnee. 50mA

implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc = +3.3V £0.3V)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES

Supply Voltage Vcc 3.0 3.6 \'

Input High (Logic 1) Voltage, all inputs ViH 2.0 5.5 Vv

Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 \'

INPUT LEAKAGE CURRENT

Any input OV < ViIN< 5.5V li -2 2 nA

(All other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vourt < 5.5V) loz -10- | 10 pA

OUTPUT LEVELS VoH 2.4 v

Output High Voltage (lout = -2mA) -

Output Low Voltage (lout = 2mA) VoL 0.4 Vv

MAX .

PARAMETER/CONDITION VERSION SYMBOL| -5 -6 -7 | UNITS || NOTES
STANDBY CURRENT: (TTL) MT4LC8M8P4 lcct 1 1 1 mA
(RAS = CAS = ViH) MT4LC8M8C2 lcci 1 1 1
STANDBY CURRENT: (CMOS) MT4LC8M8P4 lcc2 | 500 | 500 | 500 )
(RAS = CAS 2 Vcc -0.2V, DQs may be left open, MT4LC8M8C2 lcc2 | 500 | 500 | 500 pA
Other inputs: ViNn > Vce -0.2V or Vi £ 0.2V) ) )
OPERATING. CURRENT: Random READ/WRITE MT4LC8M8P4 lcca | 135 | 125 | 115 3,4,
Average power supply current . MT4LC8M8C2 lcca | 175 | 165 | 155 mA 29
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) - ‘
OPERATING CURRENT: EDO PAGE MODE MT4LC8M8P4 lcca | 155 | 125 | 105 3,4,
Average power supply current : MT4LC8M8C2 lcca 155 | 125 | 105 mA 29
(RAS = Vi, CAS, Address Cycling: 'PC = 'PC [MIN])
REFRESH CURRENT: RAS ONLY MT4LC8M8P4 lccs | 135 | 125 | 115 3,26
Average power supply current MT4LC8M8C2 lccs 175 | 165 | 155 mA
(RAS Cycling, CAS = ViH: '1RC = 'RC [MIN}])
REFRESH CURRENT: CBR MT4LC8M8P4 lcce | 145 | 135 | 125
Average power supply current MT4LC8M8C2 lcce 175 | 165 | 155 mA 3,5
(RAS, CAS, Address Cycling: 'RC ='RC [MIN])

MT4LCBMBP4/C2
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MlCHDN MT4LC8M8P4/C2

8 MEG x 8 DRAM

CAPACITANCE

_ PARAMETER . ' SYMBOL |  MAX UNITS | NOTES
Input Capacitance: Address pins ; ) . ' Ci1 . 5 pF 2
Input Capacitance: RAS, CAS, WE, OF (o 7 pF 2
Input/Output Capacitance: DQ Cio 9 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13, 23) (Vcc = +3.3V £0.3V)

nvua oaa B man

AC CHARACTERISTICS -5 -6 - -1

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS | NOTES
Access time from column-address tAA 25 30 .38 | ns
Column-address set-up to CAS tACH 15 15 15 ns
going HIGH during WRITE .
Column-address hold time AR 40 45 55 ns
(referenced to RAS)
Column-address setup time tASC 0 0 0 - ns
Row-address setup time : 'ASR 0 0 0 ns
Column-address to WE delay time TAWD 48 55 65 ns 21
Access time from CAS . CAC 13 15 ) 20 ns 15
Column-address hold time {CAH 8 10 12 ns
CAS pulse width ' iCAS 8 | 10,000 10 | 10,000| 12 | 10,000 ns
CAS hold time (CBR REFRESH) iCHR 8 10 12 ns 5
CAS to output in Low-Z ‘CLZ 0 0 0 ns
Data output hold after CAS LOW {COH 5 5 5 ns
CAS precharge time icp 8 10 10 ns 16
Access time from CAS precharge ICPA 28 35 40 ns
CAS to RAS precharge time 'CRP 5 5 5 ns
'CAS hold time 'CSH 44 50 55 | ns
CAS setup time (CBR REFRESH) 'CSR 5 5 5 ns 5
‘CAS to WE delay time fcwD 30 35 40 ‘'ns 21
Write command to CAS lead time ‘cwL |' 8 15 15 ! ns
Data-in hold time ] DH 8 10 12 ns 22
Data-in hold time (referenced to RAS), 'DHR 40 45 55 ns
Data-in setup time DS 0 0 0 ns 22
Output disable o e ) 13 | 0 15 0 15 ns | 27,28
Output Enable time ) I0E | 13 15 15 ns
'OE hold time from WE during 'OEH 8 10 : 12 ns 28
READ-MODIFY-WRITE cycle — i
OE HIGH hold time from CAS HIGH IOEHC 7 10 10 | ns
OE HIGH pulse width tOEP 7 10 ] 10 1 ns

- OE LOW to CAS HIGH setup time - tOES 4 5 5 ns

MT4LC8M8P4/C2 . . < 1 - 8 2 Micron Technology, Inc., reserves the right to change products or specifications wittiout notice:
D20.pm5 — Rev. 2/95 ©1995, Micron Technology, Inc.



ADVANCE
MICHDN MT4LC8M8P4/C2 =

8 MEG x 8 DRAM [I=5
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS -
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = +3.3V +0.3V)

AC CHARACTERISTICS 5 n 7 m
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS | NOTES U
Output buffer turn-off delay ) 'OFF 0 13 0 15 0 15 ns 20, 27 O
OE setup prior to RAS during 'ORD 0 0 0 ns

HIDDEN REFRESH cycle U
EDO-PAGE-MODE PC 20 25 5 30 ns m
READ or WRITE cycle time

EDO-PAGE-MODE 'PRWC 71 75 85 ns >
READ-WRITE cycle time g
Access time from RAS RAC 50 60 70 ns 14

RAS to column-address delay time 'RAD 9 25 12 30 12 35 ns 18
Row-address hold time 'RAH 8 10 10 ns

Column-address to RAS lead time RAL 25 30 35 ns

RAS pulse width ']RAS | 50 | 10,000 60 | 10,000| 70 | 10,000| ns

RAS pulse width (EDO PAGE MODE) 'RASP 50 125,000 60 125,000 70 125,000 ns

Random READ or WRITE cycle time RC 90 110 130 ns

RAS to CAS delay time TRCD 11 37 14 45 14 50 ns 17

Read command hold time 'RCH 0 0 0 ns 19
(referenced to CAS)

Read command setup time 'RCS 0 0 0 ns

Refresh period 'REF 64 64 64 ms 26

RAS precharge time RP 30 40 50 ns

RAS to CAS precharge time RPC 0 0 0 ns

Read command hold time ‘RRH 0 0 - 0 ns 19
(referenced to RAS)

RAS hold time RSH 8 10 12 ns

READ WRITE cycle time RWC 126 150 177 ns

RAS to WE delay time 'RWD 73 80 90 ns 21

Write command to RAS lead time RWL 8 15 15 ns

Transition time (rise or fall) T 1 50 2 50 2 50 ns

Write command hold time 'WCH 8 10 12 ns

Write command hold time 'WCR 40 45 55 ns

(referenced to RAS)

'WE command setup time ‘wcs 0 0 0 ns 21

'WE to outputs in High-Z 'WHZ 10 13 15 ns

Write command pulse width wp 7 10 12 ns

'WE pulse widths to disable outputs wpz 7 10 12 ns

WE hold time (CBR REFRESH) 'WRH 8 10 10 ns 25

WE setup time (CBR REFRESH) 'WRP 8 10 10 ns 25

MT4LC8M8P4/C2 1 _83 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = +3.3V; f =1 MHz.

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the outputs open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range is assured.

An initial pause of 100us is required after power-up

followed by eight RAS refresh cycles (RAS ONLY or

CBR with WE HIGH) before proper device operation

is assured. The eight RAS cycle wake-ups should be

repeated any time the 'REF refresh requirement is
exceeded.

8. AC characteristics assume ‘T = 2ns for -5 and 2.5ns for
-6 and -7.

9. Vi (MIN) and ViL (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VIL (or between ViL
and V).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
VL (or between ViL and ViH) in a monotonic manner.

11. If CAS and RAS = Vi, data output is High-Z.

12. If CAS = Vi, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to two TTL gates,
100pF and VoL = 0.8V and Vou =2.0V.

14. Assumes that '/RCD < 'RCD (MAX). If 'RCD is greater
than the maximum recommended value shown in this
table, 'RAC will increase by the amount that '(RCD
exceeds the value shown.

15. Assumes that 'RCD 2 'RCD (MAX).

16. If CAS is LOW at the falling edge of RAS, output data
will be maintained from the previous cycle. To initiate
anew cycle and clear the data-out buffer, CAS must
be pulsed HIGH for 'CP.

17. Operation within the ‘RCD (MAX) limit ensures that
fRAC (MAX) can be met. 'RCD (MAX) is specified as
a reference point only; if ‘RCD is greater than the
specified -RCD (MAX) limit, then access time is
controlled exclusively by {CAC.

18. Operation within the tRAD (MAX) limit ensures that
fRAC (MIN) and !CAC (MIN) can be met. ‘RAD
(MAX) is specified as a reference point only; if 'TRAD
is greater than the specified ‘RAD (MAX) limit, then
access time is controlled exclusively by tAA.

o o

N

19. Either 'RCH or 'RRH must be satisfied for a READ
cycle.

20. 'OFF (MAX) defines the time at which the output
achieves the open circuit condition, and is not
referenced to Von or VoL.

21.tWCS, 'RWD, tAWD and {CWD are not restrictive
operating parameters. 'WCS applies to EARLY WRITE
cycles. If WCS > tWCS MIN, the cycle is an EARLY
WRITE cycle and the data output will remain an open
circuit throughout the entire cycle. RWD, tAWD and
tCWD define READ-MODIFY-WRITE cycles. Meeting
these limits allows for reading and disabling output
data and then applying input data. OE held HIGH and
WE taken LOW after CAS goes LOW results ina LATE
WRITE (OE-controlled) cycle. tWCS, 'RWD, tCWD and
tAWD are not applicable in a LATE WRITE cycle.

22. These parameters are referenced to CAS leading edge
in EARLY WRITE cycles and WE leading edge in
LATE WRITE or READ-MODIFY-WRITE cycles.

23. If OF is tied permanently LOW, LATE WRITE or
READ-MODIFY-WRITE operations are not possible.

24. A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE = LOW and
OE = HIGH.

25. tWTS and 'WTH are setup and hold specifications for
the WE pin being held LOW to enable the JEDEC test
mode (with CBR timing constraints). These two
parameters are the inverts of ‘WRP and tWRH in the
CBR REFRESH cycle.

26. RAS-ONLY REFRESH requires that all 8,192 rows of
the MT4LC8MS8P4, or all 4,096 rows of the
MT4LC8MS8C2, be refreshed at least once every 64ms.
CBR REFRESH, for either device, requires that at least
4,096 cycles be completed every 64ms.

27. The DQs open during READ cycles once ‘OD or tOFF
occur. If CAS stays LOW while OE is brought HIGH,
the DQs will open. If OEis brought back LOW (CAS
still LOW), the DQs will provide the previously read
data.

28. LATE WRITE and READ-MODIFY-WRITE cycles
must have both tOD and ‘OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. If OE is
taken back LOW while CAS remains LOW, the DQs
will remain open.

29. Column-address changed once each cycle.

MT4LCBMBP4/C2
D20.pms5 = Rev. 2/65

Micron Technology, Inc., reserves the right to change products or specifications without notice.
©1995, Micron Technology, Inc.



MICRON

TECHNOLOGY, INC

MT4LC8M8P4/C2
8 MEG x 8 DRAM

ADVANCE

Ie]
>
ol

ADDR

bQ

RAS

ADDR

OF

READ CYCLE

tRe N
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ViH ; 3 -
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ViH
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AR
tRaC NOTE 2
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I toE |._tob
|
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& T W ] W/
EARLY WRITE CYCLE
Re
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AR
RAD tRAL
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towt, I
tAwL .
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twes twer
[ [ B
!wnp 'WRH | WP
ViH =
v
- / NOTE 1 W ﬁ
DHR
'os DH
VioH |
VioL ﬁi VALID DATA
Vil -
i

DON'T CARE

% UNDEFINED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.

‘ 2. 'OFF is referenced from rising edge of RAS or CAS, which ever occurs last.
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READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)
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EDO-PAGE-MODE READ CYCLE

tRASP. !
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_— |
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& W TTF R B
NOTE 1 1 AA
A tan tcpa
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teac fcac torz—|
torE

-~
1, 1
iz |= .E‘?E( - OEHC ~
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0@ Vol i < DATA DATA DATA —OPEN

e fon o
& W 7 Y
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LAY
toEp. /

DON'T GARE

UNDEFINED

o
m

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer

should implement WE HIGH for WHP and 'WRH. This des;gn implementation will facilitate compatibility with
future EDO DRAMSs.
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EDO-PAGE-MODE EARLY-WRITE CYCLE

tRAsP 1< AP )

mRs VI F } ’L
tcsH tpc ‘RSH
['CHP Rep tcas fcp tcas tcp lcas o teP
o I / }l L
AR
RAD 'RAL
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v
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towt ’ towL. | towL |
wes twoH twes tweH ' twes weH
1 1 k! 1
'WRP WRH| 'we twp 5 twp J
WE UM \
WE - /
W T woree| ¥ | [W//} i
WoR tAwL (
'bHR
ps oH ‘ps 'H_ f os DH
A — |

| |
oo VoY W, X VALID DATA )@i VALID DATA W vauooata - W) W
o W 7 W 7 I

EDO-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

tRASP RP
V=TT J::l
RAS Vi[ _
tosH tpc /PRWC NOTE 1 tRsH
I tcrp RcD ‘cas fop fcas fep tcas e
TAS UH -~ i 3 b 4
s i T N
AR
RAD RAL
‘ tASR, ‘RAHl Iasg ‘oan lasg toan | 'Asc| toan ,
v
apoR vl m ROW m I/ COLUMN W COLUMN W// ROW
1
: 7| oy 1 L | U
izl towr—| | fowL—{ ~| - fowt
|
WRP | | 'WRH
| ——>|
L/ S
NOTE2 N
. 'AA
Rac
cAC —
. 0Lz ] |-
pa VOH-—___ - omn VALD
oL
Lelang

W 7 Y

8l

DONT CARE

R unoerineD
NOTE: 1.!'PCis for LATE WRITE cycles only.
2. Although WE'is a “don’t care” at RAS time during an-access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs. ’
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MICRON

ADVANCE

MT4LC8M8P4/C2

8 MEG x 8 DRAM

INvHdad oa3 . M3N

EDO-PAGE-MODE READ-EARLY-WRITE CYCLE

(Pseudo READ-MODIFY-WRITE)

tRASP e
RS U pi Jzt‘—’l\__
t
o trc trc tRSH
tcRP tRCD tcas tep tcas ) tep tcas ter
— v n /o —
as = _/* \E 7 N N3 1/_ / \__
taR ‘
'RAD tACH |
ash || tRaH tasc tcan ,_tasc || tean tasc || tcaH )
ADDR \\}:}j_ ROW COLUMN (A) ﬁw & COLUMN (B) W // 01; COLUMN (N) 3&0 / /‘>< ROW
_wRe. :ﬂl “Rcs tr—~ l" twos tweH
T/ EEPURR o
| tRAC | " icea
l cac loac 'ps || foH
loon_ tWHZ | o
pQ v:gt‘: OPEN VALID DATA (A) %{r betAR) VALID DATA
'oE
% - T
RAS-ONLY REFRESH CYCLE
tre
tRAS tRP
s VM N 7 N
crp tRPC
D ]
s v o f N/
tAsR tRAH
woon W 777774 row XX row
oa Vg = i OPEN H
twrp | WRH wrp H tWRH
e I e XU T K

DON'T CARE
RX unperiNeD

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
- should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMs.

MT4LC8M8P4/C2
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ADVANCE

- MT4LC8M8P4/C2 B
MICRON 8 MEG x 8 DRAM rz"

CBR REFRESH CYCLE
(Addresses and OE = DON'T CARE)

Wvda oa3 . M

trP RAS tRP RAS
— vy = 7 s I
RS vt /) t N V] N By
RPG ,
_tcp |, _tesr ICHR RPC,  tcsR ICHR
A | —
cas M Z 14
pQ = OPEN l
twre| | twRH, twrp|| twRH, i
|

R R S,

HIDDEN REFRESH CYCLE 24
(WE = HIGH; OE = LOW)

(READ) (REFRESH)
tRAS S ] ‘RAs
VT |
RAS
ViL= N 7 J!
1..tcrp tRCD tRSH
s | cHR
v f N ]Z
AR '
RAD RAL
tASR tRAH. | tasc tcAH
ViH—~ ¢ |
ADDR  y!H ROW COLUMN
L L
taa
tRaC
tcAC oFF
oz
Da ¥&|: OPEN VALID DATA b— OPEN—
toe oo, |
1
— Vv ORD
% i 7 7 /} /

DON'T CARE

UNDEFINED

MT4LC8MBP4/C2 1 _89 Micron Technology, Inc., reserves the right to change products or specifications without niotice.
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‘ ; ADVANCE
MIC:RDN MT4LC8M8P4/C2

8 MEG x 8 DRAM

- _READ CYCLE
(with WE-controlled disable)

s v N
tosH
| tcRP tRCD. tcas tcp
oW Y #i S
tAR
tRAD
tAsrR tRAH tasc tcaH tasc
aoor VI :m ROW ] COLUMN Xe COLUMN
‘Fﬁl .'W—Ril J—-——'“ﬁ—»l } 'AcH_ twpz _tRcs |
R/ S/
tA
‘Ric
tcac
tciz twHz oz _,
[ple} vgt‘ ~ OPEN 3 VALID DATA J— OPEN ——
toE | |__top

i . T,
DON'T CARE

UNDEFINED

8l

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.

MT4LCBM8P4/C2 1 _90 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MICRON

TECHNOLOGY. INC.

MT4C16270
256K x 16 DRAM

DRAM

256K x 16 DRAM

5V, EDO PAGE MODE

FEATURES

¢ Industry-standard x16 pinouts, timing, functions

and packages

High-performance CMOS silicon-gate process

Single +5V £10% power supply*

Low power, 3mW standby; 300mW active, typical

All device pins are TTL-compatible

512-cycle refresh in 8ms (nine rows and nine columns)
Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR)
and HIDDEN

Extended Data-Out (EDO) PAGE MODE access cycle
BYTE WRITE and BYTE READ access cycles

OPTIONS MARKING
¢ Timing
60ns access . -6*
70ns access 7
80ns access - -8
¢ Write Cycle Access
BYTE or WORD via CAS 16270
* Packages
Plastic SOJ (400 mil) : DJ
Plastic TSOP (400 mil) TG

e Part Number Example: MT4C16270D]J-7

*60ns specifications are limited to a Vcc range of +5%. Contact factory for
availability of 60ns.

KEY TIMING PARAMETERS

SPEED RC RAC pc AR CAC CAS

-6 110ns 60ns 25ns 30ns 15ns 10ns

-7 130ns 70ns 30ns 35ns 20ns 12ns

-8 150ns | 80ns | 33ns 40ns | 20ns 12ns
|GENERAL DESCRIPTION

The MT4C16270 is a randomly accessed solid-state

//memory containing 4,194,304 bits organized in a x16 con-
figuration. The MT4C16270 has both BYTE WRITE and

WORD WRITE access cycles via two CAS pins.
The MT4C16270 offers an accelerated cycle access called

|[EDO PAGE MODE.

The MT4C16270 CAS function and timing are deter-

/|mined by the first CAS (CASL or CASH) to transition LOW
‘|land by the last to transition back HIGH. CASL and CASH

PIN ASSIGNMENT (Top View)

40-Pin SOJ
(DA-7)

Vee [
ba1 g
D@z
DQ3 O
Da4 [
Vee [
Das O
Das [
pa7 O
Das [
NC [
NC [
WE O
RAS (]
NC [
Ao
Al
A2 0
A3 [}
Vee [

40/44-Pin TSOP

(DB-4)
Vee T 1 44 [T Vss
pQt 0] 2 43 [T DQ16
D2 0 3 4211 DQ1S
DQ3 (1] 4 41 [T pat4
DQ4 [ 5 40 [T1 DQ13
Vee [ 6 39 [T Vss
DQs [ 7 38 [T DQ12
DQ6 [T 8 37 11 Qi1
pQ7 X 9 36 [T DQI0
pas (1] 10 35 [T1 DQ9
NC [ 13 32 [ONC
NC [T 14 31 [ CASL
WE [T} 15 30 [ CASH
RAS [T 16 29 [T1 O
NC O 17 28 [13 A8
A0 (D] 18 27 [T A7
A1 D] 19 26 [ A6
A2 [ 20 25 [T A5
A3 O] 21 24 D A4
Vee [T 22 23 [T Vss

function in an identical manner to CASin that either CASL
or CASH will generate an internal CAS. Use of only one of
the two results ina BYTE WRITE cycle. CASL transitioning
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8)
and CASH transitioning LOW selects a WRITE cycle for the
upper byte (DQ9-DQ16). BYTE READ cycles are achieved
through CASL or CASH in the same manner.

MT4C16270

| W0B.pmS — Rev. 2/95
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MT4C16270
MICRON 256K x 16 DRAM

TECHNOLOGY. INC.

FUNCTIONAL BLOCK DIAGRAM

- L

CASL o= CAS CONTROL
CASH o LOGIG DATA-IN BUFFER
] DQi
[ ]
[ ]
NO. 2 CLOCK DQ16
GENERATOR
DATA-OUT
COLUMN- . BUFFER _
ADDRESS COLUMN CE
BUFFER DECODER
A0
Al REFRESH
a2 CONTROLLER : |
[ SENSE AMPLIFIERS
A3 L | /O GATING
Ad 5
REFRESH =
AS COUNTER = sr2x 16
A6
A7
A8 o H
ROW- 2w 512x512x 16
ADDRESS 39 | s MEMORY
BUFFERS.(9) [, SRR ARRAY
: a \
f '
1
__ NO. 1 CLOCK
0 V.
RAS o GENERATOR T °°
0 Vss
MT4C16270 1 _9 2 Micron Technology, Inc., reserves the right to change products 5 gsgﬁecmﬁ:a’g?‘n.?ev;;::zlu;gl;o(;z
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MICRON

MT4C16270
256K x 16 DRAM

FUNCTIONAL DESCRIPTION

Each bit is uniquely addressed through the 18 address
bits during READ or WRITE cycles. These are entered 9 bits
(A0-AB) at a time. RAS is used to latch the first 9 bits and
CAS the latter 9 bits.

The CAS control also determines whether the cycle will
be a refresh cycle (RAS ONLY) or an active cycle (READ,
WRITE or READ WRITE) once RAS goes LOW. The
MT4C16270 has two CAS controls, CASL and CASH.

The CASL and CASH inputs internally generate a CAS
signal functioning in an identical manner to the single
CAS input on the other 256K x 16 DRAMs. The key differ-
enceis that each CAS controls its corresponding DQ tristate
logic (in conjunction with OE and WE and RAS). CASL
controls DQ1 through DQ8 and CASH controls DQ9 through
DQ16.

The MT4C16270 CAS function is determined by the first
CAS (CASL or CASH ) transitioning LOW and the last
transitioning back HIGH. The two CAS controls give
the MT4C16270 both byte READ and byte WRITE cycle
capabilities.

Alogic HIGH on WE dictates READ mode while a logic
LOW on WE dictates WRITE mode. During a WRITE cycle,

| WORD WRITE

data-in (D) is latched by the falling edge of WE or CAS,
whichever occurs last. Taking WE LOW will initiate a
WRITE cycle, selecting DQ1 through DQ16. If WE goes
LOW prior to CAS going LOW, the output pin(s) remain
open (High- Z) until the next CAS cycle. If WE goes LOW
after CAS goes LOW and data reaches the output pins, data-
out (Q) is activated and retains the selected cell data as long
as CAS and OE remain LOW (regardless of WE or RAS).
This late WE pulse results in a READ WRITE cycle.

The 16 datainputs and 16 data outputs arerouted through
16 pins using common I/O, and pin direction is controlled
by OF , WE and RAS.

EDO PAGE MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-A8) page boundary. The EDO
PAGE MODE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address strobed-
in by CAS. CAS may be toggled by holding RASLOW and
strobing-in different column-addresses, thus executing
faster memory cycles. Returning RAS HIGH terminates
the EDO PAGE MODE operation.

LOWER BYTE WRITE ——————-b’

RAS
CasL / /
CASH
3 S
STORED ~ INPUT  INPUT  STORED |STORED INPUT INPUT  STORED
DATA DATA DATA DATA | DATA DATA DATA DATA
0 ---- ---> [0] 0 1 -
0 > o] 0 1
! 1 > 1 0
LOWER BYTE 0 -> (0] ) 1
(DQ1-DQ8) o - > [0] o 1
OF WORD 0 --> [o] 0 1
o - --> o] 0 1
o - --> [o] 0 1
0 X ieee- R 1 X
X omees > 0 -o--- {o] ) X
UPPER BYTE Lol X eren > A e ! X
(DQ9-DQ16) X oo > ol ) x
OF WORD [0 X oo > 1 X
[0] b QUENER > 1 X
[o] X eeee > 1 X
[o] X eees > 1 eeees > |1 1 X
ADDRESS 0 ADDRESS 1
X =NOT EFFECTIVE (DON'T CARE)
Figure 1

WORD AND BYTE WRITE EXAMPLE

MT4C16270
WO6.pm5 ~ Rev. 2/95
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MICRON

TECHNOLOGY, IN

MT4C16270
256K x 16 DRAM

- BYTE ACCESS CYCLE
The BYTE WRITE cycle is determined by the use of
m CASL and CASH. Enabling CASL will select a lower BYTE
WRITE cycle (DQ1-DQ8) while enabling CASH will select
an upper BYTE WRITE cycle (DQ9-DQ16). Enabling both
o CASL and CASH selects a WORD WRITE cycle.

The MT4C16270 can be viewed as two 256K x 8 DRAMSs
which have common input controls. Figure 1 illustrates the
MT4C16270 BYTE WRITE and WORD WRITE cycles. The
BYTE READ is accomplished in the same manner.

s
>

= EDO PAGE MODE

DRAM READ cycles have traditionally turned the out-
put buffers off (High-Z) with the rising edge of CAS. If
CAS goes HIGH, and OE is LOW (active), the output
buffers will be disabled. The MT4C16270 offers an acceler-
ated PAGE MODE cycle by eliminating output disable
from CAS HIGH. This option is called EDO and it allows
CASprecharge time ({CP) to occur without the output data

Vig=

RS ViL—

going invalid (see READ and EDO-PAGE-MODE READ
waveforms).

EDO operates as any DRAM READ or FAST-PAGE-
MODE READ, except data will be held valid after CAS
goes HIGH, as long as RAS and OF are held LOW and WE
is held HIGH. OE can be brought LOW or HIGH while
CAS and RAS are LOW, and the DQs will transition be-
tween valid data and High-Z. Using OE, there are two
methods to disable the outputs and keep them disabled
during the CAS HIGH time. The first method is to have
OFE HIGH when CAS transitions HIGH and keep OF
HIGH for *OEHC. This will tristate the DQs and they will
remain tristate, regardless of OE, until CAS falls again. The
second method is to have OE LOW when CAS transitions
HIGH. Then OE can pulse HIGH for a minimum of ‘OEP
anytime during the CAS HIGH period and the DQs will
tristateand remain tristate, regardless of OF, until CAS falls
again (please reference Figure 2 for further detail on the

RV
vir—

ADDR

WL‘:W ROW W @(‘ COLUMN (A) W /

” “n‘COLUMN (®) W

M I‘l‘CO‘LUMN © W 0{( COLUMN (D) %2227

S

\&’}\VALID DATA (A):T'—q

VioH—
DQ yIoH—. OPEN VALID DATA (A) XX VALID DATA (B)
oo top
toes | tOEHC
OE VIH— e
GE - toe

e “
VALID DATA (C) VALID DATA (D)
too

toep

/

The DQs go back to
Low-Z if tOES is met.

/ /

The DQs remain High-Z The DQs remain High-Z
until the next CAS cycle until the next CAS cycle
if tOEHC is met. if tOEP is met.
DON'T CARE

% unperneD

Figure 2
OUTPUT ENABLE AND DISABLE

MT4C16270
WO06.pmS - Rev. 2/95
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MT4C16270

256K x 16 DRAM

toggling OF condition). During other cycles, the outputsare
disabled at 'OFF time after RAS and CAS are HIGH, or
'WHZ after WE transitions LOW. The 'OFF time is refer-
enced from the rising edge of RAS or CAS, whichever
occurs last. WE can also perform the function of turning off
the output drivers under certain conditions, as shown in
Figure 3. g

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to a reduced standby level.

A UH—
ViL—

The chipisalso preconditioned for the next cycle during the
RAS HIGH time. Memory cell data is retained in its correct -
state by maintaining power and executing any RAS cycle

(READ, WRITE) or RAS refresh cycle (RAS ONLY, m
CBR, or HIDDEN) so that all 512 combinations of RAS
addresses (A0-A8) are executed at least every 8ms, regard- o
less of sequence. The CBR REFRESH cycle will also invoke

the refresh counter and controller for row-address control. U

)
>
=

Vi -
s iz x {

/ M ‘COLUMN (B) W

&( COLUMN () W

ADDR ¥;{‘:@< ROW W M'{OCG.UMN(A) W

RN

- ATV e -
o 3}8[‘_ OPEN VALID DATA (A) VALID DATA (8) E—< INPUT DATA (€) )~ @
: ' twHz / twhz /
= s N V.
& o /
[ / |
The DQs go to High-Z it WE falls, and if WPZ is met, WE may be used to disable the DQs to prepare
will remain High-Z until CAS goes LOW with for input data in an EARLY WRITE cycle. The DQs
WE HIGH (i.e., until a READ cycle is initiated). will remain High-Z until CAS goes LOW with
WE HIGH (i.e., until a READ gycle is initiated).
DON'T CARE
%3 unpeFINED
: . Figure 3 .
1 MT401 6270 Micron Technology, Inc., reserves the right to change products or specifications without notice.
‘| WO06.pm5~ Rev. 2/95 1 '95 ©1995, Micron Technology, Inc.



MICRON MT4C16270

256K x 16 DRAM

- TRUTH TABLE
ADDRESSES .

m FUNCTION RAS | CASL | CASH | WE OF R | 'C DQs NOTES

») Standby H H-X | H—X X X X X High-Z ‘

O READ: WORD L L L H L ROW | COL Data-Out

U READ: LOWER BYTE L L H H L |ROW | COL | Lower Byte, Data-Out

m Upper Byte, High-Z

> READ: UPPER BYTE L H L H L ROW | COL | Lower Byte, High-Z

Upper Byte, Data Out

g WRITE: WORD L L L L X |ROW | COL Data-In
(EARLY WRITE)
WRITE: LOWER L L H L X ROW | COL | Lower Byte, Data-In
BYTE (EARLY) Upper Byte, High-Z
WRITE: UPPER L H L L X |ROW | COL | Lower Byte, High-Z
BYTE (EARLY) Upper Byte, Data-In
READ WRITE L L L H-L | L-H |ROW | COL Data-Out, Data-In | 1,2
EDO-PAGE- |1st Cycle L H—-L | H-L H L ROW | COL Data-Out 2
MODE READ |2nd Cycle| L H-L | H-L H L n/a | COL Data-Out -2
EDO-PAGE- |1st Cycle L H-L | H-L L X |ROW | COL Data-In 1
MODE WRITE|2nd Cycle| L H—-L | H—L L X n/a | COL Data-In 1
EDO- 1st Cycle L H=-L | H-L H-L | L—-H |ROW | COL Data-Out, Data-In 1,2
PAGE-MODE |2nd Cycle| L H—-L | H-L H-L | L-»H | na | COL Data-Out, Data-In 1,2
READ-WRITE
HIDDEN READ L-H-L| L L H L ROW | COL Data-Out 2
REFRESH WRITE |L—H—L| L L L X |ROW | COL Data-In 1,3
RAS-ONLY REFRESH L H H X X |ROW | n/a High-Z
CBR REFRESH H—-L L L X X X X High-Z 4

NOTE: 1. These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active).
2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active).
3. EARLY WRITE only.
4. At least one of the two CAS signals must be active (CASL or CASH).

MT4C16270 1-9 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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lu“:nDN MT4C16270

256K x 16 DRAM

ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi- -
Voltage on Vcc Supply Relative to Vss............. mum Ratings” may cause permanent damage to the device.
Operating Temperature, T (ambient) . This is a stress rating only and functional operation of the

Storage Temperature (plastic) ................... device at these or any other conditions above those indi- m
Power DISSIPAtion ........cccccoreeerrseoessoessiosssersses LIW cated in the operational sections of this specification is not )
Short Circuit Output Current .......ccccccvevcueeirerncnnens 50mA implied. Exposure to absolute maximum rating conditions O

for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(Notes: 1, 6, 7) (Vcc = +5V £10%)**

NvHa

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vcc** 4.5 5.5 Vv
Input High (Logic 1) Voltage, all inputs VIH 2.4 | Vce+i Vv
Input Low (Logic 0) Voltage, all inputs ViL -1.0 0.8 \
INPUT LEAKAGE CURRENT
Any input OV < Vin < Vcee li -2 2 HA
(All other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vout < 5.5V) loz -10 10 pA
OUTPUT LEVELS VoH 24 \
Output High Voltage (lout = -2.5mA) -
Output Low Voltage (lout = 2.1mA) VoL 0.4 \
MAX
PARAMETER/CONDITION SYMBOL | -6** | -7 -8 |UNITS| NOTES
STANDBY CURRENT: (TTL) lcct 2 2 2 mA
(RAS = CAS = ViH)
STANDBY CURRENT: (CMOS) lcc2 1 1 1 mA 25

(RAS = CAS = Vcc -0.2V)

OPERATING CURRENT: Random READ/WRITE
Average power supply current lccs 195 | 175 | 160 | mA |3, 4,40
(RAS, CAS, Address Cycling: tRC = 'RC [MIN])

OPERATING CURRENT: EDO PAGE MODE

Average power supply current :

(RAS = Vi, CAS, Address Cycling: tPC = PC [MIN]; ICP, tASC = 10ns)
REFRESH CURRENT: RAS ONLY

Average power supply current lccs 195 | 175 | 160 | mA 3
(RAS Cycling, CAS=Vix: IRC = 'RC [MIN])
REFRESH CURRENT: CBR

Average power supply current lcce 180 | 160 | 140 | mA | 3,5
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

lcca 130 | 125 | 120 | mA |3, 4,40

**60ns specifications are limited to a Vcc range of £5%.

MT4G16270 1-97 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MICHDN MT4C16270

256K x 16 DRAM
CAPACITANCE:
PARAMETER : SYMBOL | MAX | UNITS | NOTES
Input Capacitance: A0-A8 ‘ Cn 5 pF 2
Input Capacitance: RAS, CASL, CASH, WE, OE Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8, 9, 10, 11, 12, 13) (Vcc = +5V +10%)*

AC CHARACTERISTICS -6* -7 -8
PARAMETER : SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Access time from column-address AA 30 35 40 ns
Column-address setup to CAS 'ACH 15" 15 20 ns
precharge during WRITE .
Column-address hold time AR 40 40 55 ns
(referenced to RAS)
Column-address setup time ASC 0 0 0 ns 29
Row-address setup time 'ASR 0 0 0 ns
Column-address to WE delay time tAWD 55 60 65 ns 21
Access time from CAS ‘CAC 15 20 20 ns 15, 31
Column-address hold time CAH 10 12 15 ns 29
CAS pulse width ICAS 10 10,000 12 10,000 12 10,000 ns 37
CAS hold time (CBR REFRESH) ICHR 10 10 10 ns 5,30
Last CAS going LOW to first CAS 'CLCH 10 10 10 ns 32
returning HIGH
‘CAS to output in Low-Z ‘cLz 3 3 3 ns 31, 41
Data output hold after CAS LOW 'COH 5 5 5 ns
‘CAS precharge time ‘cp 10 10 10 ns 16, 34
Access time from CAS precharge 'CPA 35 40 45 ns 31
CAS to RAS precharge time CRP 5 5 5 . ns 30
CAS hold time ICSH 40 40 60 ns 30
'CAS setup time (CBR REFRESH) 'CSR 10 10 110 ns 5,29
| CAS to WE delay time 'CWD 40 45 45 ns 21,29
Write command to CAS lead time ‘cwL 10 12 12. ns 26, 30
Data-in hold time 'DH 10 15 15 ns 22,81
Data-in hold time (referenced to RAS)| 'DHR 40 40 60 ns
Data-in setup time DS 0 0 0 ns | 22,31
Output disable time oD 3 15 3 15 3 15 - ns | 28,39, 41
Output Enable time 'OE 15 20 ] 20 - ns 23,31
'OE hold time from WE during tOEH 15 20 20 : ns 27
READ-MODIFY-WRITE cycle ’
OE HIGH hold time from CAS HIGH | 'OEHC 0 10 10 ns
OE HIGH pulse width OEP 10 10 10 ‘ ns
OE LOW to CAS HIGH setup time 'OES 5 5 5 : ns
Output buffer tum-off delay from 'OFF 3 15 3 15 3 15 ns 20, 28, 31,
CAS or RAS ) 41

*60ns specifications are limited to a Vcc range of £5%.

MT4C16270 1 9 8 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MICRON

TECHNOLOGY. INC.

MT4C16270
256K x 16 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vec = +5V +10%)*

AC CHARACTERISTICS

-6* -1 -8
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
OE setup prior to RAS during 'ORD 0 0 0 ns
HIDDEN REFRESH cycle
EDO-PAGE-MODE READ or WRITE tPC 25 30 33 ns 33
cycle time
EDO-PAGE-MODE READ-WRITE PRWC 72 79 84 ns 33
cycle time
Access time from RAS RAC 60 70 80 ns 14
RAS to column- RAD 15 30 15 35 15 40 ns . 18
address delay time '
Row-address hold time 'RAH 10 10 10 ns
Column-address to ‘RAL 22 27 30 ns
RAS lead time
RAS pulse width RAS 60 10,000 70 10,000 80 10,000 ns
RAS pulse width (EDO PAGE MODE)| 'RASP 60 100,000 70 100,000 80 100,000 ns
Random READ or WRITE cycle time ‘RC 110" 130 150 ns
RAS to CAS delay time RCD 20 45 20 50 20 60 ns 17,29
Read command hold time ‘RCH 0 0 0 ns 19, 26, 30
(referenced to CAS)
Read command setup time ‘RCS 0 0 0 ns 26, 29
Refresh period (512 cycles) 'REF 8 8 8 ms
RAS precharge time . RP 35 40 60 ns
RAS to CAS precharge time ‘RPC 10 10 10 ns
Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS) .
RAS hold time . 'RSH 10 15 15 ns 38
READ WRITE cycle time RWC 140 157 187 ns
RAS to WE delay time RWD 85 95 105 ns 21
Write command to RAS lead time 'RWL 10 12 12 ns 26
Transition time (rise or fall) T 2 50 2 50 2 50 ns 9, 10
Write command hold time 'WCH 10 10 10 ns 26, 38
Write command hold time 'WCR 40 40 60 ns 26
(referenced to RAS)
Write command setup time twcs 0 0 0 ns 21, 26,29
Output disable delay from WE WHZ 3 15 3 15 3 15 ns
Write command pulse width wp 10 10 10 ns 26

*60ns specifications are limited to a Vcc range of +5%.
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NOTES , ‘

1. All voltages referenced to Vss.

This parameter is sampled. Vcc = 5V +10%; f = 1 MHz.

Icc is dependent on cycle rates.

Icc is dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range (0°C < T, <70°C) is assured.

. An initial pause of 100s is required after power-up
followed by eight RAS refresh cycles (RAS ONLY or
CBR) before proper device operation is assured. The
eight RAS cycle wake-ups should be repeated any
time the 'REF refresh requirement is exceeded.

8. AC characteristics assume T = 2.5ns.

9. Vi (MIN) and ViL (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between Vi and VIL (or between VIL
and V).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
VIL (or between ViL and VIH) in a monotonic manner.

11. If CAS and RAS = Vi, data output is High-Z.

12. If CAS = Vi, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to one TTL gate and
50pF, VoL = 0.8V and VoH = 2.0V.

14. Assumes that '/RCD < 'RCD (MAX). If 'RCD is greater
than the maximum recommended value shown in this
table, 'RAC will increase by the amount that ‘RCD
exceeds the value shown.

15. Assumes that 'RCD > fRCD (MAX).

16. If CAS is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the Q buffer, CAS and RAS must be
pulsed HIGH for 'CP.

17. Operation within the tRCD (MAX) limit ensures that
RAC (MAX) can be met. 'RCD (MAX) is specified as
a reference point only; if 'RCD is greater than the

BN

IS

~

specified fRCD (MAX) limit, access time is controlled

exclusively by 'CAC.

18. Operation within the 'RAD limit ensures that tRCD
(MAX) can be met. 'RAD (MAX) is specified as a
reference point only; if ‘/RAD is greater than the
specified 'RAD (MAX) limit, access time is controlled
exclusively by fAA.

19. Either ‘RCH or 'RRH must be satisfied for a READ
cycle.

20. 'OFF (MAX) defines the time at which the output
achieves the open circuit condition; it is not a
reference to VoH or VoL.

21. tWCS, tRWD, tAWD and !CWD are restrictive
operating parameters in LATE WRITE and READ-
MODIFY-WRITE cycles only. If tWCS > tWCS (MIN),
the cycle is an EARLY WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If /RWD > tRWD (MIN), tAWD > 'tAWD
(MIN) and {CWD 2 t*CWD (MIN), the cycle is a
READ-WRITE and the data output will contain data
read from the selected cell. If neither of the above
conditions is met, the state of Q (at access time and
until CAS and RAS or OE go back to V) is indeter-
minate. O held HIGH and WE taken LOW after CAS
goes LOW result in a LATE WRITE (OE-controlled)
cycle.

22. These parameters are referenced to CAS leading edge
in EARLY WRITE cycles and WE leading edge in
LATE WRITE or READ-MODIFY-WRITE cycles.

23. During a READ cycle, if OE is LOW then taken HIGH

‘before CAS goes HIGH, Q goes open. If OE is tied
permanently LOW, a LATE WRITE or READ-
MODIFY-WRITE operation is not possible.

24. A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE = LOW and OE = HIGH.

25. All other inputs at Vec -0.2V.

26. Write command is defined as WE going LOW.

27. LATE WRITE and READ-MODIFY-WRITE cycles
must have both tOD and 'OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. The
DQs will provide the previously written data if CAS
remains LOW and OE is taken back LOW after tOEH
is met.

28. The DQs open during READ cycles once ‘OD or 'OFF
occur.

29. The first CASx edge to transition LOW.

30. The last CASx edge to transition HIGH.

31. Output parameter (DQx) is referenced to correspond-
ing CAS input, DQ1-DQ8 by CASL and DQ9-DQ16
by CASH. ,

32. Last falling CASx edge to first rising CASx edge.

33. Last rising CASx edge to next cycle’s last rising CASx
edge.

34. Last rising CASx edge to first falling CASx edge.

35. First DQs controlled by the first CASx to go LOW.

36. Last DQs controlled by the last CASx to go HIGH.

37. Each CASx must meet minimum pulse width.

38. Last CASx to go LOW.

39. All DQs controlled, regardless CASL and CASH.

40. Column-address changed once each cycle.

41. The 3ns minimum is a parameter guaranteed by
design.
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RAS tRp
- (]
ms vz
tesH O
[ [
RSH RRH
|- forP ReD fcas  tolcH U
CASH,CASL  ViH —
v X
AR
tRAD tRAL [ >
tasR RAH tasc tcan '
g
ViH
appR Vi _m ROW COLUMN K/ 77X ROW
l l ‘Acs T tRCH
WE Vi -
viL /‘
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! ‘RAC NOTE 1
fcac loFF
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oa 335 = OPEN VALIDDATA  —————— OPEN
| toE |._top

R Y, />l /!V Wi

EARLY WRITE CYCLE
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RAS . tRP
vy L———————g‘
mRs Vit —
tesH
RsH
| ‘oRp 'RCD 'oas  toleH
CASLandCASH Vi —
Vie -
AR
tRAD RAL
tASR RAH tAsC tcaH
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AL .
1
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twes twer
twp
WE vy
ViL
‘oHR
| E
) ‘oH
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09 vigl ~ VALID DATA W
=V
o W 2

DON'T CARE

UNDEFINED

NOTE: 1.'OFF is referenced from the rising édge of RAS or CAS, whichever occurs last.
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READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

tRwe
RAS i tRp
T
ms Vi Z v \
fosH
RSH
tcre tRocD tcas tere
CASL and CASH ¥,H F
L -
AR
tRAD RAL
tasm tRAH tasc tean
tacH
Vi
ApoR it :m ROW ¢ COLUMN / // / 0( ROW
. | tRWD
tRes | towp
i tawp
WE Vi
viL
tan
‘ RAC
! toac
torz —=|
oo VigH = OPEN
1oL §
toe
25 .|
=V
& i i /Al
EDO-PAGE-MODE READ CYCLE
1
RASP RP,
V<
RAS vi[ _ \
tesH tpc_ (NOTE 1) RSH
tcRP. trReD tcAs, tCLCH| tcas, tcLeH, | fop tcAs, tcLeH | tcp i
CASH,CASL ViH ~ V
ViL -
AR
'RAD tRAL
fASR RAH tasc foa, tasc oA, asc || _toan
AR I :@{ ROW COLUMN m COLUMN m COLUMN k’d’/} / 427 ROW
1 ' — |~—tRRH
' RCS, RCH
WE ViH
& i 1
l tan tan tan
tRac tcpa ! tcpa
r
teac fcac fcac
foiz— |- tCOH—= |4_ oz~ | — ~—toFF
ba VEH = OPEN ALD - YaR J— OPEN
- top
2E 2R
— V,
= i )7 Wi

DON'T CARE

B unpeFiNED

NOTE: 1.!PC can be measured from falling edge of CAS to falling edge of CAS, or from rlsmg edge of CAS to rising
edge of CAS. Both measurements must meet the PC specification.
MT4C16270 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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EDO-PAGE-MODE EARLY-WRITE CYCLE

tRASP |- AP |
sty m
ms v C
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1 tcrP ReD tcas, tciLeH, tep tcas, tcieH, ep Icas, 'oLCH, o fr
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L -
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‘RAD tacH ‘ACH ‘RAL U
' SR tRAH, | tasc, tcan tasc, fcaH, [ tasc, foAn, ‘
Vin - m
ADDR  vif! _m ROW W COLUMN 50 COLUMN w {4’//}( COLUMN w »( ROW
towL \ towe ‘ towL ‘ >
twes twen twes wer wes tweH
wp we twp g
" 2 /
i
| weR tRWL |
| ‘oHR —
! i tps ‘oH ‘ tos toH | 'os toH
v
oa i ﬁ VALID DATA W VALID DATA W VALID DATA W
—_ V -
SRV
EDO-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)
‘Rasp P
vy Y
ms v
ost tec/tpRwc NOTE 1 tRSH
1 1
I torp 'ACD loas, tore ‘cp tcas, feleH tcp Icas, teicH tcp
CASLandCASH Vi — 7 — Yy r
ViL —
taR
RaD RAL
t, 1 1, 1, ! 1,
I 'ASR, HAH| ASC toan AsG| |, oA I ASC‘ toAH ‘
Vin
ApoR it _m ROW m COLUMN W {  cotumn CoLUMN W ROW
‘RWD
= RWD l I I- ] l‘lnwt
| oW = towL—] L - |etowm
e . W | | - twp
tawp tawp tawp
fewp fowp 1 fewp
WE vy
viL
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‘Rac
I
P
‘CAC —
toz |
pa 3:8? = OPEN

toE
= Vn -
G W T

DON'T CARE

B unoeFineD

NOTE: 1.!'PC can be measured from falling edge to falling edge of CAS, or from rising edge to rising edge of CAS.
Both measurements must meet the 'PC specification.

MT4C16270 1 1 03 Micron Technology, Inc., reserves the right to change products or specifications without notice.
WO06.pmS - Rev. 2/65 = ©1995, Micron Technology, Inc.



Nvda odd l

MICRON MT4C16270

256K x 16 DRAM

EDO-PAGE-MODE READ-EARLY-WRITE CYCLE
(Psuedo READ-MODIFY-WRITE)

tRASP L tRp
__ e ;
5 Y =
tosH
trc tec tRsH
‘cRP tRcD tcas tep tcas | tcp tcas tcp
Ve B o y /'—;Iz—xL
cAs iz N} £ L ;L 2
tAcH
taR {RAL
tRAD
|'ASR ‘HAHl tasc fean (tasc |1 tead I tasc_|| tcaH |
ADDR v:f:m ROW W COLUMN (A) COLUMN (8) w 03 COLUMN (N) ROW
1) |~ |-
tRcs o~ | twes twoH
WE VM- ) /
WE v / // M tan
t,
| AR twHz
! tcpa -
tRAC
I tcac tcac
tcon

VIOH— y o _i
ba V:gt‘_ OPEN VALID DATA (A)

toe
5= ViH-
[ /

RAS-ONLY REFRESH CYCLE
(OE, WE = DON'T CARE)

tRe
RAS tRp
vy
mas vl Z n
I tcrp RPC |
CASLandGASH \H-— Fd X /
tasR tRAH

Vi - -
AppR -y _:227/;22221 ROW X/ /X ROW

o - I |

a v = ol

e | e ‘ e || e,
W W 7 v XU 7 7 X

V] bonTcare
BR unperinen

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
shouldimplement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs. S
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CBR REFRESH CYCLE
(Addresses; OE = DON'T CARE)
trp tRAS trP 'rAS
me W f N it y
RPC
_top_|, tcsm ‘cHR 'RPC, tcsr || tchm )
o Yy Ty J— /
pa = OPEN

W i,

HIDDEN REFRESH CYCLE 24
(WE = HIGH; OE = LOW)
(READ) (REFRESH)
'RAS RP tRAS
Sy N f "& Ly
i tcrp tRcD tRsH tcHR
CASL, CASH
W 3 | —
tAR
tRAD RAL
tAsR tRAH_, tasc tcaH
|
ADDR Q’/“:‘:m(‘ ROW m COLUMN lS&
taa
'RAC
NOTE 1
tcac ol o

oLz

bax 383 - OPEN I VALID DATA p— OPEN—
toE top,
20|

S/ Wi, Y

DON'T CARE

UNDEFINED

NOTE: 1.!OFFis rexferenéed from the rising edge of RAS or CAS, whichever occurs last.
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256K x 16 DRAM

~READ CYCLE
(with WE-controlled disable)

RAS Vi _ N\ :
csH
| tcrp tRcD tcas tcp
CAS Vi - F 3 f
ViL - \ \ i/ / S-
tAR
tRAD
tAsr tRAH tasc tcan 1AsC

Vi S y
ADDR Vi _m ROW }WK COLUMN j COLUMN
twre [T twre, 1<l tRCS .[ 'RCH_ twPz  tRCS l

WE le —/Zééééﬂéﬁ
- NOTE 1 .
AA
tRAC
tcac .
t t t
Lz WHZ oLz
VoH - e
pa 3 = OPEN VALID DATA J— OPEN
toE | top

A S /i
DON'T CARE

UNDEFINED

o
m

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMSs.
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MT4LC16270
256K x 16 DRAM

DRAM

256K x 16 DRAM

3.3V, EDO PAGE MODE

FEATURES

e Single +3.3V £0.3V power supply*

¢ Industry-standard x16 pinouts, timing, functions

and packages

High-performance CMOS silicon-gate process

Low power, ImW standby; 85mW active, typical

All device pins are TTL-compatible :

512-cycle refresh in 8ms (nine rows and nine columns)
Refresh modes: RAS ONLY,CAS-BEFORE-RAS(CBR)
and HIDDEN

Extended Data-Out (EDO) PAGE MODE access cycle
¢ BYTE WRITE and BYTE READ access cycles

OPTIONS MARKING
¢ Timing
60ns access -6*
70ns access -7
80ns access -8
* Packages
Plastic SOJ (400 mil) DJ
Plastic TSOP (400 mil) TG.

® Part Number Example: MT4LC16270D]J-7

*60ns specifications are limited to a Vcc range of +0.15V. Contact factory for
availability of 60ns.

KEY TIMING PARAMETERS
SPEED 'RC RAC tpC YA iCAC tCAS
-6 110ns | 60ns | 25ns 30ns 15ns 10ns
-7 130ns | 70ns | 30ns 35ns | 20ns 12ns
-8 150ns | 80ns | 33ns 40ns 20ns 12ns
GENERAL DESCRIPTION

The MT4LC16270 is a randomly accessed solid-state
memory containing 4,194,304 bits organized in a x16 con-
figuration. The MT4LC16270 has both BYTE WRITE and
WORD WRITE access cycles via two CAS pins.

TheMT4LC16270 offers an accelerated access cycle called
EDO PAGE MODE.

The MT4LC16270 CAS function and timing are deter-
mined by the first CAS (CASL or CASH) to transition LOW
and by the last to transition back HIGH. CASL and CASH

PIN ASSIGNMENT (Top View)

40-Pin SOJ
(DA-7)

()
b
|
9

|

9]
>|
[
i

&5 3% R

o e e ey g

§k>»>>o|

function in an identical manner to CAS in that either CASL
or CASH will generate an internal CAS. Use of only one of
the two results in a BYTE WRITE cycle. CASL transitioning
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8)
and CASH transitioning LOW selects a WRITE cycle for the
upper byte (DQ9-DQ16). BYTE READ cycles are achieved
through CASL or CASH in the same manner.

MT4LC16270
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A0
Al
A2

A3 o
Mo

A5
A6
A7
A8

RAS

FUNCTIONAL BLOCK DIAGRAM

WE

CASL o- e l——

~ CAS CONTROL
NO. 2 CLOCK
GENERATOR

COLUMN- .

ADDRESS
BUFFER

REFRESH
CONTROLLER

¥

REFRESH
COUNTER

ROW-
ADDRESS
BUFFERS (9)

t

DATA-IN BUFFER

1
NO. 1 CLOCK

ROW
DECODER

DQ1
.
DQ16

DATA-OUT
BUFFER

IERS
/0O GATING
LI—-

L= 512x16 ==

512

GENERATOR

512x512x 16
MEMORY
ARRAY

<+———0 Vcc

<+———0 Vss
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256K x 16 DRAM

FUNCTIONAL DESCRIPTION

Each bit is uniquely addressed through the 18 address
bits during READ or WRITE cycles. These are entered 9 bits
(A0-A8) at a time. RAS is used to latch the first 9 bits and
CAS the latter 9 bits.

The CAS control also determines whether the cycle will
be a refresh cycle (RAS ONLY) or an active cycle (READ,
WRITE or READ WRITE) once RAS goes LOW. The
MT4LC16270 has two CAS controls, CASL and CASH.

The CASL and CASH inputs internally generate a CAS
signal functioning in an identical manner to the single
CAS input on the other 256K x 16 DRAMs. The key differ-
ence is that each CAS controls its corresponding DQ tri-
state logic (in conjunction with OE and WE and RAS).
CASL controls DQ1 through DQ8 and CASH controls DQ9
through DQ16. '

The MT4LC16270 CAS function is determined by the first
CAS (CASL or CASH) transitioning LOW and the last
transitioning back HIGH. The two CAS controls give the
MT4LC16270 both BYTE READ and BYTE WRITE cycle
capabilities. .

Alogic HIGH on WE dictates READ mode while a logic
LOW on WE dictates WRITE mode. During a WRITE cycle,

data-in (D) is latched by the fallgﬁ edge of WE or CAS,
whichever occurs last. Taking WE LOW will initiate a
WRITE cycle, selecting DQ1 through DQ16. If WE goes
LOW prior to CAS going LOW, the output pin(s) remain
open (High- Z) until the next CAS cycle. If WE goes LOW
after CAS goes LOW and data reaches the output pins, data-
out (Q) is activated and retains the selected cell data as long
as CAS and OE remain LOW (regardless of WE or RAS).
This late WE pulse results in a READ WRITE cycle.

Thel6datainputsand 16 data outputs arerouted through
16 pins using common I/O, and pin direction is controlled
by OE , WE and RAS.

EDO PAGE MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-A8) page boundary. The EDO
PAGE MODE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address strobed-
in by CAS. CAS may be toggled by holding RAS LOW
and strobing-in different column-addresses, thus execut-
ing faster memory cycles. Returning RASHIGH terminates
the EDO PAGE MODE operation.

‘ WORD WRITE

RAS

CASL

CASH

} LOWER BYTE WRITE —>|

L 2 N
. /SN S

we S
STORED INPUT  INPUT . STORED |STORED INPUT INPUT  STORED
DATA  DATA DATA DATA | DATA DATA DATA DATA
[1] o [) [o] 1 -
(1] 0 - [ 0 1
B 1o
0 1- 1 (1] 0
LOWER BYTE [1] 0 - 0 [o] 1
(DQ1-DQ8) [1] 0 ) [o] 1 .-
OF WORD [1] 0 - [ (o] 1
[1] 0 0 [o] 1
1] 0 ) [o] 1
[o] X oomees S >[1 1] X
[1] X eeees > 0 oo > [0 [o] X -
UPPER BYTE 1o X e > 1 > L X -
(DQ9-DQ16) S X oo > 0 oo > 10 Lol X -
OF WORD Lo o > 1 oeoes > |1 ] X -
0 X meeen O > {1 1 X -
{o] X omeees O > 1 (1] X -
[0] P SUR R > [1 KRN X
ADDRESS 0 ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE)
Figure 1

WORD AND BYTE WRITE EXAMPLE
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BYTE ACCESS CYCLE

The BYTE WRITE cycle is determined by the use of
CASL and CASH. Enabling CASL will select a lower BYTE
WRITE cycle (DQ1-DQ8) while enabling CASH will select
an upper BYTE WRITE cycle (DQ9-DQ16). Enabling both
CASL and CASH selects a WORD WRITE cycle.

The MT4LC16270 can be viewed as two 256K x 8 DRAMs
which have common input controls. Figure 1 illustrates the
MT4LC16270 BYTE WRITE and WORD WRITE cycles. The
BYTE READ is accomplished in the same manner.

EDO PAGE MODE

DRAM READ cycles have traditionally turned the out-
put buffers off (High-Z) with the rising edge of CAS. If
CAS goes HIGH, and OE is LOW (active), the output
buffers will be disabled. The MT4LC16270 offer an acceler-
ated PAGE MODE cycle by eliminating output disable
from CAS HIGH. This option is called EDO and it allows

CAS precharge time ({CP) to occur without the output data

going invalid (see READ and EDO-PAGE-MODE READ
waveforms).

Extended data-out operates as any DRAM READ or
FAST-PAGE-MODE READ, except data will be held valid
after CAS goes HIGH, aslong asRASand OE are held LOW
and WE is held HIGH. OE can be brought LOW or HIGH
while CAS and RAS are LOW, and the DQs will transition
between valid data and High-Z. Using OE, there are two
methods to disable the outputs and keep them disabled
during the CAS HIGH time. The first method is to have
OE HIGH when CAS transitions HIGH and keep OF
HIGH for 'OEHC. This will tristate the DQs and they will
remain tristate, regardless of OE, until CAS falls again. The
second method is to have OE LOW when CAS transitions
HIGH. Then OE can pulse HIGH for a minimum of ‘OEP
anytime during the CAS HIGH period and the DQs will
tristate and remain tristate, regardless of OE, until CAS
falls again (please reference Figure 2 for further detail on the

AR
Ve
= Y- \ S S Sy G S—
Vi~ : + - -
ADDR V;r_m( ROW W %: COLUMN (A) W M \COLUMN (B) W &( \COLUMN (©) W ///}(. COLUMN () ){/
pa YioH— T 3 > ™~
iz OPEN QG vao oara wF——4 wwoosna XY vanoane VALID DATA (€) VALID DATA (0)
4_'2D_.| : top | Lo
Joes | toere
55 V- —
OE v}’,:'_ oE f T
toep

The DQs go back to The DQs remain High-Z The DQs remain High-Z
Low-Z if tOES is met. until the next CAS cycle until the next CAS cycle

if OEHC is met. {1OEP is met.
DON'T CARE

B unoereDd

Figure 2
OUTPUT ENABLE AND DISABLE

MT4LC16270
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toggling OE condition). During other cycles, the outputsare level. The chip is also preconditioned for the next cycle -
disabled at 'OFF time after RAS and CAS are HIGH or during the RAS HIGH time. Memory cell data is retained in
'WHZ after WE transitions LOW. The ‘OFF time is refer- its correct state by maintaining power and executing any
enced from the rising edge of RAS or CAS, whichever RAS cycle (READ, WRITE) or RAS refresh cycle (RAS m
occurs last. WE can also perform the function of turning off ONLY, CBR, or HIDDEN) so that all 512 combinations of U
the output drivers under certain conditions, as shown in RAS addresses (A0-A8) are executed at least every 8ms, O
Figure 3. regardless of sequence. The CBR REFRESH cycle will also
Returning RAS and CAS HIGH terminates a memory invoke the refresh counter and controller for row-address U
cycle and decreases chip current to a reduced standby control. m
>

S s

&5 “j:{i: x k—/_—\x___/‘———-\_
ADDR W':‘:m ROW W @( | COLUMN (8) W M COLUMN (B) W M COLUMN (C) W /‘>< GOLUMN (D) )
v \\“ \\‘
0Q yioH—. OPEN 20% VALID DATA (A) VALID DATA (8) E—<|NFUT DATA(C) @:
iz / whz
We ‘\f:f: twpz |/ i
GE V= / /
/ 1 /
The DQs go to High-Z if WE falls, and if 'WPZ is met, WE may be used to diszble the DQs to prepare
will remain High-Z until CAS goes LOW with for input data in an EARLY WRITE cycle. The DQs
WE HIGH (i.e., until a READ cycle is initiated). will remain High-Z until CAS goes LOW with

WE HIGH (i.e., until a READ cycle is initiated).

DON'T CARE
%) unDEFINED
Figure 3
OUTPUT ENABLE AND DISABLE WITH WE
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ADVANCE

Ml:ﬂﬂ : MT4LC16270
256K x 16 DRAM
- TRUTH TABLE
) ADDRESSES
m FUNCTION RAS | CASL |CASH | WE OF 'R 'c DQs NOTES
U Standby H H-X | H—X X X X X High-Z
O READ: WORD L L L H L ROW | COL Data-Out
U READ: LOWER BYTE L L H H L ROW | COL | Lower Byte, Data-Out
m Upper Byte, High-Z
> READ: UPPER BYTE L H L H L ROW | COL | Lower Byte, High-Z
Upper Byte, Data Out
g WRITE: WORD L L L L X ROW | COL Data-In
(EARLY-WRITE)
WRITE: LOWER L L H L X ROW | COL | Lower Byte, Data-In
BYTE (EARLY) Upper Byte, High-Z
WRITE: UPPER L H L L X |ROW | COL | Lower Byte, High-Z
BYTE (EARLY) Upper Byte, Data-In
READ WRITE L L L H-L L—-H [ROW | COL Data-Out, Data-In 1,2
EDO-PAGE- |1st Cycle L H—-L | H—L H L ROW | COL Data-Out 2
MODE READ |2nd Cycle| L H-L | H-L H L n/a | COL Data-Out 2
EDO-PAGE- | 1st Cycle L H-L | H—-L L X |ROW | COL Data-In 1
MODE WRITE | 2nd Cycle L H-L | H-L L X n/a | COL Data-In 1
EDO-PAGE-
MODE 1st Cycle L H-L | H—-L H-L L—-H [ROW | COL Data-Out, Data-In 1,2
READ-WRITE {2nd Cycle| L H—-L | H—L H—-L L-H | na | COL Data-Out, Data-In 1,2
HIDDEN READ L-H-L| L L H L ROW | COL Data-Out 2
REFRESH WRITE |L-H-L| L L L X | ROW | COL Data-In 1,3
'RAS-ONLY REFRESH L H H X X ROW | n/a High-Z
CBR REFRESH H—-L L L X X X X High-Z 4

NOTE: 1. These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active).
2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active).
3. EARLY WRITE only.
4. At least one of the two CAS signals must be active (CASL or CASH).

MT4LC16270 1 1 1 2 Micron Technology, Inc., reserves the right to change products or specifications without notice.
WO07.pm5 - Rev. 2/95 = ©1995, Micron Technology, Inc.



MICRON

TECHNOLOGY. INC.

ADVANCE

MT4LC16270
256K x 16 DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc Supply Relative to Vss.......... -1V to +4.6V
Operating Temperature, T4 (ambient) .......... 0°Cto +70°C
Storage Temperature (plastic) ............c....... -55°C to +150°C
Power Dissipation 1.2W
Short Circuit Qutput Current ........cccoveeeniiveneninns 50mA

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc = +3.3V £0.3V)**

. mum Ratings” may cause permanent damage to the device.

*Stresses greater than those listed under “Absolute Maxi-

This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

INvda odd l

(RAS = CAS = Vi)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS { NOTES
Supply Voltage Vec*™* | 3.0 | 3.6 \'
Input High (Logic 1) Voltage, all inputs ViH 2.0 | Vce+l \'
Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 \%
INPUT LEAKAGE CURRENT v
Any input OV < ViNn < Vce I -2 2 MHA
(All other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vout <Vcc+.5V) loz -100 | 10 uA
OUTPUT LEVELS VoH 24 : \
Output High Voltage (lout = -2mA)
Output Low Voltage (lout = 2mA) VoL | 0.4 \

MAX
PARAMETER/CONDITION SYMBOL | -6** | -7 -8 |UNITS| NOTES
STANDBY CURRENT: (TTL) lect 1 1] 1 mA

STANDBY CURRENT: (CMOS)
(RAS = CAS = Vcc -0.2V)

lcc2 500 | 500 | 500 | pA 25

OPERATING CURRENT: Random READNVR!TE
Average power supply current
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

lccs 120 | 110 | 100 | mA |3, 4,40

OPERATING CURRENT: EDO PAGE MODE
Average power supply current

(RAS = Vi, CAS, Address Cycling: 'PC ='PC [MIN]; {CP, 'ASC = 10ns)

lcca 70 | 60 | 50 | mA |3;4,40

REFRESH CURRENT: RAS ONLY
Average power supply current
(RAS Cycling, CAS=Vix: tRC = tRC [MIN])

lccs 120 [:110 | 100 | mA 3

REFRESH CURRENT: CBR
Average power supply current
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

lcce 120 | 110 | 100 | mA | 3,5

**60ns specifications are limited to a Vcc range of £0.15V.
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ADVANCE

MICRON MT4LC16270

reowo 256K x 16 DRAM

CAPACITANCE
PARAMETER : ) | SYMBOL | MAX | UNITS NOTES
~ Input Capacitance: A0-A8 ) : Cnt 5 pF 2
Input Capacitance: RAS, CASL, CASH, WE, OE Ci2 7 pF 2
Input/Output Capacitance: DQ ’ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
, (Notes: 6,7,8,9,10, 11, 12, 13) (Vcc = +3.3V £0.3V)*

AC CHARACTERISTICS -6* -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Access time from column-address TAA 30 35 40 ns
Column-address setup to CAS tACH 15 15 20 ns

precharge during WRITE ;

Column-address_hold time ‘AR 40 40 55 ns

(referenced to RAS) ’

Column-address setup time tASC 0 0 0 ns 29
Row-address setup time ASR 0 0 0 ns
Column-address to WE delay time tAWD 55 60 65 ns 21
Access time from CAS ICAC 15 20 20 ns 15, 31
Column-address hold time ICAH 10 12 15 ns 29
CAS pulse width ICAS 10 10,000 12 10,000 12 10,000 ns 37
CAS hold time (CBR REFRESH) ICHR 10 10 10 ns 5,30
Last CAS going LOW to first CAS 'CLCH 10 10 10 ns 32
retuning HIGH

CAS to output in Low-Z ‘cLz 3 3 3 ns 31, 41
Data output hold after CAS LOW 'COH 5 5 5 ns

CAS precharge time 'CP 10 10 10 ns 16, 34
Access time from CAS precharge ICPA 35 40 45 ns 31
CAS to RAS precharge time CRP 5 5 5 ns 30
‘CAS hold time ICSH 40 40 60 ns 30
'CAS setup time (CBR REFRESH) {CSR 10 10 110 ns 5,29
CAS to WE delay time tcwD 40 45 45 ns 21,29
Write command to CAS lead time tcwL 10 12 12 ns 26, 30
Data-in hold time DH 10 15 15 ns 22, 31
Data-in hold time (referenced to RAS)| DHR 40 40 60 ns

Data-in setup time DS 0 0 0 ] ns 22, 31
Output disable time oD 3 15 3 15 3 15 ns 28, 39, 41
Output Enable time tOE 15 20 20 ns 23, 31
OE hold time from WE during 'OEH 15 20 20 ns 27
READ-MODIFY-WRITE cycle . .

OE HIGH hold time from CAS HIGH | 'OEHC 10 10 10 ns
'OE HIGH pulse width 'OEP 10 10 10 ns
‘OE LOW to CAS HIGH setup time OES 5 5 5 ns

*60ns specifications are limited to a Vcc range of +0.15V.

MT4LC16270 1 1 1 4 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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ADVANCE
MICFII:IN MT4LC16270

256K x 16 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS -
(Notes: 6, 7, 8, 9, 10, 11, 12, 13)- (Vcc = +3.3V +0.3V)*

AC CHARACTERISTICS -6* -7 -8 m
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES U
Output buffer turn-off delay from tOFF 3 15 3 15 3 15 ns 20, 28, 31, O
CAS or RAS 41

'OE setup prior to RAS during 'ORD 0 0 0 ns U
HIDDEN REFRESH cycle m
EDO-PAGE-MODE READ or WRITE tPC 25 30 33 ns 33

cycle time >
EDO-PAGE-MODE READ-WRITE PRWC 72 79 84 ns 33 g
cycle time

Access time from RAS 'RAC 60 70 80 ns 14

RAS to column-address delay time ‘RAD 15 30 15 35 15 40 ns 18
Row-address hold time ‘RAH 10 10 10 ns

Column-address to RAS lead time 'RAL 22 27 30 ns

RAS pulse width RAS 60 10,000 70 10,000 80 10,000 ns

RAS pulse width (EDO PAGE MODE)| 'RASP 60 100,000 70 100,000 80 100,000 ns

Random READ or WRITE cycle time 'RC 110 130 150 ns

RAS to CAS delay time ‘RCD 20 45 20 50 20 60 ns 17,29

Read command hold time 'RCH 0 0 0 ns 19, 26, 30
(referenced to CAS)

Read command setup time RCS 0 0 0 ns 26, 29

Refresh period (512 cycles) 'REF 8 8 8 ms

RAS precharge time 'RP 35 40 60 ns

RAS to CAS precharge time ‘RPC 10 i 10 10 ns

Read command hold time 'RRH 0 0 0 ns 19
(referenced to RAS)

RAS hold time 'RSH 10 15 15 ns 38

READ WRITE cycle time 'RWC 140 157 187 ns

RAS to WE delay time 'RWD 85 95 105 ns 21

Write command to RAS lead time TRWL 10 12 12 ns 26

Transition time (rise or fall) T 2 50 2 50 2 50 ns

Write command hold time 'WCH 10 10 10 ns 26, 38

Write command hold time 'WCR 40 40 60 ns 26
(referenced to RAS)

Write command setup time 'wCs 0 0 0 ns 21,26, 29
Output disable delay from WE WHZ 3 15 3 15 3 15 ns

Write command pulse width wp 10 10 10 ns 26

*60ns specifications are limited to aVee range of +0.15V.
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MICRON

ECHNOLO

ADVANCE

MT4LC16270
256K x 16 DRAM

. This parameter is sampled. Vcc = +3.3V; f = 1 MHz.

. Iccis dependent on cycle rates.

. Iccis dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the output open.

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

7. Aninitial pause of 100ys is required after power-up
followed by eight RAS refresh cycles (RAS ONLY or
CBR) before proper device operation is assured. The
eight RAS cycle wake-ups should be repeated any
time the 'REF refresh requirement is exceeded.

8. AC-characteristics assume 'T = 2.5ns.

9. Vi (MIN) and Vi (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VIL (or between VIL
and V).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vin and
VIL (or between VIL and ViH) in a monotonic manner.

11. If CAS and RAS = ViH, data output is High-Z.

12. IfCAS = V1, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to one TTL gate and
50pF, VoL = 0.8V and Von = 2.0V.

14. Assumes that 'RCD < 'RCD (MAX). If 'RCD is greater
than the maximum recommended value shown in this
table, tRAC will increase by the amount that tRCD
exceeds the value shown.

15. Assumes that 'RCD > 'RCD (MAX).

16. If CAS is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the Q buffer, CAS and RAS must be
pulsed HIGH for 'CP.

17. Operation within the 'RCD (MAX) limit ensures that
fRAC (MAX) can be met. 'RCD (MAX) is specified as
a reference point only; if ‘RCD is greater than the
specified 'RCD (MAX) limit, access time is controlled
exclusively by {CAC.

18. Operation within the ‘RAD limit ensures that 'RCD
(MAX) can be met. 'RAD (MAX) is specified as a
reference point only; if ‘lRAD is greater than the
specified '‘RAD (MAX) limit, access time is controlled
exclusively by tAA.

19. Either 'RCH or ‘RRH must be satisfied for a READ
cycle.

20. *OFF (MAX) defines the time at which the output
achieves the open circuit condition; it is not a
reference to VoH or VoL.

N :

1. All voltages referenced to Vss.
2

3

4

21. 'WCS, tRWD, tAWD and ‘CWD are restrictive
operating parameters in LATE WRITE and READ-
MODIFY-WRITE cycles only. If 'WCS > tWCS (MIN),
the cycle is an EARLY WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If 'RWD > (RWD (MIN), tAWD > AWD
(MIN) and *CWD = {CWD (MIN), the cycle is a READ
WRITE and the data output will contain data read
from the selected cell. If neither of the above
conditions is met, the state of Q (at access time and
until CAS and RAS or OE go back to V) is indeter-
minate. OE held HIGH and WE taken LOW after CAS
goes LOW result in a LATE WRITE (OE-controlled)
cycle.

22. These parameters are referenced to CAS leading edge
in EARLY WRITE cycles and WE leading edge in
LATE WRITE or READ-MODIFY-WRITE cycles.

23. During a READ cycle, if OE is LOW then taken HIGH
before CAS goes HIGH, Q goes open. If OE is tied
permanently LOW, a LATE WRITE or READ-
MODIFY-WRITE operation is not possible.

24. A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE = LOW and
OE = HIGH.

25. All other inputs at Vcc -0.2V.

26. Write command is defined as WE going LOW.

27. LATE WRITE and READ-MODIFY-WRITE cycles
must have both tOD and *OEH met (OF HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. The
DQs will provide the prewously written data if CAS
remains LOW and OE is taken back LOW after 'OEH
is met.

28. The DQs open during READ cycles once ‘OD or ‘OFF
occur.

29. The first CASx edge to transition LOW.

30. The last CASx edge to transition HIGH.

31. Output parameter (DQx) is referenced to correspond-
ing CAS input, DQ1-DQ8 by CASL and DQ9-DQ16
by CASH. .

32. Last falling CASx edge to first rising CASx edge.

33. Last rising CASx edge to next cycle’s last rising CASx
edge.

34. Last rising CASx edge to first falling CASx edge.

35. First DQs controlled by the first CASx to go LOW.

36. Last DQs controlled by the last CASx to go HIGH.

37. Each CASx must meet minimum pulse width.

38. Last CASx to go LOW.

39. All DQs controlled, regardless CASL and CASH.

40. Column-address changed once each cycle.

41. The 3ns minimum is a parameter guaranteed by
design.
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TECHNOLOGY. INC.

ADVANCE

MT4LC16270

256K x 16 DRAM

READ CYCLE

Re
RAS RP
JE
s vl C \
csH
'RSH tRAH
| tcrp RcD tocas  ‘oleH
CASH,CASL Vi — \
Vip —
AR
tRAD tRAL ’
tasR RAH | tasc tcan '
Vi
ADDR VI ,m ROW COLUMN 0( ROW
[ [
] RCS RCH
WE ViH -
ViL /
tan
! ‘RAC NOTE 1
tcac oFF
oLz
oo VgH :—omu—% VALID DATA  J—————— OPEN —
i toe |._toD
|
— Vo
® W / U
‘re
tRAS ! hild
Vi = J:—q
RAS Vi _ N\
tcsH
tRSH
|ePSH
i crP tReD cas tcLeH
CASLand CASH  Vjy =
V[ —
AR
RAD tRAL
tAsR tRAH tasc tcan
tacH
Vi
fowL
!
fRwWL
1
twer
wes twer
twp
WE Vi
ViL
'DHR
k
1o DS oli]
oa VIGH VALID DATA W
VioL ~
= V
oE v T

NOTE: 1.!OFF is referenced from the rising edge of RAS or CAS, whichever occurs last.

T/ poncare

&Y unpeFiNED

MT4LC16270
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ADVANCE
MIC:FII:IN MT4LC16270

256K x 16 DRAM

READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

tRwe
tRAS | tRP.

— -
ms v C / \

tosH
RSH
-~
tcrp tRCD tcas torcH

|
CASLandCASH Vi —
ViL -

AR
RAD 'RAL

tasr tRAH tasc cAH
tacH

ADDR  VIH :m ROW m COLUMN W // 0( ROW

] tRWD towL
tRes | towp tRWL
' tawD twp

S i ! Y,
taA
tRAC
tcac

4 4
oz —=| | <25, | | BH,
Viow =
o VI = PEN VALIDDOUT}( VALIDDjy J————— OPEN ————
1 T

EDO-PAGE-MODE READ CYCLE

Wvdad odi4 .

o

'RASP AP
o T f—L\_‘
tesH tPC__(NOTE 1) 'RsH
1 _terP tReD tcas, teLcH| top icas, tcLeH tcp tcas, toLeH tcp |
CASH,CASL ViH - 3
viL - [
AR
'RAD tRAL
| tasr 'RAH tasc, oA, tASC cAH, tasc tCAH, [
v, —
bR i _m Row @ COLUMN m COLUMN comn X7/ Row
| |<—1tRRH
'Res, RCH
{4*___#

T i 1 T

tan tan ‘aa
“tRac ' topa tcpA
! teac tcac fcac
. torz—= |- {COH—»| [~ torz—=| = g ~—toFF
VoH - VALID /ALID \ VALD Y
ba vo = OPEN DATA ATA ore DATA OPEN
1 1
OE oo —1, loE op
toEs
— "V L toes
o v / R
‘oEP

DONT CARE

UNDEFINED

NOTE: 1.!PC can be measured from falling edge to falling edge of CAS, or from rising edge to rising edge of CAS.
Both measurements must meet the 'PC specification.
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ADVANCE
MICHDN MT4LC16270

256K x 16 DRAM

EDO-PAGE-MODE EARLY-WRITE CYCLE

tRASP 1< RP )
e VIH =
RAS v Zl L
-
tosH trc 'RSH
1 terP tRcD tcas, cLeH tcp tcas, tcLeH tcp cAs, tcLCH L tcp. (
CASLandCASH Vi = - j
Vi - \
AR tacH
tRAD tacH tacH RAL
tASR RAH tasc tcan tasc cAH tasc cAH
V| - - N Y
ADDR v,'f _@( ROW @ COLUMN W COLUMN W mr COLUMN W 0( ROW
towL | towL | towL l
1 1
twes twer twes tWeH wes weH
twp twp twe
WE vy ﬁ'
g 7 L
twer tRWL |
DHR
bs toH 'ps bH 'ps oH
VioH X {
oa vigH VALID DATA VALID DATA VALID DATA
= Vi
OE it T

EDO-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

'RasP. lap
vy Y m
ms v C

tosh tpc /tpRWC NOTE 1 tasH
tcRp ‘ReD tcas, 'oleH tcp tcas, toioH e tcas, foicH tcp
TASLandCASH Vi — — — i
ViDL —
R
RAD RAL
ADDR ¥::‘ _
WE vy
ViL
v -
oo gt
=¥
= W

DON'T CARE

& unpeFiNeD

NOTE: 1.'PC can be measured from falling edge to falling edge of CAS, or from rising edge to rising edge of CAS.
Both measurements must meet the 'PC specification.
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ADVANCE

MlCHDN MT4LC16270

256K x 16 DRAM

EDO-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

tRASP _tmp
RAS UH-
tcsH
tpc tpc tRSH
‘cRP RcD tcas tep tcas tep tcas _ter
— Vjg— { s
GAs vz \ by v
IL K
. facH
tAR tRAL
RAD
|‘Asn tRm«l tasc tcAH | tasc | tcaH l tasc || tocaH
ADDR W:W ROW i@gi COLUMN (A) 20 /X COLUMN (8) W sz COLUMN (N) K’/ ROW
tRcs thon| |~ twes tweH
I-—— -— | ————
WE VIH-
E /! mr a J/
taa
i tcPA WHZ .. ~
trac
! tcac tcac tps|| toH

IcoH
VioH—
pa YIoH ¢ VALID VALID DATA
Vior = OPEN VALID DATA (A) DATA (8) IN

o
= V-
GE iz /

RAS-ONLY REFRESH CYCLE

(OE, WE = DON'T CARE)

trRe
'RAS tRp
— V -~ !
ARs i N / N
| CRP RPG {
CASLand CASH I ~ i X /
tASR RAH
ViH = J
woor i 711N row X Fow
Q ¥8f = H OPEN H
twrp H twWRH twrp H 'WRH
e — o

WE YH / / NOTE 1 W ///// /// W %
y///l DON'T CARE

R% unpEFINED
NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with

future EDO DRAMSs.
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ADVANCE
MT4LC16270

256K x 16 DRAM

CBR REFRESH CYCLE
(Addresses; OE = DON'T CARE)

tRP tRAS RP tRAS
o = - o
Aas it /ft N / o
RPC
_tcp_| _tcsr CHR 'RPC 1osr || lcHR ) U
CASH, CASL ¥:E - 47 Si )I(—‘_:‘ g
pa = OPEN g
E T, T
HIDDEN REFRESH CYCLE 24
(WE = HIGH; OE = LOW)
(READ) (REFRESH)
) tRAS "P | 'RAS
i N ; i J\ / .
|_cRP tRCD : 'RSH ; tcHR
CASL, CASH v:!:: 4 £
AR
‘RAD RAL
tASR RAH tasc, tcaH
ADDR Wi'jm ROW b céLUMN 3&&
tha
RAC n NOTE 1
‘CLZCAC —1 |*torF
pox vQH = OPEN % VALID DATA — OPEN—
toE| ‘op
— 7 toRD)|
=\t I T /L /.
DON'T CARE
UNDEFINED

| NOTE: 1.

'OFF is referenced from the rising edge of RAS or CAS, whichever occurs last.

H
{| wracieero
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ADVANCE
MlCPDN MT4LC16270

256K x 16 DRAM

_READ CYCLE
(with WE-controlled disable)
ms v i
tosH
i tcrP RCD fcas tcp
oW/ \ /]
[
RAD B
tasr tRAH tasc tcAH Iasc

ADDR 3:’3 :ml ROW /ﬂ: COLUMN :W //// / /////0{ COLUMN

*WRP H tWRH tres

1 t 4
| RCH  'wpz 1IRcs |

I |
= W7 //"NDTE1 W// /S

tan
RAC
tcac
toLz tWHZ
DQ ¥8r E OPEN % VALID DATA }— OPEN — @
toE |._top

= Y- I, N
DON'T CARE

UNDEFINED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for tWRP and 'WRH. Th|s design implementation will facnhtate compatibility W|th
future EDO DRAMSs.
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TECHNOLOGY. INC

PRELIMINARY

MT4LC1M16E5(S)
1 MEG x 16 DRAM

DRAM

1 MEG x 16 DRAM

3.3V, EDO PAGE MODE,

FEATURES

¢ JEDEC- and industry-standard x16 timing, functions,
pinouts and packages

High-performance CMOS silicon-gate process

Single +3.3V £0.3V power supply

All device pins are TTL-compatible

Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR),
HIDDEN and SELF

BYTE WRITE and BYTE READ access cycles
1,024-cycle refresh (10 row-, 10 column-addresses)
Low power, 0.3mW standby; 180mW active, typical
Optional SELF REFRESH mode, with Extended
Refresh rate (8x)

Extended Data-Out (EDO) PAGE access cycle

e 5V tolerant I/Os (5.5V maximum Vi level)

e o o o

OPTIONS MARKING
¢ Timing
60ns access -6
70ns access : -7

¢ Refresh Rate
Standard 16ms period None
SELF REFRESH and 128ms period S

e Packages
Plastic TSOP (400 mil) TG

* Part Number Example: MT4LCIMI16E5TG-7 S

KEY TIMING PARAMETERS
SPEED RC RAC P¢ AR CAC CAS
-6 110ns | 60ns | 25ns | 30ns | 15ns 10ns
-7 130ns | 70ns 30ns 35ns | 20ns 12ns
GENERAL DESCRIPTION

The MT4LCIM16E5(S) is arandomly accessed solid-state
memory containing 16,777,216 bits organized in a x16 con-
figuration. The MT4LCIM16E5(S) has both BYTE WRITE

and WORD WRITE access cycles via two CAS pins (CASL

and CASH). These function in an identical manner to a
single CAS of other DRAMs in that either CASL or CASH
will generate an internal CAS.

The MT4LCIM16E5(S) CAS function and timing are
determined by the first CAS (CASL or CASH) to transition

PIN ASSIGNMENT (Top View)
44/50-Pin TSOP
(DB-5)
Vee M 1 50 Vss
DQ1 .0 2 49 DQ16
DQ2 1] 3 48 DQ15
DQ3 0 4 47 DQ14
DQ4 MO 5 46 DQ13
Vec [ 6 45 Vss
DQ5 M .7 44 DQ12
DQ6 [T 8 43 DQ11
DQ7 ™ 9 42 DQ10
DQs O 10 4 bQ9
NC M 11 40 NC
NC [T} 15 36 NC
NC ] 16 35 CASL
CWE o 17 3 M CASH
RAS g 18 33 OE
NC 19 32 A9
NC. [T 20 3 A8
A0 O 21 30 A7
Al O 22 29 A6
A2 MO 23 28 A5
A3 [0 24 27 A4
Vec [ 25 26 Vss

LOW and the last CAS to transition back HIGH. Use of only
one of the two results in a BYTE access cycle. CASL
transitioning LOW selects an access cycle for the lower byte
(DQ1-DQ8) and CASH transitioning LOW selects an access
cycle for the upper byte (DQ9-DQ16).

Eachbitisuniquely addressed through the20 address bits
during READ or WRITE cycles. These are entered 10 bits
(AD-A9) at a time. RAS is used to latch the first 10 bits and

CAS the latter 10 bits. The CAS function also determines

whether the cycle will be a refresh cycle (RAS ONLY) or an

active cycle (READ, WRITE or READ WRITE) once RAS

goes LOW.

MT4LCIM16ES(S)
D18.pm5 ~ Rev. 2/95
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PRELIMINARY

MT4LC1M16E5(S)
1 MEG x 16 DRAM

m

INvHda od

GENERAL DESCRIPTION (continued)

The CASL and CASH inputs internally generate a CAS
signal functioning in an identical manner to the single
CAS input of other DRAMs. The key difference is each
CAS input ( CASL and CASH) controls its corresponding
DQ tristate logic (in conjunction with OE and WE). CASL
controls DQ1 through DQ8 and CASH controls DQ9 through
DQ16. The two CAS controls give the MT4LC1IM16E5(S)
both BYTE READ and BYTE WRITE cycle capabilities.

A logic HIGH on WE dictates READ mode while a logic
LOW on WE dictates WRITE mode. During a WRITE cycle,
data-in (D) is latched by the falling edge of WE or CAS,
whichever occurs last. Taking WE LOW will initiatea WRITE
cydle, selecting DQ1 through DQ16. If WE goes LOW prior
to CAS going LOW, the output pin(s) remain open (High-
Z) until the next CAS cycle. If WE goes LOW after CAS goes
LOW and data reaches the output pins, data-out (Q) is
activated and retains the selected cell data as long as CAS
and OFE remain LOW (regardless of WE or RAS). This late
'WE pulse results in a READ WRITE cycle.

The16datainputsand 16 data outputsarerouted through
16 pins using common I/O. Pin direction is controlled by
OEand WE.

PAGE ACCESS

PAGE operations allow faster data operations (READ,
WRITE or READ-MODIFY-WRITE) within a row-address-
defined page boundary. The PAGE cycle is always initiated
with a row-address strobed-in by RAS followed by a col-
umn-address strobed-in by CAS. CAS may be toggled-in
by holding RAS LOW and strobing-in different column-

addresses, thus executing faster memory cycles. Returning
RAS HIGH terminates the PAGE MODE of operation.

EDO PAGE MODE .

The MT4LCIM16E5(S) provides EDO PAGE MODE
which is an accelerated FAST PAGE MODE cycle. The
primary advantage of EDO is the availability of data-out
even after CAS returns HIGH. EDO provides for CAS
precharge time (*CP) to occur without the output data going
invalid. This elimination of CAS output control provides
for pipeline READs.

FAST-PAGE-MODE DRAMSs have traditionally turned
the output buffers off (High-Z) with the rising edge of
CAS. EDO-PAGE-MODE DRAMs operate similar to
FAST-PAGE-MODE DRAMS, except data willremain valid
or become valid after CAS goes HIGH during READs,
provided RAS and OE are held LOW. If OE is pulsed while
RAS and CAS are LOW, data will toggle from valid data to
High-Z and back to the same valid data. If OE is toggled or
pulsed after CAS goes HIGH while RAS remains LOW, data
will transition to and remain High-Z (refer to Figure 1).
WE can also perform the function of disabling the output
drivers under certain conditions, as shown in Figure 2.

If the DQ outputs are wire OR’d, OE must be used to
disable idle banks of DRAMs. Alternatively, pulsing WE to
the idle banks during CAS HIGH time will also High-Z the
outputs. Independent of OE control, the outputs will dis-
able after 'OFF, which is referenced from the rising edge of
RAS or CAS, whichever occurs last.

MT4LCIM16ES(S)
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PRELIMINARY

MT4LC1M16E5(S)
1 MEG x 16 DRAM

Vi
Vii—

Vi

CAS vji—

H

ViH—

XU

VioH—.
DQ YIOH
VioL —

Vo
Vit

COLUMN (&) W

»( K_«fowmn(a; W M "‘(TOLUMN(C) W <E‘TCOLUMN(D) W

N
—————————— oren —————— R vauooama (A)T——<

—

N o "
VALID DATA (A) XX VALID DATA (B) )—&X VALID DATA (C) }———-—QS& VALID DATA (D)
top l top |
foEs
toE
toep

The DQs go back to
Low-Z if tOES is met.

/ /

The DQs remain High-Z
until the next CAS cycle
if tOEHC is met:

/

The DQs remain High-Z
until the next CAS cycle
if tOEP is met.

Figure 1
OUTPUT ENABLE AND DISABLE

Vi

[

Y /T

5:{1% ROW W %{;mUMN(A) W

M c7.;7LUMN )

ADDR M GOLUMN (B) W 0( COLUMN (C) W
. "
- ¥ vaupoAT
0Q yioH— OPEN VALID DATA (4) VALID DATA (B) E—( INPUT DATA (C) @:
I twHz / Wz /
W Vi Ny J i
GE V= / /
U / !
The DQs go to High-Z if WE falls, and if \WPZ is met, WE may be used to disable the DQs to prepare
will remain High-Z until CAS goes LOW with for input data in an EARLY WRITE cycle. The DQs
;. WE HIGH (i.e., until a READ cycle is initiated). will remain High-Z until CAS goes LOW with
: . WE HIGH (i.e., until a READ cycle is initiated).
DON'T CARE
B unperiNeD
Figure 2
WE CONTROL OF DQs
MT4LC1M16ES5(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.

D18,pm5 - Rev. 2/95

1-125

©1995, Micron Technology, Inc.

N

m

INvdd oa3 I M



PRELIMINARY

MT4LC1M16E5(S)
1 MEG x 16 DRAM

BYTE ACCESS CYCLE
The BYTE WRITEs and BYTE READ:s are determined by
m the use of CASL and CASH. Enabling CASL will select a
lower BYTE access (DQ1-DQ8). Enabling CASH will select
an upper BYTE access (DQ9-DQ16). Enabling both CASL
0 and CASH selects a WORD WRITE cycle.

The MT4LC1M16E5(S) may be viewed as two 1 Meg x 8
DRAMs that have common input controls, with the excep-
tion of the CASinputs. Figure 3illustrates the BYTE WRITE
and WORD WRITE cycles. Figure 4 illustrates BYTE READ

and WORD READ cycles.

1 <+—————— WORD WRITE

Nvda

RAS

‘ LOWER BYTE WRITE ————>|

st ——T;___/‘“_—*“____*_/

CASH \m_/

STORED  INPUT  INPUT  STORED|STORED INPUT INPUT  STORED
DATA DATA DATA DATA | DATA DATA DATA DATA
[1] (4] 0] 1 s > |1
1] o] 0 [ >
0 1 1 0 -memomemmoesmoees > 10
LOWER BYTE K o] 0 4 e o
(DQ1-DQ8) 1] o] 0 1 s > 1
OF WORD 0 o] 0 1 oo o
1] 0] o 1 emeemmeneeeees =1
L1] |0 ] 0 LI > [1
[0] X eemees > eeee- > [1] 1 X emeseemeoneoas > 1
1] X esees R > (0] 0 X -emmeememnneaan >0
UPPERBYTE | |9 X memem > [T i [P S0
(DQ9-DQ16) ] X oo > 0 oo > 0] 0 e e > [0
OF WORD 10 X -e-e- s R > 1) 1 X mmemmmemeieeans > |1
0 X e ES PR >[4 1 QPR > [1
o] X oo > s > 1] 1 S > 1
o] X eemens > 1 eeea- > [1] 1 QN > 1
ADDRESS 0 ADDRESS | ————————»

X = NOT EFFECTIVE (DON'T CARE)

Figure 3
WORD AND BYTE WRITE EXAMPLE

MT4LCIM16ES(S)
D18.pm5 ~ Rev. 2/95
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MICRON

PRELIMINARY

MT4LC1M16E5(S)
1 MEG x 16 DRAM

REFRESH

Preserve correct memory cell data by maintaining power
and executing a RAS cycle (READ, WRITE) or RAS refresh
cycle (RAS ONLY, CBR, or HIDDEN) so that all 1,024
combinations of RAS addresses are executed at least every
16ms, regardless of sequence. The CBR REFRESH cycle will
invoke the refresh counter for automatic RAS addressing.

Anoptional SELFREFRESH modeis also available on the
MTA4LCIM16E5 S. The “S” version allows the user the
choice of a fully static low-power data retention mode, or a
dynamic refresh mode at the extended refresh period of
128ms four times longer than the standard 16ms specifica-
tion.

The optional SELF REFRESH feature is initiated by
performinga CBRREFRESH cycle, and holding RASLOW
for the specified ‘RASS. Additionally, the “S” version al-

lows for an extended refresh rate of 125us per row if using
distributed CBR REFRESH. This refresh rate can be applied
during normal operation or during a standby or BATTERY

' BACKUP mode.

The SELF REFRESH mode is terminated by driving RAS
HIGH fora minimum time of ‘RPS (='RC). This delay allows
forthe completion of any internal refresh cycles that may be
in process at the time of the RAS LOW-to-HIGH transition.
If the DRAM controller uses a distributed CBR REFRESH
sequence, a burst refresh is not required upon exiting SELF
REFRESH mode. However, if the DRAM controller utilizes
RASONLY or burst refresh sequence, all 1,024 rows must
berefreshed within 300us prior to the resumption of normal
operation.

i WORD READ ’ LOWER BYTE READ »}
RAS
CASL / \ /
CASH —/
WE /
STORED OUTPUT  OUTPUT  STORED [STORED ' OUTPUT -~ OUTPUT  STORED
DATA DATA DATA DATA | DATA DATA DATA DATA
[1] - > 1 [1] [1] [ > 1 [1]
LOWER BYTE ] 1 mmee > 1 11 L1 L > 1 L1
(DQ1-DQ8) 19 0 -omos >0 10 10 0 mome- >0 10]
OF WORD i 1. mmeee > 1 RN 11 1oy > 1 |1
(1] LREETESS > 1 L1 | 1] 1 emees > 1 [1]
1] 1 e > 1 1 1] 1 meee > 1 1]
1] LIRS > 1 1] 1] LRSS > 1 1]
L1] 1 - > 1 11 1 1 e > 1 L1
[0] Z e > 0 [0] [0] Z e >z [0]
[1] Z --eee > 1 1] 1] Z e > z 1]
UPPER BYTE 0] Z e > 0 0] o] Z -eee > Z 10]
(DQ9-DQ16) 1] Z oo > 1 1 1 Z e >z 1]
OF WORD 10} Z eeees > 0 [0] 1o Z e > Z 0
o] Z e > 0 [0] 0 Z e >z o]
0] Z -eee- > 0 1o] 0] Z --ee- > Z o
0] Z eeee- > 0 o] [o] Z eeni >z 0
<+——————— ADDRESS 0 ADDRESS 1
Z = High-Z
Figure 4

WORD AND BYTE READ EXAMPLE

1 MT4LC1M16E5(S)
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MICRON

ECHNOLOGY. INC.

PRELIMINARY

MT4LC1M16E5(S)
1 MEG x 16 DRAM

WE o

FUNCTIONAL BLOCK DIAGRAM

CASL o

CAS

1

e

Nvda odd . M3N

NO. 2 CLOCK
GENERATOR

[

ADDRESS
BUFFER

COLUMN- .

A0 o

ho REFRESH ! SELF REFRESH
CONTROLLER OSCILLATOR

A2 and TIMER

A3 v

Ad REFRESH

A5

A6
A7
A8
A9

COUNTER

ROW-
ADDRESS
BUFFERS (10)

!

RAS

NO. 1 CLOCK
GENERATOR

DATA-IN BUFFER

DQt
.
.
DQ16
DATA-OUT
BUFFER ——
OE

ROW
DECODER

RS
/O GATING

é. 1024 x 16

1024 x 1024 x 16
MEMORY
ARRAY

<+———0 Vce

<+«——o0 Vss
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PRELIMINARY

MlCHDN MT4LC1M16E5(S)
1 MEG x 16 DRAM
TRUTH TABLE
ADDRESSES
FUNCTION RAS | CASL |[CASH | WE | OF R 'c DQs NOTES
Standby H CH-X | H=X | X X X X High-Z :
READ: WORD - L L L H L |ROW | COL Data-Out
READ: LOWER BYTE L L H H L |ROW [ COL | Lower Byte, Data-Out
Upper Byte, High-Z
READ: UPPER BYTE L H L H L |ROW | COL | LowerByte, High-Z
Upper Byte, Data-Out
WRITE: WORD L L L L X | ROW | COL Data-In
(EARLY WRITE)
WRITE: LOWER L L H L X | ROW | COL | Lower Byte, Data-In
BYTE (EARLY) Upper Byte, High-Z
WRITE: UPPER L H L L X |ROW | COL | Lower Byte, High-Z
BYTE (EARLY) ; Upper Byte, Data-In
READ WRITE L L L H—-L | L~H | ROW | COL Data-Out, Data-In 1,2
EDO-PAGE-MODE | 1st Cycle L H—-L | H—L H L ROW | COL Data-Out 2
READ 2nd Cycle L H-L | H—L H L n/a | COL Data-Out 2
EDO-PAGE-MODE | 1st Cycle L H—-L | H—L L X |ROW | COL Data-In 1
WRITE 2nd Cycle L H—L | H—L L X n/a | COL Data-In 1
EDO-PAGE-MODE | 1st Cycle L H-L | H—-L | H~L | L»H [ROW | COL Data-Out, Data-In 1,2
READ-WRITE 2nd Cycle L H—-L | H=L | H—=L | L—»H | n/a | COL Data-Out, Data-in 1,2
HIDDEN READ L-H-L| L L H L |[ROW | COL Data-Out 2
REFRESH WRITE L-H-L| L L L X |ROW | COL Data-In 1,3
RAS-ONLY REFRESH L H H X X |ROW | n/a High-Z
CBR REFRESH H—-L L L H X X X High-Z 4
SELF REFRESH H—-L L L H X X X High-Z 4
NOTE: 1. These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active).

2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active).

3. EARLY WRITE only.

4. Only one CAS must be active (CASL or CASH).

MT4LC1M16E5(S)
D18.pm5 — Rev. 2/95
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PRELIMINARY
MT4LC1M16E5(S)

1 MEG x 16 DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc pin Relative to Vss................... -1V to +4.6V
Voltage on Inputs or I/O pins !

Relative'to Vss ..... -1V to +5.5V
Operating Temperature, T (ambient) .......... 0°C to +70°C
Storage Temperature (plastic) ..........cc........ -55°C to +150°C
Power Dissipation I\
Short Circuit OQutput Current ......c..cooceveeviinersriinriionne 50mA

Wvda odd I M3N

(Notes: 1, 6,.7) (Vcc = +3.3V +0.3V)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

PARAMETER/CONDITION - - SYMBOL [ MIN MAX | UNITS | NOTES
Supply Voltage Vce 3.0 3.6 Vv
Input High (Logic 1) Voltage, all inputs (including NC pins) ViH 2.0 5.5 Vv
Input Low (Logic 0) Voltage, all inputs (including NC pins) Vie -1.0 0.8 Vv
INPUT LEAKAGE CURRENT

Any input OV < ViNn < 5.5V I -2 2 LA
(All other pins not under test = 0V)

QUTPUT LEAKAGE CURRENT (Q is"disabled; OV < Vour < 5.5V) ‘loz -10 10 uA
OUTPUT LEVELS ) VoH 24 Vv
Output High Voltage (lout = -2.0mA) -

Output Low Voltage (lout = 2.0mA) VoL 0.4 \"

MT4LCIMIGES(S)
D18.pm5 - Rev. 2/95
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TECHNOLOGY, INC

PRELIMINARY

MT4LC1M16E5(S)
1 MEG x 16 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc = +3.3V £0.3V)

MAX

PARAMETER/CONDITION

SYMBOL

-6

UNITS

NOTES

STANDBY CURRENT: (TTL) (RAS = CAS = Vi)

Icct

2

STANDBY CURRENT: (CMOS)
(RAS = CAS = Voc -0.2V)

lcc2

500

500

lccz
(S only)

150

150

mA
uA
A

25

OPERATING CURRENT: Random READ/WRITE
Average power supply current
(RAS, CAS Address Cycling: 'RC = 'RC [MIN])

Icca

170

155

mA

3,4,26

OPERATING CURRENT: EDO PAGE MODE
Average power supply current
(RAS = Vi, CAS, Address Cycling: 'PC-= 'PC [MIN]; 'CP, '{ASC = 10ns)

lcca

140

130

mA

3, 4,26

REFRESH CURRENT: RAS ONLY
Average power supply current
(RAS Cycling, CAS=Vih: 'RC = 'RC [MIN])

Iccs

160

145

mA

3,26

REFRESH CURRENT: CBR
Average power supply current
(RAS, CAS Address Cycling: 'RC = 'RC [MIN])

Icce

150

140

mA

3,5

REFRESH CURRENT: Extended (S version only)

Average power supply current during BBU REFRESH:

CAS = 0.2V or CBR cycling; RAS ='RAS (MIN); WE = Vcc -0.2V,
OE, A0-A9 and DN = Vce -0.2V or 0.2V (DN may be left open),
'RC = 125us (1,024 rows at 125us = 128ms)

lcc7

(Sonly)

300

300

3,5

REFRESH CURRENT: SELF (S version only)

Average power supply current during SELF REFRESH: CBR cycle with
RAS = 'RASS (MIN) and CAS held LOW; WE = Vcc -0.2V; A0-A9, OE,
and DiN= Vcc -0.2V or 0.2V (DiN may be left open)

lccs
(S only)

300

300

5,27

e, | 1-131
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PRELIMINARY
MICRDN MT4LC1M16E5(S)

| 1 MEG x 16 DRAM

CAPACITANCE
PARAMETER SYMBOL | MAX | UNITS | NOTES
Input Capacitance: Addresses Cn 5 pF 2
Input Capacitance: RAS, CASL,CASH, WE, OE Cr 7 | pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = +3.3V £0.3V)

wvyda oaa B man

AC CHARACTERISTICS -6 1 ,
PARAMETER SYM MIN MAX “MIN MAX UNITS NOTES
Access time from column-address AA 30 ’ 35 - ns
Column-address set-up to CAS precharge during WRITE 'ACH 15 15 ns
Column-address hold time (referenced to RAS) AR 45 55 ns
Column-address setup time 'ASC 0 0 ] ns 30
Row-address setup time ) 'ASR 0 0 ns 30
Column-address to WE delay time tAWD 55 65 ns 21
Access time from CAS ICAC 15 20 ns 15, 32
Column-address hold time 'CAH 10 . 12 ) ns 30
CAS pulse width 'CAS 10 10,000 12 - 10,000 ns 38
CAS LOW to “don’t care” during SELF REFRESH cycle ICHD 15 15 ns

CAS hold time (CBR REFRESH) ICHR 10 12 ns 5, 31
Last CAS going LOW to first CAS to return HIGH 'CLCH 10 10 . ns 33
‘CAS to output in Low-Z ‘cLz 0 0 ns 32
Data output hold after next CAS LOW 'COH 5 : 5 ns

CAS precharge time 'CP 10 { 10 ' ns 35
Access time from CAS precharge CPA 35 40 ns 32
CAS to RAS precharge time 'CRP 5 5 ns 31
CAS hold time 'CSH 50 55 ns 31
CAS setup time (CBR REFRESH) CSR 5 5 ns 5, 30
CAS to WE delay time 'CWD 35 40 ns 21, 30
Write command to CAS lead time 'CWL 15 15 ns 26, 31
Data-in hold time 'DH 10 12 ns 22,32
Data-in hold time (referenced to RAS) 'DHR 45 55 ns

Data-in setup time DS 0 0 ns 22,32
Output disable ‘oD 0 15 0 15 ns 29, 41
Output Enable OE 15 15 ns 32
OE hold time from WE during READ-MODIFY-WRITE cycle | 'OEH 10 12 ns 28
OEHIGH hold from CAS HIGH tOEHC 10 10 ns 28

MTALCIMIBES(S) . . 1 1 3 2 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D18.pm5 - Rev. 2/95 = ©1995, Micron Technology, Inc.



PRELIMINARY
MICHDN MT4LC1M16E5(S)

1 MEG x 16 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8,9, 10, 11, 12, 13) (Voc = +3.3V +0.3V)

AC CHARACTERISTICS . -6 -1

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES

'OE HIGH pulse width {OEP 10 10 ns

‘OE LOW. to CAS HIGH setup time ‘ 'OES 5 5 ns

Output buffer tum-off delay 'OFF 0 15 0 15 ns 20, 32

OE setup prior to RAS during HIDDEN REFRESH cycle 'ORD 0 0 ns

EDO-PAGE-MODE READ or WRITE cycle time PC 25 30 ns 34

EDO-PAGE-MODE READ-WRITE cycle time PRWC 75 85 ns 34

Access time from RAS : . RAC 60 70 ns 14

RAS to column-address delay time tRAD 12 30 12 35 ns 18

Row-address hold time ) 'RAH 10 10 ns

Column-address to RAS lead time RAL 30 35 ns

RAS pulse width ‘RAS 60 10,000 70 10,000 ns

RAS pulse width (EDO PAGE MODE) RASP 60 | 125000| 70 |125000| ns

RAS pulse width during SELF REFRESH cycle 'RASS 100 100 us 27

Random READ or WRITE cycle time 'RC 110 130 ns

RAS to CAS delay time ' ‘RCD 14 45 14 50 ns 17, 30

Read command hold time (referenced to CAS) 'RCH 0 0 ns 19, 26, 31

Read command setup time RCS 0 0 ns 26, 30

Refresh period (1,024 cycles) 'REF 16 ) 16 ms 28

Refresh period (1,024 cycles) S version 'REF 128 | 128 ms 28

RAS precharge time ‘- ‘RP 40 50 ns

RAS to CAS precharge time . ) RPC 0 0 ns

RAS precharge time during SELF REFRESH cycle 'RPS 110 130 ns 27

Read command hold time (referenced to RAS) 'RRH 0 0 ns 19

'RAS hold time ] 'RSH | 10 12 ns 39

READ WRITE cycle time ‘RWC 150 177 ns

RAS to WE delay time ; 1 'RWD 80 90 ns 21

Write command to RAS lead time - ) 'RWL 15 15 ns - 26

Transition time (rise or fall) T 2 50 2 50 ns

Write command hold time : ‘WCH 10 12 ns 26, 39

Write command hold time (referenced to RAS) 'WCR 45 55 ns 26

'WE command setup time é tWCs 0 0 : ns 21,26, 30

Output disable delay from WE : tWHZz 0 10 0 15 ns

Write command pulse width wp 10 B 12 ns 26

WE pulse width to disable at CAS HIGH wpz 10 112 ns

WE hold time (CBR REFRESH) o 'WRH 10 i 10 ) ns 26

WE setup time (CBR REFRESH) ) 'WRP 10 10 ns 26
g;rél‘;(rl"}’ M_1 353(395 @ o 1 o 1 3 3 Micron Technology, Inc., reserves the right to change products g: gsgsecm::g;%ﬂi;zm;gnﬁt:ﬁz
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MICRO

nm .

PRELIMINARY
MT4LC1M16E5(S)

1 MEG x 16 DRAM

N
1
2.
3
4

o @

N

10

11.
12.

13.

14.

15.
16.

17,

18.

OTES:
. All voltages referenced to Vss.
This parameter is sampled. Vcc = +3.3V;f = 1 MHz.
. Icc is dependent on cycle rates.
. Icc’is dependent on output loading. Spec1f1ed values

.are obtained with minimum cycle time and the output

open.

" Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.
An initial pause of 100us is required after power-up
followed by eight RAS refresh cycles (RAS ONLY or
CBR) before proper device operation is assured. The
eight RAS cycle wake-ups should be repeated any
time the {REF refresh requirement is exceeded.
AC characteristics assume T =2.5ns.
Vi (MIN) and ViL (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VIL (or between ViL
and V).
. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
VIL (or between VIL and VIH) in a monotonic manner.
If CAS = Vi, data output is High-Z. .
If CAS = Vi, data output may contain data from the
last valid READ cycle.
Measured with a load equivalent to one TTL gate,
50pF and VoL = 0.8V and Vou = 2.0V. )
Assumes that '/RCD < 'RCD (MAX). If 'RCD is greater
than the maximum recommended value shown in
this table, 'RAC will increase by the amount that
fRCD exceeds the value shown.
Assumes that tRCD > 'RCD (MAX).
If CAS is LOW at the falling edge of RAS, Q will be

maintained from the previous cycle. To initiate a new

cycle and clear the Q buffer, CAS must be pulsed
HIGH for 'CP. :

. Operation within the 'RCD (MAX) limit enstres that

RAC (MAX) can be met. ']RCD (MAX) is specified as
arefefence point only; if 'RCD is greater than the
specified 'fRCD (MAX) limit, access time is controlled
exclusively by 'CAC.

Operation within the {RAD limit ensures that 'TRCD
(MAX) can be met. 'RAD (MAX) is specified as a

19. Either ‘RCH or 'RRH miust be satisfied for a READ
cycle.

20. tOFF (MAX) defines the time at which the output
achieves the open circuit condition; 1t isnota

reference to VoH or VOL.

21. 'WCS, 'RWD, tAWD and {CWD are restrictive
operating parameters in LATE WRITE and READ-
MODIFY-WRITE cycles only. If ftWCS > fWCS (MIN),
the cycle is an EARLY WRITE cycle and the data

" output will remain an open circuit throughout the
entire cycle. If RWD > tRWD (MIN), tAWD = 'tAWD
(MIN) and {CWD 2 t{CWD (MIN), the cycle is a READ
WRITE and the data output will contain data read
from the selected cell. If neither of the above .
conditions is met, the state of Q (at access time and.-
until CAS or OE goes back to ViH) is indeterminate. -
OE held HIGH and WE taken LOW after CAS goes
LOW results in a LATE WRITE (OE-controlled) cycle.

22. These parameters are referenced to CAS leading edge
in EARLY WRITE cycles and WE leading edge in
LATE WRITE or READ-MODIFY-WRITE cycles.

23. During a READ cycle, if OF is LOW then taken HIGH

- before CAS goes HIGH, Q goes open. If OE is tied -
permanently LOW, LATE WRITE and READ- .
MODIFY-WRITE operations are not permissible and

. should not be attempted.

24. A HIDDEN REFRESH may als also be performed aftera .
WRITE cycle In this case, WE = LOW and OE = HIGH

25. All other inputs at 0.2V or Vcc -0.2V.

" 26. Column-address changed once each cycle. )

27. When exiting the SELF REFRESH mode, a complete
set of row refreshes should be executed in orderto
ensure that the DRAM will be fully refreshed.
Alternatively, distributed refreshes may be utilized,
provided CBR REFRESH cycles are employed.

28. LATE WRITE and READ-MODIFY-WRITE cycles
must have both tOD and *OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output

" buffers will be open during the WRITE cycle. The
DQs will provide the previously read data if CAS
remains LOW and OE is taken back LOW after 'OEH
is met. If CAS goes HIGH prior to OFE going back
LOW, the DQs will remain open.

29. The DQs open during READ cycles once tOD or *OFF

reference point only; if ‘lRAD is greater than the occur.

specified 'RAD (MAX) limit, access time is controlled

exclusively by tAA.
MT4LC1MI6ES(S) 1 1 3 4 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D18.pmS5 - Rev. 2/95 - ©1995, Micron Technology, Inc.
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MICRON

PRELIMINARY

MT4LC1M16E5(S)
1 MEG x 16 DRAM

NOTES (continued)

30. The first CASx edge to transition LOW.

31. The last CASx edge to transition HIGH.

32. Output parameter (DQx) is referenced to correspond-
ing CAS input; DQ1-DQ8 by CASL and DQ9-DQ16
by CASH.

33. Last falling CASx edge to first rising CASx edge.

34. Last rising CASx edge to next cycle’s last rising CASx
edge.

35. Last rising CASx edge to first falling CASx edge.
36. First DQs controlled by the first CASx to go LOW.
37. Last DQs controlled by the last CASx to go HIGH.
38. Each CASx must meet minimum pulse width.

39. Last CASx to go LOW.

40. All DQs controlled, regardless CASL and CASH.

MT4LGIMIBES(S)
D18.pmS — Rev. 2195

1 1 3 Micron Technology, Inc., reserves the right to change products or specifications without notice.
- 5 ©1995, Micron Technology, Inc.
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PRELIMINARY

m I'l 1 MEG x 16 DRAM
- READ CYCLE
'rRe
m tRAS tRP
O moWT _ /
tcsH
o <_RSH 'RRH
‘ tcrP tReD tcas fcLeH
U CASLand GASH  \IH ~ N
m AR
tRAD 'RAL !
> tasR RAH tasc tcan '
g aooR VI :mﬂ ROW Wi COLUNN S Row
twn:Pl tWRH RCS | tRCH
WE V,
" T e LT 7
AR
tRAC NOTE 2
tcac tOFF.
oz
bQ Vg’f - OPEN £ VALID DATA  ————————— OPEN
|- toE |<_top
== VIiH - »1 )
® i 7/ T, i /
EARLY WRITE CYCLE
tRe
rAS | RP.
s Wi zL L
tosH
asn
| cRP RCD tcas _tcicH
"CASL and CASH wl:, - 7[('
AR
tRAD RAL
tAsR 'RAH tasc tcAH tack I
ADDR \‘5!,’_’ :@ﬂ ROW m COLUMN I &( ROW
towt i
RwWL . I
wer !
twes tweH
WP | | WRH twe
|
WE vy
& T | ‘
DHR
tps toH
pa 5:8(‘ -~ ﬁ VALID DATA
CAR i

DON'T CARE

UNDEFINED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMs.

2. 'OFF is referenced from rising edge of RAS or CAS, which ever occurs last.

MT4LCIMIBES(S) 1 1 3 6 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D18.pmS5 —Rev. 2/95 - ©1995, Micron Technology, Inc.



PRELIMINARY
MICRON MT4LC1M16E5(S)

1 MEG x 16 DRAM

READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

Nvdad oads . M3N

‘Rwe
tRAS L RP.
— V] - - L
ms v —
tosH i
'RsH
it
| tcrp tReD tcas, tereH
CASL and CASH WL‘ - f
AR
RAD RAL
tASR 'RAH tasc cAH
I‘—" ‘——" tACH
v
o Yt N o W /=
| tRWD towt | .
tres | towp AW
tWRP'| | twRH : tawp we
| |
WE V7 7 N L
K NOTE1 .
'AA
RAC
tcac
1 1
DS DH, |

<]
+]

oz |~
‘\;]lg[i - PEN VALDD iy J VALIDD OPEN ———————
I4 ‘oo, | toen [

& Y - ; ; //IJO—E» / 7 7l

EDO-PAGE-MODE READ CYCLE

tRasP Rp_,
vy T .
s v C N
fosH trc RSH
1 lcrp tRCD tcas,teLeH tcp tcas, teLeH tcp tcas, toLeH tcp |
CASLand CASH - ViH — .
e/ \ C 5 /] L\
AR
RAD tRAL
tasr RAH tasc, tcaH tASC tcan asc fcaH
ViH = v
ADDR vl _@1 ROW E@z COLUMN JE« L coLumn W />< conn K7/ /X ROW
[ 4 4
| 'WRP WRH| {_ RCS, | RCH
WE ViH -
ViL _4222// W [} 'RRH
NOTE 1 A %2
tan tan tcpa
tRAC tcpa | tcac
tcac tcac toLz—| r_ o
FE
oz —~| |~ ‘OOHI toEHC [~
VoH - PEN VALID VALID Y VALD R
Pa o OPE DATA } DATA 4 DATA y—OPEN
‘oE top. foe

| . top,
= w = = J
-
: DON'T CARE
UNDEFINED
NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer

should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMs.

MT4LC1M16ES(S) 1 1 7 Micron Technology, Inc., reserves the right to change products or specifications witholit notice.
D18.pm5 ~Rev. 2/95 - 3 ©1995, Micron Technology, Inc.



INvHa odd . M3N

PRELIMINARY
Ml:HDN MT4LC1M16E5(S)

1 MEG x 16 DRAM

EDO-PAGE-MODE EARLY-WRITE CYCLE

TRASP 1o RP N

— ST
RAs Vit Z }I L
tosH e 'RSH
i tcrp RCD. tcas, teLeH tcp cAs, ICLCH tep tcas, tCLoH, 1._tep |
CASL and CASH V:f = 4
AR tacH
tRAD tacH tacH 'RAL
t, 1,
tasR RAH I tASC ) ASC A l lasC tcan,
v,
R b/ S ), ST 1/, S ) S )
towl ' towL | towL '
twos twoh twos weH twes twoh
W 1 -
Lwm: wnni twp twp. twp
WE UM
E
7/ l% /1
4 ‘RwL
lwcn WL |
DHR
ps tpH ps o, N ps oH

— | || |
oo VigH IR VALID DATA 1@{ VALID DATA W vauooata X/ 7

= X T, . i

EDO-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

'RASP P
vy Y : i 5 )l ;l(
ms v C

o
m

1 1, 1 IOTE 1 1
'CsH pc /tPRWG NOTE RSH
i fcRP treD tcas, 'cLeH fep 'cas, toleH fcp tcas, teteH fop
CASLandCASH vy - R — — H
Vii -/ B
AR
'RAD
1, 1 1,
| 'ASR, RAH | lASC
v -
ApoR VI _m ROW m COLUMN
tRes |
1
twrp || twRH
|<__. e
WE Vi =
t ‘M NOTE2 .
AA
RAC
tcAG |
tcLz -
v -
oo vigH OPEN
tog—=|
—_ v -7
GE v /

DON'T CARE

R UNDEFINED

NOTE: 1.'PCis for LATE WRITE cycles only.
2. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer -
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with
future EDO DRAMs.

MT4LCIM16ES(S) - 1 1 3 8 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D18.pm5 —Rev. 2/95 = ©1995, Micron Technology, Inc.



PRELIMINARY
MICRON MT4LC1M16ES5(S)

N

1 MEG x 16 DRAM =5

EDO-PAGE-MODE READ-EARLY-WRITE CYCLE
(Pseudo READ-MODIFY-WRITE)

INvdd Ooai4 . M

tRASP RP
RS V=
tesH
tpc tec tRsH
fcrp tRCD toas, toron tep teas, toLeH tep toas, terer ter
CASL and GASH VIHZ 71‘ N i X i N % )"l 5L
taR tRAL |
) 'RAD tacH |

AR | ’RAHI tasc tcaH tasc || toad ' tasc_|| 'caH
ADDR ¥1EW ROW W COLUMN (A) W / " COLUMN (B) / / £ CoLUMN (N) }(/ / / /}( ROW

4 f tRGH-=| |~ -

'wm: wRH| ltncs ror—-| ‘ twes tweH
==V
WE Z’é% Jv\ l ‘(

/ NOTE 1 W : f tAA tAA
™ taac tcpa
] tcAC o tcac ‘_D_s_ tDH
. 1 t
coH WHZ | e
VioH— : - 4
DQ yioH— OPEN VALID DATA (A) E OAA®) VALID DATA
toE

= v T

AS-ONLY REFRESH CYCLE

tRe
RAS rP
Vi T Y -
RAS V|| _ N 4 N\
l crp 'RPC L
CASLand CASH. M ~ F X /
tASR tRAH
ViH = J
woor i 711N Fon WS row
a 38{1 - H OPEN ”
twRP ” WRH twrp H tWRH
| || | e

R R 7

DON'T CARE

KXY UNDEFINED

NOTE: ' 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and tWRH This design nmplementatlon will facuhtate compatibility with
future EDO DRAMSs.

MT4LC1M16ES5(S) ) . 1 1 39 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D18.pm5 ~ Rev. 2/95 ©1995, Micron Technology, Inc.
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PRELIMINARY

MT4LC1M16E5(S)
MICRON 1 MEG x 16 DRAM
CBR REFRESH CYCLE
(Addresses and OE = DON'T CARE)
tRP trAS tRP 'RAS
ms s i / \
RPC
P || _tcsm ICHR 'mPe, tesh || torm
CASL and CASH \\ﬂ,’:' — i i / \ 4
DQ z ! OPEN
WRP| | tWRH, . wrP|| twRH,
WE

e T erer XU I,

SELF REFRESH CYCLE (“SLEEP MODE”)
(Addresses and OE = DON'T CARE)

NOTE 2

tRPs

tRASS (not RAS)
RP ((

s VT e S (« tapc L/\—SS—/\—/—
.—CP || tcsm tcHD , . . |.'°.P.
CASCanaGASH VI / \ 7/// WY //////////// /i//ﬁ \
e Ql/gtl: twWRP tWRH ()S_G - ‘WRP WRH
= s T e O L

W DON'T CARE

UNDEFINED

NOTE: 1. 'WRP and 'WRH are for system design reference only. The WE signal is actually a “don’t care” at RAS time

during a CBR REFRESH. However, WE should be held HIGH at RAS time during a CBR REFRESH to
ensure compatibility with other DRAMs that require WE HIGH at RAS time during a CBR REFRESH.
2. Once 'RASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode.
3. Once 'RPS is satisfied, a compete burst of all rows should be executed.

MT4LC1M16E5(S) Micron Technology, Inc., reserves the right to change products or specifications without notice.
D18.pm5 — Rev. 2/95

©1995, Micron Technology; Inc.
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TECHNOLOGY, INC.,

u:|=|

MT4LC1M16E5(S)

PRELIMINARY

N

1 MEG x 16 DRAM =

_READ CYCLE
(with WE-controlled disabie)

INvda oa3 . M

Vg =
RS Vit T K
fcsH
| crRP tRcD tcas, toLcH top
J— —_V - X 4
CASLandGASH v 2/ N Y /
AR
RAD
tASR tRAH tasc fcaH g tasc
V| y
aopR . Vi m ROW / 01 COLUMN 1 I COLUMN
1*""’_“".[ WRH ] 'RCS W’HCH twpz ‘RCS"
| [0,
| I |
= iy, it N/
b= NOTE 1 .
AA
tRAC
tcac
ez twHz oz,
ale} ‘\fgf = OPEN 4 VALID DATA D— OPEN
: toE | top

w= W,

7

. 4

DON'T CARE

B unpeFiNED

NOTE: 1. Although WE is a “don’t care” at RAS time during an access cycle (READ or WRITE), the system designer
should implement WE HIGH for 'WRP and 'WRH. This design implementation will facilitate compatibility with

future EDO DRAMSs.

Orbpms ~ Rev 205 : 1-141
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PRELIMINARY
MICRON MT4LC1M16E5(S)

1 MEG x 16 DRAM

HIDDEN REFRESH CYCLE 24
(WE = HIGH; OE = LOW)-
(READ) (REFRESH)
tras o P, tRAS
RAS \\ﬂ{':_—_———ﬁ }—}LT /T
L 'RCD ‘R;H * cHR
A amaTAH VD ff il b
::jn tRAL
tASR tRAH tasc, || tean
ADDR ¥:Em: ROW COLUMN
' tAI:\C
fcac
oLz —=1 |=—toFF
pax 3}8{' _- OPEN VALID DATA b— OPEN——
_ , toe _lon_
) i /JV//////////////

DON'T CARE

UNDEFINED

MTALCIM16ES(S) . 1-142 ’ Micron Technology, Inc., reserves the right to change products or specifications without notice.
D18.pm5 ~ Rev. 2/95 - ©1995, Micron Technology, inc.
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FPM DRAM PRODUCT SELECTION GUIDE

Memory Optional Part Access Typical Power Dissipation |Package/No. of Pins
‘Configuration | Access Cycle Number Time (ns) | Standby [ Active S0J I TSOP | Page
3.3V FPM DRAMs '
1 Megx 4 FPM MT4LC4001J 60, 70, 80 1mW 100mW | 20/26 | 20/26 2-29
1Megx4 | FPM, S MT4LC4001J S 60, 70,80 0.3mW 100mW | 20/26 | 20/26 | 2-29
4 Meg x 4 FPM, 2KR MT4LC4M4BA 60, 70 1mwW 180mW | 24/26 | 24/26 2-65
4 Meg x 4 FPM, 2KR, S MT4LC4M4B1 S | 60, 70 0.3mW 180mW | 24/26 | 24/26 2-65
16 Meg x 4 FPM, 8KR MT4LC16M4A7 50, 60, 70 TmwW 165mW 34 34 2-79
16 Meg x 4 FPM, 4KR MT4LC16M4T8 50, 60, 70 1mwW 225mwW 34 34 2-79
2 Meg x 8 FPM, 2KR MT4LC2M8B1 60, 70 1mW 200mw 28 28 2-91
2 Megx 8 FPM, 2KR, S MT4LC2M8B1 S | 60, 70 0.3mW 200mw 28 28 2-91
8 Meg x 8 FPM, 8KR MT4LC8MB8E1 50, 60, 70 1mwW 170mW 34 34 2-105
8 Meg x 8 FPM, 4KR MT4LC8M8B6 50, 60, 70 1mw 230mwW 34 34 2-105
256K x 16 | FPM, DC MT4LC16257 60, 70, 80 3mwW 150mW 40 40/44 2-131
256K x 16 | FPM, DC, S MT4LC16257 S 60, 70,80 0.3mW 150mwW 40 40/44 2-131
1 Megx 16 | FPM, DC, 1KR MT4LC1M16C3 60, 70 3mW 250mwW - 44/50 2-163
1Megx 16 | FPM, DC, 1KR, S| MT4LC1M16C3 S| 60, 70 0.3mW 250mW — 44/50 | 2-163
5V FPM DRAMs
4 Meg x 1 FPM . MT4C1004J 60, 70 3mW 225mW | 20/26 | 20/26 2-1
4 Meg x 1 FPM, S MT4C1004J S 60, 70 0.8mW 225mW | 20/26 | 20/26 2-1
1 Meg x 4 FPM MT4C4001J 60, 70 - 3mW 225mW | 20/26 | 20/26 2-15
1 Meg x 4 FPM, S MT4C4001J S 60, 70 0.8mW 225mwW 20/26 | 20/26 2-15
1 Meg x 4 FPM, QC MT4C4004J 60, 70 3mW 225mW | 24/26 - 2-41
4 Meg x 4 FPM, 2KR MT4C4M4B1 60, 70 3mW 250mW | 24/26 | 24/26 2-53
256K x 16 | FPM, DC MT4C16257 60, 70, 80 3mW 375mwW 40 40/44 2-117
1Megx 16 | FPM, DC, 1KR MT4C1M16C3 60, 70 Tmw 350mwW 42 - 2-147

FPM = FAST PAGE MODE, DC = Dual CAS, QC = Quad CAS, 1KR = 1,024 Refresh, 2KR = 2,048 Refresh,
4KR = 4,096 Refresh, 8KR =8,192 Refresh, S = SELF REFRESH




MICRON

TECHNOLOGY, INC.

MT4C1004J(S)

4 MEG x 1 DRAM

DRAM

4 MEG x 1 DRAM

5V, STANDARD OR SELF REFRESH

FEATURES

® 1,024-cycle refresh distributed across 16ms
(MT4C1004)) or 128ms (MT4C1004] S only)

¢ Industry-standard pinout, timing, functions and

packages

High-performance CMOS silicon-gate process

Single +5V +10% power supply

All inputs, outputs and clocks are TTL-compatible

Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR),

HIDDEN; optional Extended and SELF REFRESH

modes (MT4C1004] S only)

e FAST PAGE MODE access cycle

* Low power, 0.8mW standby; 225mW active, typical
(MT4C1004J S)

OPTIONS MARKING
¢ Timing
60ns access -6
70ns access -7
¢ Packages
Plastic SOJ (300 mil) DJ
Plastic TSOP (300 mil) TG
® Refresh Rate
Standard 16ms period None
SELF REFRESH and 128ms period S

e Part Number Example: MT4C1004JDJ-6 S
KEY TIMING PARAMETERS

SPEED RC 'RAC pC AR CAC RP
-6 110ns | 60ns 35ns 30ns 15ns 40ns
-7 130ns | 70ns 40ns 35ns 20ns 50ns
GENERAL DESCRIPTION

The MT4C1004J(S) is a randomly accessed solid-state
memory containing 4,194,304 bits organized ina x1 configu-
ration. During READ or WRITE cycles, each bit is uniquely
addressed through the22 address bits, which are entered 11
bits (A0-A10) at a time. RAS is used to latch the first 11 bits
and CAS the latter 11 bits. READ and WRITE cycles are
selected with the WE input. A logic HIGH on WE dictates
READ mode while a logic LOW on WE dictates WRITE
mode. During a WRITE cycle, data-in (D) is latched by the
falling edge of WE or CAS, whichever occurslast. f WE goes
LOW prior to CAS going LOW, the output pin remains open
(High-Z) until the next CAS ¢ycle. If WE goes LOW after

PIN ASSIGNMENT (Top View)

20/26-Pin SOJ 20/26-Pin TSOP
(DA-1) (DB-1)
_D 260 Vss D m Vss
WE %P Q WE mQ
RAS 241 CAS RAS ko CAS
NC 2301 NC NC NG
A10 220 A9 A10 o A9

A0 18 0 A8 A0 o A8
Al 170 A7 A10{10 A7
A2 160 A6 A2 11 11 A6
A3 150 A5 A3 12 511V A5
Vee 140 A4 Vee Ui 13 A4

*Address not used for RAS-ONLY REFRESH

data reaches the output pin, data-out (Q) is activated and
retains the selected cell data as long as CAS remains LOW
(regardless of WE or RAS). This late WE pulse results in a
READ WRITE cycle. ;

FAST PAGE MODE

FAST PAGE MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-A10) page boundary. The FAST
PAGEMODE cycle is always initiated with a row-address
strobed-inby RAS followed by a column-address strobed-in
by CAS. CAS may be toggled-in by holding RASLOW and
strobing-indifferentcolumn-addresses, thus executing faster
memory cycles. Returning RASHIGH terminates the FAST
PAGE MODE operation.

Returning RAS and CAS HIGH terminates a memory
cycle and decreases chip current to a reduced standby
level. Also, the chip is preconditioned for the next cycle
during the RASHIGH time. Memory cell data is retained in
its correct state by maintaining power and executing any
RAS cycle (READ, WRITE) or RAS refresh cycle (RAS
ONLY, CBR, or HIDDEN) so that all 1,024 combinations of
RASaddresses (A0-A9) are executed at least every 16ms for
the MT4C1004] and every 128ms for the MT4C1004] S,
regardless of sequence. The CBR and extended refresh
cycles willinvoke the internal refresh counter for automatic
RAS addressing.

MT4C1004J(S)
D03.pmS — Rev. 2/95

2-1
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MICRON

TECHNOLOGY. INC.

MT4C1004J(S)
4 MEG x 1 DRAM

REFRESH

An optional SELF REFRESH mode is also available. The
“S” version allows the user the choice of a fully static low-
power data retention mode, or a dynamic refresh mode at
the extended refresh period. )

The optional SELF REFRESH feature is initiated by
performing a CBR REFRESH cycle and holding RASLOW
for the specified 'RASS. Additionally, the “S” version al-
lows for an extended refresh rate of 125us per row if using
distributed CBR REFRESH. This refresh rate can be applied

Nvdd Nd4 l

during normal operation or during a standby mode.

The SELF REFRESH mode is terminated by driving RAS'
HIGH fora minimum time of '‘RPS (='RC). This delay allows
for the completion of any internal refresh cycles that may be
in process at the time of the RAS LOW-to-HIGH transition.
If the DRAM controller uses a distributed CBR REFRESH
sequence, a burst refresh is not required upon exiting SELF
REFRESH mode. However, if the DRAM controller utilizes
RAS-ONLY REFRESH or burst refresh sequence, all rows
must be refreshed within 300us prior to the resumption of
normal operation.

FUNCTIONAL BLOCK DIAGRAM
FAST PAGE MODE

WE© j ) , S
_— DATA-IN
CAS o— I BUFFER
*EARLY WRITE
NO. 2 OLOGK — |DETECTION CIRCUIT DATA-OUT ¢ Q
GENERATOR BUFFER |
COLUMN-
ADDRESS SOLUMN,
A BUFFER(11)
A? SELF REFRESH
REFRESH OSCILLATOR
A2 CONTROLLER AND TIMER
A3 SENSE AMPLIFIERS
Al 1/0 GATING:
A5
A6
A7 REFRESH 1
COUNTER
A8
A9 * [ [l
= O = [¢]
o %)
A10 = e 2048 x 2048 o _|
oW z 8 Gy o  memory (@ T
ADDRESS 30 &9 2N ARRAY 23
BUFFERS (11) T £ 22 2T
5 25 129 g
9]
i 3
— NO. 1 CLOCK [ «~—— Vec
RAS oI GENERATOR
<+«——0 Vss

*NOTE: 1.l WE goes LOW prior to CAS going LOW, EW detection circuit output is a HIGH (EARLY WRITE).
2. If CAS goes LOW prior to WE going LOW, EW detection circuit output is a LOW (LATE WRITE).

MT4C10044(S)
D03.pm5 ~ Rev. 2/95
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MT4C1004J(S)

4 MEG x 1 DRAM

TRUTH TABLE -
: ADDRESSES DATA

FUNCTION RAS CAS WE R tc D (Data-In) Q (Data-Out)
Standby H H-X X X X “don’t care” High-Z
'READ L L H ROW | COL | “dontcare” | Data-Out
EARLY WRITE L L L ROW | COL Data-In High-Z
READ WRITE L L H-L ROW | COL Data-In Data-Out
FAST-PAGE-MODE 1st Cycle L H-L H ROW | COL “don’t care” Data-Out
READ 2nd Cycle L H-L H n/a COL | “don’tcare’ Data-Out
FAST-PAGE-MODE 1st Cycle L H-L L ROW | COL Data-In High-Z
EARLY-WRITE 2nd Cycle L H-L L n/a coL Data-In High-Z
FAST-PAGE-MODE 1st Cycle L H-L H-L ROW | COL Data-In Data-Out
READ-WRITE 2nd Cycle L H-L H-L n/a COL Data-In Data-Out
RAS-ONLY REFRESH L H X ROW n/a “don’t care” High-Z
HIDDEN READ L—H—-L L H ROW | COL “don’t care” Data-Out
REFRESH WRITE L—H-L L L ROW | COL Data-In High-Z
CBR REFRESH H-L L H X X “don’t care” High-Z
SELF REFRESH H-L L H X X “don’t care” |- High-Z
(MT4C1004J S only) )

MT4C1004J(S) . ¢ Micron Technology, Inc., reserves the right to change products or specifications without notice.
D03.pm5 - Rev: 2/95 2-3 ©1995, Micron Technology, Inc:
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MT4C1004J(S)
4 MEG x 1 DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Vss............... .. -1V to +7V
Operating Temperature, T, (ambient) ........ 0°C to +70°C
Storage Temperature (plastic) ................. . -55°C to +150°C
Power Dissipation . L Iw
Short Circuit Output Current .......ccocviveerervenrienienns 50mA

(Notes: 1,3, 4,6, 7) (Ve = +5V £10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-

" cated in the operational sections of this specification is not

implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

Nvda Nd4d .

PARAMETER/CONDITION SYMBOL | MIN MAX |-UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \Y
Input High (Logic 1) Voltage, all inputs VH 2.4 | Vcc+i \Y
Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 \'
INPUT LEAKAGE CURRENT :

Any input OV < VIN < 6.5V li -2 2 LA
(All other pins not under test = 0V) )
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vour < 5.5V) loz -10 10 UA
OUTPUT LEVELS VoH 2.4 \"
Output High Voltage (lout = -5mA)

Output Low Voltage (lout = 4.2mA) VoL 0.4 \Y

MT4C1004J(S) ;
DO03.pm5 — Rev. 2/95
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MICRON MT4C1004J(S)

4 MEG x 1 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(Notes: 1, 6, 7) (Vcc = +5V £10%)

MAX

PARAMETER/CONDITION SYMBOL| -6 -1 UNITS | NOTES
STANDBY CURRENT: (TTL) : lcci 2 2 mA |
(RAS = CAS = Vin) i
STANDBY CURRENT: (CMOS) lcc2 1 1 mA
(RAS = CAS = Vcc -0.2V) : lcc2 200 200 A

(S only) :
OPERATING CURRENT: Random READ/WRITE
Average power supply current [efex] 110 100 mA | 3,4,
(RAS, CAS, Single Address Cycling: 'RC = 'RC [MIN]) 27
OPERATING CURRENT: FAST PAGE MODE ;
Average power supply current Icca 80 70 mA | 3,4,
(RAS = ViL, CAS, Address Cycling: 'PC = 'PC [MIN]) 27
REFRESH CURRENT: RAS ONLY '
Average power supply current ! : lccs 110 100 mA | 3,27

(RAS Cycling, CAS = Vin: 'RC = 'RC [MIN])
REFRESH CURRENT: CBR

Average power supply current i Icce 110 100 mA 3,5
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])
REFRESH CURRENT: Extended (S version only)
Average power supply current during Extended Refresh: :
.CAS = 0.2V or CBR cycling; RAS = 'RAS (MIN); WE = Vcc -0.2V; . [le74 300 300 HA | 3,5

AO-A10 and DN = Vec -0.2V or 0.2V (Din may be left open) 'RC = = 125us (S only) 7,2
(1,024 rows at 125us = 128ms)

‘REFRESH CURRENT: SELF (S version only)

Average power supply current during SELF REFRESH:
CBR cycle with 'RAS > 'RASS (MIN) and CAS held LOW; lccs | 300 |- 300 uA | 5,28
WE = Vcc -0.2; A0-A10 and DlN Vece -0.2V or 0.2V (S only)
(DiINn may be left open)

CAPACITANCE
PARAMETER i SYMBOL MAX UNITS NOTES
Input Capacitance: A0-A10, D ; ‘ » Cn 5 pF 2
Input Capacitance: RAS, CAS, WE Ci2 7 pF 2
Output Capacitance: Q Co 7 pF 2

| MT4C1004J(S) 2 Micron Technology, Inc., reserves the right to change products or specifications without notice.
DO03.pm5 — Rev. 2/95 '5 ©1995, Micron Technology, Inc.
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MICRON

TECHNOLOGY. INC

MT4C1004J(S)

4 MEG x 1 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6,7, 8, 9, 10, 11, 12, 13) (Ve = +5V £10%)

AC CHARACTERISTICS -6 -7
PARAMETER SYM MIN MAX MIN MAX UNITS NOTES
Access time from column-address AA 30 35 ns
Column-address hold time (referenced to RAS) AR 45 50 ) ns
Column-address setup time tASC 0 0 i ns
Row-address setup time 'ASR 0 0 ns
Column-address to WE delay time 'AWD 30 35 ns 21
Access time from CAS CAC 15 20 ns 15
Column-address hold time ICAH 10 15 ns ‘
TAS puise width iCAS 15 10,000 20 10,000 ns
'RAS LOW to “don’t care” during SELF REFRESH cycle ICHD 10 10 - ns 28
CAS hold time (CBR REFRESH) 'CHR 10 10 ¢ : ns 5
'CAS to output in Low-Z ‘cLz 0 0 ns :
‘CAS precharge time ‘cp 10 10 ns 16
Access time from CAS precharge ICPA 35 : 40 ns
CAS to RAS precharge time 'CRP 10 10 ns
CAS hold time 'CSH 60 70 ns
CAS seétup time (CBR REFRESH) 'CSR 10 10 L ns -5
CAS to WE delay time 'CWD 15 20 : ns 21
Write command to CAS lead time fcwL 15 20 ) ns
Data-in hold time DH 10 15 ns 22
Data-in hold time (referenced to RAS) 'DHR 45 55 | ns
Data-in setup time DS 0. 0 | ns 22
Output buffer turn-off delay 'OFF 3 15 3 20 ns 20, 26
FAST-PAGE-MODE READ or WRITE cycle time tPC 35 ) 40 ns’
FAST-PAGE-MODE READ-WRITE cycle time PRWC 60 70 ns
Access time from RAS 'RAC .60 ] 70 ns 14
RAS to column-address delay time ‘RAD 15 30 15 35 ns 18
Row-address hold time 'RAH 10 10 . ns
Column-address to RAS lead time RAL 30 35 ns
RAS pulse width RAS 60 10,000 70 10,000 ns 25
RAS pulse width (FAST PAGE MODE) 'RASP 60 100,000 70 100,000 ns 25
RAS pulse width during SELF REFRESH cycle RASS 100 100 us 28
Random READ or WRITE cycle time ‘RC 110 130 ns -
RAS to CAS delay time 'RCD 20 45 20 50 ns 17
Read command hold time (referenced to CAS) 'RCH 0 0 ns 19
Read command setup time : 'RCS 0 0 ns

:)n;;(;:" ‘?:ﬁl s 2_ 6 Micron Technology, Inc., reserves the right to change products g: 332‘“,,?33"? evé:hng:g ;y?tm




MICRON

MT4C1004J(S)
4 MEG x 1 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Notes: 6, 7, 8,9, 10, 11, 12, 13) (Voc = +5V £10%)

AC CHARACTERISTICS -6 -7

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES

Refresh period (1,024 cycles) '‘REF 16 16 ms

Refresh period (1,024 cycles) S version 'REF 128 128 ms

RAS precharge time RP 40 50 . ns

RAS to CAS precharge time ‘RPC 0 0 ns

RAS precharge time during SELF REFRESH cycle 'RPS 110 130 ns 28

Read command hold time (referenced to RAS) 'RRH 0 0 ns 19

RAS hold time 'RSH 15 20 ns'

READ WRITE cycle time 'RWC 130 155 ns

RAS to WE delay time '‘RWD 60 70 ns 21

Write command to RAS lead time TRWL 15 20 ns

Transition time (rise or fall) T 3 50 3 50 ns’

'WE command setup time wcs 0 0 ns 21

Write command hold time '‘WCH 10 15 ns

Write command hold time (referenced to RAS) 'WCR 45 55 ns

Write command pulse width wp 10 15 ns

'WE hold time (CBR REFRESH) 'WRH 10 10 ns 24

'WE setup time (CBR REFRESH) 'WRP 10 10 ns 24
IDA;;t;;'%OjJF(g‘)l 205 2_7 Micron Technology, Inc., reserves the right to change products @o1r gsg;ﬂr;‘f:r:;r'? :olt(\::l]otgn;‘:ﬁz
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MICRON

TECHNOLOGY, INC.

MT4C1004J(S)
4 MEG x 1 DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = 5V £10%;f = 1 MHz.

3. Icc is dependent on cycle rates.

4. Iccis dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the output open.

Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, < 70°C) is assured.

7. An initial pause of 100us is required after power-up
followed by eight RAS refresh cycles (RAS ONLY or
CBR with WE HIGH) before proper device operation
is assured. The eight RAS cycle wake-ups should be
repeated any time the 'REF refresh requirement is
exceeded.

8. AC characteristics assume T = 5ns.

9. Vi (MIN) and Vi (MAX) are reference levels for |
measuring timing of input signals. Transition times
are measured between ViH and V1L (or between VIL
and V).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
VIL (or between VIL and VIH) in a monotonic manner.

11. If CAS = Vi, data output is High-Z.

12. If CAS = Vi, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to two TTL gates
and 100pF.

14. Assumes that 'RCD < 'RCD (MAX). If 'RCD is greater
than the maximum recommended value shown in this
table, 'RAC will increase by the amount that 'RCD
exceeds the value shown.

15. Assumes that tRCD > tRCD (MAX).

16. If CAS is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the data-out buffer, CAS must be
pulsed HIGH for 'CP.

17. Operation within the 'RCD (MAX) limit ensures that
RAC (MAX) can be met. 'RCD (MAX) is specified as
a reference point only; if 'RCD is greater than the
specified 'RCD (MAX) limit, then access time is
controlled exclusively by {CAC.

@

18. Operation within the tRAD (MAX) limit ensures that
{RAC (MIN) and {CAC (MIN) can be met. ‘RAD
(MAX) is specified as a reference point only; if (RAD
is greater than the specified 'RAD (MAX) limit, then
access time is controlled exclusively by 'tAA.

19. Either 'RCH or ‘RRH must be satisfied for a READ
cycle.

20. 'OFF (MAX) defines the time at which the output
achieves the open circuit condition and is-not- .
referenced to VoH or VoL.

21. tWCS, tRWD, tAWD and *CWD are restrictive
operating parameters in LATE WRITE, READ
WRITE and READ-MODIFY-WRITE cycles only. If
tWCS 2 'WCS (MIN), the cycle is an EARLY WRITE
cycle and the data output will remain an open circuit
through-out the entire cycle. If tRWD > tRWD (MIN),
tAWD = tAWD (MIN) and {CWD = {CWD (MIN), the

- cycle is a READ WRITE and the data output will
contain data read from the selected cell. If neither of
the above conditions is met, the cycle is a LATE
WRITE and the state of data-out is indeterminate (at
access time and until CAS goes back to V).

22. These parameters are referenced to CAS leading edge
in early WRITE cycles and WE leading edge in late
WRITE or READ WRITE cycles.

23. A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE = LOW.

24.*WTS and 'WTH are set up and hold specifications for
the WE pin being held LOW to enable the JEDEC test
mode (with CBR timing constraints). These two
parameters are the inverts of ‘WRP and ‘WRH in the
CBR REFRESH cycle.

25. Extended refresh current is reduced as tRAS is
reduced from its maximum specification during the
extended refresh cycle.

26. The 3ns minimum is a parameter guaranteed by
design.

27. Column-address changed once each cycle.

28. If the DRAM controller uses a burst refresh, a burst
refresh of all rows must be executed upon exiting
SELF REFRESH.

MT4C10044(S)
D03.pm5 — Rev. 2/95
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MICRON

TECHNOLOGY. INC.

MT4C1004J(S)
4 MEG x 1 DRAM

RAS

CAS

ADDR

o

RAS

CAS

ADDR

ViH

ViL -

ViH
Vi

ViH
ViL

VIH
ViL

VoH
VoL

ViH
Vi

Vin
Vi

Vi
Vi

ViH
Vi

Vi
ViL

READ CYCLE

trRe

tRAS

il

tcsH

tRCD

tRsH

tRRH |

fcas

tAsR

tRAL

tRAH

can

ROW

COLUMN

' tRCH

WvHa Nd4 l

tRAC

OPEN

| _teac

loFF

’ oz
o

Re

VALIDDATA OPEN

EARLY WRITE CYCLE

'RAS

RsH

tcas

tRAD

| RAL

tRAH

tcan

ROW

fowL

tRWL

wer

twes tweH

twe

DHR

'ps | tpH

1

VALID DATA

Vor -

VoL =

OPEN

DON'T CARE

R unpeFNeD

MT4C1004J(S)
D03.pm5 ~ Rev. 2/95
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MICRON MT4C1004J(S)

4 MEG x 1 DRAM

READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

tRwWC
tRAS | 'RP
V= J{‘
mas v C N N\
) tcsH
tRSH
| tcrP tReD tcas
Vi = | 7
CAs vy — i \
AR
tRAD tRAL
tASR tRAH tasc cAH
Vv g
ADDR vl m ROW m COLUMN j / / / / / / M ROW
. tRwp | towe |
trcs _| towp WL
1 1
tawD twp

W\ T N LTI,

tps tDH
<25 |2

o W T I 7 IR0 XTI

tAA

1,
fcac |<—OFF
—=| oLz =
V, —_
a vz OPEN KXNXX VALID DATA OPEN

FAST-PAGE-MODE READ CYCLE

tRASP RP_,
== VM - 3
RAS V) _ N
tosH tpc tRsH
1 tcrpP tRCD tcAs tcp tcas tcp tcas tcp |
— vy <
CAs x X
ViL - A X - /
AR
'RAD 'RAL
tasR RAH tasc cAH tasc tcAH tasc cAH
N —
bR ylH _mt ROW @1 COLUMN K cowmn  X7R con K/ 7K_row
‘ S = e -
I.—ﬁ. tRoH—=| |... tRCH—] t. ACH
WE VK -
WE v W W /
taA | aA | tan
tRAC ' opa ' fcpa
¥
tcac toFE tcac loFF cac | Ja—torr
torz —=| |—— torz —= |-— torz —| |-—
Von - PEN VALID VALID i VALID
Q voU = o DATA DATA X_pata } OPEN
[/} boNT cARe
K& unpeFiNeD
MT4C10044(S) 2 10 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MICRON | MT4C1004J(S)

4 MEG x 1 DRAM

FAST-PAGE-MODE EARLY-WRITE CYCLE

tRasP |<tRP

s w1 ;“ >L
- - -
tosH tpc RsH
| terp tReD tcas tcp tcas top tcas o fop
s W N y g ?L J& -U"
‘AR
'RAD . . RAL g
I tASR RAH | tasc cAH, tasc foan, tasc, toan,
v
ApoR vt m ROW m COLUMN COLUMN &( COLUMN % ROW U
towt. foww: | towL |
wes wer wes twen wes tweH m
wp wp wp >
we_ | LU WE
= Vig 77, m .
= V"- / g
| twer tRwL |
| DHR
! . 'ps oH \ ps 'DH | s oH -,
, | |
o it X VALID DATA @i VALID DATA W vaooata X/
Q 3:{' = OPEN

FAST-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

k! LT
RASP b
oV T j«— ey
ms v Z N
tcsH i *tpc / tPRWC tRSH
B 1
1< CRP 'RCD CAS R toas tep tcas ‘cp i )
EoR iy , N X
AR
RAD RAL
tASR tRAH_, tasc {CAH tasc, tcAH tasc fcaH
<238, | <-25C,| |<-2SG, |
v ; ;
aopR it m ~ Row m COLUMN v COLUMN % COLUMN EW / / % ROW
j taw | taw | |
1
tRes_| towt, to tow, |
tawp ' e, . tawp twp tawp wp
B/ |0 LW WD L LW
towp{ - |- fowp{" | fowps{ e
WE VYH !
w W T L T // /L
L
.
l tos || _ton 'ps_ || ton ps_ || oo I
_, | I [
o VM /K VAL DATA ﬁ vauD aTA X[/ /7K vaLD DATA W 7
| taa | taa | ta
! ' tcPA ) tcpA
tRac
fcac loFp toac loFp cac | e torr
toLz = |- toLz —| - torz |
Vo - VALID VALID { VALD
Q vl T OPEN \__DATA DATA DATA 4 OPEN

/) von'T care

*NOTE: 1.'PCis for LATE WRITE only. . UNDEFINED

MT4C1004J(S) . 2 .1 1 Micron Technology, Inc., reserves the right to change products or specifications without notice.
DO03.pm5 — Rev. 2/95 - ©1995, Micron Technology, Inc.
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MICRON MT4C1004J(S)

4 MEG x 1 DRAM

" RAS-ONLY REFRESH CYCLE .

(WE and A10 = DON'T CARE)
tRe
s o T 7
cRP RPC

]
w W f X/

t, 1
'ASR RAH

soor i /1A Fow Kiiiiiiiinin row

o Vg =

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE

tRASP L WP
ms Vi T N
tRsH
tosH tpc I
i tcrRP tReD tcas tcp tcas tcp |
|
M T\ / N / 1
AR
tRAD tRAL
L IASR tRAH_ tasc . tcAH tasc 1CAH
aopR VM :m ROW m COLUMN l50// /0( COLUMN ] ////// // ROW
I towr |
tRes I N ww
' twp
twes twer
e W T
‘ 'ps ! tDH
I ST
fcac
| toiz | tOFF,
4 ,
NOTE 1 . .
a Vo= OPEN - VALID OPEN
. i
tRAC
DON'T CARE
UNDEFINED
NOTE: 1. Do not drive data prior to tristate.
2. Assumes D and Q are tied together.
gggﬁ;‘osofdéa 265 2_1 2 Micron Technology, Inc., reserves the right to change products @e: esgse,c;\';lf:rgi": svc"r:hnz:’;g n;ulncz



MICRON

TECHNOLOGY, INC

MT4C1004J(S)
4 MEG x 1 DRAM

HIDDEN REFRESH CYCLE 23

(READ) (REFRESH) -
tRAS |~ RP | 'RAS
AAS V- 7L—§L 11
RAS ViL— & ; X /
1 terp tRCD tRSH cHR .U
R =
CAs - 7 N I
o
RAD tRAL m
tASR tRAH tasc fcAH
V= Y p s >
ADDR i ROW COLUMN
-, R 7 K
tAA
tRAC
1,
cAC S
oLz
VoH -, Y {
Q vg - OPEN VALID DATA — OPEN —
V -
/] DON'T CARE
XY
kXX UNDEFINED
MT4C1004J(S) 2 1 3 Micron Technology, Inc., reserves the right to change products or specm_canons ‘without notice.
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MT4C1004J(S)

4 MEG x 1 DRAM

RAS

CAS

DQ

NOTE:

2. Once 'RPS is satisfied, a complete burst of all rows should be executed.

'CBR REFRESH CYCLE
(Addresses = DON'T CARE)
s Vi N / il /
Y — /
= ] OPEN
= v T XU
SELF REFRESH CYCLE
(Addresses = DON'T CARE)
M :_/_‘ tRpG N ( JZ trRpC L/_\_“_/\_/——
w7 A T S
ng . twrp twRH ()S_— o= twRp l tWRH
w i T Ty T,
DON'T CARE
@ UNDEFINED
1. Once 'RASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode.

MT4C1004J(S)
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2-14

Micron Technology, Inc., reserves the right to change products or specifications without notice.
©1995, Micron Technology, Inc.



MICRON

MT4C4001J(S)

1 MEG x 4 DRAM

DRAM

1 MEG x 4 DRAM

5V, STANDARD OR SELF REFRESH

FEATURES
¢ 1,024-cycle refresh distributed across 16ms
(MT4C4001]) or 128ms (MT4C4001] S)
¢ Industry-standard pinout, timing, functions and
packages
High-performance CMOS sﬂlcon-gate process
Single +5V £10% power supply
All inputs, outputs and clocks are TTL-compatible
Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR),
HIDDEN; optional Extended and SELF REFRESH
modes (MT4C4001] S only)
¢ FAST PAGE MODE access cycle
Low power, 0.8mW standby; 225mW active, typlcal
(MT4C4001] S)

e o o o

OPTIONS MARKING
¢ Timing
60ns access . -6
70ns access -7
* Packages
Plastic SOJ (300 mil) DJ
Plastic TSOP (300 mil) : TG
o Refresh Rate
Standard 16ms period None
SELF REFRESH and 128ms period S
e Part Number Example: MT4C4001JD]-6 S
KEY TIMING PARAMETERS
SPEED | 'RC | WAC | 'PC | A | 'cAC | ‘P
-6 110ns | 60ns | 35ns | 30ns | 15ns | 40ns
-7 130ns | 70ns 40ns 35ns | 20ns 50ns
GENERAL DESCRIPTION

The MT4C4001J(S) is a randomly accessed solid-state
memory containing 4,194,304 bits organized in a x4

configuration. RAS is used to latch the first 10 bits and.”

CAS'thelatter 10 bits. READ and WRITE cycles are selected
with the WE input. A logic HIGH on WE dictates READ
mode while a logic LOW on WE dictates WRITE mode.
During a WRITE cycle, data-in (D) is latched by the falling
edge of WE or CAS, whichever occurs last. If WE goes
‘ LOW prior to CAS going LOW, the output pinsremain open
\ (High-Z) until the next CAS cycle.
If WE goes LOW after data reaches the output pins, data-
out (Q) isactivated and retains the selected cell data as long

PIN ASSIGNMENT (Top View)

20/26-Pin SOJ
(DA-1)

20/26-Pin TSOP
(DB-1)

pQ1 ot 26 [0 Vss

DQ2 o 2 25 0 DQ4
WE o3 24 [0 DQ3

RAS o 4 23 [ CAS
A9 M5 22 InOE
A0 ™9 18 D A8
A1 10 17 mA7
A2 =l 16 [0 A6
A3 o 12 15 o AS
Vee n:ls___JA_:n Ad

as CAS remains LOW (regardless of WE or RAS). This late
WE pulse results in a READ WRITE cycle. The four data
inputs and four data outputs are routed through four pins
using common I/O and pin direction is controlled by WE
and OE.

FAST PAGE MODE

FAST PAGE MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined- page boundary. The FAST PAGE
MODE cycleisalwaysinitiated witharow-addressstrobed-
in by RAS followed by a column-address strobed-in by
CAS. CAS may be toggled-in by holding RAS LOW and

strobing-indifferentcolumn-addresses, thusexecuting faster .

memiory cycles. Returning RAS RASHIGH termmates the FAST
PAGE MODE operation. |

MT4C4001J(S)
D09.pm5 — Rev. 2/95
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MICR

MT4C4001J(S)
1 MEG x 4 DRAM

REFRESH

Preserve correct memory cell data by maintaining power
and executing a RAS cycle (READ, WRITE) or RAS refresh
cycle (RAS ONLY, CBR, or HIDDEN) so that all 1,024
combinations of RAS addresses are executed at least every
16ms, regardless of sequence. The CBR REFRESH cycle will
invoke the refresh counter for automatic RAS addressing.

An optional SELF REFRESH mode is also available on
the MT4C4001J(S). The “S” version allows the user the
choice of a fully static low-power data retention mode, or
a dynamic refresh mode at the extended refresh period
of 128ms, eight times longer than the standard 16ms
specifications.

The optional SELF REFRESH feature is initiated by
performing a CBR REFRESH cycle and holding RAS LOW
for the specified fRASS. Additionally, the “S” version al-

lows for an extended refresh rate of 125us per row if using
distributed CBR REFRESH. This refresh rate can be applied
during normal operation or during a standby or extended
refresh mode.

The SELF REFRESH mode is terminated by driving RAS
HIGH foraminimum time of {RPS (='RC). This delay allows
for the completion of any internal refresh cycles that may
be in process at the time of the RAS LOW-to-HIGH transi-
tion. If the DRAM controller uses a distributed CBR RE-
FRESH sequence, a burst refresh is not required upon
exiting SELF REFRESH mode. However, if the DRAM
controller utilizes RAS ONLY or burst refresh sequence, all
1,024 rows must be refreshed within 300us prior to the
resumption of normal operation.

FUNCTIONAL BLOCK DIAGRAM
FAST PAGE MODE

DATA-IN o DQ1

WE ©
CAS o I
*EARLY WRITE

NO. 2 CLOCK [+ DETECTION CIRCUIT

GENERATOR

=

BUFFER

o DQ2
o DQ3

o DQ4
DATA-OUT
BUFFER

ADDRESS
BUFFER(10)

Al

A2 REFRESH SELF REFRESH
A3 CONTROLLER OSCILLATOR
Ad T and TIMER
A5

REFRESH

COUNTER

ROW.
ADDRESS
BUFFERS (10)

1

NO. 1 CLOCK
GENERATOR

ROW
DECODER

RAS o |

SENSE AMPLIFIERS
1/ G

. .
5 Qg| 1024x1024x4
i S MEMORY
zQ » ARRAY
o B | B
4] Sz
o oc
[&]

Vee

<+«—0 Vss

*NOTE: 1. If WE goes LOW prior-to CAS going LOW, EW detection circuit output is a HIGH (EARLY WRITE).
2. If CAS goes LOW prior to WE going LOW, EW detection circuit output is a LOW (LATE WRITE).

MT4C40014(S)
D09.pm5 - Rev. 2195
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MICRON MT4C4001J(S)

1 MEG x 4 DRAM

TRUTH TABLE
ADDRESSES DATA-IN/OUT

FUNCTION RAS CAS WE OF R 'c DQ1-DQ4
Standby H H-X X - X X X High-Z
READ L L H L ROW | coL Data-Out
EARLY WRITE L L L X ROW COL Data-In
READ WRITE L L H—L L—H ROW COL | Data-Out, Data-In
FAST-PAGE-MODE 1st Cycle L H-L H L ROW COL Data-Out
READ ‘ 2nd Cycle L H-L H L n/a COL Data-Out
FAST-PAGE-MODE 1st Cycle L H—-L L X ROW A COL Data-In
EARLY-WRITE 2nd Cycle - L H—L L X n/a COL. |- Data-In
FAST-PAGE-MODE 1st Cycle - L H—-L H—-L L—-H ROW COL Data-Out, Data-In
READ-WRITE 2nd Cycle L H—-L H-L L-H | n/a COL | Data-Out, Data-In
'RAS-ONLY REFRESH L H X X ROW nfa High-Z
HIDDEN READ L—-H-L L H L ROW coL Data-Out
REFRESH WRITE L-H-L L L X ROW COL " Data-In
CBR REFRESH H-L L H X X X High-Z
SELF REFRESH . H-L L H X X X High-Z
(MT4C4001J S only) '

MT4C4001J(S) 9 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D09.pm5 —Rev. 2/95 2" 1 7 ©1995, Micron Technology, Inc:
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MT4C4001J(S)

1 MEG x 4 DRAM

ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Vss....................

Operating Temperature, T, (ambient) .
Storage Temperature (plastic)............
Power Dissipation
Short Circuit Output Current .........cccoeueveruviiiurennns

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not

- implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Voo = +5V +10%)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 Vv
Input High (Logic 1) Voltage, all inputs VH 24 | Vcc+i \'
Input Low (Logic 0) Voltage, all inputs ViL -1.0 0.8 \'
INPUT LEAKAGE CURRENT

Any input OV < ViN's 6.5V ) I -2 2 uA
(All other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vourt < 5.5V) loz -10 10 uA
OUTPUT LEVELS VoH 24 \
Output High Voltage (lout = -5mA)

Output Low Voltage (lout = 4.2mA) VoL 0.4 \"

ﬁéﬁﬁlﬁ'ﬁ’v. 2/95 2 - 1 8
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MICRO

TECHNOLOGY. INC.

MT4C4001J(S)
1 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc = +5V £10%)

MAX

PARAMETER/CONDITION

SYMBOL

UNITS

NOTES

STANDBY CURRENT: (TTL)
(RAS = CAS = Vi)

lect

mA

STANDBY CURRENT: (CMOS)
(RAS = CAS = Vcc -0.2V)

lcc2

mA

Iccz
(S only)

A

OPERATING CURRENT: Random READ/WRITE
Average power supply current
(RAS, CAS, Single Address Cycling: 'RC = 'RC [MIN])

Icca

110

100

mA

3,4,
30

OPERATING CURRENT: FAST PAGE MODE
Average power supply current
(RAS = ViL, CAS, Address Cycling: 'PC = PC [MIN])

Icca

80

70

mA

3,4,
30

REFRESH CURRENT: RAS ONLY
Average power supply current ;
(RAS Cycling, CAS = Vii: 'RC = 'RC [MIN])

lccs

110

100

mA

3,30

REFRESH CURRENT: CBR
Average power supply current
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

Icce

110

100

mA

3,5

REFRESH CURRENT: Extended (S version only)

Average power supply current during Extended Refresh:

CAS = 0.2V or CBR cycling; RAS = 'RAS (MIN); WE = Vcc -0.2V;
OE, A0-A9 and DN = Vcc -0.2V or 0.2V; (Din may be

left open); 'RC = 125us (1,024 rows at 125us = 128ms)

lcc7
(S only)

300

300

LA

3,5,
28

REFRESH CURRENT: SELF (S version only)

Average power supply current during SELF REFRESH:

CBR cycle with 'RAS > 'RASS (MIN) and CAS held

LOW; WE = Vcc -0.2; A0-A9, OE and DN = Ve -0.2V or 0.2V
(Din may be left open)

lccs
(S only)

300

300

5,31

CAPACITANCE

PARAMETER

SYMBOL

MIN | MAX

UNITS

NOTES

Input Capacitance: A0-A9

Ci

pF

Input Capacitance: RAS, CAS, WE, OE

Ci2

pF

Input/Output Capacitance: DQ

Cio

pF

g;;mo:.gse‘)ll 2/95 : 2"1 9
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l\’“CHDN MT4C4001J(S)

1 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vce = +5V £10%)

AC CHARACTERISTICS -6 -7

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES

Access time from column-address tAA 30 35 ns

Column-address hold time (referenced to RAS) ‘AR 45 50 ns

Column-address setup time ASC 0 0 ns

Row-address setup time 'ASR 0 0 ns

Column-address to WE delay time tAWD 55 65 ns 21

Access time from CAS ‘ 'CAC 15 20 ns 15

Column-address hold time 'CAH i0 15 ns

‘CAS pulse width ICAS 15 10,000 20 10,000 ns

'RAS LOW to “don't care” during SELF REFRESH cycle 'CHD 10 10 ns 31

CAS hold time (CBR REFRESH) . 'CHR 10 10 ns 5

'CAS to output in Low-Z ‘Lz 0 0 ns

‘CAS precharge time ‘cp 10 10 ns 16

Access time from CAS precharge 'CPA 35 40 ns

CAS to RAS precharge time ICRP [ 10 10 ns

CAS hold time 'CSH 60 70 ns

CAS setup time (CBR REFRESH) 'CSR 10 10 | ns 5

‘CAS to WE delay time 'CWD 40 50 . ns 21

Write command to CAS lead time ‘CWL 15 20 ns

Data-in hold time DH 10 ‘ 15 ns 22

Data-in hold time (referenced to RAS) 'DHR 45 55 ns

Data-in setup time DS 0 0 ns 22

Output disable ‘oD 15 20 ns 27

Output Enable 'OE 15 20 ns .23

OE hold time from WE during READ-MODIFY-WRITE cycle| OEH 15 . . 20 ns 26

Output buffer turn-off delay tOFF 3 15 3 20 ns 20, 29

OE setup prior to RAS during HIDDEN REFRESH cycle 'ORD 0 0 ns

FAST-PAGE-MODE READ or WRITE cycle time tPC 35 40 ns

FAST-PAGE-MODE READ-WRITE cycle time 'PRWC 85 100 ns

Access time from RAS RAC 60 70 ns 14
&T:m}'ﬁ(se)v . 2_ 20 Micron Technology, Inc., reserves the right to change products @c’:: ;g?ihflll?:rgz"‘ls' :‘;'zz}yot;yot;zz



MICRON MT4C4001J(S)

1 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13, 23) (Vcc = +5V +10%)

AC CHARACTERISTICS -6 -1

PARAMETER ) . SYM MIN MAX MIN . MAX UNITS NOTES

RAS to column-address delay time 'RAD 15 30 15 35 ns 18

Row-address hold time 'RAH 10 10 ns

Column-address to RAS lead time RAL 30 35 " ns

RAS pulse width ‘ 'RAS 60 10,000 70 10,000 | - ns

RAS pulse width (FAST PAGE MODE) ; tRASP 60 100,000 70 100,000 ns

RAS pulse width during SELF REFRESH cycle 'RASS 100 100 us 31

Random READ or WRITE cycle time 'RC 110 130 ns

RAS to CAS delay time RCD 20 45 20 50 ns 17

Read command hold time (referenced to CAS) 'RCH 0 0 ns 19

Read command setup time ) RCS 0 0 ns

Refresh period (1,024 cycles) . 'REF 16 16 ms

Refresh period (1,024 cycles) S version 'REF 128 128 ms

RAS precharge time RP 40 50 ns

RAS to CAS precharge time ) ) 'RPC 0 0 ns

RAS precharge time during SELF REFRESH cycle RPS 110 130 ns 31

Read command hold time (referenced to RAS). ‘RRH 0 0 ns 19

RAS hold time : g 'RSH 15 20 ns

READ WRITE cycle time ‘RWC 150 180 ns

RAS to WE delay time B 'RWD 90 100 ns 21

Write command to RAS lead time : 'RWL 15 20 ns

Transition time (rise or fall) T 3 50 3 50 ns

Write command hold time e 'WCH - 10 15 ns

Write command hold time (referenced to RAS) 'WCR 45 55 ns

WE command setup time ] WCs 0 0 ns 21,27

Write command pulse width wp 10 15 ns

'WE hold time (CBR REFRESH) : n 'WRH 10 10 ns 25

WE setup time (CBR REFRESH) “'WRP 10 10 ns 25
gg;m}la(sm)/ '2/95 d 2_ 2 1 Micron Technology, Inc., reserves the right to change products él" ;g;ﬁ:r:ﬁniegm;\yﬁliz
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MICRON

TECHNOLOGY, INC.

MT4C4001J(S)
1 MEG x 4 DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = +5V +£10%;
f=1MHz.

3. Iccis dependent on cycle rates.

4. Icc is dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the outputs open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range is assured.

7. An initial pause of 100ys is required after power-up
followed by eight RAS refresh cycles (RAS ONLY or
CBR with WE HIGH) before proper device operation
is assured. The eight RAS cycle wake-ups should be
repeated any time the tREF refresh requirement is
exceeded.

. AC characteristics assume T = 5ns.

9. Vi (MIN) and ViL (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VIL (or between VIL
and V).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vid and
V1L (or between VIL and VIH) in a monotonic manner.

11. If CAS = Vi, data output is High-Z.

12. If CAS = Vi, data output may ¢ contain data from the
last valid READ cycle.

13. Measured with a load equivalent to two TTL gates
and 100pF. :

14. Assumes that 'RCD < 'RCD (MAX). If 'RCD is greater
than the maximum recommended value shown in this
table, ‘RAC will increase by the amount that (RCD
exceeds the value shown.

15. Assumes that 'RCD = 'RCD (MAX).

16. If CAS is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the data-out buffer, CAS must be
pulsed HIGH for 'CP.

17. Operation within the {RCD (MAX) limit ensures that
fRAC (MAX) can be met. 'RCD (MAX) is specified as
a reference point only; if 'RCD is greater than the
specified 'RCD (MAX) limit, then access time is
controlled exclusively by {CAC.

18. Operation within the tRAD (MAX) limit ensures that
fRAC (MIN) and 'CAC (MIN) can be met. TRAD
(MAX) is specified as a reference point only; if ‘RAD
is greater than the specified ‘RAD (MAX) limit, then
access time is controlled exclusively by tAA.

19. Either 'RCH or ‘RRH must be satisfied for a READ
cycle.

Al

x

20. 'OFF (MAX) defines the time at which the output

achieves the open circuit condition, and is not
referenced to VoH or VoL.

21. 'WCS, '-RWD, *FAWD and '‘CWD are not restrictive
operating parameters. ‘WCS applies to EARLY
WRITE cycles. 'RWD, tAWD and 'CWD apply to

' READ-MODIFY-WRITE cycles. If fWCS > tWCS
(MIN), the cycle is an EARLY WRITE cycle and
the data output will remain an open circuit
throughout the entire cycle. If 'IRWD 2 {(RWD (MIN),
'AWD 2 'AWD (MIN) and ‘CWD 2 {CWD (MIN), the
cycle is a READ-MODIFY-WRITE and the data output
will contain data read from the selected cell. If neither
of the above conditions is met, the state of data-out is
indeterminate. OE held HIGH and WE taken LOW
after CAS goes LOW results in a LATE WRITE (OE-
controlled) cycle. tWCS, 'RWD, {ICWD-and tAWD are
not applicable ina LATE WRITE cycle.

22. These parameters are referenced to CAS leading edge
in EARLY WRITE cycles and WE leading edge in
LATE WRITE or READ-MODIFY-WRITE cycles.

23.1f OE is tied permanently LOW, LATE WRITE or
READ-MODIFY-WRITE operations are not permis-
sible and should not be attempted.

24. A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE = LOW and OE=HIGH.

25. 'WTS and 'WTH are setup and hold specifications for
the WE pin being held LOW to enable the JEDEC test
mode (with CBR timing constraints). These two
parameters are the inverts of '‘WRP and ‘WRH in the
CBR REFRESH cycle.

26. LATE WRITE and READ-MODIFY-WRITE cycles
must have both 'OD and ‘OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. If OF is
taken back LOW while CAS remains LOW, the DQs
will remain open.

27. The DQs open during READ cycles once *OD or tOFF
occur. If CAS goes HIGH before OE, the DQs will
open regardless of the state of OE. If CAS stays LOW
while OE is brought HIGH, the DQs will open. If OF
is brought back LOW (CAS still LOW), the DQs will
provide the previously read data.

28. Extended refresh current is reduced as 'RAS is
reduced from its maximum specification during the
extended refresh cycle.

29. The 3ns minimum is a parameter guaranteed by
design.

30. Column-address changed once each cycle.

31. If the DRAM controller uses a burst refresh, a burst
refresh of all rows must be executed upon exiting
SELF REFRESH.

MT4C4001J(S)
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CHNOLOGY. INC.

MT4C4001J(S)
1 MEG x 4 DRAM

READ CYCLE

RC
'nas RP.
. Yy
s v C -
csH
o e
|e_CRP tRCD tcas
— vy -
ws W/ N /
AR
RAD ‘RAL
1
tASR tRAH tasc fcAn
ViH < = p!
ADDR Vi ROW COLUMN 2(/ Row
| tRcS I tRcH
WE  VH -~
WE v / W /
tan
tRAC
L
toac toFF
‘oz
VioH — 3
pa yigH - VALID DATA OPEN
toE [}
|
® Vs VI
= it 7 7 7 /.
‘Re
RAS | trp
vy = 7IF—' o
mRs v C
tosH
tRSH
I fcrP tRCD fcas
w W f
AR
1RAD 'RAL
tASR RAH tasc oA
N =
aopR Yl m Row  COLUMN W % ROW
i ' fow |
tAwL )
1
twer
twes twer
we |
— V-
WE i
DHR
! ips toH
oa VIgH - R VALID DATA JS&
=V
oE vl

DON'T CARE

B unpEFINED

MT4C4001J(S)
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MT4C4001J(S)

1 MEG x 4 DRAM

RAS

CAS

ADDR

ViH
Vi

ViH
Vi

ML
Vi

ViH

ViL

VioH -
VioL -

o VM

RAS

CAS

ADDR

ViL

VIH
ViL

Vin
ViL

Vin
Vi

Vik
Vi

VioH
VioL

VIH
ViL

READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

tRWC
tRAS ( tRpP
z N ;L_———‘ X
fosH
RSH
f tcrRP tReD tcas
__/L ]
AR
RAD tRAL
AR tRAH tasc tcaH
L
mi R /// ST /) Y S
| tRWD towe_| ‘
tacs _| tcwd tRwL
' tawp twp !
N W
tan
tRAC
fcac
torz—=| | DS, {{ lDH_,
OPEN (vm_mnow VALIDD )y J———— OPEN —————
‘o ‘ top 1 toEH |
FAST-PAGE-MODE READ CYCLE
'RasP R,
z | )
fcsH rc tRSH
1 tere tRcD fcas tcp tcas tep tcas tcp i
tAR
'RAD 'RAL
tASR RAH tasc, cAH tasc tcAH tasc, CAH
:@( ROW COLUMN jm COLUMN Wg COLUMN W &( ROW
4 - I-—'ncs — “'—‘RCS & —>l ~—'RRH
Jq—ﬁ» tRCH—>| $¢. tRCH—| 14_. ACH
Ty \
tAA [ tAA | tAA
tRaC ' tcpA ' toPA
cac loFp fcac loFe cac | J—torF

oz—=] |- toiz—| | oz —>| |~
- VALID VALID ¢ VALID
= OPEN DATA DATA DATA [ OPEN

toe )/‘op toe | top toE l'on

Y / / /.
DON'T CARE

BRR unoerineD
MT4C40014(S) 2.24 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MT4C4001J(S)
1 MEG x 4 DRAM

LOGY, INC.

FAST-PAGE-MODE EARLY-WRITE CYCLE

'RASP. 1<tRP |
s )"‘_L
tcsH tpc RsH
‘crP tRCD. tcas tcp tcAs tcp tcas 1o lep Y
o W F VA -
tar
RAD AL
‘asR tRAH l tasc oA, | tasc, toan, I tasc oA !
ADDR ¥:f m ROW m COLUMN / % COLUMN Mr COLUMN W M ROW
towe towt towe |
twes twen wes tweH twes tweH
wp we twe
" Uy '
| twer tRWL )
[ toHR
! i Ios. pH i tos toH__, i tos toH i
oa VigH m VALID DATA @{ VALID DATA W VALID DATA W / A
— Vi -
= W Y, TIIII
FAST-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)
RAsP P
s W i Jﬁ 1\.
. ‘os *tec /tPRWC tRsH B
i tcrP. ‘ReD toas tcp toas top ‘oas ‘cp
w W o H
[
RAD
tasR tRAH
ADDR \\;:[‘ X/ ROW i@ ROW
) }*—'RWL
=~ towL
LR i
RaC
oa 5{8{' = Sh OPEN
v |
R X

*NOTE:

1.1PC is for LATE WRITE only.

DON'T CARE

UNDEFINED

MTACA001U(S) =
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MT4C4001J(S)
1 MEG x 4 DRAM

RAS-ONLY REFRESH CYCLE

(WE = DON'T CARE)
ms oo N ]
I 'cRP _‘H_Pc_|
o W’j :—/F tasr 'RAH
voon W % _now K. Row
‘FAS'I"-PAGE-MODE READ-EARLY-WRITE CYCLE
ms vt W 1
o ferp | 'RCB e cAs tcp e tcas tcp |
= WL" - tART\ S I \JL—
I__‘@_' anHRAD tasc toan tasc :::,:

ADDR 3}[’ :m ROW g COLUMN WWZ cou.uw: { ///// //// ROW
= % T ///l//‘ |y
R s Y

loiz tOFF, ;
= it 77,

NOTE:

1. Do not drive data prior to tristate.

DON'T CARE

UNDEFINED

MT4C4001(S)
D09.pm5 ~ Rev. 2/95
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MICRON

MT4C4001J(S)
1 MEG x 4 DRAM

CBR REFRESH CYCLE
(Addresses and OE = DON'T CARE)
tRp tRAS tRp 'Ras
mE Y v N /
[
| '::C \_lcsr tCHR RPC . tosm iCHR

CR A

/L HJ&‘ /

DQ =

OPEN

_wrp

tWRH, wRrp || tWRH,

|

we -\ i

K

S

SELF REFRESH CYCLE
(Addresses and OE = DON'T CARE)
NOTE 1
il rAss (’ () ) RPS NOTE 2
RS ¥it‘ -/ e (»() JZ RPC x_/\_%/\__/_.——
. fep | |_tcsm tcHD | tcp

— oy, o n ( il

A | i /-
ba VO = {§— open

1 wrp WRH_, | ‘wRP I tWRH

| ((

WE VIH / /‘
ViL

Vi /l

i

J

U /i

Nvddad Nd4 .

DON'T CARE
R¥ unpeFINED

NOTE: 1. Once 'RASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode.
2. Once 'RPS is satisfied, a complete burst of all rows should be executed.

MT4C4001J(S)
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MlCHDN MT4C4001J(S)

=N 1 MEG x 4 DRAM

HIDDEN REFRESH CYCLE 2
- (WE = HIGH; OF = LOW)

(READ) (REFRESH)
tRAS RP tRAS
—_— V- ¥ \
RAS ylZ N 7 N . %
tcrP tRCD RSH - foHR
— V= s —
CAS
Vie— [ N J
tAR .
- tRAD tRAL
tASR tRAH | tasc tCAH,
VIH_ 4 l s p ,
soon o K7 Y
L= X X b 4
tAa
tRAC
1,
oo =
iz
VioH —
ba IS = - OPEN : VALID DATA b— OPEN—
toE top

I e T,
DON'T CARE

UNDEFINED

MT4C4001J(S) 2 2 8 Micron Technology, Inc., reserves the right to change products or specifications without notice.
DO09.pm5 —Rev. 2195 = ©1995, Micron Technology, Inc.



|
|
|

MICRON

TECHNOLOGY, INC

MT4LC4001J(S)
1 MEG x 4 DRAM

DRAM

1 MEG x 4 DRAM

3.3V, FAST PAGE MODE
OPTIONAL SELF REFRESH

FEATURES

* Single +3.3V +0.3V power supply

¢ Low power, 0.3mW standby; 100mW active, typical

¢ Industry-standard x4 pinout, timing, functions and
packages

¢ High-performance CMOS silicon-gate process

¢ Allinputs, outputs and clockia_r_g LVTTL-CQ_@_E_atibIe

o Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR),

HIDDEN; optional Extended and SELF REFRESH

modes

FAST PAGE MODE access cycle

1,024-cycle Extended Refresh distributed across 16ms

or 128ms

Low SELF REFRESH current, 100pA typical, 150uA

(MAX)

OPTIONS MARKING

* Timing
60ns access -6
70ns access -7
80ns access -8

¢ Refresh Rate
Standard 16ms period None
SELF REFRESH and 128ms period S

e Packages
Plastic SOJ (300 mil) DJ
Plastic TSOP (300 mil) TG

¢ Part Number Example: MT4LC4001JDJ-7 S

KEY TIMING PARAMETERS

SPEED | 'RC 'RAC 'PC AR ICAC 'RP
-6 110ns .| 60ns 35ns | 30ns 15ns 40ns
-7 130ns | 70ns 40ns 35ns 20ns 50ns
-8 150ns | 80ns 45ns 40ns 20ns 60ns
GENERAL DESCRIPTION

The MT4LC4001J(S) is a randomly accessed solid-state
memory containing 4,194,304 bits organized ina x4 configu-
ration. RASis used tolatch thefirst 10 bitsand CASthelatter
10 bits. READ and WRITE cycles are selected with the WE
input. A logic HIGH on WE dictates READ mode while a
logic LOW on WE dictates WRITE mode. During a WRITE
cycle, data-in (D) is latched by the falling edge of WE or

PIN ASSIGNMENT (Top View)

20/26-Pin SOJ 20/26-Pin TSOP
: (DA-1) : (DB-1)
DQ1 01 261 Vss DQ1 =1 26 1 Vss
DQ2 02 250 DQ4 DQ2 2 25 [ DQ4
WE 3 240 DQ3 WE =3 24 = DQ3
RAS 04 23 CAS RAS | 4 23 m CAS
A9 05 22 1 OE A9 m5 22 I OE
AO 1119 18 {1 A8
gy, mRe Nah LY
A2 11 160 A6 A2 m 11 16 J1 A6
A3 12 15]1 A5 A3 o 12 15 mAS
i Vee 13 14 o A4
vee Q13 14)1 A4 LA L)

CAS, whichever occurs last. If —Wﬁgoes LOW prior to CAS
going LOW, the output pins remain open (High-Z) until the
next CAS cycle.

IfWE goes LOW after data reaches the output pins, data-
out (Q) is activated and retains the selected cell data as long
as CAS remains LOW (regardless of WE or RAS). This late
WE pulse results in a READ WRITE cycle. The four data
inputs and four data outputs are routed through four pins
using common I/0 and pin direction is controlled by WE
and OE.

FAST PAGE MODE

FAST PAGE MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined page boundary. The FAST PAGE
MODE cycleisalwaysinitiated witharow-address strobed-
in by RAS followed by a column-address strobed-in by
CAS. CAS may be toggled-in by holding RAS LOW and
strobing-in differentcolumn-addresses, thus executing faster
memory cycles. Returning RAS HIGH terminates the FAST
PAGE MODE operation.

MTALC40014(S)
D10.pmS - Rev. 2/95

Micron Technology, Inc., reserves the right to change products or specifications without notice.
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TECHNOLOGY, INC,

MICR

MT4LC4001J(S)
1 MEG x 4 DRAM

REFRESH , ,

Preserve correct memory cell data by maintaining power
and executing a RAS cycle (READ, WRITE) or RAS refresh
cycle (RAS ONLY, CBR, or HIDDEN) so that all
1,024 combinations of RAS addresses are executed at least
every 16ms, regardless of sequence. The CBR REFRESH
cycle will invoke the refresh counter for automatic RAS
addressing. . :

An optional SELF REFRESH mode is also available on
the MT4C4001 J(S). The “S” version allows the user the
choice of a fully static low-power data retention mode, or
a dynamic refresh mode at the extended refresh period of
128ms, eight times longer than the standard 16ms specifi-
cations. .

The optional SELF REFRESH feature is initiated by
performing a CBR REFRESH cycle and holding RAS LOW

INvdd Nd4 .

FUNCTIONAL

for the specified tRASS. Additionally, the “S” version al-
lows for an extended refresh rate of 125us per row if using
distributed CBR REFRESH. This refresh rate can be applied
during normal operation or during a standby or extended
refresh mode.

The SELF REFRESH mode is terminated by driving RAS
HIGH for a minimum time of ‘RPS (=!RC). This delay allows
for the completion of any internal refresh cycles that may
be in process at the time of the RAS LOW-to-HIGH transi-
tion. If the DRAM controller uses a distributed CBR RE-
FRESH sequence, a burst refresh is not required upon
exiting SELF REFRESH mode. However, if the DRAM
controller utilizes RASONLY or burst refresh sequence, all
1,024 rows must be refreshed within 300us prior to the
resumption of normal operation.

BLOCK DIAGRAM

FAST PAGE MODE

DATA-IN o DQ1

T

BUFFER

o DQ2

ADDRESS

20 0 BUFFER(10)

o DQ3
*EARLY WRITE o DQ4
NO.2CLOCK [+ DETECTION CIRCUIT _“::E_ DATA-OUT
GENERATOR BUFFER
o OE

COLUMN
DECODER

Al © :
A2 0 REFRESH SELF REFRESH
A3 0 CONTROLLER OSCILLATOR SENSE AMPLIEIERS
< Ao T and TIMER
A5 © -
A6 © REFRESH I
AT 0 COUNTER
A8 © =
A9 o o« E O 1024x1024x4
ROW- =4 oy o8 MEMORY
ADDRESS [o¥e] a9 2R ARRAY
BUFFERS (10 TR T | 2=
a So | R
T o]
N [&]
S : NO. 1 CLOCK <«—o0 Vce
o———— GENERATOR
<«——o0 Vss

*NOTE: 1. If WE goes LOW prior to CAS going LOW, EW detection circuit output is a HIGH (EARLY WRITE).
2. If CAS goes LOW prior to WE going LOW, EW detection circuit output is a LOW (LATE WRITE).

MT4LC4001J(S)
D10.pm5 - Rev. 2/95

Micron Technology, Inc., reserves the right to change products o specifications without notice.
©1995, Micron Technology, Inc.
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MlCRDN MT4LC4001J(S)

1 MEG x 4 DRAM

TRUTH TABLE
: . ADDRESSES DATA-IN/OUT

FUNCTION RAS CAS WE OF R ic DQ1-DQ4
Standby H H-X X X X X High-Z
READ L L H L ROW COL Data-Out
EARLY WRITE L L L X ROW COL Data-In
READ WRITE L L H—L L—H ROW COL Data-Out, Data;ln
FAST-PAGE-MODE 1st Cycle L H-L H L ROW coL Data-Out
READ = 2nd Cycle L H-L H L | nAa COL . Data-Out
FAST-PAGE-MODE 1st Cycle L H-L L X .| ROW coL Data-In
EARLY-WRITE | 2nd Cycle L H-L L X n/a COL Data-In
FAST-PAGE-MODE 1st Cycle L H-L H-L L—H ROW COL | Data-Out, Data-In
READ-WRITE 2nd Cycle L H-L H—L L—H n/a COL | Data-Out, Data-In
RAS-ONLY REFRESH C L H X X - ROW n/a High-Z
HIDDEN READ L—H-L L H L "~ ROW CcOoL Data-Out
REFRESH WRITE L—H-L L L. X ROW COL Data-In
CBR REFRESH ) - H—L L H X X X High-Z
SELF REFRESH H-L L H X X X High-Z

MT4LC4001J(S) 2 3 1 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D10.pm5 = Rev. 2/95 = ©1995, Micron. Technology, Inc.
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MICRON MT4LC4001J(S)

e 1 MEG x 4 DRAM

ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Any Pin Relative to Vss.............. -1.0V to +4.6V mum Ratings” may cause permanent damage to the device.

Operating Temperature, T, (ambient) .......... 0°C to +70°C This is a stress rating only and functional operation of the
Storage Temperature (plastic) - device at thése or any other conditions above those indi-

Power Dissipation cated in the operational séctions of this specification is not
Short Circuit Output Current implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(Notes: 1, 6, 7) (Vcc = +3.3V £0.3V)

NWvHd II\Id:I l

PARAMETER/CONDITION . SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 3.0 3.6 \%
Input High (Logic 1) Voltage, all mputs ‘ ViH 2.0 | Vcc+l V.
Input Low (Logic 0) Voltage, all inputs ' ‘ ViL -1.0 0.8 \
INPUT LEAKAGE CURRENT , :
Any input OV < VIN < Vcc+0.5V: (All other pins not under test = 0V) I -2 2 - uA
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vourt < Vcc+0.5V) loz -10 10 uA
TTL OUTPUT LEVELS High Voltage (lout = -2mA) VoH 24 \

Low Voltage (lout = 2mA) VoL : 0.4 Vv

. MAX
PARAMETER/CONDITION SYM -6 -7 -8 UNITS { NOTES
STANDBY CURRENT: (TTL) (RAS = ViH) Icct 1 1 1 mA
STANDBY CURRENT: (CMOS) lcc2 500 500 500 HA
(RAS = CAS = Other Inputs = Vcc -0.2V) lcc2 100 100 100 HA
(S only)

OPERATING CURRENT: Random READ/WRITE
Average power supply current lccs 80 70 60 mA 13,4,30
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])
OPERATING CURRENT: FAST PAGE MODE
Average power supply current (RAS = Vi, CAS, lcca 60 50 40 mA 13,4,30
Address Cycling: tPC = tPC [MIN])

REFRESH CURRENT: RAS ONLY
Average power supply current lccs 80 70 60 mA | 3,30
(RAS Cycling, CAS = Vix: IRC = 'RC [MIN])

REFRESH CURRENT: CBR
Average power supply current Icce 80 70 60 mA 3,5
(RAS, CAS, Address Cycling: IRC = 'RC [MIN])
REFRESH CURRENT: Extended (S version only)
Average power supply current during Extended Refresh:
CAS = 0.2V or CBR cycling; 'RAS = 'RAS (MIN); lccr | 150 | 150 | 150 pA | 3,5,
WE = Vcc - 0.2V; A0-A9,0E, and Din = Ve - 0.2V or 0.2V (S only) 28
(Din may be left open); 'RC = 125us (1,024 rows at 125us = 128ms)
REFRESH CURRENT: SELF (S version only)

Average power supply current during SELF REFRESH:

CBR cycle with tRAS > 'RASS (MIN) and CAS held LOW; lccs 150 150 150 uA 5,29
WE = Vcc - 0.2V; A0-A9,0E, and Din = Voc - 0.2V or 0.2V (S only) .
(Din may be left open)

MT4LC4001J(S) < ‘ 2 3 2 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D10.pm5 ~Rev. 2/95 - ©1995, Micron Technology, Inc.



MICRON

MT4LC4001J(S)
1 MEG x 4 DRAM

CAPACITANCE
PARAMETER SYMBOL MAX | UNITS | NOTES
Input Capacitance: AO-A9 Ci 5 pF 2
Input Capacitance: RAS, CAS, WE, OF Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vcc = +3.3V +0.3V)

AC CHARACTERISTICS -6 Y | -8

PARAMETER SYM MIN MAX MIN. MAX MIN MAX_ | UNITS NOTES

Access time from column-address AA 30 35 40 | ns

Column-address hold time (referenced to RAS) | = ‘AR 45 50 55 ns

Column-address setup time i 'ASC 0 0 0 ns

Row-address setup time 'ASR 0 0 0 ns

Column-address to WE delay time TAWD 55 65 70 ns 21

Access time from CAS 'CAC 15 20 20 ns 15

Column-address hold time 'CAH 10 15 . 15 ns

TAS pulse width ICAS | 15 | 10,000 | 20 |10,000| 20 | 10,000 ns

'RAS LOW to “don’t care” during 'CHD 10 10 10 ns 29

SELF REFRESH cycle ) i

‘CAS hold time (CBR REFRESH) 'CHR 10 10 . 10 ns 5

CAS to output in Low-Z ‘CLz 3 '3 3 ns

CAS precharge time ‘CP 10 10 10 ns 16

Access time from CAS precharge 'CPA 35 40 45 ns

CAS to RAS precharge time 'CRP 10 10 10 ns

‘CAS hold time 'CSH 60 70 80 ns

CAS setup time (CBR REFRESH) 'CSR 10 10 10 ns 5

‘CAS to WE delay time ‘CWD 40 . 50 50 ns 21

Write command to CAS lead time ‘CWL 15 20 20 ns

Data-in hold time DH 10 15 15 ns 22

Data-in hold time (referenced to RAS) 'DHR 45 55 60 ns

Data-in setup time DS 0 0 0 ns 22

Output disable ‘oD 15 20 20 ns 27

Output Enable time 'OE 15 20 20 ns 23

OE hold time from WE during tOEH 15 20 20 ns 26

READ-MODIFY-WRITE cycle

Output buffer turn-off delay 'OFF 3 15 3 20 3 20 ns 20

OE setup prior to RAS during ORD 0 0 0 ns

HIDDEN REFRESH cycle

FAST-PAGE-MODE tPC 35 40 45 ns

READ or WRITE cycle time

FAST-PAGE-MODE PRWC 85 100 105 ns

READ-WRITE cycle time

Access time from RAS 'RAC 60 70 80 ns 14
m’;l';ﬁgoihﬁls.)m 2_ 33 Micron Technology, Inc., reserves the right to change products ‘:; m?‘n: ;’l?\ngwm
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MICRON

TECHNOLOGY, INC

MT4LC4001J(S)
1 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10‘, 11,12, 13, 23) (Vce = +3.3V +0.3V)

AC CHARACTERISTICS

-6 -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES

RAS to column-address delay time 'RAD' 15 30 15 35 15 40 ns 18

Row-address hold time 'RAH 10 10 10 ns

Column-address to RAS lead time RAL 30 35 40 ns

RAS pulse width RAS 60 10,000 70 10,000 80 10,000 ns

RAS pulse width (FAST PAGE MODE) 'RASP 60 100,000 70 100,000 80 100,000 ns

RAS pulse width during 'RASS | 100 100 100 us 29

SELF REFRESH cycle

Random READ or WRITE cycle time ‘RC 110 130 150 ns

RAS to CAS delay time iRCD | 20 45 20 50 20 60 ns 17

Read command hold time (referenced to CAS) | *RCH 0. 0 0 ns 19

Read command setup time RCS 0 0 0 ns

Refresh period (1,024 ¢cycles) 'REF 16 16 . 16 ms

Refresh period (1,024 cycles) S version 'REF 128 128 128 ms

RAS precharge time RP 40 50 60 ns

RAS to CAS precharge time RPC 0 0 0 ns

RAS precharge time during RPS 110 130 150 ns 29

SELF REFRESH cycle :

Read command hold time (referenced to RAS) | 'RRH | 0 0 0 ns 19

RAS hold time tRSH ‘15 20 20 ns

READ WRITE cycle time RWC 150 180 200 ns

RAS to WE delay time tRWD 85 100 110 ns 21

Write command to RAS lead time “RWL 15 20 20 ns

Transition time (rise or fall) T 3 50 3 50 3 50 ns

Write command hold time WCH 10 ) 15 15 ns

Write command hold time (referenced to RAS) | 'WCR 45 55 60 ns

WE command setup time twcs 0 0 0 ns 21,27

Write command pulse width wp 10 15 15 ns .

WE hold time (CBR REFRESH) 'WRH 10 10 10 ns 25

WE setup time (CBR REFRESH) 'WRP | 10 10 10 ns 25
gira:t’.:n?fgﬁ sos 2_ 3 4 Micron Technology, Inc., reserves the right to change products é,); gggcmlc:r:?‘n:;mgluggr;oﬁ




MICRON

TECHNOLOGY, INC,

MT4LC4001J(S)
1 MEG x 4 DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = +3.3V £0.3V;
f=1MHz.

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the outputs open.

5. Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range is assured.

7. Aninitial pause of 100us is required after power-up
followed by eight RAS refresh cycles (RAS ONLY or
CBR with WE HIGH) before proper device operation
is assured. The eight RAS cycle wake-ups should be
repeated any time the 'REF refresh requirement is
exceeded.

8. AC characteristics assume T = 5ns.

9. Vm (MIN) and Vi (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VIL (or between VIL
and Vin).

10. In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vix and
V1L (or between ViL and VIH) in a monotonic manner.

11. If CAS = Vi, data output is High-Z.

12. If CAS = Vi, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to two TTL gates
and 100pF. Output reference voltages are 0.8V for a
low level and 2.0V for a high level.

14. Assumes that 'RCD < 'RCD (MAX). If 'RCD is greater
than the maximum recommended value shown in this
table, 'RAC will increase by the amount that fRCD
exceeds the value shown.

15. Assumes that 'RCD 2 'RCD (MAX).

16. If CAS'is LOW at the falling edge of RAS, Q will be
maintained from the previous cycle. To initiate a new
cycle and clear the data-out buffer, CAS must be
pulsed HIGH for 'CP.

17. Operation within the ‘RCD (MAX) limit ensures that
fRAC (MAX) can be met. TRCD (MAX) is specified as’
a reference point only; if ‘RCD is greater than the
specified fRCD (MAX) limit, then access time is
controlled exclusively by {CAC.

18. Operation within the 'RAD (MAX) limit ensures that
fRCD (MAX) can be met. tRAD (MAX) is specified as
a reference point only; if ‘RAD is greater than the
specified '/RAD (MAX) limit, then access time is
controlled exclusively by tAA.

19. Either 'RCH or ‘RRH must be satisfied for a READ

cle.

20. 'OFF (MAX) defines the time at which the output
achieves the open circuit condition and is not
referenced to VoH or Vor.

21. 'WCS, IRWD, tAWD and 'CWD are restrictive
operating parameters in LATE WRITE and READ-
MODIFY-WRITE cycles only. If 'WCS > tWCS (MIN),
the cycle is an EARLY WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If 'RWD 2 'RWD (MIN), tAWD > tAWD
(MIN) and ‘CWD 2 {CWD (MIN), the cycle is a
READ-MODIFY-WRITE and the data output will
contain data read from the selected cell. If neither of
the above conditions is met, the state of data-out is
indeterminate. OE held HIGH and WE taken LOW
after C—Aggoes LOW results in a LATE WRITE (OE-
controlled) cycle.

22. These parameters are referenced to CAS leading edge
in EARLY WRITE cycles and WE leading edge in
LATE WRITE or READ-MODIFY-WRITE cycles.

23.1f OF is tied permanently LOW, LATE WRITE or

READ-MODIFY-WRITE operations are not permis-
sible and should not be attempted.
24. A HIDDEN REFRESH may also be performed after a

WRITE cycle. In this case, WE =LOW and OE =HIGH.

25. 'WTS and 'WTH are setup and hold specifications for
the WE pin being held LOW to enable the JEDEC test
mode (with CBR timing constraints). These two
parameters are the inverts of 'WRP and ‘WRH in the
CBR refresh cycle.

26. LATE WRITE and READ-MODIFY-WRITE cycles
must have both 'OD and 'OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. If OFE is
taken back LOW while CAS remains LOW, the DQs
will remain open.

27. The DQs open during READ cydles once '*OD or tOFF

occur. If CAS goes HIGH before OE, the DQs will
open regardless of the state of OE. If CAS stays LOW
while OE is brought HIGH, the DQs will open. If OE
is brought back LOW (CAS still LOW), the DQs will
provide the previously read data.

28. Refresh current increases if ‘RAS is extended beyond
its minimum specification.

29. If the DRAM controller uses a burst refresh, a burst
refresh of all rows must be executed upon exiting
SELF REFRESH.

30. Column-address changed once each cycle.

MT4LC4001J(S)
D10.pm5 - Rev. 2/95
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1 MEG x 4 DRAM

MICRON MT4LC4001J(S)

READ CYCLE

Re
RAS tRP
[ EEE—
s vl Z
tcsH
. tRSH tRRH
|t
| tCRP tRCD tcas
vy~
cas v C ; N
. AR ) |
'RAD Rl |
1
tasr tRAH tasc tcAH

ADDR ¥:E :mi ROW m COLUMN )0/ / / / ROW

" tRes tRoH .
I

v Ty - X
tan
tRAC
tcac toFF
oLz

0 vieH = OPEN VALD DATA OPEN

toE top

o

&= W T V1A T

EARLY WRITE CYCLE

Re
tRAS \ ‘RP
oy
ms vl Z N
tcsH
tRSH
| RSE
. \ tcrp tRCD tcas
CAS UM —
s v o f
taR
RAD tRAL
tasR RAH tasc tcan
o )
ApDR Vit m ROW m COLUMN A ROW
: towt
|
tRwL
1
wer
twes tweH
§ twp
— vy
wE Vit 7
DHR
! tos toH
pQ ¥;gf ~ 5223( VALID DATA W
SE UM
OE vy’
[//) bon'T care
o
% UNDEFINED
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1 MEG x 4 DRAM

READ WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

tRwWe
tRaS i 'RP
vy . L—'—
ARs i C —
tosH
1
RSH
[ tcrp ReD. tcas
— VIH -
S 4
AR
'RAD tRAL
' 'ASR tRAH l tasc fcaH
v
S/ S /), S /] T
| 'RWD fowt | ‘
tres | tcwp RwL
1 ] .
tawp wp
WE UM - g
WE  yi0 / E : y /
taa B
'RAC
tcac
s || loH,
torz = |- 2| ||
VioH —.
Qv OPEN OPEN - =~
t top,

= R, &Y

FAST-PAGE-MODE READ CYCLE

. 1
'RAsP RP,
== VW) ’L
mAS vy _
fosH pc tRsH
1terp RCD tcas tcp lcas | fep foas . - o |
TAS VH - 1 i k|
CAS Vi -/ -
AR
'RAD RAL
1, 1 1, Y, 1 1
! ASR ‘RAH 'ASC tcan 'ASC tcan, I 'ASC CAH, I
Vin =
R/ SR /) ST /) S ) ST
tacs i“"‘RCS - l--—‘ncs ‘c:rl [=—"RRH
|<__._ tRCH— iﬁ tRcH —>| |<.‘ i
= Vi
v W 74 N
l tAA | B tAA ] tAA
tRAC ' tcpa ) topa
g toac | | lorg, teac toFE oae || o
: toLz—|  |=— torz—>| |- torz —| |~
M PEN VALID { VALID Y VALID
Pa vioL of DATA L _DATA 4 - DATA OFEN

e o bl

DON'T CARE

UNDEFINED

MT4LC4001J(S) 7 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MT4LC4001J(S)
1 MEG x 4 DRAM

— Vi =~
s Yy

@ W

ADDR z}f

=V
WE

v
= Vgt

— V
cE vt

__ v
ms v
— vy =
Gyt C
ADDR }',{f
—
wE v
Vion
ba Vil
— v
oE v

*NOTE:

FAST-PAGE-MODE EARLY-WRITE CYCLE

RASP P |
tesH ) 'RSH
1 tere tReD, toas tep tcas tep tcas 1o teP i
L Ea
vy A
AR
'RAD tRAL
I tAsR RAH | VEY caH | tasc tcan, tASC A
m ROW m COLUMN W/ % COLUMN COLUMN 20/ 0( ROW
towt l towL towL |
twos twon 'wes twer ' ‘wes wen
we we . we
S W, ' T
| twoR tawL l
| DHR -
! tos ton i tos ton i tps ton i
/ / / »{ VALID DATA @i VALID DATA VALID DATA W // / / / /

SN

i

7l W

T,

FAST-PAGE-MODE READ-WRITE CYCLE
(LATE WRITE and READ-MODIFY-WRITE cycles)

RASP

1<RP_

tesH *tpc /tPRWC tRSH
12 teRP. tReD tcas tcp tcas tcp tcas lep
-/ / X
AR
tRAD 'RAL
tasR RAH, tasc ‘cAH tasgl|, ‘tcaH lasc|| tcaH
:@( ROW COLUMN // / COLUMN JW COLUMN ROW
| tAwD | -] i..lnw,_
tRes | )
{ - [ tow
-
tawp
WO
towp
tan
RAC
tcac |

toiz = =
—————————OFEN v

OPEN

i 1'021

1.'PC is for LATE WRITE cycles only.

DON'T CARE

UNDEFINED

MT4LC4001(S)
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MICHDN MT4LC4001J(S)

1 MEG x 4 DRAM

CBR REFRESH CYCLE
(Addresses and OE = DON'T CARE)

" i o Yy

rP tRAS tRP RAS -
—_— V| —-
RAS i N
'RPC I I

_lep |, tesm ‘cHR RPC | tcsR ICHR 1
Wy = L
G i - j i / H( Jt g
oa = OPEN U

twRP | | tWRH 'WRP || 'WRH

RAS-ONLY REFRESH CYCLE
(WE = DON'T CARE)

‘RC
'RAS rp
s W o W i E
1 ‘crp 'RPC |
s o f ' X/
ASR tRAH
ApDR  VIH :m ROW W/ X ROW
DQ \\fg‘*_‘ E OPE
SELF REFRESH CYCLE
(Addresses and OE = DON'T CARE)
tRP tRASS NOTE ! RPS
ute | NOTE 2
s ~ /. wec (t tRpC \_/\_()(/ \__/
1o [ tosm ‘cHp ‘331,
=W A

/N

; | 1 |.M.] -tW_F“L]
% 12 7700000 ) 7 T

7
DON'T CARE
X unperineD

(
Z

pa YOH T {— open
(

VoL -
. wep WRH_,

NOTE: 1. Once 'RASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode.
2. Once 'RPS is satisfied, a complete burst of all rows should be executed.

MTA4LC4001J(S) 2 39 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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MICRON MT4LC4001J(S)

1 MEG x 4 DRAM

HIDDEN REFRESH CYCLE
(WE = HIGH; OE = LOW)

(READ) : (REFRESH)
'RAS . RP tRas
moT ) — —
i tcRP tRCD tRsH cHR
o W f i | —
AR
RAD tRAL
tASR RAH, i tasc tcan
ADDR ¥;E:ml ROW m‘ COLUMN ‘W
tha
s torF
tcac | oo
tciz
ba x:gf E OPEN VALID DATA b— OPEN—
to oo,
—_— _ 1
= Y S

DON'T CARE

UNDEFINED

MT4LC4001J(S) 2 Micron Technology, Inc., reserves the right to change products or spedifications without notice.
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MICRO

TECHNOLOGY. INC.

MT4C4004J
1 MEG x 4 DRAM

DRAM

1 MEG x 4 DRAM

5V, QUAD CAS PARITY,

FEATURES

e Four independent CAS controls, allowing individual
manipulation to each of the four data input/output
ports (DQ1 through DQ4).

¢ Offers a single chip solution to byte-level parity for
36-bit words when using 1 Meg x 4 DRAMs for
memory

¢ Emulates WRITE-PER-BIT at design-in level, with

simplified timing constraints

High-performance CMOS silicon-gate process

Single +5V £10% power supply

Low power, 3mW standby; 225mW active, typical

All inputs, outputs and clocks are TTL-compatible

1,024-cycle refresh in 16ms

Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR)

and HIDDEN

OPTIONS MARKING
¢ Timing

60ns access ) -6

70ns access -7
¢ Packages

Plastic SOJ (300 mil) DJ

¢ Part Number Example: MT4C4004]DJ-7

KEY TIMING PARAMETERS
SPEED RC RAC 'PC AR ICAC RP
-6 110ns | 60ns 35ns 30ns 15ns 40ns
-7 130ns | 70ns 40ns 35ns | 20ns 50ns
GENERAL DESCRIPTION

The MT4C4004] is a randomly accessed solid-state
memory containing 4,194,304 bits organized in a x4 con-
figuration. This 1 Meg x 4 DRAM is unique in that each

CAS (CAST through CAS4) controls its corresponding data

I/Oportin conjunction with OE (thatis, CAST controls DQ1

1/0 port, CAS2 controls DQ2, CAS3 controls DQ3 and

CAS4 controls DQ4).

The best way to view the Quad CAS function is to
imagine the CAS inputs going into an OR gate to obtain an
internally generated CAS signal functioning in an identical
manner to the single CAS input on a standard 1 Meg x 4
DRAM device. The key difference is that each CAS controls

FAST PAGE MODE
PIN ASSIGNMENT (Top View)
24/26-Pin SOJ
(DA-2)
DQ1 01 26 [1 Vss
DQ2 02 25 1 DQ4
"WE Q3 24 0 DQ3
RAS (4 23 0 CAs4
CAS1 05 22 0 OE
CAS2 [0 6 21 0 CAS3
A9 8 19 1 NC
A0 09 18 [1 A8
A1 010 17 0 A7
A2 O 11 16 0 A6
A3 12 150 A5
Vce 0013 14 D A4

its corresponding DQ tristate logic (in conjunction with OF

and WE) on the Quad CAS DRAM.

During READ or WRITE cycles, each bit is uniquely
addressed through the 20 address bits, which are entered 10
bits (A0-A9) at a time. RAS is used to latch the first 10 bits,
and the first CASis used to latch the latter 10 bits. READ and
WRITE cycles are selected with the WE input. A logic HIGH
on WE dictates READ mode while a logic LOW on

WE dictates WRITE mode.

During a WRITE cycle, data-in (Dx) is latched by the
falling edge of WE or the first CAS, whichever occurs last.
If WE goes LOW prior to the first CAS going LOW, the
output pin(s) remain open until the next CAS cycle. If WE
goes LOW after data reaches the output buffer, data-out (Q)
is activated and retains the selected cell data until the
trailing edge of its corresponding CAS occurs (regardless of

WE or RAS). This late _Vﬁpulse results in a READ-WRITE

cycle (OE switching the device from a READ to a WRITE
function). The four data inputs and four data outputs are
routed through four pins using commen I/O, with pin
direction controlled by WE and OE.

MT4C4004J
D17.pm5 ~ Rev. 2/95
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MICRON

TECHNOLOGY. IN

MT4C4004J
1 MEG x 4 DRAM

GENERAL DESCRIPTION (continued)

FAST PAGE MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-A9) page boundary. The FAST
PAGE MODE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address strobed-
in by the first CAS. CAS may be toggled-in by holding
RAS LOW and strobing-in different column-addresses,
thus executing faster memory cycles. Returning RAS HIGH
terminates the FAST PAGE MODE operation.

Returning RAS and all four CAS controls HIGH termi-
nates a memory cycle and decreases chip current to a

reduced standby level. Also, the chip is preconditioned for
thenext cycle during the RAS HIGH time. Memory cell data
is retained in its correct state by maintaining power and
executing any RAS cycle (READ, WRITE) or RAS refresh
cycle (RAS ONLY, CBR, or HIDDEN) so that all 1,024
combinations of RAS addresses (A0-A9) are executed at
least every 16ms, regardless of sequence. The CBR RE-
FRESH cycle will invoke the internal refresh counter for
automatic RAS addressing.

FUNCTIONAL BLOCK DIAGRAM

QUAD CAS
‘WE
CAST o
CASZ o DATA-IN o DQT
e BUFFER o DQ2
o DQ3
CAS4 o—9 t o DQ4
DATA-OUT
NO. 2 CLOCK |+ BUFFER
GENERATOR
| EARLYwWRITE | 9 —
[} > DETECTION CIRCUIT o OE
I
COLUMN-

ADDRESS
BUFFER

REFRESH

CONTROLLER
P

(]

REFRESH
"COUNTER

ADDRESS
BUFFERS (10)

NO. 1'CLOCK
GENERATOR

ROW
DECODER

RAS o - |

SENSE AMPLIFIERS
) G

-
= Q5| 1024x1024x4
g o8 “MEMORY
2QF [ ARRAY
zg | z°

w | 0 T
gm | 2
[&]

<«——o0 Vcc

<+«—o0 Vss

*NOTE: 1. WE LOW prior to first CAS LOW, EW detection circuit output is a 1.
2. First CAS LOW while WE HIGH, EW detection circuit output is a 0; (OE will now determine 1/O).

MT4C4004)
D17.pm5 ~Rev. 2/95
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MICRON MT4C4004J

1 MEG x 4 DRAM

<
TRUTH TABLE m
. ; ADDRESSES DOx E ;
FUNCTION RAS | CASx | CASy | WE OF R | ¢ (DQy always High-Z) -
Standby H [H-X| H-X | X X X X High-Z
READ L | L H H L |Row | coL ‘Data-Out | ™1
EARLY WRITE L L H L X | ROW | coL Data-In O
READ-WRITE L L H [H-L | L~H | Row [ cOL | Data-Out Data-ln | =
FAST-PAGE-MODE | 1stCycle L |H-L| H H L [mow | coL Data-Out ‘
READ 2nd Cycle L |H-L| H H |- L nfa | COL Data-Out O
FAST-PAGE-MODE | 1stCycle L |H-L| H L X | row | coL Data-In g
EARLY-WRITE g 2nd Cycle L H-L H L X n/a CcoL Data-In
FAST-PAGE-MODE | 1stCycle L |[H-L| H [H-L |[L~H |ROW | cOL | Data-Out, Data-In =
READ-WRITE 2nd Cycle L H-L H H-L | L—H n/a COL | Data-Out, Data-In
RAS-ONLY REFRESH ' L H H X X |ROW | nfa |- High-Z
HIDDEN READ L-H-L| L H H L |Row | coL Data-Out
REFRESH WRITE L-H-L| L H L X | Row | coL Data-In
CBR REFRESH o H—-L | L H H X X X High-Z

MT4C4004J - 92:43 Micron Technology, Inc., reserves th right to change products or specifications without notice.
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MT4C4004J

1 MEG x 4 DRAM

|'|'| ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
2> Voltage on Any Pin Relative to Vs ......ccoecvcvveni=1V to +7V mum Ratings” may cause permanent damage to the device.
Operating Temperature, T, (ambient) .......... 0°C to +70°C This is a stress rating only and functional operation of the
Storage Temperature (plastic) ..............c..... -55°C to +150°C device at these or any other conditions above those:indi-
Power Dissipation ' 1w cated in the operational sections of this specification is not
Short Circuit Output Current .........cc..icceeiie eveveeennel DOMA implied. Exposure to absolute maximum rating conditions
M . for extended periods may affect reliability.
© ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
g (Notes: 1, 6, 7) (Vcc =5V £10%). ’
g PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \')
Input High (Logic 1) Voltage, all inputs ViH | 24 |VccHl Vv
Input Low (Logic 0) Voltage, all inputs . ViL -1.0 08 |V
INPUT LEAKAGE CURRENT
Any input OV < VIN £ 6.5V ‘ : I -2 2 pA
(All'other pins not under test = 0V) - ) )
‘OUTPUT LEAKAGE CURRENT (Q is disabled; 0V < Vout < 5.5V) loz -10 10 pA
OUTPUT LEVELS VoH 24 \%
Output High Voltage (lout = -5mA)
Output Low Voltage (lout = 4.2mA) VoL 0.4 \
MAX
PARAMETER/CONDITION SYMBOL| -6 -7 | UNITS | NOTES
STANDBY CURRENT: (TTL) lcct 25 25 mA
(RAS = CAS = ViH)
STANDBY CURRENT: (CMOS) lcc2 1 1 26

(RAS = CAS = Vcc -0.2V)
OPERATING CURRENT: Random READ/WRITE

Average power supply current ‘ lccs 110 100 mA | 3,4,
(RAS, CAS, Single Address Cycling: 'RC='RC [MIN]) 39
OPERATING CURRENT: FAST PAGE MODE

Average power supply current lcca 80 70 mA | 3,4,
(RAS = Vi; CAS, Address Cycling: 'PC=PC [MIN]) 39
REFRESH CURRENT: RAS ONLY

Average power supply current Iccs 110 100 mA 3,
(RAS Cycling, CAS = Vii: 'RC= 'RC [MIN]) 39
REFRESH CURRENT: CBR

Average power supply current Icce 110 100 mA 3,5

(RAS, CAS, Address Cycling: tRC= 'RC [MIN])

MT4C4004J & R 2 4 4 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D17.pm5 - Rev. 2/95° =434 ©1995, Micron Technology, Inc.



MICHDN MT4C4004J

1 MEG x 4 DRAM

CAPACITANCE
PARAMETER SYMBOL | MIN MAX | UNITS | NOTES
Input Capacitance: AO-A9 ] Ci1 5 pF 2
Input Capacitance: RAS, CAS1-4, WE, OF : Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDlTIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13, 23, 25) (Voo = 5V £10%)

AC CHARACTERISTICS ) -6 -1

NvHa Nd4d . M3N

PARAMETER . SYM MIN MAX "MIN MAX UNITS NOTES
Access time from column-address AA 30 35° ns
Column-address hold time (referenced to. RAS) ‘AR 45 50 ns
Column-address setup time TASC 0 0 ns 27
Row-address setup time 'ASR 0 0 ns
Column-address to WE delay time AWD 55 ) 65 ns 21
Access time from CAS CAC 15 20 ns 15, 29
Column-address hold time 'CAH 10 15 ns 27
‘CAS pulse width . . 'CAS 15 10,000 20 10,000 ns 35
‘CAS hold time (CBR REFRESH) CHR 10 : 10 ns 5,25, 28
Last CAS going LOW to first CAS to return HIGH .| 'CLCH 10 10 ns 30
CASto outputin Low-Z = . . ‘cLz - 0 0 ns 29
CAS precharge time ‘CP 10 10 ns 16, 32
Access time from CAS precharge 'CPA 35 - 40 ns 29
CAS to RAS precharge time CRP 10 10 ns 28
CAS hold time CSH 60 70 ns | 28
‘CAS setup time (CBR REFRESH) CSR 10 10 ns |5,25,27
‘CAS to WE delay time ‘CWD 40 50 ns 21,27
Write command to CAS lead time CWL 15 20 ns 28
Data-in hold time DH 10 15 ns 22,29
Data-in hold time (referenced to RAS) DHR 45 55 ns

Data-in setup time DS 0 0 ns 22,29
Output disable ‘oD 15 20 ns 38
Output Enable 'OE 15 20 ns 23
OE hold time from WE during 'OEH 15 20 ns 37
READ-MODIFY-WRITE cycle

Output buffer turn-off delay 'OFF 3 15 3 20 ns 20, 29, 38
OE setup prior to RAS during 'ORD 0 0 ns

HIDDEN REFRESH cycle

FAST-PAGE-MODE READ or WRITE cycle time PC 35 40 ns 31

MT4C4004J 2 4 5 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D17.pm5 — Rev. 2/95 = ©1995, Micron Technology, Inc.
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MlCHDN MT4C4004J

» 1 MEG x 4 DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13, 23, 25) (Vcc = 5V £10%)

AC CHARACTERISTICS -6 -1

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES
FAST-PAGE-MODE READ-WRITE cycle time PRWC 85 100 ns 31
Access time from RAS 'RAC 60 70 ns 14
RAS to column-address delay time 'RAD 15 30 15 35 ns 18
Row-address hold time RAH 10 10 ns
Column-address to RAS lead time RAL 30 35 ns

RAS pulse width RAS 60 10,000 70 10,000 ns

RAS pulse width (FAST PAGE MODE) fRASP 60 | 100,000 | 70 |100,000| ns

Random READ or WRITE cycle time RC 110 130 ns

RAS to CAS delay time tRCD 20 45 20 50 ns 17,27
Read command hold time (referenced to CAS) 'RCH 0 0 ns 19, 28
Read command setup time RCS 0 0 ns 27
Refresh period (1,024 cycles) ‘REF 16 16 ms

RAS precharge time ‘RP 40 50 ns

RAS to CAS precharge time 'RPC 0 0 ns

Read command hold time (referenced to RAS) ‘RRH 0 0 ns 19
RAS hold time RSH 15 20 ns 36
READ-WRITE cycle time ‘RWC 150 180 ns

RAS to WE delay time RWD 90 100 ns 21
Write command to RAS lead time RWL 15 20 ns

Transition time (rise or fall) T 3 50 3 50 ns

Write command hold time 'WCH 10 15 ns 36
Write command hold time (referenced to RAS) 'WCR 45 55 ns

WE command setup time twes 0 0 ns 21,27
Write command pulse width wp 10 15 ns

WE hold time (CBR REFRESH) WRH 10 10 ns

WE setup time (CBR REFRESH) 'WRP 10 10 ns

MT4C4004) 2.46 Micron Technology, Inc., reserves the right to change products or spedffications without notice.
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MT4C4004J
1 MEG x 4 DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = 5V £10%;f = 1 MHz.

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the outputs open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range is assured.

7. Aninitial 100ps pause is required after power-up
followed by eight RAS refresh cycles (RAS ONLY or
CBR) before proper device operation is assured. The
eight RAS cycle wake-ups should be repeated any
time the 'REF refresh requirement is exceeded.

8. AC characteristics assume 'T = 5ns.

9. Vm (MIN) and Vi (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and VIL (or between ViL
and V).

10. In addition to meeting the transition rate specification,
all input signals must transit between Via and VIL (or
between VIL and VIH) in a monotonic manner.

11. If CASx = Vi, data output is High-Z.

12. If CASx = VI, data output may contain data from the
last valid READ cycle.

13. Measured with a load equivalent to two TTL gates
and 100pF.

14. Assumes that 'RCD < 'RCD (MAX). If {RCD is greater
than the maximum recommended value shown in this
table, 'RAC will increase by the amount that 'RCD
exceeds the value shown.

15. Assumes that 'RCD 2 'RCD (MAX).

16. If at least one CAS'is LOW at the falling edge of RAS,
Q will be maintained from the previous cycle. To
initiate a new cycle and clear the Q buffer, all four
CAS controls must be pulsed HIGH for tCP.

17. Operation within the 'RCD (MAX) limit ensures that
fRAC (MAX) can be met. 'TRCD (MAX) is specified as a
reference point only; if ‘RCD is greater than the
specified '/RCD (MAX) limit, then access time is
controlled exclusively by {CAC.

18. Operation within the ‘RAD (MAX) limit ensures that
fRAC (MIN) and *CAC (MIN) can be met. '/RAD
(MAX) is specified as a reference point only; if ‘RAD is
greater than the specified 'RAD (MAX) limit, then
access time is controlled exclusively by tAA.

oo

19. Either 'RCH or 'RRH must be satisfied for a READ
cycle.

20. *OFF (MAX) defines the time at which the output
achieves the open circuit condition, and is not
referenced to VoH or Vor. The 3ns minimum isa
parameter guaranteed by design.

21. 'WCS, RWD, tAWD and 'CWD are not restrictive
operating parameters. 'WCS applies to EARLY
WRITE cycles. If tWCS > tWCS (MIN), the cycle is an
EARLY WRITE cycle and the data output will remain
an open circuit throughout the entire cycle. If
RWD > RWD (MIN), tAWD = tAWD (MIN) and
{CWD = '*CWD (MIN), the cycle isa READ-MODIFY-
WRITE, and the data output will contain data read
from the selected cell. If neither of the above
conditions is met, the state of data-out is indetermi-
nate. OF held HIGH and WE taken LOW after CAS
goes LOW results in a LATE WRITE (OE-controlled)
cycle. 'WCS, 'RWD, tAWD and !CWD are not
applicable in a LATE WRITE cycle.

22. These parameters are referenced to CASx leading
edge in EARLY WRITE cycles and WE leading edge
in LATE WRITE or READ-MODIFY-WRITE cycles.

23.If OF is tied permanently LOW, READ-WRITE or
READ-MODIFY-WRITE operations are not permis-
sible and should not be attempted.

24. A HIDDEN REFRESH may also be performed after a
WRITE cycle. In this case, WE = LOW and OE=HIGH.

25. One to three CAS controls may be HIGH throughout
any given CAS cycle, even though the timing wave-
forms show all CAS controls going LOW. If one goes
LOW, it must meet all the timing requirements listed or
the data for that I/ O buffer may be invalid. Atleast one
of the four CAS controls must be LOW for a valid CAS
cycle to occur.

26. All other inputs at Vcc -0.2V.

27. The first CASx edge to transition LOW.

28. The last CASx edge to transition HIGH.

29. Output parameters (DQXx) are referenced to corre-
sponding CASx input; DQ1 by CAST, DQ2 by CAS2,
etc.

30. Last falling CASx edge to first rising CASx edge.

31. Last rising CASx edge to next cycle’s last rising CASx
edge.

32. Last rising CASx edge to first falling CASx edge.

33. First DQx controlled by the first CASx to go LOW.

34. Last DQx controlled by the last CASx to go HIGH.

<
m
=
I
m
v

Nvda
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MT4C4004J
1 MEG x 4 DRAM

ITl NOTES (continued)

35. Each CASx must meet minimum‘pulse width. 38. The DQs open during READ cycles once *OD or *OFF
36. Last CASx to go LOW. occur. If CASx goes HIGH before OF, the DQs will
37. LATE WRITE and READ-MODIFY-WRITE cycles open regardless of the state of OE. If CASx stays LOW
must have both tOD and *OEH met (OF HIGH during while OE is brought HIGH, the DQs will open. IF OE
WRITE cycle) in order to ensure that the output is brought back LOW (CASx still LOW), the DQs will
buffers will be open during the WRITE cycle. If OE is provide the previously read data.
taken back LOW while CAS remains LOW, the DQs 39. Column-address changed once each cycle.

will remain open.

Nvdad Ndd

MT4C4004) 2 4 8 Micron Technology, Inc., reserves the right to change products or specifications without notice.
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TECHNOLOGY. INC.

MT4C4004J
1 MEG x 4 DRAM

RAS

CASx

Vi
ViL

ADDR

3l

Vig =

RAS

CASx

ADDR

= Vi -

Vig =
Vie

VioH —
VioL =

Vi =
ViL —

-

ViL -

READ CYCLE

Re

tosH

RRH

tRCD

tasR

RAD

tRAH

ROW

tRCH
ACLLE

teac
oz

loFF
<2EF |

OPEN.

VALID DATA OPEN

| toE

top

TN

S

Vig =
Vie -

Vig =
ViL

Vi

EARLY WRITE CYCLE

Re

tRaS

fosH

fcRP

ASR

l

COLUMN

twes

Vi

bHR |

1 _tps !

VioH
VioL

VALID DATA

7%

Vi -
ViL -

DON'T CARE
INDEFINED

IRST TO LAST CAS TO TRANSITION
(minimum of 1, maximum of 4)
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MT4C4004J

on 1 MEG x 4 DRAM

TECHNOLOGY, INC

MICR

READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE cycles)

Wvda Nd4 l M3N

tRwC
tRAS . 'RP
vy =
RAS vy _ N\
- losH
. RSH
tcrp ReD toas
foleH
s W
RAL
tasc cAH
V)
AooR it COLUMN 50 0( ROW
[ 11 tmwo 'CWL|
tos | | towp tRwL
tAwD we
|
= Vg
We v L
tan
! " tRac
tcac
N tos_ || !oH
oz —w] | ‘._. ._.1
VioH — J
Dax VIO = opsn—lm VALDD g7 K VALD Dy opEN
toE top, ‘ t
|<——— OEHi
= Vi 2
o ﬁi / \Y
FAST-PAGE-MODE READ CYCLE
RASP RP.
DL
vy = L—:L
s v
tcsH g | tRsH
1 JeRp tReD I1w_lcAS fep . foas ) eyl toas e
toLeH
CASX Q/':’L“ -
AR
tRAD
- PAD
1
| lasa_ || fran tasc ‘ lca tasc | l‘CAH |< tcaH, |
Vig
ADDR viHt _m ROW }@1 COLUMN CoLUMN cowmn X7 RO
i
tRes { l IJ—'acs |’ |<!—‘ncs | 'aa:l |~—taaH
ot | o 1] Tl (] ]
— Viy
W Vi | N4 N4 U
taa tAA | taa
" tmac 1 T tora T teea
[
foac loFp cAC
oz —=| |-— oz —| |-—
VioH - PEN VALID -
DOx vig o x_DATA K
1 1 toE"
OE i on) oE
v,
ce v f .

DON'T CARE

UNDEFINED

IRST TO LAST CAS TO TRANSITION
‘minimum of 1, maximum of 4)
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MICRON MT4C4004J

1 MEG x 4 DRAM

FAST-PAGE-MODE EARLY-WRITE CYCLE

tRASP L

RAD

DL
s Vit C
RAH,

Y
'ASR l

SR L/ .

1
| |"’L’| LI 'CL| LT towe - | |
twes | |chn wes | | wen twes | || [twer
t 1|1
wp twp wp
= v T : W

| Wer tRWL |
| tbHR
! __tbs 1pH tbs DH__, b DH |

| |

| !
Dax ¥:g'g / M VALID DATA @i VALID DATA m VALID DATA W // / /

FAST-PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE cycles)

asE e

pu— -

ms H_

RCD
)’
ICRP.
CASx ¥}t' -
AR
'RAD
t,
| tASR, RAH ASg i
ViH =
ADDR vl ROW @K COLUMN comn X7/ X
| tRWD ‘
§
RCS ! towLs] || towL-s| =
= Vi
W o
RAC
VioH -

DOx vy - OPEN

= Vi

o itz

IRST TO LAST CAS TO TRANSITION
(minimum of 1, maximum of 4)
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MICRON

MT4C4004J
1 MEG x 4 DRAM

RAS-ONLY REFRESH CYCLE
(WE and OE = DON'T CARE)

‘Re
RS 1 P

e
ms v 1|4

tcRP _lg_c_,
o :j /

' tAsR ‘ tRAH

oo Vi Ko W e

)

VioH -
ProvioL =

CBR REFRESH CYCLE
(Addresses and OE = DON'T CARE)

'RAS N tRp

RPC fcsR

eliL) |
N 1o teLeH

| l""ﬂ“”—“ﬁl
K, T K

HIDDEN REFRESH CYCLE 2
(WE = HIGH; OE = LOW)

(READ) (REFRESH)
tRAS. _mP tRAS
e
1 terp tRCD | 1o tRSH tCHR
I teLeH
e z:r:§ Q |
AR
tRAD tRAL |
t 1 B 1 !
I‘ASE— ‘_%”.1 |« ASC, || LA,
ADDR ﬁfjm{ ROW m COLUMN
. o
l tRAC
! tcac
loz
VioH ~
pox y9H ————— oPEN. VALID DATA
. : oE l top,
o= WL, 7 /l forp )
7
/7] bonT care

m UNDEFINED

FIRST TO LAST CAS TO TRANSITION
(minimum of 1, maximum of 4)
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MICRON

TECHNOLO

PRELIMINARY

MT4C4M4B1
4 MEG x 4 DRAM

DRAM

4 MEG x 4 DRAM

5V, FAST PAGE MODE

FEATURES

* JEDEC- and industry-standard x4 pinout, timing,
functions and packages

High-performance CMOS silicon-gate process

Single +5.0V £10% power supply .

Low power, 3mW standby; 250mW active, typical

All inputs, outputs and clocks are TTL-compatible
Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR)
and HIDDEN

® 2,048-cycle (11 row-, 11 column-addresses)

OPTIONS MARKING
e Timing
60ns access -6
70ns access -7 ;
e Packages
Plastic SOJ (300 mil) DJ
Plastic TSOP (300 mil) TG
e Refresh Rate
Standard at 32ms period None

e Part Number Example: MT4C4M4B1DJ-6

KEY TIMING PARAMETERS
SPEED | 'RC_| 'RAC | 'PC | 'aA | 'cAC | WP

-6 110ns | 60ns 35ns 30ns 15ns 40ns
-7 130ns | 70ns 40ns 35ns 20ns 50ns
GENERAL DESCRIPTION

The MT4C4M4B1 israndomly accessed solid-state memo-
ries containing 16,777,216 bits organized in a x4 configura-
tion. RAS is used to latch the first 11 bits and CAS the latter

11 bits. READ and WRITE cycles are selected with the WE

input. A logic HIGH on WE dictates READ mode while a
logic LOW on WE dictates WRITE mode. During a WRITE
cycle, data-in (D) is latched by the falling edge of WE or
CAS, whichever occurs last. If Wgoes LOW prior to CAS
going LOW, the output pins remain open (High- Z) until the
next CAS cycle.

IfWE goes LOW after data reaches the output pins, data-

out (Q) is activated and retains the selected cell data aslong:

as CAS remains LOW (regardless of WE or RAS). This late

PIN ASSIGNMENT (Top View)
24/26-Pin SOJ 24/26-Pin TSOP
(DA-2) (DB-2)
Vee 01 26 0 Vss Vece 4 26 [OVss
DQ1 02 2501 DQ4 DQ1x 2 25 mDQ4
DQ2 [ 3 240DQ3  DQ2rr 3 24 mDQ3
WEQ4 230CAS  _WEm4 23 [0CAS
RAS OS5 22 D OE RASm 5 22 f0OE
NC 6 210 A9 NC 6 21 A9
A100 8 190 A8 A10m 8 19 mA8
A0 9 181 A7 A0 g 18 f0A7
A1010 1700 A6 Al 10 17 0 A6
A2 11 161 A5 A2 11 16 |11A5
A3E 12 1500 A4 A3 12 15 [ A4
Vee 4 13 140 Vss Vee 13 14 [OVss

WE pulse results in a READ WRITE cycle. The four data

inputs and the four data outputs are routed through four
pins using common I/0, and pin direction is controlled by
WEand OE.

FAST PAGE MODE

FAST PAGE MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined page boundary. The FAST PAGE
MODE cycle is always initiated with a row-address strobed-
inbyRAS followed by a column-addressstrobed-inby CAS.
CASmay be toggled-in by holding RASLOW and strobing-
in different column-addresses, thus executing faster
memory cycles. Returning RASHIGH terminates the FAST
PAGE MODE operation.

REFRESH

Preserve correct memory cell data by maintaining power
and executing a RAS cycle (READ, WRITE) or RAS refresh
cycle (RAS ONLY, CBR, or HIDDEN) so that all 2,048
combinations of RAS addresses are executed at least
every 32ms, regardless of sequence. The CBR REFRESH
cycle will invoke the refresh ‘counter for automatic RAS
addressing. ;

MT4C4M4B1
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MICRO

TECHNOLOGY, INC.

PRELIMINARY
MT4C4M4B1

4 MEG x 4 DRAM

WiE
CAS

A0
At

WvHa Nd4d l

A3

A4 ©

A5
A6
A7
A8
A9
A10

- RAS

(11 row-addresses)

NO. 2 CLOCK
GENERATOR

<

!

*EARLY WRITE

DETECTION CIRCUIT :)_—ED—’

- FUNCTIONAL BLOCK DIAGRAM

ADDRESS
BUFFER(11)

DATA-IN DQ1
BUFFER pDQ2
DQ3
DQ4
DATA-OUT
BUFFER
o OE

REFRESH
CONTROLLER

!

REFRESH
COUNTER

ROW-
ADDRESS
BUFFERS (11

!

NO. 1 CLOCK
GENERATOR

= |
o z
] .
za §'5|
o9 wm
=2 o
o =47
Q
)

/0 GATING

]

ROW SELECT
(2 of 4096)

o
L ~y
4006x1024x4 |5 [
MEMORY EAN S
ARRAY e}
to
=
<]
[
<+«——0 Vcec
<+——0 Vss

*NOTE: - 1. If WE goes LOW prior to CAS going LOW, EW detection circuit output is a HIGH (EARLY WRITE). E
2. If CAS goes LOW prior to WE going LOW, EW detection circuit output is a LOW (LATE'WRITE).

MT4C4aM4B1
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PRELIMINARY

Ml:HDN MT4C4M4B1

4 MEG x 4 DRAM

TRUTH TABLE
ADDRESSES DATA-IN/OUT

FUNCTION RAS CAS WE OF 'R 'c D01-D04 -
Standby H H—X X X X X High-Z
READ L L H L ROW COL Data-Out ) |
EARLY WRITE L L L X ROW COL Data-In -U
READ WRITE L L H-L L—H ROW COL | Data-Out, Data-In g
FAST-PAGE-MODE | 1st Cycle L H-L H L ROW | COL Data-Out
READ 2nd Cycle L H-L H L n/a COL Data-Out U
FAST-PAGE-MODE 1st Cycle L H-L L X ROW COoL. Data-n m
EARLY-WRITE 2nd Cycle L H-L L X n/a COL Data-In >
FAST-PAGE-MODE 1st Cycle L H-L H-L L—-H ROW COL | Data-Out,Data-In g
READ-WRITE 2nd Cycle L H—L H-L L-H n/a COL Data-Out, Data-In
RAS-ONLY REFRESH L H X X ROW n/a High-Z
HIDDEN READ L-H—-L L H L ROW COL ' Data-Out
REFRESH WRITE L—-H-L L L X ROW COL Data-In
CBR REFRESH H-L L H X X X High-Z

MT4C4M4B1 R 2 5 Micron Technology, Inc., reserves the right to change products or specifications without notice.
D14.pm5 — Rev, 2/95 -5 ©1995, Micron Technology, Inc.
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MT4C4M4B1
4 MEG x 4 DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Vss .. ........... -1.0V to +7.0V
Operating Temperature, T (ambient) .......... 0°C to +70°C
Storage Temperature (plastic) ...........cco...... -55°C to +150°C
Power Dissipation

Short Circuit Output Current

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
device at these or any other conditions above those indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 6, 7) (Vcc = +5.0V £10%)

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \
Input High (Logic 1) Voltage, all inputs (including NC pins) ViH 2.4 | Vcc+l Vv
Input Low (Logic 0) Voltage, all inputs (including NC <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>