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ABOUT THE COVER: 

Front - Micron's DRAM products, shown here atop a 
4 Meg DRAM wafer, offer a variety of features and advan
tages. Pictured are Micron's 3.3-volt, 16 Meg DRAM SOJ; 
4 Meg DRAM SOJ with Extended Data-Out; and 3.3-volt, 
4 Meg DRAM TSOP. 
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IMPORTANT NOTICE 

Micron Semiconductor, Inc., reserves 
the right to change products or specifica
tions without 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. 
There is no assurance that Micron's 
semiconductors are appropriate for any 
application by a customer. 

MICRON SEMICONDUCTOR, INC., 
MAKES NO WARRANTIES EX
PRESSED OR IMPLIED OTHER THAN 
COMPLIANCE WITH MICRON'S 
SPECIFICATION SHEET FOR THE 
COMPONENT AT THE TIME OF 
DELIVERY. ANY CLAIM AGAINST 
MICRON MUST BE MADE WITHIN 
NINETY (90) DAYS FROM THE DATE 
OFSHIPMENTFROMMICRON,AND 
MICRON HAS NO LIABILITY 
THEREAFTER. ANY MICRON LIA
BILITY IS LIMITED TO REPLACE
MENT OF DEFECTIVE ITEMS OR 
RETURN OF AMOUNTS PAID FOR 
DEFECTIVE ITEMS (AT THE BUYER'S 
ELECTION). 

PREFACE ' 
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MICRON'S PRODUCTS ARE NOT 
AUTHORIZED FOR USE AS CRITICAL 
COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT 
THE EXPRESS WRITTEN APPROVAL 
OF THE PRESIDENT OF MICRON 
SEMICONDUCTOR, INC., AS USED 
HEREIN: 

A. LIFE SUPPORT DEVICES OR 
SYSTEMS ARE DEVICES OR SYS
TEMS WHICH (1) ARE INTENDED 
FOR SURGICAL IMPLANT INTO THE 
BODY, OR (2) SUPPORT OR SUSTAIN 
LIFE AND WHOSE FAILURE TO 
PERFORM WHEN PROPERLY USED 
IN ACCORDANCE WITH INSTRUC
TIONS FOR USE PROVIDED IN THE 
LABELING CAN BE REASONABLY 
EXPECTED TO RESULT IN A 
SIGNIFICANT INJURY TO THE USER. 

B. CRITICAL COMPONENT IS ANY 
COMPONENT OF A LIFE SUPPORT 
DEVICE OR SYSTEM WHOSE 
FAILURE TO PERFORM CAN BE 
REASONABLY EXPECTED TO CAUSE 
THE FAILURE OF THE LIFE SUPPORT 
DEVICE OR SYSTEM OR TO AFFECT 
ITS SAFETY OR EFFECTIVENESS. 

MiCron semiConductor, Inc., reMl'V8$ the riQht to change products or specifications without nOlice. 
@1994,Micron Semiconductor, Jnc. 
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Dear Customer: 

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

ITo 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, VRAMs 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 

iii Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc 

AMBYX is a registered trademark of Micron Systems Integration, Inc. 
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ADVANTAGES 
Micron Semiconductor brings quality, productivity and 

innovation together to provide advantages for our cus
tomers. Our products feature some of the industry's 
fastest speeds and smallest die sizes. And we establish 
delivery standards based on customer expectations, in
cluding JIT programs, made possible by ever-increasing 
product reliability. 

COMPONENT INTEGRATED CIRCUITS 
Micron entered the memory market 14 years ago, first 

designing, then manufacturing dynamic random access 
memory (DRAM). From there, we developed high-per
formance fast static RAM (SRAM), multiport DRAM 
(VRAM and triple-port DRAM), and a variety of other 
memory products. 

As we bring innovative memory solutions to our cus
tomers, we enjoy recognition for our achievements. 
Micron's Triple-Port DRAM was the first IC ever to 
incorporate a second, independent serial access port, 
allowing unparalleled flexibility in data manipulation. 
Micron's Triple-Port received the 1990 "Product of the 
Year" award from Electronic Products magazine. 

SPECIALTY MEMORY PRODUCTS 
Beyond our standard component memory, Micron is 

introducing many revolutionary products that we expect 
will follow the triple-port's tradition. From synchronous 
burst SRAMs to programmable products, Micron contin
ues to forge ahead into new and exciting frontiers. 

We are pleased to be first to market with our compact, 
easy-to-insta1l88-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 also 

provides memory devices in bare die form. These 
are increasingly in demand 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 

*See NOTE, page v. 
**For more information on AMBYX, see Section 6. 
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turnkey services covering all phases of production. Our 
component and system-level manufacturing facilities 
are centrally located in Boise, Idaho, so the component 
products you need are readily available. 

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 you order, faxing up to two documents per 
call to your fax machine. 

QUALITY 
Without a doubt, 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 motivation needed to make Micron's quality philoso
phy 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 bum-in and test system** gives 
Micron a unique edge in product reliability. 

These quality programs recently resulted in Micron 
becoming one of the first U.s. semiconductor manufac
turers to receive ISO 9001 certification. ISO 9001 is the 
most comprehensive level of certification in the interna
tionally recognized ISO family of specifications. The cer
tification implies that Micron's systems for accepting 
orders, reviewing customers' specifications, manufactur
ing and testing products, and delivering those products 
to its customers are quality controlled and produce con
sistent results. 

Micron Semiconductor, Inc., reseIV9S the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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ABOUT THIS BOOK 

CONTENT 
The 1994 DRAM Data Book from Micron Semiconductor 

provides complete specifications on all standard DRAMs 
and DRAM modules as well as specialty and derivative 
products based on our DRAM production process. 

The DRAM Data Book is one of three product data books 
Micron currently publishes. Its two companion volumes 
include our SRAM Data Book and the Specialty DRAM Data 
Book. As product lines continue to diversify, more data 
books will be released. 

SECTION ORGANIZATION 
Micron's 1994 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 nine sections: 

• Sections 1-4: Individual product families. Each 
contains a product selection guide followed by 
data sheets. 

• Section 5: Technical! application notes. 
• Section 6: Summary of Micron's unique 

quality and reliability programs and testing 
operation, including our AMBYX intelligent 
burn-in and test system.* 

• Section 7: Packaging information. 
• Section 8: Sales information, including a list of 

sales representatives and distributors 
worldwide. 

DATA SHEET DESIGNATIONS 

DATA SHEET MARKING 

DATA SHEET SEQUENCE 
Data sheets in this book are ordered first by width and 

second by depth. For example, the DRAM section begins 
with the 1 Meg x 1 followed by 4 Meg x 1 and all other xl 
configurations in order of ascending depth. Next come the 
x4 products, followed by x8, 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 or 
Final. 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 

DEFINITION 

Micron Semiconductor, Inc. 
2805 East Columbia Road 
Boise, ID 83706 
Phone: 208-368-3900 
Fax: 208-368-4431 
Micron DataFax: 208-368-5800 
Customer Comment Line: 

U.S.A. 800-932-4992 
IntI. 01-208-368-3410 
Fax 208-368-3342 

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 overthecomplete 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's DRAM Data Book uses acronyms to refer to certain industry-standard-setting bodies. These are defined 
below: 
EIAIJEDEC-Electronics Industry Association/Joint Electron Device Engineering Council 
JEIDA-Japanese Electronics Industry Development Association 
PCMCIA-Personal Computer Memory Card Intemational Association 

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

PREFACE 
REV. 4194 v Micron Semlcon(luctor, Inc" reseNes the right to change products or specifications without notice. 

©1994, Micron Semiconductor, Inc. 
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EXPANDED COMPONENT NUMBERING SYSTEM 

AA BB CC DODD FFF -GG ZZ ZZ 
-LJ.:.i '1 -L...L ~ 
MT4C42S60J-8 VL 

~= ---=rTT I TT~ 
CMOS- . 

256K.x 4 -------' 

AA - PRODUCT LINE IDENTIFIER 
Micron Product ................................................................ MT 

BB - PRODUCT FAMILY 
DRAM .......................... ; ................................................. : ..... 4 
DPDRAM (VRAM) ........... : ................................................. 42 
TPDRAM ............................................................................ 43 
SRAM ...................................................... , ....................... ; .... 5 
Synchronous SRAM .; ........................................................ 58 

CC - PROCESS TECHNOLOGY 
CMOS .............. , ................................................................... C 
Low Voltage CMOS ............................................................ LC 

DDDD - DEVICE NUMBER 
(Can be modified to indicate variations) 
DRAM ......... ; .......... , .......................................... Width, Density 
DPDRAM (VRAM) .......................................... Width, Density 
TPDRAM ......................... : ............................... Width, Density 
SRAM ......................... : ................................ Total Bits, Width 
Synchronous SRAM ..... ; ................................. Density, Width 

PREFACE 
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Low Voltage, Low Power (Extended Refresh) 
BOns Access Time 
SOJ Package 

E - DEVICE VERSIONS 
(Alphabetic characters only; located between 0 and F when 
required.) 

JEDEC Test Mode (4 Meg PRAM) ....................................... J 
Errata on Base Part .............................................................. Q 

FFF - PACKAGE CODES 
PLASTIC 

DIP ............................................................................ Blank 
DIP (Wide Body) .............................................................. W 
ZiP ... , ................................................................................ Z 
LCC ................................................................................. EJ 
SOP/SOIC ...................................................................... SG 
QFP ................................................................................. LG 
TSOP (Type II) .............................................................. ' .. TG 
TSOP (Reversed) ........................................................... RG 
TSOP (Longer) .......................... : .................................... TL 
SOJ ................................................................................. OJ 
SOJ (Reversed) ............................................................. DR 
SOJ (Longer) ... : ................................... : .......................... DL 

Meren Semiconductor, Inc., reserves the right to change products Of speclflcatfons without noUce. 
@1994,MlcronSemlconductor,lnc. 
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EXPANDED COMPONENT NUMBERING SYSTEM (continued) 

. AA BB CC DODD FFF -GG ZZ ZZ 
--L.L.l. I --L -L .-L 
MT4C42560J-8 VL 

Micron 
DRAM 
CMOS 

256Kx4 

~ I T1<=-
GG - ACCESS TIME 

-5 ...................................................................... 5ns or 50ns 
-6 ...................................................................... 6ns or 60ns 
-7 ...................................................................... 7ns or 70ns 
-8 ...................................................................... 8ns or 80ns 

-10 .................................................................. 10ns or 100ns 
-12 .................................................................. 12ns or 120ns 
-15 .................................................................. 15ns or 150ns 
-17 ................................................................................. 17ns 
-20 ................................................................................. 20ns 
-25 ................................................................................. 25ns 
-35 ................................................................................. 35ns 
-45 ................................................................................. 45ns 
-50 (SRAM only) ........................................................... 50ns 
-53 ................................................................................. 53ns 
-55 ................................................................................. 55ns 
-70 (SRAM only) ........................................................... 70ns 

zz 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 voltage 
(V) and the industrial temperature range (IT) would be indicated as 
V LIT. 

Interim .................................................................................. 1 
Low Voltage ......................................................................... V 

PREFACE 
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Low Voltage, Low Power (Extended Refresh) 
BOns Access Time 
SOJ Package 

zz ZZ - PROCESSING CODES (continued) 
DRAMs 

Low Power (Extended Refresh) ........................................ L 
Low Power (Self Refresh) ................................................ S 

SRAMs 
Low Volt Data Retention ................................................... L 
Low Power ....................................................................... P 
Low Power, Low Volt Data Retention ............................. LP 

EPI Wafer ............................................................................ E 
Commercial Testing 

DoC to +70°C ............................................................. Blank 
-40°C to +85°C ................................................................ IT 
-40°C to + 125°C ............................................................. AT 
-55°C to + 125°C ............................................................. XT 

Special Processing 
Engineering Sample ........................................................ ES 
Mechanical Sample ....................................................... MS 
Sample Kit* .................................................................... SK 
Tape-and-Reel* .............................................................. TR 
Bar Code * ....................................................................... BC 

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

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MIt::I""""aON PREFACE 
I-a ..... ,,, " GENERAL INFORMATiON 

.'. NEW COMPONENT NUMBERING SYSTEM 

AA aa cc DDDDDD EE FFF -GG ZZ ZZ 
~.L...l.. I .....L---L...L----L 
MT4C1M16A1DJ-8 VL , 

Micron I IT I 1 T. T. ~ Low Voltage, L~w Power (Extended Refresh) 
DRAM - . - SOns Access Time 
CMOS SOJ Package 

1 Meg x 16 . , . - , Data Sheet Defined 

AA - PRODUCT LINE IDENTifIER' 
Micron Product ................................................................ MT 

BB - PRODUCT FAMILY 
DRAM .................................................................................. 4 
DPORAM (VRAM) ............................................................. 42 
TPDRAM ............................................................................ 43 
Synchronous DRAM ............................... , .......................... 48 
SRAM ................................................................................... 5 
Synchronous SRAM ... , ...................................................... 58 

CC - PROCESS TECHNOLOGY 
CMOS· ..................................................... ; ............................ C 
Low Voltage CMOS ......... .-.................................................. LC 
SiCMOS ............................................................................... B 
Low Voltage BiCMOS ........................................................ LB 

DDDDDD - DEVICE NUMBER 
Depth, Width 
Example: 
IM16 = 1 megabit deep by 16 bits wide = 16 megabits of total 
memory. 

No Letter .......................................... ; ................... ; .. : ....... Bits 
K ................................................................................ Kilobits 
M ............................................................................. Megabits 
G ............................................................................... Gigabits 

PREFACE 
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EE - DEVICE VERSIONS 
. (The first character is an alphabetic character only; the 

second character is a numeric character only.) 
Specified by individual data sheet. 

FFF- PACKAGE CODES 
Plastic 

DIP ............................................................................ Blank 
DIP (Wide Body) .............................................................. W 
ZiP .................................................................................... Z 
LCC .............................................................. : .................. EJ 
SOP/SOIC ...................................................................... SG 
QFP ................................................................................. LG 
TSOP (Type II) ................................................................ TG 
TSOP (Reversed) ........................................................... RG 
TSOP (Longer) .......................... : .................................... TL 
SOJ ...................................................... , .......................... DJ 
SOJ (Wide) ............................ : ...................................... OW 
SOJ (Reversed) .............. ;, .. ; .... : .................... \ ................ DR 
.SOJ,(Longer) ..... .' ............................................................ DL 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1994,McrooSemioonWctor,100. 
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NEW COMPONENT NUMBERING SYSTEM (continued) 

AA BB CC DDDDDD EE FFF -GG ZZ ZZ 
~ 1...l. I --.L ---.L...L --..L 
MT4C1M16A1DJ~ VL 

Micron I IT I 1 1T ~ Low Voltage, L~w Power (Extended Refresh) 
DRAM - - 80ns Access Time 
CMOS. SOJ Package 

1 Meg x 16 Data Sheet Defined 

GG - ACCESS TIME 
-5 ...................................................................... 5ns or 50ns 
-6 ...................................................................... 6ns or 60ns 
-7 ...................................................................... 7ns or 70ns 
-8 ...................................................................... 8ns or 80ns 
-9 ...................................................................... 9ns or 90ns 

-10 .................................................................. iOns or 100ns 
-12 ................................................. , ................ 12ns or 120ns 
-15 .................................................................. 15ns or 150ns 
-17 ................................................................................. 17ns 
-20 ................................................................................. 20ns 
-25 ................................................................................. 25ns 
-35 ................................................................................. 35ns 
-45 ................................................................................. 45ns 
-53 ................................................................................. 53ns 
~ ....................................................•............................ ~~ 

zz 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 voltage 
(V) and the industrial temperature· range (IT) would be indicated as 
V L IT. 

Interim .................................................................................. I 
~~_ ......................................................................... V 

ix 

ZZ ZZ - PROCESSING CODES (continued) 
DRAMs 

Low Power (Extended Refresh) ....................................... L 
Low Power (Self Refresh) ................................................ S 

SRAMs 
Low Volt Data Retention ................................................... L 
Low Power ....................................................................... P 
Low Volt Data Retention, Low Power ............................. LP 

EPI Wafer ........................................... . ..... E 
Commercial Testing 

O°C to +70°C ................ .. .................. .. ........... Blank 
-40°C to +85°C .............................................................. IT 
-40°C to + 125°C ......................................................... AT 
-55°C to + 125°C ............................................................. XT 

Special Processing 
Engineering Sample ........................................................ ES 
Mechanical Sample ....................................................... MS 
Sample Kit* .................................................................... SK 
Tape-and-Reel* .............................................................. TR 
Bar Code * ....................................................................... BC 

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

Micron Semiconductor, Inc., reserves the right to change products or specifications withOut notice. 
©1994, Micron Semiconductor, Inc. 
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MODULE NUMBERING SYSTEM 

AA BB CDDDEEEFFF GG HH JJ KK 
--.:.L -L L L.l-L-L-L ..L..L 
MT12LD136xxG-71.,.. . 

M.~-=-Trn 11 T L- DRAM Low Powe< 12 Components . . 70ns Access Time 
3.3 Volt . Gold Plating 

DRAM Module . Device Version 
1 Meg x36 

AA - PRODUCT LINE IDENTIFIER 
Micron Semiconductor Product ....................................... MT 

BB - NUMBER OF MEMORY COMPONENTS 

C - PROCESS TECHNOLOGY 
LOW VOLTAGE (3.3V) ......................................................... L 

DDD - RAM FAMILY 
DRAM ................................................................ : ................. 0 
DRAM TSOP ...................................................................... OT 
SRAM ..................................................................... · ............. S 
SRAM TSOP ...................................................................... ST 
SYNCHRONOUS SRAM ..................................................... SY 
SYNCHRONOUS SRAM TQFP ....................... , .................. SYT 
VRAM .................................................................................. V 

EEE-DEPTH 

FFF-WIDTH 

GG - DEVICE VERSIONS 
Specified by individual data sheet (Synchronous SRAM only) 

HH - PACKAGE CODE 
Gold Plated SIMM/OIMM .................................................... G 
ZIP ....................................................................................... Z 
SIP ...................................................................................... N 
SIMM/OIMM ....................................................................... M 
Small Outline OIMM ............................................................ H 
Small Outline Gold OIMM ................................................. HG 
Double-Sided SIMM (1 or 4 Meg x 36 Only) ................... OM 
Double-Sided SIMM (Gold 1 or 4 Meg x 36 Only) ............ OG 

PREFACE 
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JJ - ACCESS TIME 
-10 ........................................................... , ...... 10ns or 100ns 
-12 ................................................................................. 12ns 
-15 ................................................................................. 15ns 
-17 ................................................................................. 17ns 
-20 ................................................................................. 20ns 
-25 ................................................................................. 25ns 
-35 ................................................................................. 35ns 
-6 ................................................................................... 60ns 
-7 ..................................................................... , .............. 70ns 
-8 ................................................................................... BOns 

KK - MODULE SPECIAL DESIGNATOR 
SRAM 

2V data retention .............................................................. L 
Low Power ....................................................................... P 
Low Power, 2V data retention .................................. : ..... LP 

DRAM 
LowPower (Extended Refresh) ................. , ...................... L 
ECC ....................................... ; ............................ ; ...... : ... ~ ... C 
Extended Data Out ............................................................ X 
Self Refresh· ......... , ............................. ; ..................... , ........ S 
16 Meg DRAM 4,096 Refresh ..... i ...................... : .. ; .. : ........ B 

Micron Semiconductor, Inc., reserves the right to change products or specifications wltho!Jt notice. 
@1994, Microli Semiconductor, Inc. : 
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DRAM CARD NUMBERING SYSTEM 

AA BB eeee DOD EE FF -G H 
-L.l I _LL-L..L.l 
MT8D88C132VH-8S 

Micron ~ T I IT [ T L Special [)eo;.""", 
8 Components L- 80ns Access Time 

88-Pin DRAM Card· Special Designator 
1 Meg x32 

AA - Product Line Identifier 
Micron Product ................................................................ MT 

! BB - NUMBER OF MEMORY COMPONENTS 

CCCC - DRAM CARD DESIGNATOR AND PIN COUNT 
I 88-Pin DRAM Card ....................................................... D88C 

I DOD-DEPTH 

EE-WIDTH 

FF - SPECIAL DESIGNATOR 
3.3 Volts ...............................................................•.............. V 
Reduced length (2") ............................................................. H 

II PREFACE 
REV. 4/94 xi 

G - ACCESS TIME 
-5 ................................................................................... 50ns 
-6 ................................................................................... 60ns 
-7 ................................................................................... 70ns 
-8 ................................................................................... 80ns 

H- SPECIAL DESIGNATOR 
Self Refresh ......................................................................... S 

Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MU::F=lON PREFACE 
1-· ,,,m,,, PRODUCT NUMBERING 

DIEPRODUC': NUMBERING SYSTEM 

AA BBCC DDDDDDEEEE F GG·HH 
--L _L1. I I...L --L -.L 
MT4C4001~ D22ADC2-7 

Micron 
DRAM 
CMOS 

1 Meg x4 

~ll I TTL- 70ns Access Time 
Hot Speed Probe 
Die Form (individual) 
D22A Die Data Base 

AA - PRODUCT LINE IDENTIFIER 
Component Product ........•................................................. MT 

BB - PRODUCT FAMILY 
SRAM .................................................................................. 5 
DRAM ...........................................•...................•..... ,: ............ 4 
Synchronous SRAM .......................................................... 58 
DPDRAM (VRAM) ............................................................. 42 

CC - PROCESS TECHNOLOGY 
CMOS .................................................................................. C 
Low Voltage CMOS ............................................................ LC 

DDDDDD - DEVICE NUMBER 
When noalpha character appears as part of this section, the 
section is defined as: 
DRAM ............................................................. Width, Density 
VRAM ............................................................. Width, Density 
SRAM .......................................................... Total Bits, Width 
Synchronous SRAM ......................................... 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 ......................................................................... Bits 
K ................................................................................ Kilobits 
M ............................................................................. Megabits 
6 ............................................................................... Gigabits 
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Die Form ......................................................... : .................... 0 
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(Applicable for C2 and C3 only) 
-5 ............................................................. 5hS or 50ns 
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-8 ............................................................. 8ns or 80ns 
-9 ............................................................. 9ns or 90ns 

-10 ........................................................ 10nsor 100ns 
-12 ........................................................ 12ns or 120ns 
-15 ........................................................ 15ns or 150ns 
-17 ....................................................................... 17ns 
-20 ....................................................................... 20ns 
-25 ....................................................................... 25ns 
-35 ....................................................................... 35ns 
-45 ....................................................................... 45ns 
-50 (SRAM only) .................................................. 50ns 
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DRAM PRODUCT SELECTION GUIDE 

Memory Optional Part Access Typical Power Dissipation Package and Number of Pins 

Conliguration Access Cycle Number Time (ns) Standby Acllve PDlP ZIP SOJ TSOP Page 

1 Meg x 1 FP MT4C1024 60,70, BO 3mW 175mW 1B 2J 20/26 1-1 

1 Meg x 1 FP,LP MT4C1024 L 60,70, BO O.BmW 175mW 1B 2J 20/26 1-1 

1 Meg x 1 OC MT4C1026 70,80,100 3mW 175mW 18 2J 20/26 1-13 

4 Megx 1 FP MT4C1004J 60,70, BO 3mW 225mW 2J 20/26 20/26 1-25 

4 Megx 1 FP,S MT4C1004J S 60,70, BO O.BmW 225mW 2J 20/26 20/26 1-25 

4 Meg x 1 OC MT4C1006J 70, BO 3mW 225mW 2J 20/26 - 1-39 

16 Meg x 1 FP,4KR MT4C16M1A1 60,70 4mW 200mW 24/26 1-51 

256K x 4 FP MT4C4256 60,70, BO 3mW 175mW 2J 2J 20/26 1-63 

256K x 4 FP, LP MT4C4256 L 60,70, BO O.BmW 175mW 2J 2J 20/26 1-63 

256Kx 4 OC MT4C425B 70, BO ,100 3mW 175mW 2J 2J 20/26 1-75 

1 Meg x 4 FP MT4C4001J 60,70, BO 3mW 225mW 2J 20/26 20/26 1-87 

1 Megx4 FP,S MT4C4001JS 60,70, BO O.BmW 225mW 2J 20/26 20126 1-B7 

1 Megx4 FP,LV MT4LC4001J 60,70, BO 1.2mW 100mW 20126 20/26 1-103 

1 Megx4 FP,LV,S MT4LC4001J S 60,70,80 250~W 100mW 20126 20/26 1-103 

1 Megx4 OC MT4C4003J 70, BO 3mW 225mW 2J 20/26 1-115 

1 Megx4 EDO, LV MT4LC4007J 60,70, BO 1.2mW 100mW - 20/26 20126 1-127 

1 Megx4 EDO, LV,S MT4LC4007J S 60,70, BO 25O~W 100mW 20/26 20/26 1-127 

4Megx4 FP,4KR MT4C4M4A1 60,70 3mW 200mW 24/2B 1-141 

4Meg x 4 FP,2KR MT4C4M481 60,70 3mW 275mW 2412B 1-141 

4 Megx 4 FP,4KR MT4C4M4A1 60,70 3mW 225mW - 24/26 24126 1-155 

4Megx4 FP,2KR MT4C4M481 60,70 3mW 275mW 24126 24126 1-155 

4Megx4 FP,2KR, S MT4C4M481 S 60,70 1mW 275mW 24/26 24/26 1-155 

4Megx4 FP, 4KR, LV MT4LC4M4A1 60,70 1mW 150mW - 24126 24126 1-169 

4Meg x 4 FP, 2KR, LV MT4LC4M481 60,70 1mW 1 BOmW 24126 24126 1-169 

4Megx4 FP, 2KR, LV, S MT4LC4M481 S 60,70 0.4mW 1BOmW - 24126 24126 1-169 

4Megx4 EDO, LV MT4LC4M4E9 60,70 1mW 150mW 24/26 24126 1-1B3 

4Meg x 4 EDO, LV, S MT4LC4M4E9 S 60,70 0.4mW 150mW - 24126 24/26 1-1B3 

512K x 8 FP MT4CB512 60,70, BO 3mW 250mW 28 1-197 

2MegxB FP, 2KR, LV MT4LC2MB81 60,70 1.2mW 200mW 28 28 1-209 

2MegxB FP, 2KR, LV, S MT4LC2MB81 S 60,70 1.2mW 200mW 28 28 1-209 

2Meg x B EDO,2KR, LV MT4LC2M8E7 60,70 1.2mW 200mW 28 28 1-221 

2Meg x B EDO, 2KR, LV, S MT4LC2MBE7 S 60,70 1.2mW 200mW 28 28 1-221 

256Kx 16 FP,DW MT4C16256 60,70, BO 3mW 375mW 40 40/44 1-223 

256K x 16 FP,DC MT4C16257 60,70, BO 3mW 375mW 40 40/44 1-223 

256Kx 16 FP, DW, LV MT4LC16256 60,70, BO 3mW 175mW 40 40/44 1-239 

256K x 16 FP, DW, LV, S MT4LC16256 S 60,70,80 0.3mW 175mW 40 40/44 1-239 

256K x 16 FP, DC, LV MT4LC16257 60,70, BO 3mW 175mW 40 40/44 1-239 

256K x 16 FP, DC, LV,S MT4LC16257 S 60,70, BO 0.3mW 175mW - 40 40/44 1-239 

256K x 16 EDO, DC MT4C16270 60,70, BO 3mW 375mW 40 40/44 1-257 

256Kx16 EDO, DC, LV MT4LC16270 60,70, BO 0.3mW 165mW - 40 40/44 1-273 

256K x 16 FP,ASY, DW MT4C16260 60,70, BO 3mW 375mW 40 1-2B9 

1 Meg x 16 FP, DC, LV MT4LC1M16C3 60,70, BO 3mW 225mW - 42 44/50 1-303 

1Megx16 FP, DC, S, LV MT4LC1M16C3 S 60,70, BO 3mW 225mW 42 44150 1-303 

FP = FAST PAGE MODE, SC = STATIC COLUMN, LP = Low Power, Extended Refresh; WP8 = WRITE-PER-8IT, EDO = Extended 
Data-Out, DW = Dual WE, DC = Dual CAS, 2KR = 2,04B Refresh, 4KR = 4,096 Refresh, S = SELF REFRESH, ASY = Asymmetrical 
Addressing, LV = Low Voltage 

PREFACE 
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SYNCHRONOUS DRAM PRODUCT SELECTION GUIDE 

Memory 
Configuration 
4Megx4 

4Megx4 

2Megx8 

2 Megx8 

2 Megx8 

PREFACE 
REV, 4194 

Access 
Cycle 
BURST 

BURST 

BURST 

BURST 

BURST 

Part Access 
Number Time (ns) 
MT48LC4M4R1 10, 12, 13 

MT48LC4M4R1 S 10, 12, 13 

MT48LC2M8S1 10, 12, 13 

MT48LC2M8S1 S 10, 12, 13 

MT48LC2M8K3 S 10, 12, 13 

xxiii 

Power Dissipation Package/II of Pins 
Standby Active SDJ TSOP Page 
3mW 200mW - 44 2-1 

3mW 200mW - 44 2-1 

3mW 200mW - 44 2-3 

3mW 200mW - 44 2-3 

2mW 200mW 32 44 2-5 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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DRAM MODULE PRODUCT SELECTION GUIDE 

Memory Part Optional Access 

Configuration Number Access Cycle Time (ns) 

1 Meg x 8 MT2D18 60,70,80 

4 Meg x 8 MT2D48 60,70 

4 Meg x 8 MT8D48 60,70,80 

1 Megx9 MT3D19 60,70,80 

4 Meg x 9 MT3D49 60,70 

4 Meg x 9 MT9D49 60,70,80 

2 Meg x 16 MT8D132 LP 60,70,80 

4Megx16 MT16D{T)232 LP 60,70,80 

B Meg x 16 MT8D432 60,70 

16Megx16 MT16D832 60,70 

2 Meg x 18 MT12D136 LP 60,70,80 

4Megx 18 MT24D236 LP 60,70,80 

B Meg x 18 MT12D436 60,70 

16Megx18 MT24D836 60,70 

1 Meg x 32 MT8D132 LP 60,70,80 

1 Megx32 MT8LD132{S) S, LV 60,70,80 

2 Meg x 32 MT16D{T)232 LP 60,70,80 

2Megx32 MT16LD232{S) S, LV 60,70,80 

4 Meg x 32 MT8D432 60,70 

4Megx32 MT8LD432(S) S, LV 60,70 

4 Meg x 32 MT32D432 LP 60,70,80 

B MeJlx 32 MT16LD832{S) S, LV 60,70 

8 Meg x 32 MT16D832 60,70 

1 Megx36 MT12D136 LP 60,70,80 

2 Meg x 36 MT24D236 LP 60,70,80 

4Megx36 MT12D436 60,70 

4 Meg x 36 MT36D436 LP 60,70,80 

8 MeJlx 36 MT24D836 60,70 

1 Megx40 MT10D140 LP 60,70,80 

2Megx40 MT20D240 LP 60,70,80 

4 Meg x 40 MT10D440 LP 60,70 

8 Meg x 40 MT20D840 LP 60,70 

1 Meg x 64 MT16D{T)164 LP 60,70,80 

1 Megx64 MT16LQ{T)164{S) S, LV 60,70,80 

4 Meg x 64 MT16D(T)464 60,70 

4 Meg x 64 MT16LD{T)464{S\ S, LV 60,70 

4Megx72 MT24Dm472 60,70 

4 Meg x 72 MT24LD{T)472{S) S, LV 60,70 

LP = Low Power, Extended Refresh; LV = Low Voltage; S = SELF REFRESH 
NOTE: All modules include FAST PAGE MODE ·cycle. 

PREFACE 
REV. 4/94 xxiv 

Power Dissipation Package 

Standby Active SIMM DlMM Page 

6mW 4.50mW ~ 3-1 

6mW 400mW ~ - 3-11 

24mW 1,800mW ~ - 3-21 

9mW 625mW ~ - 3-31 

9mW 575mW ~ - 3-41 

27mW 2,025mW ~ 3-51 

24mW 1,800mW 72 3-61 

48mW 1,824mW 72 3-87 

24mW 1,600mW 72 3-99 

48mW 1,624mW 72 3-137 

36mW 2,500mW 72 3-149 

72mW 2,536mW 72 3-161 

52mW 3,100mW 72 3-173 

72mW 2,536mW 72 3-197 

24mW 1,800mW 72 3-61 

1.6mW 1,440mW 72 3-73 

48mW 1,824mW 72 3-87 

1.6mW 1,440mW 72 3-73 

24mW 1,600mW 72 3-99 

8mW 1,440mW 72 3-111 

96mW 7,200mW 72 3-125 

16mW 1,440mW 72 3-111 

48mW 1,624mW 72 3-137 

36mW 2,500mW 72 - 3-149 

72mW 2,536mW 72 3-161 

36mW 2,500mW 72 - 3-173 

108mW 8, 1 OOmW 72 3-185 

72mW 2,536mW 72 - 3-197 

30mW 2,250mW 72 3-209 

60mW 2,280mW 72 - 3-221 

30mW 2,000mW 72 3-233 

60mW 2,030mW 72 - 3-247 

48mW 3,600mW 168 3-261 

2mW 1,200mW 168 3-275 

48mW 3,200mW - 168 3-291 

16mW 2,400mW 168 3-305 

56mW 5,000mW 168 3-321 

56mW 3,400mW 168 3-335 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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Memory Part 
Configuration Number 

1 Meg x 32 4. Megabytes MT8D88C 132(S) 

1 Meg x 32 4 Megabytes MT8D88C132H(S) 

1 Meg x32 4 Megabytes MT8D88C132V(S) 

1 Megx32 4 Megabytes MT8D88C132VH(S) 

2 Meg x 32 8 Megabytes MT16D88C232(S) 

2 Meg x 32 8 Megabytes MT16D88C232H(S) 

2 Meg x 32 8 Megabytes MT16D88C232V(S) 

2 Meg x 32 8 Megabytes MT16D88C232VH(S) 

4 Meg x 32 16 Megabytes MT8D88C432(S) 

4 Meg x32 16 Megabj'tes MT8D88C432H(S) 

4Meg x 32 16 Megabytes MT8D88C432V(S) 

4 Meg x 32 16 Megabytes MT8D88C432VH(S) 

8Megx32 32 Megabytes MT16D88C832(S) 

8 Meg x 32 32 Megabytes MT16D88C832H(S) 

8 Meg x 32 32 Megabytes MT16D88C832V(S) 

8 Meg x 32 32 Megabytes MT16D88C832VH(S) 

xxv 

Access Number of Pins 
Time (ns) card . Page 
60, 70, 80 88 4-1 

60, 70, 80 88 4-17 

60, 70, 80 88 4-33 

60, 70, 80 88 4-49 

60, 70, 80 88 4-1 

60,.70,80 88 4-17 

60, 70, 80 88 4-33 

60,.70,80 88 4-49 

60, 70, 80 88 4-1 

60, 70,80 88 4-17 
.. 

60, 70, 80 88 4-33 

60, 70, 80 88 4-49 

60, 70, 80 88 4-1 

60, 70, 80 88 4-17 

60, 70, 80 88 4-33 

60, 70, 80 88 4-49 
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Technical Nole 
TN-OO-01 .. 

TN-OO-02 

TN-04-01 

TN-04-06 

TN-04-08 

TN-04-09 

TN-04-12 

TN-04-15 

TN-04-16 

TN-04-18 

TN-04-19 

TN-04-20 

TN-04-21 

TN-04-22 

TN-04-23 

TN-04-24 

TN-04-25 

TN-04-26 

TN-04-27 

TN-88-01 

Title Page 

Moisture Absorption in Plastic Packages 5-1 

Tape-and-Reel Procedures 5-3 

DRAM Power-Up and Refresh Constraints 5-9 

OE-Controlled/LATE WRITE Cycles (DRAM) 5-11 

DRAM Timing Parameters 5-13 

LPDRAM Extended Refresh Current vs RAS Active Time (1 Meg) 5-15 

LPDRAM Extended Refresh Current vs RAS Active Time (4 Meg) 5-17 

DRAM Considerations for PC MemoryDesign 5-19 

16 Meg DRAM-2K vs4K Refresh Comparison 5-25 

256K x 16 DRAM Variations 5-27 

LoW-Power DRAMs vs Slow SRAMs for Main Memory 5-29 

SELF REFRESH DRAMs 5-31 

Reduce DRAM Cycle Times with Extended Data-Out 5-33 

256K x 16/512K x 8 DRAM Typical Operating Curves 5-41 

4 Meg DRAM Typical Operating Curves 5-45 

4 Meg DRAM-Access Time vs Capacitance 5-51 

MT3D19 and MT9D19 Compatibilities 5-53 

256K x 16/512K x 8-Access Time vs Capacitance 5-55 

Controller Support for Extended Data-Out DRAMs 5-57 

88-Pin DRAM Cards 5-59 
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DRAM PRODUCT SELECTION GUIDE 

Memol\' Optional Palt Access Typical Power Dissipation Package and Number 01 Pins 
Contiguration Access Cycle Number Time (ns) Standby Active PDlP ZIP SDJ TSOP Page 
1 Meg x 1 FP MT4C1024 60,70,80 3mW 175mW 18 2l 20126 1-1 

1 Meg x 1 FP, LP MT4C1024L 60,70,80 0.8mW 175mW 18 2l 20/26 1-1 

1 Meg x 1 s:::: MT4C1026 70,80,100 3mW 175mW 18 2l 20126 1-13 

4 Meg x 1 FP MT4C1004J 60,70,80 3mW 225mW 2l 20126 20/26 1-25 

4 Meg x 1 FP,S MT4C1004J S 60,70,80 0.8mW 225mW 2l 20126 20/26 1-25 

4 Meg x 1 s:::: MT4C1006J 70,80 3mW 225mW 2l 20126 1-39 

16Megx 1 FP,4KR MT4C16M1A1 60,70 4mW 200mW 24126 1-51 

256Kx 4 FP MT4C4256 60,70,80 3mW 175mW 2l 2l 20/26 1-63 

256K x 4 FP,LP MT4C4256 L 60,70,80 0.8mW 175mW 2l 2l 20/26 1-63 

256Kx 4 s:::: MT4C4258 70,80,100 3mW 175mW 2l 2l 20126 1-75 

1 Megx4 FP MT4C4001J 60,70,80 3mW 225mW 2l 20126 20126 1-87 

1 Megx4 FP,S MT4C4001JS 60,70,80 0.8mW 225mW 2l 20/26 20126 1-87 

1Megx4 FP,LV MT4LC4001J 60,70,80 1.2mW 100mW - 20126 20/26 1-103 

1 Megx4 FP,LV,S MT4LC4001J S 60,70,80 250llW 100mW 20/26 20/26 1-103 

1 Megx4 s:::: MT4C4003J 70,80 3mW 225mW 2l 20/26 1-115 

1Megx4 EDO, LV MT4LC4007J 60,70,80 1.2mW 100mW 20126 20/26 1-127 

1 Megx4 EDO, LV, S MT 4LC4007 J S 60,70,80 250llW 100mW 20126 20/26 1-127 

4Megx4 FP,4KR MT4C4M4A1 60,70 3mW 200mW 24128 1-141 

4Mellx4 FP,2KR MT4C4M4B1 60,70 3mW 275mW 24128 1-141 

4Megx4 FP,4KR MT4C4M4A1 60,70 3mW 225mW 24126 24126 1-155 

4Megx4 FP,2KR MT4C4M4B1 60,70 3mW 275mW 24126 24/26 1-155 

4Megx4 FP,2KR, S MT4C4M4B1 S 60,70 1mW 275mW 24126 24/26 1-155 

4Megx4 FP, 4KR, LV MT4LC4M4A1 60,70 1mW 150mW 24126 24/26 1-169 

4Megx4 FP, 2KR, LV MT4LC4M4B1 60,70 1mW 180mW 24126 24/26 1-169 

4Megx4 FP, 2KR, LV, S MT4LC4M4B1 S 60,70 O.4mW 180mW 24126 24126 1-169 

4Megx4 EDO, LV MT4LC4M4E9 60,70 1mW 150mW 24126 24126 1-183 

4Megx4 EDO, LV, S MT4LC4M4E9 S 60,70 0.4mW 150mW 24126 24/26 1-183 

512Kx 8 FP MT4C8512 60,70,80 3mW 250mW 28 1-197 

2Mell x 8 FP,2KR, LV MT4LC2M8B1 60,70 1.2mW 200mW 28 28 1-209 

2Mell x 8 FP, 2KR, LV, S MT4LC2M8B1 S 60,70 1.2mW 200mW 28 28 1-209 

2Megx8 EDO,2KR, LV MT4LC2M8E7 60,70 1.2mW 200mW 28 28 1-221 

2Megx8 EDO,2KR, LV, S MT4LC2M8E7 S 60,70 1.2mW 200mW 28 28 1-221 

256K x 16 FP,DW MT4C16256 60,70,80 3mW 375mW 40 40/44 1-223 

256Kx 16 FP,DC MT4C16257 60,70,80 3mW 375mW 40 40/44 1-223 

256Kx 16 FP,DW,LV MT4LC16256 60,70,80 3mW 175mW 40 40144 1-239 

256Kx 16 FP,DW,LV,S MT4LC16256 S 60,70,80 0.3mW 175mW 40 40144 1-239 

256Kx 16 FP, DC, LV MT4LC16257 60,70,80 3mW 175mW 40 40/44 1-239 

256Kx 16 FP, DC, LV, S MT4LC16257 S 60,70,80 0.3mW 175mW 40 40144 1-239 

256Kx 16 EDO,DC MT4C16270 60,70,80 3mW 375mW 40 40/44 1-257 

256Kx 16 EDO, DC, LV MT4LC16270 60,70,80 0.3mW 165mW 40 40/44 1-273 

256Kx 16 FP,ASY, DW MT4C16260 60,70,80 3mW 375mW 40 1-289 

1Megx16 FP, DC, LV MT4LC1M16C3 60,70,80 3mW 225mW 42 44/50 1-303 

1Megx16 FP, DC, S, LV MT4LC1M16C3 S 60,70,80 3mW 225mW - 42 44/50 1-303 

FP = FAST PAGE MODE, SC = STATIC COLUMN, LP = Low Power, Extended Refresh; WPB = WRITE-PER-BIT, EDO = Extended 
Data-Out, DW = Dual WE, DC = Dual CAS, 2KR = 2,048 Refresh, 4KR = 4,096 Refresh, S = SELF REFRESH, ASY = Asymmetrical 
Addressing, LV = Low Voltage 



DRAM 

FEATURES 
• 512-cycle refresh in 8ms (MT4C1024) or 64ms 

(MT4C1024 L) 
• Industry-standard xl pinout, timing, functions and 

packages 
• High-performance CMOS silicon-gate process 
• Single +5V ±1O% power supply 
• Low power, 0.8mW standby; 175mW active, typical 

All inputs, outputs and clocks are TTL-compatible 
• FASTPAGEMODEaccessc~ __ 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and Extended (MT4C1024 L) 
• Low CMOS Standby Current, 200J.lA maximum 

(MT4C1024 L) 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic DIP (300 mil) 
Plastic SOJ (300mil) 
Plastic ZIP (350 mil) 

i. Version 

MARKING 

-6 
-7 
-8 

None 
DJ 
Z 

I 1,024-cycle refresh in 8ms None 
1,024-cycle refresh in 64ms L 

• Part Number Example: MT4C1024DJ-7 L 

GENERAL DESCRIPTION 
The MT4C1024(L) is a randomly accessed solid-state 

I

" memory containing 1,048,576 bits organized ina xl configu
ration. During READ or WRITE cycles, each bit is uniquely 

" addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS 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 (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. If WE goes 

I LOW prior to CAS going LOW, the output pin, data-out (Q), 

I MT4C1024(l) 
: REV. 4/94 1-1 

1 MEG x 1 DRAM 
STANDARD OR LOW POWER, 
EXTENDED REFRESH 

PIN ASSIGNMENT (Top View) 

18-Pin DIP 
(DA-1) 

20-Pin ZIP 
(DB-1 ) 

D 

WE 

RAS 

"TF 

AO 

A1 

A2 

A3 

Vee 

1 'J 18 Vss 'A9 1-=-1 

2 

3 

4 

5 

6 

7 

8 

9 

17 Q Q 3 ::'1 

16 CAS 
D 5 -::'1 

RAS 7 ::1 
15 A9' 

NC 9 -::'1 

14 AS AO 11 ~, 

13 A7 A2 13 ~, 

12 A6 Vee 15 ~, 

11 AS AS 17 ~, 

10 A4 A7 19 ~, 

20/26-Pin SOJ 
(DC-1) 

D 
WE 

RAS 
uTF 
NC 

AO 
A1 
A2 
A3 

Vee 

1 
2 
3 
4 
5 

9 
10 
11 
12 
13 

26 
25 
24 
23 
22 

18 
17 
16 
15 
14 

Vss 
Q 

CAS 
NC 
A9' 

AS 
A7 
A6 
AS 
A4 

'Address not used for RAS ONLY REFRESH 

r:.2 CAS 

,~ 4 Vss 

,~ 6 WE 

,~ 8 TF" 
,~ 10 NC 

,~ 12 A1 

,~ 14 A3 

,~ 16 A4 
,~ 18 A6 

,~ 20 AS 

"''''TF = Test Function; VIN must not exceed Vcc+ 1V for normal operation. 

remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, 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 operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row-address-defined (AO-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 CAS. CAS may be toggled by holding RAS LOW and 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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•
' strobing-indifferentcolumn-addresses,thusexecutingfaster 

memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

C Returning RAS and CAS }lIGH terminates a,memory 
::r:J cycle and decreases chip current to a reduced standby level. 

l> Also, the chip is preconditioned for the next cycle during the S 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 512 combinations of RAS addresses 
(AO-AS) are executed at least every Sms for the MT4C1024 
or 64ms for the MT4C1024 L, regardless of sequence. The 
CBRREFRESH cycle will invoke the internal refresh counter 
for automatic RAS addressing. 

FUNCTIONAL BLOCK DIAGRAM 
LOW POWER, FAST PAGE MODE 

WE~------------------------~----------~--q-~ 
CAS ~----------·I 

AD 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
AB 
A9 

RAS ~ ____ -I 

MEMORY 
ARRAY 

'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). 

D 

Q 

Vee 

Vss 

MT4C1024(L) 
REV. 4194 1-2 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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rRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

Extended Refresh 
(MT4C1024 L only) 

MT4C1024(L) 
REV. 4194 

RAS CAS 
H H----X 

L L 

L L 

L L 

1st Cycle L H----L 

2nd Cycle L H----L 

1st Cycle L H----L 

2nd Cycle L H----L 

1st Cycle L H----L 

2nd Cycle L H----L 

L H 

READ L ----H----L L 

WRITE L ----H----L L 

H--+L L 

H----L L 

WE 

X 

H 

L 

H----L 

H 

H 

L 

L 

H----L 

H----L 

X 

H 

L 

X 

X 

1-3 

ADDRESSES DATA 
IR IC D (Data-In) Q (Data-Out) 

X X "don't care" High-Z 

ROW COL "don't care" Data-Out 

ROW COL Data-In High-Z 

ROW COL Data-In Data-Out 

ROW COL "don't care" Data-Out 

n/a COL "don't care" Data-Out 

ROW COL Data-In High-Z 

n/a COL Data-In High-Z 

ROW COL Data-In Data-Out 

n/a COL Data-In Data-Out 

ROW n/a "don't care" High-Z 

ROW COL "don't care" Data-Out 

ROW COL Data-In High-Z 

X X "don't care" High-Z 

X X "don't care" High-Z 

MiCron Semiconductor, Inc., reserves the right to change products or speciffcations without notice. 
©1994,MicronSemiconductor,lnc. 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Any Pin Relative to Vss .................... -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 150°C 
Power Dissipation ..................................................... 600mW 
Short Circuit Output Current ..................................... 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 ftmctional 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) (Vec = +SV ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vcc 4.S S.S V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT 
Any inputs OV .,:; VIN .,:; 6.SV II -2 2 IJA 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV .,:; VOUT .,:; S.SV) 102 -10 10 IJA 
OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Single Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

REFRESH CURRENT: Extended 
Average power supply current during Extended Refresh: 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN) to1lls; 
WE, AO-A9 and DIN = Vcc -0.2V or 0.2V (DIN may be 
left open); IRC = 12SJlS (S12 rows at 12SIlS = 64ms) 

MT4C1Q24(L) 
AEV.4194 

VOH 2.4 V 

VOL 0.4 V 

MAX 

VERSION SYMBOL -6 -7 -8 UNITS NOTES 
ICC1 2 2 2 mA 

MT4C1024 Icc2 1 1 1 mA 
MT4C1024 L ICC2 200 200 200 IJA 

ICC3 90 80 70 mA 3,4, 
26 

Icc4 70 60 SO mA 3,4, 
26 

Iccs 90 80 70 mA 3, 
26 

ICC6 90 80 70 mA 3,S 

MT4C1024 L Icc? 200 200 200 IJA 3, S, 
24 

1-4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.! 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9, D CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (Vcc = +5.0V ± 10%) 

AC CHARACTERISTICS -6 -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 

Random READ or WRITE cycle time tRC 110 130 150 ns 

READ WRITE cycle time tRWC 135 155 175 ns 

FAST-PAGE-MODE READ tpc 35 40 45 ns 
or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC 60 65 70 ns 
cycle time 

Access time from RAS tRAC 60 70 80 ns 14 
Access time from CAS tCAC 20 20 20 ns 15 
Access time from column-address tAA 30 35 40 ns 

Access time from CAS precharge tCPA 35 40 45 ns 

RAS pulse width tRAS 60 100,000 70 100,000 80 100,000 ns 

RAS pulse width (FAST PAGE MODE) tRASP 60 100,000 70 100,000 80 100,000 ns 

RAS hold time tRSH 20 20 20 ns 

RAS precharge time tRP 40 50 60 ns 

CAS pulse width tCAS 20 100,000 20 100,000 20 100,000 ns 

CAS hold lime tcSH 60 70 80 ns 

CAS precharge time (CBR REFRESH) tCPN 10 10 10 ns 16 
CAS precharge time (FAST PAGE MODE) tcp 10 10 10 ns 

RAS to CAS delay time tRCD 20 40 20 50 20 60 ns 17 
CAS 10 RAS precharge time tCRP 5 5 5 ns 

Row-address setup time tASR 0 0 0 ns 

Row-address hold time tRAH 10 10 10 ns 

RAS to column- tRAD 15 30 15 35 15 40 ns 18 
address delay lime 

Column-address setup time tASC 0 0 0 ns 

Column-address hold time tCAH 15 15 15 ns 

Column-address hold time tAR 45 55 60 ns 
(referenced to RAS) 

Column-address to tRAl 30 35 40 ns 
RAS lead time 

Read command setup time tRCS 0 0 0 ns 

Read command hold time tRCH 0 0 0 ns 19 
(referenced to "CAS) 

Read command hold time tRRH 0 0 0 ns 19 
(referenced to RAS) 

CAS to output in low-Z tClZ 0 0 0 ns 

Output buffer turn-off delay tOFF 3 20 3 20 3 20 ns 20,25 

WE command setup time twcs 0 0 0 ns 21 

MT4Cl024(L) - Micron Semiconductor, Inc., reserves the right to change products or specifications witHout notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = +5V ±1 0%) 

AC CHARACTERISTICS 

PARAMETER 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 
MT4Cl024/ MT4Cl024 L 

RAS to CtiS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

MT4C1024(L) 
REV. 4194 

-6 
SYM MIN 

tWCH 10 

twCR 45 

WP 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 45 

tRWD 60 
tAWD 30 

tCWD 15 
tT 3 

tREF 

tRPC 0 
tCSR 10 

tCHR 10 

MAX MIN 

15 

55 

15 

20 

20 

0 
15 

55 

70 

35 

20 

50 3 

8/64 

0 

10 

15 

1-6 

-7 -8 
MAX MIN MAX UNITS NOTES 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

80 ns 21 

40 ns 21 

20 ns 21 

50 3 50 ns 9,10 

8/64 8/64 ms 

0 ns 

10 ns 5 

15 ns 5 

Micron Semiconductor, 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. Vee = 5V ±10%;f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is 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 is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-ups should be repeated any time the tREF 
refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

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

, 11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

! last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

I and lOOpF. 
114. Assumes that IRCD < IRCD (MAX). If tRCD 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 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 tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 

MT4Ct024(l) 
REV. 4/94 1-7 

a reference point only; if tRCD is greater than the 
specified tRCD(MAX) limit, then access time is 
controlled exclusively by !CAe. 

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

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tA WD and tCWD 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 tRWD ~ tRWD (MIN), tA WD ~ tA WD 
(MIN) and tCWD ~ tCWD (MIN), the cycle is a READ 
WRITE and the data output will contain data fl'ad 
from the selected cell. If neither of the abovt' 
conditions is met, the cycle is il LATE WRITE ilnd the 
state o( Q is indeterminate (at access time and until 
CAS goes back to VIH). 

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. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. m this case, WE = LOW. 

24. Extended refresh current is reduced as tRAS is 
reduced from its maximum specification during the 
extended refresh cycle. 

25. The 3ns minimum is a parameter guaranteed by 
design. 

26. Column-address changed once each cycle. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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RAS 

CAS 

ADDR 

READ CYCLE 

I 
V'H 
V,L - J 

teAP 

IRAQ 

I~~\ 
_ ROW ~ 
~ 

j///////////////////////////////,! 

RC 

tRAS 

tCSH 

'ASH 

tRCD leAS 

'AR 

IRAL 

~ ~ 

COLUMN 

tRCS 

'M 
tRAG 

iCAC 

'RP .1 

\ 
tARH 

I 
W//////////////////////;)! ROW 

~ 

VI///////////////////~ 

" 'OFF '1 

a ~g~- OPEN 
~b. 

VALID DATA OPEN---

ADDR 
V,H 7TT77\ 

VIL~ 

teAP 

EARLY WRITE CYCLE 

RC 

II I 

I~--------------------~~ 
tCSH 

\'-----

leAS 

ROW ROW ~ COLUMN W////////////////////X 
~ 'CWL "I I '------:----

IRWL J 
tWCR 

twcs 

'WP 

WE ~:~ Y///////////////////////////.i/, 'f//////////////////////////////////// /h 

~~I~~ 
D ~:t fl VALID DATA . _ 

Q ~gr-~---------------OPEN----------------

1-8 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADDR 

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

'cSH 

'I, 
'cRP tRCD 'cAS 

CAS 
V 1H -
VIL _ 

tRAD 

~ tRAH 

ADDR V,H 
V,L ROW ROW 

Q ~gt ='--------OPEN------:---~~t=~V~AL~ID~DA~TA~=~ orEN· 

FAST-PAGE-MODE READ CYCLE 

1-9 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice·: 
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FAST-PAGE~MODE EARLY-WRITE CYCLE 

liAS V,H 
VIL 

p --

'RASP 

ICSH tpe 'RSH 

CAs V,H 
VIL 

ADDR 
V,H 
VIL 

I~ 'RCD ICAS ~~ ~ ~ I~I 

tAR ~ ~ =--' ! 
I tRAD 

I~ I~ 
'RAL 

1- tASR I~ I~ _ leAH __ I 
l.'tAse II~I 11 

:1/~ ROW :W/~ COLUMN COLUMN COLUMN ROW 

1----++------=--1 I I 
WE V,H 

VIL 

I: 

Q ~i~ -'------------------OPEN ------------------

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

'RASP 

~ DON'TeARE 

~ UNDEFINED 

-lpC is for LATE WRITE only. 

MT4C1024(L) 
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- VIH 
RAS VIL _ 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A8; A9 and WE == DON'T CARE) 

tRAS 'RP 

'If 
tCAP '~I 

I 

CAS ~:t _ ~ "------I 
iASA 'RAH . " 

ADDR ~:t _~-RO-W ------,iw#j;W#$$#$#$M'##/##//;/'/;X~--RO-W --
Q ~gt -:-------------OPEN------------

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

tCSH 

tCAS tcpp 

ADDR ~:t L-l.LLLrL_-----,--_-X'i.LIIl'-----'---'-',CO_LU,M,N _-"" 

'RCS ,I 
I ." Ii £T7TTTTTTTTTT7777TTTT71 

WE ~:~:: • I 1 .1 I. ~II~ . 

o ~:~ :J$!!I!#&!/!I!!I!!I/I!I!//I!I!!I!/I~/##;/.W~ .. VAL."~" b'T7711!p7TTwrn;0'p'T770'/;/7TTW;)j77TJ~'TTT% 
tCLZ 'OFF _I - T 

Q ~g~ :::------'-----i---OPEN ---+----'-'-'--liM 

I. I. 
NOTE 1 

1----'--OPEN---~-

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data. prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tOS(MIN) + any guardband 

MT4C1024(L) 
I REV. 4194 

between data-out and driving the bus with the new data-in. 
2. Assumes 0 and Q are tied together. 

1-11 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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CBR REFRESH CYCLE 
(AO-AS and WE = DON'T CARE) 

CAS ~l~ =_-"-_---"'-____ --'--____ -"' ______________ L-_ 

Q ~g~ ::::'--------------OPEN---------------

------1 

EXTENDED REFRESH CYCLE (MT4C1024 L ONLY) 
(AO-AS and WE = DON'T CARE) 

125~S 

IRP IRAS IRP tRAS 

~ Jr 
tAPe 

'cP I~ tCHR tRPe 'cSR ~ 

Q ~gr ::--------------OPEN--------------

ADDR 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

tRAS 

I IRAC 
IICAC 

(REFRESH) 

tRAS 

tCHR 

-tOFF 

a ~gr -:------ OPEN--------1~~=====V~A~LlD~D~AT~A====l OPEN-

1-12 

mI DON'T CARE 

. ~ UNDEFINED 

MiCron SemiConductor, Inc., reserves the right to change products or specffications without nOlice. 
©1994, Micron Semiconductor, Inc. 



DRAM 

FEATURES 
• Industry-standard xl pinout, timing, functions and 

packages 
• High-performance CMOS silicon-gate process 
• Single +5V ±1O% power supply 
• Low power, 3mW standby; 175mW active, typical 
• All inputs, outputs and clocks are TTL-compatible 
• 512-cycle refresh in Sms 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR), 

and HIDDEN 
• STATIC COLUMN access cycle 

OPTIONS MARKING 
• Timing 

70ns access 
SOns access 
lOOns access 

• Packages 
Plastic DIP (300 mil) 
Plastic SOJ (300 mil) 
Plastic ZIP (350 mil) 

- 7 
- S 
-10 

None 
DJ 
Z 

• Part Number Example: MT4C1026DJ-7 

GENERAL DESCRIPTION 
The MT4CI026 is a randomly accessed solid-state mem

ory containing 1,04S,576 bits organized in a xl configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS 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 occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin, data-out (Q), 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW after data reaches the output pin, 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. 

STATIC COLUMN operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row-address-defined (AO-A9) page boundary. After the 
first READ, any column-address transition will result in 

MT4Cl 026 
REV. 4194 1-13 

1 MEG x 1 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

18-Pin DIP 20-Pin ZIP 
(DA-1) 

D 1 18 

WE 2 17 

RAS 3 16 

**TF 4 15 

AD 14 

A1 13 

A2 12 

A3 11 

Vee 9 10 

(DB-1 ) 

Vss "A9 1 0' 
'02 CAS 

Q Q 30' ,04 Vss 
CAS D 5 0' ,06 WE 
A9' 

RAS 70' ,08 TP' 
NC 9 ~~i~ 10 NC AS 
A011 

A7 ,012 A1 
A2 13:::1 

A6 
,014 A3 

Vee 15:::1 

AS AS 170' 
'016 A4 

A7 190' 
,01S A6 

A4 ,020 As 

20/26-Pin SOJ 
(DC-1 ) 

D 
WE 

RAS 
"TF 

NC 

AD 
A1 
A2 
A3 

Vee 

1 
2 
3 
4 
5 

9 
10 
11 
12 
13 

26 
25 
24 
23 
22 

18 
17 
16 
15 
14 

Vss 
Q 

CAS 
NC 
A9" 

A8 
A7 
A6 
AS 
A4 

"Address not used for RAS ONLY REFRESH 
"*TF = Test Function; VIN must not exc~ed Vcc+1V for normal operation. 

new data-out. Unlike the PAGE MODE, which requires 
CAS to be toggled for each successive PAGE MODE access, 
the STATIC COLUMN allows CAS to be left LOW for 
successive STATIC COLUMN accesses. Returning RAS 
HIGH terminates the STATIC COLUMN 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 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 512 combina
tions of RAS addresses (AO-AS) are executed at least every 
Sms, regardless of sequence. The CBR REFRESH cycle will 
invoke the internal refresh counter for automatiC RAS 
addressing. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor, Inc. 

-C 
Jl » s 



• C 
::D » s: 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

WE~------------------------~----------~--~~ CAS r----------+I 

AO 
A1 
A2 
A3 

A4 
AS 
A6 

A7 
A8 

A9 
MEMORY 
ARRAY 

D 

Q 

RAS 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). 

MT4C1 026 
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rRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

STATIC-COLUMN 

READ 

STATIC-COLUMN 

EARLY-WRITE 

STATIC-COLUMN 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT4C1026 
REV. 4/94 

RAS CAS 
H H .... X 

L L 

L L 

L L 

1st Cycle L L 

2nd Cycle L L 

1st Cycle L L 

2nd Cycle L L 

1st Cycle L L 

2nd Cycle L L 

L H 

READ L .... H .... L L 

WRITE L .... H .... L L 

H .... L L 

wt 
X 

H 

L 

H .... L 

H 

H 

L 

H .... L 

H .... L 

H .... L 

X 

H 

L 

X 

1-15 

ADDRESSES DATA 

IR IC D (Dala-In) Q (Dala-Oul) 

X X "don't care" High-Z 

ROW COL "don't care" Data-Out 

ROW COL Data-In High-Z 

ROW COL Data-In Data-Out 

ROW COL "don't care" Data-Out 

n/a COL "don't care" Data-Out 

ROW COL Data-In High-Z 

n/a COL Data-In HighcZ 

ROW COL Data-In Data-Out 

n/a COL Data-In Data-Out 

ROW n/a "don't care" High-Z 

ROW COL "don't care" Data-Out 

ROW COL Data-In High-Z 

X X "don't care" High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .................... -1V to +7V 
Operating Tempetature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 150°C· 
Power Dissipation ..................................................... 600mW 
Short Circuit Output Current ..................................... 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 = +5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV :s; VIN :s; 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV :s; VOUT :s; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current 
(RAS = VIL; CAS, Address Cycling: ISC = ISC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling; CAS = VIH: IRC = IRC [MIN]) 

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

MT4Cl026 
REV. 4194 1-16 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 

VIH 2.4 Vcc+1 V 

VIL -1.0 0.8 V 

II -2 2 !lA 

loz -10 10 IlA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 

Icc1 2 2 2 mA 

Icc2 1 1 1 mA 

Icc3 80 70 60 mA 3,4 

Icc4 60 50 40 mA 3,4 

Iccs 80 70 60 mA 3 

Icc6 80 70 60 mA 3,5 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9, 0 CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7,8, g, 10, 11,12,13) (Vee = +5V ±10%) 

AC CHARACTERISTICS -7 -8 -10 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Random READ or WRITE cycle time tRC 130 150 180 ns 
READ WRITE cycle time tRWC 155 175 205 ns 
STATIC-COLUMN READ tsc 35 40 50 ns 
or WRITE cycle time 

STATIC-COLUMN READ-WRITE tSRWC 70 80 100 ns 
cycle time 

Access time from RAS tRAC 70 80 100 ns 14 
Access time from CAS tCAC 20 20 25 ns 15 
Access time from column-address tAA 35 40 50 ns 
RAS pulse width tRAS 70 100,000 80 100,000 100 100,000 ns 
RAS pulse width (STATIC COLUMN) tRASC 70 100,000 80 100,000 100 100,000 ns 

RAS hold time tRSH 20 20 25 ns 

RAS precharge time tRP 50 60 70 ns 

CAS pulse width tCAS 20 100,000 20 100,000 25 100,000 ns 

CAS hold time tCSH 70 80 100 ns 

CAS precharge time tCPN 10 10 15 ns 16 
CAS precharge time (STATIC COLUMN) tcP 10 10 10 ns 

RAS to CAS delay time tRCD 20 50 20 60 25 75 ns 17 

CAS to RAS precharg9 time tCRP 5 5 5 ns 

Row-address setup time tASR a a a ns 

Row-address hold time tRAH 10 10 15 , ns 

RAS to column- tRAD 15 35 15 40 20 50 ns 18 
address delay time 

Column-address setup time tASC a a a ns 

Column-address hold time tCAH 15 15 20 ns 

Column-address hold time tAR 80 90 100 ns 
(referenced to l'lAS) 
Column-address to tRAL 35 40 50 ns 
RAS lead time 

Read command setup time tRCS a a a ns 

Read command hold time tRCH a a 0 ns 19 
(referenced to CAS) 
Read command hold time tRRH a a 0 ns 19 
(referenced to RAS) 

CAS to output in Low-Z tcLZ a a 0 ns 

Output buffer turn-off delay tOFF 3 20 3 20 3 20 ns 20,24 

MT4C1026 - Micron Semiconductor, Inc., reserves the right to change products or sp~ificatlons. without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7,.8, g, 10, 11, 12, 13) (Vee = +5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Column-address hold time EARLY 
WRITE (referenced to RAS) 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column-address 
to wr;. delay time 

~ to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

Write inactive time 

Previous WRITE to column-address 
delay time 

Previous WRITE to column-address 
hold time 

Output data hold time from 
column-address 

Output data enable from WRITE 

Access time from last WRITE 

Column-address hold time 
referenced to RAS HIGH 

CAS pulse width in 
STATIC COLUMN mode 

Output data hold from WRITE 

MT4Cl026 
REV. 4194 

-7 
SYM MIN 

tAWR 55 

twcs 0 

twCH 15 

tWCR 55 

twp 15 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 70 
tAWD 35 

tCWD 20 

IT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 15 

tWI 10 
tLWAD 20 

tAHLW 65 

tAOH 5 

tow tAA+5 

tALW 65 
tAH 5 

tcsc tCAS 

tWOH 0 

MAX MIN 
60 

0 

15 

60 

15 

20 

20 

0 

15 

60 

80 

40 

20 

50 3 

8 

0 

10 

15 

10 

30 20 

75 

5 

tAA+5 

75 

5 

tCAS 

0 

1-18 

-8 -10 
MAX MIN MAX UNITS NOTES 

70 ns 

0 ns 21 

20 ns 

75 ns 

20 ns 

25 ns 

25 ns 

0 ns 22 

20 ns 22 

75 ns 

100 ns 21 

50 ns 21 

25 ns 21 

50 3 50 ns 9,10 

8 8 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 

35 25 45 ns 

95 ns 

5 ns 

tAA+5 ns 

95 ns 

10 ns 

tCAS ns 

0 ns 

Micron Semiconductor, 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. Vee = SV ±10%;f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is 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 is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-ups should be repeated any time the IREF 
refresh requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIR (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

, last valid READ cycle. 
I 13. Measured with a load equivalent to two TTL gates 

and 100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, !RAC will increase by the amount that IRCD 
exceeds the value shown. 

I 15. Assumes that IRCD 2: IRCD (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 tcPN. 

MT4C1026 
REV. 4194 1-19 

17. Operation within the IRCD (MAX) limit ensures that 
!RAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
lRAC (MIN) and ICAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

19. Either IRCH or lRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IA WD and tcWD 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. IfIRWD 2: IRWD (MIN), IAWD 2: IAWD 
(MIN) and ICWD 2: ICWD (MIN), the cycle iH a READ 
WRITE and the data output will contain data fead 
from the selected cell. If neither of the above 
conditions is met, the cycle is a LATE WRITE ilnd tht' 
state of Q is indeterminate (at access lime ilnd until 
CAS goes back to VIH). 

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

24. The 3ns minimum is a parameter guaranteed by 
design. 
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MT4Cl026 
REV. 4/94 

READ CYCLE 

tRAS 'RP 
RAs 

'----

'AR 
tRAD tAAL ~ 

I~ I~ 
ADDR ~ ROW ~ COLUMN 

ICSH II 

r- tRCD I ~AS II ~ 
I 

:-----' 
I II. ~ 

lACS 'ASH tRRH 

I I -
WE ~:~ $!I!I!I!I/!I!I!I/;IW!l!l///!I~ 11-. _--tI-c'AA;,,--tC_AC_

1 

I telz 

Q ~gt::: t=:::O:PEN==:;;===~1==V~ALI~OO~ATA=j OPEN-:--
. 'RAe 

EARLY WRITE CYCLE 

'RC 
tRAS 'RP 

-
'AWR 

'RCD 

V,H 
ADDR VIL 

~~I ~I leAH 

:W0! ROW It COLUMN 'f(/////////////////l/., ROW 
~ II 'RAD 'CSH II 'ASH 

L= 'CAS 
=~ 

I 
tCWL 

II 'RWL 

~II 'WCH 'WP 
II 

I ~I 'OH 
I 

Q ~g~ -'-------------OPEN--------

~ DON'TeARE 

~ UNDEFINED 

1-20 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. ' 
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READ WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

RAS V'H--
VIL- 1'---------------------'] 

tASR tRAH n777\1-_________ r~~'R~W~L ;;;~'7777T7nJ,T7T7: ..,.,. 1-- ---I rrrrr. I 
ADDR ~:~ya ROW )(III!;? COLUMN}VUIIIIIII@/$IIIIII/;i, 

~ I ~ 'CSH I I I 
'RCD! ~I :::D II I 'CAH 'CRP 

1 I 

I I tAWD 1 'RWD 1 'CWL 
CAs ~:~ I I 'RCS I ." 

WE ~:~:r//////////////" II II ~y I 
I ~~ I 

D ~:~=1$/;/;//;/////$//;///$;//;///;/;//////;/~ ~~~~ ~/;/;/$;/;/;//;/;/t% 

I II',~~ 14 J:r 
Q ~g~=---+I----tl~'-AA~,~~t=======~v~AL~ID~D;~~A======1 ~~~~~---

tRAC tWOH 

STATIC-COLUMN READ CYCLE 

'SC 
COLUMN 

Q ~gr=.--------'-------I----JJ\I\l[ 

tRASC 

'SC 

II 'CAS 
II 
II 

1-21 

~ DON'TeARE 

~ UNDEFINED 
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MT4C1026 
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ADDR 

STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS Controlled) 

Q ~g~ -----------OPEN--------------------

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE Controlled) 

~ DON'T CARE 

~ UNDEFINED 

1-22 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. I 
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ADDR 

STATIC~COLUMN READ-WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

tRCD ~~ 

I~ teLz 
-'~ 

100' 
'AA 
tRAC 

I 
I~ 

'ow 
tWOH 

-------'I """'-
VALID DATA JW' 
I tAGH 

tALW 

tCWL 

VALID 
DATA >VI 1111 II III /IIII/!///h 

VALID DATA 

tOFF 

--:i 

ml DONTCARE 

~ UNDEFINED 
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MICRON MT4C1026 
1-- H , , , 1 MEG x 1 DRAM 

MT4C1026 
REV. 4194 

RAS ONLY REFRESH CYCLE 
(ADDR= AO-AS; A9 and WE = DON'T CARE) 

I teRP '~ 

CAS ~:~:.---' \-J 

\'--------

1·--"tAS=R'--~. I • tRAH _I 

ADDR ~:~ ~r---RO-W ---,' W/1!//I!/////!I!/I!//!I!//!//!/!I!/II!/II!I!,1<r---ROW--

Q ~g~ -:-------------OPENI--------------

CBR REFRESH CYCLE 
(AO-A9 and WE = DON'T CARE) 

_ VIH ..:....-.:-:. ---f=tr"=-J 
CAS V,l -._-'--_..:L. ___ ----,'--___ ----''--____________ Z-_ 

Q ~~ -'--------------OPEN-------------

ADDR 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) (REFRESH) 

-toFF 

a ~gr-:--------::-- OPEN'-----~~C====~VAl~I~D~DA~TA~===:} /'" ,- OPEN-

1-24 

I:!ZI DONT CARE 

Il88! UNDEFINED 

Micron Semlooncluctor, Inc., raseMlS the right to change products or speclfica1lons without notice. 
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DRAM 

FEATURES 
• 1,024-cycle refresh distributed across 16ms 

(MT4CI004J) or 128ms (MT4CI004J S only) 
• Industry-standard pinout, timing, functions and 

packages 
• High-performance CMOS silicon-gate process 
• Single +5V ±1O% 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 (MT4CI004J S only) 

• FAST PAGE MODE access cycle 
• Low power, 0.8mW standby; 225mW active, typical 

(MT4CI004J S) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil) 
Plastic ZIP (400 mil) 

• Version 

-6 
-7 
-8 

DJ 
TG 
Z 

1,024-cycle refresh in 16ms None 
1,024-cycle refresh in 128ms S 

• Part Number Example: MT4CI004JDJ-6 S 

GENERAL DESCRIPTION 
The MT4CI004J(S} is a randomly accessed solid-state 

memory containing 4,194,304 bits organized in a xl configu
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO-Ald) 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 occurs last. If WE goes 
LOW prior to CAS going LOW, the output pin remains open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
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. 

MT4C1004J(S} 
REV. 4194 1-25 

4 MEG x 1 DRAM 
STANDARD OR SELF REFRESH 

PIN ASSIGNMENT (Top View) 

20/26-Pin SOJ 20-Pin ZIP 
(OC-1) (OB-2) 

D 1 26 Vss A9 1S- -
WE 2 25 Q Q 

.02 CAS 
3 o. 

RAS 3 24 CAS c. 4 Vss D 50. _ 
NC 4 23 NC - .06 WE 

'A10 5 22 A9 RAS 7 -:'1 
r:: 8 A10* 

NC 9 ":.1 
.010 NC 

AO 11 0"0 12 A1 

AD 9 18 AS A2 13 0"0 14 A3 
A1 10 17 A7 Vee 15-::'1 
A2 11 16 A6 

'--16 A4 

A3 12 15 A5 A5 17 0"0 18 A6 

Vee 13 14 A4 A7 19 ~ 20 AS 

20/26-Pin TSOP 
(00-1) 

Dcr 1 26 ~vss 
WEcr 2 25 Q 

RAScr 3 24 ~CAS 
NCcr 4 23 NC 

'A10cr 5 22 fn A9 

AOcr 9 18inAB 
A1 CI 10 17 ~A7 
A2CI 11 16 A6 
A3 CI 12 15 ~A5 

Vcc CI 13 14 A4 

• Address not used for RAS ONLY REFRESH 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row-address-defined (AO-AI0) 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 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 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 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 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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RAS addresses (AO-A9) are executed at least every 16ms for 
the MT4Cl004J and every 128ms for the MT4Cl004J S, 
regardless of sequence. The CBR and. extended refresh 
cycles will invoke the internal refresh counter for automatic 
RAS addressing. 

REFRESH 
An optional SELF REFRESH mode is also available. The 

"s" option 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 RAS LOW 
for the specified IRASS. Additionally, the "s" option allows 

for an extended refresh rate of 1251ls per row if using 
distributed CBR REFRESH. This refresh rate can be applied 
during normal operation or during a standby mode. 

The SELF REFRESH mode is terminated by driving RAS 
HIGH for a minimum time oftRPS (~tRC). 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 or BURST REFRESH sequence, all rows must be 
refreshed within 300lls prior to the resumption of normal 
operation. 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE~------------------------~----------'--4~ 
CAS r----------+I D 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

A10 

RAS o------t 

2048 x 2048 
MEMORY 
ARRAY 

Q 

---..0 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). 

MT4C1004J(S) 
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TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

SELF REFRESH 
(MT4C1004J Sonly) 

MT4C1004J(S) 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

1m" m WE'" 
H H-.X X 

L L H 

L L L 

L L H-'L 

L H-.L H 

L H .... L H 

L H-.L L 

L H-.L L 

L H-.L H-.L 

L H-.L H-.L 

L H X 

L-.H-.L L H 

L-.H-.L L L 

H-.L L H 

H-.L L H 

.1-27 

ADDRESSES DATA 

'R 'c D (Data-In) Q (Data-Out) 

X X "don't care' High-Z 

ROW COL "don't care" Data-Out 

ROW COL Data-In High-Z 

ROW COL Data-In Data-Out 

ROW COL "don't care" Data-Out 

nla COL "don't care" Data-Out 

ROW COL Data-In High-Z 

nla COL Data-In High-Z 

ROW COL Data-In Data-Out 

nla COL Data-In Data-Out 

ROW nla "don't care" High-Z 

ROW COL "don't care" DatacOut 

ROW COL Data-In High-Z 

X X "don't care" High-Z 

X X "don't care" High-Z 

Micron Semiconductor, Inc., reserves th~ right to change products or specifications without notice. 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Any Pin Relative to Vss ................. -IV to +7V 
Operating Temperature, T A (ambient) ........ O°C to +70°C 
Storage Temperature (plastic) ................. -SsoC to + ISO°C 
Power Dissipation ........................................................... 1 w 
Short Circuit Output Current ................................... SOmA 

'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: 1,3,4,6,7) (Vee = +SV ±10%) 

PARAMETER/CONOITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV ::; VIN ::; 6.SV 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV ::; VOUT::; S.SV) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

MT4C1004J(S) 
REV. 4194 1-28 

SYMBOL MIN MAX UNITS NOTES 
Vee 4.S 5.5 V 

VIH 2:4 Vee+1 V 

VIL -1.0 0.8 V 

II -2 2 !lA 

loz -10 10 !lA 
VOH 2:4 V 

VOL 0.4 V 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1,6,7) (Vcc = +5V ±10%) 

PARAMETER/CONOITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Single Address Cycling: tRC = tRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC [MIN]) 

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

REFRESH CURRENT: Extended 
Average power supply current during Extended Refresh: 
CAS = 0.2V or CBR cycling; 
RAS = tRAS (MIN); WE, AO-A 10 and DIN = Vcc -0.2V 
or 0.2V (DIN may be left open); tRC = 1251ls 
(1 ,024 rows at 125115 = 128ms) 

SELF REFRESH CURRENT: (S-version only) 
Average power supply current during SELF REFRESH: 
CBR cycle with tRAS ~ tRASS .(MIN) and CAS held 
LOW; WE = Vcc -.2; AQ-A 10 and DIN = Vcc -.2V or .2V 
(DIN may be left open) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A10, D 

Input Capacitance: RAS, CAS, WE 

Output Capacitance: Q 

, MT4C1004J(S) 
! REV. 4/94 

MAX 

VERSION SYMBOL -6 -7 ·8 UNITS NOTES 

Icc1 2 2 2 mA 

MT4C1004J Icc2 1 1 1 mA 
MT4C1004J S Icc2 200 200 200 JlA 

Icc3 110 100 90 mA 3,4, 
27 

Icc4 80 70 60 mA 3,4, 
27 

Iccs 110 100 90 mA 3,27 

ICG6 110 100 90 mA 3,5 

MT4C1004J S Icc? 300 300 300 IlA 3,5, 
7,25 

MT4C1004J S Iccs 300 300 300 JlA 5,28 

SYMBOL MAX UNITS NOTES 

CI1 5 pF 2 

CI2 7 pF 2 

Co 7 pF 2 

1-29 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = +5V ±10%) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

"CAS" pulse width 

"CAS" hold time 

"CAS" precharge time (CBR REFRESH) 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 
Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

MT4C1004J{S) 
REV. 4194 

-6 
SYM MIN 
tRC 110 

tRWC 130 
tpc 35 

tpRWC 60 

tRAC 

tcAC 
tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
ICRP 10 
tASR a 
IRAH 10 
IRAD 15 

IASC 0 
ICAH 10 
IAR 45 

tRAl 30 

tRCS a 
tRCH a 

tRRH a 

tClZ a 
tOFF 3 
twcs a 
tWCH 10 
twCR 45 

twp 10 
tRWl 15 
tCWl 15 

MAX MIN 

130 
155 
40 

70 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
a 
10 

30 15 

0 
15 
50 

35 

a 
a 

a 

a 
15 3 

a 
15 
55 

15 
20 
20 

1-30 

-7 -8 , 

MAX MIN MAX UNITS NOTES 

150 ns 

175 ns 

45 ns 

75 ns 

70 80 ns 14 
20 20 ns 15 
35 40 ns 

40 45 ns 

100,000 80 100,000 ns 25 
100,000 80 100,000 ns 25 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 

a ns 

10 ns 

35 15 40 ns 18 

a ns 

15 ns 

55 ns 

40 ns 

a ns 

a ns 19 

a ns 19 

a ns 

20 3 20 ns 20,26 
a ns 21 
15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications wilhout notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = +5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to "RAS) 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh· period (1,024 cycles) 
MT4C1004J 1 MT4C1004J S 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

RAS pulse width during 
SELF REFRESH cycle 

RAS precharge time during 
SELF REFRESH cycle 

RAS LOW to "don't care" during 
SELF REFRESH cycle 

MT4C1004J(S) 
REV. 4194 

-6 

SYM MIN MAX 
tDS 0 
tDH 10 

tDHR 45 

tRWD 60 
tAWD 30 

tCWD 15 
tT 3 50 

tREF 16/128 

tRPC 0 
tCSR 10 
tCHR 10 
tWRH 10 

WRP 10 
tWTH 10 

twTS 10 
tRASS 100 

tRPS 110 

tCHD 10 

1-31 

MIN 
0 
15 

55 

70 

35 

20 

3 

0 

10 

10 

10 

10 

10 

10 

100 

130 

10 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 22 
15 ns 22 

60 ns 

80 ns 2.1 

40 ns 21 

20 ns 21 

50 3 50 ns 9, 10 

16/128 16/128 ms 

0 ns 

10 ns 5 
10 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

100 flS 28 

150 ns 28 

to ns 28 

Micron Semiconductor, Inc., reserves the right to change products or specificalions'''Vithout notice. 
©1994, Micron Semiconductor, Inc. 



• C 
:rJ » s: 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±lO%;f = 1 MHz. 
3. lee is dependent on cycle rates. 
4. Icc is 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 (O°C:S; TA:S; 70°C) is assured. 

7. An initial pause of lOOlls 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. 

8. AC characteristics assume tT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

"nrll00nP 
~.~ ~~~r~' 

14. Assumes that tRCD < IRCD (MAX). If tRCD 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 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 tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

MT4C10D4J(S) 
REV. 4/94 1-32 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and ill not 
referenced to VOH or VOL. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in LATE WRITE, READ WRITE 
and.READ-MODIFY-WRITE cycles only. IftWCS ~ 
twcs (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), tA WD ~ 
tA WD (MIN) and tCWD ~ tcWD (MIN), the cycle is a 
READ WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
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 VIH). 

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. twTS and tWTH are set up and hold specifications for 
the 'VE ph~ being held LOVI to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH 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. 

Micron Semfconductor, Inc., reserves the right to change products or speCifications without notice. 
©1994, Micron Semiconductor, Inc 



READ CYCLE 
RC 

tRAS 'RP 

tCSH , 
IRSH tRRH 

'cRP tRCD , tCAS , 
1 

:~ 
'AR I 'RAD tRAL . . 

tASR ~I ~ ~ 
ADDR ~ 

~ 

Wlllllllllllllllllllilla: ROW ~ COLUMN ROW 

tRCS tRCH 

1 1 

!jllllllllllllllllllllllllllllill tV' I I I I I I I I I I III I I I I I I I~ 
'AA 
tRAC 

tCAC 

~I ~--t 
OPEN VALID DATA -OPEN---Q ~gt -

EARLY WRITE CYCLE 

'RC 

tRAS 'RP 

'I r' 1 

RAS 
V,H 
V,L - iii' \ 

tCSH 

tRSH 

'cRP IReD 'cAS 

CAS 
V,H 
V,L =~ 

'AR 

tRAD 'RAL 

ADDR V,H 
V,L 

'ASR ~I 1~ ~ 
~ ROW COLUMN ~/WdJ: ROW 

tCWL I tRWL 

tWCR 

'WCS tWCH 

'WP 

WE ~1t "Y/////////////A ~~ 
tOHR 

~ 
I 

I~ 
D ~:~ ~ALlDDATA 

Q ~gt--~--------------OPEN-----'----'-----"----

1-33 

~ DON'T CARE 

Il28! UNDEFINED 

Micron Semiconductor, Inc" reserves the right to change products or specifications without notice, 
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MT4C10()4J(S) 
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RAS 
V1H -
VIL _ 

CAS 
VIH -
VIL _ 

ADDR 
V,H 
V,L 

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

IRWC 

tRAS tAP 

ICSH 

'I tRSH 

leRP IRCD teAs 

tAA 

COLUMN 

tAWD I I 
tRCS 

1 I· IAWD 

FAST-PAGE-MODE READ CYCLE 

1 __ --------------________ ~tR~~~P ______________________ ~~ 

1-34 

[Z] DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

Q ~:t ::------------------OPEN ------------------

Q ~8t' ::::'----

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

*tpc / IpRWC I_-""R"'S"'--___ I 

1l:='e=P=::1I~ I-"c",-P __ -/ ~ r-i---+-_'_CP_N_--L 

AA AA AA 

I I 'ePA I tepA 

'RAC ~FF] I~ 'OF~I ~ j 'eAC - 'OFF 

'ell 1:- 'ell- 1:-
VALID 

VALID telz -- 1:--
VALID OPEN DATA DATA DATA OPEN--

-Ipe is for LATE WRITE only. 

fZ!:1 DON'T CARE 

~ UNDEFINED 

MT4C10Q4J(S) 
REV. 4/94 1-35 Micron Semiconductor, Inc., reserves the r~ht to change ~roducts or specifications without notice. 
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RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; A 10 and WE = DON'T CARE) 

IRAS IRP 

II' 

~_ IRPe_
1 

\ 
ICRP 

1 

CAS ~:t := ~ ~ 
tASA tRAH • !, 

ADDR ~:t _~-RO-W ----,k$//III!/$/$//////$$/§$/i/$J;Xr---Ro-W -----,--'--

a ~g~ :,------------OPEN------------

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 

tcSH 
Ipe 1-' _""IRS~H --I 

tcpp teAs 

ADDR COLUMN 

'~I I II leWL 
• ' IR'CS' • II IRWL 

I : "" i i . ~: /"T77C77771'7777TTTTTTTT777 

WE ~:~ = I I I I '-~:--DS --77-11_-:-IDH-"J.LLLLL1-J..U.LL.I.=CLLL.tJ.. 

o :t :7ff//#$//#$///##//$///$///,o/,'l'//#$/$/j omo~" b;$$$ffM'/$!,i 

Q ~g~- OPEN 

I. I. 1M 

lRAe 

teAe b 
SLL:I! NOTE 1 

VALID 

101' ~ 

: 
OPEN-----

1!Zl' DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or ICP(whichever is greater) + IDS(MIN) + any guardband 

MT4C1004J(S) 
REV. <m4 

between data-out and driving the bus with the new data-in. 
2. Assumes D and Q are tied together. 

1-36 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) (REFRESH) 

-toFF 

Q ~gr -'---------OPENI----~~t::===~V~ALI~D D~AT:;::A ==:::::j OPEN-

RAS 

CAS 

Q 

VIH -
VIL -

VIH -
VIL -

CBR REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

OPEN 

tWAP .tWRH ~ ~ 

WE ~:~ -J/I/!II!!I/I;)~ W$I$II/!/!!$ffJ W/!!I//$II!#/II!#I!I$!4 

SELF REFRESH CYCLE (MT4C1004J S ONLY) 
(AO-A 10 = DON'T CARE) 

DO ~gr :'----------f+----\ 

~ DON'T CARE 

m UNDEFINED 

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

MT4C1004J(S) 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh cycle of the 1 Meg is the 

CBR REFRESH cycle. The CBR for the 1 Meg specifies the 
WE pin as a "don't care." The 4 Meg, on the other hand, 
specifies the CBR REFRESH mode with the WE pin held at 
a voltage HIGH leveL 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC-specified test mode (WCBR). 

RAS ~:~::: 

POWER-UP 
The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER-UP cycle requires a 
lOOJ.ls delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS ONLY 
REFRESH or CBR REFRESH (WE held HIGH) cycles must 
be used. The restriction is needed since the 4 Meg may 
power-up in the JEDEC-specified test mode and must exit 
out of the test mode. The only way to exit the 4 Meg JEDEC 
test mode is with either a RAS ONLY or a CBR REFRESH 
cycle (WE held HIGH). 

SUMMARY 
1. The 1 Meg CBR REFRESH allows the WE pin to be 

"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS 
ONLY or CBR REFRESH cycles (WE held HIGH). 

P1"" CAS ~:~ :::----'---.:L----tl------'-~----L--~--_l+-----1:.---------
__________ 9_ y8t ~:-_-_-_-_-_-_-_-_-,-_-_-_-_+l-_ -__ -_-_-_-_-_-_-_-__ ~p~~-_-_-_-_-_-_-:-_-_-I_+-__ -_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_ -_ -____ . 

{

WCBR TEST MODE WE V IH 
VIL 

~~:~ tWRPtWRH .tWRP tWRH 

CBRREFRESH'WE ~:~ ::@jj-- --~//////11#////III#J- -WI//jII#I!#//jIl#/II!//!14 

1 Meg { 
DRAM 

MT4C1,004J(S) 
REV. 4194 

CBR REFRESH: WE ~:~ -11/11#////11# II/////!II !IIIII/////I/I!/IIIII I!!III I # !lll!1I/1i # /II II II!!! II!!II!! ~ 
~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 

1-38 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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DRAM 

FEATURES 
• Industry-standard xl pinout, timing, functions and 

packages 
• 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 distributed across 16ms 

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

• STATIC COLUMN access cycle 

OPTIONS MARKING 
• Timing 

70ns access 
80ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic ZIP (400 mil) 

-7 
-8 

DJ 
Z 

• Part Number Example: MT4C1006JDJ-7 

GENERAL DESCRIPTION 
The MT4C1006J is a randomly accessed solid-state 

memory containing 4,194,304bits organized in a xl configu
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO-AIO) 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 occurs last. IfWEgoes 
LOW prior to CAS going LOW, the output pin remains open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data teaches 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. 

STATIC COLUMN operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRlTE) within a 

MT4C1006J 
REV. 4/94 

4 MEGx1 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

20/26-Pin SOJ 
(DC-1) 

o 
WE 

RAS 
NC 

*A1D 

AD 
A1 
A2 
A3 

Vee 

[ 1 
2 

[ 3 
4 

[ 5 

[9 
[ 10 
[ 11 
[ 12 
[ 13 

26 Vss 
25 Q 

24 CAS 
23 NC 
22 A9 

18 AS 
17 A7 
16 A6 
15 A5 
14 A4 

20-Pin ZIP 
(08-2) 

A9 1 co, 
'co 2 CAS 

Q 3 co, 
"'4 Vss 

0 5 co, 

RAS 
'co 6 WE 7 co, 
'" 8 A1D* 

NC 9 co, 
'co 10 NC 

AD 11 co, 
'co 12 A1 

A2 13 co, 
'" 14 A3 

Vee 15 co, 
'co 16 A4 

A5 17 co, 

19 co, 
'co 18 A6 

A7 
'" 20 AS 

*Address not used for RAS ONLY REFRESH 

row-address-defined (AO-AIO) page boundary. After the 
first read, any column-address transition will result in new 
data out. Unlike PAGE MODE, which requires CAS to be 
toggled for each successive PAGE MODE access, 
STATIC COLUMN allows CAS to be left LOW for succes
sive STATIC COLUMN accesses. Returning RAS HIGH 
terminates the STATIC COLUMN operation. 

Returning RAS.and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditionedfor the next cytle 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 RASREFRESH cycle (RASONL Y, CBR, 
or HIDDEN) so that all. 1,024 combinations. of RAS ad
dresses (AO-A9) are executed at least every 16ms, regardless 
of sequence. The CBR cycle will invoke the internal refresh 
counter for automatic RAS addreSSing. 

1-39 Micron Semiconductor, Inc., reselVes the righllo change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

WE~------------------~--------~~' 
C~~~----------------~~~ __ --~~~--------+I D 

AO 
A1 
A2 

A3 

A4 
AS 
A6 
A7 
AS 
A9 

A10 

RAS Vee 

Voo 

"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). 

TRUTH TABLE 

FUNCTION 
Standby 

READ 

EARLY WRITE 

READ WRITE 

STATIC-COLUMN 1st Cycle 

READ 2nd Cycle 

STATIC-COLUMN 1st Cycle 

EARLY-WRITE 2nd Cycle 

STATIC-COLUMN 1st Cycle 

READ-WRITE 2nd Cycle 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT4C1006J 
REV. 4194 

READ 

WRITE 

HAS"" ~ WE" 
H H .... X X 

L L H 

L L L 

L L H .... L 

L L H 

L L H 

L L L 

L L H .... L 

L L H .... L 

L L H .... L 

L H X 

L .... H .... L L H 

L .... H .... L L L 

H .... L L H 

ADDRESSES DATA 
IR IC o (Dala-In) Q (Dala-Oul) 

X X "don't care" High-Z 

ROW COL "don't care" Data Out 

ROW COL Data-In High-Z 

ROW COL Data-In Data-Out 

ROW COL "don't care" Data-Out 

n/a COL "don't care" Data Out 

ROW COL Data-In High-Z .. 

n/a COL Data-In High-Z 

ROW C.OL Data-In Data-Out 

n/a COL Data-In Data-Out 

ROW n/a "don't care" High-Z 

ROW COL "don't care" Data-Out 

ROW COL Data-In High-Z 

X X "don't care" High-Z· 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage onAny Pin Relative to Vss .................... -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 150°C 
Power Dissipation ............................................................. 1 w 
Short Circuit Output Current ..................................... 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) (Vee = +5V ±1 0%) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV :os; VIN :os; 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV :os; VOUT :os; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vee -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supplycurrent 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: ISC = ISC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN» 

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

MT4C100SJ 
REV. 4/94 1-41 

SYMBOL MIN MAX UNITS NOTES 
Vee 4.5 5.5 V 

VIH 2.4 Vee+1 V 

VIL -1.0 0.8 V 

II -2 2 I!A 

loz -10 10 I!A 
VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 UNITS NOTES 
lect 2 2 mA 

lec2 1 1 mA 

lec3 100 90 mA 3,4,25 

Ice4 70 60 mA 3,4,25 

lec5 100 90 mA 3,25 

Ice6 100 90 mA 3,5 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 10, D CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = +5V ±1 0%) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

STATIC-COLUMN 
READ or WRITE cycle time 

STATIC-COLUMN 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

RAS pulse width 

RAS pulse width (STATIC COLUMN) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (STATIC COLUMN) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(reierenced to RAS) 
Column-address to 
RAS lead time 

Read command /letup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 
CAS to output in Low-Z 

Output buffer turn-off delay 

Column-address hold time 
(referenced to RAS) 

MT4C1006J 
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SYM 
tRC 

tRWC 

tsc 

tSRWC 

tRAC 

tcAC 
tAA 

tRAS 

tRASC 

tRSH 

tRP 

tCAS 

tCSH 

ICPN 

tcp 

tRCD 

tCRP 

tASR 

tRAH 

IRAD 

IASC 

tCAH 

tAR 

tRAL 

IRCS 

tRCH 

IRRH 

tCLl 

'OFF 
tAWR 

1-42 

MIN 

130 
155 
40 

70 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
80 

35 

0 
0 

0 

0 
3 

55 

-7 -8 

MAX MIN MAX UNITS NOTES 

150 ns 

175 ns 

45 ns 

75 ns 

70 80 ns 14 
20 20 ns 15 
35 40 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 

0 ns 

10 ns 

35 15 40 ns 18 

0 ns 

15 ns 

90 ns 

40 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

20 3 20 ns 20,26 
60 ns 

Micron Semiconductor, inc., reserves the nght to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = +5.0V ± 10%) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to FiAS lead time 

Write command to "CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column-address 
to WE delay lime 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

Write inactive time 

Previous WRITE to column-address 
delay time 

Previous WRITE to column-address 
hold time 

Output data hold time from 
column-address 

Output data enable from WRITE 

Access time from last WRITE 

Column-address hold lime 
referenced to RAS HIGH 

CAS pulse width in 
STATIC COLUMN MODE 

Output data hold from WRITE 

MT4C1006J 
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SYM 
twcs 

twCH 
IWCR 

twp 

tRWL 

tCWL 
tDS 

tDH 

IDHR 

tRWD 

IAWD 

ICWD 

iT 
IREF 

IRPC 

tcSR 

tCHR 

twRH 

twRP 

, tWTH 

twTS 

twl 
ILWAD 

IAHLW 

IAOH 

tow 
tALW 

tAH 

tcsc 

twOH 

1-43 

MIN 
0 

15 

55 

15 

20 

20 

0 
15 

55 

70 

35 

20 

3 

0 

10 

1.5 

10 

10 

10 

10 

10 

20 

65 

5 

IAA+5 

65 

5 

ICAS 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 21 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

80 ns 21 

40 ns 21 

20 ns 21 

50 3 5d ns 9,10 

16 16 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 

30 20 35 ns 

75 ns 

5 ns 

tAA+5 ns 

75 ns 

10 ns 

ICAS ns 

0 ns 

Micron Semiconductor, 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. Vee = 5V ±lO%;f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is 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 (O°C:S; TA:S; 70°C) is assured. 

7. An initial pause oflOO/-Ls 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. 

8. AC characteristics assume tT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and lOOpF. 
14. Assumes that tRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (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 ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. tRCD (MAX) is specified as 

MT4C1006J 
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a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the tRAD (MAX) limit ensures that 
lRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. IWCS, IRWD, IA WD and tcWD are restrictive 
operating parameters in LATE WRITE, READ WRITE 
and READ-MODIFY-WRITE cycles only. If IWCS ~ 
twcs (MIN), the cycle is an EARLY WRITE cycle and 
the data output will remain an open circuit through
out the entire cycle. If tRWD ~ IRWD (MIN), IAWD ~ 
IAWD (MIN) and ICWD ~ tcWD (MIN), the cycle is a 
READ WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
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 VIH). 

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. twTs and twTH 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 IWRP and IWRH in the 
CBR refresh cycle. 

25. Column-address changed once while RAS = VIL to 
CAS = VIH. 

26. The 3ns minimum is a parameter guaranteed by 
design. 

Micron Semiconductor, Inc., reserves the right to change product$ or specifications without notice. 
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READ CYCLE 

'RAO 
tASR tRAH 

V'H 
ADDR VIL_ 

~-I 
1IILZ{ ROW ~ 

.~ _I 
J 

a VOH
VOL - I 

I I 

I 
OPEN 

'RAS 

tACS 

tRAC 

'RP 

1"--
'AR 

tRAl ~ 

~ COLUMN 

ICSH II ~~ 
tCAS 

\I 

IRSH II tRRH ~I 
I I 

tCAG 6-
1 

~ 

'AA 
'cLZ .J 
~ VALID DATA OPEN-

EARLY WRITE CYCLE 

o VOH 
VOL 

-
-

l~ ~I 
Y///M RCW 

I 
IRAQ 

'eRP 

I 
=~ 

I -

tRCD 

RC 

'RAS 'RP 

IAWR 

~ 'eAH 

COLUMN RCW 

_I !CSH I IRSH 

tCAS 

'eWL 

I 'RWL 

~ 1 !WCH 

'WP 

I 
I~I~I 

VALID DATA 

tOHA ,I I 
IWCR 

Q ~gt ::~-----------OPEN----------

1-45 

~ DON'T CARE 

~ UNDEFINED 
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READ WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

�------------------~tR~AS~----------------I~ 

STATIC-COLUMN READ CYCLE 

tRASC 

tsc tsc 

COLUMN COLUMN 

II tCAS 

II 

1-46 

COLUMN 

~ DON'T CARE 

~ UNDEFINED 
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STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS controlled) 

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE controlled) 

~ DON'TeARE 

~ UNDEFINED 

1-47 Micron Semiconductor, 'Inc., reselVes the right to change products or specifications without notice. 
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ADDR ~:t: 

STATIC-COLUMN READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

tCAC 

tCLZ 

-h, 
tAA 1QT. 

tRAC 

tRASC 

I 
I~ 

tow 

tWOH tOFF 
--~I ~i 

VALID DATil jw VALID DATA 

I tAOH. I 
tALW 

1-48 

I777l 
((fL] DON'T CARE 

Il88lI UNDEFINED 
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RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; A 10 and WE = DON'T CARE) 

'RC 

\'-----
tCRP 

CAs ~\~:.~ LI 

ADDR ~:~ _~o~k//////////////////////////////////////////"x'---RO-w --

Q ~gr -_------~-----OPEN------------

RAS VIH -
VIL -

CAS VIH -
VIL -

Q 

WE 

CBR REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

tRAS 

I' teAC 

(REFRESH) 

tRAS 

teHR 

Q ~gr-'---------OPEN-------jmK====~VA~LlD~DA~TA~==:j OPEN-

1-49 

I:!ZI DON'TeARE 

Il88! UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM: The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh cycle of the 1 Meg is the 

CBR REFRESH cycle. The CBR for the 1 Meg specifies the 
WE pin as a "don't care." The 4 Meg, on the other hand, 
specifies the CBR REFRESH mode with the WE pin held at 
a voltage HIGH leveL 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC-specified test mode (WCBR). 

POWER-UP 
The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER-UP cycle requires a 
lOOlls delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS ONLY or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC-specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS ONLY or a CBR REFRESH cycle (WE held 
HIGH). 

SUMMARY 
1. The 1 Meg CBR REFRESH allows the WE pin to be 

"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS 
ONLY or CBR REFRESH cycles (WE held HIGH) . 

CAS ~:t::: 

• tCHH '1 tRPc:ll~ ~I 
)------/,-~\ /~---------------

__ ~ __ ~ __ ~ __ -L ____ ~ __ ~ __ ~ __ ~~ __________ ___ 

_ :: _______ 9_ y~~ ~-_-_-:-_-_-_-_-_ -_ -: -_ -__ -1+_-_-_-:-_-_-_--------_~P~~ -_-:.-_-_ -_ -_ -_ -_ --f_ +---_-_-_-_-_-_-_-_-_ -_ -_ -_ -_ -__ -_-_-_-_-_-_-___ _ 
tWTH 

{

WCBR TEST MODE WE VIH 
VIL 

~~:~ tWRP tWRH tWRP tWRH 

CBRREFRESH WE ~:~ :::W- -W//!///////////II//;)- -W//!//II///$/////////////$; 

6~:a { CBR REFRESH: WE ~:~ !/I///111/1l ////II!/ //////!!//II 11/ ////II!!! 1I1I/II/11!////////II////////////////// ///~ 

MT4C1006J 
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~ DON'T CARE 

COMPARISON OF 4MEG TEST MODE AND WCBRTO 1 MEG CBR 

1-50 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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DRAM 

FEATURES 
• Industry-standard xl pinout, timing, functions and 

packages 
• High-performance CMOS silicon-gate process 
• Single power supply: +5V ±1O% 
• Low power, 4mW standby; 200mW active, typical 
• All inputs, outputs and clocks are TTL-compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 4,096-cycle refresh distributed across 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 

• Packages 
Plastic SOJ (300 mil) 

MARKING 

-6 
-7 

DJ 

• Part Number Example: MT4C16M1A1DJ-6 

GENERAL DESCRIPTION 
The MT4C16M1A1 is a randomly accessed solid-state 

memory containing 16,777,216 bits organized in a xl con
figuration. During READ and WRITE cycles, each bit is 
uniquely addressed through the 24 address bits, which are 
entered 12 bits (AO-All) at a time. RAS is used to latch the 
first 12 bits and CAS the latter 12 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 pin 
remains open (High-Z) until the next CAS cycle. If WE goes 
LOW· after 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. 

F AST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row-address-defined (AO-All) page bqundary. The FAST 
PAGE MODE cycle is always initiated with a row-address 

i strobed-in by RAS followed by a column~address strobed-in 
, byCAS. CAS may be toggled-in by holding RAS LOW and 
r strobing-indifferent column-addresses, thus executing faster 
I memory cycles. Returning RAS HIGH terminates the FAST 
I PAGE MODE operation. 

'! MT4C16M1Al 
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ADVANCE 

z 
m 
=E 

16 MEG x 1 DRAM _ 
s.ov FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

24/26-Pin SOJ 
(DC-2) 

Vee [ 1 26 ~ Vss 
D [ 2 25 o Q 

NC [ 3 24 b NC 
WEE 4 23 P CAS 

RAS [ 5 22 J NC 
A11 [ 6 21 J A9 

A10 [ 8 19 J AS 
AO [ 9 18 J A7 
A1 [ 10 17 J A6 
A2 [ 11 16 J A5 
A3 [ 12 15 JA4 

Vee [ 13 14 J Vss 

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 
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 (RASONLY, CBR, 
or HIDDEN) so that all 4,096 cqmbinations ofRAS addresses 
(AO-All) are executed at least every 64ms, regardless of 
sequence. The CBR REFRESH cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

Micron Semiconductor, Inc., reselVes the right to change products or specificatIOns without notice. 
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FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

ADVANCE 

WE~--------------------~--------~~~ 
CAS~~-----------------+----~--~~~r---------I 

D 

AO 
Al 
A2 

A3 
A4 
AS 
A6 
A7 
A8 
A9 

Al0 
All 

RAS Vee 

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). 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT4C16M1A1 
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1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1 1st Cycle 

2nd Cycle 

READ 

WRITE 

HAS m-
H H-X 

L L 

L L 

L L 

L H-L 

L H-L 

L H-L 

L H-L 

L H ..... L 

L H-L 

L H 

L-H-L L 

L-H-L L 

H-L L 

we-
X 

H 

L 

H-L 

H 

H 

L 

L 

H-L 

H-L 

X 

H 

L 

H 

1-52 

ADDRESSES DATA 
IR IC D (Dala-In) Q (Dala-Oul) 

X X "don't care" High-Z 

ROW COL "don't care" Data-Out 

ROW COL Data-In High-Z 

ROW COL Data-In Data-Out 

ROW COL "don't care" Data-Out 

n/a COL "don't care" Data-Out 

ROW COL Data-In High-Z 

nla COL Data-In High-Z 

ROW COL Data-In Data-Out 

n/a COL Data-In Data-Out 

ROW n/a "don't care" High-Z 
, 

ROW COL "don't care" Data-Out 

ROW COL Data-In High-Z 

X X "don't care" High-Z 

Micron Semiconductor, Inc., reserves the righllo change products or specifications w~houl notice. I 
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i\BSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss (SV) ........ -IV to +7V 
Jperating Temperature, TA (ambient) ........ O°C to +70aC 
,torage Temperature (plastic) ................. -ssac to + Isoac 
Power Dissipation ........................................................... Iw 
,hort Circuit Output Current ................................... SOmA 

ADVANCE 

*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 = +5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (LogicO) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT 
Any input OV :0; VIN :0; 6.5V II -2 2 !!A 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV :0; VOUT:O; 5.5V) loz -10 10 IlA 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output LowVoltage (lOUT = 4.2mA) VOL 0.4 V 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = +5V ±1 0%) 

PARAMETER/CONDITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS= VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

MT4C16M1A1 
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MAX 

SYMBOL -6 -7 UNITS NOTES 

Icc1 2 2 mA 

Icc2 1 1 mA 

.90 80 mA 3,4, 
Icc3 26 

70 60 mA 3,4, 
Icc4 26 

90 80 mA 3,26 
Iccs 

90 80 mA 3,5 
Icc6 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A11 , D Cll 5 pF 2 

Input Capacitance: RAS, CAS, WE CI2 7 pF 2 

Output Capacitance: Q Co 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, g, 10, 11, 12, 13) (Vce = +5V ±10%) 

At CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE READ or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time (referenced to RAS) 

Column-address to RAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 

Read command hold time (referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

MT4C16M1A1 
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SYM 

'RC 
IRWC 
tpc 

'PRWC 

'RAC 

'CAC 

'AA 

'CPA 
IRAS 

'RASP 
IRSH 

'RP 

'CAS 
ICSH 

ICPN 

'CP 

'RCD 
ICRP 

IASR 

'RAH 
IRAD 

'ASC 
ICAH 

'AR 

'RAL 
IRCS 

'RCH 

'RRH 

'CLl 
IOFF 

twcs 

1-54 

MIN 

110 
130 
35 
60 

60 
60 
15 
40 
15 
60 
10 
10 
20 
5 
0 
10 
15 
0 
10 
50 
30 
0 
0 
0 
3 
3 
0 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 

155 ns 

40 ns 

70 ns 

60 70 ns 14 
15 20 ns 15 
30 35 ns 

35 40 ns 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 20 100,000 ns 

70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 
5 ns 

0 ns 

10 ns 

30 15 35 ns 18 
0 ns 

15 ns 

55 ns 

35 ns 

0 ns 

0 ns 19 
0 ns 19 
3 ns 25 

15 3 20 ns 20,25 
0 ns 21 

Micron Semiconductor, Inc., reserveslhe right to change products ors peClficatlonswilhoutnolice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = +5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time (referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 
Data-in hold time (referenced to RAS) 

"RAS to WE delay time 

Column-address to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (4,096 cycles) 

RAS to CAS precharge" time 

CAS setup time (CSR REFRESH) 

CAS hold time (CSR REFRESH) 

WE hold time (CSR REFRESH) 

WE setup time (CSR REFRESH) 

WE hold time (WCSR test cycle) 

WE setup time (WCSR test cycle) 

I MT4C16M1A1 
I REV. 4194 

SYM 
twCH 
IWCR 
IWp 

IRWL 

ICWL 

IDS 

IDH 

IDHR 

IRWD 

IAWD 

ICWD 

t-r 
IREF 

IRPC 

ICSR 

ICHR 

IWRH 

twRP 
IWTH 

twTS 

1-55 

MIN 
10 
45 
10 
15 
15 
0 
10 
45 
60 
30 
15 
3 

0 
5 
15 
10 
10 
10 
10 

-6 -7 
MAX MIN MAX UNITS NOTES 

15 ns 

55 ns 

15 ns 

20 ns 
20" ns 

0 ns 22 
15 ns 22 
55 ns 

70 ns 21 
35 ns 21 
20 ns 21 

50 3 50 ns 9, 10 
64 64 ms 

0 ns 

5 ns 5 
15 ns 5 
10 ns 24 
10 ns 24 
10 ns 24 

"--
10 ns 24 --

Micron Semiconductor, 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. Vee = 5V ±10%; f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is 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 (O°C::; TA ::; 700 q is assured. 

7. An initial pause of 100l!s 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. 

8. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (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 tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 

MT4C16M1At 
REV. 4194 1-56 

ADVANCE 

a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
. controlled exclusively by tcAe. 

18. Operation within the lRAD (MAX) limit ensures that 
lRAC (MIN) and tcAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and ICWD are restrictive 
operating parameters in LATE WRITE, READ WRITE 
and READ-MODIFY-WRITE cycles only. IftwCS ~ 
twcs (MIN), the cycle is an EARLY WRITE cycle and 
the data output will remain an open circuit through
out the entire cycle. If IRWD ~ IRWD (MIN), IA WD ~ 
IAWD (MIN) and tcWD ~ tcWD (MIN), the cycle is a 
READ WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
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 VIH). 

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. twTS and twTH 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 twRP and twRH in the 
CBR REFRESH cycle. 

25. The 3ns minimum is a parameter guaranteed by 
design. 

26. Column-address changed once each cycle. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor,lnc. 
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ADDR 

V,H 
V tL _ 

:-' 
leAP 

I~ 
tRAD 

~I 
ij'///~ ROW W/////;? 

1'//////////////////////////////1 

Q ~gt - OPEN 

ADVANCE 

READ CYCLE 

tRAS tRP 

I 
\ 

teSH 

tRSH IRRH . 
IRCD leAS 

tAR 

tRAL 

I~ ~ 

COLUMN W//////////////////////;0< ROW 

tRCS tRCH 

'V////////////////////h 
tAA 

tRAG 

!CAG 

~I ~r 
VAL1DDATA OPEN----

EARLY WRITE CYCLE 

RAS 
V,H -
VIL -

leRP 

CAS 
V,H -
V,L -

ADDR 
V,H 
V,L ROW 

o ~:t VALID DATA 

Q ~gt- OPEN-------------------

1-57 

~ DON'T CARE 

~ UNDEFINED 
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MT4C16M1A1 
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liAS 

CAs 

ADOA 

WE 

ADVANCE 

READ WRITE CYCLE 
(LATE WRITE and READ-MODiFY-WRiTE CYCLES) 

tRwe 

tRAS tRP 

RAS 
VIH -
VIL _ 

ICSH , I IRSH 

tCAP IRCD 'cAS 

CAS VIH -
VIL _ 

AODA 
V,H 
VIL 

WE V,H 
V,L 

Q ~g~ ='------------ OPEN------'-----~~t==V~A~LlD~D~A~TA~==} OPEN--

V,H -
V,L -

V,H 
VIL 

FAST-PAGE-MODE READ CYCLE 

1 __ ------------~tM~S~P------------~~ 

1-58 

[ZJ DON'T CARE 

~ UNDEFINED 
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RAS 

CAS 

ADDR 

ADVANCE 

FAST-PAGE-MODEEARLY-WRITE CYCLE 

Q ~:t ::::'---------------------OPEN ------------------

VIH -
VIL _ 

V,H 
VIL 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

ICSH *tpc / tpRWC 

1-59 

'RSH 

C1:l DON'T CARE 

~ UNDEFINED 

Micron Semiconductor,tnc., reselVes the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

z 
m :e -c 
::Jl » s: 



z 
m 

ADVANCE 

~------------------------~ 

• C 
JJ » s: teAP 

CAS ~:~_ :.-J 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 11; WE = DON'T CARE) 

tRAS tRP . 
J 
.~ 

"------I 

.1 

tASR tAAH 

ADDR ~it =-!r---Ro-w --1w/;i//;I/;IIff/I/$/$#m$ff#/;i/ff/;X~--RO-W --
Q ~g~ -'-------------OPEN------------

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

OPEN 

I. I. tAA 

tRAC 

,.~ 
b~NOTEl 

v ~ 

: 
OPEN-----

lZ1l DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: ICPP(MIN) or ICP(whichever is greater) + IDS(MIN) + any guardband 

MT4CI6M1AI 
REV. 4194 

between data-out and driving the bus with the new data-in. 
2. Assumes D and Q are tied together. 

1-60 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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'I MT4C16M1A1 
REV. 4/94 

I 

RP . , 

---./ 
~ 

I~ i' 'CSR, 

! 
Q 

~ 

RAS 

ADDR ~:t:::: 

Q ~g~ -:------

. 

, 

CBR REFRESH CYCLE 
(AO-A 11 = DON'T CARE) 

RAS ~I RP . 
1 

RAS 

'CHR . 41~ ~y 
! , 

OPEN 

,I 

~ ~ 

W~/I III IIlll/1I1 1I;j 
~ 

~/I $111 1111 II $1 1111/;1 /;111,0 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

1-61 

(REFRESH) 

~ DON'T CARE 

12221 UNDEFINED 
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DRAM 

FEATURES 
• 512-cycle refresh in Sms (MT4C4256) or 64ms 

(MT4C4256 L) 
• Industry-standard x4 pinout, timing, functions and 

packages 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, O.SmW standby; 175mW active, typical 
• All inputs, outputs and clocks are TTL-compatible 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and Extended (MT4C4256 L only) 
• Low CMOS Standby Current, 20011A maximum 

(MT4C4256 L) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns acces 
SOns access 

• Packages 
Plastic DIP (300 mil) 
Plastic SOJ (300 mil) 
Plastic ZIP (350 mil) 

• Version 

-6 
-7 
-S 

None 
DJ 
Z 

512-cycle refresh in S ms None 
512-cycle refresh in 64 ms L 

• Part Number Example: MT4C4256DJ-7 L 

I GENERAL DESCRIPTION 
, The MT4C4256(L) is a randomly accessed solid-state 
I memory containing 1,04S,576 bits organized in a x4 configu
ration, During READ or WRITE cycles, each bit is uniquely 

I 

addressed through the IS address bits, which are entered 9 
bits (AO-AS) ata time. RASis used to latch the first 9 bits and 
CAS the latter 9 bits. READ and WRITE cycles are selected 

I

'with the WE input. A logic HIG,H on WE dictates READ 
mode while a logic LOW on WE dictates WRITE mode. 

I During a WRITE cycle, data-in (D) is latched by the falling 
:1 edge of WE or CAS, whichever occurs last. If WE goes LOW 

256Kx4DRAM 
STANDARD OR LOW POWER, 
EXTENDED REFRESH 

PIN ASSIGNMENT (Top View) 

20-Pin DIP 20-Pin ZIP 

D01 

D02 

WE 

RAS 

NC 

AO 

A1 

A2 

A3 

Vee 

(DA-2) (OB-1 ) 

1 20 

2 19 

3 18 

4 17 

5 16 

6 15 

7 14 

8 13 

9 12 

10 11 

Vss OE 1-=-1 

DQ4 D03 3 -::'1 

D03 Vss 5 ::'1 

CAS D02 7 -::'1 

6E RAS 9o, 

A8 
AD 11o, 

A7 
A2 13o, 

A6 
Vee 150' 

A5 
AS 17 .. ,' 

A7 19 -" 
A4 

20/26-Pin SOJ 
(OC-1) 

D01 
DQ2 
WE 

RAS 
NC 

AO 
A1 
A2 
A3 

Vee 

1 
2 
3 
4 
5 

9 
10 
11 
12 
13 

26 
'25 P 

24 
23 
22 

18 
17 
16 
15 
14 

Vss 
D04 
DQ3 
CAS 
OE 

AS 
A7 
A6 
AS 
A4 

,0 2 CAS 

'0 4 D04 

'0 6 D01 

'0 8 WE 

'0 10 NC 
,012 A1 

,014 A3 

,- 16 A4 

" 18 A6 

" 20 AS 

prior to CAS going LOW, the output pin(s) remain open 
(High-Z) until the nexf CAS cycle. If WE goes LOW after 
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. 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 operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row-address-defined (AO-AS) page boundary. The FAST 
PAGE MODE cycle is always initiated with a row-address 
strobed-in by RAS followed by a column-aCldress strobed-

Micron Semiconductor, Inc., reserveslhe right to change plOducts or specifications without notice. 
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in by CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column-addresses, thus execut
ing faster memory cycles. Returning RAS HIGH terminates 
the FAST PAGE MODE cycle. 

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 
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 512 combinations of RAS addresses 
(AO-AS) are executed at least every Sms for the MT4C4256 
and every 64ms for the MT4C4256 L, regardless of sequence. 
The CBR REFRESH cycle will invoke the internal refresh 
counter for automatic RAS addressing. 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE~----------------------~~--------~--~~r-________ ~~~~~IIIIII 
CAS~--~--------------------r-----.----i~~~ 

D01 
D02 
D03 
D04 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
A8 

RAS o-----l 

L-----------------~;Hr_----~OE 

512 x 512 x 4 
MEMORY 

ARRAY 

+---0 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). 

MT4C4256(L) 
AEV.4194 1-64 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CSR REFRESH 

Extended Refresh 
(MT 4C4256 L only) 

MT 4C4256(l) 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

1m" CAS WE 

H H"'X X 

L L H 

L L L 

L L H"'L 

L H"'L H 

L H"'L H 

L H"'L L 

L H"'L L 

L H"'L H"'L 

L H"'L H"'L 

L H X 

L"'H"'L L H 

L"'H"'L L L 

H"'L L X 

H"'L L X 

1-65 

ADDRESSES DATA-IN/DUT 

1JE IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

L"'H ROW COL Data-Out, Data-In 

L ROW COL Data-Out 

L nla COL Data-Out 

X ROW COL Data-In 

X nla COL Data-In 

L"'H ROW COL Data-Out, Data-In 

L"'H nla COL Data-Out, Data-In 

X ROW nla High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

X X X High-Z 

X X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss ............. " ..... -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 150°C 
Power Dissipation ............................................................. IW 
Short Circuit Output Current ..................................... 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. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1,6, 7) (Vcc = +5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT 
Any input OV S VIN S 6.5V II -2 2 flA 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT: (0 is disabled; OV S VOUT S 5.5V) loz -10 10 flA 
O/JTPUTlEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Single Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

REFRESH CURRENT: Extended 
Average power supply current during Extended Refresh: 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN) to1~s; 
WE, AO-A8 and DIN = Vcc -0.2V or 0.2V (DIN may be 
left open); IRC = 125~s (512 rows at 125~ = 64ms) 

MT4C4256(L) 
REV4J94 

VOH 2.4 V 

VOL 0.4 V 

MAX 

VERSION SYMBOL -6 -7 -8 UNITS NOTES 

ICCl 2 2 2 mA 

MT4C4256 Icc2 1 1 1 mA 
MT4C4256 L Icc2 200 200 200 flA 

Icc3 90 80 70 mA 3,4, 
29 

Icc4 70 60 50 mA 3,4, 
29 

Icc5 90 80 70 mA 3,29 

Icc6 90 80 70 mA 3,5 

MT4C4256 L Icc? 200 200 200 flA 3,5, 
27 

1-66 Micron Semicondl.lctor, Inc., re~erves the right to change products or specifications Without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A8 Cit 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO Cia 7 pF 2 

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

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

MT4C4256(L) 
REV. 4/94 

SYM MIN 
tRC 110 

tRWC 165 
tpc 35 

tpRWC 90 

tRAC 

tCAC 

tOE 

tAA 

'ePA 
tRAS 60 

tRASP 60 
tRSH 20 
tRP 40 

tCAS 20 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

'eLZ 0 

-6 
MAX MIN 

130 
185 
40 

95 

60 
20 
20 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

40 20 
5 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

0 

1-67 

-7 -8 

MAX MIN MAX UNITS NOTES 
150 ns 

205 ns 

45 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 

35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 
5 ns 

0 ns 

10 ns 

35 15 40 ns 18 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8,9, 10, 11, 12, 13, 23) (Vee = +5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (512 cycles) 
MT4C4256 / MT4C4256 L 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

MT4C4256(L) 
REV. 4194 

-6 
SYM MIN MAX 
tOFF 3 20 
too 15 

twcs 0 
tWCH 10 
tWCR 45 

WP 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 45 

tRWD 85 
tAWD 60 

tCWD 40 
tT 3 50 

tREF 8/64 

tRPC 0 
tCSR 10 
tCHR 10 
tOEH 15 

tORD 0 

1-68 

MIN 
3 

0 

15 

55 

15 

20 

20 

0 

15 

55 

100 

65 

50 

3 

0 

10 

15 

20 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 
20 3 20 ns 20,26,28 

20 20 ns 26 

0 ns 21 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

110 ns 21 

70 ns 21 

55 ns 21 

50 3 50 ns 9,10 

8/64 8/64 ms 

0 ns 

10 ns 5 

15 ns 5 

20 ns 25 

0 ns 24 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±10%;f = 1 MHz. 
3. Icc is 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. 

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. An initial pause of 100~s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-ups should be repeated any time the IREF 
refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = Vrn, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and lOOpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (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 ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
lRAC (MIN) and ICAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

MT4C;4256(l) 
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19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and ICWD are not restrictive 
operating parameters.twCS applies to EARLY 
WRITE cycles. IRWD, IAWD and ICWD 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 throughout 
the entire cycle. If IRWD ~ IRWD (MIN), IA WD ~ 
IAWD (MIN) and tcWD ~ ICWD (MIN), the cycle is a 
READ-MODIFY-WRITE cycle, 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, IRWD, ICWD and IAWD 
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 OE 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. LATE WRITE and READ-MODIFY-WRITE cycles 
must have both 10D and 10EH 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. 

26. The DQs open during READ cycles once 10D or 10FF 
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. 

27. Extended refresh current is reduced as lRAS is 
reduced from its maximum specification during the 
extended refresh cycle. 

28. The 3ns minimum is a parameter guaranteed by 
design. 

29. Column-address changed once each cycle. 
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READ CYCLE 
IRC 

tRAS IRP 

RAS 
V,H 
VtL _ \ 

tCSH 

tRSH tRRH 

ICRP tRCD tCAS 

CAS V1H J Vil -

IAR 

ADDR ~i~ =W&i ROW ~ COLUMN W//////////////////////a, '--------ROW 

tRCS ~ 

WE ~l~ ~Ij//////////////////////////////I VI////////////////////; 

'cAC 

~r 
DO ~:g~ =;--------OPEN------~~~~VA~lID~D~AT~A =t---OPEN---

I~ I~IOD 

DE ~:~ :'77:/1/;'77'1//;7771//;7771//;=1 /;=1//;'77:1/ /;=1/ /;7770'/;77711/;=1 /;T7?W=0'/;=1//;TTT1/ /;777/1/;7771/;7771 Ml PI /I /I /1/1/1/ 1/1///1/// 1/1 /II /I////; 

RAs 
V1H -V1L _ 

CAS 

ADDR 
V,H 
VIL 

EARLY WRITE CYCLE 

tCSH 

1-70 

~ DON'T CARE 

B88l UNDEFINED 
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RAs 

CAs 

ADDR 

WE 

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

'cSH 

tCRP tCAS 

ADDR ROW 

'-------------OPEN-------!m~~~~C~~j---OPEN--

DE ~:~ ::'f$//$//$/#///$/#I;1$I/#I//$$ff&l~ 

V'H v" -
IOSH 

I .... tORP. 

V'H v" =J 
tRAD 

V'H v" 
I~ 'RAH·l 

:::(,//;3t ROW WI/?' 

V'H v" 
I 
I 

- OPEN 

FAST-PAGE-MODE READ CYCLE 

RASP 

FL-
'PC 'ASH 

'RCD 'CAS ~~ 
~'c_P __ 

~y 'c'N 

~ 'AR 

~I I~ 
IRAl 

'Ase leAH __ , ~II~I I 
COLUMN Willi!? COLUMN WIIIII;) COLUMN ROW 

tRcs,1 ~ 1 ~'RCS 11-1 
~IRCS -l t'RRH 

iRCH- rl l 'RCH-
~ 

'AA yo 'AA 

tRAG 1 tePA 

I~ 
IcLz- 1:- ~ I~ 

'CLZ- 1:-
VALID 

'~ I~ 
1.....'29.. E-

*¥ 'AA 

tCPA 

~ I~ 
'cLZ- 1:--

VALID 

~ 3i: 

-
VALID 

.~ 
~ 

~ 

-'OFF 

r- 0PEN--

~ DON'TeARE 

~ UNDEFINED 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 
~ __________________ ~'R~AS~P ____________________ ~~ 

IeSH tpc IRSH 

~ I ___ ---"'R""co'--_I I----'Ie""P ___ I~ 1_Ie""P_-I~ 

OE ~:~ !;//////I!! I! I!I JI//II I!I I/I! I! I/I! II!! I! 1////#111 III!! I!I!! I!! 1/ I!!II!! I! II!!III/!!III!!II! #I/! II! I! I! II! III! III! I! Iffi 

ADDR ~\~ 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

-
ICSH *IPC/tpRWG IRSH 

C IRCD leAS ~ 'CAS ~ leAS 

1\~ =---.1 
f-----, f-----, 

'AR I 
IRAQ 

~I I~ 
'RAL 

I_ 'ASA tRAH~1 ~ ~I ~II leAH ~I 

='II'&{ ROW rill/) COLUMN COLUMN COLUMN 

I I 'RWD I 
II 

I ~ I 
-~I I 'CWL-- 'CWL- -'Wp-l T 'WP- -IAWD IAWD 'AWD 

I~ ~ leWD 

'M I 

~ 
A 

I 
ROW 

.U7'RWL 
'CWL 

!-'WP 

~ ~ ~ ~ tRAC 1 

tD~:l-
_ I 'OH- I -- _IOH I 'CPA 'OS- ~ I 'CPA 'DS _ 1_ 

'CAcd 'CAG ~ l- leAc-I - 1 
'CLZ r- lelZ k IeLZ -I r-

- OPEN~ VALID VALID ~'vAi:iii' 
~~ '"m'~~ 'W Daur DIN ~ "'" !--OPEN-

_too - _too _'aD 
'OE - 'OE - 'OE - tOEH 

OE ~:~ ::7M#lI!I!!!III/JI//II!#I/III!/Ml =J,----------tJ----tJ,------=I--=---i==;~mTT77777 

<I PC is for LATE WRITE only. 

~ DDNTCARE 

~ UNDEFINED 

MT4C4256(L) 
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tCRP 

1 
CAS ~:t-:----' 

RAS ONLY REFRESH CYCLE 
(ADDR = AD-A8; WE = DON'T CARE) 

tRAS 'RP 

1 
, I ,'RP"_I 

\--.I 

.I 

\ 

tASR tRAH II 

ADDR ~:t =-f,----RO-W ------;k$)0'/;/,&////;///////;/)0'/////!§$;(r---RO-W --

OQ ~gr -'--------------OPEN-----------

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo READ-MODI FY -WRITE) 

teSH 
'PC 1--1 ----.:'R=sH'-_1 

tcpp tCAS 

NOTE 1 

Q ~gt ::-----7-I-OPEN----tI---~~ru_----OPEN-~--

_----""AA'--------I 

_---"'R=AC---I 
DE ~:t ~'_"_''"_l.LO ___________________ _ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tcP(whichever is greater) + tDS(MIN) + any guardband 

MT4C4256(L) 
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between data-out and driving the bus with the new data-in. 
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CBR REFRESH CYCLE 
(AO-AS, WE and OE = DON'T CARE) 

CAS ~:~ ::::_'--------''---__ ~'_____ ___ .3._ __________ ____''___ 

DO ~gr-:------------OPEN------------

-----1 

EXTENDED REFRESH CYCLE (MT4C4256 L ONLY) 
(AO-AS, WE and OE = DON'T CARE) 

125~s 

'I tRP tRAS tRP 'RAS 

1 ~ lr 'i 
~ 

I~ ~l~~ tRPC ~ 

DQ tgr:::~-----------OPEN------------

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) 

'RAS 

(REFRESH) 

tRAS 

tCHA 

tOFF 

DO ~lgt -:-~---OPENI----~~>t=:==~VA~LlD~DA~TA~==j QPEN-

1-74 

W/ff/I/JI///I/;j 

~ DON'T CARE 

~ UNDEFINED 
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DRAM 

FEATURES 
• Industry-standard x4 pinout, timing, functions and 

packages 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3mW standby; 175mW active, typical 

All inputs, outputs and clocks are TTL-compatible 
• 512-cycle refresh in Sms 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• STATIC COLUMN accesscycle 

OPTIONS MARKING 
• Timing 

70ns access 
SOns access 
100ns access 

• Packages 
Plastic DIP (300 mil) 
Plastic SOJ (300 mil) 
Plastic ZIP (350 mil) 

- 7 
- S 
-10 

None 
DJ 
Z 

• Part Number Example: MT4C425SDJ-7 

GENERAL DESCRIPTION 
The MT4C425S is a randomly accessed solid-state mem

ory containing 1,04S,576 bits organized in a x4 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the IS address bits, which are entered 9 
bits (AO-AS) at a time. RAS is used to latch the first 9 bits and 
CAS the latter 9 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 pines) remain open 
(High-Z) until the next CAS cycle. If WE goes LOW after 
data reaches the outputpin(s), 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 rouled through four pins using common I/O 
and pin direction is controlled by WE arid OE. 

MT4G4258 
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256K x 4 DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

20-Pin DIP 
(OA-2) 

20-Pin ZIP 
(08-1) 

D01 1 20 Vos 

DQ2 2 19 D04 

WE 3 18 D03 

RAS 4 17 CAS 

Nc 5 16 6E 
AD 6 15 AS 

A1 7 14 A7 

A2 8 13 A6 

A3 9 12 A5 

Vee 10 11 A4 
20/26-Pin SOJ 

001 
DQ2 
WE 

RAS 
NC 

AD 
A1 
A2 
A3 

Vee 

(OC-1) 

1 26 
2 25 
3 24 
4 23 
5 22 

9 18 
10 17 
11 16 

[12 15 
[ 13 14 

V .. 
004 
003 
CAS 
OE 

AS 
A7 
A6 
A5 
A4 

OE 1 ~',~ 2 CAS 

003 3 ~',~ 4 D04 
Vss 5 -:"1':. 6 DQ1 

002 7 o',~ 8 WE 
RAS 90' 

'010 NC 
AO 11 -, 
A2 13 o;~ 12 A1 

Vee 15 o;~ 14 A3 

AS 17 o;~ 16 A4 
A7 19 o;~ 18 A6 

'~20 AS 

STATIC COLUMN operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row-address-defined (AO-A9) page boundary. After the 
first read, any column-address transition will result in new 
data-out. Unlike PAGE MODE, which requires CAS to be 
toggled for each successive PAGE MODE access, STATIC 
COLUMN allows CAS to be left LOW for successive STATIC 
COLUMN accesses. Returning RAS mGH terminates the 
STATIC COLUMN 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 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 512 combinations of 
RAS addresses (AO-AS) are executed at least every Sms, 
regardless of sequence. The CBR REFRESH cycle will 
invoke the internal refresh counter for automatic RAS 
addressing. 
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FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

WE~------------------------~----------~--q-~ 
CAS ~--------~ DOl 

D02 
D03 
D04 

·~----------------~~wr-------o OE 

AD 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 

RAS ~-----l 

512 x 512 x 4 
MEMORY 
ARRAY 

---.0 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). 
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TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLVWRITE 

READ WRITE 

STATIC-COLUMN 

READ 

STATIC-COLUMN 

EARL V-WRITE 

STATIC-COLUMN 

READ-WRITE 

RAS ONL V REFRESH 

HIDDEN 

REFRESH 

CSR REFRESH 

MT4C4258 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

RAS ns WE 

H H"'X X 

L L H 

L L L 

L L H-.L 

L L H 

L L H 

L L L 

L L H"'L 

L L H"'L 

L L H"'L 

L H X 

L"'H"'L L H 

L"'H"'L L L 

H"'L L X 

1-77 

ADDRESSES DATA-IN/OUT 

TIt IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

L"'H ROW COL Data-Out, Data-In 

L ROW COL Data-Out 

L n/a COL Data-Out 

X ROW COL Data-In 

X n/a COL Data-In 

L"'H ROW COL Data-Out, Data-In 

L"'H n/a COL Data-Out, Data-In 

X ROW n/a High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

X X X High-Z 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .................... -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + I50°C 
Power Dissipation ............................................................. IW 
Short Circuit Output Current ..................................... 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. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vee = +5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV ~ VIN ~ 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV ~ VOUT ~ 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: ISC = ISC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

MT4C42sa 
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SYMBOL MIN MAX UNITS NOTES 

Vec 4.5 5.5 V 

VIH 2.4 Vee+1 V 

VIL -1.0 0.8 V 

Ii -2 2 j..lA 

loz -10 10 j..lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 -10 UNITS NOTES 

Icc1 2 2 2 mA 

lee2 1 1 1 mA 

Icc3 80 70 60 mA 3,4 

lec4 60 50 40 mA 3,4 

Iccs 80 70 60 mA 3 

Icc6 80 70 60 mA 3,5 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-AS CI1 5 pF 2 
Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ Cia 7 pF 2 

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

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

STATIC-COLUMN 
READ or WRITE cycle time 

STATIC-COLUMN 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column-address 

RAS pulse width 

RAS pulse width (STATIC COLUMN) 

RAS hold time 

RA$ precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (STATIC COLUMN) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

MT4C4258 
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-7 
SYM MIN 
tRC 130 

tRWC 185 
tsc 40 

tSRWC 100 

tRAC 

tCAC 

toE 
tAA 

tRAS 70 
tRASC 70 
tRSH 20 
tRP 50 

tCAS 20 
tCSH 70 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 80 

tRAL 35 

tRCS 0 
tRCH 0 

tRRH 0 

tCLl 0 

MAX MIN 

150 
205 
45 

110 

70 
20 
20 
35 

100,000 80 
100,000 80 

20 
60 

100,000 20 
80 
10 
10 

50 20 
5 
0 
10 

35 15 

0 
15 
90 

40 

0 
0 

0 

0 

1-79 

-8 -10 
MAX MIN MAX UNITS NOTES 

180 ns 

245 ns 

55 ns 

135 ns 

80 100 ns 14 
20 25 ns 15 
20 25 ns 

40 50 ns 

100,000 100 100,000 ns 

100,000 100 100,000 ns 

25 ns 

70 ns 

100,000 25 100,000 ns 

100 ns 

15 ns 16 
10 ns 

60 25 75 ns 17 
5 ns 

0 ns 

15 ns 

40 20 50 ns 18 

0 ns 

20 ns 

100 ns 

50 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10,11, 12, 13, 23) (Vee = +5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable 

Column-address hold time EARLY 
WRITE (referenced to RAS) 
WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

~ to WE delay time 

Column-address 
to WE delay time 

CAS to wr= delay time 

Transition time (rise or faU) 

Refresh period (512 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Write inactive time 

Previous WRITE to column-address 
delay time 

Previous WRITE to column-address 
hold time 

RAS hold time referenced to OE 

Output data hold time from 
column-address 

Output data enable from WRITE 

Access time from last WRITE 

Column-address hold time 
referenced to RAS HIGH 

CAS pulse width in 
STATIC COLUMN MODE 

MT4C4258 
REV. 4194 

-7 
SYM MIN MAX 
tOFF 3 20 
too 20 

tAWR 55 

twcs 0 

twCH 15 

tWCR 55 

twp 15 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 100 
tAWD 65 

tCWD 50 

IT 3 50 
tREF 8 
tRPC 0 
tCSR 10 

tCHR 15 

tOEH 20 

tORD 0 

tWI 10 
tLWAD 20 30 

tAHLW 65 

tROH 10 
tAOH 5 

tow tAA+5 
tALW 65 
tAH 5 

tcsc tCAS 

1-80 

MIN 
3 

0 

15 

60 

15 

20 

20 

0 

15 

60 

110 

70 

55 

3 

0 

10 

15 

20 

0 

10 

20 

75 

10 

5 

tAA+5 

75 

5 

tCAS 

-8 -10 
MAX MIN MAX UNITS NOTES 
20 3 20 ns 20,26,27 

20 20 ns 26 

60 70 ns 

0 ns 21 

20 ns 

75 ns 

20 ns 

25 ns 

25 ns 

0 ns 22 
20 ns 22 

75 ns 

130 ns 21 

80 ns 21 

60 ns 21 

50 3 50 ns 9, 10 

8 8 ms 

0 ns 

10 ns 5 

15 ns 5 

20 ns 25 

0 ns 24 

10 ns 

35 25 45 ns 

95 ns 

10 ns 

5 ns 

tAA+5 ns 

95 ns 

10 ns 

tCAS ns 

Micron Semiconductor, 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. Vee = 5V ±10%;f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent onoutput 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. An initial pause of 100/Js is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-ups should be repeated any time the lREF 
refresh requirement is exceeded. 

8. AC characteristics assume I'[ = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 IRCD < IRCD (MAX). If tRCD 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 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 tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and tCAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if IRAD 

MT4C4258 
REV. 4194 1-81 

is greater than the specified IRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, tRWD, tA WD and ICWD are not restrictive 
operating parameters. twcs applies to EARLY 
WRITE cycles. tRWD, tAWD and tcWD 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 throughout 
the entire cycle. If IRWD?: IRWD (MIN), tAWD 2 
IAWD (MIN) and ICWD?: 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 (OE
controlled) cycle. twcs, IRWD, ICWD and t A WI) an' 
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 OE 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. LATE WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and toEH 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. 

26. The DQs open during READ cycles once tOD 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. 

27. The 3ns minimum is a parameter guaranteed by 
design. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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RAs 
V,H 
VIL 

V,H 
VIL 

CAs 
V,H 
VIL 

WE 
V,H 
VIL 

OE 
V,H 
VIL 

DO ~g~ 

V,H 
ADDR VIL 

DQ ~g~ 

READ CYCLE 
IRe 

lRAS IRP 

- 1'--
IAR 

IRAD tRAL ~ 
I~ ~I 

~ 

YIII/,Jt ROW Willi;') COLUMN ROW 

tCSH 

'CRP tRCD tCAS II 'cRP 

=-.J 

IRCS tRSH 'RRH ~ 
I 1 

VIiL 
~l~ 

[~ 

~ 'CAG 

lAA 

leLZ :-b 
-

OPEN VALID DATA OPEN 
"MIN 

tRAC 

EARLY WRITE CYCLE 
IRe 

'RAS 

'AWR 

tRCD 

c==: 'RAH ~I 

YIII/,Jt ROW 

tRAD 

'cRP tCSH 

I 
=--.1 

J////////////////////////; 

-
OPEN -

IRP 

Y 

I" IASe::l 
leAH 

COLUMN ROW 

J IRSH 

teAs 

tCWL 

IRWL 

~ 'WCH 

IWp 

I~I~ 
VALID DATA 

tDHR 

'WCR 

1-82 

l-t--0PEN 

J 

~ DON'T CARE 

~ UNDEFINED 
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AOOR 

DQ 

RAS 

ADDA 

CAS 

WE 

OE 

DQ 

READ WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

V,H _:------,[1 
VIL _ 

VIH~n7,Jr---iL---,lm\Jr-----------L-~'ff7n7.ryr,7nA 
Vll~~'L __ -.r-_~ru'~ __________ -,_~r~~LULUU 

V,H -
VIL 

V,H -
VIL 

V,H -
V,L 

V,H -
V,L 

V,H 
V,L 

VIOH -
VIOL -

STATIC-COLUMN READ CYCLE 

1-83 

~ DON'T CARE 

~ UNDEFINED 
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STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS controlled) 

- VIH -----"., 
RAS V1L _ 

'AWR 

_ VIH _"77"n'77T.rrrr:f=rn 

WE V1L -Uillill~~~L-~_~UllUU~-H_~ilil~L--H_~lilllill~ 

DE ~:t !/#/#$#;l#$$!IjI/#I$i/###/$/II/I#//#I##/###/$/i//II/I##II/I#ffi 

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE controlled) 

- V1H -----"., 
RAS VIL - }-________________ ----{ 

'sc 

ADDR ~:t -

1-84 

IRAL 

[Zj DON'T CARE 

!888 UNDEFINED 
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ADDR 

CAS 
V1H-
VIL-

WE 

OE VIH 
VIL 

DQ 

STATIC-COLUMN READ-WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

ICAP 

1RASC 

COLUMN-ADDRESS COLUMN-ADDRESS 

I~ 
tCWD tAHLW I 1 

tAWD tAWD tCWL 

I~~~--

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A8; WE = DON'T CARE) 

tRC 

tRAS tRP 

'II' 
,If 
'I. tRPc_1 

'I 
\ 

CAS ~:t _ :---.! '-I 
IASR , IRAH 

ADDR ~:t _~--RO-W -, -iw/;/W'##////#ffi1###!##/#/;/W'h(---RO-W--

DQ ~gt -'--------------OPEN-------------

1-85 

li:Zl DON'T CARE 

~ UNDEFINED 
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RAS 

CAS 

DO 

VIH -
VIL _ 

VIH -
VIL -

CBR REFRESH CYCLE 
(AO-AS, WE and OE = DON'T CARE) 

VOH -
VOL ~-----------------------------------OPEN-------------------------------------

HIDDEN REFRESH CYCLE24 
(WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

fLZ1 DON'T CARE 

~ UNDEFINED 
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DRAM 

FEATURES 
• 1,024-cycle refresh distributed across 16ms 

(MT4C4001J) or 128ms (MT4C4001J S) 
• 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 (MT4C4001J S only) 

• FAST PAGE MODE access cycle 
• Low power, 0.8mW standby; 225mW active, typical 

(MT4C400lJ S) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil) 
Plastic ZIP (400 mil) 

• Version 

-6 
-7 
-8 

DJ 
TG 
Z 

1,024-cycle refresh in 16ms None 
1,024-cycle refresh in 128ms S 

• Part Number Example: MT4C400lJDJ-6 S 

GENERAL DESCRIPTION 
The MT4C4001J(S) is a randomly accessed solid-state 

memory containing 4,194,304 bits organized ina x4 configu
ration. During READ or WRlTE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ and WRlTE cycles are 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRlTE 
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 pin(s) remain 
open (High-Z) until the next CAS cycle. If WE goes LOW 
after data reaches the output pins, the outputs (Qs) are 
activated and retain the selected cell data as long as CAS 
remains LOW (regardless of WE or RAS). This late WE pulse 

MT4C4001J(S) 
REV. 4/94 1-87 

1 MEG x4DRAM 
STANDARD OR SELF REFRESH 

PIN ASSIGNMENT (Top View) 

20/26-Pin SOJ 20-Pin ZIP. 

D01 
D02 
WE 

RAS 
A9 

AO 
A1 
A2 
A3 

Vee 

(OC-1) (08-2) 
1 
2 
3 
4 
5 

9 
10 
11 
12 
13 

26 Vss OE 15" _ 
I::' 2 CAS 25 D04 DQ3 3 ':., 

24 D03 Vss 
L::' 4 DQ4 

23 CAS 
5 c, 

'C 6 D01 
22 DE DQ2 7 ':.\" 8 WE 

RAS 9 c'.c 10 A9 
AO 11 ::1 

I::' 12 Ai 
18 A8 A2 13::.' 

c 14 A3 
17 A7 Vee 15 ::'1 

'c 16 A4 
16 A6 AS 17::.' 
15 A5 r::. 18 A6 

14 A4 A7 19 ~ 20 A8 

20/26-Pin TSOP 
(00-1) 

DQ1 1 
D02 a 2 
WEa 3 

RAS' a 4 
A9 a 5 

26 FoVss 
25FD04 
24 InD03 
23 In 'CAS 
22F5E 

AOa9 18FA8 
A1 a 10 17FA7 
A2a11 16FA6 
A3 a 12 15 InA5 

Vee a~13,---~_',,-,4F A4 

results in a READ WRlTE cycle. The four data inputs and 
four data outputs are routed through four pins using com
mon I/O and pin direction is controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRlTE or READ-MODIFY -WRITE) within a 
row-address-defined (AO-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 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 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 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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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 ad
dresses (AO-A9) are executed at least every 16ms for the 
MT4C400lJ and every 128ms for the MT4C4001J S, regard
less of sequence. The CBR REFRESH cycle will invoke the 
internal refresh counter for automatic RAS addressing. 

REFRESH 
An optional SELF REFRESH mode is also available. The 

"S" option 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 RAS LOW 

for the specified tRASS. Additionally, the "S" option allows 
for an extended refresh rate of 125J.ls per row if using 
distributed CBR REFRESH. This refresh rate can be applied 
during normal operation or during a standby mode. 

The SELF REFRESH mode is terminated by driving RAS 
HIGHforaminimumtimeoftRPS(~lRC).Thisdelayallows 
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 or BURST REFRESH sequence, all rows must be 
refreshed within 300J.ls prior to the resumption of normal 
operation. 

FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE 
CAS 

AO 
A1 
A2 

A3 

A4 

AS 
A6 

A7 

A8 

A9 

RAS 0-----1 

~+==~ SELF REFRESH 
1+ OSCILLATOR 

and TIMER 

1024 x 1024 x 4 
MEMORY 
ARRAY 

~ Vee 

~ Vss 

D01 
D02 
D03 
D04 

OE 

"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 priorto WE going LOW, EW detectioR circuit output is a LOW (LATE WRITE). 

MT4C4001J(S) 
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TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CSR REFRESH 

SELF REFRESH 
(MT4C4001J S only) 

MT4C4001J(S) 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

RAS ~ we-
H H-X X 

L L H 

L L L 

L L H-L 

L H-L H 

L H-L H 

L H-L L 

L H-L L 

L H-L H-L 

L H-L H-L 

L H X 

L -H-L L H 

L -H-L L L 

H-L L H 

H-L L H 

1-89 

ADDRESSES DATA-IN/OUT 

llE IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

L-H ROW COL Data-Out, Data-In 

L ROW COL Data-Out 

L n/a COL Data-Out 

X ROW COL Data-In 

X n/a COL Data-In 

L -H ROW COL Data-Out, Data-In 

L-H n/a COL Data-Out, Data-In 

X ROW n/a High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

X X X High-Z 

X X X High-Z 

Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .................... -1V to +7V 
Operating Temperature, TA (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + 1S0°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ..................................... SOmA 

'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) (Vee = +5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV ~ VIN ~ 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV ~ VOUT ~ 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

MT4C4001J(S) 
REV. 4194 1-90 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 5.5 V 

VIH 2.4 Vee+1 V 

VIL -1.0 0.8 V 

Ii -2 2 flA 

loz -10 10 flA 
VOH 2.4 V 

VOL 0.4 V 

Micron Semiconductor, Inc., reserves the right to change products or spec~ications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6,7) (Vcc = +5V ±1 0%) MAX 

PARAMETER/CONDITION VERSION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icct 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) MT4C4001J Icc2 1 1 1 mA 
(RAS = CAS = Vcc -0.2V) MT4C4001J S Icc2 200 200 200 I!A 
OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 110 100 90 mA 3,4, 
(RAS, CAS, Single Address Cycling: IRC = IRC [MIN]) 30 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 80 70 60 mA 3,4, 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 30 

REFRESH CURRENT: RAS ONLY 
Average power supply current Iccs 110 100 90 mA 3,30 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 110 100 90 mA 3,5 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

REFRESH CURRENT: Extended 
Average power supply current during Extended Refresh: 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN); MT4C4001JS Icc7 300 300 300 I!A 3,5, 
WE, AO-A9 and DIN = Vcc -0.2V or 0.2V; (DIN may be 28 
left open); IRC = 1251-15 (1,024 rows at 125J.lS = 128ms) 

SELF REFRESH CURRENT: 
Average power supply current during SELF REFRESH: 
CBR cycle with IRAS;:>: IRASS (MIN) and CAS held MT4C4001J S Icca 300 300 300 I!A 5,31 
LOW; WE = Vcc -.2; AO-A9 and DIN = Vcc -.2V or .2V 
(DIN may be left open) 

CAPACITANCE 

PARAMETER SYMBOL MIN 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 

MT4C4001J(S) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,23) (Vee = +5V ±10%) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time (CBR REFRESH) 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

MT4C4001J(S) 
REV. 4194 

-6 
SYM MIN 
IRC 110 

IRWC 150 
IpC 35 

tpRWC 85 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 60 
tRASP 60 
IRSH 15 
tRP 40 

ICAS 15 
ICSH 60 
tCPN 10 
ICp 10 

IRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

IASC 0 
tCAH 10 
tAR 45 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

telZ 0 
tOFF 3 

MAX MIN 

130 
180 
40 

100 

60 
15 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
50 

35 

0 
0 

0 

0 
15 3 

1-92 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

200 ns 

45 ns 

105 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 23 
35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 

0 ns 

10 ns 

35 15 40 ns 18 

0 ns 

15 ns 

55 ns 

40 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

20 3 20 ns 20,29 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,23) (Vee = +5V±10%) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to·c::AS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 
MT4C4001J 1 MT4C4001J S 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODiFY-WRITE cycle 

RAS pulse width during 
SELF REFRESH cycle 

RAS precharge time during 
SELF REFRESH cycle 

RAS LOW to "don't care" during 
SELF REFRESH cycle 

MT4C4001J(S) 
REV. 4194 

-6 
SYM MIN 

'WCS 0 
tWCH 10 

tWCR 45 

twp 10 
tRWL 1.5 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 90 
tAWD 55 

tCWD 40 

IT 3 

tREF 

tRPC 0 
tCSR 10 

tcHR 10 

'WRH 10 

'WRP 10 

'WTH 10 
tWTS 10 
tORD 0 

tOD 

tOEH 15 

tRASS 100 

tRPS 110 

tCHD 10 

MAX MIN 
0 
15 

55 

15 

20 

20 

0 

15 

55 

100 

65 

50 

50 3 

16/128 

0 
10 

10 

10 

10 

10 

10 

0 

15 

20 

100 

130 

10 

1-93 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 21,27 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

110 ns 21 
70 ns 21 

50 ns 21 

50 3 50 ns 9,10 

16/128 16/128 ms 

0 ns . 
. 10 ns 5 

10 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 
10 ns 25 

0 ns 

20 20 ns 27 

20 ns 26 

100 J.lS 31 

150 ns 31 

10 ns 31 

Micron Semiconductor, 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. Vee = SV ±10%; 

f= 1 MHz. C 
:D 3. » 4. 

Ice is dependent on cycle rates. 
Ice is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 3: 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. An initial pause of lOOlls 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. 

8. AC characteristics assume tT = Sns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 tRCD < IRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that tRCD 2 IRCD (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 ICPN. 

17. Operation within the tRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the tRAD (MAX) limit ensures that 
lRAC (MIN) and ICAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

19. Either tRCH or IRRH must be satisfied for a READ 
cycle. 

MT4C4001J{S) 
REV. 4/94 1-94 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and ICWD are not restrictive 
operating parameters. twcs applies to EARLY 
WRITE cycles. tRWD, tAWD and ICWD apply to 
READ-MODIFY-WRITE cycles. 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 tRWD 2IRwD (MIN), IAWD 2 
IAWD (MIN) and ICWD 2 ICWD (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, tRWD, ICWD and IAWD 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 OE 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 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 twRP and tWRH in the 
CBR REFRESH cycle. 

26. LATE WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH 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 tOD 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. Extended refresh current is reduced as tRAS 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. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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READ CYCLE 

'RC 

tRAS 'RP 

\ 
tCSH 

tRSH IRRH 

'CRP tACO ICAS 

:-.1 
'AR J IRAD tRAL 

I~~I~·· ~ ~ 
~ ROW ~ COLUMN 'f(/IIIIIIIIIIIIIIIIIIIIII/JI ROW ADDR 

IRCS !~ 
1111111/11/111111/1/111111///1111 VI/////////////////$; 

'AA 

'RAG 

'CAG ~ 

OPEN 
~~ 

VALID DATA OPEN---

I~ 

DE ~:~ -11////1/1/1// /1// /1// /1/ /1//1/1// /1////;//1// /I /I/zJ 
I~ 

1#/;/;1//;///1/;///11/1/;///1//,0 

RAS V,H -
VIL -

'cRP 

CAS V,H -
V,L -

AODR V,H 
V,L 

EARLY WRITE CYCLE 

IRAS 

tCSH 

1-95 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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READ WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

Rwe 

tRAS tRP 

leSH 

'I IRSH 

'CRP 'RCD tCAS 

:~ ~ tAR 

tAAD I I tRAL 1 

ADDR ~:~_ 
~~I~ ~II~I 1 

VI///,( ROW W////J COLUMN W/////////////////////////////////////A ROW 

I I 'RWD 

~ tRCS _I I. leWD 'RWL 

1 'AWD ' twp _I 
~,,0W//1 

I 
tAA 

I tRAC 

I~ 
tCLZ- t: r I~ 

OPEN VALID DOUT N VALID DIN OPEN---

'~ ~I ~ 
DO ~igt : 

FAST-PAGE-MODE READ CYCLE 

RAS V,H -
Vtl -

tpc 1--,'R",,8,,--H ----I 
'CAS ~ ~ I-------+r-"""''---I 

leSH 

~ 

CAs V,H -
Vtl -

--IOFF 

DO ~:gr ------OPEN-----i~C~}----ilM~D--~~C~} OPEN--

1-96 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications Without notice. 
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AODR ~:~ 

ADDR ~:r 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

RASP 

R--
leSH Ipe 'RSH 

!~ 'RCD tCAS lep tCAS lep ~ I~I 
~i =.J 

I~ tASR 

=/,IM 

-

IAR 

II 
IRAD 

I~I I~ 
IRAL 

IRAH·
1 I~ 'Ase tcAH·

1 I~II~I 
ROW :W/M COLUMN COLUMN COLUMN 

I I I eWL II I eWL II I eWL 

~ ~ ~ll ::~H ~I ~II ~~H ~I IWp 

~ ~ II I 
I 

tWCR 'RWL I I I tOHR 

I~II~I I~I I~I I~~I 
VALID DATA WII,1t VALID DATA WIM VALID DATA 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

teSH *tPC/tpRWG 'RSH 

I 

ROW 

R-
I~ IRCD teAS lep tCAS ~ teAS ~teP~ 

~1 r--~ =-" 
IAR 

II 
IRAQ 

~I ~ 
tRAL 

1_ lASR rl ~ n ~II teAH_1 -
=-'11;)1; ROW WI,1 COLUMN COLUMN COLUMN ROW 

~ 

I I tRWD I ~ ~ 
I 

- ,I:IRWL ~ I tewLi 'CWL ..... - 'ewL 

lWp_ I 'wp __ .J 
'AWD --

_IWp 
'AWD 'AWD 

teWD 'cwo ~ 

IAA I ~ _IAA~_ ~ 14 
'RAG d ~':1- 1 'l ,.':lc l'~ m-l-~ = - =- - = -

'cLz t leLZ -I t teLZ - 1:-
- ~~ '"=="=-

OPEN------W VALID VALID VALI~l! VALID VALID VALID ~OPEN-

~~ ~~l~ .....,I~~ ___ too ___ too _too 

'0,- - '0,- - 'oE - 'oEH 

*lpC is for LATE WRITE only. 

~ DON'T CARE 

i8l§I UNDEFINED 
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s: ICRP 

I 
CAS ~~r:= :--.1 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

'Re 
tRAS 'RP 

.~ 

'I. 'RPC_I 
'--I 

tASR tRAH I . 
ADDR ~:~ .--RO-W ---,b/M0'$///$f#t$"/M/###ff.t0<~--RO-W --

DQ ~gr -'------------OPEN-----------

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 

tCSH 

tRSH 
tpc 1-' --="----1 

tcpp tCAS 

ADDR ~\t:::: 

~ 

~ff ~ 

OPEN 
VALID 

I. 
~, 

'AA 

OPEN-----

'RAe 

~ ~:~~~~L-____________________ _ I. : 
~ DON'T CARE 

fQQil UNDEFINED 

NOTE: 1, Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 

MT4C4001J{S) 
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between data-out and driving the bus with the new data-in. 
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tRP . . . 
.-.J 
~ 

1·· tCPN
• I~ . 

.~ ~ 

DO 

CBR REFRESH CYCLE 
(AO-A9 and OE = DON'T CARE) 

tRAS .1 II 
tRP , . 

1 
tRAS 

tCHR , ~~~ ~v 
I 

OPEN 

,I 

tWRP tWRH tWRP tWRH 
----- ~I ----- ~I 

W/////§/§//////§//P ~Ij§//§§////§//§§§///§j; WE ~:~ -/'/////§//O 

SELF REFRESH CYCLE (MT4C4001J S only) 
(AO-A9 and OE = DON'T CARE) 

NOTE 1 
(( 

- V,H _:-+----,L 
RAS v,L - 1~--lj------------'q_-~_1 (\.r-

DQ ~g~:::: r, OPEN-----------+t------

tWRP tWRH tWRP 

WE ~:t =1/$////4- ~{w/II!$/$#$/II!II!//$////!&IJ 
~ DON'T CARE 

m UNDEFINED 

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

MT4C4001J(S) 
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S RAS VIH-

VIL_ 

ICRP IRCD 

CAS VIH-
VIL_ 

tAR 

ADDR VIH-
VIL_ 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) 

tRAS 

tRSH 

(REFRESH) 

tRAS 

tCHR 

tOFF 

DO ~:g~ - OPEN _____ --<lm~c--'----~V~ALJijID~DA;;.:;T7:A ---4 OPEN-

~ ::t :7j'j'/,0//Z7§'j'//j'/,0/.,0/~.1 

MT4C4001J{S) 
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tOD 

)UJlIJlI& 
~ DON'TeARE 

~ UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The EIA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh cycle of the 1 Meg is the 

CBR REFRESH cycle. The CBR for the 1 Meg specifies the 
WE pin as a "don't care." The 4 Meg, on the other hand, 
specifies the CBR REFRESH mode with the WE pin held at 
a voltage HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC-specified test mode (WCBR). 

tRAS 

POWER-UP 
The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER-UP cycle requires a 
lOOlls delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restrictive in that eight RAS ONLY or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC-specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS ONLY or a CBR REFRESH cycle (WE held 
HIGH). 

SUMMARY 
1. The 1 Meg CBR REFRESH allows the WE pin to be 

"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS 
ONLY or CBR REFRESH cycles (WE held HIGH). 

tRAS 

CAS ~:~::: __ L-__ ~ __ ~ __ -L ____ ~~L-__ H-__ -L ____________ __ 

{

WCBR TEST MODE WE 

4 MEG 
DRAM 

CBR REFRESH WE 

tWRP tWRH tWRP tWRH 

~:~ :::g- --'W/$/##$!/////$- --'W&//!I//#/$////#II!//& 

b~!~ { CBR REFRESH WE ~:~ !/!/# /I#J// $///##//1/////111//#///# !IIII/#/ /I/!I////// /1# III///! $11/ /I!I//~ 

MT4C4001J(S) 
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~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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DRAM 

FEATURES 
• Single +3.3V ±.3V power supply 
• Low power, 250llW standby; 100mW active, typical 
• Industry-standard x4 pinout, timing, functions and 

packages 
• High-performance CMOS silicon-gate process 
• All inputs, outputs and clocks are L VTTL-compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE~RAS (CBR), 

HIDDEN; optional Extended and SELF REFRESH 
modes 

• F AST PAGE MODE access cycle 
• 1,024-cycle Extended Refresh distributed across 16ms 

or 128ms 
• Low SELF REFRESH current, lOOIlA typical, 150llA 

(MAX) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Refresh 
Standard 
Low-power SELF REFRESH 

• Packages 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil) 

-6 
-7 
-8 

None 
S 

DJ 
TG 

• Part Number Example:. MT4LC4001JDJ-7 S 

GENERAL DESCRIPTION 
The MT 4LC4001J (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. This device operates in 
FAST PAGE MODE, which allows faster data operations 
(READ, WRITE or READ"MODIFY"WRlTE) within a row
address-defined (AO-A9) page boundary. 

The wide voltage range on this device allows it to be used 
in 3.3y'±.3V memory designs. The refresh period is avail
able in the standard 16ms or 128ms to provide maximum 

MT4LC4001J(S) 
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1 MEG x4DRAM 
3.3V FAST PAGE MODE 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (Top View) 

OQl 
OQ2 
WE 

RAS 
A9 

AD 
A1 
A2 
A3 

Vee 

20/26-Pin SOJ 
(OC-1) 

Vss 
OQ4 
OQ3 
CAS 
OE 

A8 
A7 
A6 
A5 
A4 

20/26-Pin TSOP 
(00-1) 

DOl 
D02 
WE 

RAS 
A9 

AO 
Al 
A2 
A3 

Vee 

Vss 
D04 
D03 
CAS 
OE 

A8 
A7 
A6 
A5 
A4 

power savings. An optional SELF REFRESH mode is also 
available. The "S" option allows the user to choose a fully 
static low-power data-retention mode, or a dynamic refresh 
mode at the extendedcrefresh period of 128ms, eight times 
longer than the standard 16ms specification. 

1-103 Micron Semicon,Juctor, Inc., reserves the right to change products or specifications without notice. 
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.. FUNCTIONAL BLOCK DIAGRAM 
FAST PAGE MODE 

WE~------------------------~----------'-~~ 
CAS r---------~ DQ1 

DQ2 
DQ3 
DQ4 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

RAS 0-----1 

SELF REFRESH 
OSCILLATOR 

and TIMER 

~----------------~-m~----~ OE 

1024 x 1024 x 4 
MEMORY 
ARRAY 

~ 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). 

FUNCTIONAL DESCRIPTION 
The MT4LC400lJ(S) is a low-power, 1 Meg x 4 DRAM 

with optional SELF REFRESH. During READ or WRlTE 
cycles, each of the four memory bits (one bit per DQ) is 
uniquely addressed through the 20 address bits, which are 
entered 10 bits (AO-A9)ata time. RAS latches the first 10 bits 
and CAS latches the latter 10 bits. 

A READ or WRlTE cycle is selected with the WE input. A 
logic mGH on WE dictates READ mode while a logic LOW 
on WE dictates WRITE mode. During a WRlTE 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 WRlTE cycle. 

If WE goes LOW after data reaches the output pins 
(minimal delay after CAS goes LOW), the outputs (Qs) are 
activated and retain the selected cell data as long as CAS 
remains LOW (regardless of WE or RAS). This late WE pulse 

MT4LC4001J{S) 
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results in either a LATE WRITE ( OE-controlled) or a READ 
WRITE (READ-MODlFY-WRlTE) cycle. 

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

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ, WRlTE or READ-MODlFY-WRlTE) with 
lower power consumption within a row-address-defined 
(AO-A9) page boundary. 

The FAST PAGE MODE cycle always initiates 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. 

1-104 Micron Semiconductor, Inc, reserves the right to change products or speclflcatlons without notice. 
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Returning RAS to HIGH terminates FAST PAGE MODE 
operation. 

REFRESH 
Prese.rve correct memory cell data by maintaining 

power and executing any RAS cycle (READ, WRITE) or 
RASREFRESHcycle (RASONLY,CBR, or HIDDEN) so that 
all 1,024 combinations of RAS addresses (AO-A9) are ex
ecuted within tREF max, regardless of sequence. The CBR 
REFRESH cycle and SELF REFRESH cycle will invoke the 
internal refresh counter for automatic RAS addressing. 

An optional SELF REFRESH mode is also available on the 
MT4LC4001J S. The "s" option allows the user the choice of 
a fully static low power data rentention mode, or a dynamic 
refresh mode at the extended refresh period of 128ms. 
The optional SELF REFRESH feature is initiated by 
permorming a CBR refresh cycle, and holding RAS low for 
the specified tRASS. Additionally, the "S" option allows for 
an extended refresh period of 128ms, or 12511s per row if 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

SELF REFRESH 

MT4LC4001J(S) 
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1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

~ m-
H H-+X 

L L 

L L 

L L 

L H-+L 

L H-+L 

L H-+L 

L H-+L 

L H ..... L 

L H-+L 

L H 

L-+H-+L L 

L-+H-+L L 

H-+L L 

H-+L L 

using distributed CBR refresh. This refresh rate can be 
appliedduringnormaloperation,aswellasduringastandby 
or extended refresh mode. 

The SELF REFRESH mode is terminated by driving 
RAS HIGH for a minimum time of tRPS. 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 se
quence, a burst refresh is not required upon exiting SELF 
REFRESH. However, if the DRAM controller utilizes 
RAS only or burst refresh sequence, all 1,024 rows must be 
refreshed within the average internalrefreshrate (-150f.ls), 
prior to the resumption of normal operation. 

STANDBY 
Returning RAS and CAS HIGH tenninates a memory 

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

WE" 
X 

H 

L 

H-+L 

H 

H 

L 

L 

H-+L 

H-+L 

X 

H 

L 

H 

H 

1-105 

ADDRESSES DATA-IN/OUT 

lJE" IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

L-+H ROW COL Data-Out, Data-In 

L ROW COL Data-Out 

L n/a COL Data-Out 

X ROW COL Data-In 

X n/a COL Data-In 

L-+H ROW COL Data-Out, Data-In 

L-+H n/a COL Data-Out, Data-In 

X ROW n/a High-Z 

L ROW· COL Data-Out 

X ROW COL Data-In 

X X X High-Z 

X X X High-Z 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Any Pin Relative to Vss .............. -l.OV to +4.6V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + lSO°C 
Power Dissipation ............................................................. lW 
Short Circuit Output Current ..................................... SOmA 

'Stresses greater than those listed under" Absolute Maxi
mum Ratings" may cause permanent damage to thedevice. 
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 = +3.0V to 3.6V) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 3.0 3.6 V 

Input High (Logic 1) Voltage, all inputs VIH 2.0 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 O.B V 

INPUT LEAKAGE CURRENT 
Any input OV :s; VIN :s; Vcc+0.5V (All other pins not under test = OV) II -2 2 !lA 
OUTPUT LEAKAGE CURRENT (Q is disabled; OV :s; VOUT:S; Vcc+0.5V) loz -10 10 !lA 
TTL OUTPUT LEVELS I High Voltage (lOUT = -2mA) 

I Low Voltage (lOUT = 2mA) 

PARAMETER/CONDITION 

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

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

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

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

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

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

EXTENDED REFRESH CURRENT: 
Average power supply current during Extended 
Refresh: CAS = 0.2V or CBR cycling; 

'RAS = 'RAS (MIN); WE = Vcc - 0.2V; AO-A9 and 
DIN = Vcc - 0.2V or 0.2V (DIN may be left open); 
IRC = 125!lS (1,024 rows at 125!lS = 12Bms) 

SELF REFRESH CURRENT: 
Average power supply current during SELF 
REFRESH: CBR cycle with 'RAS ;::: 'RASS (MIN) 
and CAS held LOW; WE = Vcc - 0.2V; AO-A9 and 
DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

MT4LC4001J(S) 
REV. 4194 

VERSION 

MT4LC4001J 
MT4LC4001J S 

MT4LC4001J S 

MT4LC4001J S 

1-106 

VOH 2.4 V 
VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 1 1 1 mA 

Icc2 500 500 500 uA 
Icc2 100 100 100 !lA 

Icc3 BO 70 60 mA 3,4,30 

Icc4 60 50 40 mA 3,4,30 

Iccs BO 70 60 mA 3,30 

Icc6 BO 70 60 mA 3,5 

Icc? 150 150 150 !lA 3,5, 
2B 

Icca 150 150 150 !lA 5,29 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A9 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, 13,23) (Vec = +3.0V to 3.6V) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable time 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold. time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT4LC4001J(S) 
REV. 4/94 

SYM MIN 
tRC 110 

IRWC 150 
IpC 35 

tpRWC 85 

tRAC 

tCAC 

tOE 

tAA 

ICPA 

IRAS 60 
IRASP 60 
tRSH 15 
IRP 40 

tCAS 15 
ICSH 60 
tCPN 10 
tcp 10 

IRCD 20 
ICRP 10 
IASR 0 
IRAH 10 
IRAD 15 

IASC 0 
tCAH 10 
tAR 45 

IRAl 30 

IRCS 0 
tRCH 0 

tRRH 0 

tClZ 3 

-6 
MAX MIN 

130 
180 
40 

100 

60 
15 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
50 

35 

0 
0 

0 

3 

1-107 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

200 ns 

45 ns 

105 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 23 
35 40 ns 

40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 

0 ns 

10 ns 

35 15 40 ns 18 

0 ns 

15 ns 

55 ns 

40 ns 

0 ns 

0 ns 19 

0 ns 19 

3 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, g, 10, 11, 12, 13, 23) (Vee = +3.0V to 3.6V) 

AC CHARACTERISTICS 

PARAMETER 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 
Refresh period (1,024 cycles) 

MT4LC4001J/MT4LC4001J S 

RAS to CAS precharge time 

CAS setup time (CSR REFRESH) 

CAS hold time (CSR REFRESH) 

WE hold time (CSR REFRESH) 

WE setup time (CSR REFRESH) 

WE hold time (WCSR test cycle) 

WE setup time (WCSR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS pulse width during 
SELF REFRESH cycle 

RAS precharge time during 
SELF REFRESH cycle 

RAS LOW to "don't care" during 
SELF REFRESH cycle 

MT4LC4001J(S) 
REV. 4/94 

-6 
SYM MIN 
tOFF 3 
twcs 0 

twCH 10 

twCR 45 

twP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 85 
tAWD 55 

tCWD 40 
tT 3 

tREF 

tRPC 0 
tCSR 10 
tCHR 10 
tWRH 10 
tWRP 10 
tWTH 10 

twTS 10 
tORD 0 

tOD 

tOEH 15 

tRASS 100 

tRPS 110 

tCHD 10 

MAX MIN 

15 3 

0 

15 

55 

15 

20 

20 

0 

15 

55 

100 

65 

50 

50 3 

16/128 

0 

10 

10 

10 

10 

10 

10 

0 

15 

20 

100 

130 

10 

1-108 

-7 -8 
MAX MIN MAX UNITS NOTES 

20 3 20 ns 20 

0 ns 21,27 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

110 ns 21 
70 ns 21 

50 ns 21 

50 3 50 ns 9,10 

16/128 16/128 ms 

0 ns 

10 ns 5 
10 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 

10 ns 25 

0 ns 

20 20 ns 27 

20 ns 26 

100 IlS 29 

150 ns 29 

10 ns 29 

Micron SemlCOl'lductor, 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. Vee = +3V ±.3V;f = 1 MHz. 
3. Icc is 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. 

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. An initial pause of 100~s 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 IREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ::: IRCD (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 ICrN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

MT4LC4001J(S} 
REV. 4/94 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. lQFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and ICWD 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 IRWD ::: IRWD (MIN), IAWD ::: IAWD 
(MIN) and ICWD 2: ICWD (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. 

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

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

25. twTS 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 twRP and IWRH in the 
CBR refresh cycle. 

26. LATE WRITE and READ-MODIFY-WRITE cycles 
must have both 10D and 10EH 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. Tl1.e DQs open during READ cycles once 10D or 10FF 
occur. If CAS goes HIGH before OE, the DQs will 
open regardless of the state of OE. If CAS stays LOW 
whileOE 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 lRAS 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. 
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READ CYCLE 

tAC 

tAAS tAP 

AAS 
VrH -
VIL _ 

teSH 

tASH tRRH 

leRP tACO tCAS 

CAS 
VIH -
VIL -

AOOR 
V,H 
V,L ROW 

WE 

tAA 

tRAC 

lCAC 

DO ~:gr -'--------OPEN-------~~~~~}--OPEN---

AAS 
V1H -
VIL _ 

leRP 

CAS VrH -
VrL -

ADDR V,H 
VIL 

EARLY WRITE CYCLE 

tAC 

tAAS 

'osH 

1-110 

~ DON'T CARE 

!lll8l UNDEFINED 
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RAS 

CAs 

ADDR 

WE 

RAs 

CAS 

WE 

V,H 
v" 

V,H 
v" 

V,H 
v" 

V,H 
v" 

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

RWC 

tRAS 'RP 

v,H 
v" -

leSH 

IRSH 

tCRP IRCD ICAS 

V,H 
v" =--' } 

'AR 

'RAD I I 'RAL I 

V,H 
I~ ~ ~l I~I 1 

v" :JIIII;?! ROW WII,@ COLUMN ROW 

v,H 
v" 

I I 'AWD 

~ I' + 'RCS I 
1 

leWD 'AWL 

'AWO rl 
I 

'AA 
'RAC 

J~ 
tOll I=.. r ~l 

-
OPEN VALID DOUT_Jl VAUDD 1N OPEN---

,~ I~ ~I 
! VIIIIIIIIIIIIIIIII//, 

FAST-PAGE-MODE READ CYCLE 

-
leSH 

I~. 'cRP 

=.J 
tRAD 

rn.~ tRAH~1 
=111M ROW WII,b 
~ I ~ 

-

1 

-
OPEN 

RASP RP 

~ 
'PC lASH 

IRCD tCAS ICp 'CAS _'0_" __ 
~y 

tOPN 

~ 'AR 

~I 
tRAL 

~ ~ ~ ~II~I I 
COLUMN Kt//////,.1 COLUMN WIIII/iI. COLUMN ROW 

tACS I ~c= ~ 1 ILRcs ~F' -I li-tRcs ~_'RRH 
'RCH- Ii T 'RCH- Ii tRCH 

~ yo' "i/!&W. 
'AA 'AA 'AA 

I 'RAC I 'OPA tCPA 

- -'OFF -~ 'cLZ- 1:- ~ ~11.m I~ 
'cLZ- L. 'CLZ- 1:-

.. ~ VAliD 
DATA 

,rl~ 

1-111 

VALID 

,I' 'oE ~I' I~A~D 
DATA 

.I~I~ 
~OPEN--

~ DON'T CARE 

~ UNDEFINED 
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*NOTE: 

MT4LC4001J(S) 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

RASP 
-

~~I~~H~~~--~~_lb-2IPC~--~~~1 1-7IR~SH~ __ 1 

CAs ~l~ =J~ I-----IA-R --'IR""CD"-~-~I~Il-_ICP __ ----iI~Il-_ICP __ ----iI1'-I' I_CA_S --fT'1 ;1 
~ IRA::1 I_ IASC I I~ I~ ~I I_ IASC II ::~~I I 

AODA ~:~:/,I At ROW WI A{ COl.UMN COLUMN COLUMN ROW 

DE ~lt 1I/!!!/#/##&//////##/////$//$/////#/////#///#&/////!I//$!II//$/#/#/$/&/$/#//#/#/&/////,1 

ADDR ~i~ 

DO ~ig~ 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODiFY-WRiTE CYCLES) 

-

I~ 

=--' 
.I~ 'ASR 

::r//M ROW 

7///////1, 

--

RASP 

A--tCSH *tpc/tPRWG lASH 

tRCD 'cAS ~ tCAS ICp tCAS 0 ~1 ~ r--
J 

IAR 

II 

tRAD 

~I I~ 
IRAL 

tRAH __ 
1 ~ leAH .1 ~II~I 
V//t? COLUMN COLUMN COLUMN ROW 

I IRWD I ~ 
I 

l 
I 

- 1 ~IRWL 
~I I t:lj tCWL ___ - __ leWL 

J twp- - J-- 'WP 
IAWD IAwo IAWD 

leWD ~ leWD 

I ~I~ LC!~ VIIIIIIIIIIIII;"': 
IAA 

tRAC I l~ ID~':-j.:.. l ICPAI IDs-l- _IDH 
'OH---

IDs_l_ 
ICAc_1 
ICLZ - t 

rvALiO"'VALiii' OPEN ------@ 
~~ - _too 

10' -

'cAc-1 - ICAc_1 - I tell ___ __ teLZ __ __ 

L~~ t~"UD 
~I~~ ~I*~DP'N-

_ 14-100 too 

tOE- -- 10' - to'H 

~ DON'T CARE 

~ UNDEFINED 

tpc is for LATE WRITE cycles only. 
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- VIH
RAS Vil _ 

tAP 

CBR REFRESH CYCLE 
(AO-A9 and OE = DON'T CARE) 

tAP 

DO '-----------H------OPEN-++---------

~ tWA tWRP ~ 

WE ~i~ :W/;//////D W;/$//!$$/;///;,J- V;////;///////;//I/I!II!I/;/;/a 

ICAP 

" CAS ~:r-:~ 

RAS ONL YREFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

. tAC 

tRAS tAP 

* '~[ 

'----I 

" 

IABR tRAH , .". 
ADDA ~i~ _,-----AO-W ---,k////;//!;/;@//;/!I///II/I//////I////!$"xr---AO-W--

DO ~g~ -_-----------OPEN-----------

SELF REFRESH CYCLE 
(AO-A9 and OE = DON'T CARE) 

NOTE 1 

DO ~8t' ::-----++------¥r---

r;l;l;J///;J$/////I/$;//I/#/$///;) tWAP 

~ DON'T CARE 

~ UNDEFINED 

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

MT4LC4001J(S) 
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HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

~ DON'T CARE 

~ UNDEFINED 
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DRAM 

FEATURES 
• Industry-standard x4 pinout, timing, functions and 

packages 
• 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 distributed across 16ms 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR), 

and HIDDEN 
• STATIC COLUMN access cycle 

OPTIONS MARKING 
• Timing 

70ns access 
80ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic ZIP (350 mil) 

-7 
-8 

DJ 
Z 

• Part Number Example: MT4C4003JDJ-7 

GENERAL DESCRIPTION 
The MT4C4003J is a randomly accessed solid-state 

memory containing 4,194,304 bits organized ina x4 configu
ration. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits(AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS 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 (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 pin(s) remain 
open (High-Z) until the next CAS cycle. If WE goes LOW 
after data reaches the outputpin(s), 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 cornmon I/O 
and pin direction is controlled by WE and OE. 

STATIC COLUMN operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRlTE) within a 

MT4C4003J 
REV, 4/94 

1 MEG x4DRAM 
STATIC COLUMN 

PIN ASSIGNMENT (Top View) 

20/26-Pin SOJ 
(OC-1) 

DQ1 
DQ2 
WE 

RAS 
A9 

AO 
A1 
A2 
A3 

Vee 

1 26 
2 25 
3 .24 
4 23 
5 22 

9 18 
10 17 
11 16 
12 15 
13 14 

Vss 
DQ4 
DQ3 
CAS 
OE 

A8 
A7 
A6 
A5 
A4 

20-Pin ZIP 
(OB-2) 

OE 1 ::1 ,:: 2 CAS 
D03 3 ::1 ,:: 4 DQ4 
Vss 5 ::1 

c 6 DQ1 
D02 7 ::1 

,:: 8 WE 
RAS 9 ::1 

,:: 10 A9 
AO 11 ::1 

,:: 12 A1 
A2 13 ::1 ,:: 14 A3 

Vee 15 ::1 
,:: 16 A4 

A5 17 ::1 
,:: 18 A6 

A7 19 ::1 
,:: 20 A8 

row-address-defined (AO-A9) page boundary. After the 
first read, any column-address transition will result in new 
data-out. Unlike PAGE MODE, which requires CAS to be 
toggled for each successive PAGE MODE access, STATIC 
COLUMN allows CAS to be left LOW for successiveSTA TIC 
COLUMN accesses. Returning RAS HIGH terrninatesthe 
STATIC COLUMN 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 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 (AO-A9) are executed at least every 16ms, 
regardless of sequence. The CBR REFRESH cycle will 
invoke the internal refresh counter for automatic RAS 
addressing. 

1-115 Micron Semiconductor, Inc., reselVes the righllo change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



• C 
::D » s: 

FUNCTIONAL BLOCK DIAGRAM 
STATIC COLUMN 

WE:==~=================r====~===r~==}---------1 CAS 
D01 
D02 
D03 
D04 

AO 
A1 

A2 
A3 

A4 
A5 
A6 

A7 

A8 

A9 

RAS 

'---------------IHItl------o OE 

1024x 1024x4 
MEMORY 
ARRAY 

-.--....0 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). 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

STATIC-COLUMN 

READ 

STATIC-COLUMN 

EARLY-WRITE 

STATIC-COLUMN 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT4C4003J 
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1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1St Cycle 

2nd Cycle 

READ 

WRITE 

RAS CAS we-
H H-+X X 

L L H 

L L L 

L L H-+L 

L L H 

L L H 

L L L 

L L L 

L L H-+L 

L L H-+L 

L H X 

L -+H-+L L H 

L -+H-+L L L 

H-+L L H 

1-116 

ADDRESSES DATA-IN/OUT 

nt IR IC D01-D04 

X X X High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

L-+H ROW COL Data-Out, Data-In 

L ROW COL Data-Out 

L n/a COL Data-Out 

X ROW COL Data-In 

X n/a COL Data-In 

L .... H ROW COL Data-Out, Data-In 

L-+H n/a COL Data-Out: Data-In 

X ROW n/a High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

X X X High-Z 

Micron Semiconductor, !nc., reserves the right to change products or specifications without notice 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Any Pin Relative to Vss .................... -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + ISO°C 
Power Dissipation ............................................................. IW 
Short Circuit Output Current ..................................... SOmA 

'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 = +5V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT. 
Any input OV :<; VIN:<; 6.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV :<; VOUT:<; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5rnA) 
Output Low Voltage (lOUT = 4.2rnA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: STATIC COLUMN 
Average power supply current 
(RAS, CAS, Address Cycling: IRC= IRC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A9 

Input Capacitance: RAS, CAS, WE, OE 

Input/Output Capacitance: DO 

MTAC4003J 
REV, 4/94 1-117 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 

VIH 2.4 Vcc+1 V 

VIL -1.0 0.8 V 

II -2 2 !1A 

loz -10 10 llA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -7 -8 UNITS NOTES 

Icc1 2 2 rnA 

Icc2 1 1 rnA 

Icc3 100 90 rnA 3,4,28 

Icc4 70 60 rnA 3,4,28 

Icc5 100 90 rnA 3,28 

Icc6 100 90 rnA 3,5 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

CI2 7 pF 2 

CIO 7 pF 2 

Micron Semiconductor, !nc., reserves the right to change products or specifications without ilotice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13,23) (Vee = +5.V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ WRITE cycle time 

STATIC-COLUMN 
READ or WRITE cycle time 

STATIC-COLUMN 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column-address 

RAS pulse width 

RAS pulse width (STATIC COLUMN) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (STATIC COLUMN) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

Colurnn-address hold time 
(referenced to RAS) 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

MT4C4Q03J 
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SYM 
tRC 

tRWC 

tsc 

tSRWC 

tRAC 

tCAC 

tOE 

tAA 

tRAS 

tRASC 

tRSH 
tRP 

tCAS 

tCSH 

tCPN 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAL 

tRCS 

tRCH 

tRRH 

tCLZ 

tOFF 

IAWR 

'YvCS 
IWCH 

tWCR 

IWp 

IRWL 

1-118 

MIN 
130 
185 
40 

100 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
75 

35 

0 
0 

0 

0 
3 

55 

0 
15 
55 

15 
20 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

205 ns 

45 ns 

110 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 23 
35 40 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 
20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 

10 ns 

0 ns 

10 ns 

35 15 40 ns 18 

0 ns 

15 ns 

85 ns 

40 ns 

0 ns 

0 ns 19 

0 ns 19 

0 ns 

20 3 20 ns 20,29 
60 ns 

0 ns 21,27 
15 ns 

60 ns 

15 ns 

20 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12,13,23) (Vee = +5V ±10%) 

AC CHARACTERISTICS 

PARAMETER 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

RAS to WE delay time 

Column-address to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

Write inactive time 

Previous WRITE to column-address delay time 

Previous WRITE to column-address hold time 

RAS hold time referenced to OE 

Output data hold time from column-address 

Output data enable from WRITE 

Access time from last WRITE 

Column-address hold time 
referenced to RAS HIGH 

CAS pulse width in 
STATIC COLUMN mode 

MT4C4003J 
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SYM 
ICWL 

tDS 

tDH 

tDHR 

tRWD 

IAWD 

ICWD 

IT 
tREF 

tRPC 

tCSR 

tCHR 

twRH 

twRP 
tWTH 

twTS 
tORD 

tOD 

tOEH 

twl 
tLWAD 

tAHLW 

tROH 

tAOH 

tow 

tALW 

tAH 

tcsc 

1-119 

MIN 

20 

0 

15 

55 

100 

65 

50 

3 

0 

10 

15 

10 

10 

10 

10 

0 

20 

10 

20 

65 

10 

5 
tAA+5 

65 

5 

tCAS 

-7 -8 
MAX MIN MAX UNITS NOTES 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

110 ns 21 

70 ns 21 

50 ns 21 

50 3 50 ns 9,10 

16 16 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 

10 ns 25 

0 ns 

20 20 ns 27 

20 ns 26 

10 ns 

30 20 35 ns 

75 ns 

10 ns 

5 ns 
tAA+5 ns 

75 ns 

10 ns 

ICAS ns 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±lO%;f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. lee is 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. An initial pause of lOOl1s 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. 

8. AC characteristics assume IT = Sns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 tRCD < tRCD (MAX). If tRCD 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 thattRCD 2 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 tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
!RAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

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

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

MT4C4003J 
REV. 4/94 

20. toFF (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 tCWD are not restrictive 
operating parameters. twcs applieS to EARLY 
WRITE cycles. tRWD, tAWD and tcWD apply to 
READ-MODIFY-WRITE cycles. 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 lRWD 2 tRWD (MIN), tA WD 2 
tA WD (MIN) and tcWD 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, t):le 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, tRWD, 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 OE 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 twrH 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 twRP and twRH in the 
CBR REFRESH cycle. 

26. LATE WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH 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 tOD 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. Column-address changed once while RAS = VIL and 
CAS=VIH 

29. The 3ns minimum is a parameter guaranteed by 
design. 
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READ CYCLE 

'RAS 'RP 

-- 1'---
'AR 

'RAD 'RAL 'AH 

I~ ~I 

U ADDR 
V,H 
VIL ::I///M ROW W,1//"j COLUMN 

ICSH 

CAs V,H 
VIL 

I~ 
tRCD 'cAS II .1 'CRP 

1 =-' J 'RCS 'RSH tRRH ~1 
WE V,H 

VIL 

I I 
t:@ 

DE V,H 
VIL 

I >-I~ 
-

I~ 

kl 'CAG 

'AA 

'cLZ--I 
-

OPEN VALID DATA OPEN DQ ~g~ 
tRAG 

EARLY WRITE CYCLE 

'Re 

'RAS 'RP 

-
'AWR 

'RCD 

1 

'ASR lRAH .. ! ~ 'eAH 

::'@!ffi ROW ~ COLUMN ROW 

'RAD 'RSH 

V,H 
ADDR VIL 

I~ 
ICSH 

leAS 

=~ 
IcWL 

'AWL 

~ 'WeH 

'WP 

I~~ 
DO ~g~ - OPEN VALID DATA }-r-- oPEN -

'DHR J 
'WCR 

DE ~:t -W/$//$//$////!I$#$/!!/M,1#!;I#,1//#$/§i/,1/§i///,1//§i/////////////I,I/k 
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~ DON'TeARE 

Il88! UNDEFINED 
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RAs 

ADDR 

CAS 

WE 

DE 

DO 

RAS 

AOOA 

CAS 

WE 

DE 

00 

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

lRAS 'RP J 
V,H 
VIL -

tRAD tRAL 

V,H 
V,L 

~ ~I ~ 
=l111M: ROW WJ COLUMN ROW -

~ IACD 

I leAP tCSH 

I 'CAS 

V,H 
V,L =--.-/ 

V,H 
V,L 

ICWO ~ 'Awe 
1~ -- ~ 

IRWD 

V,H 
V,L 

- \I~ 

VIOH 
VIOL 

~ 
'AA 

I~ I I~I~ ~ - OPEN VALIDDAT~ VAUDDATA OPEN---
1(11' 

tRAC 

STATIC-COLUMN READ CYCLE 

V,H 
V,L 

V'H 
V,L 

V,H 
V,L 

V,H 
V,L 

V,H 
VIL 

-

-

-

-
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~ DDN'TCARE 

~ UNDEFINED 
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ADDR ~:~ 

STATIC-COLUMN EARLY-WRITE CYCLE 
(CAS Controlled) 

STATIC-COLUMN EARLY-WRITE CYCLE 
(WE Controlled) 

~WR 
'se 

VALID 
OATA 

OE ~:~ ::?/#/#$$/$#/##/$/#/#/###//ff/ff/#//#/II/##/J/####/!l///I!///////I!#12 
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RAS ~:~= 

ADDR 

CAS 
VIH-
VIL-

WE 

6E VIH 
VIL 

DO 

stATIC-COLUMN READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

ICRP 

I 

tRAse 

COLUMN-ADDRESS COLUMN-ADDRESS 

IASC 1- tRAL 

I I tRWL .,--
tcwo tAHLW I I 
tAWD tAWD tCWL 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

, 'RAS 'RP 

'k 
'I~ 

I 

\ 

CAS ~:~ ,_ :--' '--I 
IASR IRAH , • I 

ADDR ~:~ _,------RO-W --k;r,$l////$§//$!ff/////,$I///$I!!$)(r---Ro-W --

DO ~g~ -:----------------OPEN-----~--------
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~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notloo. 
©1994, Micron Semiconductor, Inc, 



MT4C4Q03J 
REV. 4194 

DQ 

'RP 

.~~ 
I·.'CPN, I~ 

:--' , 

CBR REFRESH CYCLE 
(AO-A9 and OE = DON'T CARE) 

tRAS , , , 'RP , , tRAS 

tCHR ~j~ ~ J ~ 

OPEN 

, ~ I 

V 

~~I ~ ~ 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) 

tRAS 

1-125 

(REFRESH) 

tRAS 

~ DON'T CARE 

~ UNDEFINED 
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4 MEG POWER-UP AND REFRESH 
CONSTRAINTS 

The ElA/JEDEC 4 Meg DRAM introduces two potential 
incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding these incompatibilities and pro
viding for them will offer the designer and system user 
greater compatibility between the 1 Meg and 4 Meg. 

REFRESH 
The most commonly used refresh cycle of the 1 Meg is the 

CBR REFRESH cycle. The CBR for the 1 Meg specifies the 
WE pin as a "don't care." The 4 Meg, on the other hand, 
specifies the CBR REFRESH mode with the WE pin held at 
a voltage HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC-specified test mode (WCBR). 

~ .. tCHR 

POWER-UP 
The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER-UP cycle requires a 
lOOlls delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP is more restriCtive in that eight RAS ONLY or 
CBR REFRESH (WE held HIGH) cycles must be used. The 
restriction is needed since the 4 Meg may power-up in the 
JEDEC-specified test mode and must exit out of the test 
mode. The only way to exit the 4 Meg JEDEC test mode is 
with either a RAS ONLY or a CBR REFRESH cycle (WE 
held HIGH). 

SUMMARY 
1. The 1 Meg CBR REFRESH allows the WE pin to be 

"don't care" while the 4 Meg CBR requires WE to be 
HIGH. 

2. The eight RAS wake-up cycles on the 1 Meg may be any 
valid RAS cycle while the 4 Meg may only use RAS 
ONLY or CBR REFRESH cycles (WE held HIGH). 

CAS ~:~ ::-_---L __ 3-_ _H-------L~--~----.i---++------.:L---------
__________ D? __ ~ge ~:-_-_-_-_-_-_-_-_---H-__ -_-_-_-_-_-_-_-_-_-_-_-_-_-_-__ O:~NI_-_-_-_*_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_ -_ -__ -_-_-_-_-_-_-__ . 

{

WCBR TEST MODE WE V1H 
VIL 

4MEG 
DRAM tWRP tWRH tWRP tWRH 

CBRREFRESH.WE ~:~ ::W-- --'.#////$11/##;)-- --iw/IIII#II//////II;l//$//M 

b~3 { CSR REFRESH: WE ~:~ -11!!11!! 1//11// //##/II//!II//! !l///!!!III/ / ////!I I/III!/II! !/III/II //1//11/111/111 II/; 
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till DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 
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DRAM 

FEATURES 
• Single +3.3V ±O.3V power supply 
• Low power, 250llW standby; 100mW active, typical 
• JEDEC-standard pinout and packages 
• High-performance CMOS silicon-gate process 
• All inputs, outputs and clocks are L VTTL-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, lOOIlA typical, 150llA 

(MAX) 
• EDO PAGE MODE cycle times, 25-35ns 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Refresh 
Standard 
Low-power SELF REFRESH 

• Packages 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil) 

-6 
-7 
-8 

None 
S 

DJ 
TG 

• Part Number Example: MT4LC4007JDJ-7 S 

GENERAL DESCRIPTION 
The MT 4LC4007J (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 four 
memory bits (one bit per DQ) is uniquely addressed through 
the 20 address bits, which are entered 10 bits (AO-A9) at a 
time. RAS latches the first ten bits and CAS latches the latter 
ten 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, which
ever occurs last. If WE goes LOW prior to CAS going LOW, 

MT4LC4007J(S) 
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PRELIMINARY 

1 MEG x4DRAM 
3.3V EDO PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (Top View) 

20/26-Pin SOJ 
(OC-1) 

DQ1 'E-__ ~26'-t Vss 
DQ2 25 DQ4 
WE 24 DQ3 

RAS 23 CAS 
A9 22boE 

AO 9 18 AS 
A1 10 17 A7 
A2 11 16 b A6 
A3 12 15 A5 

Vee ... 1:.;:3'--_--'-14crP A4 

20/26-Pin TSOP 
(00-1 ) 

D01 a 1 
D02 a 2 
WEa 3 

RAS a 4 
A9 a 5 

AO a 9 
A1 a 10 
A2 a 11 
A3 IT 12 

Vee ",1,3" 

26 :D Vss 
25 :D D04 
24 :D D03 
23 :D CAS 
22 :DOE 

18 :DA8 
17 :DA7 
16 :D A6 
15p, A5 
14[1 A4 

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/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 (AO-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 MT4LC4007J 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. Eoo provides for CAS precharge 
time (tcP) 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 
operates as any DRAM READ or FAST-PAGE-MODE 
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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 DQswill 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 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 

PRELIMINARY 

HIGH for a minimum of tOEP 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 
twHZ after WE transitions LOW. The tOFF 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. 

RAS ~:~:~~ _____________________________________ _ 

~:~::ZZK~~~WW~'~CO~,"~M~M('~(:::x~~$~~?Cj",C§O~,"M~'~(';::1 )@WW~WWG,¥,~'~UM~,~(C):::x~~$~~W0co~'~UM~'~(DI=:XWW; 

" 
'" ..... 

DO ~:g~ ____ _ 
'" .... 

VAUD DATA (A) VALID DATA (8) VAUDDATA(D) VALID DATA (A) VAUD DATA (C) 

.'0" I~ ~'OD ~OD ISoo 
OE ~:r---------~ tOE " 

_~~ ______ -" L--------f ~ L-_____ __ 

MT4LC40()7J(S) 
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I 
The DOs go back to 
Low-Z if tOES is met. 

Figure 1 

The DOs remain High-Z 
until the next CAS cycle 
if 'OEHC is met. 

I 
The DOs remain High-Z 
until the next CAS cycle 
if 'OEP is me~. 

~ DON'T CARE 

~ UNDEFINED 

OUTPUT ENABLE AND DISABLE 
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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 (AO-A9) are executed 
within tREF 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 MT4LC4007J S. The "S" option allows the user the choice 
of a fully static low-power data retention mode, or a dy
namic refresh mode at the extended refresh period of 128ms. 
The optional SELF REFRESH feature is initiated by per
forming a CBR REFRESH cycle, and holding RAS LOW for 
the specified tRASS. Additionally, the "s" option allows for 
an extended refresh period of 128ms, or 1251-1s 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. 

PRELIMINARY 

z 
m 
=E 

The SELF REFRESH mode is terminated by driving RAS • 
HIGH for a minimum time of tRPS. This delay allows for C 
the completion of any internal refresh cycles that may be in 
process at the time of the RAS LOW-to-HIGH transition. If :D 
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 

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

RAS ~:~:~~ ______________________________________ _ 

~\~~-~C~~)@~~2~~A~~~~~X:~CO~W~MN~(B~) =>@~~~~C!~CO~LU~MN~(C'i:) :x:~~~(ZZ~~~(ZZ;X 

DO ~:g~_-----OPt::N ---'~' ~=~VA~UD~DA~TA~(A)~=~ C~~~=>-+-----"'--"«~V~AL~"D~AT~A(~C)==~-------':'~ ~ 

OE ~:~-. ______________ ~_+_------------------____,I--I------- J 

MT4LC4007J(S) 
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The DOs go to High-Z jf 
WE falls while CAS is HIGH. 

Figure 2 

The DOs go to High-Z when 
WE goes LO~nd remain 
High-Z when WE goes,HIGH. 

~ DON'TeARE 

~ UNDEFINED 

OUTPUT ENABLE AND DISABLE USING WE 
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FUNCTIONAL BLOCK DIAGRAM 
EDO PAGE MODE 

PRELIMINARY 

c~; :0--.---,----,-------,--, DQ1 

DQ2 

DQ3 

D04 

AO 
A1 

A2 

A3 

A4 

AS 
AS 
A7 

AS 
A9 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

EDO-PAGE-MODE 

READ 

EDO-PAGE-MODE 

EARLY WRITE 

EDO-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CSR REFRESH 

SELF REFRESH 

MT4LC4Q07J(Si 
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.RAS CAS 

H H--+X 

L L 

L L 

L L 

1st Cycle L H--+L 

2nd Cycle L H--+L 

1st Cycle L H--+L 

2nd Cycle L H--+L 

1st Cycle L H--+L 

2nd Cycle L H--+L 

L H 

READ L--+H--+L L 

WRITE L --+H--+L L 

H--+L L 

H--+L L 

L-----------lI!IHlilI-----o OE 

WE 
X 

H 

L 

H--+L 

H 

H 

L 

L 

H--+L 

H--+L 

X 

H 

L 

H 

H 
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or 
X 

L 

X 

L --+H 

L 

L 

X 

X 

L --+H 

L --+H 

X 

L 

X 

X 

X 

1024 x 1024 x 4 
MEMORY 

ARRAY 

ADDRESSES 

IR IC 

X X 

ROW COL 

ROW COL 

ROW COL 

ROW COL 

n/a COL 

ROW COL 

n/a COL 

ROW COL 

n/a COL 

ROW n/a 

ROW COL 

ROW COL 

X X 

X X 

~ Vee 

Vss 

DATA-IN/OUT 

DQ1-DQ4 

High-Z 

Data-Out 

Data-In 

Data-Out, Data-In 

Data-Out 

Data-Out 

Data-In 

Data-In 

Data-Out, Data-In 

Data-Out, Data-In 

High-Z 

Data-Out 

Data-In 

High-Z 

High-Z 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Any Pin Relative to Vss .............. -l.OV to +4.6V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + IS0°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ..................................... SOmA 

PRELIMINARY 

'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) (Vee = +3.3V +0.3V) -

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 3.0 3.6 V 

Input High (Logic 1) Voltage, all inputs VIH 2.0 Vee+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT 
Any input OV S; VIN S; Vec+0.5V (All other pins not under test = OV) Ii -2 2 ~A 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV S; VOUT S; Vcc+0.5V) loz -10 10 ~A 

TIL OUTPUT LEVELS 

MT4LC4007J(S) 
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I 
I 

High Voltage (lOUT = -2mA) 
Low Voltage (lOUT = 2mA) 

1-131 

VOH 2.4 V .--
VOL 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = +3.3V ±0.3V) MAX 

PARAMETER/CONDITION VERSION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) ICC1 1 1 1 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) MT4LC4007J ICC2 500 500 500 j.lA 
(RAS = CAS = Other Inputs = Vcc -0.2V) MT 4LC4007 J S ICC2 100 100 100 j.lA 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICC3 80 70 60 mA 3,4, 
(RAS, CAS, address cycling: tRC = tRC [MIN]) 30 

OPERATING CURRENT: EDO PAGE MODE 
Average power supply current ICC4 60 50 40 mA 3,4, 
(RAS = VIL, CAS, address cycling: tpc = tpc [MIN]) 30 

REFRESH CURRENT: RAS ONLY 
Average power supply current ICC5 80 70 60 mA 3,30 
(RAS cycling, CAS = VIH: tRC = tRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current ICC6 80 70 60 mA 3,5 
(RAS, CAS, address cycling: tRC = tRC [MIN]) 

EXTENDED REFRESH CURRENT: 
Average power supply current during Extended Refresh: 
CAS = 0.2V or CBR cycling; RAS = tRAS (MIN); MT4LC4007J S Icc? 150 150 150 j.lA 3,5, 
WE= Vcc -0.2V; AO-A9 and DIN = Vcc -0.2V or 0.2V 28 
(DIN may be left open); 
tRC = 125!!S (1,024 rows at 12511S = 128ms) 

SELF REFRESH CURRENT: 
Average power supply current during SELF REFRESH: 
CSR cycle with tRAS :2: tRASS (MIN) and CAS held MT4LC4007J S Iccs 150 150 150 j.lA 5,29 
LOW; WE = Vcc -.2; AO-A9 and DIN = Vcc -.2V or .2V 
(DIN may be left open) 

CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ CIO 7 pF 2 

MT4LC40()7J(S) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = +3.3V ±0.3V) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

EDO-PAGE-MODE 
READ or WRITE cycle time 

EDO-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable time 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (EDO PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (EDO PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

MT4LC40Q7 J(S) 
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SYM MIN 
tRC 110 

tRWC 150 
tpc 25 

tpRWC 85 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 15 
tRP 40 

tCAS 10 
tCSH 50 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASFl 0 
tRAH 10 
tRAD 15 

IASC 3 
tCAH 10 
tAR 45 

tRAl 30 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 3 

-6 
MAX MIN 

130 
180 
33 

100 

60 
15 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 15 
55 
10 
10 

45 20 
10 
0 
10 

30 15 

3 
15 
50 

35 

0 
0 

0 

3 

1-133 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

200 ns 

35 ns 

105 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 23 
35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 15 100,000 ns 

65 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 

0 ns 

10 ns 

35 15 40 ns 18 

3 ns 

15 ns 

55 ns 

40 ns 

0 ns 

0 ns 19 

0 ns 19 

3 ns 
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PRELIMINARY 

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

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn~off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 
MT4LC4007J/MT4LC4007J S 

RAS to CAS" precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Oulput disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS pulse width during 
SELF REFRESH cycle 

RAS precharge time during 
SELF REFRESH cycle 

RAS LOW to "don't care" during 
SELF REFRESH cycle 

OE HIGH hold time from CAS HIGH 

OE HIGH pulse width 

Data output hold after CAS LOW 

Output disable delay from WE 
(CAS HIGH) 

WE pulse width for output 
disable when CAS HIGH 

MT4LC401)7J(S) 
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-6 
SYM MIN 
toFF 3 
twcs 0 

twCH 10 
tWCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 85 
tAWD 55 

tCWD 40 

IT 2.5 
tREF 

tRPC 0 
tCSR 10 
tCHR 10 

twRH 10 

twRP 10 
tWTH 10 
tWTS 10 
tORD 0 

tOD 

tOEH 15 

tRASS 100 

tRPS 110 

tCHD 10 

toEHC 10 
tOEP 10 
tCOH 5 
tWHZ 3 

twpz 10 

MAX MIN 
15 3 

0 

15 

55 

15 

20 

20 

0 

15 

55 

100 

65 

50 

50 2.5 

16/128 

0 

10 

10 

10 

10 

10 

10 

0 

15 

20 

100 

130 

10 

10 

10 

5 

15 3 

10 

1-134 

-7 -8 
MAX MIN MAX UNITS NOTES 
20 3 20 ns 20 

0 ns 21,27 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

60 ns 

110 ns 21 

70 ns 21 

50 ns 21 
50·· 2.5 50 ns 9, 10 

16/128 16/128 ms 

0 ns 

10 ns 5 

10 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 

10 ns 25 

0 ns 

20 20 ns 27 

20 ns 26 

100 fls 29 

150 ns 29 

10 ns 29 

10 ns 

10 ns 

5 ns 

15 3 15 ns 

10 ns 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = +3.3V; f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is 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. An initial pause of lOOlls 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 lREF refresh requirement is 
exceeded. 

8. AC characteristics assume tr = 2.5ns. 
9. VIH (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 VIH). 

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

11. If CAS and RAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and lOOpF. Output reference voltages are 0.8V for a 
low level and 2.0V for a high level. 

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

15. Assumes that IRCD ~ IRCD (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 ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAC. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, access time is controlled 
exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

MT4LC4007J{S) 
REV. 4/94 

PRELIMINARY 

20. 10FF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IA WD and ICWD are restrictive 
operating parameters in LATE WRITE and READ
MODIFY -WRITE cycles only. If IWCS ~ twcs (MIN), 
the cycle is an EARLY WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. IfIRWD ~IRWD (MIN), IAWD~IAWD 
(MIN) and ICWD ~ ICWD (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. 

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

24. A HIDDEN REFRESH may also be performed aftl'l" ,I 

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

25. twIS 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 twRP and twRH in the 
CBR REFRESH cycle. 

26. LATE WRITE and READ-MODIFY-WRITE cycles 
must have both 10D and 10EH 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 toD or 10FF 
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. Extended refresh current is reduced as lRAS 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. 
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READ CYCLE 

IRC 

tRAS IRP 

tCSH 

lASH tRRH 

tACO 'cAS 

CAS VIH _:--+----ft---------,,--. 
VtL -

IAR 

ROW 

IAA 

tRAC 

~ 

DO ~g~ -:--------OPEN VALID DATA OPEN---

OE ~:~ :1II!///$/II/$$j'##$##$!1/$#/J///,d 
~ 10D 

1J#j'//j$#$j'$###/$~ 

EARLY WRITE CYCLE 

tCSH 

'cRP tCAS 
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PRELIMINARY 

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

IRAS IRP 

RAS 
V,H 
VIL 

--
teSH I IRSH 

ICRP tRCO tCAS 

CAs V,H 
VIL :..J ~ IAR 

tRAD I I tRAL I 
ADOR V,H 

VIL 

l~ ~I ~I ~I I 
7////;,?t ROW W///;2 COLUMN ROW 

WE V,H 
VIL 

I I IRWD 

I~ I~I I 
leWD 'RWL 

'AWD ~I 

I lAA 

I tRAG 

I~ 
tCl.Z- r- r ~l 

-
OPEN VALID DOUT .K VALID DIN DPEN----DO ~:g~ 
~ too.! ~ 

! 

EDO-PAGE-MODE READ CYCLE 

RASP 

~ --

I P 

RAS 
V,H 
V,L 

tCSH IpC IRSH 

I~ tRCD ~ ICp ~ ICp ~y tePN 

: ----' 
IAR ~ 

CAS V,H 
V,L 

IRAD I I IRAL 

I~ tRAH '-1 ~ I~ lAse tcAH'-1 ~II leAH'-1 

=Wt ROW -m COLUMN ~ COLUMN ~ COLUMN W///~ 
I L IRCS I I IRCH 

-:!///////////////!Jf IAA .tRRH .. W 
I lAA IAA I tePA 

I tRAC I tCPA I~ 
I~ I~ !~ teO!!1 tOEHC • 

ADDR V,H 
V,L 

WE V,H 
V,L 

00 ~g~ 

teLZ- I~ 
tCLZ- L 

- VALID ~ ~ VALID - OPEN DATA DATA DATA ~OPEN 

\G tOES 

7////////////////////////////////////;X" 

1-137 

I~ I~ 

k 
'aES 

tOEP 

~ 
1///////////;; 
~ DONTCARE 

!ll8I UNDEFINED 
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ADDR ~:t 

OQ ~igt 

EDO-PAGE-MODE EARLY-WRITE CYCLE 
RA 

'R--
leSH tpc IRSH 

t SP 

I~ tRCD teAS tep ~ ~ ~ 

~i =J 

14 'ASR 

::j"/~ 

tAR I IRAQ 

I~I ~ 
tRAL 

tRAH~1 I~ .leAH __ [ I~II~ 11 
ROW WI;,M COLUMN COLUMN COLUMN 

I 
I I lewL II tewL I II teWL II 
~ I ::~H ~I~ ~I ~~H, ~I 

I I flllj, ~ I. 
I 

'WGR 'RWL ,I 
I I tOHR 

~I~I I~ I~I ~~I 
VALID DATA Will{ VALID DATA WIM VALID DATA-

EDO-PAGE-MODE READ-WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

I~ 
! 

ROW 
-

tePN 

ADDR ~\~ ='~ ROW JW COLUMN io////////;? COLUMN WI/II///;.) COLUMN ~ 

~I II tR~:w:n I. tew~ 1 : /1:::, 

WE ~:t :?/////////h~////H 

'WP twp __ .... __ .... 'WP 

1----+----c~=A:~'-_1I • :~:~ I ~:~ 

VIIIIIIIIIIIIII/, 

mJ DDN'T CARE 

~ UNDEFINED 

"NOTE: tpc is for LATE WRITE cycles only. 

MT4lC4()(}7J(S) 
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PRELIMINARY 

EDO-PAGE-MODE READ-EARLY-WRITE CYCLE 

tRASP 

RAS VIH-
VIL-

tCSH 

tpc tpc tASH 

~ tRCD ~ tcp tcp tCAS 

CAS VIH-
VIL-

tAR tRAL 

ADDR VIH-V,L 

We V,H 
VrL-

DO ~:g~ ------ OPEN ----~_{=~VA~LI~DD~A~TA~IA~) =jt~~j 
tOE 

MT4LC4007J(S) 
REV. 4/94 

OE ~:r: WJJ/$/I///$/$/###/;JIJ/2l-

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

ADDR 

IREAD) 
tRAS 

(REFRESH) 

tRAS 

DQx ~gt =_------ OPENI------@~t:====V~A~LlD~D~AT~A====} 

OE ~:t ~W'//////ffff/$ffff$/$I//II/////~~-.1 
OPEN-

1-139 

~ DON'T CARE 

~ UNDEFINED 
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AP 

CBR REFRESH CYCLE 
(AO-A9 and OE = DON'T CARE) 

AAS AP AAS 

1 

-1'"~1 
1_ "cP: j 1 __ 'CSA , I~ I~I~ ~y 

J , I , 
DO 

leRP 

CAS ~:t _ :~ 

OPEN 

~~) ~ ~ 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

'AC 

tRAS 'AP 

'1 
'I~ 

LJ 

Y 

\ 

lASR tRAH 

ADDA ~:~ ::~r---AO-W --~//////I$//I$#/!!#$lI//////##III!;?(r---AO-W --

DO ~gt :~---------OPEN----------

SELF REFRESH CYCLE 
(AO-A9 and OE = DON'T CARE) 

NOTE 1 

DO ~gt = ~OPEN,----~-------j+-----
tWRP 'WRH 

WE~:t~-~ 

tz;:J DON'T CARE 

~ UNDEFINED 

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

MT4LC4007J(S) 
REV, 4/94 - 1-140 
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DRAM 

FEATURES 
• Industry-standard x4 pinout, timing, functions and 

packages 
• High-performance CMOS silicon-gate process 
• Single power supply: +5V ±1O% 
• Low power, 3mW standby; 200mW active, typical (AI) 
• All inputs, outputs and clocks are TTL-compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms or 

4,096-cycle refresh distributed across 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 

• Packages 
Plastic SO] (400 mil) 

• Refresh Period 
2,048 cycles at 32ms, 
11 row-addresses 
4,096 cycles at 64ms, 
12 row-addresses 

MARKING 

-6 
-7 

DW 

B1 

Al 

• Part Number Example: MT4C4M4A1DW-6 

GENERAL DESCRIPTION 
The MT4C4M4A1/B1 are randomly accessed solid-state 

memories containing 16,777,216 bits organized in a x4 
configuration. The MT4C4M4A1 and MT4C4M4B1 are the 
same DRAM versions except that the MT4C4M4B1 has a 
2,048-cycle refresh instead of a 4,096-cycle refresh. All fur
ther references made to the MT4C4M4A1 also apply to the 
MT4C4M4B1 unless specifically stated otherwise. For a 
device with a 2,048-cycle refresh, RAS is used to latch the 
first 11 bits and CAS the latter 11 bits. For a device with a 
4,096-cycle refresh, RAS is used to latch the first 12 bits and 
CAS the latter 10 bits (A10 and All are "don't care" bits). 
READ and WRlTE cycles are selected with the WE input. A 
logic HIGH on WE dictates READ mode while a logic LOW 
on WE dictates WRlTE mode. During a WRITE cycle, data
in (D) is latched by the falling edge of WE orCAS, whichever 
occurs last. If WE goes LOW prior to CAS going LOW, the 

MT4C4M4A11B1 
REV. 4/94 

4 MEG x4DRAM 
S.OV FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

24/28-Pin SOJ 
(DC-3) 

Vee 1 28 Vss 
D01 2 27 D04 
D02 3 26 D03 
WE 4 25 CAS 

RAS 5 24 OE 
A11/NC 6 23 A9 

A10 9 20 A8 
AO 10 19 A7 
A1 11 18 A6 
A2 12 17 A5 
A3 13 16 A4 

Vee 14 15 Vss 

output pins remain open (High- Z) until the next CAS cycle. 
If WE 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 the four data outputs are routed through four 
pins using common I/O, and pin direction is controlled by 
WEandOE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRlTE or READ-MODIFY -WRlTE) within a 
row-address-defined (AO -A9 /10) 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 CAS. CAS may be toggled-in by holding RAS LOW and 
strobing-in different colunm-addresses, thus executing faster 
memory cycles. Returning RAS HIGH terminates the FAST 
PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip currenUo a reduced standby leveL 
Also, the chip is preconditioned for the next cycle during the 

1-141 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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RAS HIGH time. Memory cell data is retained in its correct 
state by maintairungpower and executing any RAS cycle 
(READ, WRITE) or RAS REFRESH cycle (RAS ONLY, CBR, 
or HIDDEN) so that all 2,048/4,096 combinations of RAS 
addresses (AO -A 10 / All) are executed at least every 32ms/ 

64ms, regardless of sequence. The CBR REFRESH cycle will 
invoke the refresh counter for automatic RAS addressing. 

If CBR REFRESH is used, thenumberofcyclesisa "don't 
care." 

FUNCTIONAL BLOCK DIAGRAM 
MT4C4M4B1 (11 row-addresses) 

WE 
DQl 

CAS 
DQ2 

DQ3 

DQ4 

OE 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

AS 

A9 

Al0 

RAS o------l 

-NOTE: 1. II WE goes LOW prior to CAS going LOW, EW detection circuit output is a HIGH (EARLY WRITE). 
2. 1·1 CAS goes LOW prior to WE going LOW, EW detection circuit output is a LOW (LATE WRITE). 

MT4C4M4A1/B1 
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FUNCTIONAL BLOCK DIAGRAM 
MT4C4M4A1 (12 row-addresses) 

WE~--------------------'---------'-~~ 
CAS ~------~ 

AO 
A1 

A2 

A3 

A4 

A5 

A6 
A7 

AS 

A9 

A10 

A11 

RAS 

4096 x 1024 x 4 
MEMORY 
ARRAY 

-+-----0 VDD 

--+-----0 Vss 

DQ1 

DQ2 
DQ3 

DQ4 

OE 

"NOTE: 1. If WE goes LOW prior to CAS going LOW, EW detection circuit output is a HIGH (EARL V WRITE). 
2. If CAS goes LOW prior to WE going LOW, EW detection circuit output is a LOW (LATE WRITE). 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLVWRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARL V-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONL V REFRESH 

HIDDEN 

REFRESH 

CSR REFRESH 

MT4C4M4A11B1 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

1m"" CAS we-
H H ..... X X 

L L H 

L L L 

L L H ..... L 

L H ..... L H 

L H ..... L H 

L H ..... L L 

L H ..... L L 

L H ..... L H ..... L 

L H ..... L H ..... L 

L H X 

L ..... H ..... L L H 

L ..... H ..... L L L 

H ..... L L H 

1-143 

ADDRESSES DATA-IN/OUT 

or IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

L ..... H ROW COL Data-Out, Data-In 

L ROW COL Data-Out 

L n/a COL Data-Out 

X ROW COL Data-In 

X n/a COL Data-In 

L ..... H ROW COL Data-Out, Data-In 

L ..... H n/a COL Data-Out, Data-In 

X ROW n/a High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

X X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications Without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss (5.0V) .. -l.OV to +7.0V 
Operating Temperature, T A (ambient) .......... ODC to +70°C 
Storage Temperature (plastic) .................... -55DC to + 150°C 
Power Dissipation ............................................................. lW 
Short Circuit Output Current ..................................... 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) (Vee = +5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV ~ VIN ~ 6.SV 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV ~ VOUT ~ S.SV) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

MT4C4M4A11B1 
REV. 4194 1-144 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.S S.S V 

VIH 2.4 Vee+1 V 

VIL -1.0 0.8 V 

Ii -2 2 ~ 

loz -10 10 ~ 
VOH 2.4 V 

VOL 0.4 V 

Micron Semiconductl)r, Inc., reserves the right to change products or specifications without nolice. 
©1994, Micron Semiconductor, Inc. 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = +5V ±1 0%), 4,096-cycle refresh 

PARAMETER/CONOITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MiN]) 

(Notes: 1, 6, 7) (Vcc = +5V ±1 0%), 2,048-cycle refresh 

PARAMETER/CONDITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

MT4C4M4A1/B1 
REV. 4/94 1-145 

MAX 

SYMBOL -6 -7 UNITS NOTES 

Icc1 2 2 rnA 

Icc2 1 1 rnA 

Icc3 90 80 rnA 3,4, 
28,30 

Icc4 70 60 rnA 3,4, 
28,30 

Icc5 90 80 rnA 3,28, 
30 

Icc6 90 80 rnA 3,5,28 

MAX 

SYMBOL -6 -7 UNITS NOTES 

Icc1 2 2 rnA 

Icc2 1 1 rnA 

Icc3 120 110 rnA 3,4, 
27,30 

Icc4 90 80 rnA 3,4, 
27,30 

Icc5 120 110 rnA 3,27, 
30 

Icc6 120 110 rnA 3,5, .27 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 
Input Capacitance: Addresses Cit 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO Cia 7 pF 2 

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

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE READ or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

"CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time (referenced to RAS) 

Column-address to RAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 

Read command hold time (referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

MT4C4M4A11B1 
REV. 4194 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tOE 
tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

'CSH 

'CPN 

tcP 
tRCD 

tCRP 

iASR 
tRAH 

tRAD 

tASC 

'CAH 
tAR 

tRAL 

tRCS 

tRCH 

tRRH 

'CLl 
tOFF 

1-146 

MIN 
110 
150 
35 
85 

60 
60 
15 
40 
15 
60 
10 
10 
20 
5 
a 
10 
15 
a 
10 
50 
30 
a 
a 
a 
3 
3 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 

180 ns 

40 ns 

95 ns 

60 70 ns 14 
15 20 ns 15 
15 20 ns 23 
30 35 ns 

35 40 ns 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 20 100,000 ns 

70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 
5 ns 

a ns 

10 ns 

30 15 35 ns 18 
a ns 

15 ns 

55 ns 

35 ns 

a AS 

a ns 19 
a ns 19 
3 ns 29 

15 3 20 ns 20,29 

Micron Semiconductor, Inc., reserves the right to change products or specifications Without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13,23) (Vee = +5V±10%) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 

Write command hold time 

Write command hold time (referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to "CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

RAS to WE delay time 

Column-address to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (2,048/4,096 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

OE setup prior to RAS during HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during READ-MODIFY-WRITE cycle 

MT4C4M4A1/81 
REV. 4194 

SYM MIN 
twcs 0 
twCH 10 
tWCR 45 
twP 10 

tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 
tRWD 85 
tAWD 55 
tCWD 40 

IT 3 
tREF 

tRPC 0 
tCSR 5 
tCHR 15 
twRH 10 
twRP 10 
twTH 10 
twTS 10 
tORD 0 
tOD 3 

tOEH 15 

1-147 

-6 -7 
MAX MIN MAX UNITS NOTES 

0 ns 21,27 
15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 
15 ns 22 
55 ns 

95 ns 21 
60 ns 21 
45 ns 21 

50 3 50 ns 9, 10 
32164 32/64 ms 26 

0 ns 

5 ns 5 
15 ns 5 
10 ns 25 
10 ns 25 
10 ns 25 - 25--10 ns 

0 ns 

15 3 20 ns 29 
15 ns 
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NOTES 
1. All voltages referenced to Vss. 
2 .. This parameter is sampled. Vee = 5V ±lO%;f = 1 MHz. 
3. Icc is 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. 

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. An initial pause of lOO~s 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 lREF refresh 
requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VIL (~X) 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 VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and lOOpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, IRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ;;:: IRCD (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 ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
lRAC (MIN) and ICAC (MIN) can be met. lRAD 

MT4C4M4A11B1 
REV. 4/94 

(MAX). is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and ICWD are not restrictive 
operating parameters. twcs applies to EARLY 
WRITE cycles. IRWD, IAWD 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 throughout 
the entire cycle. If IRWD ;;:: IRWD (MIN), IAWD ;;:: 
IAWD (MIN) and ICWD;;:: !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, IRWD, ICWD and IA WD 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 OE 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 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 twRP and twRH in the 
CBR REFRESH cycle. 

26. 32ms is 2,048-cycle refresh; 64ms is 4,096-cycle 
refresh. 

27. 2,048-row refresh. 
28. 4,096-row refresh. 
29. The 3ns minimum is a parameter guaranteed by 

design. 
30. Column-address changed once each cycle. 
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READ CYCLE 

RAS 
V1H -
VIL _ 

leSH 

teAP leAS 

CAS 
VIH -
VIL -

ADDR 
V,H 
VIL _ AOW 

·WE 

DO ~:g~ -:-------OPEN-------~~~~~1_--0PEN---
~ 100 

RAs V,H 
Vil 

CAs V,H 
V,L 

ADDR 
V,H 
V,L 

OE ~:r 

EARLY WRITE CYCLE 

lAC 

IAAS ,"P 

- \ 
tCSH 

tRSH 

leAP ,"CD 'CAS 

=--' 
IAA 

IRAD lAAL 

~ ~ F I~ 

~ AOW ~ COlUMN «t////// ///////////// /JX. AOW 

tcwL 

'AwL 
twCA 

twcs tWCH 

IWp 

~ 
toHA 

I~ I~ 
VALID DATA 

1-149 

~ 

W///. 

~ DON'TC~RE 

I§l8l UNDEFINED 
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AAs V,H 
VIL 

CAS 
V,H 
VIL 

ADDR V,H 
VIL 

WE V,H 
Vil 

ADDR ~:~ 

DQ ~lg~ 

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

tRWe 

tRAS tRP 

- k' 
'cSH 

I 'RSH 

'CRP 'RCD 'cAS 

=--.1" } tAR 

'RAD I I 'RAL 

.1~t:==:1 ~ll~ r 
::I////M ROW J@@ 

Y/////////! 

-

-

r= 
=J 

I_ tASR 

::;/,0t ROW 

I 
I 

-

COLUMN ROW 

I I tRWD 

,~ l~l I 'cwo 'AWL 

'AWD n 
tAA 

I 'RAG j 'CAG 

te~ It: r ~I 
OPEN VALIDDOU~ VALID DIN ...£ OPEN---

I~ I~ ) ~ W/$$)i/#///& 

FAST-PAGE-MODE READ CYCLE 

'CSH 

'RAD 

'RAH"1 

W/~ 

OPEN 

tpe 'RSH 
FL 

'RCO 'cAS tep ~ 'ep 

1 
'ePN 

'AR } 

~I 
tRAL 

~ ~ I~ ~II leAH_I I 
COLUMN W////A COLUMN ~ COLUMN ROW 

IRCS I 
'RCH-

t1 kL'Res 
J:I 1 'RCH-

J:,-l I'Res tRCH ~-'RRH 

'AA vr L:A 
Jff I 'M 

~ 

I 'RAG I 'CPA 

- --'OFF I 'CAG I~ I~ .2f. I~ 
'CLZ- J:,. 'CLZ- ~ 'CLZ- ..t. 

Ir-vALID VALID ~1W r--- 0PEN -DATA 

\I~~ 

1-150 

DATA 

\I~I~ J;o.-~ 

t:;21 DON'T CARE 

~ UNDEFINED 
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ADDR ~:t 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

-
tCSH 'PC 'RSH 

r 'RCD tCAS 'cP 'cAS II~ ~ 

~~ =---.1 [t 
'AR 

II 
tRAD 

I~I ~ 
'RAL 

14 'ASR ~I I'" lASe tcAH-.
1

. I~II~ 
:/'/A{ ROW WIA{ COLUMN COLUMN COLUMN 

-
-

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

RASP 

-

ICSH *tpC/tpRWG IRSH 

I'" 'CRP 'RCD tCAS ~ tCAS ~ tCAS 

~~ f-----
=J 

~ 

'AR 

'RAD 

~ l~ 
'RAL 

~ 

'RP 

t:=J 

~I 
! 

ROW 

F=L 
~ 

II 
ADDR ~:t 

r Cl • leAH __ I hll~ 
=-'IIM ROW VII;? COLUMN COLUMN COLUMN ROW 

I I tAWD I I ~ 
I 

~ 
I 

- ~-'RWL 
~1 

I ~:j 
tCWL __ - lCWL 

.J 'wp-- I 
IAWD -

--'wp 
'AWD I 'AWD 

leWD ~ leWD 

J ~-d- ~~ (;1Mff&I& 
'AA 

'RAe I 
IOH__'" I IOH -..; I -- ~tDH 

'DS- 1_ I 'CPA 'DS- 1_ I 'CPA 'os- IL 
,eAed - 'cAe -I - 'CAC ~ - 1 

-
telZ r 

VALI~) VALID 

tell -- t tell I t 
OPEN ------fi ~~~~ V~~~D ~~l~~ VD~~D f------- OPEN-

OOU~I __ :D - _too _qtOD 

'OE- 'OE - 'OE- - IOEH 

OE ~:t @'!;I!ff!;l!1$/III$!;I/J,I/$ff/;J, }---tJ--~tJ ~~ 

I -lpC is for LATE WRITE only. 

MT4C4M4A11B1 
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~ DON"TCARE 

~ UNDEFINED 
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RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 10, A 11 ; WE = DON'T CARE) 

teRP 
\'------

DO ~g~ -C--~~~~~~~~_ 

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

tCSH 
IpC I_---'IR=SH~_I 

ADDR ~:t:::: 
~''-~,-~~§~~,,~~ 

,IRes J: :: le%~L~~ I 

'" ~:~ i'&/§//§/§//J II I I 1i~§//§////&//§/1l 
I ~II~ 

D ~:t :1//////////////#ffi'///////////////#/////#///////////M VALID DATA 6//#///////////////;;2 

~I~I 
L~INOTEI 

Q ~gt =--~~----:-I ,-OPEN-+I-IR-Ae-IAA-~~('I~~D'ALf[~ }----OPEN----

DE ~:t a ~~~~~~~~~~~~~~~~~~~-
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 

MT4C4M4A1IBI 
REV. 4194 

between data-out and driving the bus with the new data-in. 
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DQ 

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

,--------++-------OPEN--++-----------
tWRP tWRH tWRP tWRH 

WE ~:r 41ff§I§§§)- ---'W/$$§/$dWJ- -V;;§/I$jl#§§§/////j///~ 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) 

1-153 

(REFRESH) 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without n~ce. 
©1994, Micron Semiconductor, Inc. 

-C 
::D 
l> s:: 



• c 
:a 
l> s: 

MT4C4M4AlIBl 
REV.4f94 1-154 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 

©1994, Micron Semiconductor, Inc. 



DRAM 

FEATURES 
• JEDEC- and industry-standard x4 pinout, timing, 

functions and packages 
• High-performance CMOS silicon-gate process 
• Single power supply: +5.0V ±1O% 
• Low power, ImW standby; 275tnW active, typical (Bl) 
• All inputs, outputs and clocks are TIL-compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and SELF 
• 2,048-cycle (11 row, 11 column addresses) or 

4,D96-cycle (12 row, 10 column addresses) 
• Optional SELF REFRESH mode, with Extended 

Refresh rate (4X) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 

• Packages 
Plastic SOJ (300 mil) 
Plastic TSOP (300 mil) 

• Refresh 
Standard 
Self refresh 

• Refresh Period 
2,048 cycles at 32rns 
4,096 cycles at 64ms 
2,048 cycles at 128rns 

-6 
-7 

DJ 
TG 

none 
5 

Bl 
Al 
BlS 

• Part Number Example: MT4C4M4BIDJ-6S 

GENERAL DESCRIPTION 
The MT4C4M4Al/Bl(S) are randomly accessed solid

state memories containing 16,777,216 bits organized in a x4 
configuration. The MT4C4M4Al and MT4C4M4Bl are the 
same DRAM versions except that the MT4C4M4Bl has a 
2,048-cycle refresh instead of a 4,096-cycle refresh. All fur
ther references made to the MT4C4M4Al also apply to the 
MT4C4M4Bl unless specifically stated otherwise. For a 
device with a 2,048-cycle refresh, RAS is used to latch the 

. first 11 bits and CAS the latter 11 bits. For a device with a 
4,096-cycle refresh, RAS is used to latch the first 12 bits and 
CAS the latter 10 bits (AlO and All are "don't care" bits). 

MT4C4M4AlIB1 (8)' 
REV. 4/94 

PRELIMINARY 

4 MEG x 4 DRAM 
5.0V FAST PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (Top View) 

24/26-Pin SOJ 
(OC-2) 

Vee 
D01 
D02 
WE 

RAS 
A11/NC 

A1D 
AD 
A1 
A2 
A3 

Vee 

1 
2 
3 
4 
5 
6 

8 
9 
10 
11 
12 
13 

26 Vss 
25 D04 
24 D03 
23 CAS 
22 OE 
21 A9 

19 AS 
18 A7 
17 A6 
16 A5 
15 A4 
14 Vss 

24/26-Pin TSOP 
(00-2) 

Vee Vss 
D01 D04 
D02 D03 
WE CAS 

RAS OE 
A11/NC A9 

A1D A8 
AD A7 
A1 A6 
A2 A5 
A3 A4 

Vee Vss 

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. 

If WE 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 the 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 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 the FAST 
PAGE MODE operation. 

1-155 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

z 
m 
=E -c 
:c » s: 



z 
m :e • c 
::xJ » s 

REFRESH 
Preserve correct memory cell data by maintaining power 

and executing a RAS cycle (READ, WRITE) or RAS RE
FRESH cycle (RAS ONLY, CBR, or HIDDEN) so that all 
2,048/4,096 combinations of RAS addresses are executed at 
least every 32ms/64ms, regardless of sequence. The CBR 
REFRESH cycle will invoke the refresh counter for auto
matic RAS addressing. 

An optional SELF REFRESH mode is also available on 
the MT4C4M4B1 S. The "S" option 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 (Bl) four times longer than the standard 32ms (B1) 
specification. 

The optional SELF REFRESH feature is initiated by 
performing a CBR REFRESH cycle and holding RAS LOW 

PRELIMINARY 

for the specified tRASS. Additionally, the "S" option allows 
for an extended refresh rate of 62.5/ls 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 for a minimum time of tRPS (~tRCns). 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 or BURST REFRESH se
quence, all 2,048 (Bl) rows must be refreshed within 300/ls 
prior to the resumption of normal operation. 

FUNCTIONAL BLOCK DIAGRAM 
MT4C4M4B1 (11 row-addresses) 

WE 
OQ1 

CAS 
DQ2 
DQ3 
DQ4 

OE 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

A10 

RAS 

'NOTE: 1. If WE goes LOW prior to CAS going LOW, EW detection circuit output is a HIGH (EARLY WRITE). 

MT4C4M4A1/B1 (5) 
REV. 4194 

2. If CAS goes LOW prior to WE going LOW, EW detection circuit output is a LOW (LATE WRITE). 
3. SELF REFRESH oscillator and timer - S option only. 
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FUNCTIONAL BLOCK DIAGRAM 
MT4C4M4A1 (12 row-addresses) 

WE : 
~S~~------------------~ 

PRELIMINARY 

DOl 
D02 
D03 
D04 

'----------------------!lII-IIillI------<> OE 

AO~~~"""IIIWBI${;J Al 
A2 

A3 
A4 
AS 

A6 

A7 

A8 

A9 

Al0 

All o--lI!i!l1iii!W!l~;~JI~II.IIj~ 

RAS 

4096 x 1024 x 4 
MEMORY 
ARRAY 

+--0 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). 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

SELF REFRESH 

MT4C4M4A1/B1 (S) 
REV. 4(94 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

RAS CAS WE 

H H .... X X 

L L H 

L L L 

L L H .... L 

L H .... L H 

L H .... L H 

L H .... L L 

L H .... L L 

L H .... L H .... L 

L H .... L H .... L 

L H X 

L .... H .... L L H 

L .... H .... L L L 

H .... L L H 

H .... L L H 

1-157 

ADDRESSES DATA-IN/DUT 

Of IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

L .... H ROW COL Data-Out, Data-In 

L ROW COL Data-Out 

L n/a COL Data-Out 

X ROW COL Data-In 

X n/a COL Data-In 

L .... H ROW COL Data-Out, Data-In 

L .... H n/a COL Data-Out, Data-In 

X ROW n/a High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

X X X High-Z 

X X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Any Pin Relative to Vss ............. -l.OV to +7.0V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 150°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ..................................... 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) (Vee = +5.0V ±10%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV :s; VIN :s; 5.5V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV < VOUT < 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5.0mA) 
Output Low Voltage (lOUT = 4.2mA) 

MT4C4M4A11B1(S) 
REV. 4194 1-158 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 5.5 V 

VIH 2.4 Vec+1 V 

VIL -1.0 0.8 V 

II -2 2 ~ 

loz -10 10 ~ 
VOH 2.4 V 

VOL 0.4 V 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = +5.0V ±1 0%), 2,048-cycle refresh MAX 

PARAMETER/CONDITION VERSION SYMBOL -6 -7 UNITS NOTES 
STANDBY CURRENT: (TTL) Icct 2 2 rnA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) MT4C4M4B1 Icc2 1 1 rnA 
(RAS = CAS = Other Inputs = Vcc -0.2V) MT4C4M4B1 (S) Icc2 200 200 IJA 
OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 120 110 rnA 3,4, 
(RAS: CAS, Address Cycling: IRC = IRC [MIN]) 30 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 90 80 rnA 3,4, 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 27,30 

REFRESH CURRENT: RAS ONLY 
Average power supply current Iccs 120 110 rnA 3,30 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 120 110 rnA 3,5 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

REFRESH CURRENT: Extended 
Average power supply current, CAS = 0.2V or CBR MT4C4M4B1 S Icc? 300 300 IJA 3,5 
cycling; RAS = IRAS(MIN); WE = 0.2V; AO-A 11 and DIN = 
Vcc - 0.2V or 0.2V (DIN may be left open); IRC = 62.5J..ls 

REFRESH CURRENT: SELF 
Average power supply current, CBR cycling with RAS;:: MT4C4M4B1 S Icca 300 300 IJA 5 
IRASS (MIN)and CAS held LOW; WE = Vcc-0.2V; AO-A 11 
and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

(Notes: 1,6,7) (Vcc = +5.0V ±10%), 4,096-cycle refresh MAX 

PARAMETER/CONDITION SYMBOL -6 -7 UNITS NOTES 

STANDBY CURRENT: (TTL) Icct 2 2 rnA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) Icc2 1 1 rnA 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICC3 100 90 rnA 3,4, 
(RAS, CAS,.Address Cycling: IRC = IRC [MIN]) 30 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 80 70 rnA 3,4, 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 30 

REFRESH CURRENT: RAS ONLY 
Average power supply current Iccs 100 90 rnA 3,30 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 100 90 rnA 3,5 
(RAS, CAS, Address. Cycling: IRC = IRC [MIN]) 

MT4C4M4A1IBI (8) 
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PRELIMINARY 

CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: Address pins CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

InpuVOutput Capacitance: DQ CIO 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = +5.0V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE READ or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 
Output Enable 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time (CBR REFRESH) 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time (referenced to RAS) 
Column-address to RAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 

Read command hold time (referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

MT4C4M4A11B1(S) 
REV. 4194 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

!CAC 
tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 

tCPN 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAL 

tRCS 

tRCH 

tRRH 

tCLZ 

tOFF 

1-160 

MIN 
110 
150 
35 
85 

60 
60 
15 
40 
15 
60 
10 
10 
20 
5 
0 
10 
15 
0 
10 
50 
30 
0 
0 
0 
3 
3 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 

180 ns 

40 ns 

95 ns 

60 70 ns 14 
15 20 ns 15 
15 20 ns 23 
30 35 ns 

35 40 ns 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 20 100,000 ns 

70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 

5 ns 

0 ns 

10 ns 

30 15 35 ns 18 
0 ns 

15 ns 

55 ns 

35 ns 

0 ns 

0 ns 19 
0 ns 19 
3 ns 28 

15 3 20 ns 20,28 

Micron Semiconductor, Inc., reserves the right to change products or speclficatlons withOut notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13,23) (Vee = +5.0V ±10%) 

AC CHARACTERISTICS 

PARAMETER 

WE command setup time 

Write command hold time 

Write command hold time (referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

RAS to WE delay time 

Column-address to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (2,048/4,096 cycles) 

Refresh period - S option (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS pulse width entering SELF REFRESH 

RAS precharge time exiting SELF REFRESH 

CAS hold time entering SELF REFRESH 

MT4C4M4A1/Bl (5) 
REV. 4194 

SYM MIN 

twcs 0 
IWCH 10 
IWCR 45 
twp 10 

IRWL 15 
ICWL 15 
IDS 0 
IDH 10 

IDHR 45 
IRWD 85 
IAWD 55 
ICWD 40 

IT 3 
IREF 

IREF 

IRPC 0 
ICSR 5 
ICHR 15 
tWRH 10 
twRP 10 
IWTH 10 

twTS 10 
tORD 0 

too 3 
tOEH 15 

tRASS 100 
tRPS 110 
tCHD 15 

1-161 

-6 -7 

MAX MIN MAX UNITS NOTES 

0 ns 21 
15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 
15 ns 22 

55 ns 

95 ns 21 

60 ns 21 

45 ns 21 

50 3 50 ns 9, 10 
32164 32164 ms 26 

128 128 ms 27 

0 ns 

5 ns 5 

15 ns 5 

10 ns 25 
10 ns 25 

10 ns 25 

10 ns 25 

0 ns 

15 3 20 ns 28 

15 ns 

100 J.ls 27,29 

130 ns 27,29 

15 ns 27,29 

Micron Semiconductor, 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. Vee = S.OV; f = 1 MHz. 
3. Icc is 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. 

S. 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. An initial pause of 100!!s 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 IREF refresh 
requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIHand VIL (or between VIL 
and VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

IS. Assumes that IRCD ~ IRCD (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 ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
~AC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the IRAD (MAX) limit ensures that 
lRAC (MIN) and ICAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

MT4C4M4A1/B1(S) 
REV. 4/94 

PRELIMINARY 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. 10FF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and ICWD are not restrictive 
operating parameters. twcs applies to EARLY 
WRITE cycles. IRWD, IAWD and ICWD 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 throughout 
the entire cycle. If IRWD ~ IRWD (MIN), IAWD ~ 
IAWD (MIN) and ICWD ~ ICWD (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, IRWD, ICWD and IAWD 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 OE 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. 

2S. twTS 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 twRP and IWRH in the 
CBR REFRESH cycle. 

26. 32ms is a 2,048-cycle refresh, 64ms is a 4,096-cycle 
refresh. 

27. 2,048-row refresh. 
28. The 3ns minimum is a parameter guaranteed by 

design. 
29. 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. 

30. Column-address changed once each cycle. 

1-162 Micron Semiconductor, Inc., reserves the right to change products or spectfications without notice. 
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READ CYCLE 

RC 

'RAS 'RP .1 

\ 
ICSH 

lASH tRRH 

tCRP . tRCD teAs 

J 
'AR 

tRAD IRAL 

I~ ~I ~ I~ 
ADDR W/,0l; ROW WI/l/~ COLUMN WIII/lIIIIIIIII/lIIIIII;0< ROW 

tRCS 

~I 1 
1111111111111111111111111111111/ VlIIIIIIIIIIIIIIII/I§; 

'AA 

'RAC 

'CAG ~ 
--~~-t 

OPEN VALID DATA OPEN---

I~ 

DE ~:~ =W/llffl!;l/ $1 $11 !;I/I !;II !;Iffllill !;II/ !;lIP' P'I d ~ 

RAS 
V,H -v" -

tCRP 

CAS V,H -
v" -

ADOR V,H 
v" 

EARLY WRITE CYCLE 

tCSH 

lASH 

tRCD ICAS 

'AR 

'RAL 

~ 

COLUMN 

tCWL 

'RWL 

'WCR 

tWGH 

'WP 

tOHR 

VALID DATA 

1-163 

I:8l DON'T CARE 

~ UNDEFINED 
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MT4C4M4A1fB1(S) 
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ADDR ~~~ 

ADDR ~:~ 

DO ~:gt 

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

tRAS tRP 

'II I 
-

tcSH 

'I, 'ASH 

tCRP tRCD tCAS 

J ~ tAR 

tRAD I I tRAl 1 

I~ r--I ~l I~I I 
~ ROW ~ COLUMN W////////////////////////////////////;,.x ROW 

I 

I I !RWD 

~I ' I tRCS _I I- leWD IRWL 

I 'AWD 
,""P ~I 

w;/, #///m////;/';/';/' / /;/' //1 

I 
tAA 

I 'RAC J teAe 

tell ~ _I~D 
-

OPEN VALID D OUT K VALID D IN OPEN--

tOE ~I ~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

~ -
tCSH 'pe IRSH 

__ I-=:: 'RCD 'cAS 'ep tCAS 'ep tePN 

=J ~ 
tAR I ~ 

~~ 

\~ 'ASR 

=wt 

-

tRAL 
'RAD ~ 
I~ lAse I~ I~ 'Ase leAH·l ~II teAH _1 I 

ROW :rw 
I 
I 

OPEN 

COLUMN W'//////M COLUMN WI/I//;,) COLUMN 

'RCS I ~c= 1-1 ~'Res ~F' -I It'Res 

'RCH-- \1 '( 'RCH--- Ii 

tAA yo tM vr tM 

I tRAG I 'CPA I tePA 

I 'CAG ~ I~ 'OFF I 'CAG 

tcLz- I~ - 'eLZ- t. 'cLZ- b 
VALID 'VALiD 
DATA DATA 

!~ ~ I~ ~ I~ 

ROW 

14=-tRCH 

-
VALtD 
DATA 

taD 

WI!!!!LL 

-'OFF 

~OPEN-

IZ;1 DON'T CARE 

~ UNDEFINED 

1-164 Micron Semiconductor, Inc., reserves the right to change products or speciiicabons without notice. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

ASP It-j 
-

tCSH IpC IRSH 

I~ tRCD ICAS _ICp_~ _1_CP_ ~ I~I 
~~ =----' ! 

IAR 

II 
tRAD 

I~I I~ 
tRAL 

14 tABR tRAH~1 j_ lAse leAH __ , I~II~I 
=//M ROW :W/M COLUMN COLUMN COLUMN ROW ADDR ~:~ 

WE ~:~ :7liL~~?Zl£~-_t~:-c:c-~~--ll---~~-!____;____~~~~ 
1---------,----+--1 +---""'~I 

~I 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODiFY-WRITE CYCLES) 

*tpc is for LATE WRITE only. 

~ DONTCARE 

~ UNDEFINED 

I MT4C4M4A11B1 (8) 
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RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 10, A 11 ; WE = DON'T CARE) 

CAS ~:r ~~ '-----I 

ADDR ~:~ =~~o~k//////////////////////////////////////////"x~~RO-W ~-
DQ ~g~ -:-----------~OPEN------------

ADDR ~:t :::: 

FAST-PAGE-MODE READ-EARL Y-WRITE CYCLE 
(Pseudo READ-MODIFY-WRITE) 

tpc 1-' _'=RS,-,--H --I 

I II 'eWL 

I~---!--",'R""es_. II 'RWl 

I 
II 'WP 

'7777777~~---:-----C----------'---________ ~II~ rTTTTTTT77777777TTTT77T7 

WE ~:~ = I I I I '--c--~~II~--.llL.LL.L.L=LLLLLL 
o ~:~ :1$j;I/j;I/$$j;I/$j;I///W'/j;lj;I/j;I/j;I/M/M/~ VALIDDATA b//j;I$j;I//j'j;I/$j2 

I,~:e I~TI 
NOTE 1 

}----------OPEN-----

• tRAG 

Q ~gt =--------7--I.-oPEN I 'AA 

DE ~:t =W!lA'-LLLLL,"-____________________ ~ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 

MT4C4M4A1IB1(S) 
REV. 4/94 

between data-out and driving the bus with the new data-in. 
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MT4C4M4A1!Bl (S) 
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. 
----.i 
~ 

1·· tCPN• 

:~ 

DQ 

RAS 
VIH-
VIL_ 

~ 

CAS 
VIH-
VIL_ 

tRP 

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

, . tRAS .-1 II 
tRP , - tRAS 

1 
~ . tCHR , ~irtcsR , ~v 

! 
OPEN 

,I 

Y 

~ ~ ~ 

W//////I////I///;///P 
~ 

~/// /1/// ;//////1 /I ;///1/ /I/;2 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

tRCD 

(READ) 
tRAS 

I' tCAC 

(REFRESH) 

tRAS 

tCHR 

tOFF 

DQ ~:g~ -,--------- OPEN-----m~=:===~VA~LI~OO~AT~A===1 OPEN-

tOE 
DE ~:t --W//$//j'/;wj';//$//j';l$/d~ 

1-167 

too 

J;$///#$ffi 
~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reselVes the right to change products or specifications wittlout notice. 
©1994, Micron Semiconductor, Inc. 

• C 
::IJ » s: 



z 
m 

PRELIMINARY 

~-------------------------

• C 
::D » s: 

CAS ~l~:::: 

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

'RASS NOTE. 

NOTE 2 

DO ~gr::: \--- OPEN------------t+-------

tW8P tWRH _ tWRP tWAH 

WE ~:r =1/#/ji///;)~ -~Wj'#/$jI#!I////$/jljI#/$//$;)- -=V$#/iIII!$!a 

~ DON'TeARE 

~ UNDEFINED 

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

MT4C4M4A1/B1(S) 
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DRAM 

FEATURES 
• JEDEC- and industry-standard x4 pinout, timing, 

functions and packages 
• High-performance CMOS silicon-gate process 
• Single power supply: +3.3V ±0.3V 
• Low power, 0.4mW standby; 180mW active, 

typical (B1) 
• 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) or 
4,096-cycle (12 row, 10 column addresses) 

• Optional SELF REFRESH mode, with Extended 
Refresh rate (4X) 

OPTIONS MARKING 
• Timing 

60ns access -6 
70ns access -7 

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

• Refresh 
Standard none 
Self refresh S 

• Refresh Period 
2,048 cycles at 32ms B1 
4,096 cycles at 64ms' Al 
2,048 cycles at 128ms B1 S 

Part Number Example: MT4LC4M4B1DJ-6 S 

GENERAL DESCRIPTION 
The MT4LC4M4A1/B1(S) are randomly accessed solid

state memories containing 16,777,216 bits organized in a x4 
configuration. The MT4LC4M4A1 and MT4LC4M4B1 are 
the same DRAM versions except that the MT4LC4M4B1 has 
a 2,048-cycle refresh instead of a 4,096-cycle refresh. All 
further references made to the MT4LC4M4A1 also apply to 
the MT4LC4M4B1 unless specifically stated otherwise. For 
a device with a 2,048-cyde refresh, RAS is used to latch the 
first 11 bits and CAS the latter 11 bits. For a device with a 

MT4LG4M4A1!B1(S) 
REV. 4/94 

PRELIMINARY 

4 MEG x4DRAM 
3.3V FAST PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (Top View) 

24/26-Pin SOJ 
(OC-2) 

Vee 
DOl 
D02 
WE 

RAS 
AlliNG 

Al0 
AO 
Al 
A2 
A3 

Vee 

1 
2 
3 
4 
5 
6 

8 
9 
10 
11 
12 
13 

26 Vss 
25 D04 
24 D03 
23 GAS 
22 OE 
21 A9 

19 A8 
18 A7 
17 A6 
16 A5 
15 A4 
14 Vss 

24/26-Pin TSOP 
(00-2 ) 

Vee Vss 
DOl D04 
D02 D03 
WE GAS 

RAS OE 
AlliNG A9 

Al0 A8 
AO A7 
Al A6 
A2 A5 
A3 A4 

Vee Vss 

4,096-cycle refresh, RAS is used to latch the first 12 bits and 
CAS the latter 10 bits (A10 and All are "don't care" 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. 

If WE goes LOW after data reaches lhe 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 cyde. The four data 

. inputs and the fOllr data outputs are routed through four 
pins using common I/O, and pin direction is controlled by 
WEandOE. ' 

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
in by RAS followed by a column-address strobed-inby 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, 

1-169 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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REFRESH 
Preserve correct memory cell data by maintaining power 

and executing a RAS cycle (READ, WRITE) or RAS RE
FRESH cycle (RAS ONLY, CBR, or HIDDEN) so that all 
2,048/4,096 combinations of RAS addresses are executed at 
least every 32ms/64ms, regardless of sequence. The CBR 
REFRESH cycle will invoke the refresh counter for auto
matic RAS addressing. 

An optional SELF REFRESH mode is also av~ilable on 
the MT4LC4M4Bl S. The "s" option 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 (Bl) four times longer than the standard 32ms (Bl) 
specification. 

The optional SELF REFRESH feature is initiated by 
performing a CBR REFRESH cycle and holding RAS LOW 

PRELIMINARY 

for the specified 'RASS. Additionally, the "s" option allows 
for an extended refresh rate of 62.5/-ls 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 tRPS (ztRCns). 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 or BURST REFRESH se
quence, all 2,048 (Bl) rows must be refreshed within 300/-ls 
prior to the resumption of normal operation. 

FUNCTIONAL BLOCK DIAGRAM 
MT4LC4M4B1 (11 row-addresses) 

WE 
CAS 

D01 
D02 
DQ3 
D04 

CE 

AO 
A1 
A2 
A3 
A4 
A5 
AS 
A7 
AS 
A9 

A10 

RAS 

"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). 
3. SELF REFRESH oscillator and timer - S option only. 

MT4LC4M4AtIB1(S) 
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WE 0 

FUNCTIONAL BLOCK DIAGRAM 
MT4LC4M4A1 (12 row-addresses) 

PRELIMINARY 

CAS.---r-----------------r==~~~--_r------J ~~;l.--.--<> DQ1 
DQ2 

DQ3 
DQ4 

L-------------------~~----~DE 

AO~~----~ A1 ~ 
~ ~~~ 
A4 

A5 

A6 
A7 

A8 

A9 
A10 

A11 o----~~~J,~ •• ~ 
RAS 

4096 x 1024 x 4 
MEMORY 
ARRAY 

"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). 

TRUTH TABLE 

FUNCTIDN 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

SELF REFRESH 

MT4LC4M4A1JB1(S) 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

1m"" CAS 

H H-+X 

L L 

L L 

L L 

L H-+L 

L H-+L 

L H-L 

L H-L 

L H-L 

L H-+L 

L H 

L-H-L L 

L-+H-L L 

H-L L 

H-L L 

WE" 
X 

H 

L 

H-+L 

H 

H 

L 

L 

H-L 

H-L 

X 

H 

L 

H 

H 

1-171 

ADDRESSES DATA-IN/DUT 

or IR IC DQ1-DQ4 

X X X High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

L-+H ROW COL Data-Out, Data-In 

L ROW COL Data-Out 

L n/a COL Data-Out 

X ROW COL Data-In 

X n/a COL Data-In 

L-H ROW COL Data-Out, Data-In 

L-H n/a COL Data-Out, Data-In 

X ROW n/a High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

X X X High-Z 

X X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .............. -1.0V to +4.6V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 150°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ..................................... 50mA 

PRELIMINARY 

'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) (Vee = +3.3V ±0.3V) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV ~ VIN ~ 3.6V 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV ~ VOUT ~ 3.6V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2mA) 
Output Low Voltage (lOUT = 2mA) 

MT4lC4M4Al/B1(S) 
REV: 4/94 1-172 

SYMBOL MIN MAX UNITS NOTES 
Vee 3.0 3.6 V 

VIH 2.0 Vee+1 V 

VIL -1.0 0.8 V 

II -2 2 !lA 

loz -10 10 !lA 
VOH 2.4 V 

VOL 0.4 V 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (VCC = +3.3V ±0.3V); 2,04S-cycle refresh MAX 

PARAMETER/CONDITION VERSION SYMBOL -6 -7 UNITS NOTES 
STANDBY CURRENT: (TTL) Icc1 1 1 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) MT4LC4M4B1 Icc2 500 500 ~ 
(RAS = CAS = Other Inputs = Vcc -0.2V) MT4LC4M4B1 S Icc2 150 150 ~ 
OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 120 110 mA 3,4, 
(RAS, CAS, Address Cycling: tRC = tRC [MIN)) 30 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 90 SO mA 3,4, 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN)) 30 

REFRESH CURRENT: RAS ONLY 
Average power supply current Icc5 120 110 mA 3,30 
(RAS Cycling, CAS = VIH: tRC = IRC [MIN)) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 120 110 mA 3,5 
(RAS,GAS, Address Cycling: IRC = IRC [MIN)) 

REFRESH CURRENT: Extended 
Average power supply current, CAS = 0.2V or CBR cycling; MT4LC4M4B 1 S Icc7 300 300 \.1A 3,5 
RAS = tRAS(MIN); WE = 0.2V; AO-A 11 and DIN = 
Vcc - 0.2V or 0.2V (DIN may be left open); tRC = 62.5\.1s 

REFRESH CURRENT: SELF 
Average power supply current, CBR cycling with RAS ~ MT 4LC4M4B 1 S Icca 300 300 ~ 5 
tRASS(MIN) and CAS held LOW; WE = Vcc-0.2V; AO-A 11 

, 

and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

(Notes: 1, 6, 7) (Vcc = +3.3V ±0.3V); 4,096-cycle refresh MAX 

PARAMETER/CONDITION SYMBOL -6 -7 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 1 1 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) Icc2 500 500 ~ 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 100 90 mA 3,4, 
(RAS, CAS, Address Cycling: tRC =IRC [MIN)) 30 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 SO 70 mA 3,4, 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIN)) 30 

REFRESH CURRENT: RAS ONLY 
Average power supply current Icc5' 100 90 mA 3,30 
(RAS Cycling, CAS = VIH: tRC = IRC [MIN)) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 100 90 mA 3,5 
(RAS, CAS, Address Cycling: tRC = tRC [MIN)) 

MT4LC4M4A 118.\ (5) 
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PRELIMINARY 

CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: Address pins CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DO CIG 7 pF 2 

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

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE READ or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 
CAS hold time 

CAS precharge time (CBR REFRESH) 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time (referenced to RAS) 

Column-address to RAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 

Read command hold time (referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

MT4LC4M4A11B1(S) 
REV. 4194 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 

tCPN 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAL 

tRCS 

tRCH 

tRRH 

tCLZ 

tOFF 

1-174 

MIN 
110 
150 
35 
85 

60 
60 
15 
40 
15 
60 
10 
10 
20 
5 

° 10 
15 
0 
10 
50 
30 
0 
0 
0 
3 
3 

-6 -7 

MAX MIN MAX UNITS NOTES 
130 ns 

180 ns 

40 ns 

95 ns 

60 70 ns 14 
15 20 ns 15 
15 20 ns 23 
30 35 ns 

35 40 ns 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 20 100,000 ns 
70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 
5 ns 

° ns 

10 ns 

30 15 35 ns 18 
0 ns 

15 ns 

55 ns 

35 ns 

0 ns 

0 ns 19 
0 ns 19 
3 ns 28 

15 3 20 ns 20,28 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13,23) (Vee = +3.3V ±0.3V) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 

Write command hold time 

Write command hold time (referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

RAS to WE delay time 

Column-address to WE delay time 

CAS to WE delay time 

Transition time (rise or faU) 

Refresh period (2,048/4,096 cycles) 

Refresh period - S option (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

OE setup prior to RAS during HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS pulse width entering SELF REFRESH 

RAS precharge time exiting SELF REFRESH 

CAS hold time entering SELF REFRESH 

MT4LC4M4A11B1(S) 
REV. 4194 

SYM MIN 
twcs 0 
tWCH 10 
tWCR 45 
twp 10 

tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 
tRWD 85 
tAWD 55 
tCWD 40 

t-r 3 
tREF 

tREF 

tRPC 0 
tCSR 5 
tCHR 15 
tWRH 10 
tWRP 10 

twTH 10 
tWTS 10 
tORD 0 
tOD 3 

tOEH 15 

tRASS 100 
tRPS 110 
tCHD 15 

1-175 

-6 -7 
MAX MIN MAX UNITS NOTES 

0 ns 21 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

55 ns 

95 ns 21 

60 ns 21 

45 ns 21 

50 3 50 ns 9, 10 

32/64 32/64 ms 26 

128 128 ms 27 

0 ns 

5 ns 5 

15 ns 5 
--

10 ns 25 

10 ns 25 
""-,-

10 ns 25 

10 ns 25 

0 ns 

15 3 20 ns 28 

15 ns 

100 ~s 27,29 

130 ns 27,29 

15 ns 27,29 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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NOTES 
1. All voltages referenced to Vss. 
2. 1his parameter is sampled. Vee = +3.3V; f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is 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. An initial pause of lOOlls 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 lREF refresh 
requirement is exceeded. 

8. AC characteristics assume IT =5ns. 
9. VIII (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates, 

100pF and VOL = O.8V and VOH = 2.0V. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD 2 IRCD (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 ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
lRAC (MIN) and ICAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

MT4LC4M4A1/B1(S) 
REV. 4/94 

PRELIMINARY 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. 10FF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and ICWD are not restrictive 
operating parameters. twcs applies to EARLY 
WRITE cycles. IRWD, IAWD and tcWD apply to 
READ-MODIFY-WRITE cycles. 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 IRWD 2 IRWD (MIN), IAWD 2 
IAWD (MIN) and ICWD 2 tcWD (MlN), 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. IWCS, IRWD, ICWD and IAWD 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 OE 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 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 twRP and IWRH in the 
CBR REFRESH cycle. . 

26. 32ms is a 2,048-cycle refresh, 64ms is a 4,096-cycle 
refresh. 

27. 2,048-row refresh. 
28. The 3ns minimum is a parameter guaranteed by 

design. 
29. Refresh must be completed within the time of tltree 

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 tlte active mode. 

30. Column-address changed once each cycle. 

1-176 Micron Semiconductor, Inc" reseNes the right to change products or specifications wnhoul notice. 
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PRELIMINARY 

READ CYCLE 

RAS 
V1H -
VIL _ 

ICAP tCAS 

CAS 
VIH -
VIL -

ADOR 
VIH -
VIL _ 

WE 

DQ ~:gt -'---------OPEN--------~~tV~A~LID~D~A~TA~t_---OPEN--

'cRP 

CAS VIH -
VIL _ 

'RAD 

~ ~ 

ADDR V,H 
V,L ROW 

WE 

OE ~:~ 

~ 

EARLY WRITE CYCLE 

'RC 

'cSH 

'cAS 

'AR 

'RAL 

leAH 

COLUMN 

tCWL 

'RWL 

tWCR 

'wCS 'wCH 

'WP 

1-177 

ROW 

IZZI DON'T CARE 

Il88l UNDEFINED 
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PRELIMINARY 

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

tRAS 'RP 

RAs V,H 
VIL 

I -
-

tCSH 

1 'ASH 

I~ IRCD 'CAS 

CAs V,H 
VIL 

ADDR 
V,H 
VIL 

=-' ~ 'AR 
'RAD I I tRAL I 

I~ ~I ~I I~I r 
71111),( ROW WIII/,1 COLUMN /illlilla. ROW 

WE V,H 
VIL 

I 

I I 'RWD 

~ 'RCS I I I· leWD IRWl 

I 
'AWD rl 

I 
'AA 

I 'RAG 

I~ 
'CLZ- ~ ~ I~ 

-
OPEN ~ VALIDDour--.X VALID DIN OPEN---

~ 
I_ too_I ~I 

! WIIIIIIIIIIIIIIIIII/, 

FAST-PAGE-MODE READ CYCLE 

RASP 

~ -RAs V,H 
VIL 

'cSH 'PC IRSH 

.I~ teRP 
tRCD ICAS ~~ 

_'ep __ 

~~ 
'cPN 

=~ 
'AR ~ ~ 

CAs V,H 
VIL 

'RAD ~ I~ 
'AAl 

l~ [~ 'Ase ~ ~ ~I leAH.j I 
=1'/;01; AOW jW,,0 COLUMN WII§/,,0 COLUMN W§III;) COLUMN AOW AODR V,H 

VIL 

I t RCS.[ rl-I It'Acs 1,-1 T'Aes ~-'AAH 
tRCH~ tRCH-

tRCH 

- wr 'f' W!I!I!LL 
1 'AA 'AA 'AA 

tRAG I 'cPA I tePA 

rk~ - -toFF 
tell -

WE V,H 
VIL 

DQ ~[g~ 
'euj 't: 'j~ tcLZ ~ 

- OPEN VALID ~ VALID VALID ~OPEN--

J~~:;' 
DATA DATA 

,~~I 

1-178 

..I~I~ 

~ DON'T CARE 

~ UNDEFINED 
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ADDR ~:~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

~ -
tCSH IpC tRSH 

~ 
tRCD teAs 'CP teAS _te_p_ ~ I~ 

=-.1 ! ~~ 
'AR 

II tRAD 

I~I I~ 
'RAL 

C: IRAH __ 
1 14 lAse ~ I~II~I 

:;I/,1t 

-

ROW :w/,&! COLUMN COLUMN COLUMN 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

RASP 

tCSH *IPC/tpRWG IRSH 

I" teAP 'RCD leAS 'CP tCAS 'CP teAs 

~i k--
=~ 

,----------, 

'AR 

tRAD 

~ I~ 
tRAL 

~ 

ROW 

RP 

K 
rL 

II 
ADDR ~:~ 

I .. tASR 1RAHo-I ~I ~I~I 
="//M. ROW W/;)! COLUMN COLUMN COLUMN ROW 

I I IRWD 

II I ~ I - II-IRWL 

~I I IcwLl 'CWL .... - ....'CWL 

twp-l T twp- ..l. - _'wp 
IAWD IAWD IAWD 

leWD leWD leWD 

'MI ~~J_ ~14 
'RAC I ~ _ I ~- - I --~ 

I 'OS- I- I~ 'OS_ 1- I~ 'OS_ 1--- - -~ ~ -~ - I 
-

~-r ~-r ~-r 
OPEN------m ~~~~ V~~~D ~~~~). V~~D Y:U~ Vt~~D ~OPEN-

_'00 _;1 __ too __ too 

'OE- - iOE- - tOE- - 'oEH 

OE ~:~ -Y/ff//$#/#//$#/#//#/#/ffi0l =J~~~-a~~~a,----:c:-I~-+,'l@ZW77TTT.'77 

*Ipe is for LATE WRITE only. 

t::Za DON"TCARE 

~ UNDEFINED 

MT4LC4M4AtfBl(S) 
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RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 10, A 11 ; WE = DON'T CARE) 

'Re 
'RP 

liAs ~:t _ ~11:--------{\,-__ 
tCRP '~I 

CAs ~It ~ '---I, 

ADDR ~:t _~o~k$$$#ff#ft/ft$$ft/M'/ftM'/;JXr---RO-W --
DO ~gt -'-------------OPEN----------

ADOR ~\t = 

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo READ-MODiFY-WRiTE) 

tCSH 
Ipe f--I _'R=S"'----_I 

~ I~' _-'IR=eD'-'--__ I---'le=As_II~---"'e~PP-1 tCAS 

~~ 
OPEN 

I.ro.. rvAliD'1 NOTE 1 

I 
1\lY. ~ 

'AA 

OPEN----

'RAe 

5E ~:t =WlAw. LLLA. __ -'-_______________ _ 

~ DON'T CARE 

!QijlJ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 

MT4LC4M4A11B1(S) 
REV. 4194 

between data-out and driving the bus with the new data-in. 
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RP 

RAS ~:~_ -~ 
,~ 

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

RAS _I , RP , RAS 

J 
1 

J .. tCPN., I~ , tCHR , ~I~ ~y 
CAS ~:~_ :-' I 'J. 
DO OPEN 

tWRP tWRH 
-~i 

WE ~:~ --0'/#//#~ 
~ ~ 

W/ffi'#/#/#//##///#//#J2 

~ 
J 

I~ 
Jr-ADDR ~IH-- I: ll-~ 

, 

, 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) 

tRAS 

'R 
(REFRESH) 

tRAS 

tRCD tRSH tCHA 

IAR ~ 
tRAL·1 ~ II 

~II,ICAH, tRAH 

, ~ 

DQ ~:gt ::::,-----OPEN-----4,~~C::==::::V~AL~ID~DA~TA===}l>--OPEN-
10E I 

DE ~:r -WU#UU$/$!/$//$#$/$!#ml~ , 

1-181 

~ DON'TeARE 

~ UNDEFINED 
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SELF REFRESH CYCLE 
(AO-A 11 and OE = DON'T CARE) 

NOTE 1 

DQ ~gt:: t-0PEN-----------ft--------
tWAP ~ tWRP ~ 

WE ~:~ ~I//////I!/JJ- ~{wij/$I!I!//////$///$/I!I!/;/$@- ~/I!I!$////I!///; 
~ DON'T CARE 

~ UNDEFINED 

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

MT4LC4M4A11B1(S) 
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DRAM 

FEATURES 
• Industry-standard x4 pinout, timing, functions and 

packages 
• High-performance CMOS silicon-gate process 
• Single power supply: +3.3V ±0.3V 
• 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 
• 4,096-cycle (12 row-, 10 column-addresses) 
• Optional SELF REFRESH, Extended Refresh rate (2X) 
• Extended data-out (EDO) PAGE access cycle 

OPTIONS 
• Timing 

60ns access 
70ns access 

• Packages 

MARKING 

-6 
-7 

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

• Refresh 
Standard (4,096 cycles at 64ms) none 
Self (4,096 cycles at 128ms) S 

• Part Number Example: MT4LC4M4E9DJ-6 S 

GENERAL DESCRIPTION 
The MT4LC4M4E9(S) is a randomly accessed solid-state 

memory containing 16,777,216 bits organized in a x4 con
figuration. The MT4LC4M4E9 RAS is used to latch the first 
12 bits and CAS the latter 10 bits (AlO and All are 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 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. 

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. If 
WE toggles LOW after CAS goes back HIGH, the output 
pins will open (High- Z) until the next CAS cycle, regardless 
ofOE. 

MT4LC4M4E9(S) 
REV. 4/94 

ADVANCE 

4 MEG x 4 DRAM 
3.3V EDO PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (Top View) 

24/26-Pin SOJ 
(OC-2) 

24/26-Pin TSOP 
(00-2) 

Vee 
D01 
D02 
WE 

RAS 
A11 

A10 
AO 
A1 
A2 
A3 

Vee 

1 
2 
3 
4 
5 
6 

8 
9 
10 
11 
12 
13 

26 Vss 
25 D04 
24 D03 
23 CAS 
22 OE 
21 A9 

19 A8 
18 A7 
17 A6 
16 A5 
15 A4 
14 Vss 

Vee Vss 
D01 D04 
D02 D03 
WE CAS 

RAS OE 
A11 A9 

A10 A8 
AO A7 
A1 A6 
A2 A5 
A3 

Vee 

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 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 
The MT4C4M4E9 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 allows CAS precharge time (tcP) 
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. Eoo PAGE MODE DRAMs operate similarly to 
FAST PAGE MODE DRAMs, except data will remain valid 
or become valid after CAS goes HIGH during READs, 
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©1994, Micron Semiconductor, Inc. 

z 
m 
:e 
• c 
:c 
l> 
s: 



z 
m :e • c 
lJ 
l> 
S 

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). 

If the DQ outputs are wire OR'd, OE must be used to 

ADVANCE 

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 toFF, which is referenced from the rising edge of 
RAS or CAS, whichever occurs last. 

RAs ~:~:~~ _____________________________________ _ 

OQ ~:gt ----- VALID DATA (A) VALIDOATA(Bj VALID DATA (C) VALIDDATA(DJ 

~,oo ~oo Ib" _______ ~ 'O'.~o I~ 
DE ~:~ ___ - . 'V<o " 

~~--------- ~------~ ~ -------------

I I I 
The DOs go back to 
Low-Z if toES is met. 

The DOs remain High-Z 
until the next CAS cycle 
if toEHC is met. 

The DOs rem~Hjgh-Z 
until the next CAS cycle 
jf toEP is mel. 

~ DON'T CARE 

~ UNDEFINED 

Figure 1 
OUTPUT ENABLE AND DISABLE 

REFRESH 
Preserve correct memory cell data by maintaining power 

and executing a RAScycle (READ, WRITE) or RAS RE
FRESH cycle (RAS ONLY, CBR, or HIDDEN) so that all 
4,096 combinations of RAS addresses are executed at least 
every 64ms, 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 
MT4LC4M4E9 S. The "s" option allows the user the choice 
of a fully static low-power data retention mode, or a dy
namic refresh mode at the extended refresh period of 128ms 
two times longer than the standard 64ms specification. 

The optional SELF REFRESH feature is initiated by 
performing a CBR REFRESH cycle, and holding RAS LOW 
for the specified tRASS. Additionally, the "s" option allows 

MT4LC4M4E9(S) 
REV. 4/94 

for an extended refresh rate of 31.3Jls 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 for a minimum time oftRPS (=tRC). 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 DRl\M controller utilizes 
RAS ONLY or BURST REFRESH sequence, all 4,096 rows 
must be refreshed within 600Jls prior to the resumption of 
normal operation. 
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FUNCTIONAL BLOCK DIAGRAM 
MT4LC4M4A1 (12 row-addresses) 

WE 0 

CAS&.--~----------------------. 
DQ1 
DQ2 
DQ3 
DQ4 

L---------------------~~----~OE 

AO~~~~""~ A1 

A2 
A3 ~~~~~~ 

A4 

AS 
A6 
A7 

A8 
A9 

A10 

A11~~~~~~~JI~~IIIIII~ 

RAS 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

EDO-PAGE-MODE 

READ 

EDO-PAGE-MODE 

EARLY-WRITE 

EDO-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CSR REFRESH 

SELF REFRESH 
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RAS 
H 

L 

L 

L 

1st Cycle L 

2nd Cycle L 

1st Cycle L 

2nd Cycle L 

1st Cycle L 

2nd Cycle L 

L 

READ L .... H .... L 

WRITE L-->H .... L 

H-->L 

H .... L 

ns 
H .... X 

L 

L 

L 

H .... L 

H .... L 

H-->L 

H .... L 

H .... L 

H .... L 

H 

L 

L 

L 

L 

WE 

X 

H 

L 

H .... L 

H 

H 

L 

L 

H .... L 

H .... L 

X 

H 

L 

H 

H 

1-185 

TIt 
X 

L 

X 

L .... H 

L 

L 

X 

X 

L-->H 

L .... H 

X 

L 

X 

X 

X 

4096 x 1024 x 4 
MEMORY 
ARRAY 

~ Vee 

.....--....0 Vas 

ADDRESSES DATA-IN/OUJ 
IR IC 001-004 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out, Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW COL Data-Out, Data-In 

n/a COL Data-Out, Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

X X High-Z 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Any Pin Relative to Vss .............. -l.OV to +4.6V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 150°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ..................................... 50mA 

ADVANCE 

'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 ±O.3V) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 3.0 3.6 V 

Input High (Logic 1) Voltage, all inputs VIH 2.0 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT 
Any input OV S; VIN S; 3.6V Ii -2 2 J.lA 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV S; VOUT S; 3.6V) loz -10 10 J.lA 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -2mA) 
Output Low Voltage (lOUT = 2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION VERSION SYMBOL -6 -7 UNITS NOTES 
STANDBY CURRENT: (TTL) ICC1 1 1 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) MT4LC4M4E9 ICC2 500 500 J.lA 
(RAS = CAS = Other Inputs = Vcc -O.2V) MT 4LC4M4E9 S Icc2 150 150 J.lA 
OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 100 90 mA 3,4,12 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 

OPERATING CURRENT: EDO PAGE MODE 
Average power supply current Icc4 80 70 mA 3,4,12 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current Icc5 100 90 mA 3, 12 
(RAS Cycling, CAS = VIH: tRC = tRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 100 90 mA 3,5 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 

REFRESH CURRENT: Extended (S-only) 
Average power supply current, CAS = 0.2V or CBR cycling; MT 4LC4M4E9 S Icc7 300 300 J.lA 3,5 
RAS =tRAS(MIN); WE = 0.2V; AO-A12 and DIN = 

Vcc - O.2V or 0.2V (DIN may be left open); tRC = 31.7/ls 

REFRESH CURRENT: SELF (S-only) . 
Average power supply current, CBR cycling with RAS;:: MT 4LC4M4E9 S IccB 300 300 J.lA 5 
tRASS(MIN) and CAS held LOW; WE = Vcc-0.2V; AO-A12 
and DIN = Vcc - O.2V or 0.2V (DIN may be left open) 

MT4lC4M4E9(S) 
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CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 
Input Capacitance: Address pins CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ Cia 7 pF 2 

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

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ WRITE cycle time 

EDO PAGE MODE READ orWRITE cycle time 

EDO PAGE MODE READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (EDO PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time (CBR REFRESH) 

CAS precharge time (EDO PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup lime 

Row-address hold time 

RAS to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time (referenced to RAS) 

Column-address to tiAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 

Read command hold time (referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

MT4LC4M4E9(S) 
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SYM 
tRC 

tRWC 
tpc 

IpRWC 

tRAC 

tCAC 

IOE 

tAA 

tCPA 

IRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 

tCPN 

tcP 
tRCD 

ICRP 

IASR 

tRAH 

tRAD 

IASC 

ICAH 

tAR 

tRAL 

tRCS 

tRCH 

IRRH 

tCLl 

tOFF 

1-187 

MIN 
110 
150 
25 
85 

5 

15 
20 
60 
60 
15 
40 
10 
40 
10 
10 
20 
5 
0 
10 
15 
0 
10 
50 
30 
0 
0 
0 
3 
3 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 

180 ns 

30 ns 

95 ns 

60 70 ns 14 
15 5 20 ns 11, 15 
15 20 ns 23 
30 15 35 ns 11 
35 20 40 ns 11 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 10 100,000 ns 

70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 
5 ns 

0 ns 

10 ns 

30 15 35 ns 18 
0 ns 

15 ns 

55 ns 

35 ns 

0 ns 

0 ns 19 
0 ns 19 
3 ns 26 

15 3 20 ns 20,26 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,13,23) (Vee = 3.3V ±0.3V) 

AC CHARACTERISTICS 

PARAMETER 

WE command setup time 

Write command hold time 

Write command hold time (referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

RAS to WE delay time 

Column-address to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (4,096 cycles) 

Refresh period - S option (4,096 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS pulse width entering SELF REFRESH 

RAS precharge time exiting SELF REFRESH 

CAS hold time entering SELF REFRESH 

OE HIGH hold time from CAS HIGH 

OEHIGH pulse width 

Data output hold after CAS LOW 

Output disable delay from WE (CAS HIGH) 

WE pulse width for output disable when CAS HIGH 

MT4lC4M4E9(S) 
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SYM 

tvvcs 
tWCH 

tWCR 
twp 

tRWL 

tCWL 

tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 

IT 
tREF 

tREF 

tRPC 

tCSR 

tCHR 

tWRH 

tWRP 

tvvTH 

tvvTS 
tORD 

tOD 

tOEH 

tRASS 

tRPS 

tCHD 

tOEHC 

tOEP 

tCOH 

tWHZ 

twpz 

1-188 

MIN 

0 

10 

45 

10 

15 

15 

0 
10 

45 

85 

55 

40 

2 

0 

5 

15 

10 

10 

10 

10 

0 

3 

15 

100 

110 

15 

10 

10 

5 

3 

5 

-6 -7 
MAX MIN MAX UNITS NOTES 

0 ns 21 

15 ns 

55 ns 

10 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

55 ns 

95 ns 21 

60 ns 21 

45 ns 21 

50 2 50 ns 9,10 

64 64 ms 

128 128 ms 

0 ns 

5 ns 5 

15 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 

10 ns 25 

0 ns 

15 3 20 ns 26 

15 ns 

100 /lS 27 

130 ns 27 

15 ns 27 

10 ns 

10 ns 

5 ns 

10 3 10 ns 

5 ns 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = +3.3V; f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is 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. An initial pause of lOOlls 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. 

8. AC characteristics assume tT = 25ns. 
9. VlH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VlH and VIL (or between VIL 
and VlH). 

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

11. tCAC (MIN), tcp A (MIN) and tAA (MIN) are for 
reference only to help aid the user as to when to 
expect the earliest data to be accessed. Only tCAC 
(MAX), tcp A (MAX) and tAA (MAX) are guaranteed 
and should be designed to. 

12. Column address changed once each cycle. 
13. Measured with a load equivalent to two TTL gates, 

100pF and VOL = 0.8V and VOH = 2.0V. 
14. Assumes that IRCD < IRCD (MAX). If tRCD 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 IRCD 2: 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 tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC, provided tRAD is not 
exceeded. 

18. Operation within the tRAD (MAX) limit ensures that 
!RAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 

MT4LC4M4E9(S) 
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ADVANCE 

is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA, provided 
tRCD is not exceeded. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. 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. 

21. twcs, tRWD, tAWD and tCWD are not restrictive 
operating parameters. twcs applies to EARLY 
WRITE cycles. tRWD, tA WD and tcWD apply to 
READ-MODIFY-WRITE cycles. IftwCS 2: twcs 
(MIN), the cycle is an EARLY WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If twcs < twcs (MIN) and IRWD 2: 
tRWD (MIN), tAWD 2: tAWD (MIN) and tCWD 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 (OE-controlled) cycle. twcs, IRWD, 
tcWD and tA WD 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 OE is tied permanently LOW, LATE WRITE or 
READ-MODIFY-WRITE operations are not possible. 
Additionally, WE must be pulsed during CAS HIGH 
time inorder to palce I/O buffers in High-Z. 

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

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

26. The 3ns minimum is a parameter guaranteed by 
design. 

27. 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. 
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READ CYCLE 
Re 

tRAS . tRP -I 
-I 

- \ 
tCSH 

IRSH ~ 
'CRP tRCD teAs 

I 

=-' 
tAR 

I IRAQ tRAl 

I~~I ~ ~ 
ADDR ~:r 

~ 

~ ROW ~ COLUMN ~ ROW 

tRCS tACH 

I I 
:1//////////////////////////////// W;O/Illlll##'lllllffi 

tAA 

tRAG 

lCAC ~ 
~t 

-- OPEN VALID DATA OPEN---DO ~g~ 

I~ I~ 

)1//1///1//1/// 1// 1/ /$11//////1/;0 

EARLY WRITE CYCLE 

Re 

'RAS tRP 

- \ -
tCSH 

IRSH 

leRP tRCD teAS 

J 

=-' 
tAR 

'RAD 'RAL 

ADDR ~:~ 
I~ ~I -t==: ~ 
~ ROW ~ COLUMN ROW 

tCWL II 
IRWL 

tWCR 

twes tWCH 

twp 

7$////////////////////////;) ~ 
I ~ ~ tDH 

DC ~:g~ ~~~V-ALI-DD 
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READ WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

Rwe 

tRAS 'RP 

RAS 
V,H 
VIL -

ICSH 'I IRSH 

teRP tRCD teAs 

CAs V,H 
VIL =~ } 

'AR 

'RAO I I tRAL "I 

ADOR 
V,H 
VIL 

I~ ~I ~ I~I 1 

~ ROW ~ COLUMN ~LW'MW'~~L0( ROW 

WE V,H 
Vil 

I 

I I IRWD 
",WL II 

' I tRCS I I I, ICWD ~ 
1 

lAWD 

~~ 
~/I/,;J 

I 
I .. 

I tRAC I iCAC 

tCLZ- r- r ~I 
-

OPEN VALID DOUT K VALlD DIN - -OPEN---

~ 

OE ~:~ :1/U/$/////U/$//U/U$/uu/uu//uuu/&1 
~I ) ~ W////UU//U$///;j 

EDO-PAGE-MODE READ CYCLE 
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~ 
VALID OPEN 
DATA 

~I 

~ DON'T CARE 

~ UNDEFINED 
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ADVANCE 

EDO-PAGE-MODE EARLY-WRITE CYCLE 

OE ~:~ $/$,111// II $,1// 1I/$III!!!11 II I ///1/ II II II II/II$/!$!II II III $ III II!IIII III $/!!II #/11//11/ ,11/ ,,1//II,,1II/;; 

RAs 

CAs 

ADDR 

V,H 
VIL 

V,H 
VIL 

EDO-PAGE-MODE READ-WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

-
-~ __ ~I}-I ______ ~~ ___________ 'RA_SP-..=-~~ ________ ~~ __ -{~ 

tCSH "'tpc / ipRWC IRSH 

l~ tRCD �--------"""-----I-~""CA"'-S--_I ~ 1--"'C",,AS'---------1 ~ 1------"'cA""S ___ 1 l~ 1 r-- r----, ! =-' 
'AR 

tRAD 

1'1 I~ 
tRAL 

~ leAH __ I .mj1~1 
COLUMN COlUMN 

'cw:' 

j.IASR ~ ~ 

~:~ 7//M ROW .Wlh COLUMN RCW 

1 1 

--
tAW~WP- IAWD -: 'cwo 'cwo 

*tpc is for LATE WRITE only. 

l!II DONT CARE 

~ UNDEFINED 
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RAS VIH-
VIL-

teRP 

CAS VIH-
Vll-

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

ICSH 

tpc tpc 

tcp ~11 ___ t-=-cP'--__ II._t..:.;CA-=-S_1 

ADVANCE 

ADDR ~:r-

MT4lC4M4E9(S) 
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I~ 

DO ~:gr------- OPEN ------:-:::{==V~A~LlD~D~AT~A~(AI==t~~;j 
tOE 

6E ~:~= ij"#$#$$#//aJ///$//ml~ 

tCAP 

CAS ~:t = 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 12; WE = DON'T CARE) 

tRC 

ROW 

DQ ~g~ -----------------OPEN----------------

1-193 
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RP 

----1 
~ 
1_' tcPN, I~ 

:~ 

DQ 

~ 

WE ~:~ 4/1///1///0 

CBR REFRESH CYCLE 
(AO-A 12 and OE = DON'T CARE) 

tRAS J 

1 
tRP . 

tCHR tCHR 

tRAS 

/ 
~I~ 

"i V 
OPEN 

._1 

Y 

~ !WRI1 

~W///I//I//I///I///;) 
~ 

~/I// /1/// //1/ /1// /I /1/ //I//lia 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) 

tRAS 

(REFRESH) 

too 

}$$$/I;lm 

~ DON'TeARE 

~ UNDEFINED 
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ADVANCE 

READ CYCLE with WE-CONTROLLED DISABLE 

tCSH 

tCRP tcp 

ADDR 

WE V,H _7TT7777TTTO'7TT7""TTiTTTO'7TT7777"TTTlrl---+-------'-------,J 
V IL -LLL..I..LLLLLLLCL..LL<..LL.L,f-LL-'CL..LLI..LLLLLII 

DO ~g~ --------OPEN----------<!N/\I\)(] 
r-------:-------1 

I. tOE 

DE ~:~ jill! II////I//I/////////////I//////!///I/ /1///// 111M' 1/////// /i);/I/!I!lII!I/I/~ 

RAS ~it:::: 

CAS ~:t:::: 

SELF REFRESH CYCLE 
(AO-A 12 and OE = DON'T CARE) 

NOTE 1 

DQ ~gt:::: OPEN------------ti--------

tWRP tWRH 

WE ~:~ $I/////II! ~f#/$$!I$ffff/$!I$$ff//////J 
~ DON'T CARE 

~ UNDEFINED 

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

MT4lC4M4E9(S) 
REV. 4194 1c195 Micron SemIConductor, inc., reserves the right to change products or specifications Without notice. 
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ADVANCE 

MIC:RON MT4LC4M4E9(S) 
1-· H" 4 MEG x 4 DRAM 

E--------------~-----------------• C 
:D 
l> 
s: 

MT4lC4M4E9(S) 
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DRAM 

FEATURES 
• Industry-standard x8 pinouts, timing, functions and 

packages 
• Address entry: ten row-addresses, nine column-

addresses 
• High-performance CMOS silicon-gate process 
• Single +5V ±1O% power supply* 
• Low power, 3mW standby; 250mW active, typical 
• All device pins are TIL-compatible 
• 1,024-cycle refresh in 16ms 
• Refresh modes: RAS ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (400 mil) 

-6* 
-7 
-8 

DJ 

• Part Number Example: MT4C8512DJ-7 

*60ns specifications are limited to a Vee range of±5%. 

GENERAL DESCRIPTION 
The MT4C8512 is a randomly accessed solid-state 

memory containing 4,194,304 bits organized in a x8 
configuration. Each byte is uniquely addressed through 
the 19 address bits during READ or WRITE cycles. The 
address is entered first by RAS latching 10 bits (AO-A9) 
and then CAS latching 9 bits (AO-A8). 

MT4C8512 
REV. 4/94 

512Kx8DRAM 
FAST PAGE MODE 

1-197 

PIN ASSIGNMENT (Top View) 

Vee 

D01 2 
002 3 
D03 4 
004 5 

NC 6 
WE 7 

RAS 8 
A9 9 
AD 10 
A1 11 
A2 12 
A3 13 

Vee 14 

28-Pin SOJ 
(DC-4) 

28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

Vss 

D08 
D07 
D06 
D05 
CAS 
OE 

NC 
A8 
A7 
A6 
A5 
A4 

Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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WE 

AO 

A1 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

RAS 

MT4C8512 
REV. 4194 

FUNCTIONAL BLOCK DIAGRAM 

1-198 

DATA-IN BUFFER 

D01 

• • 
D08 

OE 

1024 x 512 x 8 
MEMORY 
ARRAY 

+-------<> Vee 

+-------<> vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc 



FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 19 address 

bits during READ or WRITE cycles. First, RAS is used to 
latch 10bits (AO-A9) then, CAS latches 9 bits ( AO-A8). 

The CAS control also determines whether the cycle will 
be a refresh cycle (RAS ONL Y)or an active cycle (READ, 
WRITE or READ WRITE) once RAS goes LOW. 

READ or WRITE cycles are selected by WE. 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 initiate a WRITE cycle, selecting 
DQl through DQ8. 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 re
tains 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 eight data inputs and eight data outputs are routed 
through eight pins using common I/O and pin direction is 
controlled by OE and WE. 

MT4C8512 
REV.4{94 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row-address-defined (AO-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 CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column-addresses, thus execut
ing faster memory cycles. Returning RAS HIGH terminates 
the FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 
The chip is also 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) orRAS REFRESH cycle (RAS ONLY, CBR, 
or HIDDEN) so that all 1,024 combinations of 
RAS addresses (AO-A9) are executed at least every 16ms, 
regardless of sequence. The CBR REFRESH cycle will also 
invoke the refresh counter and controller for row-address 
controL 

1-199 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice; 
©1994, Micron Semiconductor, Ind. 
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TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE- 1st Cycle 

MODE READ 2nd Cycle 

FAST-PAGE- 1st Cycle 

MODE WRITE 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

READ-WRITE 2nd Cycle 

HIDDEN READ 

REFRESH WRITE 

RAS ONLY REFRESH 

CBR REFRESH 

NOTE: 1. EARLY WRITE only. 

MT4C8512 
REV. 4194 

HAS ns-
H H ..... X 

L L 

L L 

L L 

L H ..... L 

L H ..... L 

L H ..... L 

L H ..... L 

L H ..... L 

L H ..... L 

L ..... H ..... L L 

L ..... H ..... L L 

L H 

H ..... L L 

WE nt 
X X 

H L 

L X 

H ..... L L ..... H 

H L 

H L 

L X 

L X 

H ..... L L ..... H 

H ..... L L ..... H 

H L 

L X 

X X 

X X 

1-200 

ADDRESSES 
IR IC DOs NOTES 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out, Data-In 

ROW COL Data-Out 

nla COL Data-Out 

ROW COL Data-In 

nla COL Data-In 

ROW . COL Data-Out, Data-In 

nla COL Data-Out, Data-In 

ROW COL Data-Out 

ROW COL Data-In 1 

ROW nla High-Z 

X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 150°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ..................................... 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. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = +5V ±1 0%**) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT 
Any input OV :0; VIN :0; Vcc II -2 2 ~ 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV :0; VOUT:O; 5.5V) 102 -10 10 ~ 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6** -7 -8 UNITS NOTES 

STANDBY CURRENT: TTL ICCI 2 2 2 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: CMOS Icc2 1 1 1 mA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICC3 120 110 100 mA 3,4,29 
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 100 90 80 mA 3,4,29 
(RAS = VIL, CAS, Address Cycling: 'PC = 'PC [MIN]; 'CP, 'ASC = 10ns) 

REFRESH CURRENT: RAS ONLY 
Average power supply current Icc5 120 110 100 mA 3,29 
(RAS Cycling, CAS = VIH: 'RC = 'RC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 110 100 90 mA 3,5 
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) 

; **60ns specifications are limited to a Vcc range of ±5%. 

I 
I "'MT::c:4C-B5-12-----------------1-.-2-.0-1---M-icr-"-s'-mic-o'-d"d-O,-,',-o.,-'''-'NeS-'h'-rig-~I-OO-ha-,g,-p'-Od''''-''-,,-,p-eCi-'""-tiO-'''-Mth-''-IOO-tiCe. 
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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 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = +5V ±1 0%') 

AC CHARACTERISTICS -6' 
PARAMETER SYM MIN 
Random READ or WRITE cycle time tRC 110 
READ WRITE cycle time tRWC 150 
FAST-PAGE-MODE READ or WRITE tpc 35 
cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC 85 
cycle time 

Access time from RAS tRAC 

Access time from CAS tCAC 

Output Enable time tOE 

Access time from column-address tAA 

Access time from CAS precharge tCPA 

RAS pulse width tRAS 60 
RAS pulse width (FAST PAGE MODE) tRASP 60 
RAS hold time tRSH 15 
RAS precharge time tRP 40 
CAS pulse width tCAS 15 
CAS hold time tCSH 60 
CAS precharge time tCPN 10 
CAS precharge time (FAST PAGE MODE) tcp 10 
RAS to CAS delay time tRCD 20 
CAS to RAS precharge time tCRP 10 
Row-address setup time tASR 0 
Row-address hold time tRAH 10 
RAS to column- tRAD 15 
address delay time 

Column-address setup time tASC 0 
Column-address hold time tCAH 10 
Column-address hold time tAR 50 
(referenced to RAS) 
Column-address to tRAl 30 
RAS lead time 

Read command setup time tRCS 0 
Read command hold time tRCH 0 
(referenced to CAS) 

Read command hold time tRRH 0 
(referenced to RAS) 
CAS to output in low-Z tClZ 3 

'60ns specifications are limited to a Vee range of ±5%. 

MT4C8512 
REV. 4/94 

MAX MIN 
130 
175 
40 

95 

60 
15 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

3 

1·202 

-7 -8 

MAX MIN MAX UNITS NOTES 
150 ns 

195 ns 

45 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 

35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 

0 ns 

10 ns 

35 15 40 ns 18 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 26 
0 ns 19,26 

0 ns 19 

3 ns 30 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ TA ~ +70°C; Vee = +5V ±10%*) 

AC CHARACTERISTICS -6* 
PARAMETER SYM MIN 
Output buffer turn-off delay tOFF 3 
Output disable time tOD 3 
Write command setup time twcs 0 
Write command hold time twCH 10 
Write command hold time tvvCR 45 
(referenced to RAS) 

Write command pulse width tvvP 10 
Write command to RAS lead time tRWL 15 
Write command to CAS lead time tCWL 15 
Data-in setup time tDS 0 
Data-in hold time tDH 10 
Data-in hold time tDHR 45 
(referenced to RAS) 

RAS to WE delay time tRWD 85 
Column-address tAWD 55 
to WE delay time 

CAS to WE delay time tCWD 40 
Transition time (rise or fall) tT 3 
Refresh period (1,024 cycles) tREF 

RAS to CAS precharge time tRPC 10. 
CAS setup time tCSR 10 
(CBR REFRESH) 

CAS hold time tcHR 10 
(CBR REFRESH) .. 

OE hold time from WE during tOEH 15 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during tORD 0 
HIDDEN REFRESH cycle 

*60ns specifieationsare limited to a Vee range of ±5%. 

MT4C8512 
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MAX MIN 
15 3 
15 3 

0 
10 
55 

10 
20 
20 
0 
15 
55 

95 
60 

45 
50 3 
16 

10 
10 

10 

20 

0 

1-203 

-7 -8 
MAX MIN MAX UNITS NOTES 
15 3 15 ns 20,28,30 
15 3 15 ns 28,30 

0 ns 21,26 
10 ns 26 
60 ns 26 

10 ns 26 
20 ns 26 
20 ns 26 
0 ns 22 
15 ns 22 
60 ns 

105 ns 21 
65 ns 21 

45 ns 21 
50 3 50 ns 9,10 
16 16 ms 

10 ns 

10 ns 5 

10 ns 5 

20 ns 27 

0 ns 

Micron Semiconductor, 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. Vee = SV ±lO%; f = 1 MHz. 
3. Icc is 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. 

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 (O°C ::; T A::; 70°C) is assured. 

7. An initial pause of lOOlls 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 IREF refresh requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is high impedance. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TIL gates 

and lOOpF, VOH = 2.0V and VOL = 0.8V. 
14. Assumes that tRCD < tRCD (MAX). If IRCD 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 tRCD ;::: IRCD (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 must be pulsed 
HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
IRAc (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by tCAe. 

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

MT4C8512 
REV. 4194 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit conzdition; it is not a 
reference to VOH or VOL. 

21. twcs, IRWD, tAWD and ICWD 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 IRWD ;::: tRWD (MIN), IAWD ;::: tA WD 
(MIN) and tCWD ;::: tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of data-out is indetermi
nate. 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 OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE 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. 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 tOEH 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. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

28. The DQs open during READ cycles once tOD 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. 

29. Column-address changed once each cycle. 
30. The 3ns minimum is a parameter guaranteed by 

design. 

1-204 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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READ CYCLE 
IRC 

\'-----

'CRP teAS 

ADDR 

~:~ =Ij//////////////////////////////i W#IIIIIIIIff/IIIIII,I; 
IAA 

'CAG 

~k 
DO ~:g~ =---------OPEN-------~K~VA~LI~DD~A~TAjr----OPEN---

I. IDE I~ 100 

DE ~:~ -7j/;777~ /;"'1/ /;'7T0'j;777W/;7771b=0'j;"'~j;777/;j7T,0'/;'7Tl //;777~ /"'1//;=1 //;"'1/ j;777/;j"'l/j;'7T0'j;TT7TW /;)l II # /;1/11ff/;/I 1/111 ;/11/111111 ff/I/; 

RAS 
V'H -
VIL -

teRP 

CAS 
V,H -
VIL -

ADDR 
V,H 
VIL 

EARLY WRITE CYCLE 

IRC 

tCSH 

'RSH 

1-205 

ROW 

f:!.21 DON'T CARE 

~ UNDEFINED 

Micron Semiconciuctor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc 

-c 
:a » 
s: 



• C 
:D 
l> :s: 

MT4C8512 
REV. 4/94 

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

tCSH 

'RSH 

'CRP IRCD tCAS 

CAS VIH -
VIL _ 

tAR 

tRAD 

ADDR 
V,H 
VIL _ ROW ROW 

WE VIH -
V,L 

DO ~:gt ::::-----------OPEN---:@~~~~~~~;=:~--OPEN ---

RAs VIH -
VIL _ 

CAs 

ADDR V,H 
VIL 

WE 

FAST-PAGE-MODE READ CYCLE 

1-206 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications wjjhout notice. 
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ADDR ~:~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

RASP 

--
'CSH Ipe 'RSH 

I~ tACO 'cAS lep ~ lep ~ 

=---' ~ IAR 

IRAD 

I~ ~I I~ ~ I' lAse tCAH~1 I. 'lAse II~ 
::1/~ ROW W/~ COLUMN COLUMN COLUMN 

't" 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

II 

e=J 

C4 
I 

ROW 

,L-____ -=~--------~-p~==~------~--_1I~ RAS ~:t =-,,_ t L 
tCSH *tPC/tpRWG 'RSH _= tACO '--f-__ ICA_S __ -1I;:',,--_ICA_S __ -1ll' tep , .. __ I_CAS __ --t-rt~~1 

CAS ~:t =J IAR ~ 1 " 11_ ~ 
r ::~-I ~ I~ lASe ICAH ~II leAH l:jL II 

ADDR ~:~ =://M ROW Wlh COLUMN COLUMN 

I I IRWD I II I II 
~I I ICWL_1 Ii-- ICWL_ Ii--

'wP- I 'wp- I 
~-+~~~~~ I--+~::~~~ 

COLUMN ROW 

mJ DON'T CARE 

!8l2I UNDEFINED 

1-207 Micron Semiconductor, Inc., reserves tile righllo change products or specifications without notlc9. 
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MIC:~ON MT4C8512 
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RAS ONLY REFRESH CYCLE 
(OE and WE = DON'T CARE) 

tRC 

- VIH _:------,[� 

RAS VIL - 'cAP Il'---~-------"I 

ROW 

DQ ~~ ::--.------.,.---,.,----OPEN-----------

- VII"j
RAS VIL-

CBR REFRESH CYCLE 
(AO-A9; OE = DON'T CARE) 

tRP 

DO '------------OPEN-----------

WE ~:~ 1////I!//I!////!///I!I!/I!//!/I!///I!!I////!/I!!//!//!/////!///!//!I!//I!////I!!/I!/II!I!/!///h 

HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

'AAs 

1CHR 

VALID DATA 

~ DON"TCARE 

~ UNDEFINED 

1-208 Micron Semiconductor, Inc., reserves the right 10 change products 01' specifications WIthout notice. 
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DRAM 

FEATURES 
• JEDEC- and industry-standard x8 pinouts, timing, 

functions and packages 
• High-performance CMOS silicon-gate process 
• Single power supply: +3.3V ±O.3V 
• Low power, 1.2m W standby; 200m W active, typical 
• All device pins 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 mode, with Extended 

Refresh rate (4X) 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 

• Packages 

-6 
-7 

Plastic 28-pin SOJ (300 mil) DJ 
Plastic 28-pin TSOP (300 mil) TG 

• Refresh 
Standard, at 32ms none 
SELF REFRESH, at 128ms S 

• Part Number Example: MT4LC2M8BIDJ-7 S 

GENERAL DESCRIPTION 
The MT4LC2M8Bl(S) is a randomly accessed solid

state memory containing 16,777,216bits organized in a 
x8 configuration. The MT4LC2M8BI S is designed to 
operate in a 3.3V ±10% memory system. Each byte is 
uniquely addressed through the 21 address bits during 
READ or WRITE cycles. The address is entered first by 
RAS latching 11 bits (AO-AIO) and then CAS latching 10 
bits (AO-A9). 

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. 

READ or WRITE cycles are selected by WE. 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 initiate a WRITE cycle, selecting 
DQl through DQ8. If WE goes LOW prior to CAS going 
LOW, the outputpin(s) remain open (High- Z) until the next 
CAS cycle. If WE goes LOW after CAS goes LOW and data 

MT4LCZM8B1(S) 
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2 MEG x 8 DRAM 
3.3V FAST PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 28-Pin TSOP 
(DO-3) (DC-8) 

Vee 1 28 
DOl 27 

D02 26 
D03 , 25 
DO. 5 24 
WE 6 23 

RAS 7 22 

NC 21 
Al0 20 

AO 10 19 
Al 11 18 

A2 12 17 
A3 13 16 

Veo 14 15 

V" 
008 
007 

006 

005 

CAS 

DE 
A9 

A8 
A7 

A6 

A5 

A' 
V" 

007 

006 

005 

CAS 

DE 
A9 

reaches the output pins, data-out (Q) is activated and re
tains the selected cell data as long as CAS and OE remain 
LOW (regardless of WE or RAS). This Iatl' WE puis .. n'sults 
in a READ WRITE cycle. 

The eight data inputs and eight data outputs are routed 
through eight pins using common II 0 and pin direction is 
controlled by OE and WE. 

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row-address-defined (AO-All) 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 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 CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also 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, CBR, 
or HIDDEN) so that all 2,048 combinations of RAS ad
dresses (AO-AlO) are executed at least every 32ms, regard
less of sequence. The CBR REFRESH cycle will also invoke 
the refresh counter and controller for row-address control. 
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SELF REFRESH 
SELF REFRESH is similar to CBR except that the DRAM 

provides its own internal clocking during SLEEP mode. 
Thus, an external clock is not required which provides 
additional power savings and design ease. The DRAM's 
SELF REFRESH mode is initiated by executing a CBR 
REFRESH cycle and holding both RAS and CAS LOW for a 
specified period. The industry standard for this value is 
lOOl1s minimum (tRASS). The DRAM will remain in the 
SELF REFRESH mode while RAS and CAS remain LOW. 
Once CAS has been held LOW for tcHD, CAS is no longer 
required to remain LOW and becomes a "don't care." CAS 
is a "don't care" until tCHS, at which time CAS must be 
either HIGH or LOW. 

The SELF REFRESH mode is terminated by taking RAS 
HIGH for the time minimum of an operation cycle, typically 

ADVANCE 

200ns (tRPS). Once the SELF REFRESH mode has been 
terminated, it is recommended that the user perform a 
refresh of all rows within the time of the external refresh rate 
prior to active use of the DRAM. The external refresh rate is 
typically 62.5l1s per row-address. Once this burst has been 
completed, the DRAM may be used in the functional mode 
with distributed refreshes, such as CBR or RAS ONLY. 

The alternative approach when exiting SELF REFRESH 
mode is to utilize distributed refreshes once tRPS has been 
met, provided CBR REFRESH cycles are employed. The 
first CBR pulse should occur within the time of the external 
refresh rate prior to active use of the DRAM to ensure 
maximum data integrity and must be executed within three 
external refresh rate periods. 

FUNCTIONAL BLOCK DIAGRAM 
2,048 ROWS 

WE~----~-----------------------, 

AO 
Al 

A2 
A3 

A4 
AS 

A6 
A7 
A8 

A9 
Al0 

RAS o-----l 

MT4LC2M881(S) 
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DATA·IN BUFFER 

2048 x 1024 x 8 
MEMORY 
ARRAY 

DOl 
• • 

D08 

OE 

------.0 Vee 

------.0 Vss 
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TRUTH TABLE 

FUNCTIDN 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

FAST-PAGE-MODE 

READ-WRITE 

HIDDEN 

REFRESH 

RAS ONLY REFRESH 

CBR REFRESH 

SELF REFRESH 

MT4lC2MBB1{S) 
REV.4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

1m" lAS 
H H-+X 

L L 

L L 

L L 

L H-+L 

L H-+L 

L H-+L 

L H-+L 

L H-+L 

L . H-+L 

L -+H-+L L 

L .... H-+L L 

L H 

H-+L L 

H-+L L 

WE 
X 

H 

L 

H-+L 

H 

H 

L 

L 

H-+L 

H-+L 

H 

L 

X 

H 

H 

1-211 

ADDRESSES 

"at IR IC DOs 

X X X High-Z 

L ROW COL Data-Out 

X ROW COL Data-In 

L-+H ROW COL Data-Out, Data-In 

L ROW COL Data-Out 

L n/a COL Data-Out 

X ROW COL Data-In 

X n/a COL Data-In 

L-+H ROW COL Data-Out, Data-In 

L-+H n/a COL Data-Out, Data-In 

L ROW COL Data-Out 

X ROW COL Data-In 

X ROW n/a High~Z 

X X X High-Z 

X X X High-Z 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss ........... -lV to +4.6V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 150°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ..................................... 50mA 

DC OPERATING SPECIFICATIONS 
(Notes: 1, 6, 7, 31) (Vcc = +3.0V to 3.6V) 

PARAMETER/CONOITION 
Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV ~ VIN ~ VCC 
(All other pins not under test = OV) 

*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. 

SYMBOL MIN MAX UNITS NOTES 
Vcc 3.0 3.6 V 

VIH 2.0 Vcc+1 V 

VIL -1.0 0.8 V 

II -2 2 [.LA 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV ~ VOUT ~ 3.6V) loz -10 10 j.lA 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -2mA) 
Output Low Voltage (lOUT = 2mA) VOL 0.4 V 

ELECTRICAL CHARACTERISTICS AND DC OPERATING SPECIFICATIONS 
(Notes: 1,6,7,31) (Vcc = +3.0V to 3.6V) MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 
STANDBY CURRENT: TTL (RAS = CAS = VI H) Icct 1 1 1 mA 

STANDBY CURRENT: CMOS (RAS = CAS = Vcc -0.2V) Icc2 500 500 500 [.LA 
OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 140 130 120 mA 3,4,27 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 100 90 80 mA 3,4,27 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]; ICp, IASC = 10ns) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

REFRESH CURRENT: Extended (S-only) 
Average power supply current during BBU REFRESH: 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN) to 
300ns; WE, AO-A 10 and DIN = Vcc - 0.2V (DIN may be left open), 
IRC = 62.5j.lS (2,048 rows at 62.5j.ls = 128ms) 

REFRESH CURRENT: SELF (S-only) 
Average power supply current during SELF REFRESH: CBR cycle 
with RAS :2: IRASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; 
AO-A 10 and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

MT4LC2M881(S) 
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Icc5 140 130 120 mA 3,27 

Icce 140 130 120 mA 3, 5 

Icc7 300 300 300 [.LA 3,5 

Icca 300 300 300 j.lA 5 

Micron Semiconductor, Inc., reserves the rlght to change products or specifications without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 
Input Capacitance: Addresses CI1 5 pF 2 

Input Capacitance: RAS, CAS, WE, OE CI2 7 pF 2 

InpuVOutpul Capacitance: DQ CIO 7 pF 2 

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

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time (CBR REFRESH) 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

MT4lC2MSB1(S) 
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SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

teAS 
tCSH 

tePN 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAl 

tRCS 

tRCH 

tRRH 

tClZ 

tOFF 

1-213 

MIN 

110 
150 
35 

85 

60 
60 
15 
40 
15 
60 
10 
10 
20 
5 
0 
10 
15 

0 
10 
50 

30 

0 
0 

0 

3 
3 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 

180 ns 

40 ns 

95 ns 

60 70 ns 14 
15 20 ns 15 
15 20 ns 23 
30 35 ns 

35 40 ns 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 20 100,000 ns 

70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 
5 ns 

0 ns 

10 ns 

30 15 35 ns 18 

0 ns 

15 ns 

55 ns 

35 ns 

0 ns 

0 ns 19 

0 ns 19 

3 ns 28 
15 3 20 ns 20,28 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = +3.3V ±0.3V) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

Refresh period - S option (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CSR REFRESH) 

CAS hold time 
(CSR REFRESH) 

WE hold time 
(CSR REFRESH) 

WE setup time 
(CSR REFRESH) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS pulse width entering SELF REFRESH 

RAS precharge time exiting SELF REFRESH 

CAS hold time entering SELF REFRESH 

MT4LC2M8Bl(S) 
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SYM 
twcs 
WCH 

tWCR 

twp 
tRWL 

tCWL 

tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 

IT 
tREF 

tREF 

tRPC 

tcSR 

tCHR 

WRH 

tWRP 

taRo 

too 

tOEH 

tRASS 

tRPS 

tCHD 

1·214 

MIN 
0 

10 

45 

10 

15 

15 

0 

10 

45 

85 

55 

40 

3 

0 

5 

15 

10 

10 

0 

3 

15 

100 

110 

15 

-6 -7 
MAX MIN MAX UNITS NOTES 

0 ns 21 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

55 ns 

95 ns 21 

60 ns 21 

45 ns 21 

50 3 50 ns 9, 10 

32 32 ms 

128 128 ms 26 

0 ns 

5 ns 5 

15 ns 5 

10 ns 25 

10 ns 25 

0 ns 

15 3 20 ns 28 

15 ns 

100 ~ 26 

130 ns 26 

15 ns 26 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor, Inc. 



NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = +3.3V; f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is 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. An initial pause of 100J,ls 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 IREF refresh 
requirement is exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to one TTL gate, 

SOpF and VOL = 0.8V and VOH = 2.0V. 
14. Assumes that IRCD < iRCD (MAX). If IRCD is 

greater than the maximum recommended value 
shown in this table, lRAC will increase by the 
amount that IRCD exceeds the value shown. 

15. Assumes that IRCD ~ 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 tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified iRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the IRAD (MAX) limit ensures that 
lRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if tRAD 

MT4LC2M8B1(S) 
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is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

19. Either IRCH or IRRH 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, IRWD, IA WD and ICWD are not restrictive 
operating parameters. twcs applies to EARLY WRITE 
cycles. IRWD, IAWD and ICWD 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 throughout the entire 
cycle. If IRWD ~ IRWD (MIN), IAWD ~ IAWD (MIN) 
and ICWD ~ ICWD (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. OE held HIGH and WE taken LOW after CAS 
goes LOW results in a LATE WRITE (OE-controlled) 
cycle. IWCS, iRWD, ICWD and IAWD 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 OE 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 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 IWRP .and twRH in the 
CBR refresh cycle. 

26. Refresh mustbe completed within the time of three 
external refresh rate periods prior to active use of the 
DRAM (provided distributedCBR 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. 

27. Column-address changed once each cycle. 
28. The 3ns minimum is guaranteed by design. 
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READ CYCLE 

IRC 

tRAS IRP 

RAS 
VIH -
VIL _ 

'cSH 

tRSH tRRH 

'CAP tRCD 'CAS 

CAS 
VIH -
VIL -

ADDR ROW 

V,H _7TTi'777,'777,T7TlTT777TTi7TTi7TTi'71-+---+-----+--k7777777777'T>77TI'777T> 
VIL -LLLLLLLLLLLL/.L.LLLLfL/.L.LLlLLLlLil 

DO ~:gr -:--------OPEN------~m~~~~t---OPEN---

0. ~:t =/JI!/I!$!/1///$/ffI!!lI!I!$!i/!/1/I!I!!;I$;d 

EARLY WRITE CYCLE 

IRC 

RAS 
V,H -
V,L -

leSH 

ICRP 

CAS V,H -
V,L -

IRAL 

leAH 

ADDR V,H 
VIL 

tCWL 

'wCH 
IWp 

DO ~:gt ~---V~-LlD-J 

ROW 

~ DON'T CARE 

~ UNDEFINED 

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

Rwe 

'RAS 'RP 

J 
-

teSH 

'I. 'RSH 

'CRP tRCO 'CAS 

=~ l 'AR 

'RAD I I tRAL I 

ADDR ~:t 
I~ ~I ~I 14 1 

=0'IIM ROW ~ COLUMN WIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII/x ROW 

I 

I I 'RWD .~II I tRCS .1 I leWD . ~~'t I' • IAWD 

I 
'AA 

I 'RAe 

I~ 
'eLZ_ bm r rl 

-
OPEN VALID Dour x: VALID DIN QPEN--

I~ 

DE ~:~ 4"///#/#$$$#$#//////////$$$#/&1 
~I, ~ 

FAST-PAGE-MODE READ CYCLE 

1-217 

~ DON'T CARE 

!2&l UNDEFINED 
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RAs 

CAS 

ADVANCE 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

OE ~:t 1II/I//$$/$/$/$I11!!1!1/$I//I/$$ff/IIII/$/§/§///I§!!I§§§$§!II/I/§§/§$j$I!§$/I!§1!J 

V,H 
Vil 

V,H 
Vil 

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

--

tRASP tRP 

~~--'---------.:----r.----------;------,' F=L 
tCSH *tpc /IPAWC IRSH 

r 
=---.1 

1-_---"tR"'cO"--__ I----"tC""AS'-------II-"'tcP'-III_-''c''''A''-S __ I ~ 1_----''c''''A''--S __ I 

r------, ,----

tAR 
tRAD 

~'---+-----11 

l.tASR'I~ ~I ~ ~~I ~I~AL 1'1 

1-218 

~ DON'T CARE 

~ UNDEFINED 
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r 
:--' 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = lOW) 

tRCD 

'AR 

tRAD 

(READ) , 
RAS 

IRSH 

11 
I 
II 'RAL I 

~ 
~ 

(REFRESH) , 
RAS 

tCHR 

f~l~ lAse .1[- leAH .. 1 

Y 

ADDR ~:t :~ ROW ~ COLUMN 

ADDR ~:t 

-

-

I 
I 'M 
I tRAG I 'OFF tCAG 

~l 
- -

OPEN = VALID DATA ~OPEN-

I~ ~ 

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo READ-MODiFY-WRiTE) 

~ 
'pc I 

tASH 

leSH 

I~ tRCD 'CAS tepp 'CAS 'ePN ,I 

~ 
I 

I~.I 
1 

'AR ~ 
tRAD 

~I I~ 
tRAL 

~I I~II~ I 
::;///M ROW }0',1 COLUMN 1M COLUMN ROW 

I 
II tCWL I I IRCS II lRWL 

Q ~gr =:-----i--OPEN-+-------jj&r }----OPEN----

DE ~:r =WA 
~~-------------------

~ DON'T CARE 

IllQij UNDEFINED 

NOTE: 1. Do not drive data prior to High-Z; that is completion.of tOFF. tcpp is equal to tOFF + tDS(MIN) + guardband 

MT4LC2M8Bl(S) 
REV.4/94 

between data-out and driving new data-in. 
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ADVANCE 

MIC:RON MT4LC2M881 (S) 
1-· "'" 2 MEG x 8 DRAM 

~------------~------------------------.: 
C 
:D » :s: 

NOTE: 

MT4LC2M8B1 (S) 
REV.4194 

RAS ONLY REFRESH CYCLE 
(OE a,nd WE = DON'T CARE) 

lAC 

_ VIH _c------,il 
RAS VIL - tcRP 11'------------"1 

ROW 

DO ~8t' -'-------------OPENI------------

AAS 

CAS 

DO 

WE 

V1H -
VIL _ 

VIH -
VIL -

CBR REFRESH CYCLE 
(AO-A 10; OE = DON'T CARE) 

SELF REFRESH CYCLE ("SLEEP MODE") 
(AO-A 10; OE = DON'T CARE) 

, r7Zl DON'T CARE 

~ UNDEFINED 

1. Once tRASS (MIN) is met and RAS remains LOW, the DRAM w"1 enter SELF REFRESH mode. 
2. Once tRPS is satisfied, a compete burst of all rows should be executed; 
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DRAM 

FEATURES 
• Industry-standard x8 pinout, timing, functions and 

packages 
• High-performance CMOS silicon-gate process 
• Single power supply: +3.3V ±O.3V 
• Low power, 1.2m W standby; 200m W 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 (Eoo) PAGE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 

• Packages 

-6 
-7 

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

• Refresh 
Standard (2,048 cycles at 32rns) none 
SELF (2,048 cycles at 128ms) S 

• Part Number Example: MT4LC2M8E7DJ-6 

GENERAL DESCRIPTION 
The MT4LC2M8E7(S) is a randomly accessed solid-state 

memories containing 16,777,216 bits organized in a x8 
configuration. The MT4LC2M8E7 RAS is used to latch the 
first 11 bits and CAS the latter 10 bits (AlO is 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 
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. 

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. 

If WE toggles LOW after CAS goes back HIGH, the output 
pins will open (High- Z) until the next CAS cycle, regardless 
ofOE. 

MT4LC2MBE7(S} 
REV. 4/94 

ADVANCE 

2 MEG x 8 DRAM 
3.3V EDO PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 28-Pin TSOP 
(DC-8) (00-3 ) 

Vee 1 28 Vss Vee Vss 

001 2 27 008 001 008 

002 3 26 007 002 007 

003 4 25 006 003 006 

004 5 24 DOS 004 DOS 

WE 6 23 CAS WE CAS 

RAS 22 BE RAS BE 
NC 21 A9 NC A9 

A10 9 20 A8 A10 A8 

AO 10 19 A7 AO A7 

A1 11 18 A6 A1 A6 

A2 12 17 AS A2 AS 

A3 13 16 A4 A3 A4 

Vcc 14 15 b Vss Vee Vss 

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 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 
The MT4C2M8E7 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. Eoo provides for CAS precharge time 
(tcP) to occur without the output data going invalid. This 
elimination of CAS output control provides for 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 similar to FAST 
PAGE MODE DRAMs, except data will remain valid or 
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become valid after CAS goes HIGH during READs, pro
vided 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). 

ADVANCE 

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 IOFF, which is referenced from the rising edge of 
RAS or CAS, whichever occurs last. 

RAs ~:~:~'-_____________________________________ _ 

\COLUMN(B) ~pOLUMN (C) 

I 
DO ~:g~ ____ _ 

VALIDDATA(B) VALIDDATAIC) VALID DATA (D) 

I~":, ISOO r--l9 ~=---------" ~------~ ~ ~--------

The DOs go back to 
Low-Z if 'DES is met. 

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

I 
The DOs remain High-Z 
until the next CAS cycle 
if'OEP is met. 

~ DON'TeARE 

~ UNDEFINED 

Figure 1 
OUTPUT ENABLE AND DISABLE 

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. 

An optional SELF REFRESH mode is also available on 
the MT4LC2M8E7 S. The "S" option 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 

MT4LC2M8E7(S) 
REV. 4/94 

the specified tRASS. Additionally, the "s" option allows for 
an extended refresh rate of 62.5~s per row if using distrib
uted CBRREFRESH. This refresh rate can be applied during 
normaloperationor duringa standby or BA TTERYBACKUP 
mode. 

The SELF REFRESH mode is terminated by driving RAS 
HIGHforaminimumtimeoflRPS(~tRC).Thisdelayallows 
for the completion of any internal refresh cydes 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 or BURST REFRESH sequence, all 2,048 
rows must be, refreshed within 600~s prior to the resump
tion of normal operation. 
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UII:::I=ICN'( , MT4C1625617 
1-· oeMC","""J' " 256K x 16 DRAM 

DRAM 

FEATURES 
• Industry-standard x16 pinouts, timing, functions 

and packages 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply" 
• Low power, 3m W standby; 375m W active, typical 
• All device pins are fully TIL-compatible 
• 512-cycle refresh in 8ms (nine rows and nine columns) 
• Refresh modes: RAS ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST PAGE MODE access cycle 
• BYTE WRITE access cycle 
• BYTE READ access cycle (MT4C16257 only) 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Write Cycle Access 
BYTE or WORD via WE 
BYTE or WORD via CAS 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 

MARKING 

-6" 
-7 
-8 

16256 
16257 

DJ 
TG 

• Part Number Example: MT4C16256DJ-7 
*60ns specifications are limited to a Vee range of ±5%. 

GENERAL DESCRIPTION 
The MT4C16256/7 are randomly accessed solid-state 

memories containing 4,194,304 bits organized in a x16 
configuration. The MT4C16256 has both BYTE WRITE 
and WORD WRITE access cycles via two write enable pins. 
The MT4C16257has both BYTE WRITE and WORD WRITE 
access cycles via two CAS pins. 

The MT4C16256 and MT4C16257 function in the same 
manner except that WEL and WEH on MT4C16256 and 
CASL and CASH on MT4C16257 control the selection of 
byte WRITE access cycles. WEL and WEH function in an 
identical manner to WE in that either WEL or WEH will 
generate an internal WE. CASL and CASH function in an 

MT4C162S6n 
REV. 4/94 

256K x 16 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(DC-6) 

v" 
DQ' 
002 
DOO 
DQ4 

v" 
DQ5 
DQ. 

DQ' 
DQ. 

Ne 
'WEUNC 

'WEHIWE 

Ne 
AO 
A1 

A2 

A3 

V" 

1 
2 
3 
4 
5 
6 
7 

• 
9 
10 

" 12 
13 
14 
15 
16 
17 ,. 
19 
20 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
2. 
27 
26 
25 
24 
23 
22 
21 

y" 
0016 
0015 
OQ14 

0013 

OQ12 

OQ11 

0010 
DQ, 

Ne 
NC/CASl* 
CAS/CASH" 

DE 
AS 
A7 

A. 
A5 

M 

y" 

'MT4C16256 / MT4C16257 

40/44-Pin TSOP 
(00-5) 

v" 
0016 
OQ15 

OQ14 

0013 
y" 
D012 
0011 
DOto 
DQ. 

Ne 
NC/CASL* 
CASICASH* 

DE 
AS 

A7 
A6 
A5 
A4 

~~ __ ~ .... v" 

identical manner to CAS in that either CASL or CASH will 
generate an internal CAS. 

The MT 4C16256 WE function and timing are determined 
by the first WE (WEL or WEH) to transition LOW and by the 
last to transition back HIGH. Use of only one of the two 
results in a BYTE WRITE cycle. WEL transitioning LOW 
selects a WRITE cycle for the lower byte (DQ1-DQ8) and 
WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT4C16257 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. 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 during READ 
cycles for the MT4C16257. 
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FUNCTIONAL BLOCK DIAGRAM 

AD 
A1 
A2 

A3 

A4 
A5 

A6 

A7 

A8 

MT4C16256 
ONLY 

WEL o-H----'<5\'I 
WEH o-H...-;V 

MT4C16257 
ONLY 

CASL ~>-+-15i0 
CASH P+~~~~~ 

RAS o----1~~~~::.J::===~-----~ 

MT4C1625617 
REV. 4/94 1-224 

512x512x16 
MEMORY 
ARRAY 

D01 

• • 
D016 

i-----oOE 

-----0 Vee 

~vss 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 18 address 

bits during READ or WRITE cycles. These are entered 9 bits 
(AD-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 
MT4C16256 has one CAS control while the MT4C16257 has 
two, 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 each CAS controls its corresponding DQ tristate 
logic (in conjunction with OE and WE). CASL controls DQl 
through DQ8 and CASH controls DQ9 through DQI6. 

The MT4C16257 CAS function is determined by the first 
CAS (CASL or CASH) to transition LOW and the last one 
to transition back HIGH. The two CAS controls give the 
MT4C16257 both BYTE READ and BYTE WRITE cycle 
capabilities. 

READ or WRITE cycles on the MT4C16257 are selected 
with the WE input while either WEL or WEH perform the 
WE on the MT4C16256. The MT4C16256 WE function is 
determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

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 initiate a 
WRITE cycle, selecting DQl 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 data inputs and 16 data outputs are routed through 
16 pins using common I/O and pin direction is controlled 
by OE, WEL and WEH (MT4CI6256) or WE (MT4CI6257). 

MT4C16256/7 
REV. 4194 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row-address-defined (AD-A8) 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 CAS. CAS may be toggled 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 CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby leveL 
The chip is also 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 (RASONLY, CBR, 
or HIDDEN) so that all 512 combinations of RAS addresses 
(AD-A8) are executed at least every 8ms, regardless of 
sequence. The CBR REFRESH cycle will also invoke the 
refresh counter and controller for row-address controL 

BYTE ACCESS CYCLE 
The BYTE WRITE mode is determined by the use of 

WEL and WEH or CASL and CASH. Enabling wa; 
CASLwill select a lower BYTE WRITE cycle (DQ1-DQIl) 
while enabling WEH or CASH will select an rtC'pl'r BYTE 
WRITE cycle (DQ9-DQI6). Enabling both W' and wmT 
or CASL and CASH selects a WORD WRITE cycle. 

The MT4C16256 and MT4C16257 can be viewed as two 
256K x 8 DRAMS which have common input controls, with 
the exception of the WE or the CAS inputs. Figure 1 illus
trates the MT4C16256 BYTE WRITE and WORD WRITE 
cycles and Figure 2 illustrates the MT4C16257BYTE WRITE 
and WORD WRITE cycles. 

The MT4C16257 also has BYTE READ and WORD READ 
cycles, since it uses two CAS inputs to control its byte 
accesses. Figure 3 illustrates the MT4C16257 BYTE READ 

. and WORD READ cycles. 
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RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(D01-DOB) 
OFWQRD 

UPPER BYTE 
(DQ9-DQ16) 
OF WORD 

I-+--- WORD WRITE __ I_LOWER BYTE WRITE --------+1 

STORED 

DATA 

~ 
~ 

\~---------'/ 

\~---'---~/ 

\>---. --~( 

INPUT STORED 

' '': ~ 

-----0> ~:o~, 
X -----» I 

X .-----l<> 

I_~~~ ADDRESSO --------- •• ~~~~- ADDRESSl 

X", NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C16256 WORD AND BYTE WRITE EXAMPLE 

1------ WORD WRITE --------1-- LOWER BYTE WRITE ---------------I 
RAS 

CASL \ / \ r-
CASH \ 

WE ~ / \ ;----

STORED INPUT INPUT STORED STORED INPUT INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA DATA 

i >i ~ 
, 

>~ -0> 0 0> , 

-3> 1 0> 0 

LOWER BYTE -0> 0 - -,... 1 

(D01-DOB) -0> 0 -- --:;:. 1 

OF WORD -,. 0 -----;:. 1 
-,. 0 ---:;> 1 

-,. 0 ,. , 

~ >~ ~ >~ 
---3>- 0 X - --------;;. 0 

UPPER BYTE 
---3> 1 X --------:;:. 1 

(D09-D016) 
-----3>- 0 ---:;> 0 x - --------3>- 0 

OF WORD 
,. ---:;:. 1 X ----- --------:;.. 1 

---:;:. 1 --------:;.. 1 

---;:. 1 --------:;> 1 

---;... 1 --------;;.. 1 

-- ADDRESS 0 --------. . ADDRESS 1 

X", NOT EFFECTIVE (DON'T CARE) 

Figure 2 
MT4C16257 WORD AND BYTE WRITE EXAMPLE 
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1_ WORD READ ----+-I~ LOWER BYTE READ ~I 

AAS 

CASL 

CASH 

WE -----.l 

LOWER BYTE 
(001-008) 
OF WORD 

UPPER BYTE 
(009-D016) 
OF WORD 

STORED 

DATA 

~ 
I 

Z:=High-Z 

\'-----~/ 

\'---~ 

OUTPUT OUTPUT STORED STORED 

DATA DATA DATA DATA 
1·-----» 1 

~ I 1 -----);>- 1 

----» 1 

---;<>- 1 
-----;<>- 1 
-----;> 1 

----;> 1 

-----» 0 

~ ~ 
Z -- --,. 1 

Z -----;:. 0 
----;> 1 

0 
-----c;;.- 0 

---c;;.- O 

---» 0 

ADDRESS 0 ___ . 

Figure 3 

\~---~ 

L 

OUTPUT OUTPUT STORED 

DATA DATA DATA 
---;:. 1 

~ 
---» 1 

-----» 0 
---» 1 

--» 1 

-----» 1 
----» 1 

---» 1 

---» Z 

~ 
-----» Z 
----» Z 

-----~ Z 

----;> Z 
- --;<>- Z 

-----);>- z 
-----» z 

ADDRESS 1 

MT4C16257 WORD AND BYTE READ EXAMPLE 
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TRUTH TABLE: MT4C16256 

ADDRESSES 

FUNCTION lfAS "CAS Wtr WEn" DE IR IC DOs NOTES 

Standby 'H H-+X X X X X X High-Z 

READ L L H H L ROW COL Data-Out 

WRITE: WORD L L L L X ROW COL Data-In 
(EARLY WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data-In 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 
BYTE (EARLY) Upper Byte, Data-In 

READ WRITE L L H-+L H-+L L-+H ROW COL Data-Out, Data-In 1 

PAGE-MODE 1st Cycle L H-+L H H L ROW COL Data-Out 

READ 2nd Cycle L H-+L H H L n/a COL Data-Out 

PAGE-MODE 1st Cycle L H-+L L L X ROW COL Data-In 1 

WRITE 2nd Cycle L H-+L L L X n/a COL Data-In 1 

PAGE-MODE 1st Cycle L H-+L H-+L H-+L L-+H ROW COL Data-In 1 

READ-WRITE 2nd Cycle L H-+L H-+L H-+L L-+H n/a COL Data-Out, Data-In 1 

HIDDEN READ L -+H-+L L H H L ROW COL Data-Out 

REFRESH WRITE L -+H-+L L L L X ROW COL Data-In 1,2 

RASONLY L H X X X ROW n/a High-Z 
REFRESH 

CBR REFRESH H-+L L X X X X X High-Z 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 
2. EARLY WRITE only. 

MT4C1625617 
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TRUTH TABLE: MT4C16257 

ADDRESSES 

FUNCTION RAS CASL CASH WE or IR Ie DOs NOTES 

Standby H H--+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 Lower Byte, 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 

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 

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 

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 L H H X X ROW n/a High-Z 
REFRESH 

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). 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .............. -1V to +7V 
Operating Temperature, TA (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + 1S0°C 
Power Dissipation .......................................................... 1.2W 
Short Circuit Output Current ..................................... SOmA 

*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. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = +5V ±1 0%**) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT 
Any input OV ::; VIN ::; Vcc II -2 2 j.tA 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV ::; VOUT ::; 5.5V) loz -10 10 j.tA 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6** -7 -8 UNITS NOTES 

STANDBY CURRENT: (TIL) Icc1 2 2 2 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 195 175 160 mA 3,4,41 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 120 110 100 mA 3,4,41 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]; ICp, IASC = 10ns) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS=VIH: IRC = IRC [MIN]) 

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

**60ns specifications are limited to a Vcc range of ±5%. 

MT4C1625617 
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Iccs 195 175 160 mA 3,41 

Icc6 180 160 140 mA 3,5 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-AS 

Input Capacitance: RAS, CAS!(CASL,CASH), (WEL, WEH)! WE, OE 

Input/Output Capacitance: DQ (SOJ, TSOP) 

SYMBOL 

CI1 

CI2 

CIO 

MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, S, 9,10,11,12,13) (Vec = +5V ±10%*) 

AC CHARACTERISTICS -6· 
PARAMETER SYM MIN 

Random READ or WRITE cycle time tRC 110 
READ WRITE cycle time tRWC 150 
FAST-PAGE-MODE READ or WRITE tpc 35 
cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC 85 
cycle time 

Access time from RAS tRAC 

Access time from CAS tCAC 

Output Enable time tOE 

Access time from column-address tAA 

Access time from CAS precharge tCPA 

RASpulse width tRAS 60 
RAS pulse width (PAGE MODE) tRASP 60 
RAS hold time tRSH 15 
RAS precharge time tRP 40 
CAS pulse width tCAS 15 
CAS hold time tcSH 60 
"CAS precharge time tCPN 10 
CAS precharge time (PAGE MODE) tcp 10 
RAS to CAS delay time tRCD 20 
CAS to RAS precharge time tCRP 10 
Row-address setup time tASR 0 
Row-address hold time tRAH 10 
RAS to column- tRAD 15 
address delay time 

Column-address setup time tASC 0 
Column-address hold time tCAH 10 
Column-address hold time tAR 50 
(referenced to RAS) 

Column-address to tRAL 30 
RAS lead time 

Read command setup time tRCS 0 
Read command hold time tRCH 0 
(referenced to CAS) 

·60ns specifications are limited to a Vec range of ±5%. 

MT4C1625617 
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MAX MIN 

130 
175 
40 

95 

60 
15 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

1-231 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

195 ns 

45 ns 34 

100 ns 34 

70 80 ns 14 
20 20 ns 15,32 
20 20 ns 32 
35 40 ns 

40 45 ns 32 
100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 39 
60 ns 

100,000 20 100,000 ns 38 
80 ns 31 
10 ns 16,35 
10 ns 35 

50 20 60 ns 17,30 
10 ns 31 
0 ns 

10 ns 

35 15 40 ns 18 

0 ns 30 
15 ns 30 
60 ns 

40 ns 

0 ns 26,30 
0 ns 19,26,31 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

-C 
:D » s: 



• c 
::c » 
3: 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = +5V ±1 0%') 

AC CHARACTERISTICS -6' 
PARAMETER SYM MIN 
Read command hold time tRRH 0 
(referenced to RAS) 

CAS to output in Low-Z tCLl 3 

Output buffer turn-off delay tOFF 3 

Output disable time too 3 

Write command setup time twcs 0 

Write command hold time tWCH 10 

Write command hotd time tWCR 45 
(referenced to RAS) 

Write command pulse width twp 10 

Write command to RAS lead time tRWL 15 

Write command to CAS lead time tCWL 15 

Data-in setup time tDS 0 
Data-in hold time tDH 10 

Data-in hold time tDHR 45 
(referenced to RAS) 

RAS to WE delay time tRWD 85 

Column-address tAWD 55 
to WE delay time 

CAS to WE delay time tCWD 40 

Transition time (rise or fall) tT 3 

Refresh period (512 cycles) tREF 

RAS to CAS precharge time tRPC 10 

CAS setup time tCSR 10 
(CBR REFRESH) 

CAS hold time tCHR 10 
(CBR REFRESH) 

OE hold time from WE during toEH 15 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during tORD 0 
HIDDEN REFRESH cycle 

Last CAS going LOW to first CAS tCLCH 10 
returning HIGH 

'60ns specifications are limited to a Vee range of ±5%. 

MT4C16256f7 
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MAX 

15 

15 

50 

8 

1-232 

MIN 
0 

3 

3 

3 

0 

10 

55 

10 

20 

20 

0 

15 

55 

95 

60 

45 

3 

10 

10 

10 

20 

0 

10 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 19 

3 ns 32 

15 3 15 ns 20,28,32 

15 3 15 ns 28,40 

0 ns 21,26,30 

10 ns 26,39 

60 ns 26 

10 ns 26 

20 ns 26 

20 ns 26,31 

0 ns 22,32 

15 ns 22,32 

60 ns 

105 ns 21 

65 ns 21 

45 ns 21,30 

50 3 50 ns 9,10 

8 8 ms 

10 ns 

10 ns 5,30 

10 ns 5,31 

20 ns 27 

0 ns 

10 ns 33 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±lO%;f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minimum cycle 
tirrie and the output open. 

5. Enables on-chip refresh and address counters. 
6. The minirrium specifications are used only to indicate 

cycle time at which proper operation over the full 
temperature range (O°C ::;; T A::;; 70°C) is assured. 

7. An initial pause of 100~s 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 
tirrie the IREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vrn and VIL (or between VIL 
and Vrn). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and 100pF, VOL = 0.80 and VOH = 2.0V. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (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 must be pulsed 
HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by ICAe. 

18. Operation within the lRAD limit ensures that IRCD 
(MAX) can be met. lRAD (MAX) is specified as a 
reference point only; iftRAD is greater than the 
specified lRAD (MAX) limit, access time is controlled 
exclusively by IAA. 

*The 3ns minimum is a parameter guaranteed by design. 

MT4C16256rT 
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19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition; it is not a 
reference to VOH or VOL. * 

21. twcs, IRWD, IAWD and ICWD are restrictive 
operating parameters in LATE WRITE and READ
MODIFY-WRITE cycles only. IftwCS ~ twcs (MIN), 
the cycle is an EARLY WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. IfIRWD ~ IRWD (MIN), IAWD ~ IAWD 
(MIN) and ICWD ~ ICWD (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 Vrn) 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 OE is LOW then takl'n III( ;11 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, a LATE WRITE or REAO
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 V cc -0.2V. 
26. Write command is defined as either WEL or WEH or 

both going LOW on the MT4C16256. Write command 
is defined as WE going LOW on the MT4C16257. 

27. LATE WRITE and READ-MODIFY-WRITE cycles 
must have both laD and 10EH 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 10EH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

28. The DQs open during READ cycles once laD or 10FF 
occur. If CAS goes HIGH before OE, the DQs will 
open regardless of the state of the 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. 

1-233 Micron Semiconductor, Inc., reserves the right to change products or specifications without notioo. 
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NOTES (continued) 
29. Notes 31 through 41 apply to MT4C16257 only. 
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. 

MT4C16256f7 
REV. 4194 

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. 
41. Column-address changed once each cycle. 
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READ CYCLE 

tAC 

tAAS tAP 

\ 
tCSH 

'RSH tRRH 

tCRP tRCD 'CAS tCLCH 

tAA 

I~~I ~~ 
ADDR ~ir :'l////~ ROW ~ COLUMN AOW 

tRCS 

~l 
~~~ --------OPEN-------~~=V~AL~ID~DA~T~A jr---OPEN---

I~I~ 
15E ~:t _-TJ1/;'77:;J/;1771//;777lhTr.:;; /;'77:1//;177:;; /;777lhTr.1 / /;77:1/ /;1771//;777lh=:;; /;=1 / /;177:;; /;777lh=:;; /;=/jh777:W;}l PI ///1//1/////1///1/11/;1 /II! //$iI 

RAS V,H 
VIL 

CAsH,CAs[ V,H 
orCAS VIL 

ADDR V,H 
VIL 

DO YOH 
VOL 

EARLY WRITE CYCLE 

'RAS 'AP 

- [t \ -
'CSH 

'ASH 

teAP 'RCD 'CAS 'CLCH 

=-' 
tAA 

IRAQ IRAL 

I~ ~I ~ ~ 
=w',1i AOW 

-

~.at COLUMN AOW 

'CWL 

I 'RWL 

'WGR 
IWCS 'WCH 

-'W-P--

'OHR 

I~ ~! 
VALID DATA 

1-235 
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RAS 

CASH,CASL 
orCAS 

WEL,WEH 
orm 

RAS 
V,H 
VIL 

CASR,CASL V'H 
orCAS VIL 

V,H 
VIL 

WEL,wEH V,H 
orWE VIL 

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

tRAS 'RP 

V,H 
VIL 

-
-

IOSH 

1 'RSH 

V,H 
VIL 

I~ tRCD 'CAS 'CLCH 

}~ =--' 
'AR 

IRAQ I I 'RAl 1 

V,H 
VIL 

I~ ~ ~I ~I I 
~ ROW ~ COLUMN ROW 

V,H 
VIL 

I 
I I IRWD 

~'I I" + 'Res 1 I leWD 'RWL 

'AWD 
'WP ~I. 

I 'AA 

I 'RAG 

I 

-~ 
-

'CLZ- 1= ,eel 
OPEN VALID DOUT X VALlDD 1N OPEN---

~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

=L -
ICSH Ipe 'RSH 

I~ IRCO tCAS. 'CLCH ~_'ep_ tCAS, tCLCH tOPN 

=.J 
'AR t ~ f----" 

~Iep__ 'eAS, leLe",~ 

'RAL 1 
~ I~ ~I~ I~ ~I ~II teAH_1 I 

=wt ROW r0'A 

I -

I 

OPEN 

~ 
COLUMN WIIIIIA COLUMN W//,1m COLUMN ROW 

'Res 1 tRCH-- t1 tiRes Ii tRCH- -1 't'RGS J-r 
-I f'RRH ~ 

wr ~ ~ 
'AA 'AA 'AA 

I tRAG I 'CPA I tCPA 

lcuj '~ ~j~ ~,,)~ - -!oFF 
tCLZ L 'CLZ- 1:-

VALID VALID 
DATA 

~I~I~ 

1-236 

DATA 

,rl~ 

VALID 
DATA 

,I~r 
{---OPEN--

~ DON'TeARE 

~ UNDEFINED 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

~ ~ 'we ~I ~ 'WP ~\I ::H~\ 
iiiiEC,WEH VIH 

elrWE' V 1L 
,I ~ ~ II I. 

'WCR 'AWL I I I tDHR 

I--,~--II~I I~ I~I I~~J 
VALID DATA W//M VALID DATA V//"x VALID DATA 

Dc ~:~ $/////1//////////1///////1//1//1/$/////1/////1////////1$////1/////////1////////////////////////)111///////////////,1 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

'RASP 

DO ~gr -'----------

1-237 
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~ UNDEFINED 
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RAS ONLY REFRESH CYCLE 
(ADDR = AO-A8; OE, WEL, WEH or WE = DON'T CARE) 

Q ~g~ ----------OPEN---------

'RP 

:--{'RPC 

CBR REFRESH CYCLE 
(AO-A8; OE = DON'T CARE) 

'RAS 'RP 

1 
tRAS 

CASH,CASL V,H _~I, ~I, :II" t 
o,CAS VIL -~L-. __ ----'l'----__ ---'~'__ __ -----Ll _____ _ 

~~ tePN I~ ~ ~ 

DO OPEN---------

HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

CASl~~ASH ~IH-~---++-------o!1 

CAS IL- t--------t----t---------1 

AODR ~:~= 

DQx ~gt -:----OPEN~'------~~=:==~VA~LlO~DAT~A ==j OPEN-

1-238 

~ DON'T CARE 

~ UNDEFINED 
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DRAM 

FEATURES 
• Industry-standard x16 pinouts, timing, functions 

and packages 
• High-performance CMOS silicon-gate process 
• Single +3.3V ±0.3V power supply* 
• Low power, 0.3mW standby; 175mW active, typical 
• All device pins are fully LVTTL-compatible 
• 512-cycle refresh in 8ms (MT4LC16256/7) or 64ms 

(MT4LC16256/7 S) 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and optional Extended and SELF 
• FAST PAGE MODE access cycle 
• BYTE WRITE access cycle 
• BYTE READ access cycle (MT4LC16257(S) only) 
• Symmetrical addressing (nine rows, nine columns) 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Write Cycle Access 
BYTE or WORD via WE 

BYTE or WORD via CAS 

BYTE or WORD via WE 
SELF REFRESH and Extended Refresh 

BYTE or WORD via CAS 
SELF REFRESH and Extended Refresh 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 

MARKING 

-6* 
-7 
-8 

16256 

16257 

16256 S 

16257 S 

DJ 
TG 

• Part Number Example: MT4LC16257DJ-7 S 
*60ns specifications are limited to a Vee range of ±O.lSV. 

GENERAL DESCRIPTION 
The MT4LC16256 /7(S) are randomly accessed solid-state 

memories containing 4,194,304 bits organized in a x16 
configuration. The MT4LC16256(S) has both BYTE WRITE 
and WORD WRITE access cycles via two write enable pins. 
The MT4LC16257(S) has both BYTE WRITE and WORD 
WRITE access cycles via two CAS pins. 

The MT4LC16256(S) and MT4LC16257(S) function in the 
same manner except that WEL and WEH on MT4LC16256 

MT4LC16256!7(S) 
REV. 4/94 

ADVANCE 

256K x 16 DRAM 
3.3V FAST PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 40/44-Pin TSOP 
(DC-6) (DD-5) 

VCO 1 '0 V" 
Vee 

D01 2 39 D016 D01 

D02 3 3B D015 
D02 
D03 

D03 , 37 D014 
DO' 

DO' 5 36 D013 Vee 
V", 35 V" DOS 

DOS 34 DQ12 D06 
D06 B 33 DQ11 D07 

D07 , 32 OQ10 D08 

DQ8 10 31 DQ' 
NC 11 30 NC 

*WEUNC 12 29 NC/CASL* NC 
'WEUNC 

·WEHmE 13 28 CAS/CASH' 'WEi1~ 
RAS 14 27 DE f\A§ 

NC 15 26 A8 NC 
AO 16 25 A7 AO 
A1 17 24 A6 Al 
A2 18 23 AS A2 

A3 19 22 A4 A3 

Vco 20 21 V" Vco 

"MT 4LC16256(S)/MT 4LC16257(S) 

and CASL and CASH on MT 4LC16257 control the selection 
of byte WRITE access cycles. WEL and WEH function in an 
identical manner to WE in that either WEL or WEH will 
generate an internal WE. CASL and CASH function in an 
identical manner to CAS in that either CASL or CASH will 
generate an internal CAS. 

The MT4LC16256(S) WE function and timing are deter
mined by the first WE (WEL or WEH) to transition LOW 
and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. WEL transitioning 
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8) 
and WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9~DQ16). 

The MT4LC16257(S) CAS fimctionand timing are deter
mined by the fIrst CAS ( CASL or CASH) fo transition LOW 
and by the last to transition back HIGH. Use of only one of 
the two results in a BYTE WRITE cycle. CASL transitioning 
LOW selects a WRITE cycle for the lower byte (DQI-DQ8) 
and CASH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). BYTE READ cycles are achieved 
throughCASL or CASH in the same manner during READ 
cycles for the MT4LC16257(S). 
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REFRESH 
An optional SELF REFRESH mode is also available. The 

"S" option 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 RAS LOW 
for the specified tRASS. Additionally, the "S" option allows 
for an extended refresh rate of 12511s per row if using 
distributed CBR REFRESH. This refresh rate can be applied 
during normal operation or during a standby mode. 

ADVANCE 

The SELF REFRESH mode is terminated by driving RAS 
HlGHforaminimumtimeoftRPS(~tRC).Thisdelayallows 

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 or BURST REFRESH sequence, all rows must be 
refreshed within 300l1s prior to the resumption of normal 
operation. 

FUNCTIONAL BLOCK DIAGRAM 

MT4LC16256 S 
ONLY 

WEL <>-1f-t--l5i0 

WEH <>-H---l1!../ 

MT4LC16257 S 
ONLY 

AO 
A1 

A2 
A3 
A4 
A5 
A6 

A7 
A8 

CASL <>-~---<~ 

CASH ~~~~--~ 

RAS o----j 
~~~=='---~ 

MT4LC1625617{S) 
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512x512x16 
MEMORY 
ARRAY 

D01 
• • 

D016 

1+------<> OE 

---.0 Vee 

---.0 Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications Without notice. 
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RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(D01-D08) 
OF WORD 

UPPER BYTE 
(D09-D016) 
OF WORD 

\_ WORD WRITE _\_ LQWERBYTEWRITE_\ 

\>--i --~/ \>--. --~/ 
~---~ 

\'---'---~/ \'---'--~~ 

STORED INPUT STORED STORED INPUT STORED 

DI~,':;TA .~. i DATA DATA 

~ 
~:::o :: ~ ~ 

x ,-

----:;:. 

-----:;> 

X .-----:;:. ~ 
_ ADDRESSO _ •• ---- ADDRESS1 -----1 

X", NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4LC16256(S) WORD AND BYTE WRITE EXAMPLE 

1_ WORD WRITE -1--lOWERBYTEWR,TE-1 

RAS 

\~ ___ --.J/ 

WE ~~--'-_-+-__ ~/ 

LOWER BYTE 
(D01-008) 
OF WORD 

UPPER BYTE 
(009-D016) 
OF WORD 

STORED 

DATA 

~ 
~ 

INPUT 

DATA 

1 
o . 

STORED STORED 

- ~ 0 
~ 0 

DATA _::D~r 

o ----- - - :;:. 0 
o ----. - - :;:. 0 

~ 0 

:::::~~ i ::~::~ r: 
----:;> 1 --» 1 

--.,. 1 

X - -:;:. 1 --l> 1 

INPUT 

DATA 
INPUT STORED 

x . 
x - " --
x ---.---
X .. 

DATA _~ D~~TA 
~ 1 

- ~ 0 

--;:.- 1 

~ 1 
-~ 1 
~ 1 

~ 1 

.... ~~ ----> 0 

----:;:. 1 

----:;> 0 

----:;:. 1 
----:;:. 1 

---<~.. 1 

----,.. 1 

_ ADDRESSO _____ ~.----- ADDRESS1 ~----I 

x = NOT EFFECTIVE (DON'T CARE) 

Figure 2 
MT4LC16257(S) WORD AND BYTE WRITE EXAMPLE 

ADVANCE 
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ADVANCE 

1......--- WORD READ ~1' LOWER BYTE READ ------+ I 
AAS 

CASL \ I \ r-
CASH \ / 

WE -----.l "-----! '---
STORED OUTPUT OUTPUT STORED STORED OUTPUT OUTPUT STORED 

DATA DATA DATA DATA DATA DATA DATA DATA 

~ 
1 .-----;.. 1 

~ ~ 
.-----;;. 1 

~ 
LOWER BYTE 1 ._----» 1 --,. 1 

(001-008) o .-----;. 0 ----;.. 0 

OF WORD .• ----'» 1 1 ._----;.. 1 

1 -----,.. 1 

1 .-----:;;. 1 

1 ...... » 1 1 -----;;. 1 
._- .. _J>. 1 1 -----:;;. 1 

I 
.-----;0. 0 

~ ~ 
Z .-----:;;. Z 

~ 
Z .-----;0. 1 Z .-----;,. z 

UPPER BYTE z .-----;.. 0 Z .-----3> Z 

(009-0016) z .-----,. 1 Z -----;;. z 
OF WORD .-----:;;. 0 z -----;,. z 

.. ---,.. 0 z -----:;;. z 
._----» 0 -----;;. z 
.-----)1:> 0 -----:;:. Z 

ADDRESSO_ . ADDRESS 1 

Z=High-Z 

Figure 3 
MT4LC16257(S) WORD AND BYTE READ EXAMPLE 
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ADVANCE 

TRUTH TABLE: MT4LC16256{S) 

ADDRESSES 

FUNCTION RAS as WEL WEH or IR IC DOs NOTES 

Standby H H .... X X X X X X High-Z 

READ L L H H L ROW COL Data-Out 

WRITE: WORD L L L L X ROW COL Data-In 
(EARLY WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data-In 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 
BYTE (EARLY) Upper Byte, Data-In 

READ WRITE L L H .... L H .... L L .... H ROW COL Data-Out, Data-In 1 

PAGE-MODE 1st Cycle L H .... L H H L ROW COL Data-Out 

READ 2nd Cycle L H .... L H H L n/a COL Data-Out 

PAGE-MODE 1st Cycle L H .... L L L X ROW COL Data-In 1 

WRITE 2nd Cycle .L H .... L L L X n/a COL Data-In 1 

PAGE-MODE 1st Cycle L H .... L H .... L H .... t L .... H ROW COL Data-In 1 

READ·WRITE 2nd Cycle L H .... L H .... L H .... L L .... H n/a COL Data-Out, Data-In 1 

HIDDEN READ L .... H .... L L H H L ROW COL Data-Out 

REFRESH WRITE L .... H .... L L L L X ROW COL Data-In 1,2 

RASONLY L H X X X ROW n/a High-Z 
REFRESH 

CBR REFRESH H .... L L X X X X X High-Z 

SELF REFRESH H .... L L X X X X X High-Z 
(MT4C16256!7 S only) 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 
2. EARLY WRITE only. 

MT4LC1625617(S) 
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ADVANCE 

• TRUTH TABLE: MT4LC16257(S) 

C 
JJ 
l> s: 

ADDRESSES 

FUNCTION RAS "CAS[ CASH WE"" 1)£ IR IC DOs NOTES 

Standby H H--+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 Lower Byte, 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 

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 nfa COL Data-Out 2 

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 nfa COL Data-In 1 

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 nfa 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 L H H X X ROW nfa High-Z 
REFRESH 

CBR REFRESH H--+L L L X X X X High-Z 4 

SELF REFRESH H--+L L X X X X X High-Z 
(MT4C16256n S only) 

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). 

MT4LC1625617(S) 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss ........... -IV to +4.6V 
Operating Temperature, TA (ambient) ., ........ O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + lS0°C 
Power Dissipation .......................................................... 1.2W 
Short Circuit Output Current ..................................... SOmA 

ADVANCE 

*Stressesgreater 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. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (O°C $; T A $; 70°C; Vee = +3.3V ±0.3V") 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV ~ VIN ~ Vee 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV $; VOUT ~ 3.6V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2mA) 
Output Low Voltage (lOUT = 2mA) 

'*60ns specifications are limited to a Vee range of ±0.15V. 

MT4LGI625617(S) 
REV. 4/94 1-245 

SYMBOL MIN MAX UNITS NOTES 

Vee" 3.0 3.6 V 

VIH 2.0 Vee+1 V 

VIL -1.0 0.8 V 

II -2 2 W\ 

loz -10 10 I-lA 

VOH 2.4 V 

VOL 0.4 V 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

z 
m 
:E -C 
l:J » :s: 



z 
m 

ADVANCE 

~------------------------~ 

• C 
::D 
l> :s: 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = +3.3V ±0.3V··) 

PARAMETER/CONDITION VERSION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) MT4LC16256/7 
(RAS = CAS = Vcc -0.2V) MT4LC16256/7 S 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = 
tpc [MIN]; tcp, tASC = 10ns) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC [MIN]) 

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

REFRESH CURRENT: Extended 
Average power supply current, CAS = 0.2V or MT4LC1625617 S 
CBR cycling; tRAS = tRAS (MIN); WE, AQ-A8 and 
DIN = Vcc-0.2V or 0.2V (DIN may be left open) 

REFRESH CURRENT: SELF 
Average power supply current, CBR cycling with 
tRAS ~ tRASS (MIN) and CAS held LOW; MT4LC1625617 S 
WE = Vcc-0.2V; AO-A8 and DIN = Vcc-0.2V or 
0.2V (DIN may be left open) 

"60ns specifications are limited to a Vcc range of ±0.15V. 

MT4LC16256J7(S) 
REV. 4194 1-246 

MAX 

SYMBOL -6" -7 -8 UNITS NOTES 

Icc1 1 1 1 mA 

Icc2 500 500 500 f.lA 25 
Icc2 100 100 100 f.lA 25 

Icc3 120 110 100 mA 3,4,41 

Icc4 70 60 50 mA 3,4,41 

I: 

Icc5 120 110 100 mA 3 

Icc6 120 110 100 mA 3,5 

Icc7 150 150 150 IlA 3,5 

Icce 150 150 150 IlA 5,42 

Micron Semiconductor, Inc., reserves the nght to change products or speCifications without notice 
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ADVANCE 

CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A8 CI1 5 pF 2 

Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)I WE, OE CI2 7 pF 2 

Input/Output Capacitance: DQ (SOJ, TSOP) 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' 
PARAMETER SYM MIN MAX 

Random READ or WRITE cycle time tRC 110 
READ WRITE cycle time tRWC 150 
FAST-PAGE-MODE READ or WRITE tpc 35 
cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC 85 
cycle time 

Access time from RAS tRAC 60 
Access time from CAS tCAC 15 
Output Enable time tOE 15 
Access time from column-address tAA 30 
Access time from CAS precharge tCPA 35 
RAS pulse width tRAS 60 100,000 
RAS pulse width (PAGE MODE) tRASP 60 100,000 
RAS hold time tRSH 15 
RAS precharge time tRP 40 
CAS pulse width teAS 15 100,000 
CAS hold time tCSH 60 
CAS precharge time tCPN 10 
CAS precharge time (PAGE MODE) tcp 10 
RAS to CAS delay time tRCD 20 45 
CAS to RAS precharge time tCRP 5 
Row-address setup time tASR 0 
Row-address hold time tRAH 10 
RAS to column- tRAD 15 30 
address delay time 

Column-address setup time tASC 0 
Column-address hold time tCAH 10 
Column-address hold time tAR 50 
(referenced to RAS) 

Column-address to tRAL 30 
RAS lead time 

Read command setup time tRCS 0 
Read command hold time tRCH 0 
(referenced to CAS) 

'60ns specifications are limited to a Vcc range of ±O.15V. 

MT4LC1625617(S) 
REV. 4194 1-247 

MIN 

130 
175 
40 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 

0 
15 
55 

35 

0 
0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

195 ns 

45 ns 34 

100 ns 34 

70 80 ns 14 
20 20 ns 15,32 
20 20 ns 32 
35 40 ns 

40 45 ns 32 
100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 39 
60 ns 

100,000 20 100,000 ns 38 
80 ns 31 
10 ns 16,35 
10 ns 35 

50 20 60 ns 17,30 
5 ns 31 
0 ns 

10 ns 

35 15 40 ns 18 

0 ns 30 
15 ns 30 
60 ns 

40 ns 

0 ns 26,30 
0 ns 19,26,31 

Micron Semiconductor, tnc., reserves the righllo change products or specifications without notice. 
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ADVANCE 

MU:::r=lON MT4LC16256/7(S) 
1-· " 256Kx16DRAM 

~------------------------------------~ 
• .. ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = +3.3V ±0.3V") 

C 
:zJ 
)II. 
s: 

At CHARACTERISTICS -6" 
PARAMETER SYM MIN 

Read command hold time 
, 

tRRH 0 
(referenced to FiJiS) 
CAS to output in Low-Z tCLZ 3 

Output buffer tum-off delay toFF 3 

Output disable time too 3 

Write command setup time twcs 0 

Write command hold time twCH 10 

Write command hold time twCR 45 
(referenced to RAS) 

Wr~e commanq, pulse width twP 10 

Wr~e command to RAS lead time tRWL 15 

Wr~e command to CAS lead time tcWL 15 

Data-in setup time tDS 0 
Data-in hold time tDH 10 

Data-in hold time tDHR 45 
(referenced to RAS) 
RAS toWE: delay time tRWD 85 

Column-address tAWD 55 
to WE' delay time 

CAS to WE' delay time tcWD 40 

Transition time (rise or faU) , IT 3 

Refresh period' (512 cycles) 
MT4LC1625617 / MT4LC16256f7S tREF 

RAS to CAS precharge time tRPC 10 

CAS setup time tcSR 10 
(CBR REFRESH) 

CAS hold time tCHR 10 
(CBR REFRESH) 

~ hold time from WE'during toEH 15 
READ-MODIFY-WRITE cycle 

OE setup prior \0 RAS during tORD 0 
HIDDEN REFRESH cycle 

Last CAS go.ing LOW to first CAS tcLCH 10 
returning HIGH 

RAS pulse width entering tRASS 100 
SELF REFRESH 

RAS precharge lime- exiting tRPS 110 
SELfOREFRESH ~ 

CAS hold time entering tcHD 10 
SELF REFRESH 

*60ns specifications are limited to a Vee range of ±0.15V. 

MT4LC1625617(S) 
REV. 4194 

MAX MIN 

0 

3 

15 3 

15 3 

,0 

10 

55 

10 

20 

20 

0 
15 

55 

95 

60 

45 

50 3 

8/64 

10 

10 

10 

'20 

0 

10 

100 

130 
, 

10 

-7 -8 
MAX MIN MAX 'UNITS NOTES 

0 ns 19 

3 ns 32 

15 3 15 ns 20,28,32 

15 3 15 ns 28,40 

O. ns 21,26,30 

10 ns 26,39 

60 ns 26 

1'0 ns 26 

~O ns 26 

20 ns 26,31 

0 ns 22,32 

15 ns 22,32 

60 ns 

105 ns 21 

65 ns 21 

45 ns 21,30 

50 3 50 ns 9, 10 

8/64 8/64 ms 

10 ns 

10 ns 5,30 
.. 

10 ns 5,31 

20 ns 27 

0 ns 

10 r)S 33 

100 lIS 42 

150 J.IS 42 
. 

10 ns 42 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = +3.3V; f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is 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 (O°C ~ T A ~ 700q is assured. 

7. An initial pause of 100!!s 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 tREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to one TTL gates 

and 50pF, VOL = 0.80 and VOH = 2.0V. 
14. Assumes that tRCD < IRCD (MAX). If tRCD 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 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 Q buffer, CAS must be pulsed 
HIGH for tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, access time is controlled 
exclusively by !CAe. 

18. Operation within the lRAD limit ensures that IRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, access time is controlled 
exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

MT4LC16256!7(S) 
REV. 4/94 

ADVANCE 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition; it is not a 
reference to VOH or VOL. The 3ns minimum is a 
parameter guaranteed by design. 

21. twcs, IRWD, tAWD and tCWD are restrictive 
operating parameters in LATE WRITE and READ
MODIFY-WRITE cycles only. IftwCS;:: twcs (MIN), 
the cycle is an EARLY WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD;:: tRWD (MIN), tAWD;:: tAWD 
(MIN) and tCWD;:: tCWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
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 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 either WEL or WEH or 

both going LOW on the MT4LCl6256(S). Write 
command is defined as WE going LOW on the 
MT4LC16257(S). 

27. LATE WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH 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. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

28. The DQs open during READ cycles once tOD or tOFF 
occur. If CAS goes HIGH before OE, the DQs will 
open regardless of the state of the 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. 
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NOTES (continued) 
29. Notes 30 through 40 apply to MT4LC16257(S) only. 
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, DQI-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. 

MT4LCHi25617(S) 
REV. 4/94 

ADVANCE 

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 of CASL and CASH. 
41. Column-address changed once while RAS = VIL and 

CAS = VIH. 
42. If the DRAM controller uses a BURST REFRESH, a 

BURST REFRESH of all rows must be executed upon 
exiting SELF REFRESH. 

1-250 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

IUIIC:I=ION MT4LC16256/7(S) 
1-· "'''' 256K X 16 DRAM 

MT4LC16256tT(S) 
REV.4194 ; 

READ CYCLE 

teSH 

'e P teAS tcLCH 

ADDR 
VIH J77=r-------L---il7777:'''!-~--'---'--____,l_/TT77777TTrrh7TT7777m_'" r-----
Vll -J.LLLU1L---,-------"''-L£LI..I..."},,,.,.,.--:,=:r---'"'<Lt..'.LLlilJ.,UfLLLt'!:'-'-L¥'' '--__ RC_W __ _ 

WE~WEH VIH_7TTnr,~nr,~hT.~nT.~n-~---~-----4-~-~~nT.~nT.~rrn 
orM VIL -J.LLLI..I...'.LLL.LI..I...'.LLL.LfL-'<1ilLI..I..."-Jll 

DO ~~ -'------------

RAS 
VIH 
Vll 

CASH,CAS[ VIH 
",CAS Vll 

ADDR VIH 
Vll 

EARLY WRITE CYCLE 

Re 
'RAS 'RP 

II I - k1" \ -
teSH 
tRSH 

teRP tRCD 'CAS tcLCH 

=-' 
'AR 

'RAD 'RAL 

~ ~ ~ ~ 
::W-~ 

-

,ROW WffA(- COLUMN W////h W0( - ROW 

fcWL I -
'RWL 

tweR 
-- twes 'weH 

twp 
: 

W////////////// 
'DHR 

~ ~' 
~i* VA~IDDATA :.' ~ 1/////////M 

1-251 
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MT4LC1625617(S) 
REV. 4/94 

ADVANCE 

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

tCSH 

tCRP teAs tCLCH 

ADOR ~:~ ::::'LLLW,'-----__ ,-----_----'r'W:LLL,'l'-_---,-----;,-----;:::c::J'(lLL�.:LLLlLLL:LLLlLLL~r_=_LLf'jlli_lLLI.:LLI'----R-O-W-

WEL,WEH V1H _777777777Cr77")'7"nmTT777T.n-n+--I-------II--------.,[1 
or WE V IL """<LI.:LLLt.LL<eLLLLLL.<jLLL:LLLLLL.<LLI 

DO ~g~ -'--------------OPEN---~~*=~~~Q~~j----OPEN---

DE ~:~ ::'1#/####//#//#///#$//##$/#/#//#&1 

FAST-PAGE-MODE READ CYCLE 

'RASP 

RAS V,H -
VIL -

CASH,CASL V,H -
orCAS VIL -

V,H -
VIL 

WEL,WEH V,H -
or'WE VIL -

DO ~g~ -'---------

V IH J77Tm7TICT77777TJTmT7777T777m7TICrn I 
OE VIL - .LLlLLLLLL<:LLLlLLLlLLLLLL..:LLLlLLLLLL<:LLt!i_---'-lLLI.:LLLlLLLlLLL:lL_--'1.LLLL<:LLLlLLLlLLLL-_lLLLlLLLLLL..:LLLlLLLlLLL:LL1 

1-252 
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ADVANCE 

IUIIIC:I=ION MT4LC16256/7(S) 
1-· """ '" 256Kx16DRAM 

MT4lC1B25617{S) 
AEV.4194 

FAST-PAGE~MODE EARLY WRITE CYCLE 

OE ~~ 1/1/11/111 I!!! III /II //! 1II11I!!!1 //! 1/11111 III III II//! III /ll!1!!! 1/$///1(1 //!I I!!! I!!! II!!! II//! III!!! I!!!II 1/1//// /J 

ADDR ~i~ 

DO ~g~ 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY:WRITE CYCLES) 

'RASP AP 

rL - .. -
leSH tpc/lpRWC IRSH 

~ 
tRCD teAs ICLCH f-'£E- tCAS ICLCH ~ teAS feLCH 

~ :J k------, k------, 

'AA 

I 

'RAQ 'AAl 

~ ~ ~ ~ ,~ ~ Sj ~ 
::wt AOW 10'1,1 COLUMN COLUMN COLUMN ROW 

I I 'RWO 

~ ~ - l1-:' ~ 
I 

':'i 'cwL- -I 
tAWOtwP -- 'Awn .- -twp 

'AWO 

tcwn tcwo tcwn 

f-' f-' (j11111!11!!III!' 
'M ~r-- ~-'RAe I 

I tD~~ 1 __ 
I \)H ~J g_(~ tePA 'os-

tcAcd I- teAC~ I- teAC~ I-
'ctz Ir- teLZ 't teLZt 

- OPEN----t@ ~~Jr"1 ~~~ ~ALI ~ALIO ~';Jr,) ~AUO '--OPEN-- OUT IN 

O~~IOD I--too -1-100 

toE - 'a - toE- - ~ 
DE ~:t :WIIII$$I$III/I////////#/!I&l ]---15---O,--------wW_= 
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MT4LC1625617(S) 
REV. 4/94 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A8; OE, WEL, WEH or WE = DON'T CARE) 

CASl, CASH VIH _ 
& VIL_ "--J 

tRAS 

ICRP 

tRP 

'1 
'I~I 

\ 

~ 
tASR tAAH I 

ADDR ~:t :wd'---RO-W ----,iw/;!$$///$$$$/$//$/;!//$//m;r---RO-W --

a ~g~ :'----------OPENI---------

CBR REFRESH CYCLE 
(AO-A8; OE = DON'T CARE) 

'RAS 

DQ OPEN---------

WEL~~~ ~:t -W//$$//;!$///$#/j////;!$/;!//$/!/$/$/!/!!I!/;!!I////II///!$//I!!II!!//$$& 
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MIC:RON MT4LC16256/7(S) 
1-· c, c CC , 256K X 16 DRAM z 

m 
--------------------------------------~ 

MT4lC1625617(S) 
AEV.4194 " 

SELF REFRESH CYCLE 
(AO-A8; OE = DON'T CARE) 

DQ ~g~-'---------\(j-\-(, OPEN-------------

w.L~~~ ~:t :W//I/I/I//I/lIII!I!!I!!I////lI/I//I/lII/Jl/II//I/II!//I/I/I/ /1/1///111//1 /lI!/!!/I/I/l1II! /1/1/1/11/11//1//11/ & 

HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 

'ReD 

(READ) 

'RAS 

(REFRESH) 

'RAS 

leHR 

CASL~~ ~IH-~r----tt----~I 
CAS IL- 1}--,---j---t-------1l 

OOx ~g~ :-----OPEN---~~t=~=~~~==l 
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MICRON MT4C16270 
1-· c> "emcee 256K X 16 DRAM 

DRAM 

FEATURES 
• Industry-standard x16 pinouts, timing, functions 

and packages 
• High-performance CMOS silic()n-gate process 
• Single +5,V ±10% power supply* 
• Low power, 3mW standby; 375mW active, typical 
• All device pins are TIL-compatible .,' 
• 512-cycle refresh in 8ms (nine rows and nine columns) 
• Refresh modes: RAS ONL Y,CAS-BEFORE-RAS(CBR) 

and HIDDEN 
• Extended data-out (EDO) PAGE MODE access cycle 
• BYTE WRITE and BYTE READ access cycles 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Write Cycle Access 

MARKING 

~6' 
-7 
-8 

BYTE or WORD via CAS 16270 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 

DJ 
TG 

• Part .Number Example: MT4C16270DJ-7 

*6Ons specifications are limited to a Vex range of ±5%. Contact factory for 
availability of 6Ons. 

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 
Eoo PAGE MODE. 

The MT4C16270 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 

256K X 16 DRAM 
EDO PAGE MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 

Voc 
D01 
DQ2 

Dca 
DQ4 

Voc 
0Q5 

DQ6 

007 
DQ6 

NC 

NC 
WE 

RAS 
NC 
A. ., 
A2 

AS 
Vre 

(DC-6) 

1 40 

2 39 
3 38 
4 37 
5 36 
6 35 
7 34 
8 33 
9 32 
10 31 
11 30 
12 29 
13 .28 
14 27 
15 ,26 
16 25 
17 24 
18 23 
19 22 
20 21 

Vss . 

0016 
0015 
0014 
0013 
V" 
0012 
0011 
0010 
009 
NC 

CASL 
CASH 
OE 
AIl 
A7 

M 
AS 

A4 
Vos 

40/44-Pin TSOP 
(00-5) 

V" 
0016 
0015 
0014 
0013 

v" 
0012 
D011 
Dam 
DQ9 

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. 

MT:4C16270 
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FUNCTIONAL BLOCK DIAGRAM 

AO 

A1 
A2 
A3 
A4 
A5 

A6 
A7 
AS 

WE _++----------, 

CASL ~>-+---15i~ 
CASH P-~~r---~ CONTROL 

LOGIC 

RAS~--~~~~~J===~ ________ ~ 

MT4C16270 
REV. 4/94 1-258 

DATA-IN BUFFER 

512x512x16 
MEMORY 

ARRAY 

D01 

• • 
D016 

1+-----oOE 

+----0 Vee 

+----0 Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 18 address 

bits during READ or WRITE cycles. These are entered nine 
bits (AO-A8) ata time. RASisused to latch the first nine bits 
and CAS the latter nine 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
ence is that each CAS controls its corresponding DQ tristate 
logic (in conjunction with OE and WE and RAS). CASL 
controls DQl through DQ8 and CASH controls DQ9 through 
DQI6. 

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. 

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 initiate a 
WRITE cycle, selecting DQl through DQI6. 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 celt 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 data inputs and 16 data outputs are routed 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 (AO-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
inby CAS. CAS may be toggled by holding RAS LOW and 
strobing-in different column-addresses, thus executing 
faster memory cycles. Returning RAS HIGH terminates 
the EDO PAGE MODE operation. 

1----- WORD WRITE ---!~.---- LOWER BYTE WRITE --I 

MT4C16270 
REV. 4194 

RAS~ 1 \ r-

GASl 

CASH 

WE 

LOWER BYTE 
(DQ1-DQ8) 
OF WORD 

UPPER BYTE 
(DQ9-DQ16) 
OF WORD 

STORED 

DATA 

~ 
~ 

\>-. _____ 1 

\,-, ___ I 

\'--'--_--+-__ ~I 

INPUT 

DATA 

INPUT STORED STORED 

DATA DATA 

~::------::-- -- ~ ~~ 
-------- -- --- ;;.- 0 

o - ----- --------;;:.. 0 
o - - - -- -- ---:;> 0 

o - ---- ----- -::;:. 0 

x --

x -
x --
x 
x -

,. 1 ,.~ ;> 0 --- -::;> 0 
---;.. 1 ----:;:.. 1 

;;:.. 0 -J;> 0 

);> 1 -:;> 1 

';> 1 :» 1 
,.. 1 ::;:. 1 

l'> 1 ;;.- 1 

\'--, ____ r-

\'--'-----;---

INPUT INPUT STORED 

DATA DATA DATA 

~ ::::::::::::::::::~' 
a -----------------:;;.- 0 

1 -----------------);> 1 

1 -----------------);> 1 
1 -----------------;;:.. 1 

1 -----------------:;> 1 

1 -----------------:;> 1 

~ ::____ __ _:~' 
x ---- ------ - -,. 1 

X ------- :;> 0 
,. 1 

,. 1 

,. 1 

X - - :;> 1 

1_--- ADDRESS a ___ ~,----- ADDRESS 1 ----_ 

x = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
16270 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 (DQI-DQ8) while enabling CASH will select 
an upper BYTE WRITE cycle (DQ9-DQ16). Enabling both 
CASL and CASH selects a WORD WRITE cycle. 

The MT4C16270 can be viewed as two 256K x 8 DRAMs 
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. 

EDO 
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 
CAS precharge time (tcP) to occur without the output data 

\COLUMN(B} 

DO ~:g~ ____ _ VALID DATA (A) VALID DATA (A) 

going invalid (see READ and Eoo 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 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 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 tOEP 
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 

\COLUfV!N (C) 

VALIDDATA{B} VALID DATA (C) VALID DATA (D) 

-------~. I~ ~,o°'o'S ~oo 1);'°0 
6E ~:~_ _'0:::' ________ -1. ~. ______ ---j ; '--______ _ 

MT4C16270 
REV. 4/94 

! 
The DOs go back to 
Low-Z if toES is met. 

Figure 2 

! 
The DOs remain High-Z 
untillhe next CAS cycle 
if toEHC is met. 

! 
The DOs remain High-Z 
until the next CAs cycle 
it toEP is met. 

~ DON'T CARE 

~ UNDEFINED 

OUTPUT ENABLE AND DISABLE 
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MICRON MT 4C 16270 
1-· 'c, H' 256K x 16 DRAM 

The chip is also preconditioned for the next cycle during the 
RAS HIGH time. Memory cell data is retained in its correct 

z 
m :e 
• togglingOEcondition). During other cycles, the outputs are 

disabled at toFF time after RAS and CAS are HIGH, or 
twH.Z after WE transitions LOW. The tOFF 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. 

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

state by maintaining power and executing any RAS cycle 
(READ, WRITE) or RAS refresh cycle (RAS ONLY, C 
CBR, or HIDDEN) so that all 512 combinations of RAS ::D 
addresses (AO-A8) are executed at least every 8ros, regard- ...... 
less of sequence. The CBR REFRESH cycle will also invoke ~ 
the refresh counter and controller for row-address control. s:: 

RAS ~ir:~L ______________________________________ _ 

,/~: 

~ir_::7lL.~~~,=-~~---=~(Z2~(j:COLU~MN~(A)0~~~~~W:~CO~LU~M~N(B~)~@~~(Z2~>G!~COW~"'~(C~) :X;~~~~~~~~?q~:::J 

".'" 

DO ~i~-:----- VALID DATA (A) 

6E ~lr:,--______________ -----,I--__ '--__ -+ _____ "'--______ -I/'-----____ _ 
I 

MT4C1621O 
AEV.4194 

The DOs go to Hlgh-Z If 
WE falls while CAS is HIGH. 

Figure 3 

The DOs go back to Low-Z 
when CAS ~HIGH If WE 
is HIGH and OE is LOW. 

The 00s go to Hlgh-Z when 
WE ~ LOW and remain High-Z 
when WE goes HIGH. 

~ DON'TeARE 

~ UNDEFINED 

OUTPUT ENABLE AND DISABLE WITH WE 
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TRUTH TABLE: MT4C16270 

ADDRESSES 

FUNCTION RAS CAS[ CASH WE ur IR IC DOs NOTES 

Standby H H .... 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 Lower Byte, 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- 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 n/a 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). 

MT4CI6270 
REV. 4/94 1-262 Micron Semiconductor, Inc., reserves the right to change products or speclfJcatlons withollt notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, TA (ambient) .......... O°C to +70°C 
Storage Temperature (plastic):~ .................. -SsoC to + IqO°C 
Power Dissipation ................ , .. ; ...................................... 1.2W 
Short Circuit Output Current ..................................... SOmA 

*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. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = +5V ±1 0%)** 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage <Vcc** 4.5 5.5 V 
« > 

Input High (Logic 1) Voltage, all inputs « VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT 
Any input OV ~ VIN ~ Vcc II -2 2 !lA 
(An other pin~ not under test = OV) 

OUTPUT<LEAKAGE CURRENT (Q is disabled; OV ~ VOUT ~ 5.5V) loz -10 10 !lA 
OUTPU'I' LEVELS VOH 2·4 V: < 
Output High Voltage (lOUT = -2.5mA) 

0.4 <:~:< Output Low Voltage (lOUT'" 2.1 mAl VOL V, 
,c 

", 

< MAX 

PARAMETER/CONDITION SYMBOL -6** -7 -8 UNITS NOTES 

$TANDBY CURRENT: (TTL) Icct <' 2 2 2 <rnA 
(RAS = CAS", VI H) 

STANO BY CURRENT: (CMOS) Icc2 1 1 <1 rnA 25 
(RAS = CAS = Vcc -0.2V) 

~" ~, ~ 

OPERATING CURRENT: Random READIWRITE 
AveragE1 power supply current Icc3 195 175 160 rnA 3;4,40 
(RAS, CAS, Address Cycling: IRC = tRC {MIN]) « < 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current ICC4 130 125 120 « mA 3,4,40 

« (RAS = YIL, CAS; Address Cycling: tpc = tpc [MIN]; tCP,tASC=10ns) . , 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS=VIH: tRC = tRC [MIN]) 

REFRESH CURRENT: CBR 
, Average power Supply current 

(RAS, CAS, Address Cycling: tRC =tRC [MIN]) 

"60ns specifications are limited to a Vee range of ±5%, 

MT4Ci6270 
REv. 4194 

, 

1.:263 

, '<:0 
Iccs 195 175 160 mA 3 

, 

Ices 180 160 140 mA 3,5 
< 

Micron Semiconductor, Inc., reserves the right to change products or specifications wlthoot notice. 
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CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A8 

Input Capacitance: RAS, CASL,CASH, WE, OE 

InpuVOutput Capacitance: DO 

SYMBOL 

CI1 

CI2 

CIO 

MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = +5V ±100/0)* 

AC CHARACTERISTICS 
PARAMETER SYM 
Random READ or WRITE cycle time tRC 

READ WRITE cycle time tRWC 

EDO-PAGE-MODE READ or WRITE tpc 
cycle time 

EDO-PAGE-MODE READ-WRITE tpRWC 
cycle time 

Access time from RAS tRAC 

Access time from CAS tCAC 

Output Enable time tOE 

Access time from column-address tAA 

Access time from CAS precharge tCPA 

RAS pulse width tRAS 

RAS pulse width (EDO PAGE MODE) tRASP 

RAS hold time tRSH 

RAS precharge time tRP 

CAS pulse width tCAS 

CAS hold time tCSH 

CAS precharge time tCPN 

CAS precharge time (EDO PAGE MODE) tcp 

RAS to CAS delay time tRCD 

CAS to HAS precharge time tCRP 

Row-address setup time tASR 

Row-address hold time tRAH 

RAS to column- tRAD 
address delay time 

Column-address setup time tASC 

Column-address hold time tCAH 

Column-address hold time tAR 
(referenced to RAS) 

Column-address to tRAL 
RAS lead time 

Read command setup time tRCS 

Read command hold time tRCH 
(referenced to CAS) 

Read command hold time tRRH 
(referenced to RAS) 

*60ns specifications are limited to a Vee range of ±5%. 

MT4C16270 
REV. 4/94 

MIN 
110 
140 
25 

72 

60 
60 
10 
35 
10 
40 
10 
10 
20 
5 
0 
10 
15 

0 
10 
40 

22 

0 
0 

0 

-6' 
MAX MIN 

130 
157 
30 

79 

60 
15 
15 
30 
35 

100,000 70 
100,000 70 

15 
40 

100,000 12 
40 
10 
10 

45 20 
5 
0 
10 

30 15 

0 
12 
40 

27 

0 
0 

0 

1-264 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
187 ns 

33 ns 33 

84 ns 33 

70 80 ns 14 
20 20 ns 15,31 
20 20 ns 23,31 
35 40 ns 
40 45 ns 31 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

15 ns 38 
60 ns 

100,000 12 100,000 ns 37 
60 ns 30 
10 ns 16,34 
10 ns 34 

50 20 60 ns 17,29 
5 ns 30 
0 ns 
10 ns 

35 15 40 ns 18 

0 ns 29 
15 ns 29 
55 ns 

30 ns 

0 ns 26,29 
0 ns 19,26,30 

0 ns 19 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C16270 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (Vee = +5V ±10%)" 

AC CHARACTERISTICS 

PARAMETER SYM 

CARto output in Low-Z '" tcLZ 

Output buffer turn-off delay from tOFF 
CAS orRAS 

Output disable time toD 

Write Command setup time twcs 

Write command hold time twCH 

Write comimind hold time twCR 
(referenced to RAS) 

Write command pulse width twP 

Write command to RAS" lead time tRWL 

Write command to CAS lead time tCWL 

Data-in setup time tDS 

Data:in hold time tDH 

Data-in hold time (referenced to RAS) tDHR 

RAS to WE delay time tRWD 

Column-address to WE delay time tAWD 

CAS to V1iE. delay time tcWD 

Transitiontiml;l ,(rise or fall) tr 
Refresh period (512 cycles) tREF 

RAS to CAS precharge time. tRPC 

CAS setup timl;l (GBR REFRESH) tcSR 

CASholdjtirne(CBR REFRESH) tcHR 

TIE hold time from WE during toEH 
READ~MODIFY -WRITE cycle 

OE LOW to CAS HIGH setup time tOES 

TIE HIGH hold time from CAS HIGH toEHC 

OE HIGH pulse width tOEP 

OE setup prior to RAS during tORD 
HIDDEN REFRESH cycle 

Last CAS going LOW to first CAS tcLCH 
returning HIGH ' 

Data outpLit hold atter'CAS LOW tCOH 

Output disable delay from WE twHZ 

Output enable d~lay from WE twLZ 

"SOns specrfications are limited to a Vi;c rang!! of ±5%. 

M1"4C16270 • 
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-6" 
MIN MAX 

3 

3 15 

3 15 
o ". 

'. 10 ' 

40 

10 

10 

10 

0 

10 

40 

85 

55 

40 

2.5 50 

8 

10 

'10 

10 

1.5 

5 

10 

10 

0 

10 

5 

3 15 

3 

1·265 

MIN 

3 
3 

3 

0 

10 

40 

10 

12 

12 

0 

15 

40. 

95 

60 

45 
2.5 

10, 

10 

10 

20 

5 

10 

10 

0 

10 

5 

3 

3 

-7 -8 
MAX MIN MAX UNITS NOTES 

3 ns 31,41 

15 3 15 ns 20,28,31, 
41 

15 3 15 ns 28,39,41 

0 ns 21,26,29 

10 ns 26,38 
" 60 ·ns 26 

10 ns 26 

12 ns 26 

12 ns 26,30 

0 ns 22,31 

15 ns 22,31 

60 ns.' 
105 ns 21 

65 ns 21 

45 ns 21,29 

50 2.5 50 ns. 9, 10 

8 8 ns, 

10 ns 
110 ns· 5,?9 
10 ns .' 5 •. 30 
20 ns 27 

'o' 

.5 ns , 

10 ns 

10 ns 

0 AS 

10 ' . ns 32 
.. 

5 ns' 

15 3 .' 15 ns 

3 ns 
. 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±10%; f = 1 MHz. 
3. Iec is dependent on cycle rates. 
4. Ice is 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 (O°C ~ T A ~ 700 q is assured. 

7. An initial pause of 100l-ls 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 lREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 2.Sns. 
9. Vlli (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 VIH). 

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

11. If CAS and RAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to one TTL gate and 

SOpF, VOL = 0.8V and VOH = 2.0V. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, !RAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (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 ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
!RAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by ICAe. 

18. Operation within the lRAD limit ensures that IRCD 
(MAX) can be met. !RAD (MAX) is specified as a 
reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, access time is controlled 
exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition; it is not a 
reference to VOH or VOL. 

MT4C16270 
REV. 4/94 

21. twcs, IRWD, IAWD and ICWD 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 lRWD ~ IRWD (MIN), IA WD ~ IAWD 
(MIN) and ICWD ~ tcWD (MIN), the cycle is a 
READ-WRITE and the data output will contain data 
read from the selected cell. If neither of the above 
conditions is met, the state of Q (at access time and 
until CAS and RAS or OE go back to VIH) 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 -O.2V. 
26. Write command is defined as WE going LOW. 
27. LATE WRITE and READ-MODIFY-WRITE cycles 

must have both IOD and toEH 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 IOEH 
is met. 

28. The DQs open during READ cycles once IOD or IOFF 
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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READ CYCLE 

RC 

'RAS 

-
tCSH 

'RSH 

'cRP tRCD tCAS 'CLCH 

=~ 
'AR 

tRAD 'RAL 

I~~I ~~ 
~ ROW Willi;'; COLUMN 

IRCS 

'M 

'RAG 

'CAG 

~ - OPEN DO ~g~ 

I~ 

EARLY WRITE CYCLE 

RC 

'RAS 

-
'CSH 

'ASH 

I~ IRCD tCAS 'CLCH 

CASL and CASH VIH 
VIL =-' 

'AR 

'RAD 'RAL 

~ ~I ~ ~ 
ADDR ~\~ :::0lJ{ ROW K:WM COLUMN 

'CWL 

'AWL 

IWCR 

~ ~ 'W, 

~ 
I 'OHR 

~l 
DO ~:g~~ALlDDATA 

'R' 

\ 
tRRH 

I 
ROW 

~I 

NOTE 1 

~ 

VALID DATA 

I~ 

'R' 

~OPEN---

\ 

ROW 

~DON'TCARE 

~ UNDEFINED 

NOTE: 1. 'OFF is referenced from the rising edge of RAS or CAS, whichever occurs last. 

MT4C16270 
REV. 4194 

Micron Semiconductor, Inc., reserves th~' right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

z 
m :e • c 
:D 
l> s: 



MIC:~ON MT4C16270 
1-· r-I c 256Kx 16 DRAM 

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

..... 'RP 

RAS V'H 
VIL 

--
teSH 

I 'RSH 

~ 
tReD 'cAs teLCH 

CASL and CASH V'H 
VIL :-' ~ 'AR 

'RAe I I ""L 
ADDR V'H 

VIL 

~ ~ ~ I~ I 
4'#/;x ROW W#§,l i COLUMN ROW 

WE V'H 
VIL 

I I "'wo ~ 
1-~l 'cwo 

'AWO ~ - 'I/////////I! 
'M 

'RAe 

j~ 
.C=~ -

'CLZ t. 
OPEN VALIDOQUT X VALID DIN OPEN---

~. ~I ~ , 'VI//I/#//#//#/#h 

EDO-PAGE-MODE READ CYCLE 

'RASP 

m V'H 
VIL 
--
-

tcsH 'pc (NOTE 2) IRSH 

CASH,CAS[ V'H 
VIL 

I~ tFlCD !cAs.1bLCH tep 'cAs. 'clCti·, tep 'SAS. 'clc~I. 
I 

:.J i ¥ 
~ 

'AR 

"'AD 'RAt. 

ADDR V'H 
VIL 

~ ~ ~ ~ 'ABC ~ ~l'cAH"1 
::rmt ROW W/;0i COlUMN @WJ0i COlUMN W///#J.? COLUMN 

WE V'H 
VIL 

I 'ReSJ 
-

I 'M 'M 'M 

'RAC I tePA tePA 
.. ~ 

'coH~ 'cLz~ teLZ- t. 
OPEN VAUD ~ 

VAL'D.J . L 
- DATA DATA 

toEH 

,G ~I l~ toES 

)f toES 

toEP 

'RP 

fL 
tCPN 

ROW 

~ H-'RRH 

W!I!I£.Z 

NOTE' - i--toFF 

m.v~ !-- OPEN 

~ 

~ DONTCARE 

~ UNDEFINED 

NOTE: 1. toFF is referenced from the rising edge of RAS or CAS, whichever occurs last. 

MT4C16270 
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2. tpc can be measured from falling edge of CAS to falling edge of CAS, or from rising edge of CAS to rising 
edge of CAS. Both measurements must meet the tpc speCification. 
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EDO-PAGE-MODE EARLY-WRITE CYCLE 

'CRP 

teRP 
te'H 

CASlandCASH VIH __ -±--+l-------r-\ 
VIL - I'--+------'f 

Oe ::~ :11/1/1 I II/! !!III/I /I I //I III! I 11//1 /l//!I 1/l1II!1 I II/!I /I I I III! IIIII! II!III! /I 11/1 //I/I//!/l1II! II!IIIII! /I //II!I III//I/!/ 

CASL and CASH V IH 

V" 

AODR ~i~ 

DO ~igtJ 

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

RASP 

t=L --
-

te'H IpC/tRWC tRSH 

I~ 'cRP tRCO 'CAS tcLCH 'CP 'cAS, tCLCH 'CP teAS 'CLCH 

~A r-- c--J :J ~ 'AR 

i I 'RAD '~I ~ 
'RAL 

I~ I~ lASe 
lAse teAH ~II~ 

711M: ROW V,fffi COLUMN Willi/,! COLUMN WIIIIIIIIl COLUMN ROW 

1 'RWO 1 ! - U--'RWL 
~ I 'CWLi I IcWL-

: [:pWL 

~u 
tAW~WP-IAWD 'AWD 

!~ I~ teWD 

'AA 'AA f--' 
'AA 

'RAC I 
'OH-- ~I 'DH- I-j I -'DH 

lOS_ I_ I '0'- 1- 'C3 'D'_ t 
teACd f- 'cAe -- I-- !cAe--

-
teLZ-lt 

~~~? M~~ID 

teLZ-Ir- 'CLZ It 
OPEN~ ~~~~ Mf~'D ~~~~ ~f~' r-:- OPEN-

- -too -too -- .J"tao 
toE- - 'DE ,<" - ~ 

OE ::~ J$//II//////$II///II//II!/////,@l}---t}---t},------wg7l17117 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. tpc can be measured from falling edge to falling edge of CAS, or from rising edge to rising edge of CAS. 

MT4C16270 
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Both measurements must meet the tpc specification. 
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RAS 
VIH-
VIL-

~ 

CAS 
VIH-
VJL-

ADDR 

WE 

EDO-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Psuedo READ-MODI FY -WRITE) 

'RASP 

tCSH 

tpc IpC 'RSH 

DQ ~:gt------ OPEN ----:-t~V~AL~ID~DA~TA~(A~) =j{~DV~A~L~~~Bd 
'OE 

DE ~:t= W$#$/$/ff$lff/$#ffi2l-

ADDR ~:t 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A8; OE, WE = DON'T CARE) 

ROW ROW 

Q ~gt -_---------------OPENI---------------

1-270 

~ DON'T CARE 

~ UNDEFINED 
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-------------:E 

'RP 

-----I 
~ 

~1~ 

, 

CBR REFRESH CYCLE 
(AO-A8; OE = DON'T CARE) 

tRAS 'RP 

'1 
, , , 'RAS 

tCHR tRPe ~ ~ .... ~. 

'y 

DO ------------OPEN-----------

WE ~:~ JI!/ I!!III! IIII! //II IIII!!II / / I! Ii III! II II / II! I! II II!/ I!////II! / I! I! I! //1/ II I! II!/ / !III/I! //1& 

~ CASL, CASH VIH 
VIL_ J 

I~ 
Ir----ADDR ~IH~-I: IL-~ 

, 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

tRCD 

(READ) 

tRAS 

~ 
'AR 

q 
tRSH 

II 'I 
I 

~ II 'RAL ' 

tAscll~ 'RAH 

DQ, ~gt :::----OPEN 

(REFRESH) 

tRAS 

tCHR 

y 
! -~-

'00 

F;;iWIi/M 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. tOFF is referenced from the rising edge of RAS or CAS, whichever occurs last. 
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MICRON ' MT4C16270 
1-· '''''''"'"'''""' 256K x 16 DRAM 
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DRAM 

FEATURES 
• Single +3.3V ±0.3V power supply* 
• Industry-standard x16 pinouts, timing, functions 

and packages 
• High-performance CMOS silicon-gate process 
• Low power, O.3mW standby; 165mW 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 (Eoo) PAGE MODE access cycle 
• BYTE WRITE and BYTE READ access cycles 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 

-6* 
-7 
-8 

DJ 
TG 

• Part Number Example: MT4LC16270DJ-7 

* 60n8 specifications are limited to a Vee range of ±O.lSV. Contact factory for 
availability of 60ns. 

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. 

The MT 4LC16270 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 

ADVANCE 

256K x 16 DRAM 
3.3V EDO PAGE MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 

V" 
D01 
DQ2 

D03 

D04 
Vee 

D05 

DOS 
D07 
D08 

NC 
NC 
WE 

RAS 
NC 
AD 
A1 

A2 
A3 

Vee 

(OC-6) 

1 .0 
2 39 
3 38 
4 37 
5 36 
S 35 
7 34 

8 33 , 32 
10 31 
11 30 
12 29 
13 28 
14 27 
15 26 
16 :>5 
17 24 

18 ?:l 
19 " 20 21 

V" 
OQ16 

D015 

DQ14 
OQ13 

v" 
D012 

0011 

DQ10 

DO' 
NC 
CASl 
CASH 

AS 
AI 
All 
AO 

M 
V .. 

40/44-Pin TSOP 
(00-5) 

v" v" 
D01 0016 
D02 0015 
D03 OQ14 
DO. OQ13 

V" V" 
D05 DQ12 

DOS 0011 
D07 D010 
D08 DQ, 

NC NC 
NC CASl 
WE CASH 

RAS OE 
NC A8 
AD A7 
A1 AS 
A2 A5 
A3 A4 

V" V" 

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. 

MT4LCI6270 
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AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 

MT4LCI6270 
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ADVANCE 

FUNCTIONAL BLOCK DIAGRAM 

WE -+-+-------~ 

CASL 0-....... --"'" 

CASH P-~~-----~ CONTROL 
LOGIC 

1-274 

DATA-IN BUFFER 

512x512x16 
MEMORY 
ARRAY 

DQ1 

• • 
DQ16 

1+--------0 OE 

----0 Vee 

----0 Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 18 address 

bits during READ or WRITE cycles. These are entered nine 
bits (AO -A8) at a time. RAS is used to latch the first nine bits 
and CAS the latter nine 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 DQl through DQ8 and CASH controls DQ9 
through DQI6. 

The MT 4LC16270 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. 

A logic HIGH on WE dictates READ mode while a logic 
LOW on WE dictates WRITE mode. Ouring a WRITE cycle, 

ADVANCE 

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 DQl through DQI6. 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 data inputs and 16 data outputs are routed 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 (AO-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 [{AS HIGH terminates 
the EDO PAGE MODE operation. 

1_ WORD WRITE --11 .. --- LOWER BYTE WRITE' -------------'1 

MT4LCl6270 
REV. 4/94 

CASL 

CASH 

WE 

LOWER BYTE 
(001·008) 
OFWORO 

UPPER BYTE 
(009·0016) 
OFWORO 

\ I 

\ 
\ I 

STORED INPlJT INPUT STORED STORED 

DATA DATA DATA DATA DATA 

~ 
o· 

.~ ~ 
----;:. 0 

----;> 1 

----0> 0 

0-"" ----:3> 0 

0 ----;> 0 

0" ----;> 0 

O· ----::> 0 

~ 
. ..~ 

~ 
--;:. 0 -----;> 0 

--;:. 1 -----;> 1 

--?> 0------:;,. 0 

--;:. , ""----;:. 1 

--;> ,.-----;,. 1 

--?> 1·-----".. 1 

--;> ,.-----;:. 1 

AODRESSO --------- •• ----

x = NOT EFFECTIVE (DON'T CARE) 

Figure1 

\,--, ---;--

INPUT INPUT STORED 

DATA 

x . 
x . 

x . 
x . 
x .. 
x .. 

DATA DATA 

:':i: ---;:. 1 

---;;.- 1 
---;> 1 
---;:. 1 

---;> 1 

.~~ .~ 0 

.~ 1 

-> 0 

+ 1 
.~ 1 

-,... 1 

-;:. 1 

ADDRESS 1 -----

16270 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 (DQI-DQ8) while enabling CASH will select 
an upper BYTE WRITE cycle (DQ9-DQ16). Enabling both 
CASL and CASH selects a WORD WRITE cycle. 

The MT 4LC16270 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 
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 MT 4LC16270 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 (tcP) to occur without the output data 

ADVANCE 

going invalid (see READ and. EDO-P AGE-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, 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 
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 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 tOEP 
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 

RAs ~i~:~\.... ______________________________________ _ 

MT4LC16270 
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The DOs go back 10 
Low-Z if tOES is met. 

Figure 2 

The DOs remain High-Z 
until the next CAS cycle 
if 'OEHC is met. 

The DOs remain High-Z 
until the next CAS cycle 
if toEP is met. 

~ DON'T CARE 

~ UNDEFINED 

OUTPUT ENABLE AND DISABLE 
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toggling OE condition). During other cycles, the outputs are 
disabled at tOFF time after RAS and CAS are HIGH or 
twHZ after WE transitions LOW. The tOFF 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 
Fig. 3. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby 

ADVANCE 

level. The chip is also 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, CBR, or HIDDEN) so that all 512 combinations of 
RAS addresses (AO-A8) are executed at least every 8ms, 
regardless of sequence. The CBR REFRESH cycle will also 
invoke the refresh counter and controller for row-address 
control. 

Me ~:~:~'-_________________________________________ _ 

COLUMN (B) (COLUMN (C) 

DO ~lg~ .----- VALID DATA (A) ~~I~c=~-----"'~nr. ~ VALIODATA(C) 'M. . 

WE ~:t:-------~-----C------',:-______ ' lr+----~-------f1"~~" -V 
BE ~:e-~ ________________ +--______ +--,---,--_________ _ I 

MT4LC16270 
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The DOs gO' to High-Z if 
WE falls while CAS is HIGH. 

Figure 3 

The DOs gO' back to Low-Z 
wheri CAS g~ HIGH if WE 
is HIGH and OE is LOW. 

~ DOs go to H10h·/ whfm 
WE gO(ls LOW l\nd fo/Mln 111011 I 
when WE gO'es HIGH 

~ DON'TeARE 

~ UNDEFINED 

OUTPUT ENABLE AND DISABLE WITH WE 
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TRUTH TABLE: MT4LC16270 

ADDRESSES 

FUNCTION RAS ~ "CASJf WE DE IR IC DOs NOTES 
Standby H H .... 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 Lower Byte, 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- 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 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 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 
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ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss ........... -IV to +4.6V 
Operating Temperature, TA (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 150°C 
Power Dissipation .......................................................... 1.2W 
Short Circuit Output Current ..................................... 50mA 

ADVANCE 

*Stresses greater than those listed under a 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 operatiomiI sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vee = +3.3V ±0.3V)** 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee'* 3.0 3.6 V 

Input High (Logic 1) Voltage, ali inputs VIH 2.0 Vee+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT 
Any input OV S; VIN S; Vcc II -2 2 ~ 
(Ali other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV S; VOUT S; Vce+.5V) loz -10 10 J.1A 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -2mA) 
Output Low Voltage (lOUT = 2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6** -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 500 500 500 ~ 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 100 100 100 J.1A 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 120 110 100 mA 3,4,40 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 70 60 50 mA 3,4,40 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIN]; 'CP, tASC = 10ns) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS=VIH: tRC = tRC [MIN]) 

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

"60ns specifications are limited to a Vce range of ±0.1SV. 

MT4LC16270 
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Iccs 120 110 100 mA 3 

Icc6 120 110 100 mA 3,5 
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CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A8 

Input Capacitance: RAS, CASL,CASH, WE, OE 

Input/Output Capacitance: DQ 

SYMBOL 

Cil 

CI2 

Cia 

ADVANCE 

MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

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

AC CHARACTERISTICS 

PARAMETER SYM 

Random READ or WRITE cycle time tRC 

READ WRITE cycle time tRWC 

EDO-PAGE-MODE READ or WRITE tpc 
cycle time 

EDO-PAGE-MODE READ-WRITE tpRWC 
cycle time 

Access time from RAS tRAC 

Access time from CAS tCAC 

Output Enable. time tOE 

Access time from column-address tAA 

Access time from CAS precharge tCPA 

RAS pulse width tRAS 

RAS pulse width (EDO PAGE MODE) tRASP 

RAS hold time tRSH 

RAS precharge time tRP 

CAS pulse width tCAS 

CAS hold time tCSH 

CAS precharge time tCPN 

CAS precharge time (EDO PAGE MODE) tcp 

RAS to CAS delay time tRCD 

CAS to RAS precharge time tCRP 

Row-address setup time tASR 

Row·address hold time tRAH 

RAS to column- tRAD 
address delay time 

Column-address setup time tASC 

Column-address hold time tCAH 

Column-address hold time tAR 
(referenced to RAS) 

Column-address to tRAL 
RAS lead time 

Read command setup time tRCS 

Read command hold time tRCH 
(referenced to CAS) 

. Read command hold time tRRH 
(referenced to RAS) 

'60ns specifications are limited to a Vee range of ±O.ISV. 

MT4lC16270 
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-6' 
MIN MAX 

105 
140 
25 

72 

60 
15 
15 
30 
35 

60 100,000 
60 100,000 
10 
35 
10 100,000 
40 
10 
10 
20 45 
5 
0 
10 
15 30 

0 
10 
40 

22 

0 
0 

0 

1-280 

MIN 

116 
157 
30 

79 

70 

70 
70 
15 
40 
12 
40 
10 
10 
20 
5 
0 
10 
15 

0 
12 
40 

27 

0 
0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

146 ns 

187 ns 

33 ns 33 

84 ns 33 

80 ns 14 
20 20 ns 15,31 
20 20 ns 23,31 
35 40 ns 

40 45 ns 31 
100,000 80 100,000 ns 

100,000 80 100,000 ns 

15 ns 38 
60 ns 

100,000 12 100,000 ns 37 
60 ns 30 
10 ns 16,34 
10 ns 34 

50 20 60 ns 17,29 
5 ns 30 
0 ns 

10 ns 

35 15 40 ns 18 
.. 

0 ns 29 
15 ns 29 
55 ns 

30 ns 

0 ns 26,29 
0 ns 19,26,30 

0 ns 19 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (Vee = +3.3V ±0.3V)* 

AC CHARACTERISTICS 

PARAMETER SYM 

CAS to output in low-Z tClZ 

Output buffer turn-off delay from tOFF 
CAS or RAS 

Output disable time tOD 

Write command setup time twcs 

Write command hold time tWCH 

Write command hold time twCR 
(referenced to RAS) 

Write command pulse width twp 

Write command to RAS lead time tRWl 

Write command to CAS lead time tCWl 

Data-in setup time tDS 

Data-in hold time tDH 

Data-in hold time (referenced to RAS) tDHR 

RAS to WE delay time tRWD 

Column-address tAWD 
to WE delay time 

CAS to WE delay time tcWD 

Transition time (rise or fall) tT 

Refresh period (512 cycles) tREF 

RAS to CAS precharge time tRPC 

CAS setup time (CBR REFRESH) tCSR 

. CAS hold time (CBR REFRESH) tCHR 

DE hold time from WE during tOEH 
READ-MODIFY-WRITE cycle 

DE lOW to CAS HIGH setup time tOES 

DE HIGH hold time from CAS HIGH tOEHC 

OE HIGH pulse width tOEP 

OE setup prior to RAS during tORD 
HIDDEN REFRESH cycle 

last CAS going lOW to first CAS tClCH 
returning HIGH 

Data output hold after CAS lOW tCOH 

Output disable delay from WE tWHZ 

Output enable delay from WE tWlZ 

*60ns specifications are limited to a Vee range of ±O.15V. 

MT4LC16270 
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-6* 

MIN 

3 

3 

3 

0 

10 

40 

10 

10 

10 

0 

10 

40 

85 

55 

40 

2.5 

10 

10 

10 

15 

5 

10 

10 

0 

10 

5 

3 

3 

MAX MIN 

3 
15 3 

15 3 

0 
10 

40 

10 

12 

12 

0 
15 

40 

95 

60 

45 

50 2.5 

8 

10 

10 

10 

20 

5 

10 

10 

0 

10 

5 
15 3 

3 

1-281 

-7 -8 
MAX MIN MAX UNITS NOTES 

3 ns 31,41 

15 3 15 ns 20,28,31, 
41 

15 3 15 ns 28,39,41 

0 ns 21,26,29 

10 ns 26,38 

60 ns 26 

10 ns 26 

12 ns 26 

12 ns 26,30 

0 ns 22,31 

15 ns 22,31 

60 ns 

105 ns 21 

65 ns 21 

45 ns 21,29 

50 2.5 50 ns 9, 10 

8 8 ns 

10 ns 

110 ns 5,29 

10 ns 5,30 

20 ns 27 

5 ns 

10 ns 

10 ns 

0 ns 

10 ns 32 

5 ns 

15 3 15 ns 

3 ns 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = +3.3V; f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is 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 (O°C :'> T A:'> 70°C) is assured. 

7. An initial pause of lOOlls 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 tREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 2.5ns. 
9. VIH (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 VIH). 

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

11. If CAS and RAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to one TTL gate and 

SOpF, VOL = 0.8V and VOH = 2.0V. 
14. Assumes that tRCD < IRCD (MAX). If tRCD 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 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 Q buffer, CAS and RAS must be 
pulsed HIGH for tcrN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, access time is controlled 
exclusively by ICAe. 

18. Operation within the lRAD limit ensures that IRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, access time is controlled 
exclusively by IAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition; it is not a 
reference to VOH or VOL. 

MT4LC16270 
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ADVANCE 

21. twcs, IRWD, IAWD and tcWD 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 tRWD ~ tRWD (MIN), tAWD ~ tA WD 
(MIN) and tCWD ~ tCWD (MIN), the cycle is a READ 
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions is met, the state of Q (at access time and 
until CAS and RAS or OE go back to VIH) 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 Vee -0.2V. 
26. Write command is defined as WE going LOW. 
27. LATE WRITE and READ-MODIFY-WRITE cycles 

must have both tOD and tOEH 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 tOD or tOFF 
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. Lastfalling 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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V'H 
VIL -:~ 

tCRP 

I~ 

r-

tRAD 

~! 

READ CYCLE 

'Re 

'RAS 

tCSH 

'RSH 

'RCD 'CAS 'CLCH 

'AR 

'RAL 

~ ~ 
V,H 

ADDR VIL 1/////,1\: ROW w/////)' COLUMN 

r-~I 
'AA 

tRAG 

'CAC 

~ 
OPEN 

I~ 
DO ~g~-

OE ~:~ -1/1;//;/"$/"/"///////$/1////$/;/"/;/"///////;/"&1 

'RP 

\ 

~ 

Y 
I 

ROW 

~ 

NOTE! 

~ 

VALID DATA ~OPEN---

~ 

EARLY WRITE CYCLE 

RC 

'RAS 

-
'OSH 

IRSH 

I~ tRCD tCAS tCLCH 

=~ 
'AR 

IRAD tRAL 

I~ ~) ~ ~ 
:Y;0".J( ROW ~At COLUMN 

tCWL 

'RWL 

'weR 

~ tWCH 

'wP 

tOHR 

~ ~I 
VALID DATA 

'RP 

\ 

I 
ROW 

~ DON'T CARE 

~ UNDEFINED 

ADVANCE 

NOTE: 1. 'OFF is referenced from the rising edge of RAS or CAS, whichever occurs last. 

MT4lC16270 
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READ WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

I e BW 
tRAS 

-
ICSH 

I 'RSH 

I~ tRCD tCAS tCLCH 

=-' ~ IAR 
tRAD I I tRAL I 

ADDR ~:t 
1~ ~I ~I I~I I 

7////M ROW W////,J COLUMN 

I I 'RWD ",WL II 
r 1, IRes I I 

",WD ~I 
'AWD Fe 
IAA 
IRAe 

J~ r ~I teLZ l~ 
-

OPEN VALID DOUT K VALlDD 1N 

'~ 'oD·1 ~ 

EDO-PAGE-MODE READ CYCLE 

I_IASR ~ ~I I~ ~ leAH_I ~II~I IRAL I 
~:t ~ ROW ~ COLUMN Kli//i//#- COLUMN WI/fl/;? COLUMN 

I IResJ 

WE ~:t ~////////////////I! 

I 

ADVANCE 

IRP 

ROW 

OPEN---

r--ROW 

NOTE: 1. IOFF is referenced from the rising edge of RAS or CAS, whichever occurs last. 

MT4LC16270 
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2. IpC 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 IpC specification. 
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--------------------------------------~ 
EDO-PAGE-MODE EARLY-WRITE CYCLE 

RASP 

.~ 
-

'CRP tCSH 'PC lASH 

CASL and CASH V IH 
V" 
~ 

IACD i tCAS, 'CLCH, 'CP teAS, tCLCH 'CP tCAS, tCLCH 

-~ 
=-.1 ! 

'AR 

II 
tAAD 

~ 
IRAL 

~1~tASR ~I F r I~ I~II~ 
::;/~ ROW ;W/~ COLUMN COLUMN COLUMN ROW ADDA ~lr 

DE ~:~ :rO'ffM/O'I/$$O'MO'///$O'I!//$I!l//iI///$$//M//$O'/$////I$///O'///O'////O'$$$1//O'IO'ff!ll 

ADDR ~:~ 

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

.- R-. 
''''" tPC/tRWC 'RSH 

~ 
tRCD 'CAS, tCLCH ~ ICAS, tCLCH 'ep 'CAS 'eLCH ~ 

1\~ Y =J 
r----c c--J 

'" I 

: I ::~-I -I~' I~ 
'RAL 

I~ ~ ~I 2§g1 ~ 
7//;.li ROW W/;.li COLUMN :W////~ COLUMN W////~ COLUMN ROW 

I I 'RWO 1 I ~ -~'RWL 
~I I 'ewLi t 'CWL- I - 'eWL 

~- r ~D -[ tAWD 'AWD 'AWD 

'cwo ~ ~ 

I J ~_ I~c------'M 
tRAC 'd ,~: 1- ~ ,~OHIT_ I~ '05-1- -'DH - ~ -~ ~ -~ - I 

. 
'CLZ Ir- 'ccz-t 'ccz Ir 

OPEN -------fi ~~\W ~~~ID ~~~ MfklD ~t~~ M~~' f-- OPEN-

-too 1-'00 _ ..1'00 
'0, - '0' - toe I~ 

Oe ~:~ .7#$$$//$/1/#$#////$;;1 J----tJc-----tJ,--------i&=T17 
~DON'TCARE 

~ UNDEFINED 

NOTE: 1. tpc can be measured from falling edge to falling edge of CAS, or from rising edge to rising edge of CAS. 

MT4LC16270 
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Both measurements must meet the tpc specification. 
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EDO-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo READ-MODIFY-WRITE) 

'RASP 

'CSH 

IpC tpc 

'RCD ~ __ 'C_P _ ~ lCp 

DO ~~gt ----OPEN ----:-t=~VAL~ID~DAT~A (~AI =X:::;D~~~l~~~B;j1 
'OE 

DE ~:t= W/$ffiW'/////$//"wwd-

I 
CASL and CASH ~:~ _ :~ 

RAS ONLY REFRESH CYCLE 
(ADDR = AD-A8, OE; WE = DON'T CARE) 

'RC 

'RAS 'RP 

'I 
j 

leRP . I~ 
'---I 

'I 
1 

\ 

ADDR ~:r ~~-RO-W --~$##/##,@//$//$///////;Im#a~--RO-W --
tASR IRAH .1 , 

Q ~gr -'-----------------OPEN-------------

1-286 

I:i:Z1 DON'T CARE 

~ UNDEFINED 
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---------------------------------------~ 

'RP 

RAS ~:t-----.! 

CBR REFRESH CYCLE 
(AO-A8; OE = DON'T CARE) 

'RAS 'RP . 
'1 

, tRAS , I 

Y 

-= ~i~ ,:=1 ~~-----L--! _~-'------'-} __ 
~ 

~I~ tCHR ~~ ~ ~. 

DO --------------OPEN------------

WE ~:~ -'11//////1111/1 !ll!!III!II!1 I/III!//IIIII!II!! ///!II !IIIII I//!III 1111 III!I!! II 1/1 I I 111111 I I I /112 

RAS V1H-V1L _ 

~ 
CASL,CASH 

VIH-
VIL_ 

ADDR VIH-
V1l _ 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

tRCD 

(READ) 

tRAS 

'AR 

(REFRESH) 

tRAS 

tCHR 

NOTE 1 

-tOFF 

OOx ~gr -_-----OPEN-----~~====~VA~LlD~D~AT~A ====1 OPEN-

IOE 

OE ~:t --W/##$$#M'$I#////##$ml~ ~~D 
;;;///$///,1 

~ DON'T CARE 

m UNDEFINED 

NOTE: 1. tOFF is referenced from the rising edge of RAS or CAS, whichever occurs last. 
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DRAM 

FEATURES 
• Industry-standard x16 pinouts, timing, functions 

and packages 
• Address entry: ten row-addresses, eight column-

addresses 
• High-performance CMOS silicon-gate process 
• Single +SV±10% power supply' 
• Low power, 3mW standby; 375mW active, typical 
• All device pins are TTL-compatible 
• 1,024-cycle refresh in 16ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST PAGE MODE access cycle 
• BYTE WRITE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Plastic SOJ (400mil) 

-6* 
-7 
-8 

DJ 

• Part Number Example: MT4C16260DJ-7 
*60ns specifications are limited to a Vee range of ±5%. 

GENERAL DESCRIPTION 
The MT4C16260 is a randomly accessed solid-state 

memory containing 4,194,304 bits organized in a x16 con
figuration. Each word or byte is uniquely addressed through 
the 18 address bits during READ or WRITE cycles. These are 
entered 10 bits (AO-A9) first, 8 bits second (AO-A7). RAS is 
used to latch the first 10 bits and CAS the latter 8 bits. 

The MT4C16260 has both BYTE WRITE and WORD 
WRITE access cycles via two write enable pins. 

The MT4C16260 functions in the same manner in that 
WEL and WEH control the selection of BYTE WRITE access 

MT4C16260 
REV. 4/94 

256K x 16 DRAM 
ASYMMETRICAL, 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(DC-6) 

Vee [ l' 40 Vss 
001 [ 2 39 ] 0016 
002 [ 3 38 ] D015 
003 [ 4 37 ] 0014 
004 [ 5 36 0013 
Vee [ 6 3S ] VSS 

DOS [ 7 34 ] 0012 
006 [ 8 33 ] 0011 
007 [ 9 32 ] D010 

008 ~ 10 31 ~ 009 
NC 11 30 ] NC 

WEL [ 12 29 ] NC 
WEH' [ 13 28 ] CAS 
RAS [ 14 27 ] OE 

A9 [ 15 26 ~ A8 
AO i 16 25 ] A7 
A1 [ 17 24 A6 
A2 18 23 AS 

A3 i 19 22 ~ A4 
Vee 20 21 Vss 

cycles. WEL and WEH function identically to WE in that 
either WEL or WEH will generate an internal WE. 

The WE function and timing are determined by the first 
WE (WEL or WEH ) to transition LOW and by the last to 
transition back HIGH. Use of only one of the two results in 
a BYTE WRITE cycle. WEL transitioning LOW selects a 
WRITE cycle for the lower byte (DQI-DQ8) and WEH 
transitioning LOW selects a WRITE cycle for the upper byte 
(DQ9-DQI6). 

1-289 Micron Semiconductor, Inc., r~rves the right to change products or speCifications withQut notice. 
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FUNCTIONAL BLOCK DIAGRAM 

AO 
Al 

A2 
A3 

A4 
A5 
A6 
A7 
AS 
A9 

RAS~----1L~~~~~==~ ________ ~ 

MT4C16260 
REV. 4194 1-290 

1024 x 256 x 16 
MEMORY 
ARRAY 

001 
• • 

0016 

I+-----<>OE 

---0 Vee 

---0 Vss 

Micron Semiconductor,lnc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 18 address 

bits during READ or WRITE cycles. RAS is used to latch the 
first 10 bits (AO-A9) and CAS the latter 8 bits (AO-A7). 

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. 

A READ or WRITE cycle is selected with either WEL or 
WEH performing the WE function. The WE function is 
determined by the first BYTE WRITE (WEL or WEH) to 
transition LOW and the last one to transition back HIGH. 

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 initiate a 
WRITE cycle, selecting DQl through DQI6. 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 data inputs and 16 data outputs are routed through 
16 pins using common I/O and pin direction is controlled 
by OE , WEL and WEH . 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY-WRITE) withiil a 
row-address-defined (AO-A9) page boundary. The FAST 
PAGE MODE cycle is always initiated with a row-address 

MT4C16260 
REV. 4194 

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 execut
ing faster memory cycles. Returning RAS HIGH terminates 
the FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby level. 
The chip is also 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, WRlTE)or RAS REFRESH cycle (RAS ONLY, 
CBR, or HIDDEN) so that all 1,024 combinations of RAS 
addresses (AO-A9) are executed at least every 16ms, regard
less of sequence. The CBR REFRESH cycle will also invoke 
the refresh counter and controller for row-address control. 

BYTE ACCESS CYCLE 

The BYTE WRITE mode is determined by the use of 
WEL and WEH. Enabling WEL will sl'lt'ct a 1owl'r byte 
WRITE cycle (DQI-DQ8) while enabling WElf will sl'kd 
an upper byte WRITE cycle (DQ9-DQI(1). 1'n.lblillg both 
WEL and WEH selects a word WRITE cycle. 

The MT4C16260 may be viewed as two 256K x 8 DRAMS 
that have common input controls, with the exception of the 
WE inputs. Figure 1 illustrates the MT4C16260 BYTE and 
WORD WRITE cycles. 

1-291 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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MIC::RON MT4C16260 
1-· "'" 256K x 16 DRAM 

MT4C162t1O 
REV. 4194 

CAS 

WEL 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

I~ WORD WRITE _1.'--- LOWER BYTE WRITE -I 
\'-_____ ----'1 

'----.:---_-'1 

,---+~_--,I 

STORED 

DATA 

STORED STORED 

o 
o 
o 
o 
o 
o 

1 .-----~ 

1 .-----~ 

o .-----~ 

o .-----~ 

1 .-----~ 

o .-----~ 

o 1 .-----~ 

o 0 .-----~ 

DATA DATA 

0 0 

0 0 
0 0 

1 1 

0 0 

1 

1 

0 0 
0 0 
1 1 

0 0 
1 

0 0 

\'--____ ~r 

\~_~I 

\,--. ----;...-_---.Jr-

INPUT STORED 

DATA DATA 
.-----~ 

.-----~ 

.-----~ 

.-----~ 

.-----~ 

.-----~ 

.-----~ 

.-----~ 

X .-----~ 

X .-----~ 1 

X .-----~ 0 
X .-----~ 0 
X .-----~ 1 

X .-----~ 0 
X .-----~ 

X .-----~ 0 

- ADDRESS 0 -----... t-------• • ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C16260 WORD AND BYTE WRITE EXAMPLE 
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TRUTH TABLE: MT4C16260 

ADDRESSES 

FUNCTION lU(S" m- WE[" WEH lJt IR< IC DOs NOTES 

Standby H H .... X X X X X X High-Z 

READ L L H H L ROW COL Data-Out 

WRITE: WORD L L L L X ROW COL Data-In 
(EARLY WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data-In 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 
BYTE (EARLY) Upper Byte, Data-In 

READ-WRITE L L H .... L H .... L L .... H ROW COL Data-Out, Data-In 1 

FAST-PAGE-MODE 1st Cycle L H .... L H H L ROW COL Data-Out 

READ 2nd Cycle L H .... L H H L n/a COL Data-Out 

FAST-PAGE-MODE 1st Cycle L H .... L L L X ROW COL Data-In 1 

WRITE 2nd Cycle L H .... L L L X n/a COL Data-In 1 

FAST-PAGE-MODE 1st Cycle L H .... L H .... L H .... L L .... H ROW COL Data-Out, Data-In 1 

READ-WRITE 2nd Cycle L H .... L H .... L H .... L L .... H n/a COL Data-Out, Data-In 1 

HIDDEN READ L .... H .... L L H H L ROW COL Data-Out 

REFRESH WRITE L .... H .... L L L L X ROW COL Data-In 1,2 

RAS ONLY REFRESH L H X X X ROW n/a High-Z 

CBR REFRESH H .... L L X X X X X High-Z 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active). 
2. EARLY WRITE only. 

MT4C16260 
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MIC::RON MT4C16260 
1-· , '" " 256K x 16 DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient)': ...... : .. O°C to +70°C 
Storage Temperature (plastic) ............... :: ... -ssoC to +150°C 
Power Dissipation ......................................................... " 1.2W 
Short Circuit Output Current ..................................... SomA. 

'Stresses greater than those listed unc;fer "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 coznditions 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. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Vee = +5V ±10%**) 

PARAMETER/CONDIT.ION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logie 1) Voltage, all inputs VIH 2.4 Vee+1 V 

Input Low (Logie 0) Volt!ige, ali inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT 
Any input OV ~ VIN ~ Vee Ii -2 2 JlA 
(All other pins not under test = 0 V) 

OUTPUT LEAKAGE CURRENT (a. is disabled; OV ~ VOUT ~.5.5V) loz -10 10 JlA 
OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (IOuT'''';-5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

(Notes: 1,6,7) (Vee = +5V ± 10%**) 
MAX 

PARAMETER/CONDITION SYMBOL -6** -7 -8 UNITS NOTES 

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

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vee -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: 
IpC = IpC [MIN]; ICp, IASC = 10ns) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS=VIH: IRC = IRC [MIN]) 

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

""60ns specifications are limited to a Vcc range of ±5%. 

MT4C16260 
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lecl 

lec2 

Icc3 

IcC4 

Iccs 

Icc6 

1-294 

2 2 2 mA 

1 1 1 mA 25 

195 175 160 mA 3,4,29 

120 110 100 mA 3,4,29 

195 175 160 mA 3,29 

180 160 140 mA 3,5 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A9 

Input Capacitance: RAS, CAS, WEL, WEH, OE 

Input/Output Capacitance: DO 

SYMBOL 

CI1 

CI2 

CIO 

MIN MAX UNITS NOTES 

5 pF 2 

7 pF 2 

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* 
PARAMETER SYM MIN 

Random READ or WRITE cycle lime tRC 110 
READ WRITE cycle time tRWC 150 
FAST-PAGE-MODE READ or WRITE tpc 35 
cycle time 

FAST-PAGE-MODE READ-WRITE tpRWC 85 
cycle.time 

Access time from RAS tRAC 

Access time from CAS tCAC 

Output Enable time tOE 

Access time from column-address tAA 

Access time from CAS precharge tCPA 

RAS pulse widlh tRAS 60 
RAS pulse widlh (PAGE MODE) tRASP 60 
RAS hold time tRSH 15 
RAS precharge time tRP 40 
CAS pulse width tCAS 15 
CAS hold time tCSH 60 
CAS precharge time tCPN 10 
CAS precharge time (PAGE MODE) tcp 10 
RAS to CAS delay lime tRCD 20 
CAS to RAS precharge time tCRP 10 
Row-address setup lime tASR 0 
Row-address hold lime tRAH 10 
RAS to column- tRAD 15 
address delay time 

Column-address setup time IASC 0 
Column-address hold time ICAH 10 
Column-address hold lime tAR 50 
(referenced to RAS) 

Column-address to tRAL 30 
RAS lead time 

Read command setup time tRCS 0 
Read command hold time tRCH 0 
(referenced to CAS) 

Read command hold time tRRH 0 
(referenced to RAS) 

CAS 10 output in Low-Z tcLZ 3 

*60ns specifications are limited to a Vcc range of ±5%. 

MT4C16260 
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MAX MIN 

130 
175 
40 

95 

60 
15 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
55 

35 

0 
a 

0 

3 

1-295 

-7 -8 

MAX MIN MAX UNITS NOTES 

150 ns 

195 ns 

45 ns 

100 ns 

70 80 ns 14 
20 20 ns 15 
20 20 ns 

35 40 ns 

40 45 ns -
100,000 80 100,000 ns 

100,000 80 100,000 ns 
.. 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 

10 ns 

0 ns 

10 ns 

35 15 40 ns 18 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 26 
a ns 19,26 

0 ns 19 

3 ns 30 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (Vee = 5+V ±10%') 

AC CHARACTERISTICS -6' 
PARAMETER SYM MIN 
Output buffer turn-off delay tOFF 3 

Output disable time tOD 3 

Write command setup time twcs 0 

Write command hold time twCH 10 

Write command hold time tWCR 45 
(referenced to RAS) 

Write command pulse width tvvp 10 

Write command to RAS lead time tRWL 15 

Write command to CAS lead time tCWL 15 

Data-in setup time tDS 0 

Data-in hold time tDH 10 

Data-in hold time tDHR 45 
(referenced to RAS) 

RAS to WE delay time tRWD 85 

Column-address tAWD 55 
to WE delay time 

CAS" to WE delay time tCWD 40 

Transition time (rise or fall) IT 3 

Refresh period (512 cycles) tREF 

~ to CAS precharge time tRPC 10 

CAS" setup time tcSR 10 
(CBR REFRESH) 

CAS hold time tCHR 10 
(CBR REFRESH) 

OE hold time from WE during tOEH 15 
READ-MODIFY-WRITE cycle 

OE setup prior to RAS during tORD 0 
HIDDEN REFRESH cycle 

Last CAS going LOW to first CAS tCLCH 10 
returning HIGH 

'60ns specifications are limited to a Vee range of ±5%. 

MT4C16260 
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MAX MIN 
15 3 

15 3 

0 

10 

55 

10 

20 

20 

0 

15 

55 

95 

60 

45 

50 3 

16 

10 

10 

10 

20 

0 

10 

1-296 

-7 -8 
MAX MIN MAX UNITS NOTES 
15 3 15 ns 20,28,30 

15 3 15 ns 28,30 

0 ns 21,26 

10 ns 26 

60 ns 26 

10 ns 26 

20 ns 26 

20 ns 26 

0 ns 22 

15 ns 22 

60 ns 

105 ns 21 

65 ns 21 

45 ns 21 

50 3 50 ns 9,10 

16 16 ms 

10 ns 

10 ns 5 

10 ns 5 

20 ns 27 

0 ns 

10 ns 
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NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vcc = 5V ±1O%; f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is 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 (O°C ~ T A ~ 70°C) is assured. 

7. An initial pause of lOOl1s 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 lREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. Vlli (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vlli and VIL (or between VIL 
and Vlli). 

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

11. If CAS = Vlli, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and lOOpF, VOL = 0.8V and VOH = 2.0V. 
14. Assumes that IRCD < IRCD (max). If IRCD is greater 

than the maximum recommended value shown in this 
table, IRAc will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (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 must be pulsed 
HIGH for ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
IRAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by ICAe. 

18. Operation within the IRAD limit ensures that IRCD 
(MAX) can be met. IRAD (MAX) is specified as a 
reference point only; if lRAD is greater than the 
specified IRAD (MAX) limit, access time is controlled 
exclusively by IAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

MT4C162£O 
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20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition; it is not a 
reference to VOH or VOL. 

21. twcs, IRWD, IAWD and ICWD 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 tRWD ~ tRWD (MIN), IAWD ~ IA WD 
(MIN) and ICWD ~ tcWD (MIN), the cycle is a READ 
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
conditions are met, the state of Q (at access time and 
until CAS goes back to Vlli) is indeterminate. WE 
determines either EARLY WRITE (WCS), LATE 
WRITE (RWD, AWD and CWD) or an indeterminate 
(WCS or RWD, AWD and CWD not met) cycle when 
WE goes LOW in reference to CAS going LOW. 

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 111(;11 
before CAS goes HIGH, Q goes open. If em is til·d 
permanently LOW, LATE WRITE or READ
MODIFY-WRITE operations are not pnssibll·. 

24. A HIDDEN REFRESH may also be pcrforml·d aftl'r .1 
WRITE cycle. In this case, WE = LOW and orr = 
HIGH. 

25. All other inputs at Vcc -0.2V. 
26. Write command is defined as either WEL or WEH or 

both going LOW. 
27. LATE WRITE and READ-MODIFY-WRITE cycles 

must have both taD and toEH 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 w,titten data if CAS 
remains LOW and OE is taken b"c'k LOW after tOEH 
is met. If CAS goes HIGH prior lo OE going back 
LOW, the DQs will remain open. 

28. The DQs open during READ cycles once laD 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. 

29. Column-address changed once each cycle. 
30. The 3ns minimum is a parameter guaranteed by 

design. 
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MIC::~ON MT4C16260 
1-· ,.., " 256Kx16DRAM 
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READ CYCLE 

'RAS 'RP 

V,H 
RAS V'C 

- \ -
'cSH 

IRSH IRRH 

leRP IRCD 'cAs 

CAS VIH 
VIL =.--1 ' 

'AR 

'RAD 'RAC 

~ ~I ~ ~ 
ADDR, 

V,H 
VIL ~ ROW WIIII/,I COLUMN WIIIIIIIIIIIIIIIIIIIIIII/f.. ROW 

IRCS 

WEL,WEH ~:r 
===t 

~!jjllllllllllllllllllllllllllili/ VlIIIIIII/' 

--

--

RAS V,H 
v'c 

CAS V,H 
v'c 

ADDR V,H 
v'c 

OE ~:r 

'M 

'RAe 

'CAG ~ 

~ 
OPE;N VALID DATA t----0PEN---

~I~ r==::: 

, EARLY WRITE CYCLE 

lAC 

IRAS 'RP 

- \ 
tOsH 

.IASH < 

'cRP 'IICO 'CAS 

=----' ,-
'AR 

'RAO 'RAC 

~ ~ ~ ~ 
~ ROW ,~ COLUMN ROW 

'CWL 

'RWL 

'weR 

'wes 'weH 

'wp' 

'DHR 

~ ~ " 
VALID DATA 

" " "I@ DDN'TCARE 

1~298 
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READ WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

'Rwe 
tRAS 'RP 

-
tCSH 

I IRSH 

~ 
IRCD 'CAS 

r'l =-' 
'AR 
IRAQ I I tRAL I 

I~ ~I ·I~I I~I I 
:1llllht RCW Will;),! COLUMN ROW 

I I IRWD 
'CWL II 

1_ + 'RCS I I leWD ~I 
'AWD rl 

1 1 'AA 

I tRAC 

DO ~ig~ 

~ leu C ,t=~1 
OPEN VALID DOUT )( VALID DIN OPEN ---

,r too:1 l-'-:QQL. 
-- ~;@; 

FAST-PAGE-MODE READ CYCLE 

'RP 

- VIH----~1 

RAS VIL - It--C'C-SH--------c-,pc--------,--------'fl 

1-299 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

DO ~i8t' -'----------

toe-J--J '00 

OE ~:~ -l!$//,!/I!!$Id/J!///,!/,!d//d/&). ---

1-300 

~ DON'TeARE 

~ UNDEFINED 
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FAST-PAGE-MODE READ-EARL Y-WRITE CYCLE 

CAS 

ADDR 

Q ~g~-------:--I-OPEN----1-I--tAA-----j~~:t-~---OPEN 

tRAC 

6E ~:t 5llA!LI.L.1."-'''----_________________ -'---__ _ 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9,OE; WEL and WEH = DON'T CARE) 

IRP 

\'-----'cRP .'~ 

CAs ~IH - t 
IL ---1 

ADDR ~:t_ 
'ASR , 'RAH ~ 

Ro.:------kmw/#/$$/#/$t/#$/$##$;(--RO-W --

oQ ~g~ -'------------OPEN'-----------

I2Zl DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to High-Z; that is completion of tOFF. tcpp is equal to tOFF + tOS(MIN) + guardband 

MT4C16260 
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between data-out and driving new data-in. 
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RP 

--1.'RP,\ 

CBR REFRESH CYCLE 
(AO-A9 and OE = DON'T CARE) 

RAS RP . . . 
1 

RAS 

} 
tCPN ~ I.~ tRPe tCSR ~ 

DQ OPEN----------

WEL,wEH ~:t -11$1111 I III I I II II I III! I /II III 1111111 J///!I I II! II !llll!111////IIIIIIIIII!!/I /1//11 !III////// II! 

I~ 
:--' 
I~ 
Ir---ADDR ~IH-- t IL~~ 

HIDDEN REFRESH CYCLE 24 

( WEL, WEH = HIGH; OE=LOW) 

tRCD 

tAR 

(READ) 

tRAS 

~ I; 

-
IRSH 

(REFRESH) 

tRAS 

tCHR 

V 

~ II lRAL·1 

~II~ tRAH 

1-302 

VALID DATA ~OPEN-

IZ:iI DON'T CARE 

~ UNDEFINED 
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DRAM 

FEATURES 
• JEDEC- and industry-standard x16 timing, functions, 

pinouts and packages 
• High-performance CMOS silicon-gate process 
• Single power supply: +3.3V ±0.3V 
• 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, 3m W standby; 225m W active, typical 
• Optional SELF REFRESH mode, with Extended 

Refresh rate (8X) 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Refresh Rate 

MARKING 

-6 
-7 
-8 

Standard and 16ms period None 
SELF REFRESH and 128ms period S 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 

DJ 
TG 

• Part Number Example: MT4LC1M16C3TG-7 S 

GENERAL DESCRIPTION 
The MT4LC1M163(S) is a randomly accessed solid-state 

memory containing 16,777,216 bits organized in a x16 con
figuration. TheMT4LC1M16C3 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 MT 4LC1M16C3 CAS function and timing are deter
mined by the first CAS (CASL or CASH) to transition 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 (DQI-DQ8) 
and CASH transitioning LOW selects an access cycle for the 
upper byte (DQ9-DQ16). 

MT4lC1M16C3(S) 
REV. 4194 
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1 MEG x 16DRAM. 
3.3V FAST PAGE MODE, 
OPTIONAL SELF REFRESH 

1-303 

PIN ASSIGNMENT (Top View) 

Vee 
001 
002 

003 

D04 
Vee 

005 

006 
007 

DOS 
NC 

NC 

WE 
RAS 

NC 

NC 

AO 
A1 

A2 
A3 

Vee 

42-Pin SOJ 
(OC-7) 

1 42 
2 41 

3 40 
4 39 
5 38 
6 37 
7 36 
8 35 

9 34 
10 33 J 
11 32 J 
12 31 .1 
13 30 
14 29 
15 28 

16 27 
17 26 

18 25 
19 24 

20 23 
21 22 

Vss 

0016 

0015 

0014 
0013 

Vss 

0012 

D011 
0010 
009 

NC 

CAS 1 
CASH 

DE 
A9 

AS 
A7 
A6 

A5 
A4 
Vss 

44/50-Pin TSOP 
(00-6) 

Vee 1 50 Vss 
D01 2 49 DQ16 
002 3 48 DQ15 
003 4 47 D014 
004 5 46 DQ13 
Vee 6 45 Vss 

D05 7 44 DQ12 
006 8 43 DQ11 
007 9 42 DQ10 
DOS 10 41 D09 

NC 11 40 NC 

NC 15 36 NC 
NC 16 35 CASL 
WE 17 34 CASH 

RAS 18 33 DE 
NC 19 32 A9 
NC 20 31 AS 
AO 21 30 A7 
A1 22 29 A6 
A2 23 28 A5 
A3 24 27 A4 

Vee 25 26 Vss 

Micron Semiconductor, Inc., reserves the rightto change products or specifications without notice. 
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AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 

A8 
A9 

ADVANCE 

FUNCTIONAL BLOCK DIAGRAM 

WE~r+---------------------------, 

CASL~~~~.~~~ __________________ -1~==~~~~~~~~~~1I1 
CASH 0--....... -01 " 

1024 x 1024 X 16 
MEMORY 

ARRAY 

D01 

• • 
D016 

1+--------0 OE 

RAS 0------1 +-----0 Vee 

+-----0 Vss 

MT4LC1M16C3(S) 
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FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 20 address 

bits during READ or WRITE cycles. These are entered ten 
bits (AO-A9) at a time. RAS is used to latch the first ten bits 
and CAS the latter ten bits. The CAS function is determined 
by the first CAS (CASL or CASH) to transition LOW and the 
last one to transition back HIGH. 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. __ 

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 MT4C1M16C3 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 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 data inputs and 16 data outputs are routed through 
16 pins using common I/O. Pin direction is controlled by 
OEand WE 

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ, WRITE or READ-MODIFY-WRITE) within a 
row-address-defined (AO-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 CAS. CAS may be toggled-in by holding RAS LOW 
and strobing-in different column-addresses, thus execut
ing faster memory cycles. Returning RAS HIGH terminates 
the FAST PAGE MODE operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip current to a reduced standby 
level. The chip is also 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, CBR, or HIDDEN) so that all 1,024 combinations of 

ADVANCE 

RAS addresses (AO-A9) are executed at least every 16ms 
(128ms on S-version), regardless of sequence. The CBR 
REFRESH cycle will also invoke the refresh counter and 
controller for row-address control. 

BYTE ACCESS CYCLE 
The BYTE WRITEs and BYTE READs are determined by 

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 
and CASH selects a WORD WRITE cycle. 

The MT4C1M16C3 may be viewed as two 1 Meg x 8 
DRAMs that have common input controls, with the excep
tion of the CAS inputs. Figure 1 illustrates the BYTE WRITE 
and WORD WRITE cycles. Figure 2 illustrates BYTE READ 
and WORD READ cycles. 

SELF REFRESH 
SELF REFRESH is similar to CBR except that the DRAM 

provides its own internal clocking during SI.EEI' l11odl'. 
Thus, an external clock is not I",·quirt·d. This n'sults in 
additional power savings and design ease. The DRAM's 
SELF REFRESH mode is initiated by executing a CBR 
REFRESH cycle and holding both RAS and CAS LOW for a 
specified period. The industry standard for this value is 
lOOf.ls minimum (tRASS). The DRAM will remain in the 
SELF REFRESH mode while RAS and CAS remain LOW. 
Once CAS has been held LOW for tCHD, CAS is no longer 
required to remain LOW and becomes a "don't care." CAS 
is a "don't care" until tCHS, at which time CAS must be 
either HIGH or LOW. 

The SELF REFRESH mode is terminated by taking RAS 
HIGH for the time minimum of an operation cycle, tRPS. 
Once the SELF REFRESH mode has been terminated, it is 
recommended that the user perform a refresh of all rows 
within the time of the external refresh rate prior to active use 
ofthe DRAM. The external refresh rate is typically 125f.ls per 
row-address. Once this burst has been completed, the DRAM 
may be used in the functional mode with distributed re
freshes, such as CBR or RAS ONLY. 

The alternative approach when exiting SELF REFRESH 
mode is to utilize distributed refreshes once tRPS has been 
met, provided CBR REFRESH cycles are employed. The 
first CBR pulse should occur within the time of the external 
refresh rate prior to active use of the DRAM and must be 
executed within three external refresh rate periods. This 
will ensure maximum data integrity. 

MT4LC1M16C3(S) 
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1------------ WORD WRITE --1-LQWERBYTEWR,TE--I 

RAS 

CASL >-----------'~ 

"---------I 
~~+---~--~/ 

LOWER BYTE 
(DQ1-DQ8) 
QFWORD 

UPPER BYTE 
(OQ9-0Q16) 
OF WORD 

STORED 
DATA 

~ 
~ 

INPUT INPUT STORED STORED 
DATA 

DATA::::: D~r 
1 

D . -------;:. 0 
-------'3>- 0 
-------:'1> 0 
-------,.. 0 

-------J;>. 0 

x . 
-----;:. O· 

.-----;:. 0 

1 

-----:;> 1 

.-----;> 1 

.-----;:. 1 
'1 
' 0 
, 1 

- , 0 

- -;:. 1 

-, 1 
- , 1 

-, 1 

INPUT 
DATA 

x 
X -
X -

INPUT STORED 

D_ATA _____ , D~~TA 
----:;:. 1 

----;:. 0 

----;:. 1 

----» 1 

----J>o- 1 
----:;:. 1 

----J;> 1 

.... ----'~ --------» 0 
--------:» 1 

._------» 0 

.-------:;> 1 
--------:;>- 1 

--------» 1 

._------::> 1 

----- ADDRESSO ------+I~. ---- ADDRESSl ----.1 
x = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
WORD AND BYTE WRITE EXAMPLE 

1_ WORD READ --1-LOWER BYTE READ -I 

CASL ~ / \ ;-

CASH "---------I 
WE -----.I "-----I \.-

STORED OUTPUT OUTPUT STORED STORED OUTPUT OUTPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

~ 
-----:;> 1 

~ t 
-----:;:. 1 

~ 
LOWER BYTE .-----:» 1 1 

(D01-DOB) 
OF WOAD 

__ ~ 1 

-----,.. 1 -----l'> 1 

~ 
-----J;> 0 

I ~ ~ 
UPPER BYTE -----::>0 z 
(DQ9·DQ16) 
OF WORD -----,.. z 

- ---3>' Z 
... ---:» 0 

0 -----';>- z 

- ADORESSO -I~----

z= High-Z 

Figure 2 
WORD AND BYTE READ EXAMPLE 

ADVANCE 
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TRUTH TABLE 

ADDRESSES 

FUNCTION RAS CASl CASH WE OF IR IC DOs NOTES 

Standby H H-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 Lower Byte, 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 

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 

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 

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 

NOTE: 1. These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active). 

MT4LC1M16C3{S) 
REV. 4194 

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). 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ........... -1V to +4.6V 
Operating Temperature, TA (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + 1S0°C 
Power Dissipation ............................................................. 1 W 
Short Circuit Output Current ..................................... SOmA 

DC OPERATING SPECIFICATIONS 
(Notes: 1, 6, 7, 42) (Vee = +3.3V ±0.3V) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV :::; VIN :::; Vee 
(All other pins not under test = OV) 

'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. 

SYMBOL MIN MAX UNITS NOTES 

Vee 3.0 3.6 V 

VIH 2.0 Vee+1 V 

VIL -1.0 O.B V 

II -2 2 /lA 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV :::; VOUT:::; 3.6V) loz -10 10 /lA 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -2.0mA) 
Output Low Voltage (lOUT = 2.0mA) VOL 0.4 V 

ELECTRICAL CHARACTERISTICS AND DC OPERATING SPECIFICATIONS 
(Notes: 1, 6, 7, 42) (Vee = +3.3V ±0.3V) 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) (RAS = CAS = VI H) lee1 2 2 2 mA 

STANDBY CURRENT: (CMOS) (RAS = CAS = Vee -0.2V) lee2 1 1 1 mA 25 

OPERATING CURRENT: Random READIWRITE 
Average power supply current lee3 150 140 130 mA 3,4,26 
(RAS, CAS Address Cycling: tRC = tRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current lee4 BO 70 60 mA 3,4,26 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIN]; tcp, tASC = 10ns) 

REFRESH CURRENT: RAS ONLY 
Average power supply current Ices 150 140 130 mA 3 
(RAS Cycling, CAS=VIH: tRC = tRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply curreni lec6 150 140 130 mA 3, 5 
(RAS, CAS Address Cycling: tRC = tRC [MIN]) 

REFRESH CURRENT: Extended (S-only) 
Average power supply current during BBU REFRESH: 
CAS = 0.2V or CBR cycling; RAS = tRAS (MIN); lee7 150 150 150 !lA 3,5 
WE, AO-A9 and DIN = Vcc - 0.2V (DIN may be left open); 
tRC = 125/ls (1,024 rows at 125JlS = 12Bms) 

REFRESH CURRENT: SELF (S-only) 
Average power supply current during SELF REFRESH: CBR cycle with 
RAS ~ tRASS (MIN) and CAS held LOW; WE = Vee - 0.2V; AO-A9 Ices 150 150 150 /lA 5,27 
and DIN = Vee - 0.2V or 0.2V (DIN may be left open) 

MT4LC1M16C3(S) 
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MICRON MT4LC1 M16C3(S) 
1-· " ", , 1 MEGx 16 DRAM 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: Addresses 

Input Capacitance: RAS, CASL,CASH, WE, OE 

InpuVOutput Capacitance: DQ 

SYMBOL 

Cit 

CI2 

CIO 

MAX UNITS NOTES 

5 pF 2 

7 pF 2 

7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vcc = +3.3V ±O.3V) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ WRITE cycle time 

, FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Ent;lble 
Access time from column-address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CI\S pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CI\S to RAS precharge time 
Row,address setup time 
Row-address hold tilne 
RAS to column-address delay time 
Column-address setup time 
Column-address hold time 
Column-address hold time 
(referenced to RAS) 

Column-address to RAS lead time 
Read command setup time 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CI\S to output in Low-Z 

MT41.C1 M16C3(S) 
REV.4i94 

-6 
SYM MIN MAX 
IRC 110 

IRWC 150 
IpC 35 

IpRWC 85 

tRAC 60 
tCAC 15 
tOE 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
teSH 60 
tCPN 10 
tep 10 

tRCD 20 45 
tCRP 5 
tASR 0 
tRAH 10 
tRAD 15 30 
tASC 0 
tCAH 10 
tAR 50 

tRAL 30 
tRCS 0 
tRCH 0 

tRRH 0 

tell 3 

1-309 

MIN 
130 
180 
40 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
5 
0 
10 
15 
0 
15 
55 

35 
0 
0 

0 

3 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
200 ns 
45 ns 35 

100 ns 35 

70 80 ns 14 
20 20 ns 15,33 
15 15 ns 33 
35 40 ns 
40 45 ns 33 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 40 
60 ns 

100,000 20 100,000 ns 39 
8,0 ns 32 
10 ns 16,36 
10 ns 36 

50 20 60 ns 17,31 
5 ns 32 
0 ns 
10 ns 

35 15 40 ns 18 
0 ns 31 
15 ns 31 
60 ns 

40 ns 
0 ns 26,31 
0 ns 19,26,32 

0 ns 19 

3 ns 33,30 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11,12,13) (Vee = +3.3V ±0.3V) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column-address to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

Refresh period - S option (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

Last CAS going LOW 

to first CAS to return HIGH 

RAS pulse width during 
SELF REFRESH cycle 

RAS precharge time during 
SELF REFRESH cycle 

CAS LOW to "don't care" during 

SELF REFRESH cycle 

MT4LC1M16C3(S) 
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SYM MIN 
tOFF 3 
twcs 0 

twCH 10 

tWCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 85 
tAWD 55 
tCWD 40 

IT 3 
tREF 

tREF 

tRPC 0 
tCSR 5 
tCHR 15 
tWRH 10 
tWRP 10 
tORD 0 

tOD 3 
tOEH 15 

tCLCH 10 

tRASS 100 

tRPS 110 

tCHD 15 

MAX MIN 
15 3 

0 

15 

55 

15 

20 

20 

0 

15 

55 

95 

60 

45 

50 3 

16 

128 

0 

5 

15 

10 

10 

0 

15 3 

15 

10 

100 

130 

15 

1-310 

-7 -8 
MAX MIN MAX UNITS NOTES 
20 3 20 ns 20,30,33 

0 ns 21,26,31 

15 ns 26,40 

60 ns 26 

15 ns 26 

20 ns 26 

20 ns 26,32 

0 ns 22,33 

15 ns 22,33 

60 ns 

105 ns 21 

65 ns 21 

45 ns 21,31 

50 3 50 ns 9, 10 

16 16 ms 28 

128 128 ms 28 

0 ns 

5 ns 5,31 

15 ns 5,32 

10 ns 26 

10 ns 26 

0 ns 

15 3 15 ns 29,30,41 

15 ns 28 

10 ns 34 

100 IJS 27 

150 ns 27 

15 ns 

Micron Semiconductor, 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. Vee = +3.3V;f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is 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 (O°C s T A S 70°C) is assured. 

7. An initial pause of 100lls 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 tREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to one TTL gate, 

50pF and VOL = 0.8V and VOH = 2.0V. 
14. Assumes that IRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in 
this table, tRAC will increase by the amount that 
IRCD exceeds the value shown. 

15. Assumes that IRCD ~ 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 Q buffer, CAS must be pulsed 
HIGH for ICPN. 

17. Operation withln the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, access time is controlled 
exclusively by ICAe. 

18. Operation within the tRAD limit ensures that IRCD 
(MAX) can be met. tRAD (MAX) is specified as a 
reference point only; if lRAD is greater than the 
specified tRAD (MAX) limit, access time is controlled 
exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

MT4LC1M16C3(S) 
REV. 4/94 1-311 
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20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition; it is not a 
reference to VOH or VOL. 

21. twcs, IRWD, tAWD and tCWD 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 tRWD ~ IRWD (MIN), tAWD ~ IA WD 
(MIN) and ICWD ~ tCWD (MIN), the cycle is a READ 
WRITE and the data output will contain data read 
from the selected cell. If neither of the above 
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 OE is LOW tht'll takt'll IIIGII 
before CAS goes HIGH, Q goes open. If OE is tit'd 
permanently LOW, LATE WRITE and 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. All other inputs at 0.2V or Vcc -O.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 order to 
ensure that the DRAM will be fully refreshed. 
Alternatively, distributed refreshes may be utilized, 
provided CBR refreshes are employed. 

28. LATE WRITE and READ-MODIFY-WRITE cycles 
must have both tOD and tOEH 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 tOEH 
is met. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once tOD 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. 

Micron Semiconductor, !nc., reserves the right to change products or specifications Without notice. 
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NOTES (continued) 
30. The 3ns minimum is a parameter guaranteed by 

design. 
31. The first CASx edge to transition LOW. 
32. The last CASx edge to transition HIGH. 
33. Output parameter (DQx) is referenced to correspond

ing CAS input; DQ1-DQ8 by CASL and DQ9-DQ16 
by CASH. 

34. Last falling CASx edge to first rising CASx edge. 

MT4LC1M16C3(S) 
REV.4f94 ' 

ADVANCE 

35. Last rising CASx edge to next cycle's last rising CASx 
edge. 

36. Last rising CASx edge to first falling CASx edge. 
37. First DQs controlled by the first CASx to go LOW. 
38. Last DQs controlled by the last CASx to go HIGH. 
39. Each CASx must meet minimum pulse width. 
40. Last CASx to go LOW. 
41. All DQs controlled, regardless CASL and CASH. 

1-312 Micron Semiconductor, Inc., reserves the right to change products or specifications .without notice. 
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CASL and CASH 

ADDR 

OE 

RAs 

CASLandCASH 

ADDR 

V,H 
VIL 

V,H 
VIL 

V,H 
VIL 

READ CYCLE 

tRAS 

leSH 

IRSH 

I~ 
tRCD teAS 'CLCH 

J 
IAA 

lRAD lRAL 

~~I ~ ~ 
:w&l AOW Wlilia COLUMN 

lACS 

lAA 

tRAC 

iCAC 

~I, 
OPEN 

,~ 

EARLY WRITE CYCLE 

AC 

'RAS 

-
ICSH 

IRSH 

j~ 
tRCD tCAS IcLCH 

=J 
IAA 

IRAD IRAL 

I~ ~I ~ ~ 
::WAi AOW ~~ COLUMN 

tCWL 

'RWl 

'WGR 

~ ~ 
IWp 

toHA 

I~ ~I 
VALID DATA 

lAP 

\ 
'RRH 

AOW 

~ 

~ 

VALID DATA 

I~ 

lAP 

t* 

_I 

[------OPEN ---

\ 

AOW 

~ DDN'TCARE 

~ UNDEFINED 

ADVANCE 
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MT4LC1M16C3(S) 
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ADVANCE 

READ WRITE ·CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

AWC 
lRAS IRP 

-
'CSH 

I tRSH 

'CRP 'RCD ICAS felCH 

=-.1 ~ IAR 

tRAD I I IRAL I 

I~~I ~I~ I 
ADDR ~i~ =W/;0( ROW ~ COLUMN ROW 

AODR ~:~ 

DQ ~12t' 

I 
I I IRWD 

~ I" -I lACS I I 'cwo IRWL 

'Awe 

r-I -
lAA 

I lRAC 

1 lCAC 

-
'CLZ- ~~Ccl 

OPEN VALID DOUT K VALID DIN OPEN--

toe ~' ~ 
J w//#///#//////& 

FAST-PAGE-MODE READ CYCLE 

_--c 
-

IcSH 
I_ 'CRP 

=J 
'RAD 

r- n 
=I//t,lt ROW W//). 

I 
I 

OPEN 

RASP 

FL IpC IRSH 

tRCD 'CAS. felCH ~ tCAS,tcLCH _1_CP_ IpAS, '<:LClly 'CPN 

~ f----

IAR f---------J 
IRAL 1 

~I ~ I~I~ ~ I ICAH_I I 
COLUMN W;i, Wlbt COLUMN Wh 'II//) COLUMN ROW 

'RCS I 'RCH-
~1 ~IRCS Ii T tRCH-

rl-I TIRCS tRCH ~I_IRRH 

lAA V(U lAA vr lAA 
~ 

tRAG I tePA I tePA - -!oFF ~ ~~ ~,I~ tCLZ L tell r 'CLZ- I:, 
VALID VALID VALID 

DATA 

\rr 

1-314 

,~~ 
DATA 

J~r 
1--- 0PEN -

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

OE ~:t 1!/II!I!I!II!////W/I!I!I!//1I!//I!I!I!#/1!1!1!1I!1III! I!!//II!I!I! II!/$//I!I!/ I! I! 1!1!//II!/II!I!II!1/////!/I!I!I!J 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

~ I_~--""RC"'-'~_f---"C""AS"'. ,,,,CLC,,,,H_II~ tCAS, tCLCH 
CASLandCASH V1H __ --II------+I----~~~-.--, 

V1L - '--f~~~--fl 

DO ~:gr -:-~~~~-

. toE-I--J -'0' 

OE ~:t JII!I!II!M&!I!I!IIII!/I!I!II!!&l ,-----

QPEN-

~ DON'TeARE 

~ UNDEFINED 

ADVANCE 
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~-------------------------

• C 
:D » s: 

CASL and CASH ~IH' ,. 
Il --./ 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9, OE; WE = DON'T CARE) 

teRP 
\'---------

wd~1 
ADDA ~l~ :::: ROW 

'RAH '--I 
'b//#/////#/MI//#/$///#///#/$ff"xr---Ro-w --

Q ~g~ -:----------------OPEN------------

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

_ V'H _c----""11 
RAS VIL - Ir----------------c~-___'f 

Ipc '1 __ '.=R8,-,--H -+] 
ICSH 

lepp teAS 

ADDR ~:r -r.-l.L.L.L,'-_--,-----" 'lLff1'--_,.--,.--__" 'lLLf-"""",' "---------;~--"'<.L1f-'~f_'_'_'_'JJ 
I II 'eWL 

,_--+-",'R"",e84_ II tRWL 

I 
II 'WP 

7TTJ77777T77-n7T,..m-----;---+---T--"'"""\ ,'WCS II~ f7TT~l7Tr.rrTn77777n 
WE ~:~ = I I I I ~~II~I _ 

~:~ :11////////////////////////////////////////////////////// VALID DATA W!////////////////////~ 

~ I~T 
l~INOTEI 

Q ~gt =-----+I-OPEN--+l=' ==='A:A==~~~{II~~DA~TA)-,----OPEN-----
. tRAC 

~ ~:t~~l.L.L.L~ _____________________ _ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to High-Z; that is completion of tOFF. tcpp is equal to tOFF + tDS(MIN) + guardband 

MT4LC1MI6C3(S) 
REV. 4194 

between data-out and driving new data-in. 
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--------------------------~ 

tRP . 
-----.i 
~ 

1_,tcPt>! I~ , 

CBR REFRESH CYCLE 
(AO-A9, OE = DON'T CARE) 

tRAS ,J tRP 

1 
tCHR . tCHR 

tRAS I 

CASL and CASH ~:~_ :~ '\ I IT Y 
DO OPEN 

~ 

WE ~:~ -W//II////;Q 
~ ~ 

W/////I///I//I/I/I/ I/ff 
~ 

~I/I/ 1//1/ 11/ 1///1///1//// I///~ 

SELF REFRESH CYCLE ("SLEEP MODE") 
(AO-A9, OE = DON'T CARE) 

tRASS (not RAS) 
(( 

JI 

NOTE 1 

- V,H __ -+----,L 
RAS VIL - 1'-----\\;--------11_--"=-__ 1 

NOTE 2 

DO ~gt =:-------H------\)----OPEN-----------l+------

We ~:t = UJ.LLil.Ll11JJ 

IWRP ~ 

Willii/! I!/I!IIII II II /Ii II!//Ili II II 1/;) 'WIll //1/1// II/! /12 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1_ Once tRASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode_ 
2_ Once 'RPS is satisfied, a compete burst of all rows should be executed_ 

MT4LC1M1693(S) 
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RAS ~:t-

~ 
V,H 

CASLandCASH VIL_ -' 

. 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

tRCD 

tAR 

(READ) 

tRAS 

i 
'M' 

IRSH 

(REFRESH) 

tRAS 

tCHR 

ADVANCE 

l 
! 

~ II tRAl'! 

I~ IRAH ~I~ 
}---~:~~ 

I I tRAe , I 

AODR ~IH--!: tL"':~ 

I !CAG 

: telz '~ - -toFF 

DQx ~:gt ='---------OPEN-----~~~t::::::===~VA~LI~D D~AT~A===jD---OPEN-
! tOE ,I 

DE ~:t _ijj~/////;/$/$/#$/////////#~~ 

1~318 

I~ 

p//##///////I#; 
~ DON'T CARE 

~ UNDEFINED 
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SYNCHRONOUS DRAM SELECTION GUIDE 

Memory Access Part Access Power Dissipation Package!# of Pins 
Configuration Cycle Number Time (ns) Standby Active SOJ TSOP Page 
4Megx4 BURST MT4BLC4M4R1 10,12, 13 3mW 200mW - 44 2-1 

4Megx4 BURST MT4BLC4M4R1 S 10, 12, 13 3mW 200mW - 44 2-1 

2MeqxB BURST MT4BLC2MBS1 10, 12, 13 3mW 200mW - 44 2-3 

2MegxB BURST MT4BLC2MBS1 S 10,12, 13 3mW 200mW - 44 2-3 

2MegxB BURST MT 4BLC2MBK3 S 10,12,13 2mW 200mW 32 44 2-5 
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MIC:RON MT48LC4M4R1 (5) 
1-· '" , 4MEGx45DRAM 

SYNCHRONOUS 
DRAM 
FEATURES 
• Fully synchronous; all.signals (excluding clock enable) 

registered to positive edge of system clock 
• Meets all JEDEC functional specifications 
• Dual internal banks: dual 2 Meg x 4 architecture 
• Programmable burst-lengths: 2, 4, 8 cycles or full-page 

burst 
• Programmable burst-sequence: sequential or interleave 
• Burst termination 
• Multiple burst READ, single WRITE capability 
• Hidden precharge capability with optional automatic 

precharge cotnmand 
• Programmable READ latency: 1,2 or 3 clocks 
• Industry-standard x8 pinouts, tithing, functions and 

packages 
• Refresh modes: AUTO and SELF 
• Standard and extended AUTO REFRESH rates. 
• High-performance CMOS silicon~gate process 
• Lead-over-chipassembly archItectUre 
• Single +3.3V :!:0.3V power supply, 
• Low powe~, 3rriW standby; 200m W active, typical. 
• L VTTL-compatible 
• CKE-controlled power-down and 'Suspend operations 
• Mode register programming 
• JEDEC-standard command set (pulsed RAS ) 

OPTIONS MARKING 
• Timing 

IOns access (:'>100 MHz) -10 
12ns access (:'>83 MHz) . -12 
13.3ns access ( :'>75 MHz) -13 

• Auto Refresh 
4,096-cycle in 64ms (15.6IJ.s/row) none 
4,096-cycle in 128ms (31.25IJ.s/row) S 

• SELF REFRESH 
Not allowed none 
Allowed S 

• Plastic Packages 
44-pin TSOP (400 mil)-forward TG 

• Part Number Example: MT48LC4M4RlTG-1O S 

GENERAL DESCRIPTION 
The MT48LC4M4Rl(S) is a randomly accessed, solid

state memory containing 16,777,216 bits organized in a x4 
configuration. It is stI1lctured as a dual 2 Meg x 4 DRAM 

MT48LC4M4Rf(S) 
REV.4194 ' 2-1 

4 MEG x4SDRAM 
Pulsed RAS, Dual Bank, 
BURST Mode, 3.3V, SELF REFRESH • 

en 
PIN ASSIGNMENT (Top View) -< 

44-Pin TSOP 
FORWARD 

(00-7) 

Vee Vss 
NC NC 

VssQ VssC 
DCl DQ4 

VccQ VccQ 
NC NC 

VssC VssQ 
DQ2 DQ3 

VccQ VocC 
NC. NC 
NC NC 

WE DCM 
CAS elK 
RAS eKE 
Cs 'NC 
SA "" A1D ,., 
AD A7 
Al ,., 
A2 AS 
A3 A4 

Vee v--

with a synchronous interface. Each byte is uniquely ad
dressed through a bank-select bit and 20 address bits. The 
bank select and address are entered first by RAS registering 

. (row active command) 12 bits (AO-AlO, BA) and then 
CAS registering 11 bits (AO-A9, BA). At CAS registration 
(READ or WRITE command), address bit AlO defines auto
precharge state (active IDGH). Bank selection is controlled 
by BA during both RAS and CAS registration. 

The MT48LC4M4Rl is designed to operate in a synchro
nous, 3.3V memory system. All input and output signals, 
with the exception of clock enable (eKE) during POWER
DOWN and SELF REFRESH modes, are synchronized to 
the positive-going edge of the system clock (CLK). 

The synchronous DRAM has several programmable fea
tures to allow maximum performance in each user' ssystem. 
Additionally, bank switching between the two internal 
memory banks in conjunction with the programmable 
BURST mode provides very high-speed performance. 

The synchronous DRAM allows both AUTO REFRESH 
(during normal operation) and SELF REFRESH (for low
power, data-retention operation). 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1994,MlcronSemlconductor,lnc. 
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CKE 

ClK 

CS 

WE 
Ow 

CAS 
Zo 
«0 :;;() 
:;;w 

RAS go 

BA 

FUNCTIONAL BLOCK DIAGRAM 

() 

(5 
0 
..J 
..J 
0 a: 
I-Z 
0 
() BANKO 

MEMORY 
ARRAY 

1 t-1024 x 4-t 1 

ADVANCE 

DOM 

D01 
D02 
D03 
D04 

A10 l-lP~!~'~!~~~~~ A9 0-

AB 
A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 

MT48lC4M4R1{S) 
REV. 4194 2-2 

BANK 1 
MEMORY 
ARRAY 
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MIC:RON MT48LC2M8S1 (S) 
1-· '"'' c, 2 MEG x 8 SDRAM 

2 MEG x8SDRAM 
Pulsed RAS, Dual Bank, 

SYNCHRONOUS 
DRAM BURST Mode, 3.3V, SELF REFRESH • 

FEATURES 
• Fully synchronous; all signals (excluding clock enable). 

registered to positive edge of system clock 
• Meets all JEDEC functional specifications 
• Dual internal banks: dual 1 Meg x 8 architecture 
• Programmable burs~-lengths: 2; 4, 8 cycles or full-page 

burst 
• Programmable burst-sequence: sequential or interleave 
• Burst termination 
• Multiple burst READ, single WRITE capability 
• Hidden precharge capability with optional automatic 

precharge command 
• Programmable READ latency: 1, 2 or 3 clocks 
• Industry-standard x8 pinouts, timing, functions and 

packages . 
• Refresh modes: AUTO and SELF 
• Standard and extended AUTO REFRESH rates 
• High-performance CMOS silicon-gate process 
• Lead-over-chip assembly architecture 
• Single +3.3V±0.3V power supply 
• Low power, 3m W standby; 200m W active, typical 
• L VJTL-compatible' 
• CKE-controlled power-down and suspend operations 
• Mode register programming 
• JEDEC-standard coriuruiIi.d set (pulsed RAS ) 

OPTIONS MARKING 
• Timing 

IOns access (:S100 MHz) -10 
12ns access (gj3 MHz) -12 
13.3ns access ( $75 MHz) -13 

• AUTO REFRESH 
4,096-cycle in 64ms (15.6!J.s/row) none 
4,096-cycle in 128ms (31.25!J.s/row) S 

• SELF REFRESH 
Not allowed none 
Allowed S 

• Plastic Packages 
44-pin TSOP (400 mill-forward TG 

• Part Number Example: MT48LC2M8S1TG-I0 S 

GENERAL DESCRIPTION 
The MT48LC2M8S1(S) is a randomly accessed, solid

state memory containing 16,777,216 bits organized in a x8 
configuration. It is structured as a dual 1 Meg x 8 DRAM 

MT4SLC2M8S1(S) 
REV.,.... 

PIN ASSIGNMENT (Top View) 

44-Pin TSOP 
FORWARD 

(00-7) 

Vee . 

D01 
VssQ 
DD2 

VccQ 
DQ(l 

VssQ 
004 

VccO ' 
'/NC 

NC· 
WE, 

CAS 
RAS 
cs 
BA 

Vss 
DDB 
VssO 
D07 
VeeO 
DDS 
VssQ 
DDS 
VccQ 
NC 
NC 
DOM 
ClK 
CKE 
Ne 
A9 

A10 .AS 
AO A7 
A1 A£ 
A2 AS 
AB M 

Vee Vs. 

with a synchronous interface. Each byte is uniquely ad
dressed through a bank-select bit and 20 address bits. The 

.', bank select and address are entered first by RAS registering 
(row active command) 12 bits (AO-AlD, BA) and then 
CAS registering 10 bits (AO-A8, BA). At CAS registration 
(READ or WRITE command), address bit AIO defines auto
precharge state (active HIGH). Bank selection is controlled 
by BA during both RAS and CAS registration. 

2-3 

The MT48LC2M8S1 is designed to operate in a synchro
nous, 3.3V memory system. All input and output signals, 
with the exception of clock enable (CKE) during POWER
DOWN and SELF REFRESH modes, are synchronized to 
the positive-going edge of the system clock (CLK). 

The synchronous DRAM has several programmable fea
tures to allow maximum performanceineach user's system. 
Additionally, bank switching between the two internal 
memory banksinconjunction with the programmable BURST 
mode provides very high-speed performance. 

The synchronous DRAM allows both AUTO REFRESH 
(during normal operation) and SELF REFRESH (for low
power, data-retention operation). 

Micron Semk:onductor, Inc., reserves the right to change products or specffications without notice. 
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CKE 

elK 

cs 

WE 

CAS 

RAS 

BA 

FUNCTIONAL BLOCK DIAGRAM 

() 
(5 
g 
...J 

Ow 0 
Zo II: 
«0 f-
:2() Z 
:2w 0 

8° () BANKO 
MEMORY 
ARRAY 

ADVANCE 

DOM 
D01 
D02 
D03 
D04 
DOS 
D06 

DOS 

A10 j~r~~~'~~~~~~~ A9 ~ 
AS 
A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO o---fllI_. 

MT48LC2M8S1(S) 
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BANK 1 
MEMORY 
ARRAY 
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MIC:RON MT48LC2M8K3 S 
, I~· 0", ,m , " 2 MEG x 8 SDRAM 

SYNCHRONOUS 
DRAM 
FEATURES 
• Fully synchronous; all signals registered to positive 

edge of system clock 
• JEDEC-standard 3.3V power supply 
• Single bank: 2 Meg x S architecture 
• Programmable burst-lengths: 2, 4, S cycles or full-page 

burst 
• Programmable burst-sequence: sequential or interleave 
• Hidden precharge capability 
• Programmable READ latency: 1, 2 or 3 clocks 
• Standard xS pinouts, timing, functionS and packages 
• Refresh modes: AUTO and SELF REFRESH 
• High-performance CMOS silicon-gate process 
• Lead-over-chip assembly architecture 
• Single +3.3V ±0.3V power supply 
• Low power, 2mW standby; 20OmWactive, typical 
• L V'ITL-compatlble ' 
• CKE-controlled power-down imd suspend operations 
• Mode register programming with power-up default 
• Second source to Samsung's level-RAS synchronous 

DRAM (SDRAM) 

OPTIONS 
• Timing 

IOns access (:;;100 MHz) 
12ns access (~3 MHz) 
13ns access (:;;77 MHz) 

• Auto Refresh 

MARKING 

-10 
-12 
-13 

2,048-cycle in 32ms (15.6~s/row) none 

• Plastic Packages 
32-pin SOJ (400 mil) DJ 
44--pin TSOP (400 mil) TG 

• Part Number Exarp.ple: MT4SLC2MSK3TG-10S 

GENERAL DESCRIPTION 
The MT4SLC2MSK3 S isa ranq~o;Uy accessed, solid-state 

memory ,c()ntaining 16,777,216i:lits organized in a xS con
figuration. It is structured as a 2 Meg x 8 DRAM with a 
synchronous interface. Each byte' is uniquely addressed 
through a bank-select bit and 20 address bits. The ad
dresses are entered first by RAS registering 12 bits (AO-All) 
and then CAS registering 9 bits (AO-AS). 

The MT4SLC2MSK3Sis designed to operate in a synchro
nous, 3.3V memory system. All input and output signals 

MT48LC2MBK3 S 
REV. 4194 2-5 

2 MEG x8SDRAM ~ 
Level RAS, Single Bank, ::e 
BURST Mode, 3.3V, SELF REFRESH • 

PIN ASSIGNMENT {Top View} 

Voo 
001 
DQ2 

DQ3 
DQ4 
V •• 
WE 
Ol\!l 
RAS 
A11 
A1a 
Ao 
A1 
A2 
A3 

Voo 

voo 
001 

VssQ 
DQ2 

VssQ 
DQ4 

VooO 
NC 
NC 

WE 
CAS 
RAS 

NC 
A11 
A10 

AO 
A1 
Ai 
A3 

Voo 

32-Pin SOJ 
(OC-5) 

1 
2 
3 

• 
5 
6 
7 

• • 
10 
11 
12 
13 ,. 
15 
16 

32 
31 
30 
2. 
2. 
27 
26 
25 
2. 
23 
22 
21 
20 ,. ,. 
17 

Vss 
008 
007 
006 
005 
Voo 
OOM 
ClK 
CKE 
A. 
AS 
A7 
AS 
AS 
A4 
Vss 

44-Pin TSOP 
(00-7) 

Vss 
DQ8 
VssQ 
DQ7 
VooQ 
DQ6 
VssQ 
DQ6 

VooQ 
NC 
NC ' 

DQM 
CLK 
CKE 
NC 
A9 
AS 
A7 
A6 
AS 
M 
VOs 

are synchronized to the positive going edge of the system 
clock (eLK), 

The synchronous DRAM has several programmable fea
tures to allow maximum perforrp.anceint;ach u~er'ssystem. 
Additiopal,ly, ,the programmable BURST mode provides 
very high-speed performance. 

The synchronous DRAM allows both AUTO REFRESH 
(during normal operation) and SELF REFRESH (for low
power, data-retention operation). 

Mk:ron ~mlcondodor, inc., reserves the right to change prodUctS or specifications Without notice. 
©1994, Micron SemlconduciOr, Inc. 
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ADVANCE 

FUNCTIONAL BLOCK DIAGRAM 

CKE 

ClK 

RAS 

A11 
A10 
A9 
A8 
A? 
A6 
A5 
A4 
A3 
A2 
A1 
AO 

FUNCTIONAL DESCRIPTION 
The MT48LC2M8K3 S is a 16 Meg synchronous DRAM 

organized in a x8 configuration. It is structured as a 2 Meg 
x 8 DRAM with synchronous interfacing and control logic. 
The key advancement of the synchronous DRAM is its 
ability to synchronously burst data (BURST mode ) at a high
speed data rate via automatic column-address generation. 
Additionally, all input and output signals are synchronized 
to the system's clock. The positive-going edge of the system 
clock (CLK) provides the registering trigger which synchro
nizes the synchronous DRAM. 

MT48LC2M8K3 S 
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DOM __ II-<>D01 

"""1''''''111111--0 D02 
D03 
D04 
D05 
D06 
DO? 
DOS 

-+----0 VDO 

.......---0 Vss 

The synchronous DRAM must first be initialized and 
have its mode register set or it will be in the default state. 
Once the mode register is set, the synchronous DRAM 
may be accessed. Each byte is uniquely accessed by register
ing the 12 row-address bits (AO-All) via the active com
mand (RAS latched LOW), followed by registering the 
nine column-address bits (AO-8) via a READ or WRITE 
command. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor, Inc. 
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DRAM MODULE PRODUCT SELECTION GUIDE 

Memory Part Optional Access Power Dissipation Package 
Configuration Number Access Cycle Time (ns) Standby Active SIMM DlMM Page 
1 Megx8 MT2D18 60,70,80 6mW 450mW 3J 3-1 

4 Meg x 8 MT2D48 60,70 6mW 400mW 3J 3-11 

4 Meg x 8 MT8D48 60,70,80 24mW 1,800mW 3J 3-21 

1 Megx9 MT3D19 60,70,80 9mW 625mW 3J 3-31 

4 Meg x 9 MT3D49 60,70 9mW 575mW 3J 3-41 

4 Meg x 9 MT9D49 60,70,80 27mW 2,025mW 3J - 3-51 

2 Meg x 16 MT8D132 LP 60,70,80 24mW 1,800mW 72 - 3-61 

4 Meg x 16 MT16D(T)232 LP 60,70,80 4BmW 1,824mW 72 3-87 

8 Meg x 16 MT8D432 60,70 24mW 1,600mW 72 3-99 

16 Megx 16 MT16D832 60,70 4BmW 1,624mW 72 - 3-137 

2 Meg x 18 MT12D136 LP 60,70,80 36mW 2,500mW 72 3-149 

4 Meg x 18 MT24D236 LP 60,70,80 72mW 2,536mW 72 3-161 

8 Meg x 18 MT12D436 60,70 52mW 3,100mW 72 - 3-173 

16 Meg x 18 MT24D836 60,70 72mW 2,536mW 72 - 3-197 

1 Meg x 32 MT8D132 LP 60,70,80 24mW 1,800mW 72 3-61 

1 Meg x 32 MT8LD132(S) S, LV 60,70,80 1,6mW 1,440mW 72 3-73 

2 Megx32 MT16D(Tl232 LP 60,70,80 4BmW 1,824mW 72 3-87 

2Megx32 MT16LD232(S) S, LV 60,70,80 1.6mW 1,440mW 72 3-73 

4Megx32 MT8D432 60,70 24mW 1,600mW 72 - 3-99 

4Megx32 MT8LD432(S) S, LV 60,70 8mW 1,440mW 72 - 3-111 

4Megx32 MT32D432 LP 60,70,80 96mW 7,200mW 72 - 3-125 

8Megx32 MT16LD832(S) S, LV 60,70 16mW 1,440mW 72 - 3-111 

8Megx32 MT16D832 60,70 4BmW 1,624mW 72 - 3-137 

1 Meg x 36 MT12D136 LP 60,70,80 36mW 2,500mW 72 3-149 

2 Meg x 36 MT24D236 LP 60,70,80 72mW 2,536mW 72 3-161 

4 Megx36 MT12D436 60,70 36mW 2,500mW 72 3-173 

4 Megx36 MT36D436 LP 60,70,80 108mW 8,100mW 72 3-185 

8 Megx36 MT24D836 60,70 72mW 2,536mW 72 3-197 

1 Megx40 MT10D140 LP 60,70,80 30mW 2,250mW 72 3-209 

2 Meg x 40 MT20D240 LP 60,70,80 60mW 2,280mW 72 - 3-221 

4 Meg x 40 MT10D440 LP 60,70 30mW 2,000mW 72 3-233 

8 Meg x 40 MT20D840 LP 60,70 60mW 2,030mW 72 3-247 

1 Meg x 64 MT16D(T)164 LP 60,70,80 48mW 3,600mW - 168 3-261 

1 Meg x 64 MT16LD(T) 164(S) S, LV 60,70,80 2mW 1,200mW - 168 3-275 

4 Megx64 MT16D(T)464 60,70 4BmW 3,200mW - 168 3-291 

4 Meg x64 MTI6LD(T)464(S) S, LV 60,70 16mW 2,400mW 168 3-305 

4 Meg x 72 MT24D(T)472 60,70 56mW 5,000mW 168 3-321 

4 Meg x 72 MT24LD(T)472(S) S, LV 60,70 56mW 3,400mW 168 3-335 

LP = Low Power, Extended Refresh; LV = Low Voltage; S = SELF REFRESH 
NOTE: All modules include FAST PAGE MODE cycle. 



MICRON MT2D18 
1-· "M"'","UOe'" 1 MEG x 8 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 30-pin, single-in-line 

memory module 
• High-performance CMOS silicon-gate process 
• Single 5V ±10% power supply 
• Low power, 6mW standby; 450mW active, typical 
• All device pins are TTL-compatible 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Low profile 
• 1,024-cycle refresh distributed across 16ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 30-pin SIMM 

MARKING 

-6 
-7 
-8 

M 

• Part Number Example: MT2D18M-6 

GENERAL DESCRIPTION 
The MT2D18 is a randomly accessed solid-state memory 

containing 1,048,576 words organized in a x8 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 20 address bits, which are entered 10 
bits (AO-A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or 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. Early 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, and the output pins remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address-defined 

MT2D18 
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1 MEG x8 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 
(DE-1 ) 

0 
Vee 1 

CAS 2 
D01 3 

AO 4 
A1 5 

D02 6 
A2 7 
A3 8 

Vss 9 
D03 10 

A4 11 
A5 12 

D04 13 s: 
A6 14 -I 
A7 15 I\) 

D05 16 C 
A8 17 .... 
A9 18 CO 
NC 19 s: 

D06 20 
WE 21 
Vss 22 

DQ7 23 
NC 24 

D08 25 
NC 26 

RAS 27 
NC 28 
NC 29 
Vee 30 

0 

(AO-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 CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column-addresses, thus executing faster memory 
cycles. 

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 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 (AO-A9) are executed at least every 16ms 
regardless of sequence. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT2D18 
1-· emco",ccmuc 1 MEG x 8 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 
READ 

FAST-PAGE-MODE 
WRITE 

RAS ONLY REFRESH 

HIDDEN 
REFRESH 

CBR REFRESH 

MT2018 
REV. 4/94 

AO-A9 

Vcc 

Vss 

1st Cycle 
2nd Cycle 

1st Cycle 
2nd Cycle 

READ 
WRITE 

FUNCTIONAL BLOCK DIAGRAM 

U1, U2 = MT4C4001JDJ 

1m" CAS" WE 
H H-X X 

L L H 

L L L 

L H-L H 
L H"-'L H 

L H"-'L L 
L H-L L 

L H X 

L-H..-.L L H 
L"-'H..-.L L L 

H..-.L L H 

3-2 

D01-D04 

D05-DOB 

ADDRESSES DATA-IN/OUT 
IR IC DQ1-DQ8 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 
n/a COL Data-Out 

ROW COL Data-In 
n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 
ROW COL Data-In 

X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MICRON MT2D18 
1-· """CO,,"""" "" 1 MEG x 8 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature ................................... -55°C to + 125°C 
Power Dissipation ............................................................. 2W 
Short Circuit Output Current ..................................... 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, 3, 6, 26) (Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE 
Any input OV ::::; VIN ::::; 6.5V AO-A9, RAS, CAS, WE 
(All other pins not under test = OV) 

OUTPUT LEAKAGE DQ1-DQ8 
(Q is disabled; OV ::::; VOUT ::::; 5.5V) 

OUTPUT LEVELS 
Output High (Logic 1) Voltage (lOUT = -5mA) 
Output Low (Logic 0) Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

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

STANDBY CURRENT: (CMOS) 

(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

MT2D18 
REV. 4/94 3-3 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 

VIH 2.4 Vcc+1 V 

VIL -1.0 0.8 V 

II -4 4 !1A 

loz -10 10 !1A 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 4 4 4 mA 

Icc2 2 2 2 mA 

Icc3 220 200 180 mA 2,26, 
29 

Icc4 160 140 120 mA 2,26, 
29 

Icc5 220 200 180 mA 26,29 

Icc6 220 200 180 mA 19,26 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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MIC:RON MT2D18 
1-· ~eM"oooonoe'" 1 MEG x 8 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 13 pF 17 

Input Capacitance: RAS, CAS, WE CI2 17 pF 17 

Input/Output Capacitance: DQ1-DQ8 Cia 10 pF 17 

• S! ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
~ (Notes: 3,4, 5, 6, 7, 10, 11, 16) (Vcc = 5V ±1 0%) » s: 
s: o 
c 
c: 
r m 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE READ or WRITEcycle time 

FAST-PAGE-MODE READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS" to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time (referenced to RAS) 

Column-address to RAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 

Read command. hold time (referenced to RAS) 

CAS to output in Low-Z 

MT2D18 
REV. 4/94 

SYM MIN 
tRC 110 

tRWC nfa 
tpc 35 

tpRWC nfa 

tRAC 

tCAC 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR a 
tRAH 10 
tRAD 15 
tASC a 
tCAH 10 
tAR 45 

tRAL 30 
tRCS a 
tRCH a 
tRRH a 
tCLZ a 

3-4 

-6 -7 -8 

MAX MIN MAX MIN MAX UNITS NOTES 

130 150 ns 

nfa n/a nfa 21 
40 45 ns 

nfa nfa nfa 21 
60 70 80 ns 8 
15 20 20 ns 9 
30 35 40 ns 

35 40 45 ns 

100,000 70 100,000 80 100,000 ns 

100,000 70 100,000 80 100,000 ns 

20 20 ns 

50 60 ns 

100,000 20 100,000 20 100,000 ns 

70 80 ns 

10 10 ns 18 
10 10 ns 

45 20 50 20 60 ns 13 
10 10 ns 

a a ns 

10 10 ns 

30 15 35 15 40 ns 22 
a a ns 

15 15 ns 

50 55 ns 

35 40 ns 

a a ns 

a a ns 24 
a a ns 24 
a a ns 

Micron Semiconductor, Inc, reserves the right to change products or specifications without notice. 
©1994,MicronSemiconductor, Inc 



MIC::RON MT2D18 
1-· """co"cno" '" 1 MEG x 8 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11,16,21) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time (referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

MT2D18 
REV. 4194 

-6 
SYM MIN 
tOFF 3 
twcs 0 

twCH 10 

twCR 45 
twp 10 

tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 
tT 3 

tREF 

tRPC 0 
tCSR 10 
tCHR 10 
tWRH 10 
tWRP 10 
tWTH 10 

twrs 10 

3-5 

-7 -8 
MAX MIN MAX MIN MAX UNITS NOTES 
15 3 20 3 20 ns 12,28 

0 0 ns 

15 15 ns 

55 60 ns 

15 15 ns 

20 20 ns 

20 20 ns 

0 0 ns 15 

15 15 ns 15 

55 60 ns 

50 3 50 3 50 ns 5,16 

16 16 16 ms 

0 0 ns 

10 10 ns 19 

10 10 ns 19 

10 10 ns 23 

10 10 ns 23 

10 10 ns 23 

10 10 ns 23 

Micron Semiconductor, Inc., reselVes the right to charlge products or specifications without notice. 
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MICRON MT2D18 
1-- ""CO,,"COO""' 1 MEG x 8 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

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

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

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
andVIH). 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DOC ~ T A ~ 70°C) is assured. 

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

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. IRCH is referenced to the first rising edge of RAS or 
CAS. 

MT2D18 
REV. 4194 3-6 

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

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

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V at 15m V RMS). 

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

19, On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE WRITE, READ WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on VI and V2. 

22. Operation within the lRAD (MAX) limit ensures that 
lRAC (MIN) and ICAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

23. IWTS 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 IWRH in the 
CBR REFRESH cycle. 

24. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

25. All other inputs at Vee -0.2V. 
26. Icc is dependent on cycle rates. 
27. Extended refresh current is reduced as lRAS is 

reduced from its maximum specification during the 
REFRESH cycle. 

28. The 3ns minimum is a parameter guaranteed by 
design. 

29. Column-address changed once each cycle. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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ADDR 

RAS 
V,H -

V,L 

CAS VIH -
V,L 

ADOA ~:t 

READ CYCLE 

tRC 

tRAS tRP J 
I 
\ 

tCSH 

IRSH tRAH 

ICRP tRCD teAs 

r . 
:~ JI 

tAR 

I IAAQ tRAL . . 
I~ ~ tASR 

~I ::wM ~ ROW ~ COLUMN ROW 
~ 

~ I 
tRCS J r 

~ 'f('////;j 

I 
IAA 

tRAC 

tCAG ~ 

OPEN 

I~ 
VALID DATA OPEN-----

EARLY WRITE CYCLE 

ICSH 

ICRP tACO tCAS 

3-7 

~ DON'T CARE 

~ UNDEFINED 
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RAS V'H -
V'L -

CAS V'H -
V'L -

~ 

FAST-PAGE-MODERI:AD CYCLE 

1 __ ----------------------------~tR~AS~P~ ________________ ~ ________ ~~~ 

ICSH 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

leSH 

3-8 

~ DON'T CARE 

I22ll UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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UU:::RCN MT2D18 
1-· "'''',",,,,;0, e, 1 MEG x 8 DRAM MODULE 

-
leRP 

I 
CAS ~:~ ~~ 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

IRe 

·tRAS IRP 

I 

~ 
\ 

tASR • I. IRAH . 
ADDR ~:r ~'-----~RO-W ------,k////;!//!!/I#/;!/!!$$$#/;!/M//;!/lMr---Ro-W --

DO ~ge -,-----------OPEN------------

Q ~gt-

FAST-PAGE-MODE READ-EARL Y-WRITE CYCLE 
(Pseudo READ-MODI FY -WRITE) 

OPEN 

I. I lAA 
lRAe 

F"-I leLz-l LI~tTE 1 

VALID 

I~' 

: 
OPEN-----

~ DON'T CARE 

!88lI UNDEFINED 

NOTE: 1. 00 not drive data prior to tristate: ICPP(MIN) or ICP(whichever is greater) + 10S(MIN) + any guardband 
between data-out and driving the bus with the new data-in. 

MT2D18 
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MT2D18 
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RAS 

CAS 

DO 

WE 

tRP 

---.J 
tRPC -

:~~~~ 

~ 

. 

. 

CBR REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

tRAS 
••. ..1 II 

RP . 
j 

tCHR . ~ tCSR 

I 1 
OPEN 

. RAS • .1 

tcHR 

X 
tWRH - ~ ~ 

W#/#/#/###/#///#/#/;'i; 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

'RAS 

(REFRESH) 

tRAS 

~ DON'T CARE 

~ UNDEFINED 

3-10 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 30-pin, single-in-line 

memory module 
• High-performance CMOS silicon-gate process 
• Single 5V ±10% power supply 
• Low power, 6mW standby; 400mW active, typical 
• All device pins are TTL-compatible 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms 
• Low profile 

OPTIONS 
• Timing 

60ns access 
70ns access 

• Packages 
Leadless 30-pin SIMM 

MARKING 

-6 
-7 

M 

• Part Number Example: MT2D48M-6 

GENERAL DESCRIPTION 
The MT2D48 is a randomly accessed solid-state memory 

containing 4,194,304 words organized ina x8 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 22 address bits, which are entered 11 
bits (AO-AlO) at a time. RASis used to latch the first 11 bits 
and CAS the latter 11 bits. READ or 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 CAS. Since WE goes LOW prior to CAS 
going LOW, the output pins remain open (High-Z) until 
the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address-defined 
(AO -AlO) page boundary. The FAST PAGE MODE cycle is 
always initiated with a row-address strobed-in by RAS 

MT2D48 
REV_ 4/94 3-11 

PRELIMINARY 

4 MEG x8 DRAM 
FAST PAGE MODE 

followed bya 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 the FAST PAGE 
MODE operations. 

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 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 2,048 combinations of 
RAS addresses (AO-AlO) are executed at least every 32ms, 
regardless of sequence. The CBR REFRESH cycle will in
voke the refresh counter for automatic RAS addressing. 

Micron Semiconductor, lnc., reserves the right to change products or specifications without notice. 
©19S4, Micron Semicondl,lctor, Inc 
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AO-A1O 

Vee 

VSS 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 1st Cycle 

READ 2nd Cycle 

FAST-PAGE-MODE 1st Cycle 

WRITE 2nd Cycle 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT2D48 
REV. 4/94 

READ 

WRITE 

PRELIMINARY 

FUNCTIONAL BLOCK DIAGRAM 

1m'" 
H 

L 

L 

L 

L 

L 

L 

L 

L .... H .... t 
L .... H .... L 

H .... L 

RAS 

H----1CAS 

t-t-+--iWE 
OE U1 

U1, U2 = MT4C4M4B1 DW 

-rn- WE" 
H .... X X 

L H 

L L 

H .... L H 

H .... L H 

H .... L L 

H .... L L 

H X 

L H 

L L 

L H 

D01-D04 

D05-D08 

ADDRESSES DATA-IN/OUT 
IR Ie DQ1-DQB 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

3-12 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

UII:::F=lON MT2D48 
1-· ""'w"'"'w, " 4 MEG x 8 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, TA (ambient) .......... O°C to +70°C 
Storage Temperature ................................... -SSOC to + 12SoC 
Power Dissipation ............................................................. 2W 
Short Circuit Output Current ..................................... SOmA 

'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 = 5V±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE 
Any input OV ::; VIN ::; 6.5V AO-A 10, RAS, CAS, WE 
(All other pins not under test = OV) 

OUTPUT LEAKAGE DQ1-DQ8 
(Q is disabled; OV ::; VOUT ::; 5.5V) 

OUTPUT LEVELS 
Output High (Logic 1) Voltage (lOUT = -5mA) 
Output Low (Logic 0) Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

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

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

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

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

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

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

MT2D48 
REV. 4/94 3-13 

SYMBOL MIN MAX UNITS NOTES 
Vcc 4.5 5.5 V 

VIH 2.4 Vcc+1 V 

VIL -1.0 0.8 V 

Ii -4 4 J.lA 

loz -10 10 J.lA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 UNITS NOTES 

Icc1 4 4 mA 

Icc2 2 2 mA 

Icc3 240 220 mA 3,4, 
26 

Icc4 180 160 mA 3,4, 
26 

.... 

Icc5 240 220 mA 3,26. 

Icc6 240 220 mA 3,5 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO:A 10 CI1 13 pF 2 

Input Capacitance: RAS, CAS, WE CI2 17 pF 2 

Input/Output Capacitance: DQ1-DQ8 Cia 10 pF 2 

• ~ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
rttItJ (Notes: 6, 7, 8, 9,10,11,12,13,22) (Vcc = 5V ±10%) 

l> 
S 
S o 
c 
c: 
r m 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-apdress 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time (referenced to RAS) 

Column-address to RAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 

Read command hold time (referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

MT2D48 
REV. 4/94 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 

tCPN 

tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAL 

tRCS 

tRCH 

tRRH 

tCLZ 

tOFF 

twcs 

3-14 

MIN 

110 
n/a 

35 

n/a 

60 
60 
15 
40 
15 
60 
10 
10 
20 
5 
0 
10 
15 
0 
10 
50 
30 
a 
a 
a 
3 
3 
a 

-6 -7 

MAX MIN MAX UNITS NOTES 

130 ns 

nla ns 22 
40 ns 

n/a ns 22 

60 70 ns 14 
15 20 ns 15 
30 35 ns 

35 40 ns 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 20 100,000 ns 

70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 
5 ns 

a ns 

10 ns 

30 15 35 ns 18 
a ns 

15 ns 

55 ns 

35 ns 

a ns 

a ns 19 
0 ns 19 
3 ns 25 

15 3 20 ns 20,25 
0 ns 

Micron Semiconductor, Inc., reserves the nght to change products or specifications without notice 
©1994,MicronSemiconductof,lnc. 
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MICRON MT2D48 
1-· ",,,co",ccwe,,c 4 MEG x 8 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13, 23) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

MT2D48 
REV. 4/94 

SYM 
WCH 

'WCR 

WP 

'RWL 

'CWL 

'DS 

'DH 

'DHR 

'T 

'REF 

'RPC 

'CSR 

'CHR 

WRH 

'WRP 

twTH 

'WTS 

3-15 

MIN 
10 

45 

10 

15 

15 

0 

10 

45 

3 

0 

5 

15 

10 

10 

10 

10 

-6 -7 
MAX MIN MAX UNITS NOTES 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 
0 ns 21 

15 ns 21 

55 ns 

50 3 50 ns 9, 10 

32 32 ms 

0 ns 

5 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Semiconductor, Inc., reserves the right to charge products or speciftcations without notice. 
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PRELIMINARY 

UU:::RCN MT2D48 
1-· e""w""",c" 4 MEG x 8 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V at lSmV RMS). 

3. Icc is 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. 

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. An initial pause of lOOlls 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. 

8. AC characteristics assume tT = 5ns. 
9. VJH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and 100pP. 
14. Assumes that tRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

MT2D48 
REV. 4/94 

15. Assumes that tRCD ~ IRCD (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 tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
lRAC (MIN) and ICAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. OE is tied permanently LOW; LATE WRITE or 
READ-MODIFY-WRITE operations are not possible. 

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

24. twrs and twrH 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 twRP and twRH in the 
CBR REFRESH cycle. 

25. The 3ns minimum is a parameter guaranteed by 
design. 

26. Column-address changed once each cycle. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MT2D48 
I'IIlc::~g~ 4 MEG x 8 DRAM MODULE 

MT2D48 
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READ CYCLE 

'RC 

tRAS . 'RP J 
I 
\ 

tCSH 

tRSH tRAH 

teAP tRCD . teAs . 
I 

CAS 
V,H 
VIL =~ VJ1 

V,H 
ADDR VIL 

'AR 

I 'RAO tRAL 

I~~I ~ ~ 
~ ROW =_ ROW W////,,0 COLUMN 

WE V,H 
VIL 

'RCS tRCH 1 .1 
W//#/$#$///////; :I/////////////////; 

l 'M 
'RAC 

tCAC ~ 
~b 

VALID DATA OPF:N-----OPEN -DO ~igt 

EARLY WRITE CYCLE 

RAS 
VIH -
VIL _ 

CAS VIH -
Vil _ 

ADDR V,H 
V,L 

tCRP 

3-17 

tCSH 

~ DON'T CARE 

l8l2l UNDEFINED 
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MT2D48 
REV. 4194 

PRELIMINARY 

FAST-PAGE-MODE READ CYCLE 

I~ _____________________________ '~RA~S~P ______________________________ ~~ 

ICSH IpC 

1~ _________ '-"RC",D'--_I~--,'c",A,,-S ----II_-----"c"-P~~I ~ I_-,,'c,--P--_I 

-'OFF 

DO ~:gt :'----------OPEN -------------OO<XXli OPEN--

FAST-PAGE-MODE EARLY-WRITE CYCLE 

'RAS 

DQ ~:g~ -:LULlLLLLLLLLLLlLLlLLlOfl\ ______________ Jr\LJJ.J'--__________ --'<\Lun .. ____________ --" 'Ul.LLULlLLlLLLLLLLL.i..L< 

3-18 

~ DON'T CARE 

fQQlj UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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1 

tCRP , 

CAS ~:t------' 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 10; WE = DON'T CARE) 

tRAS tAP 
I 
~_ tAPe'l 

'-I 

PRELIMINARY 

'I 

\ 

tASR • !. tRAH . 
ADDA ~:r _'---AO-W -----,iwlffffllff&ff/I$I#$/ff//lfffflff&!Xr---Ao-W --

DO ~gt -_------------OPEN------------

ADOR 

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

tpe 1-11_-'tA""'SH-'---_1 

tCAS tcpp teAs 

'Aes .1 'AWL 
1---+-1 ~- ., i . ~. nTT.777TO'777777777TT7TTJ 

WE ~:r ::~I I I I j~ll~ 
D ~:r 1I/!/II!/!//j/!!I///jj!lll!!I!////!/!//!/!/!I!!I!/!!I!~ VALID DATA b!l!/!/!#//!!I!I$1;0; 

~ 
~ 'OFF 

Q ~gt :,--------i--I,-OPEN I. 'AA 

_ tRAG 

I 

}------OPEN-----

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tOS(MIN) + any guardband 

MT2D48 
REV. 4194 

between data-out and driving the bus with the new data-in. 

3-19 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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RAS 

CAS 

DO 

WE 

RAS 

CAS 

tRP . 
.~ 

~ 
I~l~ , 

:~ ~ 

CBR REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

tRAS ,J 

1 
tRP tRAS 

tCHR , ~l~ ~y 
I ~ 

OPEN 

PRELIMINARY 

J 

~ 

~:~ -1/1111/11 liD 
~ ~ 

Wi; II //I //III 11//11 II} 
~ 

W 11/$/11/ IIII///IIII/IIII/~ 

~ 
J 

. tRCO 

tAR . 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

tRAS 

l-

tRSH 

FI 
(REFRESH) 

tRAS 

tCHR 

~ II tAAL I 
I~ tRAH .'ASC.IF 

Ir---ADDR ~IH_-l: IL-~ ~~:~~ I. I tRAC • J 
1 

'CAC 
-tOFF telz 

DQ ~:g~ ::-----OPEN-----~:=~K=====V~AL~ID~DA~TA=:===J~OPEN-

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT8D48 
1-· ""'OOM'","","' 4 MEG x 8 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 30-pin single-in-line 

package 
• High-performance CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are TTL-compatible 
• Low power, 24mW standby; 1,800mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 1,024-cycle refresh distributed across 16ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 30-pin SIMM 

-6 
-7 
-8 

M 

• Part Number Example: MT8D48M-6 

GENERAL DESCRIPTION 
The MT8D48 is a randomly accessed solid-state memory 

containing 4,194,304 words organized in a x8 configuration. 
During READ or WRITE cycles, each bit is uniquely ad
dressed through the 22 address bits which are entered 11 
bits (AO-AIO) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 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 occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, and the ouput remains open (High-Z) until the next 
CAS cycle. 

MT8D48 
REV. 4/94 3-21 

4 MEG x 8 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 

V,e 
GAS 
DOl 

AD 
Al 

D02 
A2 
A3 

V" 
D03 

A4 
A5 

D04 
A6 
A7 

D05 
AB 
A9 

"A10 
D06 
WE 
V" 

D07 
NG 

DOB 
NG 

RAS 
NG 
NG 
Vee 

(OE-3) 

o 

o 

'Address nol used for RAS ONLY REFRESH 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address-defined 
(AO -A10) 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 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 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 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 (AO-A9) are executed at least every16ms 
regardless of sequence. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CSR REFRESH 

MTBD4. 
REV. 4194 

DQ1 

DQ2 

DQ3 

DQ4 

Vee 

Vss 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 
. 

FUNCTIONAL BLOCK DIAGRAM 

1m" 
H 

L 

L 

L 

L 

L 

L 

L 

L --+H--+L· 

L--+H--+L 

H--+L 

DQS 

DQ6 

DQ7 

DQ8 

Ul-U8 = MT4Cl004JDJ 

m- WE" 
H--+X X 

L H 

L L 

H--+L H 

H--+L H 

H--+L L 

H--+L L 

H X 

L H 

L L 

L H 

3-22 

ADDRESSES DATA-IN/OUT 
tR IC DQ1-DQ8 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

nla COL Data-Out 

ROW COL Data-In 

hla COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nallce. 
@1994,MicronSemiconductor,lnc. 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + 12SoC 
Power Dissipation ............................................................. 8W 
Short Circuit Output Current ..................................... SOmA 

'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 C 

(Notes: 1, 3, 4, 6, 7) (Vcc = +5V ±1 0%) ::::c 
PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT 
Any input OV ::; VIN ::; 6.5V AO-A 10, WE, CAS, RAS II -16 16 !lA 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT D01-D08 
(0 is disabled; OV ::; VOUT::; 5.5V) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

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

STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

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

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

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

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

MT8D48 
REV. 4194 3-23 

laz -10 10 IlA 

VaH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 16 16 16 mA 

ICC2 8 8 8 mA 

Icc3 880 800 720 mA 3,4, 
27 

Icc4 640 560 480 mA 3,4, 
27 

Icc5 880 800 720 mA 3,27 

Icc6 880 800 720 mA 3,5 

Micron Semiconductor, Inc., reserves the right to change products or specifications wIthout notice. 
©1994, Micron Semiconductor, Inc. 
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MIC:RON MT8D48 
1-· H , , " 4 MEG x 8 DRAM MODULE 

CAPACITANCE 

DESCRIPTION SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A10 Cit 51 pF 2 

Input Capacitance: RAS, WE, CAS CI2 67 pF 2 

InpuVOutput Capacitance: 001-008 CIO 15 pF 2 

• ~ ELECTRICAL CHARACTERISTICS AND RECOMMENDED ACOPERATING CONDITIONS 
.AI (Notes: 6, 7, 8, 9,10,11,12,13) (Vcc= 5V±10%) » s: 
s: o 
c 
c:: 
r m 

AC CHAR.ACTERISTICS .. 

PARAMETER 
Random READ or WRITE cycle time 
READ WRITE cycle time 
FAST-PAGE-MODE READ 
or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 
Access time from CAS 
Access time from column-address 
Access time from "CAS" precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row-address setup time 
Row-address hold time 
RAS to column-
address delay time 

Column-address setup time 
Column-address hold time 
Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 
Read command hold time 
(referenced to RAS) 

MTBD48 
REV. 4194 

-6 
SYM MIN MAX 
IRC 110 

IRWC nla 
IpC 35 

tpRWC nla 

IRAC 60 
teAC 15 
tAA 30 

tePA 35 
IRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
teSH 60 
tePN 10 
tep 10 

tRCD 20 45 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 30 

IASC 0 
tCAH 10 
tAR 45 

IRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

3-24 

MIN 
130 
n/a 
40 

n/a 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
50 

35 

0 
0 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
nla nla 23 
45 ns 

nla nla 23 

70 80 ns 14 
20 20 ns 15 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 26 
100,000 80 100,000 ns 26 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 
0 ns 
10 ns 

35 15 .40 ns 18 

0 ns 
15 ns 

55 ns 

40 ns 

0 ns 
0 ns 19 

0 ns HI 

Micron Semiconductor, Inc., reserves the right to change procIucfs or specifications wiltlout notice. 
@1994,MlcronSemiconductor, Ine. 



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

AC CHARACTERISTICS 
PARAMETER 
CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to <::AS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

<::AS hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(WCBR test cycle) 

WE hold time 
(WCBR test cycle) 

MTBD48 
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-6 
SYM MIN MAX 
tClZ 0 
tOFF 3 15 

twcs 0 
tWCH 10 

twCR 45 

twP 10 
tRWl 15 
tCWl 15 
tDS 0 
tDH 10 

tDHR 45 

tr 3 50 
tREF 16 
tRPC 0 
tCSR 10 

tCHR 10 

twRP 10 

twRH 10 

tWTS 10 

twTH 10 

3-25 

MIN 
0 

3 
0 

15 

55 

15 

20 

20 

0 

15 

55 

3 

0 

10 

10 

10 

10 

10 

10 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 

20 3 20 ns 20,25 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

60 ns 

50 3 50 ns 9, 10 

16 16 ms 

0 ns 

10 ns 5 

10 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Semiconductor, Inc., reserves the nght to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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UIC:RON MT8D48 
1-· ~''''w'''''''''"' 4 MEG x 8 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-SS3C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V at 15m V RMS). 

3. Icc is dependent on cycle rates. 
4. Icc is 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 (O°C:O; TA:O; 70°C) is assured. 

7. An initial pause of lOOfls is required after power-up 
followed by any 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 IREF refresh 
requirement is exceeded. 

S. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and lOOpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (MAX). 

MTSD48 
REV. 4194 3-26 

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 ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

IS. Operation within the lRAD (MAX) limit ensures that 
lRAC (MIN) and ICAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if'RAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. LATE WRITE, READ WRITE or READ-MODIFY
WRITE cycles are not available due to the common 
DQ configuration of U1-US. 

24. twTS and IWTH 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 twRP and twRH in the 
CBR REFRESH cycle. 

25. The 3ns minimum is a parameter guaranteed by 
design. 

26. Extended refresh current is reduced as lRAS is 
reduced from its maximum specification during the 
extended refresh cycle. 

27. Column-address changed once each cycle. 

Mk:ron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, jnc. 



MT8D48 1'II1C:I=I,g~ 4 MEG x 8 DRAM MODULE 

MT8D48 
REV. 4/94 

ADDR 

ADDR ~lt 

READ CYCLE 

tCSH 

teAP teAS 

~------------------OPEN------------------~~~=~V~A~LlD~~DA~T~A=:}~------OPFN-------

EARLY WRITE CYCLE 

tCSH 

ICRP tCAS 

ROW ROW 

~ DON'T CARE 

!88S UNDEFINED 
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MT8D48 
REV. 4/94 

FAST-PAGE-Mo.DE READ CYCLE 

RAS 
V'H -
V'L -

tCSH 

~ . 
CAS V'H -

V'L -

-tOFF 

DO ~:g~ -_------ OPEN------~~L1~'1_---_,t;~ OPEN--VALID 
DATA 

RAS ~:t:= 

FAST-PAGE-Mo.DE EARLY-WRITE CYCLE 

3-28 

~ DON'TeARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor, Inc. 



RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; A 10 and WE = DON'T CARE) 

tRA5 IRP 

1 
'CRP '1_ IRPCt 

CAS ~:t _ :~ "------I 
tASR tRAH 

ADDR ~:t _r----Ro-W ----,~M//$$#//I#///ff///////$//!I!I//,.x~--RO-w --

DQ ~gt -'------------OPEN------------

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo READ-MODiFY-WRITE) 

.---~~ ________ I_RA_SP _____ _,___-___'1 j1':L 
RAS ~:t =: 11_ 

tRSH 

tCSH IpC 1-' -="---1 

_+-_~--IR-CD-~:~_I_CA_S~~-I-CP-P~~-ICA-S~~T>-I-CP~ 
IAR 

ADDR ~:~ =: 

Q ~gr- OPEN 

I. I. lAA 

tRAC 

I~ I'~f ~ 

NOTE 1 
VALID 

(Y/~ 

: 
OPEN-----

t:Zl DONT CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tOS(MIN) + any guardband 

MT8D48 
REV. 4194 

between data-out and driving the bus with the new data-in. 

3-29 Micron Semiconductor, Inc., reserves the right to cha~ge products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

• C 
:D 
l> 
s: 
s: o 
c c: 
r
m 



• C 
II » :s: 
:s: 
0 c 
c: 
r m 

MIC:RON MT8D48 
1-· " m, , 4 MEG x 8 DRAM MODULE 

MT8D48 
REV. 4194 

RAS 

CAS 

DC 

WE 

ADDR 

tRP 

----./ 

I~ 

~ I~ 
:~ 

CBR REFRESH CYCLE 
(AO-A 10 == DON'T CARE) 

tRAS _I RP 

1 
tcHR ~~ I 

OPEN 

RAS J 

Y 
tcHR 

1 

I~~I ~~I 
~:~ -WIIIIII/IID WII/I/II/I/III/I/1/1) WIII/III/II/I$I/I/II/I/I/I/~ 

HIDDEN REFRESH CYCLE 22 

(WE = HIGH) 

(READ) 
'RAS 

(REFRESH) 

'RAS 

tcHR 

-4-toFF 

DC ~:g~ --, -----OPENI------f~C====~VA~LI~DD~AT~A====:J OPEN-

3-30 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1994, Micron Semioonduc1or, Inc. 



UIC:RCN MT3D19 
1-· "'""'"'"''"'''' 1 MEG x 9 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 3D-pin single-in-line 

memory module 
• High-performance CMOS silicon-gate process 
• Single 5V ± 10% power supply 
• Low power, 9mW standby; 625mW active, typical 
• All device pins are TTL-compatible 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Low profile 
• 1,024-cycle refresh distributed across 16ms 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 30-pin SIMM 

Part Number Example: MT3DI9M-6 

GENERAL DESCRIPTION 

-6 
-7 
-8 

M 

The MT3D19 is a randomly accessed solid-state memory 
containing 1,048,576 words organized ina x9 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 20 address bits, which are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS the latter 10 bits. READ or 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. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, and the output pins remain open (High-Z) until the 
next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address-defined (AO-

MT3D19 
REV. 4/94 3-31 

1 MEG x9 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 
(DE-2) 

0 
Vee 1 

CAS 2 
DOl 3 

AO 4 
Al 5 

D02 6 
A2 7 
A3 8 

Vss 9 
D03 10 

A4 11 
AS 12 

D04 13 3: 
A6 14 -I 
A7 15 Co) 

DOS 16 C 
A8 17 ..... 
A9 18 CD 
NC 19 s:: 

D06 20 
WE 21 
Vss 22 

D07 23 
NC 24 

D08 25 
09 26 

RAS 27 
CAS9 28 

D9 29 
Vee 30 

0 

A9) page boundary. The FAST PAGE MODE cycle is al
ways initiated with a row-address strobed-in by RAS fol
lowed 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 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 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 (AO-A9) are executed at least every 16ms 
regardless of sequence. 

Micron Semiconductor, inc., reserves the right to change products or specifications without notice. 
©1994, MicronSemiconduclor, Inc. 

• C 
:IJ 
):l-
S 
S o 
c 
c: 
rm 



• C 
lJ 
)-
S 
S 
o 
c 
c: 
r m 

MIC:RON MT3D19 
1-· "',"c",ccme'" 1 MEG x 9 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CSR REFRESH 

MT3D19 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

FUNCTIONAL BLOCK DIAGRAM 

RAS ----'-----, 
CAS ------., 
WE------, 

AQ-A9 

CAS9-----~--~ 

D9-----+---~ 

CAS 
WE 
i5E 

v'" 

Vee -----~------' 

U1 

v" 

Vss -----+.-------' 

HAS 
H 

L 

L 

L 

L 

L 

L 

L 

L -+H-+L 

L -+H-+L 

H-+L 

U1, U2 ~ MT4C4001JDJ 
U3 ~ MT4C1024DJ 

CAS" "CAS9 WE 
H-+X H-+X X 

L L H 

L L L 

H-+L H-+L H 

H-+L H-+L H 

H-+L H-+L L 

H-+L H-+L L 

H H X 

L L H 

L L L 

L L H 

D01-DQ4 

DOS-D08 

ADDRESSES DATA-IN/OUT 
IR Ie 001-008,09,09 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

3-32 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MIC:RON MT3D19 
1-· """0'000;0"" 1 MEG x 9 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ............. -IV to +7V 
Operating Temperature, T A (ambient) ......... O°C to +70°C 
Storage Temperature .................................. -SsoC to + 12SoC 
Power Dissipation ............................................................ 3W 
Short Circuit Output Current .................................... SOmA 

*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, 3, 6, 7, 25) (Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, al.1 inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE D9,CAS9 
Any input OV S VIN S 6.5V 
(All other pins not under test = OV) AO-A9, RAS, WE 

OUTPUT LEAKAGE 001-008,09 
(0 is disabled; OV S VOUT S 5.5V) 

OUTPUT LEVELS 
Output High (Logic 1) Voltage (lOUT = -5mA) 
Output Low (Logic 0) Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIND 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIND 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIND 

REFRESH CURRENT: CBR 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIND 

MT3D19 
REV. 4194 3-33 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 

VIH 2.4 Vcc+1 V 

VIL -1.0 0.8 V 

II -2 2 IlA 

II -6 6 IlA 

loz -10 10 IlA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

ICCI 6 6 6 mA 

Icc2 3 3 3 mA 

310 280 250 mA 2,25, 
ICC3 28 

230 200 170 mA 2,25, 
ICC4 28 

310 280 250 mA 2,28 
ICC5 

310 280 250 mA 2, 19 
Icc6 

Mtcron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A9 Cit 19 pF 17 

Input Capacitance: RAS, CAS, WE 
, 

CI2 25 pF 17 

Input Capacitance: 09 CI3 10 pF 17 

Input/Output Capacitance: 001-008 ClIo 10 pF 17 

Output Capacitance: 09 Co 10 pF 17 • C 
lJ 
~ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
:::II (Notes: 3, 4, 5, 6, 7, 10, 11,16) (Vcc = 5V ±10%) 

s: o c 
c: 
rm 

AC CHARACTERISTICS 
: PARAMETER 

Random READ or WRITE cycle time 
READ WRITE cycle time 
FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS" 
Access time from CAS 
Access time from column-address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS" precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS" to CAS delay time 
CAS to RAS" precharge time 
Row-address setup time 
Row-address hold time 
RAS to column-address delay time 
Column-address setup time 
Column-address hold time 
Column-address hold tim~ (referenced to RAS) 
Column-address to BAS lead time 
Read command setup time 
Read cOmmand hold time (referenced to RAS) 
Fiead command hold time (referenced to.RA5) 
CAS to outputin ,"ow-Z 

MT3D19 
REV. 4194 

SYM MIN 
IRC 110 

IRWC nfa 
IpC 35 

IpRWC nfa 

IRAC 
ICAC 
lAA 

tePA 
IRAS 60 

IRASP 60 
IRSH 15 
IRP 40 

teAS 15 
ICSH 60 
ICPN 10 
ICp 10 

IRCD 20 
ICRP 10 
IASR 0 
IRAH 10 
IRAD 15 
IASC 0 
ICAH 10 
IAR 45 
IRAL 30 
IRCS 0 
IRCH 0 
IRRH 0 
tCLl 0 

3-34 

-6 -7 -8 
MAX MIN MAX MIN MAX UNITS NOTES 

130 150 ns 
nla nfa nla 21 
40 45 ns 

nla nla nla 21 

60 70 80 ns 8 
20 20 20 ns 9 
30 35 40 ns 
35 40 45 ns 

100,000 70 100,000 80 100,000 ns 
100,000 70 100,000 80 100,000 ns 

20 20 ns 
50 60 ns 

100,000 20 100,000 20 100,000 ns 
70 80 ns 
10 10 ns 18 
10 10 ns 

45 20 50 20 60 ns 13 
10 10 ns 
0 0 ns 
10 10 ns 

30 15 35 15 40 ns 22 
0 0 ns 
15 15 ns 
50 55 ns 
35 40 ns 
0 0 ns 
0 0 ns 24 
0 0 ns 24 
0 0 ns· 

Micron Semiconductor, Inc., reserves the rlght to Change products or specifications without notice. 
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MICRON MT3D19 
1-· ,,"co,,"cm"" 1 MEG x 9 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time (referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

MT3D19 
REV. 4/94 

-6 
SYM MIN 
tOFF 3 

twcs 0 

twCH 10 

twCR 45 

twP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

IT 3 
tREF 

tRPC 0 
tCSR 10 
tCHR 10 

twRH 10 
tWRP 10 

twTH 10 
tWTS 10 

3-35 

-7 -8 
MAX MIN MAX MIN MAX UNITS NOTES 
15 

50 

16 

3 20 3 20 ns 12,27 

0 0 ns 

15 15 ns 

55 60 ns 

15 15 ns 

20 20 ns 

20 20 ns 
0 0 ns 15 

15 15 ns 15 

55 60 ns 

3 50 3 50 ns 5,16 

16 16 ms 
0 0 ns 

10 10 ns 19 

10 10 ns 19 

10 10 ns 23 

10 10 ns 23 

10 10 ns 23 

10 10 ns 23 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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NOTES 
1. All voltages referenced to Vss. 
2. Ice is dependent on output loading and cycle rates. 

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

3. An initial pause of lOOlLs is required after power-up 
followed by any 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 lREF refresh 
requirement is exceeded. 

4. AC characteristics assume IT = Sns. 
5. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vrn and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C :S;T A :s; 700q is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = Vrn, data output is High-Z. 
l1.If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAc (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tcAC. 

14. Either IRCH or lRRH must be satisfied for a READ 
cycle. 

MT3D19 
REV. 4/94 

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

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

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V at 15m V RMS). 

18. If CAS isLOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and.clear the Q buffer, CAS must 
be pulsed HIGH for tcP. 

19 .. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH ma~o be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE WRITE, READ WRITE or READ-MODIFY

WRITE cycles are not available due to DE being 
grounded on U1 and U2. 

22. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

23. twTs 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 twRP and twRH in the 
CBR REFRESH cycle. 

24. Either tRCH or lRRH must be satisfied for a READ 
cycle. 

25. Ice is dependent on cycle rates. 
26. All other inputs at Vee - 0.2V. 
27. The 3ns minimum is a parameter guaranteed by 

design. 
28. Column-address changed once each cycle. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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RAS 

CAS 

ADDR 

WE 

DQ 

VIH -
V1L _ 

teRP 

VIOH 
VIOL -

RAS 
VIH -
V,L 

teRP 

CAS 
V 1H -
V,L 

ADDR 
V,H 
V,L 

READ CYCLE 

'RC 

tRAS 

teSH 

tRSH 

tRCD teAS 

telz 

OPEN 

EARLY WRITE CYCLE 

tCSH 

tDH 

3-37 

'RP 

tRRH 

VALID DATA 

ROW 

OPLN ----.~. 

~ DON'T CARE 

~ UNDEFINED 
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ADDA ~:~ 

MT3D19 
REV. 4194" 

FAST-PAGE-MODEREAD CYCLE 

tesH tpc tASH 

1--____ ---"'R"'C"'D __ f_""C"'AS"-_1 r~--""'cP'------'1 ~ 1 •• ---"'c",P'--~~II.--",'C,,,AS"--l 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

OPEN--

~ DON'T CARE 

. ~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
Cl1994, Micron Semiconductor, Inc. 



teRP 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

'Re 

CAS ~lr = 
'RAH 

ADDA ROW ROW 

DQ ~gr ::-------------OPEN------------

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

V'H -:------..1 
RAS V1L _ 

tCSH 
tpc 11-·----"R=8H:-_1 

tcpp 
tCAS i 

v -+--------;..;-----"'--~'---------rllr-----i,'-I--;..J +-i---~~ 
CAS v:~ = ~ I 1_ 

ADDR 

WE V'H _ I 'WC8 II~ /77777T777T777T777T77TTi 

V'L_ I I I I ~~II~ 
~:~ 11!1 //$/ IIIII////////////ii/////!I!!!II!III!!////////l VALID DATA ~///!I!!!////I#$/#;2 

I~ l'OFfl! 
In .J NOTE 1 

Q ~g~ -------;--OPEN-f----~GVA~LlDD_-----OPEN-----

I. I. 'RAC 'AA ,~~. 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: ICPP(MIN) or ICP(whichever is greater) + IDS(MIN) + any guardband 

MT3D19 
REV. 4194 

between data-out and driving the bus with the new data-in. 

3-39 Micron Semiconductor, Inc., reserves the right to change products or specificatIOns without notice. 
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MICRON MT3D19 
1-· "''''''''0;'",'' 1 MEG x 9 DRAM MODULE 

MT3D19 
REV. 4/94 

RAS 

CAS 

DO 

WE 

RAS 

CAS 

ADDR 

tRP . 
.--./ 
~ 

1 __ tCPN. ~ . 
:-' 

CBR REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

tRAS .1 • tRP . 
1 

tCHR . IT tCHR 

I 
OPEN 

~~I 

~:~ -0"#///#//0 
~ ~ 

I~ 
J 

tASR 

. 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

tAAS 

H 
tRCD tRSH . 

l tAR 

tRAD tRAL I II 
~ ~IF 

tRAS 

Y 

(REFRESH) 

tRAS 

tCHR 

Y 

. 

DQ ~:gt =C------OPEN-----~~====~VA~LI~DD~AT~A====:j OPEN-

3-40 

IZ:!I DON'T CARE 

Il88! UNDEFINED 

Micron Semiconductor, Inc., reserves the right 10 change products or speCifications without notice. 
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PRELIMINARY 

MIC:RON MT3D49 
1-· 00,,"0",","0"," 4 MEG x 9 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 30-pin, single-in-line 

memory module 
• High-performance CMOS silicon-gate process 
• Single 5V ±1O% power supply 
• Low power, 9mW standby; 575mW active, typical 
• All device pins are TTL-compatible 
• FAST PAGE MODE access cycle 

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

• 2,048-cycle refresh distributed across 32ms 
• Low profile 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 

• Packages 
Leadless 30-pin SIMM 

• Part Number Example: MT3D49M-6 

GENERAL DESCRIPTION 

-6 
-7 

M 

The MT3D49 is a randomly accessed solid-state memory. 
containing 4,194,304 words organized in a x9 configuration. 
During READ or WRITE cycles, each word is uniquely 
addressed through 22 address bits, which are entered 11 
bits (AO-AlO) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. READ or 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 CAS. Since WE goes LOW prior to CAS 
going LOW, the output pins remain open (High-Z) until 
the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera" 
tions (READ or WRITE) within a row-address-defined (AO
AlO) page boundary. The FAST PAGE MODE cycle is 
always initiated with a row-address strobed-in by RAS 

MT3D49 
REV. 4194 3-41 

4 MEG x9 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 
(DE-6) 

0 
Vee 1 

CAS 2 
DOl 3 

AO 4 
Al 5 

D02 6 
A2 7 
A3 8 

Vss 9 
D03 10 

A4 11 
A5 12 

D04 13 3: 
A6 14 -I 
A7 15 (.,) 

DOS 16 C 
A8 17 "'" A9 18 CO 

Al0 19 s: 
D06 20 
WE 21 
Vss 22 

D07 23 
NC 24 

D08 25 
09 26 

RAS 27 
CAS9 28 

D9 29 
Vee 30 

0 

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 the FAST PAGE 
MODE operations. 

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 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 a.112,048 combinations of 
RAS addresses (AO-AlO) are executed at least every 32ms, 
regardless of sequence. The.CBR REFRESH cycle will in
voke the refresh counter for automatic RAS addressing. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT3D49 
1-· "M<oo",come,", 4 MEG x 9 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT3D49 
REV. 4194 

FUNCTIONAL BLOCK DIAGRAM 

RAS ----------, 
CAS-------. 
WE ----------, 

AO-Al0 

CAS9 -----~r--~ 

D9-----~--~ 

Vee -----~------' 

Vss ------4--------' 

RAS 
H 

L 

L 

1st Cycle L 

2nd Cycle L 

1st Cycle L 

2nd Cycle L 

L 

READ L--.H--.L 

WRITE L--.H"'L 

H--.L 

U1-U2 = MT4C4M4B1DW 
U3 = MT4C1004JDJ 

CAS "CAS9 WE 
H--.X H--.X X 

L L H 

L L L 

H--.L H--.L H 

H--.L H--'L H 

H--.L H--.L L 

H--'L H--'L L 

H H X 

L L H 

L L L 

L L H 

D01-D04 

D05-DOS 

ADDRESSES DATA-IN/OUT 
IR Ie 001-008,09,09 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

3-42 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON' MT3D49 
1-· ,",,",""",00",", 4 MEG x 9 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss""""".". -IV to +7V 
Operating Temperature, TA (ambient) ... ".,," O°C to +70°C 
Storage Temperature ............... "" ................ -SsoC to + 12SoC 
Power Dissipation ........... "" .......................................... " .. 3W 
Short Circuit Output Current ..................................... SOmA 

'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 = 5V ±1 0%) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE D9, CAS9 
Any input OV :s; VIN :s; 6.5V 
(All other pins not under test = OV) AO-A 10, RAS, WE 

OUTPUT LEAKAGE DQ1-DQ8, Q9 
(Q is disabled; OV :s; VOUT :s; 5.5V) 

OUTPUT LEVELS 
Output High (Logic 1) Voltage (lOUT = -5mA) 
Output Low (Logic 0) Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

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

STANDBY CURRENT: (CMOS) 
Average power supply current 
(RAS = CAS = 'Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS and CAS = Cycling; IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL; CAS = Cycling; IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
(RAS = Cycling; CAS = VIH; IRC = IRC [MIN]) 

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

MT3D49 
REV. 4194 3-43 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.5 5.5 V 

VIH 2,4 Vcc+1 V 

VIL -1.0 0.8 V 

II -2 2 flA 

II -6 6 flA 

loz -10 10 flA 

VOH 2,4 V 

VOL 0,4 V 

MAX 

SYMBOL -6 -7 UNITS NOTES 

Icc1 6 6 mA 

Icc2 3 3 mA 

Icc3 290 260 mA 3,4, 
26 

Icc4 220 190 mA 3,4, 
26 

Iccs 290 260 mA 3,26 

Icc6 290 260 mA 3,5 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT3D49 
1-· ,,,''''''"''''0",'' 4 MEG x 9 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A10 CI1 19 pF 2 

Input Capacitance: RAS, CAS, WE CI2 25 pF 2 

Input/Output Capacitance: D01-D08 Cia 10 pF 2 

Input Capacitance: D09 CI3 10 pF 2 

Output Capacitance: 09 Co 10 pF 2 • C 
::1l 
~ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
;:::;. (Notes: 6, 7, 8, 9, 10, 11, 12, 13, 22) (Vee = 5V ±1 0%) 

S o 
c 
c: 
rm 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time (referenced to RAS) 

Column-address to RAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 

MT3D49 
REV. 4194 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 

tcPN 

tcP 
tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAL 

tRCS 

tRCH 

3-44 

MIN 
110 
nla 

35 

nla 

60 
60 
15 
40 
15 
60 
10 
10 
20 
5 
a 
10 
15 
a 
10 
50 
30 
a 
a 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 

nfa ns 22 
40 ns 

nfa ns 22 

60 70 ns 14 
15 20 ns 15 
30 35 ns 

35 40 ns 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 20 100,000 ns 

70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 
5 ns 

a ns 

10 ns 

30 15 35 ns 18 
a ns 

15 ns 

55 ns 

35 ns 

a ns 

a ns 19 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,23) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Read command hold time (referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time (referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or lal1) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

MT3D49 
REV. 4/94 

SYM 
'RRH 

'CLZ 

'OFF 

'wcs 

'WCH 

'WCR 
twp 

tRWL 

tCWL 

'DS 

'DH 

'DHR 

'T 
'REF 
tRPC 

'CSR 
tCHR 

tWRH 

tWRP 

'WTH 
tWTS 

3-45 

MIN 
0 

3 

3 

0 

10 

45 

10 

15 

15 

0 

10 

45 

3 

0 

5 

15 

10 

10 

10 

10 

-6 -7 
MAX MIN MAX UNITS NOTES 

0 ns 19 

3 ns 25 

15 3 20 ns 20,25 

0 ns 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

55 ns 

50 3 50 ns 9, 10 

32 32 ms 

0 ns 

5 ns 5 

15 ns 5 

10 ns 24 

10 ns . 24 
10 ns 24 

10 ns 24 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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PRELIMINARY 

UII:::I=ION MT3D49 
1-· "",C'occwe,,, 4 MEG x 9 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V at 15mV RMS). 

3. Icc is 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. 

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. An initial pause of lOOl1s 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. 

8. AC characteristics assume IT = 5ns. 
9. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vrn and VIL (or between VIL 
and VIR). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 tRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

MT3D49 
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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 tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

18. Operation within the tRAD (MAX) limit ensures that 
IRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if IRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. OE is tied permanently LOW; LATE WRITE or 
READ-MODIFY-WRITE operations are not possible. 

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

24. twTS 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 twRP and twRH in the 
CBR REFRESH cycle. 

25. The 3ns minimum is a parameter guaranteed by 
design. 

26. Column-address changed once each cycle. 

Micron Semiconductor, Inc., reS91V9S the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

MT3D49 1'II1C:F99~ 4 MEG x 9 DRAM MODULE 

MT3D49 
REV. 4194 

READ CYCLE 

tRC 

tCSH 

teRP 

ADDR 

'------------OPEN-----------1Q1X~f--"-;;:V~A;;:L~IO~O~A~T;:;A~~)----OPEN---

EARLY WRITE CYCLE 

RAS 
VIH -
VIL 

tCSH 

teRP . 
CAS 

V1H -
VIL 

tAR 

tASR 

ADDR 
V,H 
VIL ROW COLUMN ROW 

tWGR 

tWCH 

twp 

WE ~:t =-~Z8~Z8~~~0;~~~~L---_+, -+I-tctO;;:;H;;-R-J LL:0.U(LLU(LL'LL.CLLLLCLL:LL.(LL.{.L,'-LLLL..<.L 

tOH 

----V-A-U-O -DATA 
'--------

3-47 

~ DON'T CARE 

1883 UNDEFINED 

• C 
::rJ » s: 
s: o 
c 
C 
rm 



• C 
lJ 
l> s: 
s: o 
c c:: 
r m 

PRELIMINARY 

MIC:RON MT3D49 
1-' " " '" 4 MEG x 9 DRAM MODULE 

MT3D49 
REV. 4194 

ADDR ~:~ 

FAST-PAGE~MODE READ CYCLE 

tpc 

tcp ~ I---",'<:",-P--I 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

-toFF 

OPEN--

!Z:l DON'T CARE 

~ UNDEFINED 

Micron SemlOonductor, Inc., reserves the riltlt to cnange products or specifications without notice. 
@1994,Micron$emiconOJctor,lnc. 



PRELIMINARY 

MIC:RON MT3D49 
1-· "Mc"oocwe Me 4 MEG X 9 DRAM MODULE 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 10; WE = DON'T CARE) 

tRAS 'RP 

~ - VtH _-----,[1 
RAS VtL - I"f----------'"I 

teRP '1~ 
~ 

\ 

DQ ~gt -'-------------QPEN-----------

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

- V,H -,----------,.1 
RAS VIL - 1'---------------;-'RS-H--'I 

tCSH tpe 1-----"''''--------1 

tcpp teAs 

ADDR ~1~-

I 
II tewL 

1_---+-"tR""'es_. II tRWL 

I 
II twp 

'TT77TTT7:rTTT7Trnnr---T------;----'--______ tweS'II~ /TT77777T!'777T.T7TT7TTT7i 

WE ~:~: I I I I ~~II~I 
o ~:~:J 1/1/11/1 //1/1 //1 11/11/1/ //II/I 1/11/111/1/!!I/// I////M VALID DATA WI///!//I //I!I// !I//$~ 

I :~:e • tOFF T 
NOTE 1 

a ~g~='--------7-I.-OPEN-tI-tRA-e-tAA-~~~~----OPEN---

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 

MT3D49 
REV. 4/94 

between data-out and driving the bus with the new data-in. 

3-49 Micron Semiconductor, Inc., reserves the right to change products or specifica1ionS without notice. 
©1994, Micron Semiconductor, Inc. 
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MTSD49 
REV. 4194 

RAS 

CAS 

DQ 

WE 

RAS 

CAS 

ADDR 

tRP 

-------l 
~ 
I~. tCPJi I~ 

:~ 

CBR REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

tRAS I • tRP . 
1 

tRAS 

tCHR ~~ ~y 
! , 

OPEN 

tWRP tWRH 
-~ ~:~ -1//#/#///0 

~ ~ 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) (REFRESH) 

PRELIMINARY 

Y 

DO ~lgt :-----

3-50 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 30-pin single-in-line 

package 
• High-performance CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are TTL-compatible 
• Low power, 27mW standby; 2,025mW active, typical 
• Refresh modes: RAS ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• 1,024-cycle refresh distributed across 16ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 30-pin SIMM 

• Part Number Example: MT9D49M-6 

GENERAL DESCRIPTION 

-6 
-7 
-8 

M 

The MT9D49 is a randomly accessed solid-state memory 
containing 4,194,304 words organized in a x9 configuration. 
During READ or WRITE cycles, each bit is uniquely ad
dressed through the 22 address bits which are entered 11 
bits (AO -AIO) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 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 occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, and the ouput remains open (High-Z) until the next 
CAS cycle. 

MT9049 
REV. 4194 3-51 

4 MEG x9DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

30-Pin SIMM 
(DE-4) 

0 
Vee 1 

CAS 2 
DQ1 3 

AO • A1 5 
DQ2 6 

A2 7 
A3 8 

Vss 9 
DQ3 10 

A4 11 
A5 12 s: DQ' 13 
A6 ,. ~ A7 15 

DQ5 16 C 
A8 17 .1>0 

CD 
A9 18 s: *A10 19 

DQ6 20 
WE 21 
Vss 22 

DQ7 23 
NC 2. 

DQ8 25 
Q9 26 

RAS 27 
CAS9 28 

09 29 
Vee 30 

0 

• Address not used for RAS ONLY REFRESH 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address-defined (AO
AIO) 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 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 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 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 alll,024 combinations of 
RAS addresses (AO-A9) are executed at least every 16ms 
regardless of sequence. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC:RON MT9D49 
1-· """'''"0'''''' 4 MEG x 9 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT9049 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

FUNCTIONAL BLOCK DIAGRAM 

D01 --HH-liIIrI D05 -H-HII!IIH 

D02 --+-I1-H1!!h-I D06 -H-t--GDr-i 

DO' --H-HWIt-l DO? -H-t--GD1rl 

DO. -----rI D08 -t-H!IliH 

CAS9 -----+-+----t-----""1 
D9-----+-+---------""1 

AO-Al0 

""" CAS U5 
WE 

Veo ____ --+--+ ______ --..J 

V" --------+---------
U1·U9 = MT4C1004JDJ 

RJ{S" cg 'CAS9 WE 
H H-+X H-+X X 

L L L H 

L L L L 

L H-+L H-+L H 

L H-+L H-+L H 

L H-+L H-+L L 

L H-+L H-+L L 

L H H X 

L -+H-+L L L H 

L -+H-+L L L L 

H-+L L L H 

09 

ADDRESSES DATA-IN/OUT 
IR Ie 001-008,09,09 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor,lnc. 



ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 125°C 
Power Dissipation ............................................................. 9W 
Short Circuit Output Current ..................................... 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 = SV :1;10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.S S.S V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT D9, CAS9 II -2 2 ~ 
Any input OV ~ VIN ~ 6.SV 
(All other pins not under test = OV) AO-A10, WE, CAS, RAS Ii -18 18 IlA 

OUTPUT LEAKAGE CURRENT Q9 

(Q is disabled; OV ~ VOUT ~ S.SV) DQ1-DQ8 

OUTPUT LEVELS 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

MT9049 
REV. 4194 3-53 

loz -10 10 IlA 

loz -12 12 IlA 

VOH 2.4 V 

VOL 0.4 V 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 

Icc1 18 18 18 mA 

Icc2 9 9 9 mA 

Icc3 990 900 810 mA 3,4, 
27 

Icc4 720 630 S40 mA 3,4, 
27 

Icc5 990 900 810 mA 3,27 

Icc6 990 900 810 mA 3,S 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1994, Micron Semiconductor, Inc. 
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CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 10 Cit 55 pF 2 

Input Capacitance: RAS, WE, CAS CI2 73 pF 2 

Input Capacitance: D9, CAS9 CI3 10 pF 2 

Input/Output Capacitance: D01-D08 Cia 15 pF 2 

Output Capacitance: 09 Co 10 pF 2 • C 
:0 » ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
S (Notes: 6, 7,8,9,10,11,12,13) (Vcc = 5V ±10%) 

S o c 
c: 
r m 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE READ 
or WRITE cycle time 

FAST-PAGE-MODE READ-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 
Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

MT9D49 
REV. 4/94 

SYM MIN 
tRC 110 

tRWC n/a 
tpc 35 

tpRWC n/a 

tRAC 

tCAC 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

-6 
MAX MIN 

130 
n/a 
40 

n/a 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
50 

35 

0 
0 

3-54 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

n/a n/a 23 
45 ns 

n/a n/a 23 

70 80 ns 14 
20 20 ns 15 
35 40 ns 

40 45 ns 

100,000 80 100,000 ns 26 
100,000 80 100,000 ns 26 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 

0 ns 

10 ns 

35 15 40 ns 18 

0 ns 

15 ns 

55 ns 

40 ns 

0 ns 

0 ns 19 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice'. 
©1994, Micron Semiconductor, Inc. 



MICRON MT9D49 
1-· ",,,,,,"cme,,, 4 MEG x 9 DRAM MODULE 

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

AC CHARACTERISTICS 
PARAMETER 
Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS prechargetillle 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

MT9D49 
REV. 4194 

-6 
SYM MIN 
tRRH 0 

tClZ 0 
tOFF 3 
twcs 0 

twCH 10 
tWCR 45 

twp 10 
tRWl 15 
tCWl 15 
tDS 0 
tDH 10 

tDHR 45 

IT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 10 

tWRH 10 

twRP 10 

tWTH 10 

tWTS 10 

MAX MIN 
0 

0 

15 3 

0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 

16 

0 

10 

10 

10 

10 

10 

10 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 19 

0 ns 

20 3 20 ns 20,25 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

60 ns 

50 3 50 ns 9,10 

16 16 ms 

0 ns 
10 ns 5 

10 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Semiconductor, Inc., reserves the right to change products or speCifications without notice. 
©1994, Micron Semiconductor, Inc. 

-c 
:u 
l> 
3: 
3: 
o 
c 
c: 
r m 



• C 
::0 
l> 
s: 
s: o 
c 
c: 
r m 

MIC:RON MT9D49 
1-· ,,,,,w,,,,,,no,,,,, 4 MEG x 9 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V at 15mVRMS). 

3. Icc is dependent on cycle rates. 
4. Icc is 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 (O°C:O; TA:O; 70°C) is assured. 

7. An initial pause of lOOlls is required after power-up 
followed by any 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. 

8. AC characteristics assume It = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 tRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that tRCD 
exceeds the value shown. 

15. Assumes that tRCD ;:: tRCD (MAX). 

MT9D49 
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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 tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the lRAD (MAX) limit ensures that 
tRAC (MIN) and tCAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified tRAD (MAX) limit, then 
access time is controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

23. LATE WRITE, READ WRITE or READ-MODIFY
WRITE cycles are not available due to the common 
DQ configuration of U1-U8. 

24. twTs and twTH 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 twRP and twRH in the 
CBR REFRESH cycle. 

25. The 3ns minimum is a parameter guaranteed by 
design. 

26. Extended refresh current is reduced as tRAS is 
reduced from its maximum specification during the 
extended refresh cycle. 

27. Column-address changed once each cycle. 

Micron Semiconductor, Inc., reserves the right to change products or specifications withournotice. 
©f994, Micron Semiconductor, Inc. 



MT9D49 1'II1C:F9g~ 4 MEG x 9 DRAM MODULE 

MT9D49 
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RAS 
VIH ~ 
VIL _ 

CAS 
VIH -
VIL -

ADDR 

WE 

DO VIOH -
VIOL 

RAS 
V1H -
VIL _ 

CAS VIH -
V ,L 

ADDR V,H 
V,L 

teRP 

tCAP 

tAAD 

ROW 

READ CYCLE 

tRC 

tRAS 

'cSH 

tRSH 

tRCD 'cAS 

tAR 

tRAL 

OPEN 

EARL V WRITE CYCLE 

tRC 

tRAS 

tCSH 

tRSH 

tRCD tCAS 

tAR 

tweR 

twes tWCH 

twp 

3-57 

tRP 

tARH 

VAUDDATA 

tRP 

OPEN--------

ROW 

~ DON'T CARE 

!88ll UNDEFINED 
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MIC:RON MT9D49 
1-· "'''co,''oo«" 4 MEG x 9 DRAM MODULE 

FAST-PAGE~MODE READ CYCLE 

I~ __________________ ~ __________ ~IR~AS~P~ ______________________________ ~I~ 

ADDR VIH -
VIL 

WE VIH 
VIL 

1M 

tRAC • I tePA. 

tOFF I tCAC - -
tcLZ- -

- _IOFF 

DO VIOH -
OPEN VALID 

VIOL DATA 
OPEN---VALID VALID 

DATA DATA 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tCSH IpC 

teAs ICp teAs ICp 

ADDR ~:t 
'-'-'.LI1I._--,_---" 

MT9D49 
REV. 4/94 

DO ~:g~ -:LLU..LL.OL.LLU..LL.OL.LLU..LL.,lI... ______________ Jr\LLU1'-____________ Jr'LU.J, ______________ Jr'<.I.LLLL.I..u...=LL.I..u...u..t.'-' 

3-58 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT9D49 
1-· ",,,,,,,,no",,, 4 MEG x 9 DRAM MODULE 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; A 10 and WE = DON'T CARE) 

'Re 
tRAS 'RP :1 

I 

1. 'RPe'l 
\ 

, tCRP 

:--' '--------I 
tASR tRAH 

ADDR ~:t ~--RO-W --k$/!//$"w/!///iJ//!$$f/!/!//$ffi)<--RO-W --

DO ~gt -,------------OPEN-----------

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

~ ~: :----~~--'R-CD--'eS-H--,-CA-"·-AS-P --'cP-P-,p-c-I-'c----;A~---:-As->: -1~ 

ADDA ~:~- COLUMN 

I II 'CWL 
I_-+--""'AC""-S_.I II 'AWL 

I II 'WP 

~~----7---------'-------, ',WCS I~ /TTTTTT77TTT777 

WE ~:t = I I I _ I '------;--~-++---:--II~---ILLLLLLJ.'.LLLlLLLLLLL<LLLLL 
D ~:~ j'/;//;//;/,@'/,@$;W'/;/;W'/$//;/m/l'/////;///$/~ VAUDDATA WJ///I'$///;//I'//#$,,0; 

F1 b,1 
Q ~g~ :-------;-I-OPEN I 'AA 

tRAC 

NOTE 1 

!------OPEN-----

~ DON'T CARE 

~ UNDEFINED 

~OTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 

IT9D49 
EV.4/9:4 

between data-out and driving the bus with the new data-in. 

3-59 
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MT9D49 
REV.4f94 

RAS 

CAS 

DO 

WE 

RAS 

CAS 

DO 

tRP 

-~ 

~I 
II~ ~I . 

:~ 

CBR REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

tRAS -I • tRP . . 
j 

RAS 

ICHR tRPe !eSR 

~J , 

~ L 
OPEN 

,I 

Y 

tWRP tWRH ~ -I:":':':""" 
~:~ -111/1111/110 WIIIII/I/I/I/I/IIII;) 

~ 

~1/11//1/11/1111/111/1111111/1~ -

HIDDEN REFRESH CYCLE 22 

(WE = HIGH) 

(READ) 

3-60 

(REFRESH) 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT8D132 
1-· ",,,co,,,,cwe,,, 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon-gate process 
• Single 5V ±1O% power supply 
• All device pins are TTL-compatible 
• Low power, 24m W (6.4m W L-version) standby; 

1,800mW active~cal __ __ 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN; optional Extended 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle Extended Refresh distributed across 128ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 

-6 
-7 
-8 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (gold) G 

• Power/Refresh 
Normal Power/16ms Blank 
Low Power/128ms L 

• Part Number Example: MT8D132G-6 L 

GENERAL DESCRIPTION 
The MT8D132 is a randomly accessed solid-state memory 

:ontaining 1,048,576 words organized in a x32 configura
:ion. During READ or WRITE cycles, each bit is uniquely 
Iddressed through the 20 address bits which are entered 10 
)its (AO -A9) at a time. RAS is used to latch the first 10 bits 
md CAS the latter 10 bits. A READ or WRITE cycle is 
;elected with the WE input. A logic HIGH on WE dictates 
~EAD mode while a logic LOW on WE dictates WRITE 
node. During a WRITE cycle, data-in (D) is latched by the 
Calling edge of WE or CAS, whichever occurs last. If WE 
;oes LOW prior to CAS going LOW, the output pin(s) 
'emain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
ions (READ or WRITE) within a row-address-defined (AO
'\9) page boundary. The FAST PAGE MODE cycle is al
Nays initiated with a row-address strobed-in by RAS fol
owed by a column-address strobed-in by CAS. CAS may be 
oggled-in by holding RAS LOW and strobing-in different 
:olumn-addresses, thus executing faster memory cycles. 

IT8D132 
lEV. 4/94 3-61 

1 MEG x 32, 2 MEG x 16 
FAST PAGE MODE (MT8D132) 
LOW POWER, 
EXTENDED REFRESH (MT8D132 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-?) 

PINN SYMBOL PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL 
1 Vss 19 NC 37 NC 55 0012 
2 001 20 005 38 NC 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 002 22 006 40 C7iSO 58 0029 
5 0018 23 OQ22 41 CAS2 59 Vee 
6 003 24 007 42 "C7iS3 60 0030 
7 0019 25 0023 43 em- 61 0014 
8 004 26 008 44 RASa 62 0031 
9 0020 27 0024 45 NC 63 0015 
10 Vee 28 A7 46 NC 64 0032 
11 NC 29 NC 47 WE" 65 0016 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 009 67 PR01 
14 A2 32 A9 50 0025 68 PR02 
15 A3 33 NC 51 OQ1O 69 PR03 
16 A4 34 RAS"r 52 0026 70 PR04 
17 A5 35 NC 53 0011 71 NC 
18 A6 36 NC 54 0027 72 Vss 

Returning RAS HIGH 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 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 (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

For x16 applications, the corresponding DQ and CAS 
pins must be connected together (DQl to DQI7, DQ2 to 
DQ18 and so forth, and CASO to CAS2 and CASI to 
CAS3). Each RAS is then a bank select for the x16 memory 
organization. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MICRON MT8D132 
1-· ",,,,,,mH,,,,,, 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

001 .------------------------- 008 

001-4 

WE 

CAS 

RAS 

CASa ----t-~r_-----
CAS1 ~--t-~r_-----
RAsa ----+-~~------

WE 

U1 

001-4 

WE 

CAS 

RAS 

CAS2 ----+-~r_-----
CAS3 ----+-~r_-----
RAS2 ----t----4t--------

AO-A9 

MT8D132 
REV. 4/94 

US 

001-4 

WE 
U2 

CAS 

RAS 

3-62 

OOg -------------------------0016 

001-4 001-4 

WE WE 
U3 U4 

CAS CAS 

RAS RAS 

0025·----------------------- 0032 

WE WE 
U7 U8 

CAS CAS 

RAS RAS 

U1-U8 = MT4C4001JOJ 
U1-U.8 = MT4C4001JOJ S (L-version) 

Micron Semiconductor, Inc., reserves the right to change products or specifications wlthout notice. 
©1994, Micron Semiconductor, Inc. 



MICRON MT8D132 
1-· """,","no",", 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

Extended CBR 
REFRESH (L-version) 

MT8D132 
REV. 4/94 

RAf W-
H H .... X 

L L 

L L 

1st Cycle L H .... L 

2nd Cycle L H .... L 

1st Cycle L H .... L 

2nd Cycle L H .... L 

L H 

READ L .... H .... L L 

WRITE L .... H .... L L 

H .... L L 

H .... L L 

PRESENCE-DETECT 

SYMBOL -6 
PRD1 Vss 

PRD2 Vss 

PRD3 NC 

PRD4 NC 

3-63 

WE" 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

H 

-7 

Vss 

Vss 

Vss 

NC 

ADDRESSES DATA-IN/OUT 
IR IC 001-0032 

X X High~Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

X X High-Z 

-8 

Vss 

Vss 

NC 

Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, MlcronSemiconduclor, Inc. 
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MIC:RON MT8D132 
1-· cmcmc""""c 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 125°C 
Power Dissipation ............................................................. 8W 
Short Circuit Output Current ..................................... 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: 1,3,6,22) (Vcc = 5V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT RASO,RAS2 111 -8 8 IlA 

Any input OV ~ VIN ~ 6.5V AO-A9, WE 112 -16 16 IlA 

(All other pins not under test = OV) for each package input CASO-CAS3 113 -4 4 IlA 

OUTPUT LEAKAGE CURRENT 001-0032 loz -10 10 IlA 
(0 is disabled; OV ~ VOUT ~ 5.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 16 16 16 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 8 8 8 mA 

(RAS = CAS = Vcc -0.2V) 1.6 1.6 1.6 mA 24 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 880 800 720 mA 2,22, 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 26 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 640 560 480 mA 2,22, 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIN]) 26 

REFRESH CURRENT: RAS ONLY 
Average power supply current Icc5 880 800 720 mA 22,26 
(RAS Cycling, CAS = VIH: tRC = tRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 880 800 720 mA 19,22 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 

REFRESH CURRENT: Extended CBR 
Average power supply current during Extended Refresh: Icc? 2.4 2.4 2.4 mA 19,22, 
CAS = 0.2V or CBR cycling; RAS = tRAS (MIN); 24 
WE = AO-A9 and DIN = Vee -0.2V or 0.2V 
(DIN may be left open); tRC = 1251ls (1,024 rows at 1251ls = 128ms) 

MT8D132 
REV. 4/94 3-64 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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MIC:RON MT8D132 
1-· """",""cme," 1 MEG x 32,2 MEG x 16 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 51 pF 17 

Input Capacitance: WE CI2 67 pF 17 

Input Capacitance: RASO, RAS2 CI3 32 pF 17 

Input Capacitance: CAS1, CASO, CAS2, CAS3 CI4 16 pF 17 

Input/Output Capacitance: DQ1-DQ32 CIO 10 pF 17 -C 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS :::D 
(Notes: 3, 4, 5, 6, 7,10,11,16,21) (Vce = 5V ±10%) l> 
I AC CHARACTERISTICS 

PARAMETER 
Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

I!T8D132 
~EV. 4/94 

-6 
SYM MIN 
tRC 110 

tRWC n/a 
tpc 35 

tpRWC nla 

tRAC 

tCAC 
tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

MAX MIN 
130 
nla 

40 

n/a 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
50 

35 

0 
0 

0 

-7 -8 

MAX MIN MAX UNITS NOTES 
150 ns 

n/a ns 21 
45 ns 

n/a ns 21 

70 80 ns 8 
20 20 ns 9 

35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 

0 ns 

10 ns 

35 15 40 ns 23 

0 ns 

15 ns 

55 ns 

40 ns 

0 j ns 

0 ns 14 

0 ns 14 

Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notICe. 
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MIC:RON MT8D132 
1-· ~,',w"cC'OC", 1 MEG x 32,2 MEG x 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7,10,11,16,21) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CSR REFRESH) 

CAS hold time 
(CSR REFRESH) 

WE hold time 
(CSR REFRESH) 

WE setup time 
(CSR REFRESH) 

WE hold time 
(WCSR test cycle) 

WE setup time 
(WCSR test cycle) 

'L-version only 

MT8DI32 
REV. 4/94 

-6 

SYM MIN 
tCLZ 0 

toFF 3 
twcs 0 
tWCH 10 

WCR 45 

WP 10 
tRWL 15 

tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

IT 3 
tREF 

tRPC 0 
tCSR 10 

tcHR 10 

WRH 10 

tWRP 10 

WTH 10 

tWTS 10 

MAX MIN 
0 

15 3 
0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 
16/128' 

0 

10 

10 

10 

10 

10 

10 

3-66 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 

20 3 20 ns 12,25 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5,16 

16/128' 16/128' ms 

0 ns 

10 ns 19 

10 ns 19 

10 ns 27 

10 ns 27 

10 ns 27 

10 ns 27 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT8D132 
1-· "',"","c>o'", 1 MEG x 32,2 MEG x 16 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

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

3. An initial pause of 100~s is required after power-up 
followed by any 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 IREF refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DOC :0; T A :0; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD 2': IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

I'1T8Dl32 
~EV. 4/94 3-67 

14. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

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

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH) in a monotonic manner. _ 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V at 15mV RMS). C 

18. If CAS is LOW at the falling edge of RAS, data-out ::D 
(Q) will be maintained from the previous cycle. To 
initiate a new cycle and clear the data-out buffer, CAS l> 
must be pulsed HIGH for ICp. :s: 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a :s: 

WRITE cycle. In this case, WE = LOW. 
21. LATE WRITE, READ WRITE or READ-MODIFY- 0 

WRITE cycles are not available due to OE being C 
grounded on UI-U8. c:: 

22. Icc is dependent on cycle rates. 
23. Operation within the iRAD (MAX) limit ensures that r 

lRAC (MIN) and ICAC (MIN) can be met. iRAD m 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

24. Applies to L-version only. 
25. The 3ns minimum is a parameter guaranteed by 

design. 
26. Column-address changed once each cycle. 
27. Extended refresh current is reduced as lRAS is 

reduced from its maximum specification during the 
extended refresh cycle. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT8D132 
1-· "'''W''""''"" '" 1 MEG x 32,2 MEG x 16 DRAM MODULE 

MT8D132 
REV. 4/94 

RAS 
V,H 
V,L 

CAS 
V,H 
V,L 

ADDR 
V,H 
V,L 

WE 
V,H 
V,L 

DO VIOH 
VIOL 

RAS 
V,H 
V,L 

CAS 
V,H 
V,L 

ADDR ~:t 

READ CYCLE 

. tRAS . 'RP J 
I 

-
tCSH 

IRSH tRRH 

ICAP tRCO ICAS 

I 
=~ 

'AR 

I 'RAD tAAL 

1~ ~I ~ ~ 
:!IIII~ ROW ~ COLUMN WIIIIIIIIIIIIIIIIIIII'@( ROW 
~ 

IRCS ~ 
I 

:111111111111111111111111111111111 VIIIIIIIIIIIIIIIIIIII/; 
'M 
tRAC 

iCAC ~ 

-
I~ 

OPEN VALID DATA OPEN 

EARLY WRITE CYCLE 

-
-

leRP IRCD 

-
-

'AR 

'OS 

'RC 

tRAS 

ICSH 

IRSH 

teAs 

tRAL 

~ 

COLUMN 

tCWL 

IRWL 

tWCR 

tWCH 

'WP 

IDHR 

'DH 

VALID DATA 

ROW 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change produet5 or specificalion5 without notice. 
©1994, Micron Semiconductor, Inc. 



IUIIIC:F=lCN MT8D132 
1-· ,,,''co,,,,,,,,,, 1 MEG x 32 2 MEG x 16 DRAM MODULE , , 

FAST-PAGE-MODE READ CYCLE 

tCPN 

-tOFF 

VALID OPEN--
DATA 

DO ~:gr -'------- OPEN --------4X)OO:)f 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

I~ ______________ ~R~AS~ _________________ III~I 

RAS ~:t -'.----'-1 lit 
tCSH tpc 1~-7tR-"S,-,H __ ~1 

CAS ~:t =J' tCRP , 1"~---t-AR--'tR-"C"'D-~~~~II~,>-----,te"-'."-S_~'~I~' tcp tCAS, ~. tep teAS I) tCPN 

tRAD I I tRAL 

~ ,tRAH • 1 ~ ~ 1_ tASC tCAH.1 ~II,tcAH'_1 I' 

.1 fl7"r>. ~""" .1 ~~Jr----'-'------,JllR7mfrTTT7), ;---

1 

ADDR ~:r ROW W//f. COLUMN KI///@/M COLUMN l(I/////~ COLUMN W/////////iX'---_RO_W_ 

T8D132 
EV.4/94 

WE ~:r 

DO ~:gt -.LLLLLLLLL..'-LLLLLLLLLL.."-1 '-_______ -" VALID DATA 

3-69 

VALID DATA 

c;zJ DON'T CARE 

~ UNDEFINED 
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I"IIC:I=ICN MT8D132 
"""co@cc;oc," 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

ICAP 

CAS ~:t _ :--' 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

lAC 

tRAS lAP 

~ 
l'AP'l1 

'----J 

J 

\ 

iASR • '1. tRAH 

ADDA ~:t ~----:----:AO~W ---,b§§///#$$///!II!$!//////!$/$/"x~-~AO-::-W --

DO ~gr ::::.-----------OPENI------------

ADDR ~:~-

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

tCSH 

~1 __ -~IAC=D--~_-=ICA=S~I~-I=CP~p--1 

NQTE1 

a ~g~ ::-------7-

1 

,-OPEN I lAA 

_ tRAC 

j-----OPEN--~--

~ DON'T CARE 

!88lI UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tOS(MIN) + any guardband 
between data-out and driving the bus with the new data-in. 

MT8D132 
REV. 4/94 3-70 Micron Semiconductor, Inc., reselVes the righllo change products or specifications without notice. 
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MICRON MT8D132 
1-- ","",""cm,,,,, 1 MEG x 32, 2 MEG x 16 DRAM MODULE 

T8D132 
EV.4194 

CBR REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

tRPC~ 
J~ tCSR • tCHR "I.~___ tCHHI_ 

CAS ~it - I I ~ _L-_~ ___ -L ____ ~ ____________ ~ __ 

DQ ~gt -'---------------OPEN--------------

WE ~it -'-----------------------------

tRP 

-----.J 
I~ 
I··tcp~ ~ •• tCSR. 

! 
DQ 

tWRP ---
WE ~:t !$/////////j 

EXTENDED CBR REFRESH CYCLE 24 

(AO-A9 = DON'T CARE) 

125~s 

tRAS tRP . . 

. tCHR . 9~ 
! 

OPEN 

tWRH tWRP --- ---
*Y///////////$$//D 

3-71 

tRAS I 

!CHR . 
Y 

tWRH ---W// ////////////////4;/'///////;/ 

~ DON'TeARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reSetv6S the right to change products or specifications without notice. 
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MIC:RON MT8D132 
1-· ""w'm"~,,, 1 MEG x 32,2 MEG x 16 DRAM MODULE 

MTS0132 
REV. 4194 

~ 
tRCD 

:~ . 'AR 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

'RAS 

'RSH 

R 
(REFRESH) 

'RAS 

'CHR 

I. 

1 'I 
~ II 'RAL ' 

I~ 'RAH ~IF 
ADDR ~IH--I: IL~ ~~~oo~ I. I 'RAC • I 

tCAG ___ -t 
'CLZ OFF 

DO ~:gr ::-------OPENI------~2§ll~=====~V~A~LlD~D~A~TA=====j OPEN-

3-72 

~ DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

UU:::I=ICN MTBLD132(S), MT16LD232(S) 
1-· >"'CO'cccw~" 1 MEG, 2 MEG x 32 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon-gate process 
• Single +3.3V ±.3V power supply 
• All device pins are TTL-compatible 
• Low power, 1,6mW standby; 1,440mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN; optional Extended and SELF REFRESH 
modes 

• Multiple RAS lines allow x16 or x32 width 
• 1,024-cycle Extended Refresh distributed across 16ms 

or 128ms 
• FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 72-pin SIMM 
Leadless 72-pin SIMM (gold) 

• Refresh 
Standard 
Low-power Extended Refresh, 
SELF REFRESH 

MARKING 

-6 
-7 
-8 

M 
G 

Blank 

S 

• Part Number Example: MT16LD232G-6 S 

GENERAL DESCRIPTION 
The MT8LD132(S) and MT16LD232(S) are randomly ac

cessed 4MB and 8MB solid-state memories organized in a 
x32 configuration. They are specially processed to operate 
from 3.0V to 3.6V for low voltage memory systems. The 
modules have optional FAST PAGE MODE, which allows 
faster data operations (READ or WRITE) within a row
address-defined (AO-A9) page boundary. 

The wider voltage range on these modules allows them to 
be used in 3.3V ±.3V memory designs. The refresh period is 
also extended from the standard 16ms to 128ms to provide 
maximum power savings. An optional SELF REFRESH 
cycle allows the module to perform the extended refresh by 
itself. This eliminates the need to toggle the RAS clock 
during a sleep mode. 

During READ or WRITE cycles each bit is uniquely 
addressed through the 20 address bits, which are entered 10 

MTBLDI32(S), MT16LD232(S) 
REV. 4194 3-73 

1 MEG, 2 MEG x 32 
4, 8 MEGABYTE, 3.3V, FAST PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-7) 1 Meg x32 
(DE-8) 2 Meg x 32 

\~"''''''''III'III''''''''''''''''''' " """"'111"""111""""111""~! 1 36 37 72 

PIN# SYMBOL PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL 
1 Vss 19 NC 37 NC 55 0012 
2 001 20 005 38 NC 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 002 22 OQ6 40 CASO 58 0029 
5 0018 23 0022 41 C'AS2' 59 Vee 
6 OQ3 24 007 42 ~ 60 0030 
7 0019 25 0023 43 "CAST 61 0014 
8 004 26 008 44 JUiSO 62 0031 
9 0020 27 0024 45 NC'1Fi1iSf 63 0015 
10 Vee 28 A7 46 NC 64 0032 
11 NC 29 NC 47 WE"" 65 0016 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 009 67 PR01 
14 A2 32 A9 50 0025 68 PR02 
15 A3 33 NC'/RAS3 51 0010 69 PR03 
16 A4 34 Ri\52 52 0026 70 PR04 
17 A5 35 NC 53 D011 71 NC 
18 A6 36 NC 54 D027 72 Vss 

'4MB version only 

bits (AO-A9) at a time. RAS latches the first 10 bits and 
CAS latches 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 (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. EARLY WRITE occurs when WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE 
F AST PAGE MODE operations allow faster data opera

tions (READ or WRITE) with lower power consumption 
within a row-ad dress-defined (AO -A9) page boundary. The 
FAST PAGE MODE cycle is always initiated with a row
address strobed-in by RAS followed by a column-address 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

z 
m :e 
• c 
:IJ 
l> 
S 
S o 
c c: .... 
m 



z 
m :s • c 
:::D » 
S 
S o 
c 
c: 
r m 

PRELIMINARY 

MIC:RON MT8LD132(S), MT16LD232(S} 
1-· "'"'co"'"C,,"" 1 MEG, 2 MEG x 32 DRAM MODULE 

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 FAST PAGE MODE operation. 

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 ofRAS addresses (AO-A9) are executed 
at least every 16ms (128ms on "s" option), regardless of 
sequence. The CBR and SELF REFRESH cycles will invoke 
the internal refresh counter for automatic RAS addressing. 

An additional SELF REFRESH mode is also available. The 
"s" option allows the user the option of a fully static low 
power data retention mode, or a dynamic refresh mode at the 
extended refresh period of 128ms. The module's SELF RE
FRESH mode is initiated by executing a CBR REFRESH cycle 
and holding RAS LOW for the specified tRASS. Additionally, 
the "s" option allows for an extended refresh period of 
128ms, or 125ms per row ifusing distributed CBR REFRESH. 
This refresh rate can be applied during normal operation, as 
well as during a standby or extended refresh mode. 

The SELF REFRESH mode is terminated by driving RAS 
HIGH for the time minimum tru>S. 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 REFRESH 
mode. However, if the DRAM controller utilizes 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 

cycle and decreases chip current to a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. 

x16 OPERA nON 
For x16 applications, the corresponding DQ and CAS 

pins must be connected together (DQl to DQ17, DQ2 to 
DQ18 and so forth, and CASO to CAS2 and CASI to 
CAS3). Each RAS is then a bank select for the x16 memory 
organization. 

FUNCTIONAL BLOCK DIAGRAM 
4MB 

MT8LD132(S), MT16LD232(S) 
REV. 4/94 

AD-AI! 

-

-
.----
.--

-= 

~ 

.----
,---

-= 

001 .......................... 008 

~ ~ 
l tt l tttt 

WE - WE 
U1 U2 

CAS - CAS 

RAS - RAS 
OE AO-A9 

.r-~ A'F .. ~ 
I--

DQ17 ----.".-- •• -- •• -------- DQ24 

Jlll DQ, -4 Jlll DQl-4 

WE - WE 
US U6 

CAS - CAS 

RAS - RAS 

OE A~ 
I'-- .,r ~ A":~ 
I-

3-74 

000 · .................. · .. ···0016 

tttt tttt 
~ ~ 

- WE ,----- WE 
U3 U, 

- CAS - CAS 

.-- RAS - RAS 

~ Ao-~ .r- ~ .oF-
-= 

... b. 

--
-

DQ25 .--.- •••.. _-_ •... __ ..•.. DQ32 

Jlll DOI-4 Jlll DOI-4 

- WE ,----- WE 
U7 U8 

- CAS - CAS 

.-- RAS - RAS 

~AO~ + DE A0F-... .. 
-= 

-
-
-

U1·U8 = MT4LC4001JDJ (S) 

Micron Semiconductor, Inc, reserves the right to change products or specifications without notice. 
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MIC:RON MT8LD132(S), MT16LD232(S) 
1-· ,mw"",w"~c 1 MEG, 2 MEG x 32 DRAM MODULE 

MT8LD132(S). MT16lD232(S) 
REV.4f94 

FUNCTIONAL BLOCK DIAGRAM 
8MB 

DOl .•••. ---••••••.•••.••..• -. DOS 

tttl t tt t 
~ ~ 

- WE r--- WE 
U1 U2 - CAS r-- CAS 

~ RAS ,.-- RAS 

BE AD-A9 ~Ao-..~ -=- '--:;j ;:- -=- ... 
-

--,--- D017 ••• __ .•••.••.•••.••..•• OQ24 

)J11 
D01-4 

)J11 
001-4 

~ WE r--- WE 
U5 U6 - CAS r-- CAS 

,--- FtAS ,--- AAS 
~ AD-.p! ... ~A~ ... 

= = 
-

AD-A9 

001 .•••••••.••..•......•...•• DOS 

t tt t 
001-4 OQI-4 

CASO --1--++---

CAS! ==1=:t:== RAS! 

D017 -----••• ----- ...• ----- D024 

t ttt tt t t 
OQ1-4 OQ1-4 

CAS2 ==t=:t=== CAS3 
RAS3 --1--4---

Ao-Ae ••••• 1 

3-75 

DQ9 ··························0016 

t tt t tt t t 
DQ.j"":"4 DQ1:'4 

r--- WE r--- WE 
U3 U, 

- CAS r-- CAS 

- RAs - RAS 

-r DE AO-~ -r~AF 

r--r--r--

DQ25 .•••••••••••••••••••. " •• OQ32 

JJl1 
001-4 

JJl1 OQI-4 

r--- WE r--- WE 
U7 U8 

- CAS - CAS 

- RAS - RAS 

-r DE A~ -r DE Ao-~ 

I--
I--
I--

DQ9 .••.•••.•••.•..••..••..••. 0016 

t t tt tt t t 
OQI-4 001-4 

OQ25, .--- ••• ----- ••• -.-- ••••• 0032 

tt t t t tt t 
001-4 D01-4 

WE WE 
U15 U16 

CAS CAS 

RAS RAS 

Ul·U16 = MT4LC4001J (S) 

Micron Semiconductor, Inc., reserves the right to change products or speclficatil;ms without notice. 
©1994, Micron Semiconductor, Inc. 

z 
m :e • c 
:IJ 
l> s: 
s: o 
c 
c: .... 
m 



z 
m 
:e 
II 
c 
~ » 
s: 
s: 
o 
c c: 
rm 

PRELIMINARY 

MIC:RON MT8LD132(S), MT16LD232(S) 
1-· '''''''''',,,oc", 1 MEG 2 MEG x 32 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

SELF REFRESH 

MTBLD132(S), MT16LD232(S) 
REV. 4194 

, 

ADDRESSES DATA-IN/OUT 

liAS" CAS" WE" IR IC 001-0032 

H H .... X X X X High-Z 

L L H ROW COL Data-Out 

L L L ROW COL Data-In 

1st Cycle L H .... L H ROW COL Data-Out 

2nd Cycle L H .... L H nfa COL Data-Out 

1 st Cycle L H .... L L ROW COL Data-In 

2nd Cycle L H .... L L nfa COL Data-In 

L H X ROW nfa High-Z 

READ L .... H .... L L H ROW COL Data-Out 

WRITE L .... H .... L L L ROW COL Data-In 

H .... L L H X X High-Z 

H .... L L H X X High-Z 

PRESENCE-DETECT - MTSLD132 (4MB) 

SYMBOL -6 -7 -8 

PRD1 Vss Vss Vss 

PRD2 Vss Vss Vss 

PRD3 NC Vss NC 

PRD4 NC NC Vss 

PRESENCE-DETECT - MT16LD232 (SMB) 

SYMBOL -6 
PRD1 NC 

PRD2 NC 

PRD3 NC 

PRD4 NC 

3-76 

-7 

NC 

NC 

Vss 

NC 

-8 

NC 

NC 

NC 

Vss 

Micron Semiconductor, Inc., reserves the nght to change products or specifications without notice 
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MIC:RON MTBLD132(S), MT16LD232(S) 
1-· "''''","0'0"'"' 1 MEG, 2 MEG x 32 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss ........... -IV to +4.6V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + 12SoC 
Power Dissipation ........................................................... I6W 
Short Circuit Output Current ..................................... SOmA 

'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. 

z 
m 
=e -ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS C 

(Notes: 1, 2, 3, 6, 22) (Vee = +3.0V to 3.6V) :D 
PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 

Any input OV :0; VIN :0; Vee+0.5V 

(All other pins not under test = OV) for each package input 

OUTPUT LEAKAGE CURRENT 
(Q is disabled; OV :0; VOUT S Vcc+0.5V) for each package input 

TTL OUTPUT LEVELS 

MTBLD132(Sl, MT1~LD232(S) 
REV. 4194 

High Voltage (lOUT = -2mA) 

Low Voltage (lOUT = 2mA) 

SYMBOL MIN MAX UNITS NOTES 

Vee 3.0 3.6 V 

VIH 2.0 Vec+1 V 

VIL -1.0 0.8 V 

CASO-CAS3 111 -8 8 I!A 

AO-A9, WE 112 -32 32 I-\A 

RASO-RAS3 113 -8 8 I-\A _ .. _--
DQ1-DQ32 loz -20 20 i!A 

---~ 

VOH 2.4 V 

VOL 0.4 V 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MTSLD132(S), MT16LD232(S) 
1-· '''''co,"'''''"',,, 1 MEG,2 MEG x 32 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes' 1 6 22) (OCC < T A < 70cC' VCC = 3 OV to 3 6V) , , - -

PARAMETER/CONDITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN)) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

REFRESH CURRENT: Extended (S only) 
Average power supply current 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN); WE, 
AO·A9 and DIN = Vcc -0.2V or 0.2V 
(DIN may be left open); IRC = 125J.ls (1,024 rows at 125J.lS = 128ms) 

REFRESH CURRENT: SELF (S only) 
Average power supply current during SELF REFRESH: CBR cycle 
with RAS ~ IRASS (MIN) and CAS held LOW; WE = Vce -0.2V; 
AO·A9 and DIN = Vee -0.2V or 0.2V (DIN may be left open) 

MTaLD132(S), MT16LD232(S) 
REV. 4/94 3-78 

MAX 

SYMBOL SIZE -6 -7 -8 UNITS NOTES 
ICCl 4MB 8 8 8 mA 

8MB 16 16 16 

Icc2 4MB 4 4 4 mA 
8MB 8 8 8 

4MB 640 560 480 
Icc3 8MB 648 568 488 mA 2,22, 

26 

4MB 480 400 320 
ICC4 8MB 488 408 328 mA 2,22, 

26 

4MB 640 560 480 
Iccs 8MB 648 568 488 mA 22,26 

4MB 640 560 480 
Icc6 8MB 648 568 488 mA 22,19 

Icc? 4MB 1.2 1.2 1.2 mA 2, 19 
8MB 2.0 2.0 2.0 22,25 

Iccs 4MB 1.2 1.2 1.2 mA 19 
8MB 2.0 2.0 2.0 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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I'IIIC:I=ION MT8LD132(S), MT16LD232(S) 
c" ,m c, 1 MEG, 2 MEG x 32 DRAM MODULE 

CAPACITAN C E 
MAX 

PARAMETER SYMBOL 4MB 8MB UNITS NOTES 

Input Capacitance: AO-A9 Cit 48 95 pF 17 

Input Capacitance: WE CI2 64 127 pF 17 

Input Capacitance: RASO-RAS3 CI3 32 32 pF 17 

Input Capacitance: CASO-CAS3 CI4 16 32 pF 17 

InpuVOutput Capacitance: 001-0032 Cia 10 10 pF 17 

z 
m 
=e • c 
:D 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS l> 
(Notes: 3, 4, 5,6, 7, 10, 11, 16, 21) (Vee = 3:0 to 3.6V) s:: 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

FAST-PAGE-MODE 
READ ,or WRITE cycle time 

Access time from RAS 

Access time from CAS 
Access time from column-address 

Access time from. CAS precharge 

RAS pulse widUr 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge,time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

.. CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

MTBlD132(S), MT16LD23:2(S} 
REV. 4194 

-6 
SYM MIN MAX 
tRC 110 
tpc 35 

tRAC 60 
tcAC 15 
tAA 30 

tCPA 35 
tRAS 6.0 100,000 

tRASP 60 100,000 
tRSH 15 
tRP, 40 

tCAS 15 100,000 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 45 
ICRP 10 
tASR 0 
tF\AH 10 '. 
tRAD 15 30 

IASC 0 
tCAH 10 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

tcLZ 3 

3-79 

MIN 
130 
40 

, 

70 
70 
20 
50, .. , 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
50 

35 

0 
0 

0 

3 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns" 

45 ns' 

70 80 ns 8 
20 20 ns 9 
35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 , cc, ns 

100,000 20 100,000 ns 

80 ns 

10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 

0 ns 

10 ns 

35 15 40 ns 23 

0 ns 

15 ns 

55 ns 

40 ns 

0 ns 

0 ns 14 

0 ns 14 

3 ns 

Micron Semiconductor, Inc., reserveS the right to change products or ipecificatiOris\omhout notite. 
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PRELIMINARY 

u II::: 1=1 ON MT8LD132{S), MT16LD232{S) 
1-· ~e""""cw<" 1 MEG 2 MEG x 32 DRAM MODULE , 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21) (Vee = 3.0V to 3.6V) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data·in setup time 

Data·in hold time 

Data·in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

RAS pulse width during 
SELF REFRESH cycle 

RAS precharge time during 
SELF REFRESH cycle 

RAS LOW to "don't care" during 
SELF REFRESH cycle 

'S-version only 

MTSLD132(S}, MT16LD232(S) 
REV. 4194 

-6 
SYM MIN 
tOFF 3 

twcs 0 

twCH 10 

twCR 45 

twP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

IT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 10 

twRH 10 

twRP 10 

tWTH 10 

tWTS 10 

tRASS 100 

tRPS 110 

tCHD 10 

MAX MIN 
15 3 

0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 

16/128' 
0 

10 

10 

10 

10 

10 

10 

100 

130 

10 

3-80 

-7 -8 
MAX MIN MAX UNITS NOTES 
20 3 20 ns 12,24 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5,16 

16/128' 16/128' ms 

0 ns 

10 ns 19 

10 ns 19 

10 ns 28 

10 ns 28 

10 ns 28 

10 ns 28 

100 ms 27 

150 ns 27 

10 ns 27 

Micron Semiconductor, Inc., reserves the right to change products or specificat10ns without notICe. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MTBLD132(S), MT16LD232(S) 
1-· ~'M"O",""oe,,, 1 MEG, 2 MEG x 32 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

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

3. An initial pause of 100~s 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. 

4. AC characteristics assume tT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (DOC :0; T A :0; 70°C) is assured. 

7. 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. 

8. Assumes that IRCD < IRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that IRCD 2 tRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 
lRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

14. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

MT8LD132(Sj, MT16LD232(S) 
REV. 4194 3-81 

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

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

17. This parameter is sampled. Vcc = 3.0V ±0.3V; f = 1 
MHz. 

18. If CAS is LOW at the falling edge of RAS, data-out 
(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 tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE WRITE, READ WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on U1-U16. 

22. Icc is dependent on cycle rates. 
23. Operation within the lRAD (MAX) limit ensures that 

tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

24. The 3ns minimum is a parameter guaranteed by 
design. 

25. Refresh current increases if tRAS is extended beyond 
its minimum specification. 

26. Column-address changed once each cycle. 
27. If the DRAM controller uses a BURST REFRESH, a 

BURST REFRESH of all rows must be executed upon 
exiting SELF REFRESH. 

28. twTS 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 tWRP and twRH in the 
CBR REFRESH cycle. 

Micron Semiconductor, Inc., reserves the right to change products or specifications Without notice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

MICRON MT8LD132(S), MT16LD232(S) 
1-· '""cc"c"'o~c" 1 MEG 2 MEG x 32 DRAM MODULE 

RAS 

CAS 

ADDR 

WE 

DQ 

RAS 

CAS 

ADDR 

MTSLD132(S), MT16LD232(S) 
REV. 4/94 

VIH -
VIL _ 

leAP 

VIOH -
VIOL 

VIH -
V,L 

'cRP 

VIH -
VIL _ 

V,H 
V,L 

, 

READ CYCLE 

tRC 

tRAS tRP 

tCSH 

IRSH tRRH 

tRCO teAs 

~ 

OPEN VAUDDATA OPEN 

EARLY WRITE CYCLE 

tRC 

tRAS 

tCSH 

IRSH 

IACD tCAS 

tAR 

3-82 

ROW 

~ DON'TeARE 

!88ll UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

I'IIU:::F=lON MT8LD132(S), MT16LD232(S) 
CH, "C , 1 MEG,2 MEG x 32 DRAM MODULE 

FAST ~PAGE-MODE READ CYCLE 

tRASP 

tcsH tpc 

teAS tep teAS 

DQ ~:gr -'-------OPEN-------1~K]~A~A~~'R~---~~ VAllI> 
DATA 

MTSLD132(S), M"[16LDm(S), 
REV. 4194 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRAS 

tcp teAS tcp teAS 

lOS ~ 

VALID DATA VALtDDATA 

~ DON'TeARE 

~ UNDEFINED 

Micron Semiconductor. Inc.: ~~ the right to change Products"or SP9QificatiO~.~~~ut ~'otioo. 
@1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

I'IIIC:RON MT8LD132(S), MT16LD232(S) 
'C'""""""' " 1 MEG, 2 MEG x 32 DRAM MODULE 

tCRP 

ADDR ~:r 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

ROW ROW 

DO ~gt ::------------OPENI------------

ADDR ~:~-

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo READ-MODI FY -WRITE) 

tcSH 

tRSH 
'pc 1---'-=---1 

teAs 

COLUMN 

I -Ii /TTTTTTTTT77T777777777J 

'" ~:t = I I I I rlAl-
• ~:t :J'####///#/#'w40'/&/&#///W//#//////#/#J '~M" lI$.&/$MW& 

~ tClZ 

OPEN 

I. I. 'M 

'RAC 

1Oi' 

: 

j IE1 
VAllO 
~ 

OPEN-----

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: ICPP(MIN) or ICP(whichever is greater) + 10S(MIN) + any guardband 
between data-out and driving the bus with the new data-in. 

MTSLD132(S), MT16LD232(S) 
REV. 4194 3-84 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT8LD132(S), MT16LD232(S) 
1-· mew""""" e, 1 MEG, 2 MEG X 32 DRAM MODULE 

tRP 

~ 
I ,tRP~ 

J'~p~~ 

DO 

tWRP ---
WE ~:~ -'ll/IIIII/IO 

tRP 

-~ 

I~ 
I·,tcp~ ~~ ! 

DO 

RAS 

tCHR , 

CBR REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

1 , RP , , 

1 
, ~~ 

tCHR 

I 
OPEN 

RAS ,I 

J; 

tWRH tWRP tWRH --- --- ---
W////II/IIII/I/IIII$ WI 1/ 1/1 1// 1// 1//1/1//1 1/ 1/ 1//;2 

EXTENDED CBR REFRESH CYCLE 24 

(AO-A9 = DON'T CARE) 

125~s 

tRAS tRP tRAS , , 

, tCHR , ~ tCSR !CHR 

'J; ! i 
OPEN 

1 

tWRP tWRH tWRP tWRH 
---~ ---~ 

VI 1//1111 1/1 1/1/111110 

MTBLD132(S), MT16LD232(S) 
REV. 4/94 3-85 

Will/II 1//1//1/1/1/1/1/1111 I I j 

~ DON'TeARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

I'IIIC: 1=1 ON MT8LD132(S), MT16LD232(S) 
,,,,,,co,ooo,,,,,, 1 MEG,2 MEG x 32 DRAM MODULE 

RAS VIH-
VIl_ 

CAS 

ADDR 

DO VIOH -
VIOL 

tReD 

tAR 

OPEN 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

tRAS 

tRSH 

I tAA 

I tRAC 

~ tClZ 

SELF REFRESH CYCLE 
(AO-A9 and OE = DON'T CARE) 

(REFRESH) 

tRAS 

tCHR 

VALID DATA 

t tRASS NOTE 1 tRPS I __ ~R~P ________ I ______ ~\~\ __________________ I~ ________ ~~ 

-tOFF 

OPEN-

DQ ~gt = \--- OPEN---------------------------tt-----------------

tWRP tWRH 

WE ~:t :1//#;1/#;- ~~LLLLLLLLLLLLLLLLLLLLLLLL.LLLL.LlCLLLLLll 
rill DON'T CARE 

~ UNDEFINED 

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

MTalD132(S), MT16LD232(S) 
REV. 4194 3-86 MICron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 

©1994, Micron Semiconductor, Inc. 



MIC:RON MT16D(T)232 
1-· ""we"c,,,""" 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon-gate process. 
• Single 5V ±1O% power supply 
• All device pins are TIL-compatible 
• Low power, 48mW (13mW L-version) standby; 

1,824mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN; optional Extended Refresh mode 
• Multiple RAS lines allow x16 or x32 width 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle Extended Refresh distributed across 128ms 
• FAST PAGE MODE access cycle 
• Thin outline using TSOP version 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Components 

-6 
-7 
-8 

SOJ D 
TSOP DT 

• Packages 
Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (gold) G 

• Power /Refresh 
Normal Power/16ms Blank 
Low Power /128ms L 

• Part Number Example: MT16DT232G-6 L 

GENERAL DESCRIPTION 
The MT16D(T)232 is a randomly accessed solid-state 

memory containing 2,097,152 words organized in a x32 
configuration. During READ or WRITE cycles each bit is 
uniquely addressed through the 20 address bits, which are 
entered 10 bits (AO -A9) at a time. RAS is used to latch the 
first 10 bits and CAS 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 occurs last. 

MT16D(T)232 
REV. 4/94 3-87 

2 MEG x 32,4 MEG x 16 
FAST PAGE MODE (MT16D(T)232) 
LOW POWER, 
EXTENDED REFRESH (MT16D(T)232 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-8) SOJ Version 

(DE-20) TSOP Version 

~"""""""""""""::~::""""""""''''''''''~ 1 ~ U n 

PiNt SYMBOL PIN # SYMBOL PIN# SYMBOL PIN# SYMBOL 
1 Vss 19 NC 37 NC 55 0012 
2 001 20 005 38 NC 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 002 22 006 40 "C1iSlf 58 0029 
5 0018 23 0022 41 ~ 59 Vee 
6 003 24 007 42 mr 60 0030 
7 0019 25 0023 43 NiSf 61 0014 
8 004 26 008 44 ~ 62 0031 
9 0020 27 0024 45 "RASf 63 0015 
10 Vee 28 A7 46 NC 64 0032 
11 NC 29 NC 47 WE" 65 0016 
12 AO 30 Vee 48 NC 66 NC 
13 Al 31 A8 49 009 67 PROl 
14 A2 32 A9 50 0025 68 PR02 
15 A3 33 l'lAS3 51 0010 69 PR03 
16 A4 34 R7iS2 52 0026 70 PR04 
17 A5 35 NC 53 0011 71 NC 
18 A6 36 NC 54 0027 72 Vss 

EARLY WRITE occurs when WE goes LOW prior to CAS 
going LOW, the output pin(s) remain open (High-Z) until 
the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-ad dress-defined (AO
A9) page boundary. The FAST PAGE MODE cycle is al
ways initiated with a row-address strobed-in by RAS fol
lowed 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. 
Returiring RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returiring 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 RAS HIGH time. Memory cell data is retained in its 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MICRON MT16D(T)232 
1-· ""'co"ooo",,,,, 2 MEG x 32,4 MEG x 16 DRAM MODULE 

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 combination of 
RAS addresses (AO-A9) are executed at least eV:ery 16ms 
(128ms on L-version), regardless of sequence. 

For x16 applications, the corresponding DQ and CAS 
pins must be connected together (DQ1 to DQ17, DQ2 to 
DQ18 and so forth, and CASO to CAS2 and CASI to 
CAS3). Each RAS is then a bank select for the x16 memory 
organization. 

FUNCTIONAL BLOCK DIAGRAM 

MT16D(T)232 
REV. 4/94 

CASO 

CAS1 

RASO 

WE-

CAS2 

eM;' 
RM;2 

DQl .••••.• -------- ._-------- D08 

JlU OQ1-4 JJ11 001-4 

- WE - WE 
U' " ,--- CAs" ,--- CAS 

,- RAS - RAs 

1~5E AG-A9 = .. 
~ OEAO-A9 

DQ17 •••••••••• __ ••••• __ •• _- OQ24 

JlU 001-4 l11l 
OQ1-4 

f--- WE -WE 
U' U6 - CAS ,--- CAs 

,- """ ,- """ DE AO-A9 1~5EA~ .. = '" i'" 

DOl .•••• ---••• ----.----- .. --- DaB 

tit t 
~ 

- WE U9 r--- WE Ul0 

.-- CAS r-- CAS 

r--- RAs - RAs l.r DE AO-A9 .r ~ AO-A9 

0017 ---.- .... __ •••••••••••• DQ24 

JlU 001-4 

~WE 
r-- CAS U13 

r- RAS l.r DE AO-A9 

JlU 001-4 

3-88 

DQ9 --_ ••• -•• -••••••••...•••• D016 

JlU OQ1-4 JJ11 OQ1·4 

-WE ,---- WE 
U' U< 

,--- CAS ,--- CAS 

- """ - """ DE AO-A9 DE M-A9 

= -:& 

-

DQ25'" ---.,- D032 

l11l 
OQ1-4 

l11l 
DQ1·4 

- WE -WE 

"' U8 ,--- CAS ,--- CAS 

,- """ - """ 
I~OEAO-A9 

- .. ~OEA~ = .. i'" 

DOg --- ---'---0016 

tttt tttt 
~ ~ 

- WE U11 r-- WE U12 
,---- CAS - CAS 

r-- RAs - RAS 

OE A~ .r BE A~ 

OQ25 ••• •.. _-- OQ32 

JlU OQ1-4 
l11l 

OQ1·4 

------:- WE .--- WE 
r-- CAS U15 r-- CAS U16 

r-- RAS - RAS 

_ OE Ao-A9 .r ~ A~ 

U1·U16 == MT4C4001J or 
U1-U16", MT4C4001J S (L-version) 

Micron Semiconductor, Inc., reserves the right to change products or specifications witl10ut notice. 
©1994, Micron Semiconductor, Inc 



UU::I=ICN MT16D(T)232 
1-· ,,,,,,,",,,,,,,,,,,, 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

Extended CBR 
REFRESH (L-version) 

MTI6D(T)232 
REV. 4/94 

RAS CAS 
H H-+X 

L L 

L L 

1st Cycle L H-+L 

2nd Cycle L H-+L 

1st Cycle L H-+L 

2nd Cycle L H-+L 

L H 

READ L -+H-+L L 

WRITE L-+H-+L L 

H-+L L 

H-+L L 

PRESENCE-DETECT 

SYMBOL -6 

PRD1 NC 

PRD2 NC 

PRD3 NC 

PRD4 NC 

3-89 

WE 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

H 

-7 

NC 

NC 

Vss 

NC 

ADDRESSES DATA-IN/OUT 
IR IC 001-0032 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

X X High-Z 

-8 
NC 

NC 

NC 

Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC:RON MT16D(T)232 
1-- '",''oo"'"'w<''' 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + 12SoC 
Power Dissipation ........................................................... I6W 
Short Circuit Output Current ..................................... SOmA 

'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: 1,3,6) (Vcc = 5V ±10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4,5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT CASO-CAS3 lit -8 8 /lA 
Any input OV :0; VIN :0; 6.5V AO-A9, WE 112 -32 32 /lA 
(All other pins not under test = OV) for each package input RASO-RAS3 113 -8 8 /lA 

OUTPUT LEAKAGE CURRENT DQ1-DQ32 loz -20 20 /lA 
(Q is disabled; OV :0; VOUT :0; 5.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icct 32 32 32 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) Icc2 16 16 16 mA 

(RAS = CAS = Vcc -0.2V) 3.2 3.2 3.2 mA 24 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 896 816 736 mA 2,22, 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 26 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 656 576 496 mA 2,22, 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 26 

REFRESH CURRENT: RAS ONLY 
Average power supply current Iccs 896 816 736 mA 22,26 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 896 816 736 mA 19,22 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

REFRESH CURRENT: Extended CBR 
Average power supply current during Extended Refresh: 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN); Icc? 4.0 4.0 4.0 mA 19,22, 
WE = Vcc -0.2V; AO-A9 and DIN = Vcc -0.2V or 0.2V 24,27 
(DIN may be left open); IRC = 125J.lS (1,024 rows at 125/ls = 128ms) 

MT16D(T)232 
REV. 4194 3-90 Micron Semiconductor, tnc., reserves the right to change products or speCifications Without notice. 
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MICRON MT16D(T)232 
1-· H"'''CO'",'' 2 MEG x 32,4 MEG x 16 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 Cit 95 pF 17 

Input Capacitance: WE CI2 127 pF 17 

Input Capacitance: CASO-CAS3, RASO-RAS3 CI4 32 pF 17 

Input/Output Capacitance: D01-D032 Cia 10 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21 )(Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MQDE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

MT1,6D(T)232 
REV. 4194 

-6 
SYM MIN 
tRC 110 

tRWC n/a 
tpc 35 

tpRWC n/a 

tRAC 

tCAC 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

MAX MIN 

130 
n/a 
40 

n/a 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
50 

35 

0 
0 

3-91 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

nla ns 21 
45 ns 

--< 
nla ns 21 

70 80 ns 8 
20 20 ns 9 

35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 

0 ns 

10 ns 

35 15 40 ns 23 

0 ns 

15 ns 

55 ns 

40 ns 

0 ns 

0 ns 14 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT16D(T)232 
1-· "',"c'"cccw,,'''' 2 MEG x 32,4 MEG x 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3,4, 5, 6, 7, 10, 11, 16, 21) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Read command hold time 
(referenced to RAS) 
CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

*L -verSion only 

MT16D(T)232 
REV. 4/94 

-6 
SYM MIN 

tRRH 0 

tCLl 0 
tOFF 3 
twcs 0 

twCH 10 

twCR 45 

WP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 10 

twRH 10 

twRP 10 

tWTH 10 

twTS 10 

MAX MIN 
0 

0 

15 3 
0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 
16/128* 

0 

10 

10 

10 

10 

10 

10 

3-92 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 14 

0 ns 

20 3 20 ns 12,25 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5, 16 

16/128* 16/128* ms 

0 ns 

10 ns 19 

10 ns 19 

10 ns 28 

10 ns 28 

10 ns 28 

10 ns 28 

Micron Semiconductor, Inc., reserves the right to change products or specHications without notice. 
©1994, Micron Semiconductor, Inc. 



AIIIIC:RCN MT16D(T)232 
1-· ,",",""",me", 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

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

3. An initial pause of 100ils 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 IREF refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C 5 T AS 70°e) is assured. 

7. Measured with a load eqUivalent to two TTL gates 
and lOOpP. 

8. Assumes that IRCD < IRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that tRCD 
exceeds the value shown. 

9. Assumes that tRCD 2': tRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

14. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

MT16D(T}232 
REV. 4/94 3-93 

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

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

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V at 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(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 tcP. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE WRITE, READ WRITE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on U1-U16. 

22. Icc is dependent on cycle rates. 
23. Operation within the tRAD (MAX) limit ensures that 

IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

24. Applies to L-version only. 
25. The 3ns minimum is a parameter guaranteed by 

design. 
26. Column-address changed once each cycle. 
27. Extended refresh current is reduced as lRAs is 

reduced from its maximum specification during the 
extended refresh cycle. 

28. twTs 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 twRP and twRH in the 
CBR REFRESH cycle. 

MICron Semiconductor, Inc., reserves the right to change products or specifications withqut notice. 
©1994, Micron Semiconductor, Inc 
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MIt:RON MT16D(T)232 
1-· c " 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

MT16D(T)232 
REV. 4194 

RAS 

CAS 

ADDR 

WE 

DO 

RAS 

CAS 

ADDR 

VIH -
VIL _ 

ICAP 

VIQH -
V,OL 

VIH -
VIL _ 

ICRP 

V,H -
VIL _ 

V,H 
V,L 

READ CYCLE 

tRC. 

'RAS 'RP 

teSH 
IRSH tRRH 

IRCD teAS 

OPEN VALID DATA OPEN 

. EARLY WRITE CYCLE 

'RC 

'RAS 

ICSH 

IRSH 

tRCD 'CAS 

'AR 

ROW 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the rlght to change products or specifications without notice. 
@1994,MicronSemiconductor,lnc. 



MIC:RON MT16D(T)232 
1-· ''"''',"co no" "' 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

FAST-PAGE-MODE READ CYCLE 

~ 

RAS 
V,H -
VIL -

ICSH IpC tRSH 

tRCD ICp ~ , 'cP 

CAS V,H -
V,L -

IRCS,I 

ADDR ~it -
'-L<'-LIlI __ ,---_Jr 

'M 
tePA 

-tOFF 

VALID 
DATA 

OPEN--DO ~\gt -~------OPEN------ill~>l~:Lt_---~~U~U>---,-----__1~~ 

RAS 
V,H -
V,L 

CAS VIH -
V,L 

ADDR ~:r 

MT16D(T)232 
REV. 4194 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tCSH IpC 

'CP 

VAllO DATA 

3-95 

~RSH 

teAs 'CP teAs 

VALID I?ATA VALID DATA 

ROW 

fZ2 DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC::RON MT16D(T)232 
1-· "M'''''",,,,,, 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

DQ ~g~ -_------------OPEN------------

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo READ-MODiFY-WRITE) 

V,H-------, 
RAS VIL _ 

tcSH 

AODA 

o 

Q ~gt =-----;-I.-OPEN 
I tRAG tAA 

k--~--OPEN-----

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 

MT16D(T)232 
REV. 4/94 

between data-out and driving the bus with the new data-in. 

Micron Semiconductor, Inc., reserves the right to change products or specifications Without notice. 
©1994, Micron Semiconductor, Inc. 



UII:::I=ICN MT16D(T)232 
1-· ~mcc@ccm"," 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

tRP tRAS . 
----./ 

I~ 

:~' tCPN, ~~ tCSR .. . tCHR 

DO 

CBR REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

,_, . tRP . 
j 

. I~ tCSR 

I ~ 
OPEN 

. tRAS ~I 

tCHR 

Y 

~~I tWRP tWRH -- --
W///I// 1//1/ //1//1/// 1////1/;0; WE ~:~ -/////////1/0 

. 
tRP 

----./ 
tRPC ---

}.tCPN.~~ 

DO 

tWRP --
WE ~:~ !I///////I//$ 

MT16D(T)232 
REV. 4/94 

EXTENDED CBR REFRESH CYCLE 24 

(AO-A9 = DON'T CARE) 

125~s . 
. tRAS , . tRP . tRAS I 

. tCHR . I~I tCSR ~CHR 

'y I l 
OPEN 

tWRH ~ ~ --
WI///////I//I//////d W/I////I/////I/I/I/////II////m 

3-97 

~ DON'TeARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

• C 
::0 
l> :s: 
:s: o 
c c: 
rm 



--C 
:::D » s: 
s: o 
c 
c: 
r 
m 

I'IIIt::RON MT16D(T)232 
co,,,,",,,,,cm,, '" 2 MEG x 32, 4 MEG x 16 DRAM MODULE 

RAS ~:~_ 

ADDR 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) (REFRESH) 

tRAS tRP tRAS 

'~W~-·--.. --t~RC-D--------_-,_--~tR-SH--·~~·--------~tC-H-R---------.y 
I -

-tOFF 

DO ~:g~ -'-------------- OPEN--------------<~'f1}L __________ ~VA~L~ID~D~AT~A ________ __.I OPEN-

MT16D(T)232 
REV. 4194 3-98 

~ DON'TeARE 

~ UNDEFINED 

Micron Semiconductor,lnc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT8D432 
1-· """co'""c,,""" 4 MEG x 32,8 MEG x 16 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are fully TTL-compatible 
• Low power, 24m W standby; 1,600m W activ~ical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Multiple RAS lines allow x16 or x32 width 
• 2,048-cycle refresh distributed across 32ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access -6 
70ns access -7 

• Packages 
Leadless 72 -pin SIMM M 
Leadless 72-pin SIMM (gold) G 

• Part Number Example: MT8D432G-6 

GENERAL DESCRIPTION 
The MT8D432 is a randomly accessed solid-state memory 

containing 4,194,304 words organized in a x32 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 CAS. Since 
WE goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address-defined 
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 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. 

MTaD432 
REV. 4194 3-99 

4 MEG x 32, 8 MEG x 16 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-19) 

\~"""""""",,,,,,,,,,,,,:~,:,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~I 
1 • ~ n 

PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL PIN * SYMBOL 
1 Vss 19 Al0 37 NC 55 0012 
2 001 20 005 38 NC 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 002 22 D06 40 CASU" 58 0029 
5 0018 23 0022 41 ~ 59 Vee 
6 003 24 007 42 CJ\S3 60 0030 
7 0019 25 0023 43 "CJ\Sf 61 0014 
8 004 26 008 44 RASO 62 0031 
9 0020 27 0024 45 NC 63 0015 
10 Vee 28 A7 46 NC 64 0032 
11 NG 29 NG 47 Wt 65 0016 
12 AO 30 Vee 48 NC 66 NC 
13 Al 31 A8 49 009 67 PROI 
14 A2 32 A9 50 0025 68 PR02 
15 A3 33 NG 51 0010 69 PR03 
16 A4 34 ~ 52 0026 70 PR04 
17 A5 35 NC 53 0011 71 NC 
18 A6 36 NG 54 0027 72 Vss 

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 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 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. 

For x16 applications, the corresponding DQ and CAS 
pins must be connected together (DQl to DQI7, DQ2 to 
DQ18 and so forth, and CASO to CAS2 and CASI to 
CAS3). Each RAS is then a bank select for the x16 memory 
organization. 

Micron Semiconductor, Inc., reserves the right to ch8l1ge products or specifjcations without notice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:RON MT8D432 
1-· ec"",",",w",,, 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

D01 -------------------------- D08 

001-4 

CAsa 
CAS1 
RAsa 

WE 

WE 

CAS 

RAS 

..-----lWE 

.------i CAS 

RAS 

CAS2 ---r-*+----
CAS3 ---r--+----
RAS2 ---r-~-----

AO-A1O 

MT8D432 
REV. 4/94 

'" 

us 

t t t t 
I W~01-4 I 

II? 

CAS 

RAS 

3-100 

DOg -------------------------D016 

001-4 
WE 

"ry 

RAS 

D025 ------------------------ D032 

001-4 
WE WE 

U7 U8 
CAS CAS 

RAS RAS 

U1-U8 = MT4C4M4B1DJ (2,048~cycle) 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

UIt:::I=ION MT8D432 
1-· """'"cnoe,,, 4 MEG x 32,8 MEG x 16 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RASONL Y REFRESH . 

HIDDEN 

REFRESH 

CBR REFRESH 

MTBD432 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

Ms- W- we-
H H ..... X X 

L L H 

L L L 

L H ..... L H 

L H ..... L H 

L H ..... L L 

L H ..... L L 

L H X 

L ..... H ..... L L H 

L ..... H ..... L L L 

H ..... L L H 

PRESENCE-DETECT 

SYMBOL -6 

PRD1 Vss 

PRD2 NC 

PRD3 NC 

PRD4 NC 

3-101 

ADDRESSES DATA-IN/OUT 
IR IC 001-0032 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

-7 

Vss 

NC 

Vss 

NC 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:RON MT8D432 
1-· ,,,,,co,"oo.o<'" 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative toVss .............. -IV to +7V 
Operating Temperature, TA (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + 12SoC 
Power Dissipation ............................................................. 8W 
Short Circuit Output Current ..................................... SOmA 

'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 ofthis specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability. 

~ ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
.AI (Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±1 0%) » 
S 
S o 
c 
c: 
r
m 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2:4 Vcc+1 V 

Input Low.(Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT RASO,RAS2 1i1 -8 8 flA 
Any input OV :s; VIN :s; 6.5V AO-A10, WE 1i2 -16 16 j.lA 

(All other pins not under test = OV) for each package input CASO-CAS3 1i3 -4 4 j.lA 

OUTPUT LEAKAGE CURRENT D01-D032 loz -10 10 flA 
(0 is disabled; OV :s; VOUT :s; 5.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MTBD432 
REV. 4194 3-102 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 

©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

UII:::I=ICN MT8D432 
1-· "",,,",c,we,,, 4 MEG x 32,8 MEG x 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = 5V ±1 0%) 2,048-cycle refresh 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

MT8D432 
REV. 4194 3-103 

MAX 

SYMBOL -6 -7 UNITS NOTES 

Icc1 16 16 mA 

Icc2 8 8 mA 

Icc3 960 800 mA 3,4, 
26 

Icc4 640 560 mA 3,4, 
26 

Icc5 960 800 mA 3,26 

Icc6 960 800 mA 3,5 

Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

NllII::::RON MT8D432 
1-· " '" 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

CAPACITANCE 

PARAMETER , SYMBOL MIN MAX UNITS NOTES 

Inp~t Capa<;ita!,]<;e: AO~A10 CI1 51 pF 2 

Input Capacitance: WE CI2 67 pF 2 

Input Capacitance: RASO, RAS2 CI3 32 pF 2 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 " 16 pF 2 -_ I InpuVOutput Capacitance: DQ1-DQ32 Cia 10 pF 2 

C 
:D :a> ELECTRICAL CHARACTERISTICS AND RECOMMENDED ACOPERATING CONDITIONS :s:: (Notes: 6, 7, 8, 9, 10, 11, 12,13,22) (Vcc = 5V ±10%) 

s: o 
c 
c: 
rm 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ WRITE cycle lime 
FAST-PAGE-MODE 
READ or WRITE cycle lime 

FAST-PAGE-MODE 
READ-WRITE cycle lime 

Access lime from RAS 
Access lime from 'CAS 
Access lime from column-address 
Access lime from ~ precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold lime 
'RAS" precharge lime 
(;AS' pulse width 
(;AS' hold lime 
(;AS' precharge lime 
(;AS' precharge lime (FAST PAGE MODE) 
'RAS" 10 'CAS delay lime 
(;AS'lo RAS precharge lime 
Row-address selup lime 
Row-address hold lime 
'RAS" 10 column-address delay lime 
Column-address selup lime 
Column-address hold lime 
Column-address hold lime (referenced 10 RAS) 
Column-address 10 RAS lead lime 
Read command selup lime 
Read command hold time 

MTBD43I 
, REV.4194 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 
teAC 
tAA 

tePA 
tRAS 

tRASP 
tRSH 
tRP 

teAS 
teSH 
tCPN 
tcp 

tRCD 
tCRP 
tASR 
tRAH 
tRAD 
tASC 

teAH 
tAR 
tRAL 
tRCS 
tRCH 

3~104 

MIN 
110 
n/a 
35 

n/a 

60 
60 
15 
40 
15 
60 
10 
10 
20 
5 
0 
10 
15 
0 
10 
50 
30 
0 
0 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 
n/a ns 22 
40 ns 

n/a ns 22 

60 70 ns 14 
15 20 ns 15 
30 35 ns 
35 40 ns 

100,000 70 100,000 ns 
100,000 70 100,000 ns 

20 ns 
50 ns 

100,000 20 100,000 ns 
70 ns 
10 ns 16 
10 ns 

45 20 50 ns 17 
5 ns 
0 ns 
10 ns 

30 15 35 ns 18 
0 ns 
15 ns 
55 ns 
35 ns 
0 ns 
0 ns 19 

Micron Semk:onduCklr, Inc., reserves the right to change products or specifications without notice. 
@1994, Micron Semioonductor, Inc. 



PRELIMINARY 

I'IIIC:F=lCN MT8D432 
'"''''"'CC,,"''' 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13,22) (Vee = 5V±10%) 

AC CHARACTERISTICS 
PARAMETER 
Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR test cycle) 

CAS hold time (CBR test cycle) 

WE hold time (CBR test cycle) 

WE setup time (CBR test cycle) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

MT8D432 
REV.4!94 

SYM MIN 
tRRH 0 

tCLZ 3 
tOFF 3 
twcs 0 
tWCH 10 
tWCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

IT 3 
tREF 

tRPC 0 
tCSR 5 
tCHR 15 
tWRH 10 

twRP 10 
tWTH 10 

twTS 10 

3-105 

-6 -7 
MAX MIN MAX UNITS NOTES 

0 ns 19 

3 ns 25 

15 3 20 ns 20,25 

0 ns 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

55 ns 

50 3 50 ns 9,10 

32 32 ms 

0 ns 

5 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Semiconductor, Inc., reserves the righllo change products or specifications withQut notice. 
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PRELIMINARY 

MIC:RON MT8D432 
1-· ,,,'w"'",,'",,,, 4 MEG x 32 8 MEG x 16 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V; DC bias = 2.4V at 15m V RMS) . 

3. Icc is 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. 

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. An initial pause of lOOlls 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. 

8. AC characteristics assume tr = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vlli and VIL (or between VIL 
and VIH). 

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

11. If CAS = ViR, data output is High-Z. 
12. If CAS = VIL, 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 IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

MTIlD432 
REV. 4194 

, 

15. Assumes that IRCD ~ IRCD (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 ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. OE is tied permanently LOW; LATE WRITE or 
READ-MODIFY-WRITE operations are not possible. 

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

24. twTS 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 twRP and twRH in the 
CBR REFRESH cycle. 

25. The 3ns minimum is a parameter guaranteed by 
design. 

26. Column-address changed once each cycle. 

3-106 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT8D432 
1-· OCM<CO",COWUC 4 MEG x 32,8 MEG x 16 DRAM MODULE 

IT8D432 
,EV.4/94 

READ CYCLE 

'RC 

tRAS 'RP J 
J 

- \ 
tCSH 

tRSH IRRH 

teRP tRCD teAs . 
CAS 

V'H 
V,L =-----.1 

ADDR 
V,H 
V,L 

'AR 

I 'RAQ tRAl 

1~==1 ~ ~ 
7///;0¢ ROW)@Z0 COLUMN o////£I/////////////////a. ROW 

tRCS ~ 

WE V,H 
V,L J///////////////////////////////,! VIIIIiIIIIIIII! 

'AA 
'RAC 

tCAC ~ 

-
I~ 

OPEN VAUDDATA OPEN----DO ~:gt 

EARLY WRITE CYCLE 

RAS 
VIH -
V,L 

tCSH 

teRP 

CAS 
VIH -
V,L 

ADDR ~:t 

DO ~:gt VALID DATA 

3-107 

rz:J DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

I"IIC:RON MT8D432 
"""co",ccmuc 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

MT8D432 
REV. 4/94 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-108 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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PRELIMINARY 

UII:::RON MT8D432 
1-· "'''w''oo'"'''"' 4 MEG x 32 8 MEG x 16 DRAM MODULE 

- VIH 
RAS VIL _ 

I' 
tCRP 

, 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 10; WE = DON'T CARE) 

IRAS IRP 

.~ 

'I~ 

. 
\ 

CAS ~:~_ :--' L.J 
tASR 'RAH . 

ADDR ~:~ =wd--RO-W ---'~I!//W$/$$/$I!/I!/I!I!$/W##,1(~--RO-W --

DQ ~g~ -'-----------OPEN-----------

Q ~g~-

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

OPEN 

I. I. 1M 

IRAC 

~b 
~ 

t
OF

:p ~NiTEl 
VALID 

-.!!!:.T~ 

: 
OPEN-----

~ DON'T CARE 

m UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tOS(MIN) + any guardband 

IIIT8D432 
=!.EV.4/94 

between data-out and driving the bus with the new data-in. 

3-109 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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PRELIMINARY 

I'IIIC:RON MT8D432 
"",,"c",m~ '" 4 MEG x 32, 8 MEG x 16 DRAM MODULE 

MTBD432 
REV,4/94 

CBR REFRESH CYCLE 
(ADDRESSES = DON'T CARE) 

RAS ~:t _. y ==1. tRP -~. tRAS -~. tRP -~. tRAS -I 
,:R:~ I ----- ------

t~pr. t"", ..... 

CAS J~-=-
. villI 

- I'~ 
. ~ ... 

} I 
DO 

WE 

RAS 

~ 
CAS J 

~ 
v---ADDR ~IH-- I-'L-B 

OPEN 

tWRP tWRH ~ ~ --- ---
W/I /11/111 /II /I/llI/lft WI/lI/l/lII/lII/lIIII/lIIIII~ 

tRCD . 
tAR . 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

RAS RP 

II 
l* 

.~ 

1-
tRAL'1 ~ II 

~IF tRAH 

(REFRESH) 

tR S A 

tCHR 

J 

DO ~:gt :::-----OPEN-----~IiQIJ---------vAVA~LlD;-;;D;;ATAA ------) OPEN-

3-110 

~ DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

MIC:RON MT8LD432(S), MT16LD832(S) 
1-· ",,,co,""me,,,, 4 MEG, 8 MEG x 32 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon-gate process 
• Single +3.3V ±O.3V power supply 
• All device pins are TTL-compatible 
• Low power, 16mW standby; 1,440mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and SELF 
• Multiple RAS lines allow x16 or x32 width 
• 2,048-cycle refresh distributed across 32ms or 2,048-

cycle extended refresh distributed across 128ms 
• FAST PAGE MODE access cycle 
• Optional SELF REFRESH mode, Extended Refresh rate 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 

• Packages 
Leadless 72-pin SIMM 
Leadless 72-pin SIMM (gold) 

• Refresh 
Standard 
Self refresh 

-6 
-7 

M 
G 

Blank 
S 

• Part Number Example: MT16LD832G-6 S 

GENERAL DESCRIPTION 
The MT8LD432(S) and MT16LD832(S) are randomly ac

cessed 16MB and 32MB solid-state memories organized in 
a x32 configuration. They are specially processed to operate 
from 3.0V to 3.6V for low voltage memory systems. The 
modules have optional FAST PAGE MODE, which allows 
faster data operations (READ or WRITE) within a row
address-defined (AO-AlO) page boundary. 

During READ or WRITE cycles each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO-AlO) at a time. RAS latches the first 11 bits and 
CAS latches 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 

MT8LD432jSj, MT16LD832(S) 
REV. 4194 

4 MEG, 8 MEG x32 
3.3V 16, 32 MEGABYTES 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-19) 4 Meg x 32 
(DE-11)8Megx32 

\~IIIIIIIIIIIIIIIIIIIIIIIIII~::':'~~:I1~"""I11""""""III,,~1 36 37 72 

PIN. SYMBOL PIN. SYMBOL PIN. SYMBOL PIN # SYMBOL 
1 Vss 19 Al0 37 NG 55 0012 
2 001 20 005 38 NG 56 0028 
3 0017 21 0021 39 V,S 57 OQ13 
4 002 22 006 40 CASO 58 0029 
5 0018 23 0022 41 "CAS2 59 Vee 
6 003 24 007 42 "CAS3 60 0030 
7 0019 25 0023 43 "CAST 61 0014 
8 004 26 008 44 liASO 62 0031 
9 0020 27 0024 45 NC'/RAS1 63 0015 
10 Vee 28 A7 46 NC 64 0032 
11 NC 29 NC 47 wt 65 0016 
12 AO 30 Vee 48 NC 66 NC 
13 Al 31 A8 49 OQg 67 PROl 
14 A2 32 A9 50 0025 68 PR02 
15 A3 33 NG~3 51 0010 69 PR03 
16 A4 34 RAS2 52 0026 70 PR04 
17 A5 35 NC 53 0011 71 NC 
18 A6 36 NC 54 0027 72 Vss 

'16MB version only 

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. EARLY WRITE occurs when WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ or WRITE) with lower power consumption 
within a row-address-defined 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 CAS. CAS may be toggled-in by holding RAS LOW 
and_ strobing-in different column-addresses, thus execut
ing faster memory cycles. Returning RAS HIGH terminates 
the FAST PAGE MODE operation. 

3-111 Micron Semiconductor, Inc., reserves the righllo change products or specifications without nollce. 
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PRELIMINARY 

MICRON MT8LD432(S), MT16LD832(S) 
1-· " 4 MEG, 8 MEG x 32 DRAM MODULE 

REFRESH 
Preserve correct memory cell data by maintaining power 

Z and executing anyRAS cycle (READ, WRITE) orRAS 
REFRESH cycle (RAS ONLY, CBR or HIDDEN) so that <;Ill m 2,048 combinations of RAS addresses (AO-AIO) are ex

~ ecuted at least every 32ms (128ms "5" option), regardless of 
'< sequence. The CBR REFRESH cycle will invoke the internal 

• 
refresh counter for automatic RAS addressing. 

An optional SELF REFRESH mode is also available. The 
~'S" option allows the user the option of a fully static low 

C power data retention mode, or a dynamic refresh mode at 
JJ the extended refresh period of 128ms, four times longer 
...... than the standard 32ms specifications. The module's SELF 
, REFRESH mode is initiate~ performing a CBR REi: FRESH cycle and holding RAS LOW for the specified 

tRASS. Additionally, the "5" option allows for an extended 
i: refresh rate of 62.5lls per row if using distributed CBR 

O refresh. This refresh rate can be applied during; normal 
operation, as well as during a standby or extended refresh 

C mode.' 

c: The SELF REFRESH mode is terminated by driving RAS r- HIGH for a minimUm time of ~S (=~Cns). This delay 

-m 

allows for the completion of any internal refresh cycles that 
may be in process at the time ofMS LOWcto-HIGH tran
sition. 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 or BURST REFRESH sequence, 
all 2,048 rows; must be refreshed within 300lls, prior to the 
resumption of normal operation. 

STANDBY 
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 RAS HIGH time. 

x16 OPERATION 
For x16 applications, the corresponding DQ and CAS 

pins must be connected together (DQ1 to DQ17, DQ2 to 
DQ18 and so forth, and CASO to CAS2 and CAS1 to CAS3). 
Each RAS is then a bank select for the x16 memory 
organization. 

FUNCTIONAL BLOCK DIAGRAM 
16MB 

MTBLD432(S), MT16LD832(S) 
REV . .w4 

001 ,. •••••••••••••••••••••••• OQa 

tttt t tt t 
DQ1-4 001-4 

WE WE 
u, u, 

CABO -++1---
CAS' ==1=t:== RASO 

0017 ••••••••••••••••••••••• 0Q24 

Ott tttt 
DQ1-4 DQ1-4 

CAS:! --+-++--
~,--+--+--

3-112 

009 ·························0016 

t tt t 
OQ1·4 001",4 

WE WE 
U3 U4 

CAS CAS 

RAS RAS 

-= 

0025 ................•....... 0Q32 

U1-U8= MT4LC4M4B1SJ or, 
Ul·U8 =' MT4LC4M4Bl SJ S ("S" option) 

Micron Semiconductor, Inc., I'8f18IV8S the right to change products or specifications .ithout notiCe. 
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PRELIMINARY 

UU::F=lCN MTBLD432(S), MT16LDB32(S) 
1-· w"c"o~cme '" 4 MEG, B MEG x 32 DRAM MODULE 

LJlTSLD432(S), MTI6LD832(S) 
~EV. 4/94 

FUNCTIONAL BLOCK DIAGRAM 
32MB 

DQl .••.• ----.---- •..•• -- .•••. DOS DQ9 ------------------------- DQ16 

t It t t It t ttl t ttl t 
001-4 001-4 001-4 001-4 

0017 •• _-•••.•••.• -- ___ A_A. D024 DQ25 .••••••• ---- .•••••••••• OQ32 

t It t t It t tllt ttl t 
DQI-4 DQI-4 DQI-4 001-4 

AO-Al0 •••••• 

WE 

CAS2 

CAS3 

RA53 

Ao-Al0 

-

-
r-

.--

-= 

r-

.--

-= 

DQ1 .------------------------- DQB 

It t t It t t 
~ 'DCi17 

WE - WE 
U, UlO 

CAS - CAS 

RAS - RAS 

6EAO-~ 
p.- ~AO-~ 

... .. 
-= 

C-

0017 .---._ •.••• _.-.-.------ D024 

lU1 
DOI-4 

lill 
001-4 

WE - WE 
U13 U14 

CAS - CAS 

RAS - RAS 

Of AO-AtD -b~AO-~ ... F 
r--

3-113 

DQ9 ------------------------- DQ16 

t It t ltlt 
'DCi17 ~ 

- WE ,---- WE 
U11 U12 

- CAS - CAS 

.-- RAS - RAS 

~AO-~ ... p.- ~AO-~ ... p.-
-= -= 

--:--

DQ25 .•••••••• -----.-- ••••••• DQ32 

lill DQl·4 lill 
OQ1-4 

- WE ,---- WE 
U15 U16 

- CAs - CAs 

.-- RAS - RAS 

BE AO-AtO -b~Ao-F 
-= 
~ ~ 

~ 

-
-

U1-U16 '" MT4LC4M4B1SJ or 
U1-U16 = MT4LC4M4B1SJ S ("8" option) 

Micron Semiconductor, Inc., reserves the right to change products or specifications withouillotice. 
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PRELIMINARY 

I'IIIC:I=ION MT8LD432(S), MT16LD832(S) 
"'C c, 4 MEG, 8 MEG x 32 DRAM MODULE 

TRUTH TABLE 

FUNCTION 
Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

SELF REFRESH 

MT8LD432(S), MT1BLD832(S) 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

ADDRESSES DATA-IN/OUT 

1m" 'CJ(S" WE" IR IC DQ1-DQ32 

H H-+X X X X High-Z 

L L H ROW COL Data-Out 

L L L ROW COL Data-In 

L H-+L H ROW COL Data-Out 

L H-+L H nfa COL Data-Out 

L H-+L L ROW COL Data-In 

L H-+L L nfa COL Data-In 

L H X ROW nfa High-Z 

L-+H-+L L H ROW COL Data-Out 

L-+H-+L L L ROW COL Data-In 

H-+L L H X X High-Z 

H-+L L H X X High-Z 

PRESENCE~DETECT ~MT8LD432 (16MB) 

. SYMBOL -6 -7 

PRD1 Vss Vss 

PRD2 NC NC 

PRD3 NC Vss 

PRD4 NC NC 

PRESENC.E~DETECT ~ MT16LD832 (32MB) 

SYMBOL -6 

PRD1 NC 

PRD2 Vss 

PRD3 NC 

PRD4 NC 

3-114 

-7 

NC 

Vss 

Vss 

NC 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1994,MlcronSemlconductor,lnc. 



PRELIMINARY 

UU:::RON MT8LD432(S), MT16LD832(S) 
1-· " '" c, 4 MEG, 8 MEG x 32 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ........... -IV to +4.SV 
Clperating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) ........... ; ........ -S5~C to +12SoC 
Power Dissipation ........................................................... I6W 
Short Circuit Output ~urrent ................................. : ... SOmA 

*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- Z 
cated in the operational sections of this specification is not m 
implied. Exposure to absolute maximum rating conditions ~ 
for extended periods may affect reliability. '< -

~LECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 2, 3, 6, 22) (Vee = 3.0V to 3.6V) 

C 
~. 
l> 
s:: PARAMETER/CONDITION SYMBOL MIN MAX UNITS' NOTES 

Supply Voltage Vee 3.0 3.6 V 

Input High (Logic 1) Vo'ltage, all, inputs VIH 2.0 Vee+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 
',,'0< 

INPUT LEAKAGE CURRENT . CASO-CAS3 111 -8 8, 1lA ... 28 
Any input OV S VIN S 3.6V AO-A9, WE 112 -32 32. IlA 28 

(All other pins ,not under test·= OV) for each package input RASO-RAS3 113 -8 8 IlA 
OUTPUT LEAKAGE CURRENT 001-0032 loz -20 20 IlA 28 
(0 is disabled; OVs VOUT s 3.6V) for each package input 

TrL OUTPUT LEVELS High Voltage (lOUT = -2mA) VOH 2.4 V 
., 

Low Voltage (lOUT = 2mA) • VOL . 0,4 V 

MTSLI)432(S). MT16LDe~(S) 
REV. 4194 '.; 3-115 Micron Semiconductor, Inc., reserves the right to change products or sp8clflcations without nott~. 
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PRELIMINARY 

I'IIICRON MT8LD432(S), MT16LD832(S) 
"'" c, 4 MEG, 8 MEG x 32 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED. DC OPERATING CONDITIONS 
(Notes' 1 3 6 22) (Vcc - 3 OV to 3 6V) , ., , -

PARAMETER/CONDITION 
.STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

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

S 
.' 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply currerit 
(RAS = VIL, CAS, Address Cycling: tpc = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

REFRESH CURRENT: Extended (S only) 
Average power supply current 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN); 
WE = Vcc -0.2V; AO-A 10 and DIN = Vcc -0.2V or 0.2V 
(DIN may be left open); tRC = 62.5/lS 

REFRESH CURRENT: SELF (S only) 
Average power supply current during SELF REFRESH: CBR cycle 
with RAS ~ tRASS (MIN) and CAS held LOW; WE = Vcc -0.2V; 
AO-A10 and DIN = Vcc -0.2V or 0.2V (DIN may be left open) 

MT8L0432(S), MT16L0832(S) 
REV. 4194 . 3-116 

MAX 

SYMBOL SIZE -6 -7 UNITS NOTES 

ICCl 16MB 8 8 mA 
32MB 16 16 

Icc2 16MB 4 4 mA 
32MB 8 8 

Icc2 16MB 1.2 1.2 mA 
32MB 2.4 2.4 

16MB 960 880 
Icc3 32MB 968 888 mA 2,22, 

25 
, 

16MB 720 640 
Icc4 32MB 728 648 mA 2,22, 

25 

16MB 960 880 
Ices 32MB 968 888 mA 22,25 

16MB 960 880 
Icee 32MB 968 888 mA 22, 19 

Icc7 16MB 2.4 2.4 mA 19,22 
32MB 3.6 3.6 

Icc8 16MB 2.4 2.4 mA 19 
32MB 3.6 3.6 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1994,MlcronSemtoonductor, Inc. 



PRELIMINARY 

I'IIIC:I=ION MTBLD432(S), MT16LDB32(S) 
""m "C'" 4 MEG, B MEG x 32 DRAM MODULE 

CAPACITANCE 
MAx 

PARAMETER SYMBOL 16MB 32MB UNITS NOTES 

Input Capacit\lnce: AO-A10 CII 48 95 pF 17 

hlput Capacitance: WE CI2 64 127 pF 17 

Input Capacitance: RASO-RAS3 CI3 32 32, pF 17 
Input Capacitance: CASO-CAS3 CI4 16 32 pF 17 

Inp~VOutput Capacitance: D01-D032 CIO 10 16 pF 17 

z 
m :e -c 
:::D 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS » 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16,21) :s: 

AC CHARACTERISTICS 
PARAMETER 
Random READ,orWRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

Access lime from RAS 
Access time frol)1 CAS 
Access time from column-address 
Access time from CAS precharge 
'RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time (CBR REFRESH) 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row-address setup time 
Row-address hold time 
RAS to column-address delay time 
Column-address setup time 
Column-address hold time 
Column-address hold time (referenced to RAS) 
Column-address 10 RAS lead time 
Read command setup time 
Read command hold time (referenced to CAS) 
Read command hold time (referenced to CAS) 
CAS to output in Low-Z 
Output buffer turn-off delay 

ml~(S), MTi6l.D832(S) 
~EV.4/94 

SYM MIN 
tRC 110 
tpc 35 

tRAC 
tCAC 
tM 

tePA 
tRAS 60 

tRASP 60 
tRSH 15 
tRP 40 

teAS 15 
teSH 60 
tePN 10 
tep 10 

tRCD 20 
teRP 5 
tASR 0 
tRAH 10 
tRAD 15 
tASC 0 
tCAH 10 
tAR 50 
tRAL 30 
tRCS ° tRCH ° tRRH 0 
tCLl 3 
tOFF 3 

3-117 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 
40 ns' 

60 ,70 ns 8 ; 
15 20 ns 9 
30 35 ns 
35 40 ns 

100,000 70 100,000 'nS 
100,000 70 100,000 ns 

20 ns 
50 ns 

100,000 20 100,000 ns 
70 ns 
10 ns 18 
10 ns 

45 20 50 ns 13 
5 ns 

° ns 
10 ns 

30 15 35 ns 23 
0 ns 
15 ns 
55 ns 
35 ns 
0 ns 
0 ns 14 
0 ns 14 
3 ns 24 

15 3 20 ns 12,24 

Micron Semiconductor, Inc., I1!sefWS the right to change products or syJEJcifications withOut notice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:RON MT8LD432(S), MT16LD832(S) 
1-· ""","ccnce",, 4 MEG, 8 MEG x 32 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7,10,11,16,21) 

AC CHARACTERISTICS 
PARAMETER 
WE command setup time 

Write command hold time 

Write command hold time (referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 
Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

RAS pulse width entering SELF REFRESH 

RAS precharge time entering SELF REFRESH 

CAS hold time entering SELF REFRESH 

MT8LD432(S), MT16LD832(S) 
REV. 4194 

SYM 
tvvcs 

tvvCH 
tWCR 
twp 

tRWL 

tCWL 

tDS 

tDH 

tDHR 
tT 

tREF 

tRPC 

tCSR 

tCHR 

tvvRH 

tvvRP 

WTH 
tWTS 

tRASS 

tRPS 

tCHD 

3-118 

MIN 
0 

10 

45 

10 

15 

15 

0 

10 

45 

3 

0 

5 

15 

10 

10 

10 

10 

100 

110 

15 

-6 -7 
MAX MIN MAX UNITS NOTES 

0 ns 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

55 ns 

50 3 50 ns 5,16 

32 32 ms 

0 ns 

5 ns 19 

15 ns 19 

10 ns 27 

10 ns 27 

10 ns 27 

10 ns 27 

100 f.LS 26 

130 ns 26 

15 ns 26 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

I'IIIC:I=ION MT8LD432(S), MT16LD832(S) 
" w, " 4 MEG, 8 MEG x 32 DRAM MODULE 

~OTES 
l. All voltages referenced to Vss. 
t. Icc is dependent on output loading and cycle rates. 

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

I. An initial pause of lOOlls 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 ~EF refresh 
requirement is exceeded. 

I. AC characteristics assume IT = 5ns. 
i. Vlli (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vlli and VIL. 

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

r. Measured with a load equivalent to two TTL gates 
and 100pF and VOL = 0.8V and VOH = 2.0V. 

I. Assumes that ~CD < ~CD (MAX). If ~CD is greater 
than the maximum recommended value shown in this 
table, ~C will increase by the amount that ~CD 
exceeds the value shown. 

j. Assumes that ~CD ;?: ~CD (MAX). 
lO. If CAS = Vlli, data output is High-Z. 
l1. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
l2. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

l3. Operation within the ~CD (MAX) limit ensures that 
~C (MAX) can be met. ~CD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified ~CD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

l4. Either ~CH or ~ must be satisfied for a READ 
cycle. 

l5. These parameters are referenced to CAS leading edge 
in EARLY WRITE cycles. 

~T8LD432(S}, MT16LD832(S) , 
lEV. 4194' 

16. In addition to meeting the transition rate specifica
tion, all input signals must transit between Vlli and 
VtL (or between VIL and Vlli) in a monotonic manner. 

17. This parameter is sampled. Vcc = 3.3V; f = 1 MHz. 
18. If CAS is LOW at the falling edge of RAS, data-out 

(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 tcPN. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE WRTIE, READ WRTIE or READ-MODIFY

WRITE cycles are not available due to OE being 
grounded on U1~U16. 

22. Icc is dependent on cycle rates; 
23. Operation within the ~D (MAX) limit ensures that 
~C (MIN) can be met. ~D (MAX) is specified as a 
reference point only; if ~D is greater than the 
specified ~D (MAX) limit, then access time is 
controlled exclusively by tAA. 

24. The 3ns 'minimUm is a parameter guaranteed by 
design. 

25. Column-address changed once each cycle. 
26. Refresh must be completed within the time.of three 

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

27. twrs and twTH are setup and hold specifications for 
the WE pin beingheld LOW to enable the JEDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and twRH in the 
CBR REFRESH cycle. 

28. 16MB module values will be half of those shown. 

Micron Semiconductor, Inc., ~1'V8S the right to change products or specifications without notICe. 
@1994, Micron Semioonduotor, Inc:. 
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PRELIMINARY 

MIC:RON MT8LD432(S), MT16LD832(S) 
1-· ~",""""ncc" 4 MEG, 8 MEG x 32 DRAM MODULE 

READ CYCLE 

. 
~I . tRAS . 'RP 

RAS 
V,H 
VIL 

J 
-

tCSH 

IRSH IRRH 

teRP tRCD teAs 

CAS 
V,H 
V,L :--' 

'AR 

I IRAD 'RAL 

I~~I I~ ~ 
ADDA 

V,H 
V,L 

H77TTT>. 

rij'///////////////////////A 7////~ ROW W////;0 COLUMN ROW 
~ 

tRCS tACH J 

WE V,H 
V,L 

I 
:~ ~ 

'AA 
tRAC 

DQ VIOH 
VIOL 

tCAC ~ 

I~ 
- OPEN VALID DATA OPEN----

EARLY WRITE CYCLE 

RAS 
V,H -
V,L -

tCSH 

leAP 

CAS VIH -
VIL _ 

ROW ADDR ~it 
-~LU'~ ____ -, ____ -J 

MTBLD432(S), MT16L0832(S) 
REV. 4194 3-120 

~ DONTCARE 

!l22l UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

IUIIIC:I=ICN MT8LD432(S), MT16LD832(S) 
1-· ''''''''''''''"c '" 4 MEG, 8 MEG x 32 DRAM MODULE 

DO ~:gr -'--------

MT8LD432(S), MT16lO832(S) 
REV. 4194 

OPEN 

FAST-PAGE-MODE READ CYCLE 

I tRAG . tCPA tCPA 

hz-I j~ 
I r 

tCAC tOFF 'OFF j 'CAC -tOFF - -tcLz - ICLZ -

VALID VALID VALID OPEN--
DATA DATA DATA 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-121 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc" reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

I'IIIC:I=ICN MT8LD432(S), MT16LD832(S) 
"'''",'",,0.,,'' 4 MEG, 8 MEG x 32 DRAM MODULE 

- V1H 
RAS VIL _ 

leAP 

I' 
CAS ~[t-~ 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 10; WE = DON'T CARE) 

, 
tRAS tRP 

1 j' 

¥'r 
, -I~ 

LJ 

,I 

\ 

iASR tRAH . , 

ADDR ~:t _r---Ro-w ------,k#Jl!l//$m#$/$$,@'!I/#/Jl/;/;X~-RO-W --

DQ ~gt -:--:-----------OPEN-----------

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

tCSH 

tRSH 
tpc 1-' -="----1 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. 00 not drive data prior to tristate: ICPP(MIN) or ICP(whichever is greater) + 10S(MIN) + any guardband 
between data-out and driving the bus with the new data-in. 

MT8LD432(S), MTI6LD832(S) 
REV. 4/94 3-122 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT8LD432(S), MT16LD832(S) 
1-:- ",,,,,,,ccm,,,", 4 MEG, 8 MEG x 32 DRAM MODULE 

IRP 

------./ 
tRPC -

1_ ,tCPN. ~ 
:~ 

DQ 

IWRP ---
WE ~:~ $////////0 

RAS VIH-
VIL_ 

IRAS . 

ICHR . 

CBR REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

• I • IRP . . 
1 

. l,~ ICHR 

I 
OPEN 

lRAS .1 

k 
IWRH IWRP IWRH --- --- -----~/////////////$///$///////;j; 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

ICRP IRCD IRSH tCHR 

CAS VIH-
VIL_ 

ADDR ~:~:: 

DQ ~:g~ ------

MTBLD432(S). MT16lD832(S) 
REV. 4194 3-123 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC::RON MT8LD432(S), MT16LD832(S) 
1-· '""'',""00,''''' 4 MEG, 8 MEG x 32 DRAM MODULE 

SELF REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

NOTE 1 
tAPS 

I--=-----~I-----~\(~I -------------I~--------~ NOTE 2 

DO ~gt: )-OPEN---------------------f+--------------

tWRP tWRH tWRP 

WE ~:t :w###;J- ~fj'///!I$#/#$!////#$$///$!;) 
~ DON'T CARE 

~ UNDEFINED 

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

MTBLD432(S), MT16LD832(S} 
REV. 4/94 3-124 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT32D432 
1-· "'"'co'"""""" 4 MEG x 32 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 72-pin small-outline-

single in-line package 
• High-performance CMOS silicon-gate process. 
• Single 5V ±10% power supply 
• All device pins are TTL-compatible 
• Low power, 96mW (26mW L-version) standby; 

7,200m W active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN; optional Extended Refresh 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle Extended Refresh distributed across 128ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
72-pinSIMM 
72-pin SIMM (gold) 

• Power/Refresh 

-6 
-7 
-8 

M 
G 

NormalPower/16ms Blank 
LowPower/128ms L 

• Part Number Example: MT32D432M-6 L 

GENERAL DESCRIPTlON 
The MT32D432 is a randomly accessed solid-state memory 

containing 4,194,304 words organized in a x32 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits which are entered 11 
bits (AO -A10) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 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 occurs last. If 
WE goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ or WRITE) within a row-address-defined (AO
A10) page boundary. The FAST PAGE MODE cycle is 

4 MEG x 32 DRAM 
FAST PAGE MODE (MT32D432) 
LOW POWER, 
EXTENDED REFRESH (MT32D432 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-21 ) 

1'1 O'I""III""II11"'''''''''''::~::''I11''''''III''''''''''1II11 0) 1 36 37 72 

PIN# SYMBOL PIN # SYMBOL PIN # SYMBOL PIN# SYMBOL 
1 Vss 19 A10 37 NC 55 OQ12 
2 OQ1 20 OQ5 38 NC 56 OQ28 
3 OQ17 21 OQ21 39 Vss 57 OQ13 
4 OQ2 22 OQ6 40 CJ\SO 58 OQ29 
5 OQ18 23 OQ22 41 ~ 59 Vee 
6 OQ3 24 OQ7 42 CAS3" 60 OQ30 
7 OQ19 25 OQ23 43 GAS1 61 OQ14 
8 OQ4 26 OQ8 44 RASO 62 OQ31 
9 OQ20 27 OQ24 45 NC 63 OQ15 
10 Vee 28 A7 46 NC 64 OQ32 
11 NC 29 NC 47 wr 65 OQ16 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 OQ9 67 PR01 
14 A2 32 A9 50 DQ25 68 PR02 
15 A3 33 NC 51 DQ10 69 PR03 
16 A4 34 liAS2 52 DQ26 70 PR04 
17 AS 35 NC 53 DQ11 71 NC 
18 A6 36 NC 54 DQ27 72 Vss 

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 the FAST PAGE 
MODE operation. 

REFRESH 
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 
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 (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

MT32D432 
REV. 4/94 3-125 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MU::I=ICN MT32D432 
1-· ,,,,,<oo",",,oe,,", 4 MEG x 32 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

RAs RAs "'" 
CASo 
CAS1 

"'" 
AQ-A10 

Wi' 

~~iijiii!iiiiiiiiililiiliiiiiiiiiliilil~IIIIII;jIl~~~~II~~~IiIi~~~IIII!I~Ii~~~!!~JlIeIl "'" "'" AD"'lO 

U1-U32",MT4C1004JDJ 
U1-U32=MT4C1004JDJ S (L-version) 

MT320432 
REV. 4/94 3-126 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT32D432 
1-· ""'co""'m~'" 4 MEG x 32 DRAM MODULE 

TRUTH TABLE 

FUNCTION RAs- CAS 
Standby H H .... X 

READ L L 

EARLY WRITE L L 

FAST-PAGE-MODE 1st Cycle L H .... L 

READ 2nd Cycle L H .... L 

FAST-PAGE-MODE 1st Cycle L H .... L 

WRITE 2nd Cycle L H .... L 

RAS ONLY REFRESH L H 

HIDDEN READ L .... H .... L L 

REFRESH WRITE L .... H .... L L 

CBR REFRESH H .... L L 

Extended CBR REFRESH H .... L L 
(L-version) 

PRESENCE-DETECT 

MT32D432 
REV. 4194 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 
Vss 

NC 

NC 

NC 

3-127 

WE 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

H 

-7 

Vss 

NC 

Vss 

NC 

ADDRESSES DATA-IN/OUT 

IR IC 001-0032 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

X X High-Z 

-8 
Vss 

NC 

NC 

Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, MICron Semiconductor, Inc. 
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MIC:RON MT32D432 
1-· """coemccm~" 4 MEG x 32 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 125°C 
Power Dissipation ........................................................... 32W 
Short Circuit Output Current ..................................... 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 ANP RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1,2,3,6,22) (Vce = +5V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 
INPUT LEAKAGE CURRENT RASO, RAS2 111 -32 32 j.tA 
Any input OV ~ VIN ~ 6.5V AO-AlO, WE 112 -64 64 j.tA 

(All other pins not under test = OV) for each package input CASO-CAS3 113 -16 16 j.tA 

OUTPUT LEAKAGE CURRENT 001-0032 loz -10 10 j.tA 
(0 is disabled; OV ~ VOUT ~ 5.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) lee1 64 64 64 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) ICC2 32 32 32 mA 

(RAS = CAS = Vcc -0.2V) 6.4 6.4 6.4 mA 24 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICC3 3,520 3,200 2,880 mA 2,22, 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 27 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 2,560 2,240 1,920 mA 2,22, 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 27 

REFRESH CURRENT: RAS ONLY 
Average power supply current ICC5 3,520 3,200 2,880 mA 2,27 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Ice6 3,520 3,200 2,880 mA 19,22 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

REFRESH CURRENT: Extended CBR (L-version only) 
Average power supply current during extended refresh: 2,4 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN); Icc? 9.6 9.6 9.6 mA 19,24, 
WE = Vcc -0.2V; AO-A 10 and DIN = Vee -0.2V or 0.2V 26 
(DIN may be left open); IRC = 125/-ts (1,024 rows at 125/-tS = 128ms) 

MT32D432 
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MIC:RON MT32D432 
1-· "M'''",",W","' 4 MEG x 32 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A 10 CI1 180 pF 17 

Input Capacitance: WE CI2 244 pF 17 

Input Capacitance: RASa, RAS2 CI3 122 pF 17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 61 pF 17 

Input/Output Capacitance: 001-0032 Cia 14 pF 17 
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JJ 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS l> 
(Notes: 3, 4, 5, 6, 7, 10, 11,16,21) (Vcc = 5V ±10%) S 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

MT32D432 
REV. 4/94 

-6 
SYM MIN MAX 
tRC 110 

tRWC n/a 
tpc 35 

tpRWC n/a 

tRAC 60 
tCAC 15 
tAA 30 

tCPA 35 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 15 
tRP 40 

tCAS 15 100,000 
tcSH 60 
tCPN 10 
tcp 10 

tRCD 20 45 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 30 

tASC 0 
tCAH 10 
tAR 45 

tRAL 30 

tRCS 0 

3·129 

MIN 

130 
n/a 

40 

n/a 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
50 

35 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

n/a ns 21 
45 ns 

nla ns 21 

70 80 ns 8 
20 20 ns 9 

35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 

0 ns 

10 ns 

35 15 40 ns 23 

0 ns 

15 ns 

55 ns 

40 ns 

0 ns 

Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC:RON MT32D432 
1-· ",,,00"''','''' '" 4 MEG x 32 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16,21) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 
CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

'L -version only 

MT32D432 
REV. 4/94 

-6 
SYM MIN 
tRCH 0 

tRRH 0 

tCLl 0 
tOFF 3 
twcs 0 
twCH 10 

twCR 45 

twP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

IT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 10 

twRH 10 

twRP 10 

twTH 10 

tWTS 10 

MAX MIN 
0 

0 

0 

15 3 
0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 
161128' 

0 

10 

10 

10 

10 

10 

10 

3-130 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 14 

0 ns 14 

0 ns 

20 3 20 ns 12,25 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5,16 

16/128' 16/128' ms 

0 ns 

10 ns 19 

10 ns 19 

10 ns 28 

10 ns 28 

10 ns 28 

10 ns 28 

Micron Semiconductor, Inc .. reserves the right to change products or specifications without notice. 
©1994, Mlcron Semiconductor, Inc. 



UU:::I=ICN MT32D432 
1-· """o'"n,<''' 4 MEG x 32 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

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

3. An initial pause of lOOlls is required after power-up 
followed by any 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 IREF refresh 
requirement is exceeded. 

4. AC characteristics assume IT = Sns. 
S. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The Ininimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C S; T A S; 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD 2: IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as a 
reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. Either IRCH or lRRH must be satisfied for a READ 
cycle. 

MT320432 
REV. 4/94 3-131 

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

16. In addition to meeting the transition rate specification, 
all input signals must transit between VIH and VIL (or 
between VIL and VIH) in a monotonic manner. 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V at lSmV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out (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 tcPN. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE WRITE, READ WRlTE orREAD-MODIFY

WRlTE cycles are not available due to OE being 
grounded on U1-U32. 

22. Icc is dependent on cycle rates. 
23. Operation within the lRAD (MAX) limit ensures that 

IRCD (MAX) can be met. lRAD (MAX) is sfwcifi,'d itS it 
reference point only; if lRAD is ~rl'iltl'l" thitn tl", 
specified lRAD (MAX) limit, thm i!<'l't'SS linl!' is 
controlled exclusively by IAA. 

24. Applies to L-version only. 
2S. The 3ns minimum is a parameter guarant",'d by 

design. 
26. Extended refresh current is reduced as tRAS is 

reduced from its maximum specification during the 
extended refresh cycle. 

27. Column-address changed once each cycle. 
28. twTs and IWTH 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 twRP and twRH in the 
CBR REFRESH cycle. 

Mrcron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC:RON MT32D432 
1-· 'H","',"CCCOC'" 4 MEG x 32 DRAM MODULE 

MT32D432 
REV. 4194 

RAS 

CAS 

ADDR 

WE 

DQ 

RAS 

CAS 

ADDR 

V,H -V,L _ 

'CRP 

V,H 
V,L 

VrOH -
V,OL -

VIH -
V,L 

leAP 

V,H -
V,L -

'RAD 

~ IRAH 

V,H 
V,L ROW 

READ CYCLE 

'RC 

tRAS tRP 

ICSH 

IRSH tRRH 

tRCD teAs 

OPEN VALID DATA OPEN--,--

EARLY WRITE CYCLE 

'RC 

tRAS 

'CSH 

IRSH 

tRCD 'cAS 

'AR 

'RWL 

tWCR 

IWCS tWCH 

'WP 

3-132 

'RP 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MIC:RON MT32D432 
1-· ,",,,o,"cw,,", 4 MEG x 32 DRAM MODULE 

FAST-PAGE-MODE READ CYCLE 

tRASP ~ 

RAS 
VIH -
VIL 

tCSH tpc tRSH 

~ . tRCD .~ . tep teAs 

CAS 
VIH -
VIL 

ADDR VIH -
VIL 

WE VIH 
VIL 

tAA tAA 

tRAG tePA 

I teAC 

tcLZ---
-tOFF 

VIOH - VALID VAUI) DQ VIOL OPEN DATA DAlA 
,-~- --- OPI N - .. -.-<-----

FAST-PAGE-MODE EARLY"WRITE CYCLE 

ADDR ~:~ 

DO ~:g~ -:LLLl.LLI.:.LL.u..LLLl.LLI.:.LL.<Lfl'-___ VA_L_ID_D_A_TA __ ir'IL'.LLIlL __ VA_L_ID_D_A_T A_-1r\6'.LJ '---__ V_AL_ID_D_A_T_A_-"'l.LLLLI.:LLLLLLLl:LLLLLLLl 

MT32D432 
REV. 4/94 3-133 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC::RON MT32D432 
I-I ,,""'","0,""" 4 MEG x 32 DRAM MODULE 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; A 10 and WE = DON'T CARE) 

lAC 

tRAS lAP 'J 

'~ 
ICRP .IRPq~1 

CAS ~:t _ :~ "--------I 
'ASR tRAH . 

ADDA ~:~ _C---Ao-w --kw/$$$U$$//ff##/,I/$/$##ar---Ao-w --

DQ ~gt -:-----------OPENI-----------

ADDR ~:~ = 

D 

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

ICSH 

Q ~g~ =:----7-
1 

,-OPEN I IAAG lAA 

,I------OPEN----

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1, Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tOS(MIN) + any guardband 

MT32D432 
REV. 4194 

between data-out and driving the bus with the new data-in. 
2. Assumes 0 and Q are tied together. 

3-134 Micron Semiconductor, Inc., reserves the right to change products or specifications withollt notice. 
©1994, Micron Semiconductor, Inc. 
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1-· "'''c''cc''c~ '" 4 MEG x 32 DRAM MODULE 

MT32D432 
REV. 4194 

tRP tRAS . . . 
.-----./ 

tRPC -
:~,tcP~~~ , tcHR 

DO 

CBR REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

tRP .-1 • 

1 
. . 

tRPc:.ltcSR tCHR . -II 
, 

! ~ 

OPEN 

tRAS ,I 

'y 

tWRP tWRH tWRP tWRH 
--~I ~--WI //1111 /11/1 /III //I /1/ W/Ii/l /1/1/1 /II //III /I /l11111a WE ~:t -1/111/11/110 

tRP 

-----./ 
tRPC -

1_' tcPN, ~~ ! 
DO 

EXTENDED CBR REFRESH CYCLE 24 

(AO-A 10 = DON'T CARE) 

125~s 

tRAS tRP tRAS 

, tCHR . 1~.tCSR • ~CHR 

'y I 
OPEN 

I 

tWRP tWRH ,;WRr ~I --~I 

WIIII/I/lIIIIII/lII/lI WIII/I/lI/I/lIII$II/lI/llllm WE ~:t i/lllili/li/li 

3-135 

~ DON'TeARE 

I2i&l UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without noUce. 
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MT32D432 1"'I1C:l9g~ 4 MEG x 32 DRAM MODULE 

MT32D432 
REV. 4/94 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

tRAS 

3-136 

(REFRESH) 

tRAS 

~ DON'T CARE 

~ UNDEFINED 



PRELIMINARY 

UIC:RON MT16D832 
1-· ,,,,,,,",,,,0>,, 8 MEG x 32,16 MEG x 16 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon-gate process 
• Single 5V ±1O% power supply 
• All device pins are TTL-compatible 
• Low power, 48m W standby; 1,624m W activ~ical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms 
• FAST PAGE MODE access cycle 
• Multiple RAS lines allow x16 or x32 width 

OPTIONS MARKING 
• Timing 

60ns access -6 
70ns access -7 

• Packages 
Leadless 72-pin SIMM M 
Leadless 72 -pin SIMM (gold) G 

• Part Number Example: MT16D832G-6 

GENERAL DESCRIPTION 
The MT16D832 is a randomly accessed solid-state memory 

containing 8,388,608 words organized in a x32 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 CAS. Since WE goes LOW prior to CAS going LOW, 
the output pin(s) remain open (High-Z) until the next CAS 
cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address-defined 
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 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. 

MT16D832 
REV. 4/94 

8 MEG x 32,16 MEG x16 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-11) 

MT16D832M1G 

0 0 

Irllllllllllllllllllllllllllllllllllil 1111111111111111111111111111111111111 
1 36 37 72 

PIU SYMBOL PIN # SYMBOL PIN # SYMBOL PIN N SYMBOL 
1 Vss 19 Al0 37 NC 55 0012 -
2 001 20 005 38 NC 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 002 22 006 40 00lr 58 0029 
5 0018 23 0022 41 ~ 59 Vee 
6 003 24 007 42 ~ 60 0030 
7 0019 25 0023 43 CAS1 61 0014 
8 004 26 008 44 liASO 62 0031 
9 0020 27 0024 45 AASf 63 0015 
10 Vee 28 A7 46 NC 64 0032 
11 NC 29 NC 47 wr 65 0016 
12 AO 30 Vee 48 NC 66 NC 
13 Al 31 A8 49 009 67 PROl 
14 A2 32 A9 50 0025 68 PR02 
15 A3 33 RAS3 51 0010 69 PR03 
16 A4 34 R7iS2 52 0026 70 PR04 
17 A5 35 NC 53 0011 71 NC 
18 A6 36 NC 54 0027 72 Vss 

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 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 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. 

For x16 applications, the corresponding DQ and CAS 
pins must be connected together (DQ1 to DQ17, DQ2 to 
DQ18 and so forth, and CASO to CAS2 and CAS1 to 
CAS3). Each RAS is then a bank select for the x16 memory 
organization. 

3-137 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

UIC:RON MT16D832 
1-- '''''co@"''o<,, 8 MEG x 32,16 MEG x 16 DRAM MODULE 

MT160B32 
REV. 4/94 

FUNCTIONAL BLOCK DIAGRAM 

D01 .••.•.•••••••••••••.•.•.•• DQ8 

1 tt t 
OQ1-4 

WE 

CAS 

RAS 

CASO ---j-...... -t--
CASt ---j---t--
RASO ---j--..... --

U1 

tttt 
OQ1-4 

WE 
U2 

CAS 

RAS 

D017 ..•...•••••••••••••••••• D024 

t tt t 
DQ1-4 

t---..,WE 

CAS US 

RAS 

CAS2 ---j--<i+--
CAS3 ---j---t---
RAS2-1=~== 

AD-Aloll ••••• 

tttt 
001-4 

WE 

CAS U6 

RAS 

D01 ..•.•••••••••..•.••••••••• DOB 

tttt 1 tt t 
~ ~ 

e- WE 
U9 

,--- WE 
U10 

r-- CAS ,--- CAS 

.-- RAS .-- RAS 

AD-Ato ~OE 
-= '-::; F 

rOE AD-A1D -== '-::; ;;:-
t--

-
D017 •••••..••••...••.....•• D024 

JJl1 
OQ1-4 

JJl1 
OQ1-4 

WE ,---- WE 
U13 U14 - CAS - CAS 

,...- RAS - RAS 

.r- OE rOE AD-AtD AD-AtO 

-= '":;; ~ -== ---:d ~ 

r-

AO-AtO 

3-138 

DOg ..•...•••••..••••••••••••. D016 

tttt t tt t 
OQ1-4 001-4 

WE WE 
U3 U4 

CAS CAS 

RAS RAS 

D025 ..•••••••••••••••••••••• D032 

t tt t tt t t 
D01-4 OQI-4 

WE WE 
U7 U8 

CAS CAS 

RAS RAS 

DOg •••••••..••••••........•. D016 

t t It t tt t 
~ ~ 

,--- WE ,--- WE 
U11 U12 

r-- CAS r-- CAS 

.-- RAS .-- RAS 

I~ OE rOE AO-A1O AD-AtD 

-= '-::; ;;:- -== '-::; F 

r-
r-t-
t-

D025 .•••...•..••••.•.••••••• D032 

JJl1 001-4 JJl1 OQ1-4 

- WE - WE 
U15 U1. 

r-- CAS - CAS 

r- RAS ,...- RAS 

~OE .r- OE Af>.Al0 AO-A1O 

-= '":;; ;;:- -= '":;; ~ 

---

U1·U16 = MT4C4M81DJ (2,Q4B·cycle) 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC:RON MT16D832 
1-· """cc",,,cwnc 8 MEG x 32,16 MEG x 16 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MTI6D832 
REV, 4/94 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

RJ(S CAS" WE 
H H-.X X 

L L H 

L L L 

L H-.L H 

L H-.L H 

L H-.L L 

L H-.L L 

L H X 

L-.H-'L L H 

L-.H-.L L L 

H-.L L H 

PRESENCE-DETECT 

SYMBOL -6 

PRD1 NC 

PRD2 Vss 

PRD3 NC 

PRD4 NC 

3-139 

ADDRESSES DATA-IN/OUT 
IR IC 001-0032 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

-7 

NC 

Vss 

Vss 

NC 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:RON MT16D832 
1-· '"''',"000''' " 8 MEG X 32, 16 MEG x 16 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + I2SoC 
Power Dissipation ........................................................... I6W 
Short Circuit Output Current ..................................... SOmA 

*Stresses greater than those listed under H 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 
.AI (Notes: 1, 3, 4, 6, 7) (Vcc = 5V ±1 0%) » s: 
s: 
o c 
c: 
r 
m 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT RASO-RAS3 111 -8 8 IlA 

Any input OV ~ VIN ~ 6.SV AO-A10, WE 112 -32 32 IlA 

(All other pins not under test = OV) for each package input CASO-CAS3 113 -8 8 jlA 

OUTPUT LEAKAGE CURRENT 001-0032 loz -20 20 jlA 
(0 is disabled; OV ~ VOUT ~ 5.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MT16DB32 
REV. 4/94 3-140 M~ron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 

©1994, Micron Semiconductor, Inc. 
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I'IIIC:I=ICN MT16D832 
"""',""0'0"," 8 MEG x 32, 16 MEG x 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = 5V ±1 0%) 2,048-cycle refresh 

PARAMETER/CONOITION 

STANDBY CURRENT: (TTL) 
(RAS '= CAS = VI H) 

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIND 

REFRESH CURRENT: CBR 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIND 

MT16D832 
REV, 4194 3-141 

MAX 

SYMBOL -6 -7 UNITS NOTES 

ICC1 32 32 mA 

Icc2 16 16 mA 

Icc3 976 816 mA 3,4, 
26 

Icc4 656 576 mA 3,4, 
26 

Icc5 976 816 mA 3,26 

Icc6 976 816 mA 3,5 

Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
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PRELIMINARY 

MICRON MT16D832 
1-· "'''CO,,""CO,,'"' 8 MEG x 32,16 MEG x 16 DRAM MODULE 

CAPACITANCE 
PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 10 CI1 95 pF 2 

Input Capacitance: WE CI2 127 pF 2 

Input Capacitance: RASO, RAS1, RAS2, RAS3 CI3 32 pF 2 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 32 pF 2 

Input/Output Capacitance: 001-0032 CIO 18 pF 2 • C 
::D » ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
S (Notes: 6, 7, 8, 9, 10, 11, 12, 13,22) (Vee = 5V ±10%) 

s:: 
o 
c 
c: 
rm 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 

READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time (referenced to RAS) 

Column-address to RAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 
Read command hold time (referenced to RAS) 

CAS to output in low-Z 

MT16D832 
REV. 4194 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tcAC 
tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 

tCPN 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAl 

tRCS 

tRCH 

tRRH 

tClZ 

3-142 

MIN 

110 
n/a 

35 

n/a 

60 
60 
15 
40 
15 
60 
10 
10 
20 
5 
0 
10 
15 
0 
10 
50 
30 
0 
0 
0 
3 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 

n/a ns 22 
40 ns 

n/a ns 22 

60 70 ns 14 
15 20 ns 15 
30 35 ns 

35 40 ns 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 20 100,000 ns 

70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 
5 ns 

0 ns 

10 ns 

30 15 35 ns 18 
0 ns 

15 ns 

55 ns 

35 ns 

0 ns 

0 ns 19 
0 ns 19 
3 ns 25 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

MICRON MT16D832 
1-· "Mco,"com<", 8 MEG x 32,16 MEG x 16 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13,22) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time (referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

MT16D832 
REV. 4194 

SYM 
'OFF 

'WCS 

'WCH 

'WCR 

'WP 

'RWL 

'CWL 
IDS 

'DH 

'DHR 

'T 
'REF 

'RPC 

'CSR 

'CHR 

'WRH 

'WRP 

'WTH 

'WTS 

3-143 

MIN 
3 

0 

10 

45 

10 

15 

15 

0 

10 

45 

3 

0 

5 

15 

10 

10 

10 

10 

-6 -7 
MAX MIN MAX UNITS NOTES 
15 3 20 ns 20,25 

0 ns 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

55 ns 

50 3 50 ns 9,10 

32 32 ms 

0 ns 

5 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

MICron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT16D832 
1-· ~","cc,,"'W"'"' 8 MEG x 32,16 MEG x 16 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V at 15m V RMS) 

3. Icc is 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. 

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. An initial pause of 100/.ls 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 RAScycle wake-ups should be 
repeated any time the IREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 IRCO < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

MT16D832 
REV. 4/94 

15. Assumes that IRCD ~·IRCD (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 terN. 

17. Operation within the IRCO (MAX) limit ensures that 
lRAc (MAX) can be met. IRCD (MAX) is specified as 
a reference pOint only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by teAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAO (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. OE is tied permanently LOW; LATE WRITE or 
READ-MODIFY-WRITE operations are not possible. 

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

24. twTS 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 twRP and twRH in the 
CBR REFRESH cycle. 

25. The 3ns minimum is a parameter guaranteed by 
design. 

26. Column-address changed once each cycle. 

3-144 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT16D832 
1-· >e""cmwcnoe" 8 MEG x 32,16 MEG x 16 DRAM MODULE 

MT16DB32 
REV. 4194 

ADDR 

I 
:-./ 

.-VIH -
V,L 

teRP 

tASR 

READ CYCLE 

. 
tRAS tAP 

tCSH 

tRSH tRRH 

tRCD ICAS 

tAA 

tRAD . . 'RAL 

~ ~I ~ 
ROW ~ COLUMN WIIIIIIIIIIIIIIII//i//i//A AOW 

tRCS 

I 
~ 

!j//////////////////////////////I VIi//fL////////§/////; 

DQ ~igt-

RAS 
VIH -
VIL _ 

ICAP 

CAS VIH -
VIL -

ADDR 
V,H 
V,L 

tAA 

tRAG 

tCAG ~ 

I~ 
OPEN VALID DATA OPEN----

EARLY WRITE CYCLE 

tRC 

tRAS 

tCSH 

tRSH 

tRCD tCAS 

tAA 

tRAL 

~ 

COLUMN 

tCWl 

tRWL 

tWCR 

tWGH 

twp 

IOHR 

tOH 

VALID DATA 

3-145 

tRP 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT16D832 
1-· "'",''''",,0",'' 8 MEG x 32,16 MEG x 16 DRAM MODULE 

MT16D832 
REV. 4194 

FAST-PAGE-MODE READ CYCLE 
1 ____________________________ ~tR~AS~P ____________________________ ~~ 

DQ ~:gr -:----------OPEN ---------_l~X>f73i~l-----_lSBoj' 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-146 

r02 DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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PRELIMINARY 

MIC:RON MT16D832 
1-· ,,,,"'""''''0"''' 8 MEG x 32,16 MEG x 16 DRAM MODULE 

-

CAS ~:~ =--.1 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 10; WE = DON'T CARE) 

tRAS 'AP 

If 
'cAP '1"'AP"l 

\.......J 

\ 

tASR tRAH 

ADDA ~:t _'---AO-W --b/"/f//f$//f//#$/f$/#///###;/'IXr---Ao-w --

ADDR 

DQ ~gtt -:-----------OPEN-----------

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

NOTE 1 

Q ~g~ ='-------7-
I
.-OPEN I. 'RAe 'M 

}------OPEN-----

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guard band 

MT16D832 
REV. 4194 

between data-out and driving the bus with the new data-in. 

~iCl'on Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

UII:::F=lCN MT16D832 
1-· """0"'"'>0"" 8 MEG x 32,16 MEG x 16 DRAM MODULE 

MT16D832 
REV, 4194 

RAS 

CAS 

DQ 

WE 

RAS 

CAS 

ADDR 

RP 

---./ 
.tAPCa. 

CBR REFRESH CYCLE 
(ADDRESSES = DON'T CARE) 

RAS _I • RP , 

1 
RAS _I 

y 

:~~.'CSR' . tCHR , ~il~ ~v 
! 

OPEN 

~:~ -//1// /I /I ff3 
!WRr !WR~ 

W/I//I /11//1 /I/II///lj 
~WRr ~ 

~Ij/l// /1//1//1 /I /1/11 /1///1/4; 

~ 
J 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) (REFRESH) 

RAS 

'H 
RAS 

IRCD IRSH tCHR 

~ 
'AR II 

~ 
IRAD II~ - ~IF ~ 'RAH 

r--~:~~~ I, . I 'RAC I 
tCAC 

-- -IOFF 
'CLZ 

DO ~\g~ =_----- OPENI-----:-l~~====V~AL~ID~DA~TA===j OPEN-

3-148 

tzQI DON'T CARE 

I2l8! UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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UIC:RON MT12D136 
1-· ,,,,,,,,,,"cm«,, 1 MEG x 36, 2 MEG x 18 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are TIL-compatible 
• Low power, 36mW (9.2mW L-version) standby; 

2,500m W active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN; optional Extended Refresh 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle extended refresh distributed across 128ms 
• FAST PAGE MODE access cycle 
• Multiple RAS lines allow x18 or x36 width 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
Leadless 72 -pin SIMM 
Leadless 72-pin SIMM (gold) 
Leadless 72-pin SIMM low profile 
Leadless 72-pin SIMM (gold) low profile 

• Power/Refresh 
Normal Power/16ms 
Low Power/128ms 

• Part Number Example: MT12DI36G-6 L 

GENERAL DESCRIPTION 

-6 
-7 
-8 

M 
G 

DM 
DG 

Blank 
L 

The MT12D136 is a randomly accessed solid-state memory 
containing 1,048,576 words organized in a x36 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS 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 occurs last. If WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

MT12D136 
REV. 4194 

1 MEG x 36, 2 MEG x 18 
FAST PAGE MODE (MI12D136) 
LOW POWER, 
EXTENDED REFRESH (MT12D136 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-12) 
(DE-18) 

~ """"" """""""111,:,::°:'::""""""" """""",,01 

1 36 37 72 

PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL 
1 Vss 19 NC 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 0014 
4 002 22 006 40 CASO 58 0032 
5 0020 23 0024 41 CAS2 59 Vee 
6 003 24 007 42 GAS3 60 D033 
7 0021 25 0025 43 "CAS1 61 0015 
8 004 26 008 44 WiSO 62 0034 
9 0022 27 0026 45 NC 63 0016 
10 Vee 28 A7 46 NC 64 OQ35 
11 NC 29 NC 47 WE 65 D017 
12 AO 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 0010 67 PR01 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 NC 51 0011 69 PR03 
16 A4 34 RAS2 52 0029 70 PR04 
17 A5 35 0027 53 0012 71 NC 
18 A6 36 009 54 OQ30 72 Vss 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address-defined (AO
A9) page boundary. The FAST PAGE MODE cycle is al
ways initiated with a row-address strobed-in by RAS fol
lowed 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 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 RAS HIGH time. Memory cell data is retained in its 

3-149 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT12D136 
1-· ,,,",,,,cccwn,, 1 MEG x 36,2 MEG x 18 DRAM MODULE 

correct state by maintaining power and executing any 
RAS cycle (READ, WRITE) or RAS REFRESH cycle (RAS 
ONLY, CBR or HIDDEN) so that alll,024 combinations of 
RAS addresses (AO-A9) are executed at least every I6ms 
(128ms on L-version), regardless of sequence. 

For xI8 applications, the corresponding DQ and CAS 
pins must be connected together (DQI to DQ17, DQ2 to 
DQI8 and so forth, and CASO to CAS2 and CASI to 
CAS3). Each RAS is then a bank select for the xI6 memory 
organization. 

FUNCTIONAL BLOCK DIAGRAM 

CASO 

CAS1 

RASO 

WE 

AO-AS 

MT12D136 
REV. 4194 

-
-

-= 

-

-
-

-= 

001 ................................................ 009 

tltl Jill 
DQ1·4 D01-4 D Q 

WE ~ WE ,---- WE 
U1 U2 U. 

CAS ,-- CAS ,-- GASO 

RAS - RAS - RAS 

~ AO:!3- ~ A0:p:!-
'-::;; A~ .L iii. .L iii. iii. 

-= 
-

0019 ...•...............•.........•..............•.. 0027 

Jill 
D014 

Jill 
D01-4 D Q 

WE ,---- WE ,---- WE 
U3 U, U11 

CAS ,-- CAS ,-- CAsa 

RAS - RAS - RAS 

~ AO~ ~ AO~ '-::;; A~ .L iii. "'- iii. iii. --= 
-

-
-
-

3-150 

0010 ················································0018 

Jill Jill ..--t-, 
DQ1-4 DQ1-4 D Q 

,---- WE - WE ,---- WE 
U5 U6 U10 

,-- CAS ,-- CAS ,-- CAS 

- RAS r-- RAS r-- RAS 

~ 
_.L 

AO~ 
I!o.. 

~ _ A 
AO~ 

I!o.. -:<i 
AO~ 

I!o.. 

-
,--

r--

-= 

r--
f---
f--

0028 ················································0036 

tltl 
DQ1-4 

WE 
U7 

CAS 

RAS 

~ .L 
AO~ 

I!o.. 

1 tl 1 ..--t-, 
DQ1-4 D Q 

- WE - WE 
U8 U12 

- CAS - CAS 

r-- RAS r-- RAS 

~ .L 
AO~ 

I!o.. -:<i 
A0:!3-

iii. 

-= 
r--
r---
f--

U1-U8 = MT4C4001JOJ 
U9-U12 = MT4C1 0240J 

or 
U1·U8 = MT4C4001JOJ S (L-version) 
U9-U12 = MT4C1Q240J L (L-version) 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



UII:::RON MT12D136 
1-· ,""w"occ"c,,, 1 MEG x 36,2 MEG x 18 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

EXTENDED CBR 
REFRESH (L-version) 

MT12D136 
REV. 4/94 

1m" US" 
H H-X 

L L 

L L 

1st Cycle L H-L 

2nd Cycle L H-L 

1st Cycle L H-L 

2nd Cycle L H-L 

L H 

READ L-H-L L 

WRITE L-H-L L 

H-L L 

H-L L 

PRESENCE-DETECT 

SYMBOL -6 

PRD1 Vss 

PRD2 Vss 

PRD3 NC 

PRD4 NC 

3-151 

WE 
X 

H 

L 

H 

H 

L 

L 

X 

H 

L 

H 

H 

-7 

Vss 

Vss 

Vss 

NC 

ADDRESSES DATA-IN/OUT 
IR IC 001-0036 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data~Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

X X High-Z 

-8 

Vss 

Vss 

NC 

Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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IVIIC:RON MT12D136 
"''''''"'O'W""' 1 MEG x 36,2 MEG x 18 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + IS0°C 
Power Dissipation ........................................................... I2W 
Short Circuit Output Current ..................................... SOmA 

*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: 1,3, 6, 22) (Vcc = SV ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.S S.S V 

Input High (Logic 1) Voltage,all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 O.B V 

INPUT LEAKAGE CURRENT CASO-CAS3 111 -6 6 IlA 

Any input OV <; VIN <; 6.SV AO-A9, WE 112 -24 24 IlA 

(All other pins not under test = OV) for each package input RASO,RAS2 113 -12 12 IlA 

OUTPUT LEAKAGE CURRENT D01-D036 loz -10 10 J.LA 
(0 is disabled; OV <; VOUT <; S.SV) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) ICC1 24 24 24 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) Icc2 12 12 12 mA 

(RAS = CAS = Vcc -0.2V) 2.4 2.4 2.4 mA 24 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICC3 1240 1120 1000 mA 2.22 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 26 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 920 BOO 6BO mA 2,22 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 26 

REFRESH CURRENT: RAS ONLY 
Average power supply current Iccs 1240 1120 1000 mA 22,26 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Icce 1240 1120 1000 mA 19,22 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

REFRESH CURRENT: Extended CBR (L-version only) 
Average power supply current during Extended Refresh: 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN); Icc? 3.2 3.2 3.2 mA 19,22, 
WE = Vcc -0.2; AO-A9 and DIN = Vcc -0.2V or 0.2V 24,27 
(DIN may be left open); IRC = 12SJ.lS (1,024 rows at 12SJ.lS = 12Bms) 

MT12D136 
REV. 4/94 3-152 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 

©1994, Micron Semiconductor, Inc. 



MIC:RON MT12D136 
1-- ",,,,o.meno",oo 1 MEG x 36, 2 MEG x 18 DRAM MODULE 

:APACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 Cll 70 pF 17 

Input Capacitance: WE CI2 94 pF 17 

Input Capacitance: RASO, RAS2 CI3 50 pF 17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 25 pF 17 

Input/Output Capacitance: 001-0036 Cia 10 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5,6,7,10,11,16,21) (Vcc = 5V ±10%) 

AC CHARACTERISTICS 

PARAMETER 

Random REAP or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

MT12D136 
REV. 4/94 

-6 
SYM MIN 

'RC 110 
'RWC n/a 

'PC 35 

'PRWC n/a 

'RAC 

'CAC 
tAA 

'CPA 

'RAS 60 
'RASP 60 
'RSH 15 
'RP 40 

'CAS 15 
'CSH 60 
'CPN 10 
'CP 10 

'RCD 20 
'CRP 10 
tASR a 
'RAH 10 
'RAD 15 

'ASC a 
tCAH 10 
'AR 45 

tRAL 30 

'RCS a 
'RCH a 

MAX MIN 

130 
n/a 

40 

en/a 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
a 
10 

30 15 

a 
15 
50 

35 

a 
a 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

n/a ns 21 
45 ns 

n/a ns 21 

70 80 ns 8 
20 20 ns 9 
35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 

a ns 

10 ns 

35 15 40 ns 23 

a ns 

15 ns 

55 ns 

40 ns 

a ns 

a ns 14 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT12D136 
1-· ",,,,,",,,,,,,,,,,,," 1 MEG x 36,2 MEG x 18 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7,10,11,16,21) (Vee = 5V±10%) 

AC CHARACTERISTICS 
PARAMETER 
Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 
Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

*L-verslon only 

MT12D136 
REV. 4194 

-6 
SYM MIN 
tRRH 0 

tCLl 0 
tOFF 3 
twcs 0 

twCH 10 

twCR 45 

twP 10 
tRWL 15 
tCWL 15 
tos 0 
tOH 10 

tOHR 45 

IT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 10 

twRH 10 

twRP 10 

tWTH 10 

twTS 10 

MAX MIN 
0 

0 

20 3 
0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 
16/128' 

0 

10 

15 

10 

10 

10 

10 

3-154 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 14 

0 ns 

20 3 20 ns 12,25 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 
15 ns 15 

60 ns 

50 3 50 ns 5,16 

16/128' 16/128' ms 

0 ns 

10 ns 19 

15 ns 19 

10 ns 28 

10 ns 28 

10 ns 28 

10 ns 28 

Micron Semiconductor, Inc., reserves the righllo change pnoducts or specifications without notice. 
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MICRON MT12D136 
1-· """,0",00.0","' 1 MEG x 36,2 MEG x 18 DRAM MODULE 

IJUTES 
All voltages referenced to Vss. 
Icc is dependent on output loading and cycle rates. 
Specified values are obtained with minimum cycle 
time and the output open. 
An initial pause of lOOlls is required after power-up 
followed by any eight RAS REFRESH cycles (RAS 
ONLY or CBR withWE HIGH) before proper device 
operation is assured. The eight RAS cycle wake-ups 
should be repeated any time the IJlliF refresh 
requirement is exceeded. 
AC characteristics assume "r = 5ns. 
VIH (MIN) and VIL (MAX) are reference levels for 
measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

'. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C S; T A S; 70°C) is assured. 
Measured with a load equivalent to two TTL gates 
and lOOpF. 
Assumes that IRCD < IRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 
Assumes that tRCD ~ tRCD (MAX). 

O. If CAS = VIH, data output is High-Z. 
1. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
2. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

3. Operation within the tRCD (MAX) limit ensures that 
IRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

4. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

IT12D136 
:EV.4/94 

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

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

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc _ 
= 5V, DC bias = 2.4V at 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To C 
initiate a new cycle and clear the data-out buffer, CAS ::JJ 
must be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. ):> 
20. A HIDDEN REFRESH may also be performed after a :s: 

WRITE cycle. In this case, WE = LOW. 
21. LATE WRITE, READ WRITE or READ-MODIFY- :s: 

WRITE cycles are not available due to OE being 
grounded on all 4 Meg DRAMs. 0 

22. Icc is dependent on cycle rates. C 
23. Operation within the tRAD (MAX) limit ensures that C 

IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if IRAD is greater than the r 
specified tRAD (MAX) limit, then access time is m 
controlled exclusively by tAA. 

24. Applies to L-version only. 
25. The 3ns minimum is a parameter guaranteed by 

design. 
26. Column-address changed once each cycle. 
27. Extended refresh current is reduced as IRAS is 

reduced from its maximum specification during the 
extended refresh cycle. 

28. twTS 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 twRP and tWRH in the 
CBR REFRESH cycle. 

3-155 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT12D136 
I-a "" 1 MEG X 36, 2 MEG X 18 DRAM MODULE 

MT12D136 
REV. 4194; 

VIH--~----,J 
VIL _ 

teRP 

READ CYCLE 

'cSH 

ADDR 
V,H 
V,L -..u:.t..Un'------.-_---"=~l__:_--r___.--..Jf"'==<..t.L"+'_'_'_.=='f_U '-_____ _ 

DO ~:g~ -'---------OPEN---------~~~V~AL~ID~D~A~TA~}_---OPEN----

EARLY WRITE CYCLE 

'RC 

tRAS 

tCSH 

tRSH 

'cRP tRCD tCAS 

tAR 

tRAD 

tASR tRAH 

ROW ADDR ~:~ -.L.u.LIl<. ___ --, __ ---'r"-'''-'-''" __ -,-_,---:----.Jf 

tRWL 

'wCR 

'weS 'wCH 

'wP 

tos toH 

DO ~:gr VALID DATA 

3-156 

ROW 

~ DONTCARE 

Il§lll UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT12D136 
1-· , " ; , 1 MEG x 36, 2 MEG x 18 DRAM MODULE 

FAST-PAGE-MODE READ CYCLE 

'RASP 

tcSH 'PC 

DO ~:g~ ::'--------OPEN-------1I§l8~~~}_-----jm~~~}---~~~~~~¥~~} OPEN--

ADDR ~:r 

.fT1;20136 
:sEV;4194 

FAST-PAGE-MODE EARLY-WRITE CYCL.E 

3-157 

WJ DON'T CARE 

~ l.INDEFINED 

Micron Semiconductor, Inc., reserves the rlght to change products or specifications withoufnoll'c& . 
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IUIIIC~CN MT12D136 
1-· " 'c , 1 MEG x 36,2 MEG x 18 DRAM MODULE 

ADDR ~:r 

RAS ONLY REFRESH CYCLE 
(ADDR = AD-A9; WE = DON'T CARE) 

'AC 

'RAS 

ROW ROW 

DO ~g~ -'--------------OPEN-------------

ADDR 

o 

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo·READ-MODIFY-WRITE) 

Q ~g~ ='-----+--OPEN---j~---~~~J----'-----;----OPEN-----

I. 'RAe : - -

-rJl DON'T CARE· 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tcP(whichever is greater) + tDS(MIN) + any guardband 

M'r12D136 
REV. 4194 

between data-out and driving the bus with the new data-in. 
2. Assumes D and Q are tied together. 

3-158 Micron Semiconductor, Inc., reserves the right to change products or specifications without notiCe. 
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MIC:RON MT12D136 
1-· ,W,W""CCW" " 1 MEG x 36 2 MEG x 18 DRAM MODULE 

MT12D136 
REV. 4194 

RP RAS . 
------.I 

~ 

I~.I~ . tCHR 

J 
DO 

, 

CBR REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

,I RP 

1 
RAS 

, I~ ~y I 
OPEN 

1 

~ 

WE ~:~ -1II//////gj 
~ ~ ~ 

~/////////////////////&/&~ 

. 
-~ 
~ 

~ 
I 

DO 

tRP 

EXTENDED CBR REFRESH CYCLE 24 

(AO-A9 = DON'T CARE) 

125~s , 
tRAS tRP tRAS . . 

~ tCHR ,. leSR. ~v I 
OPEN 

1 

tWRP tWRH tWRP tWRH 
-~I 1"':":':"+-

~/I///I/I/I/////I/I/J ~M'//I/I//I///I/////#&////;/ WE ~:~ !#/////#/I/Y 

3-159 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

-C 
:IJ » :s: 
:s: o 
c 
c: 
rm 



• C 
:II 
l> 
s: 
s: o 
c 
c: 
r m 

MICRON MT12D136 
1-· W'W"CCWHC 1 MEG x 36, 2 MEG x 18 DRAM MODULE 

MT12D136 
REV. 4194 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

'RAS 

(REFRESH) 

'RAS 

~ DON'T CARE 

~ UNDEFINED 

3-160 Micron SemIConductor, Inc., reserves the right 10 change products or specifications without notice. 
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UICRON MT24D236 
1-· m"'m<occw~" 2 MEG x 36, 4 MEG x 18 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are TTL-compatible 
• Low power, 72mW (18.4mW L-version) standby; 

2,536mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN; optional Extended Refresh 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle Extended Refresh distributed across 128ms 
• FAST PAGE MODE access cycle 
• Multiple RAS lines allow x18 or x36 width 

OPTIONS MARKING 
• Timing 

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

• Packages 
Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (gold) G 

• Power/Refresh 
Normal Power/16ms Blank 
Low Power/128ms L 

• Part Number Example: MT24D236G-6 L 

GENERAL DESCRIPTION 
The MT24D236 isa randomly accessed solid-state memory 

containing 2,097,152 words organized in a x36 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 .bits 
and CAS 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 occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW, and the output pin(s) remain open (High-Z) until the 
next CAS cycle. 

MT24D236 
REV. 4/94 

2 MEG x 36, 4 MEG x 18 
FAST PAGE MODE (MT24D236) 
LOW POWER, 
EXTENDED REFRESH (MT24D236 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-13) 

MT24D236M1G 

0 0 

11111111111111111111111111111111111111 1111111111111111111111111111111111111 
1 36 37 72 

PIN # SYMBOL PINt SYMBOL PINt SYMBOL PIN # SYMBOL 
Vss 19 NC 37 0018 55 0013 
001 20 005 38 0036 56 0031 
0019 21 0023 39 Vss 57 0014 
002 22 006 40 "CASO 58 0032 
0020 23 0024 41 CAS2 59 Vee 
003 24 007 42 "CilS3 60 0033 
0021 25 0025 43 "Ci\Sl 61 0015 

8 004 26 008 44 liASO 62 0034 
9 0022 27 0026 45 "RASf 63 0016 
10 Vee 28 A7 46 NC 64 0035 
11 NC 29 NC 47 wt 65 0017 
12 AD 30 Vee 48 NC 66 NC 
13 Al 31 A8 49 0010 67 PROl 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 "RAS3 51 0011 69 PR03 
16 A4 34 RAS2 52 0029 70 PR04 
17 A5 35 0027 53 0012 71 NC 
18 A6 36 009 54 0030 72 Vss 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-ad dress-defined (AO
A9) page boundary. The FAST PAGE MODE cycle is al
ways initiated with a row-address strobed-in by RAS fol
lowed 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 the FAST PAGE MODE 
operation. 

Returning RAS and CAS HIGH terminates a memory 
cycle and decreases chip currentto a reduced standby level. 
Also, the chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 

3-161 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT24D236 
1-· " 2 MEG x 36,4 MEG x 18 DRAM MODULE 

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 (AO-A9) are executed at least every, 16ms 
(128ms on L-version), regardless of sequence. 

For x18 applications, the corresponding DQ and CAS 
pins must be connected together (DQl to DQ17, DQ2 to 
DQ18 and so forth, and CASO to CAS2 and CASI to 
CAS3). Each RAS is then a bank select for the x18 memory 
organization. 

FUNCTIONAL BLOCK DIAGRAM 

MT240236 
REV. 4194 

DQ1 •••••••••••••••••••••••••••••••••••••••••••••••• DQ9 

001-4 

WE 

CAS 

II I 
DQ1·4 

WE 

CAS 

0019 .••••••• -•••• -•••••• -•••••••..••••..•••. __ ..••.. 0027 

001 •••••••••.••• -••••••••••••••. __ •••.••••.••..•••. coo 

0019 .••••••••••••••••••••••••••••••••••••••••••••••• OQ27 

3-162 

DQ10·················································oo18 

!lit 
001-4 

0028 •••••••••••••••••••••••••••••••••••••••••••••••• DQ36 

OQ10·················································0Q18 

0028················································ DOS6 

U1-U16 '" MT4C4001JDJ 
U17·U24"", MT4C1024DJ 

, .. 
U1·U16= MT4C4001JDJ S (L·version) 
U17·U24= MT4C10240J L (L·version) 

Micron Semiconductor, Inc., reserves the right to change products or specIfications without notioa. 
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1-· 'W,""' cc W 2 MEG x 36 4 MEG x 18 DRAM MODULE 

TRUTH TABLE 

FUNCTION 
. Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CSR REFRESH 

Extended CSR 
REFRESH (L-version) 

MT24DZl6 
REV,4194 

1m" m 
H H-X 

L L 

L L 

1st Cycle L H-+L 

2nd Cycle L H-L 

1st Cycle L H-L 

2nd Cycle L H-L 

L H 

READ L-H-L L 

WRITE L-H-L L 

H-L L 

H-L L 

PRESENCE-DETECT 

SYMBOL -6 
PRD1 NC 

. PRD2 NC 

PRD3 NC 

PRD4 NC 

3-163 

WE" 
X 

H 

L 

H 

.H 

L 

L 

X 

H 

L 

H 

H 

-7 

NC 

NC 

Vss 

NC 

, 

ADDRESSES DATA-IN/OUT 
tR IC 001-0036 

X X High-Z 

. ROW COL Data~Out 

ROW COL Data-In 

ROW COL' Data-Ouf 

nfa COL Data-Out 

ROW COL Data-In 

nfa COL Data·ln 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data~ln 

X X High-Z 

X X High-Z 

-8 

NC 

NC 

NC 

Vss 

Micron Semiconductor, Inc., reserves the right to change poducts or specifications without nolioil'. 
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MICRON MT24D236 
1-· ,C," " 2 MEG x 36,4 MEG x 18 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SSOC to + ISO°C 
Power Dissipation ........................................................... 24W 
Short Circuit Output Current ..................................... SOmA 

"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, 3, 6, 22) (Vcc = 5V ±1 0°/0) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT CASO-CAS3' lit -12 12 itA 

Any input OV S; VIN S; 6.5V AO-A9, WE 112 -48 48 itA 

(All other pins not under test = OV) for each package input RASO-RAS3 lis -12 12 ItA 
OUTPUT LEAKAGE CURRENT D01-D036 loz -10 10 ItA 
(0 is disabled; OV s; VOUT < 5.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -SmA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icct 48 48 48 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) ICC2 24 24 24 mA 

(RAS = CAS = Vcc -0.2V) 4.8 4.8 4.8 mA 24 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Iccs 1264 1144 1024 mA 2,22, 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 26 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 944 824 704 mA 2,22, 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 26 

REFRESH CURRENT: RAS ONLY 
Average power supply current Iccs 1264 1144 1024 mA 22,26 
(RAS Cycling, CAS = VIH: IRC = tRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Ices 1264 1144 1024 mA 19,22 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 

REFRESH CURRENT: Extended CBR 
Average power supply current during Extended Refresh: 
CAS = 0.2V or CBR cycling; RAS = tRAS (MIN) Icc? 6.4 6.4 6.4 mA 19,22, 
WE =Vcc -0.2V; AO-A9 and DIN = Vcc -0.2V or 0.2V 24,27 
(DIN may be left open); tRC = 1251lS (1,024 rows at 1251lS = 128ms) 

MT24D236 
REV. 4194 ,3-164 Micron Semiconductor, Inc., reserves the right to change products or specifications without no.tice. 
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MICRON MT24D236 
1-· "" " '" 2 MEG x 36,4 MEG x 18 DRAM MODULE 

CAPAC.ITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A9 CI1 140 . pF 17 

Input Capacitance: WE CI2 188 pF 17 
Input Capacitance: RASO, RAS1, RAS2, RAS3 CI3 50 pF 17 

InpufCapacitance: CASO, CAS1, CAS2, CAS3 CI4 50 pF 17 

Input/Output Capacitance: 001-0036 Cia 18 pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED. AC OP.ERATING CONDITIONS 
(Notes: 3, 4, 5, 6,7, 10,11, 16,21) (Vcc = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cyCle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

AcCess time fror'll RAS 
Access time. from CAS. 
Access time from column-address 
Access time from CAS precharge 
RAS pulse widtli 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS. hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row-address setup time 
Row-address hold lime 
RAS to column-address delay time 
Column-address setup time 

Column-address hold time 
Column-address hold time 
(referenced tei RAS) 

Column-address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 
Read cOn)mand hold time 
(referenced to RAS) 

MT24D236 
REV. 4194 

-6 
SYM MIN 
IRC 110 

tRWC nla 
tpc 35 

IpRWC nla 

tRAC 
tCAC 
lAA 

tePA 
tRAS 60 

tRASP 60 
tRSH 15 
IRP 40 

teAS 15 
teSH 60 
tePN 10 
ICp 10 

IRCD 20 
teRP 10 
tASR 0 
IRAH 10 
tRAD 15 
IASC 0 
teAH 10 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

MAX MIN 
130 
nla 
40 

nla 

60 
.15. 
:30 
35 

100,000 70 
100,000 70. 

20 
.50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 
0 
15 
50 

35 

0 
0 

0 

3·165 

-7 ~8 

MAX MIN MAX UNiTS N.OTE.S. 
150 ns 
nla ns 21 
45 ns 

.. : 
nla ns 2.1 

70 80 ns 8 
20 20 ns 9 
35 40 ns 
40 45 .ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
.. ' 60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 
0 ns 
10 ns 

35 15 40 ns 23 
0 ns 
15 ns 
55 ns 

40 ns 

0 ns 
0 ns 14 

0 ns 14 

Micron Semk:onductor, Inc., reserves the right to change products or specifications withQl,lt notioe. 
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MIC:RON MT24D236 
1-· edO""m",,,,,,,,, 2 MEG x 36,4 MEG x 18 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3,4,5,6,7,10,11,16,21) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

"L -version only 

MT24D236 
REV. 4194 

-6 
SYM MIN 
tCLZ 0 
tOFF 3 

twcs 0 

twCH 10 

twCR 45 

twp 10 
tRWL 15 

tcWL 15 
tDS 0 
tDH 10 

tDHR· 45 

IT 3 
tREF 

tRPC 0 
tCSR 10 

tcHR 15 

tWRH 10 

tWRP 10 

twTH 10 

twTS 10 

MAX MIN 
0 

20 3 
0 

15 

55 

15 

20 

20 

0 

15 

55 

50 3 
16/128" 

0 

10 

15 

10 

10 

10 

10 

3-166 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 

20 3 20 ns 12,25 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5, 16 

16/128" 16/128" ms 

0 ns 

10 ns 19 

15 ns 19 

10 ns 28 

10 ns 28 

10 ns 28 

10 ns 28 

Micron Semiconductor, Inc., res9Nes the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MIC:RON MT24D236 
1-· C"''''''"''O"''' 2 MEG x 36, 4 MEG x 18 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

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

3. An initial pause of 100/.!s is required after power-up 
followed by any 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 IREF refresh 
requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

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

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD;:: IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. IOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

IIT24D236 
~EV.4194 

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

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

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc _ 
= 5V, DC bias = 2.4V at 15mV RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out 
(Q) will be maintained from the previous cycle. To C 
initiate a new cycle and clear the data-out buffer, CAS :::IJ 
must be pulsed HIGH for tcP. 

19. On-chip refresh and address counters are enabled. l> 
20. A HIDDEN REFRESH may also be performed after a :s: 

WRITE cycle. In this case, WE = LOW. 
21. LATE WRITE, READ WRITE or READ-MODIFY- :s: 

WRITE cycles are not available due to OE being 
grounded on all 4 Meg DRAMs. 0 

22. Icc is dependent on cycle rates. C 
23. Operation within the lRAD (MAX) limit msures that c: 

IRCD (MAX) can be met. lRAD (MAX) is SPl'(·j(jl·t! as 
a reference point only; if lRAD is greater than the r
specified lRAD (MAX) limit, then access time is m 
controlled exclusively by lAA. 

24. Applies to L-version only. 
25. The 3ns minimum is a parameter guaranteed by 

design. 
26. Column-address changed once each cycle. 
27. Extended refresh current is reduced as lRAS is 

reduced from its maximum specification during the 
extended refresh cycle. 

28. twTs 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 twRP and twRH in the 
CBR REFRESH cycle. 

3-167 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT24D236 
1-· ,",,co",,,,,,", 2 MEG x 36,4 MEG x 18 DRAM MODULE 

MT24D236 
REV. 4/94 

READ CYCLE 

tRC 

tRAS tRP 

RAS 
V1H -
VIL _ 

ICSH 

IRSH tRRH 

leAP tRCD teAs 

CAS 
VIH -
VIL -

tAR 

ADDR 

DO ~lg~ -'----'---------OPEN-----------t~(~V~A~LI~D~D~AT~A~t----OPEN --~-

leRP 

IRAD 

tASR 

ADDR ~lr ROW 

EARLY WRITE CYCLE 

tRC 

tRAS 

tCSH 

IRSH 

tRCD teAs 

tAR 

IRWL 

iWCR 

twcs tWCH 

twp 

3-168 

ROW 

~ DON'TeARE 

!88a UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT24D236 
1-· ",,,,,,,,,,,cmc" 2 MEG x 36, 4 MEG x 18 DRAM MODULE 

ADDR ~:r -

MT24D236 
REV. 4194 

VALID DATA VALID DATA 

3-169 

VALID DATA 

ROW 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



• C 
:D » s: 
s: o c c:: 
rm 

UII:::RCN MT24D236 
1-· '""w"m''''~''' 2 MEG x 36,4 MEG x 18 DRAM MODULE 

teRP 

I' 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; WE = DON'T CARE) 

tRAS 'RP 

Jr' 
, 'I. 'RPe~l 

:J 
\ 

CAS ~lt-:~ ~ 
IASR tAAH 

ADDR ~:t =~C---RO-W --kW$/////ff///ff/$!##$ff/ff$!#///;Q(r---RO-W --

DO ~gt -'------------OPEN-------------

RAS 
VIH -
VIL _ 

CAS VIH -
VIL _ 

ADDR 

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

I' 
tRSH 

tCSH 'pc 

~ tRCD tCAS Icpp leAS 

'AR 

'Res ,I 'RWL 

I--Ie---'-""'---+- : 'wes, r::< 17T777n77T.777T.TT777TTTJ 

WE ~:~ =-~I I I I ~~II~I_ 
~:~ 4'/////////$////////,I////////#I!////////// # ff ff ff#~ VALID DATA Y@/$//////II!// ff/// ~ 

r,~ 
Q ~g~=---------;-I-OPEN----jl----~~~~~"o'),.~~~~~ }N_OT_E' ____ OPEN ____ _ 

'AA 
, -'R-Ae~~-~I 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 

MT24D236 
REV. 4194 

between data-out and driving the bus with the new data-in. 
2. Assumes D and Q are tied together. 

3-170 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



I"'IIC:I=ICN MT24D236 
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MT24D236 
REV. 4194 

tRP 

-~ 

~ 

:~~~~ 
DO 

~ 

WE ~:~ -1//1111111 n 

tRAS . 

tCHR . 

CBR REFRESH CYCLE 
(AO-A9 = DON'T CARE) 

• I • tRP . 
1 

. 9~ ! 
OPEN 

tWRP 

. tRAS , I 

V 
!CHR 

'1' 

tWRH ~ -
Will //11111111111111 J -

WIIIIIIIIIII II 1111111111 IIII/~ 

EXTENDED CBR REFRESH CYCLE 24 

(AO-A9 = DON'T CARE) 

tRP 

. ~ 

~ 
.1_ ,tCPN. ~~ 
! 

DO 

~ 

WE ~:~ ill/IIIIIIIIIP 

125 s 

tRAS . tRP , tRAS I 

tCHR ~ tCSR tCHR 

'y ! 11 
OPEN 

~ 1.s~1 *w 111111111 //11111 II;Q Will 111111 III II //11111 11111 IIh 

3-171 

~ DON'TeARE 

~ UNDEFINED 
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I'IIIC:RCN MT24D236 
""""com"" 2 MEG X 36, 4 MEG X 18 DRAM MODULE 

MT24D236 
REV. 4/94 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

~ DON'T CARE 

~ UNDEFINED 

3-172 Micron Semiconductor,lnc., reserves the right to change products or specifications without notice 
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PRELIMINARY 

MIC:RON . MT12D436 
1-· ,,,,,,mmen,,,,"' 4 MEG x 36,8 MEG x 18 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinou.t in a 72-pin single-in-line 

package 
• High-performance CMOS silicon-gate process 
• Low profile (1.00" height) DM and DG packages only 
• Single 5V ±lO% power supply 
• All device pins are TTL-compatible 
• Low power, 36mW standby; 2,500mW active, typical 
• Refresh modes: RAS ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms 
• FAST PAGE MODE access cycle 
• Multiple RAS lines allow x18 or x36 width 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 

• Packages 

-6 
-7 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (gold) G 
Leadless 72-piri.SIMM low profile DM 
Leadless 72-pin SIMM (gold) low profile DG 

• Part Number Example: MT12D436DG-6 

GENERAL DESCRIPTION 
The MT12D436 is a randomly accessed solid-state memory 

containing 4,194,304 words organized in a x36 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO -AlO) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 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 CAS. Since WE goes LOW prior to CAS going 
LOW, the outputpin(s) remain open(High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address-defined (AO
AlO) 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 CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in 
different column-addresses, thus executing faster memory 

MT12D436 
REV. 4/94 

4 MEGx 36,8 MEG x 18 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-i4) 
(DE-i8) 

MT12D436DM/G 

0 0 

I 
1 36 37 72 

PIN# SYMBOL PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL 
1 Vss 19 A10 37 0018 55 0013 
2 001 20 DOS 38 0036 56 IJ031 
3 0019 21 OQ23 39 V's 5/ --00-'4-
4 002 22 OQ6 40 "CASO 58 Of)32-

5 OQ20 23 OQ24 41 ~ 59 Vee 
6 003 24 007 42 GAS3" 60 0033 
7 OQ21 25 OQ25 43 CASf 61 0Q15 
8 004 26 008 44 llASif 62 DQ34 
9 DQ22 27 OQ26 45 NC 63 OQ16 
10 Vee 28 A7 46 NC 64 OQ35 
11 NC 29 NC 47 WE 65 OQ17 
12 AD 30 Vee 48 NC 66 NC 
13 A1 31 A8 49 0010 67 PR01 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 NC 51 OQ11 69 PR03 
16 A4 34 roIS2 52 OQ29 70 PR04 
17 AS 35 OQ27 53 0012 71 NC 
18 A6 36 OQ9 54 OQ30 72 Vss 

cycles. Returning RAS HIGH 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 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 2,048 combinations of 
RAS addresses (AO-AlO) are executed at least every 32ms, 
regardless of sequence. The CBR REFRESH cycle will in
voke the refresh counter for automatic RAS addressing. 

For x18 applications, the corresponding DQ and CAS 
pins must be connected together (DQl to DQ17, DQ2 to 
DQ18 and so forth, and CASO to CAS2 and CASI to 
CAS3). Each RAS is then a bank select for the x18 memory 
organization. 

3-173 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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PRELIMINARY 

MIC:RON MT12D436 
1-· "M"O',"CW",,, 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

CASO 
CAS1 

RASO 

WE 

CAS2 
CAS3 

RAS2 

AD-A1O 

MT12D436 
REV. 4194 

,----

,--

-=-

-

-
r--

-=-

FUNCTIONAL BLOCK DIAGRAM 

D01 ------------------------------------------------ D09 

Jill 
OQ1-4 

Jill 
DQ1-4 0 Q 

WE r--- WE r--- WE 
U1 U2 U9 

CAS ,---- CAS ,---- CASO 

RAS ,--- RAS ,-- RAS 

~AO-~ ~AO-~ '-: AO-~ 
-'" I>.. 

-=-
-

D019 ----------------------------------------------- D027 

Jill Jill 
D01-4 D01-4 0 Q 

WE - WE - WE 
U3 U4 U11 

CAS - CAS ,---- CASO 

RAS r-- RAS r-- RAS 

OE AO-A10 DE AO-A10 AO-A10 

---.:i ~ - A ~ ---.:i ~ 
-=-

I--
r--
r--
f--

3-174 

D010 ------------------------------------------------ D01S 

Jill Jill ~ 
D01-4 D01-4 0 Q 

r--- WE r--- WE ,--- WE 
U5 U6 U10 

r- CAS ,---- CAS - CAS 

- RAS - RAS - RAS 

~AO-~ 
-'" I>.. 

~AO-~ 
-'" I>.. 

--: AO-~ 
-'" lI>-

-=- -=-
-
-I-
-

D028 ------------------------------------------------ D036 

Jill 
DQ1-4 

Jill 
D01-4 0 Q 

r--- WE - WE ,-- WE 
U7 U8 U12 

,---- CAS ,---- CAS r--- CAS 

,-- RAS ,-- RAS ,--- RAS 

DE AO·A10 DE AO-A10 AO-A10 

_ '---:;;i ~ '-:;; ~ '-:;; ~ 
-=- -= 

-
-f-
-

U1-U8 = MT4C4M4B1 
U9-U12 = MT4C1004J 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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UII::I=ICN MT12D436 
1-· ",,,emmeew,,", 4 MEG x 36,8 MEG x 18 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT12D436 
REV. 4/94 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

RAS "CAS WE" 
H H"'X X 

L L H 

L L L 

L H"'L H 

L H"'L H 

L H"'L L 

L H"'L L 

L H X 

L"'H"'L L H 

L"'H"'L L L 

H"'L L H 

PRESENCE-DETECT 

SYMBOL -6 

PRD1 Vss 

PRD2 NC 

PRD3 NC 

PRD4 NC 

3-175 

ADDRESSES DATA-IN/OUT 
IR IC DQ1-DQ36 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

-7 

Vss 

NC 

Vss 

NC 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT12D436 
1-· '",oo',"om«" 4 MEG x 36,8 MEG x 18 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, TA (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to +125°C 
Power Dissipation ........................................................... I2W 
Short Circuit Output Current ..................................... 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 . 

C ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
::D (Notes: 1,6,7) (Vcc = 5V ±10%) 

» s: 
s: 
o 
C 
c: 
rm 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 

Any input OV ::; VIN ::; 6.5V 

(All other pins not under test = OV) for each package input 

OUTPUT LEAKAGE CURRENT 
(0 is disabled; OV ::; VOUT ::; 5.5V) for each package input 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

PARAMETER/CONDITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN)) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIN)) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC [MIN)) 

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

SYMBOL 

Vcc 

VIH 

VIL 

RASO, RAS2 lil 

AO-A10, WE 112 

CASO-CAS3 1i3 

D01-D036 loz 

VOH 

VOL 

SYMBOL 

ICCl 

Icc2 

Icc3 

Icc4 

Iccs 

Icc6 

MIN MAX UNITS NOTES 

4.5 5.5 V 

2.4 Vcc+1 V 

-1.0 0.8 V 

-12 12 !!A 
-24 24 IlA 

-6 6 IlA 

-10 10 IlA 

2.4 V 

0.4 V 

MAX 

-6 -7 UNITS NOTES 

24 24 mA 

12 12 mA 

1400 1200 mA 3,4, 
26 

960 840 mA 3,4, 
26 

1400 1200 mA 3,26 

1400 1200 mA 3,5 

\ 

MT12D436 
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UIC:I=ICN MT12D436 
1-· eo,,,,,,,,,,,,,,", 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 10 CI1 70 pF 2 

Input Capacitance: WE CI2 94 pF 2 

Input Capacitance: RASO, RAS2 CI3 50 pF 2 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 25 pF 2 

Input/Output Capacitance: 001-0036 CIO 10 pF 2 • C 
::D 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS l> 
(Notes: 6, 7, 8, 9,10,11,12,13,22) (Vee = 5V ±10%) s: 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time (referenced to RAS) 

Column-address to RAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 

Read command hold time (referenced to RAS) 

MT12D436 
REV,,4!94 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

ICSH 

ICPN 
tcp 

IRCD 

ICRP 

IASR 

tRAH 

tRAD 

IASC 

ICAH 

tAR 

tRAL 

IRCS 

IRCH 

IRRH 

MIN 

110 
n/a 

35 

n/a 

60 
60 
15 
40 
15 
60 
10 
10 
20 
10 
0 
10 
15 
0 
10 
50 
30 
0 
0 
0 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 

n/a ns 22 
40 ns 

n/a ns 22 

60 70 ns 14 
15 20 ns 15 
30 35 ns 

35 40 ns 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 20 100,000 ns 

70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 
10 ns 

0 ns 

10 ns 

30 15 35 ns 18 
0 ns 

15 ns 

55 ns 

35 ns 

0 ns 

0 ns 19 
0 ns 19 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT12D436 
1-· o,",cmmm"" 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

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

AC CHARACTERISTICS 
PARAMETER 
CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 
Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

MT12D436 
REV. 4194 

SYM MIN 
tCLZ 0 
tOFF 3 

WCS 0 

WCH 10 

tWCR 45 

twP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tr 3 
tREF 

tRPC 0 

tcSR 10 
tCHR 15 

WRH 10 

twRP 10 

twTH 10 
tWTS 10 

3-178 

-6 -7 
MAX MIN MAX UNITS NOTES 

0 ns 

15 3 20 ns 20,25 

0 ns 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

55 ns 

50 3 50 ns 9, 10 

32 32 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

UIC:RCN MT12D436 
1-· '"''''''''w"''' 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V at 15mV RMS). 

3. Icc is 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. 

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. An initial pause of lOOlls 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. 

8. AC characteristics assume tT = 5ns. 
9. VIH (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 Vm). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 tRCD < tRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, IRAc will increase by the amount that iRCD 
exceeds the value shown. 

MT12D436 
REV. 4/94 

15. Assumes that tRCD :2: 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 tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. iRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

18. Operation within the tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if tRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. OE is tied permanently LOW; LATE WRITE or 
READ-MODIFY-WRITE operations are not possible. 

23. A HIDDEN REFRESH may also be performed aftl'r a 
WRITE cycle. In this case, WE = LOW and OF ~ 
HIGH. 

24. twTS and twTH are setup and hold specifications for 
the WE pin being held LOW to enable the ]EDEC test 
mode (with CBR timing constraints). These two 
parameters are the inverts of twRP and tWRH in the 
CBR REFRESH cycle. 

25. The 3ns minimum is a parameter guaranteed by 
design. 

. 26. Column-address changed once each cycle. 

3-179 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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PRELIMINARY 

MIC:RON MT12D436 
1-· "'''''""me,"' 4 MEG x 36,8 MEG x 18 DRAM MODULE 

MT12D436 
REV. 4194 

READ CYCLE 

. 
'RAS 'AP . 

AAS 
V,H 
V,L -

'cSH 

IRSH tRRH 

ICRP tRCD tCAS 

CAS 
V,H 
V,L =~ 

V,H 
ADDR V,L 

'AA 

I 'RAD tRAL 

tASR 

~1n7 ~ ~ [ 
:J////,0t AOW W/////,9i COLUMN W//////////////////////A<. AOW 

tRCS ~ 

WE V,H 
V,L Y//////////////////////////////// V////////////////////!J 

'AA 
tRAC 

'cAC ...'2.tt.. 

DQ VIOH 
VIOL 

~k 
- OPEN VALID DATA OPEN---

EARLY WRITE CYCLE 

. tRAS . 'AP J 
II I 

- ~ 
ICSH 

IRSH 

ICRP tACO leAS 

I 
. . 

=--' 
'AA 

tRAD tAAL 

ADDR ~:~ 

tASR tRAH 

~ ~ I I 
AOW ~ COLUMN W$//$//$//////,1( AOW 

tCWL 
II 

'RWL 

tWCR . twes . tWCH . 
'WP 

~ f///////////////////// 
'DS .1 

1 'DHA 

~ 

DO ~:g~ ALiD DATA 

3-180 

~ DON'T CARE 

!88a UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT12D436 
1-· ","co,,", "< '" 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

CAS ~:~ 

ADDR ~lt 

MT12D436 
REV. 4194 

FAST-PAGE-MODE READ CYCLE 

IpC 

'Cp tCAS ICp 

• ' I tePA. 

~ I~ 
tcLZ- -

-toFF 

OPEN----

FAST-PAGE-MODE EARLY-WRITE CYCLE 

'RP 

II I 
It -

teSH IpC IRSH , 
1_' teRP , , tRCO , teAS II Icp teAs , tep , teAS , tePN 

I I 

=---' ~ ! 
'AR , 

\ tRAL , I 'RAD ~ 
I=I~ "ASC I,ICAH, ,_.'ASC, ~ :IASC·II·teAH'~1 I' 

~ ~ ~~ ~~ 
~ ROW ~ COLUMN 

•. I 
~1 

VALID DATA 

~/////// M COLUMN W///////,1 COLUMN W ffff / / / / / IX ROW 
~ ~~ 

• II teWL .1 
~II~ 'Wp 

VALID DATA 

3-181 

VALID DATA 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT12D436 
1-· "MOO"''''C'"' 4 MEG x 36, 8 MEG x 18 DRAM MODULE 

ICRP 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 10; WE = DON'T CARE) 

IRC 

'RAS IRP 

1 
"I~ 

\ 

CAS ~:t _ :~ ~ 
'ASA tRAH 

ADDR ~:t _'----RO-W --~ff#l//$!/#/#I/ff#$ff#l#$ff#0?<r---RO-----W --
DO ~gt -:-----------OPENI------------

RAS 
VIH -
V1L _ 

CAS VIH -
VIL _ 

Q ~gt-

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo READ-MODiFY-WRiTE) 

tCSH 

~ tRCD 

OPEN 

I. I IAA 

tRAC 

. 
tCAS . ICpp 

~ ly ~ 

NOTE 1 

VALID 

1\lV~ . . 

tpc 1-
IRSH 

tCAS 

OPEN-----

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 

MT12D436 
REV. 4/94 

between data-out and driving the bus with the new data-in. 
2. Assumes D and Q are tied together. 

3-182 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT12D436 
1-· ""C0'W"'",' " 4 MEG x 36,8 MEG x 18 DRAM MODULE 

MT12D436 
REV. 4194 

. tRP , 

---I 
~ 
l~t~~ 

:-' 
DO 

tWRP ---
WE ~l~ -1/1/1/1/1/1;) 

ADDR ~:~::: 

. 

. 

CBR REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

tRAS ,I tRP 

1 
tCHR . ~ tCSR 

I i! 
OPEN 

tRAS I 

Y 
!cHR 

} 

tWRH tWRP tWRH --- --- ---~7jj1/1111/11/ I/I/III;} VI/ 1/ //II //11/111111//1 1/1/1 I/~ 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(READ) 

tRAS 

~ 

(REFRESH) 

tRAS 

tcHR 

...-tOFF 

~~ 
DQ ~:g~ :::'------OPENI------!1'iIOO(XY~OC====~VA~LlD~D~AT~A===~~ OPEN-

3-183 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT36D436 
1-· ""","cccwe" 4 MEG x 36 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 72-pin small-outline-

single in-line package 
• High-performance CMOS silicon-gate process. 
• Single 5V ±10% power supply 
• All device pins are TTL-compatible 
• Low power, 108mW (29mW L-version) standby; 

8,100mW active, typical 
• Refresh modes: RAS ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN; optional Extended Refresh 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle Extended Refresh distributed across 128ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 
72-pinSIMM 
72-pin SIMM (gold) 

• Power/Refresh 

-6 
-7 
-8 

M 
G 

Normal Power /16ms Blank 
LowPower/128ms L 

• Part Number Example: MT36D436M-6 L 

GENERAL DESCRIPTION 
The MT36D436 is a randomly accessed solid-state memory 

containing 4,194,304 words organized in a x36 configura
tion. During READ.or WRlTE cycles, each bit is uniquely 
addressed through the 22 address bits which are entered 11 
bits (AO-A10) at a time. RAS IS used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRlTE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRlTE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of WE or CAS, whichever occurs last. 1£ WE 
goes LOW prior to CAS going LOW, the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ or WRITE) within a row-address-defined (AO
AlO) page boundary. The FAST PAGE MODE cycle is 

MT36D436 
REV. 4194 

4MEG x 36 DRAM 
FAST PAGE MODE (MT36D436) 
LOW POWER, 
EXTENDED REFRESH (MT36D436 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-21) 

~ o"""""""""""""""~,~:D,::""",,,,,,,,,,,,,,,,,,,,,,,o) 
1 36 37 72 

PiNt SYMBOL PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL 
1 Vss 19 Al0 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 0014 
4 002 22 006 40 ~ 58 OQ32 
5 0020 23 0024 41 1:AS2" 59 Vee 
6 003 24 007 42 ~ 60 0033 
7 0021 25 0025 43 "CAS1 61 0015 
8 004 26 008 44 l1AS1f 62 0034 
9 0022 27 0026 45 NC 63 0016 

10 Vee 28 A7 46 NC 64 0035 
11 NC 29 NC 47 WE 65 0017 
12 AO 30 Vee 48 NC 66 NC 
13 Al 31 A8 49 0010 67 PROl 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 NC 51 0011 69 PR03 
16 A4 34 RJ\S2 52 0029 70 PR04 
17 A5 35 0027 53 0012 71 NC 
18 A6 36 009 54 0030 72 Vss 

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 the FAST PAGE 
MODE operation. 

REFRESH 
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 
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 (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

3-185 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

z 
m :e • c 
lJ » s: 
s: 
o 
c 
c: .... 
m 



z 
m :e • c 
::D 
l> 
3: 
3: 
o 
c 
c: 
r m 

MIC:RON MT36D436 
1-· ",,,wc<,,cc;oe "" 4 MEG x 36 DRAM MODULE 

FUNCTIONAL BLOCK DIAGRAM 

c.So.~~~~~#-'" 
CASi 
;;so 

AD·AIO 

WE 

C-!ig~~~~~~ 
c.So 
""" 

AO-A 

U1-U36=MT4C1004JDJ 
U1-U36=MT4C1004JDJ S (l-version) 

MT36D436 
REV. 4/94 3-186 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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1UII1C:r"'"lON MT36D436 
1-· ~, '"' 4 MEG x 36 DRAM MODULE 

TRUTH TABLE 

FUNCTION l(g 'CH" 
Standby H H-X 

READ L L 

EARLY WRITE L L 

FAST-PAGE-MODE 1st Cycle L H-L, 

READ 2nd Cycle L H-L 

FA~-PAGE-MODE 1st Cycle L H-L 

WRITE 2nd Cycle L H-L 

RAS ONLY REFRESH L H 

HIDDEN READ L-H-L L 

REFRESH WRITE L-H-L L 

CBR REFRESH H-L L 

Extended CBR REFRESH H-L L 
(L-version) 

PRESENCE-DETECT 

MT36D436 
R,EV.4194 

SYMBOL 

PRD1 

PRD2 

PRD3 

PRD4 

-6 
Vss 

NC 

NC 

NC 

'$-187 

WE" 
X 

H 

L 

H 

H 

L 

l 

X 

H 

L 

H 

H 

-7 

Vss 

NC 

Vss 

NC 

ADDRESSES DATA-IN/OUT 

IR Ie 001-0036 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW Cal Data-Out 

ROW COL Data-In 

X X High-Z 

X X High-Z 

-8 
Vss 

NC 

NC 

Vss 

Micron Semiconductor, Inc., reserves the right to changeproduets or specifications Wltho,ut' notl~. 
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MIC:RON MT36D436 
1-· ,,,,>oo","o>oe,", 4 MEG x 36 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 125°C 
Power Dissipation ........................................................... 36W 
Short Circuit Output Current ..................................... 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 thoseindi
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, 3, 6, 22) (Vcc = 5V ± 10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT R,A,80,R,A,82 I" -3R 3R !,A 

Any inputOV $ VIN $ 6.5V AO-A10, WE 112 -72 72 I1A 

(All other pins not under test = OV) for each package input CASO-CAS3 113 -18 18 I1A 

OUTPUT LEAKAGE CURRENT D01-D036 loz -10 10 f.lA 
(0 is disabled; OV $ VOUT $ 5.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 
STANDBY CURRENT: (TTL) Icc1 72 72 72 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) Icc2 36 36 36 mA 
(RAS = CAS = Vcc -0.2V) 7.2 7.2 7.2 mA 24 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 3,960 3,600 3,240 mA 2,22, 
(RAS, CAS, Address Cycling: tRC = tRC [MIND 27 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 2,880 2,520 2,160 mA 2,22, 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIND 27 

REFRESH CURRENT: RAS ONLY 
Average power supply current Icc5 3,960 3,600 3,240 mA 2,27 
(RAS Cycling, CAS = VIH: tRC = tRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 3,960 3,600 3,240 mA 2, 19 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 

REFRESH CURRENT: Extended CBR (L-version only) 
Average power supply current during Extended Refresh: 2,4, 
CAS = 0.2V or CBR cycling; RAS = tRAS (MIN); Icc7 10.8 10.8 10.8 mA 19,24, 
WE = Vcc -0.2V; AO-A 10 and DIN = Vcc -0.2V or 0.2V 26 
(DIN may be left open); tRC = 12511S (1,024 rows at 125f.lS = 128ms) 

MT36D436 
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IUIIICI=ION MT36D436 
1-· , '''' m '" 4 MEG x 36 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MAX UNITS NOTES 

Input Capacitance: AO-A 10 Cll 200 pF 17 

Input Capacitance: WE CI2 272 pF 17 

Input Capacitance: RASO, RAS2 CI3 132 pF 17 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 66 pF 17 

Input/Output Capacitance: 001-0036 CIO 14 pF 17 

z 
m 
~ • C 
XI 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS » 
(Notes: 3,4; 5, 6, 7, 10, 11, 16, 21) (Vce = 5V ±1 0%) s: 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
READ WRITE cycle time 
FAST ·PAGE-MODE·· 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from ~ 
Access time from column-address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold 1ime 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CASto RAS precharge time 
Row-address setup time 
Row-address hold time 
RAS to column-
address delay time 

Column-address setup time 
Column-address hold time 
.Column-address hold time 
(referenced to RAS) 

Column_address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

MT36D436 
REV; 4194 

·6 
SYM MIN MAX 
"RC 110 
'RWC nla 
IpC 35 

'PRWC nla 

'RAC 60 
'CAC 15 
tAA 30 

'CPA 35 
tRAS 60 100,000 

'RASP 60 100,000 
'RSH 15 
'RP 40 

teAS 15 100,000 
'CSH 60 
'CPN 10 
tep 10 

tRCD 20 45 
'CRP 10 
'ASR 0 
'RAH 10 
'RAD 15 30 

'ASC 0 
'CAH 10 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

3-189 

MIN 
130 
nla' 
40 

nla. 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
0 
10 
15 

0 
15 
50 

35 

0 
0 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
nla ns 21 
45 ns 

' .. 

nla ns 21 ,. 
70 80 ns 8 
20 20 ns 9 
35 40 ns 
40 45 ns 

100,000 80 100,000 ns 
100,000 80 100,000 ns 

20 ns 
60 ns 

100,000 20 100,000 ns 
80 ns 
10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 
0 ns 
10 ns 

35 15 40 ns 23 

0 ns 
15 ns 
55 ns 

40 ns 

0 ns 
0 ns 14 

Micron Semiconductor, Inc., reServes the right to change products or specifications without notice. 
@1994,MlcronSemiconductor,lnc. 
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MIC:RON MT36D436 
1-· "'''''''''''''''' 4 MEG x 36 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 6, 7, 10, 11, 16, 21)(Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 

PARAMETER 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 
(WCBR test cycle) 

*L -version only 

MT36D436 
REV. 4194 

-6 
SYM MIN 
tRRH 0 

tCLZ 0 
tOFF 3 

twcs 0 

twCH 10 

twCR 45 

twP 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 

tT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 10 

twRH 10 

tWRP 10 

twTH 10 

twTS 10 

MAX MIN 

0 

0 

15 3 
0 

15 

55 

15 

20 

20 

0 
-

15 

55 

50 3 
16/128' 

0 

10 

10 

10 

10 

10 

10 

3-190 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 14 

0 ns 

20 3 20 ns 12,25 

0 ns 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 

60 ns 

50 3 50 ns 5, 16 

16/128' 16/128' ms 

0 ns 

10 ns 19 

10 ns 19 

10 ns 28 

10 ns 28 

10 ns 28 

10 ns 28 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MIC:RON MT36D436 
1-· """,o",",'Oe,,, 4 MEG x 36 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

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

3. An initial pause of lOOl!s is required after power-up 
followed by any 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. 

4. AC characteristics assume IT = Sns. 
5. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL. 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

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

8. Assumes that IRCD < tRCD (MAX). If tRCD is greater 
than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that tRCD ;:: tRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. tOFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the tRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as a 
reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAe. 

MT36D436 
REV. 4194 3-191 

14. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

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

16. In addition to meeting the transition rate specification, 
all input signals must transit between VIH and VIL (or 
between VIL and VIH) in a monotonic manner . 

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= SV, DC bias = 2.4V at 15m V RMS). 

18. If CAS is LOW at the falling edge of RAS, data-out (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 tCPN. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

WRITE cycle. In this case, WE = LOW. 
21. LATE WRITE, READ WRITE or READ-MODIFY

WRITE cycles are not available. 
22. Icc is dependent on cycle rates. 
23. Operation within the tRAD (MAX) limit ensun's that 

tRCD (MAX) can be met. lRAD (MAX) is specified ilS a 
reference point only; if lRAD is greater than the ' 
specified tRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

24. Applies to L-version only. 
25. The 3ns minimum is a parameter guaranteed by 

design. 
26. Extended refresh current is reduced as tRAS is 

reduced from its maximum specification during the 
extended refresh cycle. 

27. Column-address changed once each cycle. 
28. Extended refresh current is reduced as lRAS is 

reduced from its maximum specification during the 
extended refresh cycle. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, tnc. 
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MIC:RON MT36D436 
1-· '",''co"'''''"''' 4 MEG x 36 DRAM MODULE 

MT36D436 
REV. 4/94 

READ CYCLE 

. :J . tRAS . tRP 

J 
RAS 

tCSH · . 
tASH tRRH . 

tCRP · tRCD . . tCAS . 
~ 

CAS :---' 
tAR 

I tRAO tRAL 
• I iASR ~I ~ ~ 

ADDR 
~ D7T7TT'. 

W//////////////I§//////~ j/@j( ROW W////~ COLUMN ROW 

tRCS 

I 
J ~ 

WE 

~ ~ 
tM , 

I 
I 

I~ 
DO VIOH -

V,OL 

ADDR ~:t 

ICAP 

ROW 

tRAC 

tCAC 

I~ 
OPEN VALID DATA OPEN 

f:N:U 

EARLY WRITE CYCLE 

tos 

VALID DATA 

3-192 

ROW 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MIC:RON MT36D436 
1-· '"'''o''c'w~''' 4 MEG x 36 DRAM MODULE 

MT36D436 
REV, 4194 

FAST-PAGE-MODE READ CYCLE 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

3-193 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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UIC:RON MT36D436 
1-· "",00'"0''0''''' 4 MEG x 36 DRAM MODULE 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; A 10 and WE = DON'T CARE) 

tRC 
tRAS tRP 

ii 

~~ \ 
tCRP 

1 
CAS ~:t := "----' LJ 

tASR tRAH . 
ADDR ~:r =-t'----RO-W ------,~##$///!$#!$#$$#!$!#/$IX--RO-W --

DO ~gt ::::.-----------OPEN------------

RAS V1H -
VIL _ 

CAS VIH -
VIL _ 

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo READ-MODiFY-WRiTE) 

I' 
IRSH 

ICSH tpe 
~ . IACD ICpp tCAS 

ADDR ~:~-

tRCS .1 

" ". _ I -II"- rTTTT7TTTT77T777TTT7T77 

"c_ I I I I r~ 
::t :J//#/,@'//////,i0'/##,@'/////,@'///////#////////~1 "~M" iWMff#&MJi: 

=.~ ~ ~T 

OPEN 

I 
I. tAA 

tRAC 

NOTE 1 
VALID 

1Of1~ 

. 
OPEN-----

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) ortCP(whichever is greater) + tDS(MIN) + any guardband 

MT36D436 
REV.4f94 

between data-out and driving the bus with the new data-in. 
2. Assumes D and Q are tied together. 

3-194 Micron Semiconductor, Inc .• reserves the right to change products or specifications without notice. 
©1994,MicronSemiconductor,lnc. 



U .. ::F=lCN MT36D436 
1-· """"occm",", 4 MEG x 36 DRAM MODULE 

tRP 

------./ 
I~ 

I~ i~ ! 
DO 

tWRP -
WE ~:~ -W//I/I////g 

. 
tRP 

----.l 
~ 

)~~~ 

DO 

tWRP -
WE ~:~ -W//I//I/I/) 

MT36D436 
REV. 4194 

CBR REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

tRAS 1 tRP . tRAS ,I 

1 
tCHR ~ tCSR . tCHR 

1 ! il 
OPEN 

tWRH I~ ~I - W///II//I///I////I//) ~/ 1// 1/// 1//// 1// 1// //II/ //1//4 

EXTENDED CBR REFRESH CYCLE 24 

(AO-A 10 = DON'T CARE) 

125fJS , 

tRAS . tRP . 

tCHR 

~~ I 
OPEN 

tWRH ~ -
tw///I/////I/I/I////O 

3-195 

tRAS 1 

} 
JCHR 

'y 

~ 

WI//I/I//////I/I// //I //II/I///a 

~ DON'T CARE 

~ UNDEFINED 

Micron SemIConductor, Inc., reS9Nes the right to change products or specificatiOns without notice. 
©1994, MicronSemiconduclor, Inc. 
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UII::I=ION MT36D436 
1-· "'''''"cc''o"'"' 4 MEG x 36 DRAM MODULE 

MT36D436 
REV. 4194 

ADDR 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH) 

(READ) 

tRAS 

, .1 

(REFRESH) 

'RAS 

'CHR 

DO ~:gt -_______ OPEN _____ 
1 :_:~_~_c~. bJ,-----------V-AL-ID-D-A-TA---------,C:"~ 

3-196 

l!Zl DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT24D836 
1-· """0"","","' 8 MEG x 36,16 MEG x 18 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 72-pin single-in-line 

package 
• High-performance CMOS silicon-gate process 
• Single 5V ±IO% power supply 
• All device pins are TTL-compatible 
• Low power, 72mW standby; 2,536mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms 
• FAST PAGE MODE access cycle 
• Multiple RAS lines allow xI8 or x36 widths 

OPTIONS 
• Timing 

60ns access 
70ns access 

• Packages 

MARKING 

-6 
-7 

Leadless 72-pin SIMM M 
Leadless 72-pin SIMM (gold) G 

• Part Number Example: MT24D836G-6 

GENERAL DESCRIPTION 
The MT24D836is a randomly accessed solid-state memory 

containing 8,388,608 words organized in a x36 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO -AlO) at a time. RAS is used to latch the first 11 bits 
and CAS the latter 11 bits. A READ or WRlTE cycle is 
selected with the WE input. A logic HIGH on WE dictates 
READ mode while a logic LOW on WE dictates WRlTE 
mode. During a WRITE cycle, data-in (D) is latched by the 
falling edge of CAS. Since WE goes LOW prior to CAS going 
LOW, the outputpin(s) remain open(High-Z) until the next 
CAS cycle. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRlTE) within a row-address-defined (AO
A10) 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 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. 

MT24D836 
REV. 4194 

8 MEG x 36,16 MEG x18 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-15) 

MT24D836M/G 

0 0 

1111111111111111111111111111111111111 
1 36 37 72 

PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL 
1 Vss 19 A10 37 0018 55 0013 
2 001 20 005 38 0036 56 0031 
3 0019 21 0023 39 Vss 57 0014 
4 002 22 006 40 CASO 58 0032 
5 0020 23 0024 41 Ci\S2 59 Vee 
6 003 24 007 42 "CAS3 60 0033 
7 0021 25 0025 43 "CAS1 61 0015 
8 004 26 008 44 RASa 62 0034 
9 0022 27 0026 45 1ii'iS1 63 0016 

10 Vee 28 A7 46 NG 64 0035 
11 NG 29 NG 47 WE 65 0017 
12 AO 30 Vee 48 NG 66 NC 
13 Ai 31 A8 49 0010 67 PR01 
14 A2 32 A9 50 0028 68 PR02 
15 A3 33 liAS3 51 0011 69 PR03 
16 A4 34 RAS2 52 0029 70 PR04 
17 A5 35 0027 53 0012 71 NG 
18 A6 36 DOg 54 0030 72 Vss 

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 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 2,048 combinations of 
RAS addresses (AO-AlO) are executed at least every 32ms, 
regardless of sequence. The CBR REFRESH cycle will in
voke the refresh counter for automatic RAS addressing. 

For xI8 applications, the corresponding DQ and CAS 
pins must be connected together (DQl to DQI7, DQ2 to 
DQI8 and so forth, and CASO to CAS2 and CASI to 
CAS3). Each RAS is then a bank select for the xI8 memory 
organization. 

3-197 Micron Semiconductor, Inc., reserves the right to change products or specihcations without notice. 
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PRELIMINARY 

MICRON MT24D836 
1-· "' co, '" 8 MEG x 36,16 MEG x 18 DRAM MODULE 

MT24DB36 
REV,41Q4 

FUNCTIONAL BLOCK DIAGRAM 

001 ................................................ DQ9 

CASO --+-+t---
CASl ==:I=::t=== RASO 

0019 ............................................... 0027 

ttl t 
rDQ1:4l 

WE 

CAS 

RAS 

CAS' --+-+t--
CAS' --+-t--
RAS' --+-~--

AO.A10 •••••• 

u, 

tltl A ~ 

WE WE 
u. Ul. 

CAS CAS 

i'iAli i'iAli 

001 ................................................ DOg 

ttl rUU 001-4 OQ1·4 0 a 

,---,--- WE r--- WE r--- WE 
U15 U16 U21 

r-- CAS ~ CAS r-- CAS 

,.:- RAS r- RAS r- i'iAli 

OEAo-~ 5E Ao-AlO AO-A1O 

= . ~ I"'- = 
'-::; ~ '-::; ~ 

l-

- 0019······································.········· 0027 

JJll 
001·4 

)Jl1 
001-4 0 a 

WE ~ WE -----'-- WE 
U13 

CAS 
Ul. 
~ CAS 

U23 - CAS -
r- RAS r- i'iAli - i'iAli 

~AO-~ 
... "'" 

~-Ao-~ 
... i"- '-:;; AO-~ 

= = 
r-

A()..A10 

3-198 

r--
r--
r-

= 

-
,-----
r-

= 

0010 ............................•..•.....•••••.•••.•• 0018 

DQ28 •••••••••••••••••••••••••••••••••••••••••••••••• DQ36 

rWh rWh A 
WE WE WE 

U7 us U20 
CAS CAS CAS 

RAS RAS RAS 

AO-A10 

0010 ................................................. 0018 

JlU OQ1-4 JlU DQ1-4 0 a 

WE r-- WE r-- WE 
U11 Ul' U22 

CAS r-- CAS r-- CAS 

RAS r- RAS r---'"- i'iAli 
Of AO-Al0 i5E AG-Al0 AO-A10 

~ ~ = 
~ ~ '-::; ~ 

I-
t-
t:::: 

0028 ...•....••...•..•••••••••..•••.••••••••.......... 0036 

tt 1 
DQ1·4 

WE ,-----
U' 

CAS --:-
RAS r----
OEAO~ 
... i'" 

= 

JlU 
001 "4 0 Q 

WE - WE 
U10 U24 

CAS - CAS 

RAS - RAS 

5EAO-~ 
... i'" '"::;; 

AO-A10 

~ 

r---
~ 

Ul·U16 = MT4C4M481DJ 
U17·U24 = MT4Cl004JDJ 

Micron Semioond~r, Inc., reserves the right to change products or specifications without n~. 
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PRELIMINARY 

IUIIIC:F=lCN MT24D836 
1-· ''''''0"00''0"''' 8 MEG x 36,16 MEG x 18 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT24D836 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

1m" "CAS WE 
H H-+X X 

L L H 

L L L 

L H-+L H 

L H-+L H 

L H-+L L 

L H-+L L 

L H X 

L -+H-+L L H 

L -+H-+L L L 

H-+L L H 

PRESENCE-DETECT 

SYMBOL -6 
PRD1 NC 

PRD2 Vss 

PRD3 NC 

PRD4 NC 

3-199 

ADDRESSES DATA-IN/OUT 
IR IC 001-0036 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

-7 

NC 

Vss 

Vss 

NC 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:I=ION MT24D836 
1-· """ 8 MEG x 36 16 MEG x 18 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, TA (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 125°C 
Power Dissipation ....... ~ ................................................... 24W 
Short Ciraiit Output Current .................................... : 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 thosei1:J.di
cated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability . 

C ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS :a (Notes: 1,6,7) (Vee = 5V ±10%) » s: 
s: 
o 
C 
c: 
r m 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vee+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT RASO-RAS3 111 -12 12 J.IA 
Any input OV :5 VIN :5 6.5V AO-A10, WE 112 -48 48 J.IA 
(All other pins not under test = OV) for each package input CASO-CAS3 113 -12 12 J.IA 
OUTPUT LEAKAGE CURRENT D01-D036 loz -20 20 J.IA 
(0 is disabled; OV :5 VOUT :5 5.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 48 48 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) lec2 24 24 mA 
(RAS = CAS = Other Inputs = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 1424 1224 mA 3,4, 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 26 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 984 864 mA 3,4, 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIN]) 26 

REFRESH CURRENT: RAS ONLY 
Average power supply current lecs 1424 1224 mA 3,26 
(RAS Cycling, CAS = VIH: tRC = tRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current lec6 1424 1224 mA 3,5 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 

MT24D836 
REV. 4194 3-200 Micron Semiconductor, Inc., reserves the right to change products or specifications without nallce. 
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PRELIMINARY 

MICRON MT24D836 
1-· "MCO",CCW~'" 8 MEG x 36,16 MEG x 18 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A10 Cll 140 pF 2 

Input Capacitance: WE CI2 188 pF 2 

Input Capacitance: RASO, RAS1, RAS2, RAS3 CI3 50 pF 2 

Input Capacitance: CASO, CAS1, CAS2, CAS3 CI4 50 pF 2 

Input/Output Capacitance: D01-D036 Cia 20 pF 2 -C 
:::D 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS l> 
(Notes: 6, 7, 8, 9,10,11,12,13,22) (Vcc = 5V ±10%) :s:: 
AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to RAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 

Read command hold time (referenced to RAS) 

CAS to output in Low-Z 

MT24D836 
REV. 4/94 

SYM 
IRC 

IRWC 
IpC 

IpRWC 

IRAC 

ICAC 
lAA 

ICPA 

IRAS 

IRASP 

IRSH 

IRP 

ICAS 

ICSH 

tePN 
ICp 

IRCD 

ICRP 

IASR 

IRAH 

IRAD 

IASC 

ICAH 

IAR 

IRAL 

IRCS 

IRCH 

IRRH 

ICLZ 

3-201 

MIN 
110 
nla 

35 

n/a 

60 
60 
15 
40 
15 
60 
10 
10 
20 
10 
0 
10 
15 
0 
10 
50 

30 
0 
a 
a 
3 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 

n/a ns 22 
40 ns 

nla ns 22 

60 70 ns 14 
15 20 ns 15 
30 35 ns 

35 40 ns 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 20 100,000 ns 

70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 
10 ns 

a ns 

10 ns 

30 15 35 ns 18 
a ns 

15 ns 

55 ns 

35 ns 

a ns 

a ns 19 
0 ns 19 
3 ns 25 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

:s:: o 
c 
c: 
rm 



• C 
:::D 
l> s: 
s: 
o 
c 
c: 
r m 

PRELIMINARY 

I'IIIC:I=ION MT24D836 
"0'0000"'00 8 MEG x 36,16 MEG x 18 DRAM MODULE 

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

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 
Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR test cycle) 

CAS hold time (CBR test cycle) 

WE hold time (CBR test cycle) 

WE setup time (CBR test cycle) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

MT240836 
REV. 4/94 

SYM MIN 
toFF 3 

twcs 0 
tWCH 10 

tWCR 45 

twp 10 
tRWL 15 
tCWL 15 

'DS 0 

'DH 10 
tDHR 45 

tT 3 

'REF 
tRPC 0 
tCSR 10 

tcHR 15 

twRH 10 

twRP 10 
tWTH 10 
tWTS 10 

3-202 

-6 -7 
MAX MIN MAX UNIT~ NOTES 
15 3 20 ns 20,25 

0 ns 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 21 

15 ns 21 

55 ns 

50 3 50 ns 9, 10 

32 32 ms 

0 ns 

10 ns 5 

15 ns 5 

10 ns 24 

10 ns 24 

10 ns 24 

10 ns 24 

Micron Semiconductor, Inc., reserves tile tighllo change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:r=lON MT24D836 
1-· , , C< 8 MEG x 36,16 MEG x 18 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C; Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V at 15m V RMS) 

3. Icc is dependent on cycle rates. 
<1. Icc is 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. An initial pause of lOOlLs 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. 

B. AC characteristics assume tr = 5ns. 
9. Vrn (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Tr<l?Sition .times 
are measured between VIH and VIL (orbetween VIL 
and VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TIL gates 

and 10OpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value. shown in this 
table, !RAC will increase by the amount that IRCD 
exceeds the value shown. 

~T2'40836 
=\EV.4194 

15. Assumes that IRCD ~ IRCD (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 II\ust be 
pulsed HIGH for tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
!RAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

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

19. Either.IRCH or lRRH must be satisfied for a READ 
cycle. 

20. toFF(MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. OE is tied permanently LOW; LATE WRITE or 
READ-MODIFY-WRITE operations are not Possible. 

23. AHIDDEN REFRESH may also be performed after a 
WRItE cycle. In this case, WE = LOW and OE=HIGH. 

24. twTs 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 twRP and twRH in the 
.CBR REFRESH cycle. 

25. The 3ns minimum is a parameter guaranteed by 
design. , 

26. Column-address Changed once each cycle. 

Micron Semiconductor, Inc., reserves the right to change products orspecJficalions withQut notice. 
@1994,Micr'QnSemiconductnt,lnc. 
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PRELIMINARY 

MIC::RON MT24D836 
1-· "",wem""""",, 8 MEG x 36,16 MEG x 18 DRAM MODULE 

MT24D836 
REV. 4194 

RAS 
V'H 
V'L 

CAS 
V'H 
V'L 

ADDR 
V'H 
V'L 

WE V'H 
V'L 

DO VIOH 
VIOL 

RAS V'H 
V'L 

CAS V'H 
V'L 

ADDA ~lt 

READ CYCLE 

, tRAS , 'FlP .1 
J 

- \ . tCSH , 
tRSH tRRH 

tCRP , tACO teAS 

.1 
=-..1 J 

'AR 

I tRAD tRAL 

tASR >RAH .. , • ~ ~ ,..,..,.-,.n.1 
H7"T77"T>. 

WIIIIIIIIIIIIIIII&!!!!)( ~ ROW Willi/?' COLUMN ROW 
~ 

tRCS J tRCH' J 
1 I 

:@IIIIIU'$IIIIIIIII/IIIIIIII/ ~ 

I 
'AA 

tRAG 

teAC tOFF 

teLZ 

- OPEN k VALID DATA OPEN 

EARLY WRITE CYCLE 

--
tCSH 

teRP 

-

'DS 

VALID DATA 

3-204 

ROW 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor, Inc 



PRELIMINARY 

MIC:RON MT24D836 
1-· 8 MEG x 36,16 MEG x 18 DRAM MODULE 

FAST~PAGE~MODEREAD CYCLE 

DO ~:gr :------OPEN-------1~~~i[}_--_1~K]~A~A~~I~~---~~C~~A~~1~3 OPEN--

DO ~lg~ 

11240838 
:EV.4194 

FAST~PAGE-MODE EARLY-WRITE CYCLE 

~~UL~~LU~U~ ______ ~'~f~ _____ -A 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., 1'8119rY8S the right 10 change products or specifications ~ut notie&.: 
1C11994, Micron Semiconductor, Inc. 
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PRELIMINARY 

MICRON MT24D836 
1-· '''' 8 MEG x 36,16 MEG x 18 DRAM MODULE 

RAS ONL YREFRESH CYCLE 
(ADDR = AO-A 10; WE = DON'T CARE) 

lAC 

'RAS 

ROW 

DQ ~gr -'------------------OPEN--------------

(Pseudo READ-MODIFY-WRITE) 

ADDR 

Q ~g~ =,-------.;--OPEN-~---~IIM~w::~~~---OPEN-~----

I. : 
. ~. DON:T CARE 

~ UNDEFINED 

NOTE: 1. Do nbt drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 
between data-out and driving the bus with the new data-in. 

MT24D836· 
REV. 4194 

2. Assumes D and Q are tied together. 

3-206 Micron Semiconductor, Inc., reserves the right to change products or specifications wIth~.notlce. 
©1994, Micron Semiconductor,lnc. 



PRELIMINARY 

MIC:RON MT24D836 
1-· "'" 8 MEG x 36,16 MEG x 18 DRAM MODULE 

IT24D836 
lEV. 4194 

ADDR 

CBR REFRESH CYCLE 
(AO-A 10 = DON'T CARE) 

HIDDEN REFRESH CYCLE 23 

(WE = HIGH) 

(REFRESH) 

DQ ~:g~ :::------'---- DPENI------~~t====~VA~LI~DD~A~TA====j OPEN-

3-207 

~ DON'T CARE 

m UNDEFINED 

Micron Semlconductar, Inc., reserves the right to change products or specifications wltht.;lut notice. 
01994, Micron Semiconductor, Inc. 
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MT24D836 
1'II1C:F9g,~ 8 MEG x 36,16 MEG x 18 DRAM MODULE 
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MIC:RON MT10D140 
1-· """"",,,.0" '" 1 MEG x 40 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• 72-pin single-in-line package 
• High-performance CMOS silicon-gate process. 
• Single 5V ±10% power supply 
• All device pins are TTL-compatible 
• Low power, 30mW (8mW L-version) standby; 

2,250m W active, typical 
• F AST PAGE MODE access cycle 
• Refresh modes: RAS ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN; optional Extended Refresh 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle Extended Refresh distributed across 128ms 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Packages 

MARKING 

-6 
-7 
-8 

Leadless 72-pin SIMM (gold) G 

• Power/Refresh 
Normal power /16ms Blank 
Low power/128ms L 

• Part Number Example: MTlOD140G-6 L 

GENERAL DESCRIPTION 
The MTlOD140 is a randomly accessed solid-state memory 

:ontaining 1,048,576 words organized in a x40 configura
ion. During READ or WRITE cycles, each bit is uniquely 
lddressed through the 20 address bits, which are entered 10 
Jits (AO-A9) at a time. RAS is used to latch the first 10 bits 
md CAS the latter 10 bits. READ or WRITE cycles are 
;elected with the WE input. A logic HIGH on WE dictates 
~EAD mode while a logic LOW on WE dictates WRITE 
node. During a WRITE cycle, data-in (D) is latched by the 
:alling edge of WE or CAS, whichever occurs last. EARLY 
NRITE occurs when WE goes LOW prior to CAS going 
"OW; the outputpin(s) remain open (High-Z) until the next 
::AScycle. 

mOD140 
lEV. 4194 

1 MEG x 40 DRAM 
FAST PAGE MODE (MT10D140) 
LOW POWER, 
EXTENDED REFRESH (MT1 OD140 L) 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-9) 

~nllllll"III"""""""""~:O:':"""""""III""""""'~ 1 3. 37 72 

PIN# SYMBOL PIN # SYMBOL PIN# SYMBOL PIN # SYMBOL 
1 Vss 19 DE 37 0034 55 0012 
2 001 20 005 38 0036 56 0028 
3 0017 21 0021 39 Vss 57 0013 
4 002 22 OOS 40 CASO 58 0029 
5 0018 23 0022 41 NC 59 Vee 
6 003 24 007 42 NC 60 0030 
7 0019 25 0023 43 tAS1 61 0014 
8 004 26 008 44 l'l1®J 62 0031 
9 0020 27 0024 45 NC 63 0015 

10 Vee 28 A7 46 0038 64 0032 
11 NC 29 0037 47 wr 65 0016 
12 AO 30 Vee 48 Vss 66 0039 
13 A1 31 A8 49 OOg 67 PR01 
14 A2 32 A9 50 0025 68 PR02 
15 A3 33 NC 51 0010 69 PR03 
16 A4 34 NC 52 0026 70 PR04 
17 A5 35 0035 53 0011 71 0040 
18 A6 36 0033 54 0027 72 Vss 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address-defined (AO
A9) page boundary. The FAST PAGE MODE cycle is al
ways initiated with a row-address strobed-in by RAS fol
lowed 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 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 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 (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

3-209 Micron Semiconductor, Inc., reS9IVes the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC:RON MT10D140 
1-· "''''''cccw><" 1 MEG x 40 DRAM MODULE 

WE 

DE 

CASO 

RASO 

AO-A9 

MT10D140 
REV. 4194 

OOH 

001 -4 

WE 
U1 

CAS 

RAS 

001-4 

WE 
U6 

CAS 

RAS 

FUNCTIONAL BLOCK DIAGRAM 

005-8 

001 -4 

WE 
U2 

CAS 

RAS 

3-210 

009-12 0013-16 0017-20 

001-4 001-4 001-4 

WE WE WE 
U3 U4 US 

CAS CAS CAS 

RAS RAS RAS 

001 -4 001 -4 001-4 

WE WE WE 
US U9 U10 

CAS CAS CAS 

RAS RAS RAS 

U1-U1O = MT4C4001JDJ 
U1-U10 = MT4C4001JOJ S (L-version) 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



UU:::I=ICN MT10D140 
1-· o,""e"ooo;o",", 1 MEG x 40 DRAM MODULE 

rRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

Extended CBR 
REFRESH 

T100140 
EV.4/94 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

ADDRESSES DATA-IN/OUT 

1m" 'C1(S" WE lIE IR IC DQ1-DQ4D NOTES 

H H-+X X X X X High-Z 

L L H L ROW COL Data-Out 

L L L X ROW COL Data-In 

L L H-L L-+H ROW COL Data-Out, Data-In 

L H-+L H L ROW COL Data-Out 

L H-+L H L n/a COL Data-Out 

L H-+L L X ROW COL Data-In 

L H-+L L X n/a COL Data-In 

L H-+L H-+L L-+H ROW COL Data-Out, Data-In 

L H-L H-+L L-+H n/a COL Data-Out, Data-In 

H X X X ROW n/a High-Z 

L -+H-+L L H L ROW COL Data-Out 

L -+H-L L L X ROW COL Data-In 

H-:L L H X X X High-Z 

H-+L L H X X X High-Z 22 

PRESENCE-DETECT -INDUSTRY STANDARD 

SYMBOL -6 
PRD1 Vss 

PRD2 Vss 

PRD3 NC 

PRD4 NC 

3-211 

-7 

Vss 

Vss 

Vss 

NC 

-8 

Vss 

Vss 

NC 

Vss 

Micron Semiconductor, Inc., reserves the right to change products or specfflcations without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC:RON MT10D140 
1-· '"''''0",00''<''' 1 MEG x 40 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, TA (ambient) .......... DoC to +70°C 
Storage Temperature (plastic) .................... -SsoC to + I2SoC 
Power Dissipation ........................................................... lOW 
Short Circuit Output Current ..................................... SOmA 

'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, 3, 6, 26) (Vcc = 5V ±10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT AO-A9, WE, OE II -20 20 f!A 
Any input OV ~ VIN ~ 6.5V 
(All other pins not under test = OV) for each package input RASO,CASO 112 -10 10 f!A 
OUTPUT LEAKAGE CURRENT D01-D040 loz -10 10 f!A 
(0 is disabled; OV ~ VOUT ~ 5.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc3 20 20 20 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 10 10 10 mA 
Power supply standby current (RAS = CAS = Vcc -0.2V) Icc4 
(All other inputs at Vcc -0.2V) 2 2 2 mA 22 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc1 1100 1000 900 mA 2,25, 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 28 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc2 800 700 600 mA 2,25, 
(RAS = VIL, CAS = Cycling: IpC = IpC [MIN]) 28 

REFRESH CURRENT: RAS ONLY 
Average power supply current Icc5 1100 1000 900 mA 25,28 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 1100 1000 900 mA 19,25 
(RAS and CAS = Cycling) 

REFRESH CURRENT: Extended CBR (L-version only) 
Average power supply current during Extended Refresh: 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN); Icc? 3 3 3 mA 19,22, 
WE, AO-A9 and DIN = Vcc - 0.2V or 0.2V (DIN may be left 25 
open); IRC = 125~ (1024 rows at 12511S = 128ms) 

MT10D140 
REV. 4/94 3-212 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT10D140 
1-· "'''co"'''''<" 1 MEG x 40 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 CI1 60 pF 17 

Input Capacitance: WE, OE, RASO, CASO CI2 80 pF 17 

Input/Output Capacitance: D01-D040 Cia 10 pF 17 

:LECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
Notes: 3, 4, 5, 6, 7,10,11,16) (Vee = 5V±10%) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 

READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse. width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

r10D140 
:'V.4/94 

-6 
SYM MIN 
tRC 110 

tRWC 165 
tpc 35 

tpRWC 85 

tRAC 

tCAC 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 15 
tRP 45 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR ,0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 45 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

MAX MIN 

130 
185 
40 

100 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
50 

35 

0 
0 

0 

3-213 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

205 ns 

45 ns 

105 ns 

70 80 ns 8 
20 20 ns 9 
35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 18 
10 ns 

50 20 60 ns 13 
10 ns 

0 ns 

10 ns 

35 15 40 ns 21 

0 ns 

15 ns 

55 ns 

40 ns 

0 ns 

0 ns 14 

0 ns 14 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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MICRON MT10D140 
1-· ",,,",,,<cc w 1 MEG x 40 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3,4, 5, 6, 7, 10, 11, 16) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

D3.t3.-!~ he!d t:me 
(referenced to RAS) 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH). 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

Output enable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR Test Cycle) 

WE setup time (WCBR Test Cycle) 

*l-verslon only 

MT10D14Q 
REV. 4194 

-6 
SYM MIN 
tClZ 0 
tOFF 3 
twcs 0 

twCH 10 

twCR 45 

twP 10 
tRWl 15 
tCWl 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 90 
tAWD 55 

tCWD 40 

IT 3 
tREF 

tRPC 0 
tCSR 10 

tCHR 10 

tORD 0 

too 

tOE 15 
tOEH 15 

twRH 10 
tWRP 10 
tWTH 10 

twTS 10 

MAX MIN 
0 

15 3 

0 

15 

55 

15 

20 

20 

0 

15 
'i'i 

100 

65 

50 

50 3 
16/128* 

0 

10 

10 

0 

15 

20 

20 

10 

10 

10 

10 

3-214 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 

20 3 20 ns 12,23,27 

0 ns 24 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 15 

15 ns 15 
60 ns 

110 ns 24 

70 ns 24 

50 ns 24 

50 3 50 ns 5, 16 

16/128* 16/128* ms 

0 ns 19 

10 ns 19 

10 ns 19 

0 ns 20 

20 20 ns 23 

20 ns 

20 ns 25 

10 ns 29 

10 ns 29 

10 ns 29 

10 ns 29 
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NOTES 
1. All voltages referenced to Vss. 
2. Icc is dependent on output loading and cycle rates. 

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

3. An initial pause of lOOJ.Ls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-ups should be repeated any time the 16ms 
(128ms L version) refresh requirement is exceeded. 

4. AC characteristics assume IT = 5ns. 
5. VIH (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 VIH). 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation over the full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

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

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAC. 

14. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

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

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

17. This parameter is sampled. Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = 2.4V at 15mV RMS). 

~T10DI40 

lEV. 4/94 

18. If CAS is LOW at the falling edge of RAS, data-out 
(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 ICPN. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also be performed after a 

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

21. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, then access time is 
controlled exclusively by IAA. 

22. L-version only. 
23. twcs, IRWD, IA WD and ICWD are not restrictive 

operating parameters. twcs applies to EARLY 
WRITE cycles. IRWD, IAWD and leWD 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 throul-lhoul 
the entire cycle. IfIRWD ~ IRWD (MIN), tAWI> ~ 
IAWD (MIN) and ICWD ~ ICWD (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, IRWD, ICWD and IAWD are 
not applicable in a LATE WRITE cycle. 

24. LATE WRITE and READ-MODIFY-WRITE cycles 
must have both IOD and IOEH 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. 

25. Icc is dependent on cycle rates. 
26. All other inputs at Vee -0.2V. 
27. The 3ns minimum is a parameter guaranteed by 

design. 
28. Column-address changed once each cycle. 
29. twTS 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 twRP and twRH in the 
CBR REFRESH cycle. 

3-215 Micron Semiconductor, Inc., reserves the right to change products or specifications without notlee. 
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MT10D140 
1"I1C:l9g~ 1 MEG x 40 DRAM MODULE 

MT10D140 
REV. 4194 

READ CYCLE 

'Re 

tRAS 'RP J 
J 
\ 

ICSH 

'RSH tRRH 

'CAP tRCD 'cAS 

CAS 
V,H 
VIL =~ 

'AR J tRAD 'RAL 

ADDR 
V,H 
VIL 

1-
IASR 

1~d777-rn ~ ~ 
W/~ ROW ~ ROW ~ COLUMN 

WE V,H 
VIL 

!~ I 
IRCS 

I 
· VI//////; · 

'AA 

I tRAC 

'CAG 'oFF 

I~k 
I~--- -

· OPEN VALID DATA ~OPEN---· 
I~ ~ 

1#/1 /;II 1;11 1;0'/1;11 1;1#/ /#/II;I/I~ 
DO ~IOH 

DE ;~ =1I;'l'$/$#;'l'$//!§/;'l'//!!$/;II/;I/#//#/;I/#Ml 

EARLY WRITE CYCLE 

- VIH .----;1,1 
RAS VIL - 11<---------;::-,es:::H--~1 \'------

'RSH 

I~ 1 _____ --"""Re"'-D __ r~I""eA~S --"'1 ,/-__ -,-_____ _ 

CAS ~:t =--.Y 

I~~ ~~ 
I --v777777J71777 ROW AODR ~:~ ~ ROW )0'0/~ COLUMN ~'--____ _ 

tCWL I 
'RWL J 
'WCR 

twes 'WCH 

I2l8l UNDEFINED 
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MIC:RON MT10D140 
1-· ocMCO,"CCmC '" 1 MEG x 40 DRAM MODULE 

MT10Dl40 
REV. 4194 

RAs V,H 
VIL 

CAs V,H 
VIL 

ADDR V,H 
VIL 

WE V,H 
VIL 

DO ~igt 

OE ~i~ 

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

'cSH 
ICRP 'cAS 

FAST-PAGE-MODE READ CYCLE 

RASP 

FL --
leSH tpc IRSH 

I'" ICRP tRCD ICAS ~~I ~ ~1 
'CPN 

~ =J 1\ 
tAR I f-----J 

'RAD 'RAL 

I~ I~ tASC I ~ ~ leAH __ 1 

W'/////~ COLUMN J@~ 
~1·'CAH"'1 I 

:J/~ ROW W/~ 

I 
-

1 

-
OPEN -

COLUMN COLUMN ~ 

tACS 1 
'RCH- -I IttRcs Ii tRCH- Ii -I TtRCS ~1-tRRH tRCH 

y(I y ~ tM tAA tAA 
tRAG I 'CPA I tCPA 

I~ ~ ~ 'OFF 1 'CAG - - - -'OFF 

'CI.Z- L tcLZ- - 'CLZ- 1:-
VALID L VALID VALID )---- OPEN--
DATA DATA DATA 

.rr J~r .I~I~ 

3-217 

~ DON'T CARE 

f2i2! UNDEFINED 
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MICRON MT10D140 
1-- , , '"' 1 MEG x 40 DRAM MODULE 

MTtDD140 
AEV . .4194 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

IRP 

1----J. 
-

leSH !Pc lASH 

~ 
tACO leAS tep 'cAS lep ~ ~ 

:J J 
IAR 

IRAD IRAI. 

ADDR ~i~ 
r ~ ~ ~ r ~ ~II~ 1 

:/'/,.0t ROW w/,.0t COLUMN COLUMN COLUMN 'r-;;;;;-

I 

I I 'cw, 
ICWL II lewL I I 

~ ~ ~ ~~~II;::: twP 

'~ 

I 
twoR IRWL I I I tOHR 

I~ ~ .C=~ t=:=~ 
.. ~ .......... "T. VIIIM n('l X10H 

·:".:":~':::"i". "fI1I1IV' '::':":::--::J.iA. . 'lUI.. -I1/1I1I1I1I1I1I1/11//lllt_· ____ -A¥.LLLI'k~ ___ *VLU't~ ____ *VlIlIfIlIl/!{I/(IIIN 

oe ~:~ 1//f//I/lI!j/lI!j/lI/lI!jll!j!ll///III//I//I/II//III!///I/I/////II!/I/////!III/I/II!!II!/!II////////lj//1/1///1/1//1/114 

ADOA ~:r 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

R--
ICSH tpc tpRWC tRSH 

IRP 

~ 
IACO teAS ~ teAS tep teAS 

;t=l ~ r----:---' r----
IAR 

~L I lRAO 

I~ ~ ~I ~ I~ n ~In I' 
:7//;X ROW ·W/;) COLUMN COLUMN COWMN ~ 

IRWO 

~ l ~ . - ,~~RWL --,-,~. 

I 
t'''1 'GwL- -1 

IAWi:P - IAWO - r- twP tAWO 

'cwo 'cwo 'cwo 

J - I'- I'-IAI>. I~ r- .... 
IRAe I 

tePAI 

~~dt 
t~~:-.I __ tePA t~r: 1 __ r- IOH 

105- ~ 
teAC~ - :~~t -teLZ t 

- OPEN~ VAUD VAtiD VALID VALID VAlli y~D~opcN-. 
1.!m!L ~ -~ ....£.!rL ....... I..!!!!IT... 

~O i---too -too 
toE '- toE toE. - .toCH . -,. :I~~ ~ 1--,--,-------.~ 1:1 ~/////;//, 

oe ~:~ -W//////I/I////Ij/I!I/1/1/j!llj/l/&. ) 'lJ 'lJ = 
~ DON'T CARE 

!ll8lI UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or~tIonswlthout notice. 
@1994,MicronSemiconductor,lnc. 



MIC:RON MT10D140 
1-· ""'W""cw~"' 1 MEG x 40 DRAM MODULE 

teRP 

I 
CAS ~:t _ :------' 

RAS ONLY REFRESH CYCLE 
(ADDR ::; AO-A9; and WE ::; DON'T CARE) 

'RAS 'RP 

-~ 
'~ 

'----I 

\ 

'ASR tRAH 

ADDR ~:t =-fc---Ro-w ----,~///###II!##//##////#$$//,@,@(~--RO-W --

DO ~gr -:.------------OPEN-----------

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

tCSH 
tpc 1--_-",'RS,,-,-H --I 

NOTE 1 

Q ~gr =:---+I-OPEN-+I--'AA----il~3,L)f1_----0PEN 

tRAG 

5E ~:~ ~!..Wf.LLl.L'---___________________ _ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 

MT10D140 
AEV.4194 

between data-out and driving the bus with the new data-in. 

3-219 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:r"""tON MT10D140 
1-· r-i" , 1 MEG x 40 DRAM MODULE 

MT1OD140 
REV. 4194 

--

CBR REFRESH CYCLE' ,,' 
(A()"A9, OE = DON'T CARE) 

EXTENDED CBR REFRESH CYCLE 22 
(AO-A9, OE = DON'T CARE) 

, , 

HIDDEN REFRESH CYCLE20 
(WE = HIGH; OE = LOW) 

(FlEAO) (REFRESH) 

RAS RP RAS 

, r------i Y 
'eRP IRCO 'RS!< 'eHR 

=-' 
'AR 

'RAD 
'ASR 'RAH 

ADDA ~l~ 7////~ ROW ~ 

- OPEN ,-

J 
'RAL 

~ ~ 
COLUMN' 

'M 
I tRAe 

'cAe 

~ 
~ 

.i!; 'oRO 

3-220 

VALID DATA 

J tOFF 

r-

t-- OPEN -

I~ 

~DON'TCARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or speclflcatlons wllhout,notice. 
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MIC::~ON . MT20D240 
1--· r-I 2 MEG x 40 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• 72-pin single-in-line package 
• High-performance CMOS silicon-gate process. 
• Single 5V ±10% power supply 
• All device pins are TIL-compcitible 
• Low power, 60mW (16mW L-version) standby; 

2,28Om W active, typical 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN; optional Extended Refresh 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle Extended Refresh distributed across 128ms 
(L-version) 

OPTIONS 
• Timing 

60nsaccess 
70nsaccess 
SOns access 

• Packages 

MARKING 

-6 
-7 
-8 

Leadless 72-pin SIMM (gold) G 

• Power /Refresh 
Normal power/16ms Blank, 
Lowpower/128ms L 

• Part Number Example: MT20D24OG-6 L 

GENERAL DESCRIPTION 
TheMT20D240isarandomlyaccessedsolid-statememory 

containing 2,097,152 words organized in a x40 configura
tion. During READ or WRITE cycles, each bit is uniquely 
addressed through the 20a,ddressbits, which are entered 10 
bits (AO-A9) at a time. RAS is used toliltch the first 10 bits 
and CAS the latter 10 bits. READ 'or WRIT~cles are 
selected with the WE input. A logic HJGH on WE dic~tes 
READ mode while a logic LOW onWE dictates wRITE 
mode. During a ~~le, data-in (D) is latched by.the 
falling edge of WE or CAS, whichever occurs last. EARLY 
WRITE occurs when WE goes LOW prior to CAS going 
LOW; the outputpin(s) remain open (High-Z) until the next 
CAS cycle. 

MT2OD240 
REV."" 

2 MEG x 40 DRAM 
FAST PAGE MODE (MT20D240) 
LOW POWER, 
EXTENDED REFRESH (MT20D240 L) 

. PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-10) 

~1"""'iIIl"""""""""==i"'''''''''''''''''''''iIIi11~1 1 36 '" 72 

PIN. SYMBOL PiNt SYMBOL PIU SYMBOL PIN. SYMBOL 
1 Vss 19 TIt 37 D034 55 D012 
2 D01 20 D05 38 D036 56 D028 
3 D017 21 D021 39 Vss 57 0013 
4 002 22 D06 40 "CliSlf 58 0029 
5 0018 23 0022 41 NC 59 Vee 
6 003 24 007 42 NC 60 0030 
7 0019 25 0023 43 "C7iS1 61 0014 
8 004 26 D08 44 lU\Slf 62 0031 
9 0020 27 0024 45 l!J\ST 63 0015 
10 Vee 28 A7 46 0038 64 0032 
11 NC 29 D037 47 WE" 65 0016 
12 . AO 30 Vee 48 Vss 66 0039 
13 A1 31 A8 49 009 67 PR01 
14 A2 32 A9 50 D025 68 PRD2 
15 A3 33 NC 51 D010 69 PRD3 
16 M 34 NC 52 0026 70 PRD4 
17 A5 35 0035 53 0011 71 0040 
18 . A6 36 D033 54 D027 72 Vss 

'. 

FAST PAGE MODE operations allow faster data opera
tions (READ or WRITE) within a row-address-defined (AO
A9) page boundary. The FAST PAGE MODE cycle is al
ways initiated with a row-address strobed-in by RAS fol
lowed by a column-address strobed-inby CAS. CAS may be 
toggied-in by holding RAS LOW and strobing-in different 
column-addresses, thus executing faster memory cycles. 
R~tuming RAS HIGH terminates the FAST PAGE MODE 
operation. 

Returnirig RAS and CAS HIGH terminates a memory 
cycle and decreaseS chip current to a reduced standby level. 
..'\lso, th~ chip is preconditioned for the next cycle during 
the RAS HIGH time. Memory cell data is retained in its 
correct state by mainj;aining power and executing ~ 
RAS cycle (READ, WRITE) or RAS REFRESH cycle (RAS 
ONLY, CBR or HIDDEN) so that all 1,024 combinations of 
RAS addresses (AO-A9) are executed at least every 16ms 
(128ms on L-version), regardless of sequence. 

3-221 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT20D240 
1-· OCM"""""'" 2 MEG x 40 DRAM MODULE 

MT20D240 
REV. 4/94 

WE 

BE 

CAsa 

AO,A9 

WE 

OE 
CASt 

RAS1 

AO-A9 

-

-
-
-

-

-
-
-

FUNCTIONAL BLOCK DIAGRAM 

001-4 005-8 

t!! t tnt t t t t 
~ ~ ~ 

- WE r--- WE r---
-
WE 

U1 U2 U3 
,------- CAS ,------- CAS ,------- CAS 

r- RAS r- RAS r- RAS 

r 5E'A~ [ 5E A~ [~ 
AO-Af! 

"" "" F 

D021-24 D025-28 DQ29~32 

t t t t tt t t tt t t 
I~Q1-' 1 __ J~Q1-' I ~ 

B ',I~J - U8 
CAS CAS r- CAS 

RAS RAS RAS 

DE AO-A9 DE AQ-A9 OE AD-A9 

1 '"-:; ~ "" 1"--:; i"-

DQ5-8 D09-12 

tt t t t tt t tttt 
rr;Q1:"4 rr;Q1:"4 ~ 

r- WE ,--- - ,--- WE WE 
U11 U12 U13 

,------- CAS ,------- CAS ,------- CAS 

r- RAS r- RAS r- RAS 

r~ A~ r~A~ 
r 

-

AF' 
OE 

D021-24 DQ25-28 0029-32 

JUt 
OQl-4 

)Jl1 
001-4 

JUt 
001-4· 

WE ,-- WE r- WE 
U16 U17 U18 ,------- CAS ,------- CAS r- CAS 

e- RAS r- RAS 
-
RAS 

[~ A1!- [~ A~ 
"" 

.2! A'F 

E 
3-222 

0013-16 

tttt t!! t 
rr;Q1:"4 rr;Q1:"4 

,-- WE ,-- WE 
U' US 

- CAS ,------- CAS 

- RAS - RAS 

[OE Ao-A9 

I OE 
Ao-,. 

'"-:; F '"-:; ~ 

e--
e--
e--
e--

0033-36 OQ37-40 

~t _ U9 _ U10 
CAS CAS 

RAS RAS 

5E Ao-A9 DE AG-A9 

-" I"- ... l"-
e--
e--
e--
e--

OQ13-16 OQ17-20 

tttt t tt t 
~ ~ 

,--- WE r--- WE 
U1' U15 

,------- CAS ,------- CAS 

e- RAS e- RAS 
-

A~ lJ~ 
Ao-A9 

r~E ;:-

e--
t-
t-
e--

DQ33-36 DQ37-40 

JUt 
OQl-4 JUt 001-4 

,-- WE ,-- WE 
U19 U20 - CAS - CAS 

- RAS - RAS 

[~ Ao-~ IOE A't!-'"-:; 

-
-
-
-

U1-U20 = MT4C4001JDJ 
or U1-U20 = MT4C4001JDJ S (L-version) 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT20D240 
1-· °e "dC'''. 2MEGx40DRAMMODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLVWRITE 

READ WRITE 

FAST-PAGE-MODE 

.. READ 

FAST-PAGE-MODE 

EARL V-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

. REFRESH 

CBR Rj::FRESH 

Extended CBR ' 
REFRESH 

MT2OD240 
REV. 4/94 

1st Cycle 

2nd cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

ADDRESSES DATA-IN/OUT 

1m" m WE" 'Dr IR IC 001-0040 NOTES 

H H-+X X X X X High-Z 

L L H L ROW COL Data-Out 

L L L X ROW COL Data-In 

L L H ..... L L-+H ROW COL Data-Out, Data-In 

L H-+L H L ROW COL Data-Out 

L H-+L H L nla COL Data-Out 

L H-+L L X ROW COL Data-In 

L H-+L L X nla COL Data-In 

L H-+L H-+L L-+H ROW COL Data-Out, nata-In ' 

L H-+L H-+L L-+H nla COL Data-Out, Data"ln 

H X X X ROW nla High-Z 

L -+H-+L L H L ROW COL Data-Out 

L-+H-+L L L X ROW COL Data-In 

H~L L H X X X High~Z 

H-+L L H X X X High"Z 22 
~ . 

PRESENCE-DETECT -INDUSTRY STANDARD 

SYMBOL -6 

PRD1 .. NC 

.PRD2 NC 

PRD3 NC 

PRD4 NC, 

3-223 

-7 

NC 

NC 

Vss 

NC 

-8 

NC 

NC 

NC 

Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice, 
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MIC:~ON MT20D240 
1-· r"""'I" , 2 MEG x 40 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS" 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .,: ....... ('j°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + I2SoC 
Power Dissipation ........................................................... 20W 
Short Circuit Output Current ................. ; ................... SOmA 

*Stresses greater than those listed under"AbsoluteMaxi
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 

c 
~ 
l> 
s: 
s: o 
c 
c: 
r 
m 

(Notes: 1, 3, 6, 26) (Vcc = 5V ±1 0%) 

PARAMETER/CQNDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 -V 

Input Low (Logic 0) Voltage,all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT AO-A9, WE, OE II -40 40 jJA 
Any input OV ~ VIN ~ 6.5V 
(All other pins not under test = OV) for each package input RASO-1, CASO-1 112 -20 20 jJA 

OUTPUT LEAKAGE CURRENT D01-D040 loz -20 20 jJA 
(0 is disabled; OV ~ VOUT ~ 5.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V- -

MAX 

PARAMETER/CONDITION SYMBOL -6 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) Iccs 40 40 40 mA 

STANDBY CURRENT: (CMOS) 20 20 20 mA 
(RAS = CAS = Vcc -0.2V) IcC4 
(All other inputs at Vcc -0.2V) 4 4 4 mA 22 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICCl 1120 1020 920 mA 2,25, 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 28 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc2 820 720 620 mA 2,25, 
(RAS = VIL, CAS = Cycling: IpC = IpC [MIN]) 28 

REFRESH CURRENT: RAS ONLY 
Average power supply current ICC5 1120 1020 920 mA 25,28 
(RAS = Cycling: CAS = VIH) 

REFRESH CURRENT: CBR 
Average power supply current Iccs 1120 1020 920 mA 19,25 
(RAS and CAS = Cycling) 

REFRESH CURRENT: Extended CBR (L-version only) 
Average power supply current during Extended Refresh: 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN); Icc7 6 6 6 mA 19,22, 
WE, AO-A9 and DIN = Vce - 0.2V or 0.2V (DIN may be left 25 
open); IRC = 125J.lS (1 ,024 rows at 125J.lS = 128ms) 

MT20D240 
REV. 4194 3-224 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC::RON MT20D240 
1-- "'" '" 2 MEG x 40 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A9 Cit 120 pF 17 

Input'Capacitance: WE, OE CI2 160 pF 17 

Input Capacitance: RASO, RAS1, CASO, CAS1 CI3 84 pF 17 

InpuVOutput Capacitance: 001-0040 Cia 18 .pF 17 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4, 5, 0,7,10, 11, 16) (Vcc = 5V ±10o/ci) 

AC CHARACTERISTICS 
PARAMETER 
Random READo( WRITE cycle time 
REAP WRITE cycle time 
FAST-PAGE-MODE 
REe.O o( WRITE cycle time . 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access timefrom HAS 
Access.time.from CAS 
ACcess.time from column-address 
Access time from CAS precharge 
RAS pulse widtti. .. 

RAS pulse width (FAST PAGE MODE) 
RAS hold time .. 
RAS precharge time 
CAS pulse width 
CAS" hold time 
CAS" precharge time 
CASprecharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS" to RAS precharge time 
Row-address setup time 
Row'address hold time 
HAS to column-
address del!iy time . 

Colomn,addresssetup time 
Column-address hold time 
Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 
Read command hold time 
(referenced to CAS) 

MT20D240 
REV. 4194 

-6 
SYM MIN 
IRC 110 

IRWC 165 
IpC 35 

IpRWC 85 

tRAC 
tCAC 
tAA. .' 

tCPA. 
tRAS 60 

tRASP 60 
IRSH 15 
tRP 45 

ICAS 15 
tCSH 60 
tCPN 10 
tcP. 10 

'RCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

'ASC 0 
. 

'CAH 10 
IAR 45 

tRAL 30 

IRCS 0 
IRCH 0 

MAX MIN 
130 
185 
40 

100 

60 
15 
~30 

35 
100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
,10 
0 
10 

'30 15 
.. .. 

0 
15 
50 

35 

0 
0 

3-225 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 
205 ns 
45 ns 

105 lis 

70 80 ns 8 
20 20 'ns 9 ,. 

35 40 ns 

40 45 ns')' 

100,000 80 100;000 ns .. 

100,000 80 100,000 ns 
20 ns 
60 ns 

100,000 20 100,000 ns 
SO ns" 

10 ris 18 
10 ns,. 

50 20 60 ns ,13 
10 ," ns 
0, ns, 

10 " ns 
35 15 40 ns 21 

" 
0 ns 

15 ns 
55 ns 

40 ns 

0 ns 
0 ns 14 

Micron Semiconductor, Inc., reserves the right to change products or specifications withoUt notice. 
©1994, Micron Semlconductor,lnc. 
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MIC:RON MT20D240 
1-· "",cm'"",,,",c 2 MEG x 40 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 3, 4; 5, 6, 7, 10, 11, 16) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS" lead time 

Write command to CAS lead time 
n<;:lt~_in QOt. In timo 
....... ~ ................. 1"" ......... 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

Output enable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR REFRESH) 

WE setup time (WCBR REFRESH) 

'l-version only 

MT20D240 
REV. 4/94 

-6 
SYM MIN MAX 

tRRH 0 

tClZ 0 
tOFF 3 15 

WCS 0 
tWCH 10 

WCR 45 

WP 10 
tRWl 15 

tcWl 15 
tDS 0 
tDH 10 

tDHR 45 

tRWD 90 
tAWD 55 

tCWD 40 
tT 3 50 

tREF 16/128' 
tRPC 0 

tcSR 10 

tcHR 10 

tORD 0 

tOD 15 
tOE 15 

tOEH 15 

WRH 10 

WRP 10 

WTH 10 

twTs 10 

3-226 

MIN 
0 

0 

3 

0 

15 

55 

15 

20 

20 

0 
15 

55 

100 

65 

50 

3 

0 

10 

10 

0 

20 

20 

10 

10 

10 

10 

-7 -8 
MAX MIN MAX UNITS NOTES 

0 ns 14 

0 ns 

20 3 20 ns 12,23,27 

0 ns 24 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 !"!s 15 
15 ns 15 

60 ns 

110 ns 24 

70 ns 24 

50 ns 24 

50 3 50 ns 5, 16 

16/128' 16/128' ms 

0 ns 19 

10 ns 19 

10 ns 19 

0 ns 20 

20 20 ns 23 

20 ns 

20 ns 25 

10 ns 29 

10 ns 29 

10 ns 29 

10 ns 29 

MICron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MICRON MT20D240 
1-· '" '" ,~" 2 MEG x 40 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. Ice is dependent on output loading and cycle rates. 

Specified values are obtained with minim:u:iri cycle 
time and the output open. 

3. An initial pause of lOOl1s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-ups should be repeated any time the 16ms 
(128ms L version) refresh requirement is exceeded. 

4. AC characteristics assume tor = 5ns. 
5. VIH (MIN) and VIL (MAX) are reference levelsfor 

measuring timing of input signals; Transition times 
are measured between VIH and VIL (or between VIH 
and VIL). 

6. The minimum specifications are used only to indicate 
cycle time at which proper operation oyer the,full 
temperature range (O°C ~ T A ~ 70°C) is assured. 

7. Measured with a load equivalent to two TTL gates 
and lOOpF. 

8. Assumes that IRCD < IRCD (MAX). If IRCD is greater 
than the maximUm recommended valu~ shown in this 
table, IRAC will increase by the amount that IRCD 
exceeds the value shown. 

9. Assumes that IRCD ~ IRCD (MAX). 
10. If CAS = VIH, data output is High-Z. 
11. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
12. toFF (MAX) defines the time at Which the output 

achieves the open circuit condition and is not 
referenced to VOH or VOL. 

13. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point' only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

14. Either IRCH or lRRH must be satisfied for a READ 
cycle. ", ' , , , 

15. These parameters are referenced to CASleading edge 
in EARLY WRITE cycles. 

16. In addition to meeting the transition rate specificac 
tion, all input signals must transit between VIH and 
VIL (or between VIL and VIH)in,a monotonic ,manner. 

17. This parameter is sampled; Capacitance is measured 
using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vcc 
= 5V, DC bias = ,2.4V at 15m V RMS). ' 

MT20D240 
REV.l1I94 

18. If CAS is LOW at the falling edge of RAS, data-out 
(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 ICPN. 

19. On-chip refresh and address counters are enabled. 
20. A HIDDEN REFRESH may also,be performed after a 

WRI'I'E cycle: In this case, WE = LOW and OE = • 
HIGH. 

21. Operation within the IRAD (MAX) limit ensures that 
IRCD (MAX) can be, met. IRAD (MAX) is specified as C 
a reference point only; if IRAD is greater than the lJ 
specified lRAt> (MAX) limit, then access time is ...... 
controlled exclusively bylAA. tit' 

22. L-versioh only. :s: 
23. twcs, IRWD, tA WD and ICWD are not restrictive 

operating parameters. twcs applies to EARLY 3: 
WRlTE cycles.IRWD, IAWD and tcWD apply to 0 
READ-MODlFY-WRlTE cycles. IftwCS~twcs , 
(MIN), the cycle is an EARLY WRITE cycle and the C 
data output will remain an open circuit throughout c:: 
the entire cycle. If IRWD ~ IRWD (MIN), fA WD ~ r 
IAWD (MIN) and tcWD ~ tcWD (MIN), the cycle is a m 
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 iH 
indeterminate. OE held HIGH and WE takl'n I ,( )W 
after CAS goes LOW results in a LATE WRITE (DE
controlled) cycle. twcs, IRWD, ICWD and IAWD are 
not applicable in a LATE WRITE cycle. 

24. LATE WRlTEand READ-MODIFY-WRITE cycles 
must have both laD and toEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRlTE cycle. If OE is 
taken back LOWwhile CAS remains LOW, the DQs 
will remain open. 

25. Ice is dependent on cycle rates. 
26. All other inputs at Vee -O.2V. 
27. The 3ns minimum is'a parameter guaranteed by 

design. 
28. Column-address changed once each cycle. 
29. twTs 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 twRP and twRH in the 

3-227 

, CBR REFRESH cycle. 

Micron Semiconductor, Inc., reserves the right to change products or speci6cations without notice. 
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UII=RON MT20D240 
1-· ,,,,mwccwe", 2 MEG x 40 DRAM MODULE 

MT20D240 
REV. 4194 

RAS 

CAS 

ADDR 

READ CYCLE 

'RAS 'RP 

\ 
'cSH 

'RSH tRRH 

'cRP tRCD 'cAS 

:----.1 
'AR 

IRAD 'RAL 

'ASR tRAH ~ ~ 

:!/;"II~ ROW Willi hi COLUMN ROW 

WE ~:r-

'RCS t==l 
'AA 
tRAC 

'cAC ~ " ,~ ,~~ 'yJ-----
OE ~:~ jl/jli lllilij/// Ii II llllIi Ii lllIi II /Iii /1/11 !I/j/!&WII/II//III /;" II /;" / I!/f/;" II///IJ 

V,H -
V,L -

'CRP 

V,H -
VIL -

V,H 
VIL 

EARLY WRITE CYCLE 

'RC 

'RAS 

tCSH 

3-228 

~ DON'T CARE 

Bll8l UNDEFINED 

Micron Semiconductor, Inc., reS9N8S the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MICRON MT20D240 
1-· """,mmcu" " 2 MEG x 40 DRAM MODULE 

MT20D240 
REV. 4194 

RAS 

CAS 

AODR 

WE 

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

Awe 

leSH 

teAs 

tAR ~'--1'--------------------1 
lRAD I I tRAl I 

ADDR ~i~::::~ ROW x7;i//!,,1 COLUMN W//////////////////////////////////////JA ROW 

~ I ~ I I 'AWD 'ewLl1 
I~I I. 'eWD : ~I. 
I T 'AWD ~I 

WE ~:~ - //////////////////1 wi m//"TTT,////'TTT////7777///77Ti////'TTT.////I7T7//; 

I 'M 

__ --------------~1--7'A~~~ 
jl~ 

1--- ~~ 
lCLZ C 1 ..... _1 

DQ ~:g~ =-. -------------------OPEN------.~~VA~LlD~D~OU~T~K~v~AL~ID~OIN;jc 
~ ~l 

6E ~:~ ::'/U////#//$#;@/$$$//$$$/#$d ) 
~ 

~$//;!/$$d'& 

FAST-PAGE-MODE READ CYCLE 

VIH -
VIL _ 

VIH -
VIL _ 

V,H 
VIL 

3-229 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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MIC:RON MT20D240 
1-· ""","000;,,'", 2 MEG x 40 DRAM MODULE 

MT20D240 
REV. 4194 

ADDR ~:~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

'RASP 

-
ICSH tpc IRSH 

!~ tRCD 'CAS _ tcP_~ _ICp _ ~ 

l~ =J 
IAR 

tRAD 

I~ I~ 
tRAL 

I~ tRAH~1 ~ tCAH~l I~II ICAH~I 
::/,,/;,1i ROW W/M COLUMN COLUMN COLUMN 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

I I IAWD I 
~I 

I 
ICWL ___ 

IWpJ. 
lAWn 

tewD 

t:=:j 

I~I 
! 

II 
ROW 

~ DON'T CARE 

!88! UNDEFINED 

3-230 Micron Semiconductor, Inc., reserves the right to change products or specifications without notlcs. 
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MICRON MT20D240 
1-· 00',"0"",,0"" 2 MEG x 40 DRAM MODULE 

- VIH 
AAS Vil _ 

ICRP 

" 
CAS ~:t :~ 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A9; and WE = DON'T CARE) 

'AC 

, 'RAS 
" 

'AP 

..In' 

'I~ 
~ 

, 

\ 

tASR • tRAH .1 

AooA ~:t :-t--Aow--i&###/###//#I!i#$/;1/##I!i##J)(r---Ao-w --

DO ~gt :C-----------OPEN-----------

ADDR ~:~-

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

leSH 
tpc 1-' _'=AS",--H --I 

a ~gt _------;-I,-OPEN---+--'AA-~~~1------0PEN I, 
I-___ '=RA"'-C ___ I 

5E ~:r =WlA'-'-'''-LL<'--___________________ _ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 

MT20D240 
REV. 4194 

between data-out and driving the bus with the new data-in. 

3-231 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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MIC:RON MT20D240 
1-· """'''"'''''"' 2 MEG x 40 DRAM MODULE 

MT20D240 
REV,4194 

DO 

DO 

CBR REFRESH CYCLE 
(AD-A9,OE = DON'T CARE) 

tWRH tWRP tWRH 

WII!!I!!I!I##II!II!! V#I"l"l/II!#tW'#####ffi: 

EXTENDED CBR REFRESH CYCLE 22 

(AD-A9, OE = DON'T CARE) 

1251.18 

tRP tRAS tRP tRAS 

~t:11 tCPN11~ ~I ~I~ ~y 
/ 'I, / 'I, 

OPEN 

Y 

I~~ ~~I 
~///// I/!I/ ### I/!I/,I W/#II/!/#II//#II#/#//I#!I 

~ 
J 

I~ tRAH 

¥---c 

HIDDEN REFRESH CYCLE 20 

(WE = HIGH; OE = LOW) 

tRCD 

tAR 

IRAD 

(READ) 

'RAS 

lASH 

~-
I 
II tRAL I 

~II~ 

(REFRESH) 

P 

~ 
tCHR 

y 
.!' 

DO ~:g~ -C----OPEN;~-------i~t=:==~VA~LlD~DA~TA===j OPEN-

3-232 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without noUce. 
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UU:::I=ION MT10D440 
1-· ,,~,,'m<CC"O"'K 4 MEG x 40 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard 72-pin single in-line package 
• High-performance CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins TTL-compatible 
• Low power, 30mW standby; 2,000mW active, typical 

(4K refresh) 
• FAST PAGE MODE access cycle 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms or 

4,096-cycle refresh distributed across 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 

• Packages 
Leadless 72 -pin SIMM (gold) 

• Refresh period 
2,048 cycles at 32ms, 
11 row-addresses 
4,096 cycles at 64ms, 
12 row-addresses 

MARKING 

-6 
-7 

G 

blank 

B 

• Part Number Example: MTlOD440G-6 B 

GENERAL DESCRIPTION 
The MTlOD440jB are randomly accessed solid-state 

memories containing 4,194,304 words organized in a x40 bit 
configuration. The MTlOD440 and MTlOD440 B are the 
same DRAM module versions except that the MT10D440 B 
has a 4,096-cycle refresh instead of a 2,048-cycle refresh. All 
further references made for the MTlOD440G also apply to 
the MTlOD440 B unless specifically stated.otherwise. For 
the module with a 2,048-cycle refresh, RAS is used to latch 
the first 11 bits and CAS the latter 11 bits. For a module with 
a 4,096-cycle refresh, RAS is used to latch the first 12 bits and 
CAS the latter 10 bits (A10 and All are "don't care" 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 after data 

MT10D440 
REV. 4/94 

4 MEG x 40 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-17) 

\~""""""""""""""":O::,:"""""""""""""""~ 1 36 37 72 

PiNt SYMBOL PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL 
1 Vss 19 OE 37 0020 55 0029 
2 001 20 009 38 0021 56 0030 
3 002 21 0010 39 Vss 57 0031 
4 003 22 0011 40 C1iSrr- 58 0032 
5 004 23 0012 41 A10 59 Vee 
6 005 24 0013 42 AWINC 60 0033 
7 006 25 0014 43 NC 61 0034 
8 007 26 0015 44 m.;scr- 62 0035 
9 008 27 0016 45 Ne 63 0036 
10 Vee 28 A7 46 0022 64 0037 
11 PR05 29 0017 47 WE" 65 0038 
12 AD 30 Vee 48 Vss 66 0039 
13 A1 31 A8 49 0023 67 PR01 
14 A2 32 A9 50 0024 68 PR02 
15 A3 33 Ne 51 0025 69 PR03 
16 A4 34 NC 52 0026 70 PR04 
17 A5 35 0018 53 0027 71 0040 
18 A6 36 0019 54 0028 72 Vss 

'B·version only 

reaches the output pins, data-out (Q) is activated and re
tains 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 the four data 
outputs are routed through four pins using common I/O, 
and pin direction is controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE or READ-MODIFY -WRITE) within a 
row-address-defined (AO-A9 j A10) 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 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. 

3-233 

Returning RAS and CAS HIGH terminates a memory 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT10D440 
1-· "',"0",""" c, 4 MEG x 40 DRAM MODULE 

cycle and decreases chip current to a reduced standby level. 
Also, the chip is 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, 
CBR or HIDDEN) so that all 2,048/4,096 combinations of 

RAS addresses (AO-AIO/ All) are executed at least 
every 32ms/64ms, regardless of sequence. The CBR RE
FRESH cycle will invoke the refresh counter for automatic 
RAS addressing. 

If CBR REFRESH is used, the number of cycles is a" don't 
care." 

FUNCTIONAL BLOCK DIAGRAM 

WE 

OE 

CASD 

RASD 

AD-A1D, All 

MT10D440 
REV. 4/94 

001-4 

DQ1·4 
.....------1 WE 

CAS U1 

RAS 

OE 

0021-24 

CAS U6 

RAS 

OE 

005-8 

WE 

CAS U2 

RAS 

OE 

3-234 

009-12 0013-16 0017-20 

WE 

CAS 

RAS 

OE 

U3 

.....----1 WE 

CAS U4 

RAS 

5E 

0033-36 0037-40 

WE 

CAS U9 CAS U1D 

RAS RAS 

OE OE 

U1-U10 = MT4C4M481OJ (2,048-cycle) 
or U1-U10 = MT4C4M4A1DJ (4,096-cycle) 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MICRON MT10D440 
1-· ",,,co<wcnoe,, 4 MEG x 40 DRAM MODULE 

TRUTH TABLE· 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST,PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CSR REFRESH 

MTi00440 
REV. 4194 

ADDRESSES DATA-IN/OUT 

1m" W WE" TIt IR IC 001-0040 NOTES 

H H-+X X X X X High-Z 

L L H L ROW COL Data-Out 

L L L X ROW COL Data-In 

L L H-+L L-+H ROW COL Data-Out, Data-In 

1st Cycle L H-+L H L ROW COL Data-Out 

2nd Cycle L H-+L H L n/a COL Data-Out 

1st Cycle L H-+L L X ROW COL Data-In 

2nd Cycle L H-+L L X n/a COL Data-In 

1st Cycle L H-+L H-+L L-+H ROW COL Data-Out, Data-In 

2nd Cycle L H-+L H-+L L-+H n/a COL Data-Out, Data-In 

L H X X ROW n/a High-Z 

READ L -+H-+L L H L ROW COL Data-Out 

WRITE L -+H-+L L L X ROW COL Data-In 

H-+L L H X··· X X High-Z 

PRESENCE-DETECT -INDUSTRY STANDARD 

SYMBOL -6 

PRD1 Vss 

PRD2 NC 

PRD3 NC 

PRD4 NC 

PRD5 Vss 

3-235 

-7 

Vss 

NC 

Vss 

NC 

Vss 

Micron Semiconductor, Inc., reservsslhe right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT10D440 
1-· "",,,,.0,,.0<'" 4 MEG x 40 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 125°C 
Power Dissipation ........................................................... lOW 
Short Circuit Output Current ..................................... 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 . 

C ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
l:J (Notes: 1,3,4, 6, 7) (Vee = 5V ±1 0%) 

l> 
s: 
s: o 
C 
c: 
r m 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV ~ VIN ~ 6.5V 

(All other pins not under test = OV) for each package input 

OUTPUT LEAKAGE CURRENT 
(Q is disabled; OV ~ VOUT ~ 5.5V) for each package input 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

SYMBOL 

Vee 

VIH 

VIL 

AO-A10, A11 II 
WE,OE 

RASO, CASO 112 

DQ1-DQ40 loz 

VOH 

VOL 

MIN MAX UNITS NOTES 

4.5 5.5 V 

2.4 Vcc+1 V 

-1.0 0.8 V 

-20 20 IJA 

-20 20 IJA 
-10 10 IJA 

2.4 V 

0.4 V 

MT10D440 
REV. 4/94 3·236 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT10D440 
1-· "'''',","0;,",'' 4 MEG x 40 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = 5V ±1 0%), 4,096-cycle refresh (B-version only) 

PARAMETER/CONDITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

(Notes: 1, 6, 7) (Vcc = 5V ±1 0%), 2,048-cycle refresh 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS '= VIH) 

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, AddreSs Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling: CAS = VIH: IRC = IRC [MIN]) 

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

MT10D440 
REV. 4194 3-237 

MAX 

SYMBOL -6 -7 UNITS NOTES 

Icct 20 20 mA 

Icc2 10 10 mA 

Icc3 900 800 mA 3,4, 
28,30 

ICC4 700 600 mA 3,4, 
28,30 

Iccs 900 800 mA 3,28, 
30 

Icc6 900 800 mA 3,5,28 

MAX 

SYMBOL -6 -7 UNITS NOTES 

Icct 20 20 mA 

Icc2 10 10 mA 

ICC3 1200 1100 mA 3,4, 
27,30 

Icc4 900 800 mA 3,4, 
27,30 

Iccs 1200 1100 mA 3,27; 
30 

Icc6 1200 1100 mA 3,5,27 

Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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ADVANCE 

UII:::I=ION MT10D440 
1-· ",,,,,,,,e,,,,,", 4 MEG x 40 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 

Input Capacitance: AO-A 10, A 11 Cit 64 pF 2 

Input Capacitance: WE, OE, RASO, CASO CI2 84 pF 2 

Input/Output Capacitance: D01-D040 CIO 10 pF 2 

• S! ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
.All (Notes: 6, 7, 8, 9, 10, 11,12,13,23) (Vce = +5V±10%) » s: 
:s: o 
c 
c: 
r m 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 
,.... .... It. ..... 'It.,nl''T'r"" _ .. _1_ ... ~. ___ 

nt:l"\u vvnll c: I..iYl,.;ltl lIIlIt;: 

FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 

Access time from CAS 

Output Enable 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time (referenced to RAS) 

Column-address to RAS lead time 

Read command setup time 

Read command hold time (referenced to CAS) 

MT10D440 
REV. 4194 

SYM 
tRC 

tr-. ••• ,... 
-nvvv 
tpc 

IpRWC 

tRAC 

tcAC 
tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 
tRP 

tCAS 

tCSH 

tCPN 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tcAH 
tAR 

tRAL 

IRCS 

tRCH 

3-238 

MIN 
110 
150 
35 

85 

60 
60 
15 
40 
15 
60 
10 
10 
20 
5 
0 
10 
15 
0 
10 
50 
30 
0 
0 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 

ISO rat) 

40 ns 

95 ns 

60 70 ns 14 
15 20 ns 15 
15 20 ns 23 
30 35 ns 

35 40 ns 

100,000 70 100,000 ns 

100,000 70 100,000 ns 

20 ns 

50 ns 

100,000 20 100,000 ns 

70 ns 

10 ns 16 
10 ns 

45 20 50 ns 17 
5 ns 

0 ns 

10 ns 

30 15 35 ns 18 
0 ns 

15 ns 

55 ns 

35 ns 

0 ns 

0 ns 19 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



ADVANCE 

MICRON MT10D440 
1-· '",''co,,'''''o"''' 4 MEG x 40 DRAM MODULE 

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

AC CHARACTERISTICS 
PARAMETER 
Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time 
(referenced to RAS) 

RAS to WE delay time 

Column-address to "WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (2,048 & 4,096 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

*B-version only 

MT10D440 
REV. 4194 

SYM 
tRRH 

tClZ 

tOFF 

twcs 

tWCH 

tWCR 

tvvP 
tRWl 

tCWl 

tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 

IT 
tREF 

tRPC 

tCSR 

tCHR 

tvvRH 
tWRP 

tWTH 

tvvTS 
tORD 

tOD 

tOEH 

3-239 

MIN 
0 

3 
3 
0 

10 

45 

10 

15 

15 

0 

10 

45 

85 

55 

40 

3 

0 

5 

15 

10 

10 

10 

10 

0 

3 

15 

-6 -7 
MAX MIN MAX UNITS NOTES 

0 ns 19 

3 ns 29 

15 3 20 ns 20,29 

0 ns 21,27 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 

15 ns 22 

55 ns 

95 ns 21 

60 ns 21 

45 ns 21 

50 3 50 ns 9; 10 

32/64* 32/64' ms 26 

0 ns 

5 ns 5 

15 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 

10 ns 25 

0 ns 

15 3 20 ns 29 

15 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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ADVANCE 

MICRON MT10D440 
1-· "'" 4 MEG x 40 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vee 
;=5V, DC bias = 2.4V at 15mV RMS). 

3. Icc is 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. 

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. An initial pause of 100j.Ls 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 

• 'I .' .'1' ~T""IT"'I ,. 'II • " repean,u any rune IDe -lUll' rerresn reqwrement IS 
exceeded. . . 

8. AC characteristics assume l'f = 5ns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition titries 
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 VIH and 
VIL (or between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TIL gates 

and 100pF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD 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 tRCD ;::: IRCD (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 tePN. 

17. Operation within the tRCD (MAX) limit ensures that 
IRAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

MT10D440 
REV. 4194 

18. Openltion within the IRAD (MAX) limit ensures that 
tRAC (MIN) and teAC (MIN) can be met. IRAD 
(MAX) is specified as a reference point only; if tRAD 
is greater than the specified IRAD (MAX) ll,nit, then 
access time is controlled exclusively by tAA: 

19. Either IRCH or truuI must be satisfied. for a READ 
cycle. 

20. toFF (MAX) defines the time at which the'output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, tA WD and teWD are not restrictive 
operating parameters. twcs applies to EARLY
WRITE cycles. IRWD, tA WD and teWD 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 throughout 
... " ..... ,....."'I'IlT....,, ... """,..IlTT"lo. " ......... T\ ....... IlTT"lo. ... me enure cyC1t~. 11 ~1\.VV u:::::: ·~vv u \1Vll1~J, ·1"\:\,V u:::::: 
tA WD (MIN) and teWD 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-Gll,t is 
indeterminate. OE held HIGH and WE taken LOW 
after CAS goes LOW results in a LATE WRITE (OE 
controlled) cycle. twcs, ~WD, teWD and tA WD 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 REAIJ.MODIFY-WRITE cycles. 

23. If OE is tied permanently LQW, 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 QE 
= HIGH. 

25. twTs and twTH are setup and'hold specifications for 
the WE pin being held LOWto enable the JEDEC test 
mode. (with CBR timing constraints). These two 
parameters are the inverts of WRPcind twRH in the 
CBR REFRESH cycle. 

26. 32ms is a 2048-row refresh, 64ms is a 4096-row 
refresh. 

27. 2048-row refresh. 
28. 4096-row refresh. 
29. The 3ns minimum is a parameter guaranteed by 

design. 
30. Column-address changed once each cycle. 

3-240 Micron Serniconductor,Inc:., reserves the right to change products orspeclfcatlons without notice. 
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MT10D440 
1'II1C::199~ 4 MEG x 40 DRAM MODULE 

MT10D440 
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READ CYCLE 

tRP 

MS 
VIH -
VIL _ 

ICRP ICAS 

CAs VIH -
VIL -

tAR 

ADDR 
V,H 
VIL _ 

WE 

'-------1:~t~~~~~"1.....--0PEN---00 ~:gt::: OPEN 

OE ~:~ W//!/!///;///§;W$$§/$//ff/ff/§!/!/lid 

EARLY WRITE CYCLE 

tRc 

tRAS tRP J 
J 
\ --

ICSH 

tRSH 

leRP tRCD teAS 

=--' 
tAR 

tRAO IRAL 

ADDR ~:t 
~~I ~ .~AH:I 

ROW =W0t ROW )00"a COLUMN ~~ 
~ - 'eWL J 

tRWL 

tWCR 

twcs tWCH 

twp 

~/)) ~ 

DO ~:gt 

J 

Oe ~:r-WI/IIIIIIIIIII 

tOHR 

~ I~ 
VALID DATA 

3-241 

~ DON'T CARE 

B88l UNDEFINED 
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ADVANCE 

MIC::RON MT10D440 
1-· "''''''"''0""' 4 MEG x 40 DRAM MODULE 

MT10D440 
REV. 4/94 

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

RWC 

'RP 

leSH 

1~1 __ -----2IR~CD~----~_~IC~AS~------------__ 1 
tf----------

CAS VIH - I } 
VIL ---I '----f---------{ 

I--,~~~D--------~I~I~,R-AL~ 

jl~ 

DO ~:g~ :::-----------OPEN 

tCLZ 1:-

ADDR ~:~ 

FAST-PAGE-MODE READ CYCLE 

-
leSH 

, ... teR.£' __ 

=-' 
'RAD 

l ... tASR ~I 
=wI ROW :WI;') 

I 
I 

OPEN 

RASP 

A--
IpC IRSH 

'RCD ICAS 'CP ~ tep 
~y 

tePN 

1 ~ 'AR 
I~ 

~I I~ 
'RAL 

~ I~ ~II leAH __ 1 I 
COLUMN !(IIIIII~ COLUMN WIIIII;) COLUMN ROW 

'RCS I 
'RCH-

1-1 ~'RCS Ii T 'RCH-
-1 f'RCS Ii 

~_'RRH tACH 

'AA yo 'AA Yf 'AA 
~ 

I tRAC I 'CPA I tCPA j 'CAG 'OFF I 'CAG ~ I~ - - - -'OFF 

tCLZ r 
VALID 

'CLZ- r- 'CLZ- ~ 
VALID VALID ~QPEN---

DATA DATA 

~rr 
~.~ 

,I~I~ \I~I~ 

3-242 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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MICRON MT10D440 
1-· "'''co,,,,,,",,, 4 MEG x 40 DRAM MODULE 

MT10D440 
REV. 4/94 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tCSH 'PC 

I_--"""---_f.--""C=AS_I_'CP_ tCAS 'CP 

~I ~ 'WP ~II~ ~II ::~H ~l 

I I fllJJ ~ II 1 

I 'WCR IRWL 
1 I I tOHR 

I~II~I I~ ~I I~~I 
VALID DATA WII~ VAllO DATA :WIM VALID DATA 

OE ~:t :1!!1/!!I/$//$/$///$ff$I/////$I//////$//III/ff$//!!II//$$II//I!III!I$/$//$/IU////////I/$$;'i 

ADDA ~:~ 

-

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

'cSH tPC/tPRWC tRSH R-
I~ 'RCD 'cAS ~ 'CAS ~ 'CAS t=J ~1 r----

J 
~ 

! 
'AR 

~II' 'CAH::,l II _ 'RAD 

~ I~ I' tASR. rl ~ I~ 
:7IIM ROW 1<11;./ COLUMN COLUMN :Wllllllih COLUMN ~ I I tRWD "I ~ ~ I 

_ I:-'RWl 
~I I ;:Li 'cWL-- .... ICWL 

..L I 

~/dff//$j 

'RAG 

-

'wp--
'AWD --

__ twP 

'AWD 'AWD 

'ewD ~ 'cwo 

'M I '--' I~c- '- 14-
I ~- _ I ~- - I d 'DS- 1- 1 'cPA 'DS- 1- 1 'CPA 'DS-- - -~ - -~-'CLZ r- 'cLZ -I r- 'cLZ r-

OPEN----m ~~~ v~~o ~~~ V~~D "W~ 

-too -too 
toE - 'OE - toE -

WIIIIIIIIIIII!, 

l-~H 

VAUD~OPEN_ 

:t -too 
toEH 

~ DON'TeARE 

~ UNDEFINED 

3-243 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT10D440 
I-II c c en" c 4 MEG X 40 DRAM MODULE 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 10, A 11 ; WE = DON'T CARE) 

_ VI~ _,.-------.!I 
RAS VIL - ICRP Il------------"I 

ROW 

DO ~g~ -'-------------OPEN------------

FAST-PAGE-MODE READ-EARLY-WR!TE CYCLE 
(Pseudo READ-MODIFY-WRITE) 

'RASP 

NOTE 1 

Q ~g~=:----+-OPEN--+---~~~o_-----OPEN-----

DE ~:~ ~!LlLLL"---______ ----,. ___ ----,._----' ________ _ 

~ DON'T CARE 

~, UNDEFINED 

NOTE: 1. Do not dr,ive data prior to tristate: tcPP(MIN) or tCP(whichever is greater) + tOS(MIN) + any guardband 

MT10D440 
REV. 4194 

between data-out and driving the bus with the new data-in. 

3·244 Micron Semiconductor, Inc., reserves the right to change products or specifications without n'otice. 
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.... '00440 
REV.4IIM 

CBR REFRESH CYCLE 
(ADDRESSES, OE = DON'T CARE) 

HIDDEN REFRESH CYCLE24 
(WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

~ ________ ~t~~ ______ ~ t~ 

~ DON'T CARE 

~ UNDEFINED 

3-245 MlCton Semlconductor,Inc., I'U8lW8lhe right to CI'Iange ptoduct8 or apeciflcatlone without notice . 
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ADVANCE 

MICRON MT20D840 
1-· '''"'' ,c," 8 MEG x 40 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard 72-pin single in-line package 
• High-performance CMOS silicon-gate process 
• Single 5V ±10% power supply 
• All device pins are TIL-compatible 
• Low power, 60mW standby; 2,030mW active, typical 

(4K refresh) 
• FAST PAGE MODE access cycle __ 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 2,048-cycle refresh distributed across 32ms or 

4,096-cycle refresh di~ibuted'across 64ms 

OPTIONS 
• Timing 

60ns access 
70ns access 

• Packages 
Leadless 72-pin SIMM (gold) 

• Refresh period 
2,048 cycles at 32ms, 
11 row-addresses 
4,096 cycles at 64mB, 
12 row-addresses 

MARKING 

-6 
-7 

G 

blank . 

B 

• Part Number Example: MT20D840G-6 B 

GENERAL DESCRIPTION 
The MT20D840/B are randomly accessed solid-stale 

memories containing 8,388,608 words orgariizedina x40bit 
configuration. The MT20D840 and MT20D840 B are the 
same DRAM module versions except~t the MT20D840 B 
has a 4,096-cycle refresh instead of a 2,048~cycle refresh. All 
further references made for the MT20D840 also apply to the 
MT20D840 B unless specifically stated otherwise. For the 
module with a 2,048-cycle refresh, RASis used to latch.the 
first 11 bits and CAS the latter 11 bits. For a module With a 
4,096-cycle refresh, RAS is used to latch the first 12 bits.and 
CAS the latter 10 bits (AlO and All ;Ire '~don't care". bits). 
READ and WRITE cycles are sEllected with the WE input. A 
logic HIGH on WE dictates REA]) mode while a logic LOW 
on WE dictates WRITE nj.ode, Quring a WRITE cycle, data-

8 MEG x 40 DRAM 
FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

72-Pin SIMM 
(DE-16) 

\~"'''''''''''''''''''''''''''':'::::IiII''''''''''''''''''''IIiI,,~1 1 36 37 72 

PIN. SYMBOL PIN. SYMBOL PIN# SYMBOL PiNt SYMBOL 
1 Vss 19 Ut 37 0020 55 0029 
2 001 20 009 38 0021 56 0030 
3 002 21 0010 39 Vss 57 0031 
4 003 22 0011 40 CJ\SO 58 0032 
5 004 23 0012 41 A10 59 Vee 
6 D05 24 0013 42· A11'/NC 60 0033 
7 DOS 25 . 0014 43 'CAST 61 0034 
8 DOl 26 0015 44 RASlf 62 0035 
9 .. DOS 27 0016 45 ro\Si 63 0036 
10 Vee 28 A7 46 0022 64 0037 
11 PR05 29 DOn 47 we- 65 0038 
12 AO 30 Vee 48 Vss 66 0039 
13 A1 31 A8 49 0023 67 PR01 
14 A2 32 A9 50 0024 68 PR02 
11i A3 33 NC 51 0025 69 PR03 
16 A4 34 NC 52 0026 70 PR04 
17 AS 35 0018 53 0027 71 0040 
18 A6 36 0019 54 0028 72 Vss 

'B-version oply 

in (D)is latched by the falling edge of WE or CAS, which
'ever occurs last. If WE goes LOW after data reaches the 
·output. pins, data-out (Q) is activated and retains the se
lected ceUdatil 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 the four data outputs are 

.routed through four pins. using common I/O, and pin 
direction is controlled by WE and OE. 

FAST PAGE MODE operations allow faster data opera
tions (READ, WRITE orREAD-MODIFY-WRITE) within a 
row-addre$s~defined (AO-A9 / AlO) page boundary. The 
FAST PAGE MODE\qrcle is always initiated with a row
address strobed-inoyRAS 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 the FAST PAGE MODE operation. 

Micron Semiconductor, Inc., reserVes the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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ADVANCE 

MIC:RON MT20D840 
1-· ""w",,,cwc,, 8 MEG x 40 DRAM MODULE 

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 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 2,048/4,096 combinations of 

RAS addresses (AO-AIOI All) are executed at least 
every 32ms/64ms, regardless of sequence. The CBR RE
FRESH cycle will invoke the refresh counter for automatic 
RAS addressing. 

If CBR REFRESH is used, the number of cycles is a "don't 
care.1I 

FUNCTIONAL BLOCK DIAGRAM 

MT20D84Q 
REV. 4/94 

DE 

RASo 

AQ-A1D,A" 

We 

DE 

C,",' 

RASi 

001-4 

t t Il 
OQ1-4 

We 

CAs" " 

0021-24 

lttt 
WE 

c.s U6 

RAS 

OQ1-4 

OQ5-8 009-12 

tttt t t Il 
001-4 001-4 

We We 

CAS CAS 

RAs RAs 

0025-28 0029-32 

ttl I III 
OQ1-4 

We WE 

CAS U7 CAS U8 

RAS "'" 

OQ5-8 009-12 

3-248 

0013-16 0017-20 

ttl t tttt 
001_4 OQ1·4 

WE WE 

CAS CAs 

RAS RAS 

DE 
AO-Al(l,Al1 

OQ33-36 0037-40 

Iltl III 
OQ1·4 OQ1-4 

WE We 

c.s CAS Ul0 

RAS AAS 

0013-16 0017-20 

t t t t lilt 
001-4 OQ1-4 

We We 

CAS CAs U15 

OQ33-36 0037-40 

Itt t lilt 
DQ1·4 

We WE 

CAs CAS U20 

U 1-U20 = MT 4C4M481 OJ (2,048-cycle) 
or Uf-U20 = MT4C4M4A1OJ (4,096-cycle) 

Micron Semiconductor, Inc., reserves the right to change products or specificatiOns without notice. 
©1994, Micron Semiconductor, Inc. 
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TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLVWRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARL V-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONL V REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT20D840 
REV. 4194 

ADDRESSES DATA-IN/OUT 

RAS "CAS WE Of IR IC DQ1-DQ4D NOTES 

H H-+X X X X X High-Z 

L L H L ROW COL Data-Out 

L L L X ROW COL Data-In 

L L H-+L L-+H ROW COL Data-Out, Data-In 

1st Cycle L H-+L H L ROW COL Data-Out 

2nd Cycle L H-+L H L n/a COL Data-Out 

1st Cycle L H-+L L X ROW COL Data-In 

2nd Cycle L H-+L L X n/a COL Data-In 

1st Cycle L H-+L H-+L L-+H ROW COL Data-Out, Data-In 

2nd Cycle L H-+L H-+L L-+H n/a COL Data-Out, Data-In 

L H X X ROW n/a High-Z 

READ L -+H-+L L H L ROW COL Data-Out' 

WRITE L .... H-+L L L X ROW COL Data-In 

H-+L L H X X X High-Z 

PRESENCE-DETECT -INDUSTRY STANDARD 

SYMBOL -6 

PRD1 NC 

PRD2 Vss 

PRD3 NC 

PRD4 NC 

PROS Vss 

3-249 

-7 

NC 

Vss 

Vss 

NC 

Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT20D840 
1-· '" ,,,,",we,,, 8 MEG X 40 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .. : ....... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + I2SoC 
Power Dissipation ........................................................... 20W 
Short Circuit Output Current ..................................... SOmA 

'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 I 

for extended periods may affect reliability . 

C ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
lJ (Notes: 1, 3, 4, 6, 7) (Vee = 5V ±1 0%) » s: PARAMETER/CONDITION 

Supply Voltage 

Input HighlL_ogic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

INPUT LEAKAGE CURRENT 
Any input OV ::; VIN ::; 6.5V 

SYMBOL 

Vee 

VIH 

VIL 

AO-A10, A11 II 
WE,OE 

MIN MAX UNITS NOTES 

4.5 5.5 V 

2.4 Vee+1 V 

-1.0 0.8 V 

-40 40 !lA 

s: o 
C 
c: 
r
m 

(All other pins not under test = OV) for each package input RASO-1, CASO-1 112 -20 20 IlA 

OUTPUT LEAKAGE CURRENT D01-D040 
(Q is disabled; OV ::; VOUT ::; 5.5V) for each package input 

OUTPUT LEVELS 
Output High Voltage (lOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) 

MT20D840 
REV. 4194 3-250 

loz -20 20 !lA 

VOH 2.4 V 

VOL 0.4 V 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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UII::I=ICN MT20D840 
1-· "'''00,''0;0",'' 8 MEG x 40 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = 5V ±1 0%), 4,096-cycle refresh (B-version only) 

PARAMETER/CONDITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC [MIND 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIND 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC [MIND 

REFRESH CURRENT: CBR 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC [MIND 

(Notes: 1,6, 7) (Vcc = 5V ±10%), 2,048-cycle refresh 

PARAMETER/CONDITION 

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

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

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC [MIND 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIND 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC [MIND 

REFRESH CURRENT: CBR 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC [MIND 

I1T20D840 
~EV. 4/94 3-251 

MAX 

SYMBOL -6 -7 UNITS NOTES 

Icc1 40 40 mA 

Icc2 20 20 mA 

Icc3 920 820 mA 3,4, 
28,30 

Icc4 720 620 mA 3,4, 
28,30 

Icc5 920 820 mA 3,28, 
30 

Icc6 920 820 mA 3,5,28 

.. -

MAX 

SYMBOL -6 -7 UNITS NOTES 

Icc1 40 40 mA 

Icc2 20 20 mA 

Icc3 1,220 1,120 mA 3,4, 
27,30 

Icc4 920 820 mA 3,4, 
27,30 

Icc5 1,220 1,120 mA 3,27, 
30 

Icc6 1,220 1,120 mA 3,5,27 

Micron Semlconductor,lnc., r9S9Nes the right to change products or specifications without notice. 
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MICRON MT20D840 
1-· 00'''"'""''0'''' 8 MEG x 40 DRAM MODULE 

CAPACITANCE 

PARAMETER SYMBOL MIN MAX UNITS NOTES 
Input Capacitance: AO-A 10, A 11 Cll 110 pF 2 

Input Capacitance: WE, OE CI2 150 pF 2 

Input Capacitance: RASO-RAS1, CASO-CAS1 CI2 80 pF 2 

• Input/Output Capacitance: D01-D040 CIO 16 pF 2 

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

s: 
C' -o 
c 
c: 
r m 

AC CHARACTERISTICS 
PARAMETER 
D~,."rlt"\rn Q~An nr \AU::UTr:: 1"\,1"1,0, tim,o, 
..... ,.~ ......... '_ •• _ .......... - -J ....... ••••. -

READ WRITE cycle time 
FAST-PAGE-MODE 
READ or WRITE cycle time 

FAST-PAGE-MODE 
READ-WRITE cycle time 

Access time from RAS 
Access time from CAS 
Output Enable 
Access time from column-address 
Access time from CAS precharge 
RAS pulse width 
RAS pulse width (FAST PAGE MODE) 
RAS hold time 
RAS precharge time 
CAS pulse width 
CAS hold time 
CAS precharge time 
CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 
CAS to RAS precharge time 
Row-address setup time 
Row-address hold time 
RAS to column-address delay time 
Column-address s",tup lime 
Column-address hold lime 
Column-address hold time (referenced to RAS) 
Column-address to RAS lead time 
Read command setup time 
Read command hold time (referenced to CAS) 

MT20D840 
REV. 4194 

SYM 
tRe 

tRWC 
tpc 

tpRWC 

tRAC 
tCAC 
tOE 
tAA 

tCPA 
tRAS 

tRASP 
tRSH 
tRP 

tCAS 

tcSH 
tCPN 
tcp 

tRCD 

tcRP 
tASR 
tRAH 
tRAD 
tASC 
tCAH 
tAR 
tRAL 
tRCS 
tRCH 

MIN 
110 

150 
35 

85 

60 
60 
15 
40 
15 
60 
10 
10 
20 
5 
0 
10 
15 
0 
10 
50 
30 
0 
0 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 
180 ns 
40 ns 

95 ns 

60 70 ns 14 
15 20 ns 15 
15 20 ns 23 
30 35 ns 
35 40 ns 

100,000 70 100,000 ns 
100,000 70 100,000 ns 

20 ns 
50 ns 

100,000 20 100,000 ns 
70 ns 
10 ns 16 
10 ns 

45 20 50 ns 17 
5 ns 
0 ns 
10 ns 

30 15 35 ns 18 
0 ns 
15 ns 
55 ns 
35 ns 
0 ns 
0 ns 19 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor, Inc, 
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MIC:RON MT20D840 
1-· ",,,0,"""0< '" 8 MEG x 40 DRAM MODULE 

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

AC CHARACTERISTICS 
PARAMETER 
Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

WE cornmand setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

RAS to WE delay time 

Column-address to WE delay time 

CAS to WE delay time 

Transition time (rise or fall) 

Refresh period (2,048 & 4,096 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time (WCBR test cycle) 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

'B-verslon only 

MT20D840 
REV. 4194 

SYM 
tRRH 

tCLl 

tOFF 

twcs 

twCH 

twCR 

twP 
tRWL 

tcWL 
tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 

IT 
tREF 

tRPC 

tCSR 

tCHR 

tWRH 

twRP 

twTH 
tWTS 

taRD 

tOD 

tOEH 

3-253 

MIN 
0 

3 

3 

0 

10 

45 

10 

15 

15 

0 

10 

45 

85 

55 

40 

3 

0 

5 

15 

10 

10 

10 

10 

0 

3 

15 

-6 -7 
MAX MIN MAX UNITS NOTES 

0 ns 19 

3 ns 29 

15 3 20 ns 20,29 

0 ns 21,27 

15 ns 

55 ns 

15 ns 

20 ns 

20 ns 

0 ns 22 
15 ns 22 

55 ns 

95 ns 21 

60 ns 21 

45 ns 21 

50 3 50 ns 9, 10 

32/64' 32/64' ms 26 

0 ns 

5 ns 5 

15 ns 5 

10 ns 25 

10 ns 25 

10 ns 25 

10 ns 25 

0 ns 

15 3 20 ns 29 

15 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT20D840 
1-· "',"",m,"'" 8 MEG x 40 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1 (1 MHz AC, Vee 
= 5V, DC bias = 2.4V at 15mV RMS). 

3. Icc is dependent on cycle rates. 
4. lee is 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. An initial pause of lOOf.ls 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 rr = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (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 ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, then access time is 
controlled exclusively by ICAe. 

MT20D840 
REV. 4/94 

18. Operation within the lRAD (MAX) limit ensures that 
!RAC (MIN) and tcAC (MIN) can b.e met. !RAD 
(MAX) is specified as a reference point only; if lRAD 
is greater than the specified lRAD (MAX) limit, then 
access time is controlled exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle . 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition, and is not 
referenced to VOH or VOL. 

21. twcs, IRWD, IAWD and ICWD are not restrictive 
operating parameters. twcs applies to EARLY 
WRITE cycles. IRWD, IA WD and ICWD 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 throughout 
the entire cycle. If IRWD ~ IRWD (MIN), IAWD ~ 
IA WD (MIN) and ICWD ~ 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. OEheld HIGH and WE taken LOW 
after CAS goes LOW results in a LATE WRITE (OE 
controlled) cycle. twcs, IRWD, ICWD and IA WD 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 OE 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 IWTH 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 twRP and twRH in the 
CBR REFRESH cycle. 

26. 32ms is a 2048-row refresh, 64ms is a 4096-row 
refresh. 

27. 2048-row refresh. 
28. 4096-row refresh. 
29. The 3ns minimum is a parameter guaranteed by 

design. 
30. Column-address changed once each cycle. 

3-254 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MT20D840 
REV. 4194 

READ CYCLE 

ICSH 

tCRP tCAS 

~~ ~~ 
ADDR ~:t 'il//IM ROW W~ COLUMN 

~ 

ROW 

I~ 
WE ~:t =~//////////////////////////////I W/#//////#/##//~ 

~ DO ~:gt ----------OPEN------~mCV~AL~'OO~AT~Aj---OPEN---
I~ I too 

DE ~:t -j7C/;rTT~/;TnJj;7T.mrrTw /;7771/J-rr;1!/;'7TW/;777~/;7TlJj;77:W /;rTTlI/;7771/J7T.~/;rrT~/;777~77lW /;77:1I/;rT77j1 1M !l11I $11111 III $1111111111 1l1111i; 

AAS V'H -
VIL -

ICRP 

CAS V'H -
VIL -

ADDR V'H VIL 

EARLY WRITE CYCLE 
tAC 

tRAS 

tCSH 

IACD 'CAS 

3-255 

tAP 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE I 

MIC:RON MT20D840 
1-· ,c,"'"cwwc '" 8 MEG x 40 DRAM MODULE 

MT2()()840 
REV. 4194 

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

tRAS tRP 

tCSH 

I 'RSH 

'CRP 'ACD tCAS 

I 
:-' } . tAR 

tRAL -I IRAQ I I . 
_rTT77?I~ ~I rrTrrA ~I I leAH ·_~I I 
ililiM ROW WIIIIJ COLUMN WIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII/JI... ROW ADDA ~:~: 
~ ~ IltRWD ~I 

leWD 

DQ ~:gr -'-----------OPEN---~W~~~t~~;j---OPEN ---
tOE 

0. ~:~ :W'$/,@',@/$,@'$#$#$#$/!$,d-

FAST-PAGE-MODE READ CYCLE 

1 __ ----------~tR~AS~P----------~~ 

iiAS V,H -
VIL -

CAs 

ADDR 
V,H 
VIL 

WE 

DO ~:grr -'-------OPEN-------*21~~D--~~[11~f----1W{]U 

3-256 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

"ASP 

~ -
-

tcsH Ipc ,"SH 

r IACO IcAs Ie!' IcAs tep 'CAS 

~ 
:J ! 

'A" 
'RAO ..... 

ADDR ~:r 
~~ ~ ~ IASC leAH ~I~ I 

=I'll,&{ ROW WI/At COWMN WIIIIIIM COLUMN J@/,~ COWMN WIIIIIIIII~ 
I I' I 'OWL ~ II lewL ~I~ 10Wl 11 ~ 
~~ I~~ ~~I twp 'WP twp 

f/&; ~ I. 
'We" 'AWL 
'DH" I~II~ ~ 4 ~~I 

00 ~18t' VALID DATA W//,.?( VAUDDATA W/M VALID DATA 

OE ~:~ ::1I111/1//I/I///////II//$II//////I/$/I//I/lIIII//I//I////II/II/I/II//lI//lII!/II///I/////II///lII///1/11/1///1/11/1//4 

ADDR ~l~ 

-

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

..... 
tcsH 1pc tpRWC ,"SH 

~ 
... ~ 

, tRCD IcAs tep IcAs tep teAS 

A r-----, .---, :J '~ 
'AR 

'RAn 'RAL 

~ ='=:1 ~ ~ !~ leAH ~ ~ I 
:rIIM ROW Win. COLUMN 

I I 

~ I 
7///M Wh 

'M 
,"AC I 

ICACd 

-
leu 't 
OPEN~ -

toe 

COLUMN COLUMN ROW 

tRWD I -'cwt.- - lewL 'cwI,i 
tAw~ 

l 
tAw~P--

l ,~'-
IAWO -

I-'WP 

lewD lewD 'cwo 

r--
~ -toH 

tos- I"- tep 

~~r-
VALID VAU. 
'M '. 

-too - toe 

3-257 

r--

toH 
tos- -
~ 

VAU. VALID 
'OUT '. 

i--too 

I~ r--
tePA 

teAC~ 
teLZ I,t 

toE 

-toH 109_12>-

- 1 
VALID VALlO ~OPEN-
DOUT jN

toO
. 

toEH 

~ DONTCARE 

i88!I UNDEFINED 

Mk:ron Semiconductor, Inc., reserves the right to change products or speclflcatlons without notice. 
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ADVANCE, 

UICRCN MT20D840 
1-· ''''''0''',"0",,' 8 MEG x 40 DRAM MODULE 

RAS ONLY REFRESH CYCLE 
(ADDR = AO-A 10, A 11 ; WE = DON'T CARE) 

'RC 
tRAS 

II' 
'RP :1 

1 'RPC.
1 

\ teRP 
CAS ~:t ~----' "---I 

'ASR 'RAH 

ADDR ~:~ _C--C--RO-W ------,_/"/"$$//"/ff/"$!;1$$$/$/~r--~RO-::---W --

DQ ~gt -.------------OPENI------------

-. -- _. -- ._--- -_ ..... PO ...... " ................. """ ... 
1"A.::t I-I""A.\.':U::-IVIVUJ:: nJ::A.U-J::A.nL , -vvnll J:: "T "Lt;; 

(Pseudo READ-MODiFY-WRiTE) 

'RASP 

AAS VIH -
VIL _ 

I' 
'RSH 

tCSH tpc 

~ tRCD tcpp tCAS 

CAS VIH -
VIL _ 

ADDR 
VIH -
VIL 

I II 'CWL 
'RCS II 'AWL 

I~I ~i ~ /TTT7777T777777'77777770 

wd:r = I I I I '------;::-:~f,--;:I ~~H LLLLLLLLLLLL'--'--'--LLLLI. 

~:t :J/// $ ;1;1//"///"//////"/$/"$ ;1/,,/!;I ;1,@//"///" ~ VALID DATA b/;1M !;I;1;l ;1$;2 

~ br~. 
Q ~gt -:::--------7--0PENII====:===~~~I~Jib'A~~~U-.-----OPEN-----

_ 'AA 

'RAC 

OE ~tt a 
~~-----------------------

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not .drive data prior to tristate: ICPP(MIN) or ICP(whichever is greater) + IDS(MIN) + any guardband 

MT20D840 
REV, 4194 

between data-out and driving the bus with the new data-in. 

3-258 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc, 



MT20D840 
AEV.4/94 

IRP 

RAS ~:r----1 
I~ 

:~,tCPN'~~ 

DO 

CBR REFRESH CYCLE 
(ADDRESSES, OE = DON'T CARE) 

, IRAS ,I IRP IRAS 

J 
, ICHR , "ICSR, ~y 

I 
OPEN 

ADVANCE 

I 

~~! ~ 

W~?l11I1I1I1I11I1 /liP 
~ 

WIIIII II 1111 1111 III 11111111 11,« 

CAS ~:~:::: 

ADDR 

HIDDEN REFRESH CYCLE24 
(WE = HIGH; OE = LOW) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

DQ ~:gt ::::'--------OPENI-----~~=:===~VA~LI~DD~AT~A===1 
'DE I 

OPEN-

OE ~:~ --W####;l#$;l#/;l##/$/;l#/d~ , 

3-259 

~ DON'TeARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without noUce. 
©1994, Micron Semiconductor, Inc. 
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ADVANCE I 

MT20D840 
I'IIIC::R~~ 8 MEG x 40 DRAM MODULE 

I 

MT20DB40 
REV. 4194 3-260 



DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 168-pin, dual read-out, 

single in-line package 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply 
• All device pins are TTL-compatible 
• Low power, 48mW (l3mW L-version) standby; 

3,600mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN; optional Extended Refresh 
• All inputs are buffered except RAS 
• 1,024-cycle refresh distributed across 16ms or 

1,024-cycle Extended Refresh distributed across 128ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

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

• Components 
SOJ D 
TSOP DT 

• Packages 
Leadless 168-pin, dual read-out DIMM M 
Leadless 168-pin, dual read-out DIMM (gold) G 

• Refresh 
Standard 
Low-power Extended Refresh 

• Part Number Example: MT16DTI64M-6 L 

GENERAL DESCRIPTION 

Blank 
L 

The MT16D(T)164 is a randomly accessed solid-state 
memory containing 1,048,576 words organized in a x64 
:onfiguration. During READ or WRITE cycles, each bit is 
l1niquely addressed through the 20 address bits, which are 
~ntered 10 bits (AO /BO-A9) at a time. AO is connected to 
DQO-DQ31, while BO is connected to DQ32-DQ63. RAS is 
.lsed to latch the first 10 bits and CAS the latter 10 bits. 
READ and WRITE cycles are selected with the WE input. A 
ogic HIGH on WE dictates READ mode while a logic LOW 
)n WE dictates WRITE mode. During a WRITE cycle, data
n (D) is latched by the falling edge of WE or CAS, which-

H160(T)164 
lEV 4/94 3-261 

ADVANCE 

1 MEG x 64 DRAM 
FAST PAGE MODE (MT16D(T)164) 
LOW POWER, 
EXTENDED REFRESH (MT16D(T)164 L) 

PIN# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

PIN ASSIGNMENT (Top View) 

1G8-Pin, Dual Read-out DIMM 
(DE-22) SOJ version 

(DE-23) TSOP version 

SYMBOL PIN # SYMBOL PIN# SYMBOL PIN # SYMBOL 
vss 43 Vss 85 Vss 127 Vss 
000 44 OE2 86 0032 128 RFU 
001 45 RAS2 87 0033 129 NC 
002 46 "CAS4 88 0034 130 ViS5 
003 47 "CAS6 89 0035 131 r:;t;57 
Vee 48 WE2 90 Vee 132 l'DE 
004 49 Vee 91 0036 133 Vee 
005 50 NC 92 0037 134 NC 
006 51 NC 93 003B 135 NC 
007 52 0016 94 0039 136 0048 
NC 53 0017 95 NC 137 0049 
Vss 54 Vss 96 Vss 138 Vss 
OOB 55 0018 97 0040 139 0050 
009 56 0019 98 0041 140 0051 
0010 57 0020 99 0042 141 0052 
0011 58 0021 100 0043 142 0053 
0012 59 Vee 101 0044 143 Vee 
Vee 60 0022 102 Vee 144 0054 

0013 61 RFU 103 0045 145 RFU 
0014 62 RFU 104 0046 146 RFU 
0015 63 RFU 105 0047 147 RFU 

NC 64 RFU 106 NG 148 RFU 
Vss 65 0023 107 Vss 149 0055 
NG 66 NC 108 NC 150 NC 
NC 67 0024 109 NC 151 OQ56 
Vee 68 Vss 110 Vee 152 Vss 
WED 69 0025 111 RFU 153 0057 

CASO 70 0026 112 CAST 154 0058 
CAS2 71 0027 113 CAS3 155 0059 
RASO 72 0028 11 NC 156 0060 
NO 73 Vee 115 RFU 157 Vee 
Vss 74 0029 116 Vss 158 0061 
AD 75 0030 117 A1 159 0062 
A2 76 0031 118 A3 160 0063 
A4 77 NC 119 AS 161 NC 
A6 78 Vss 120 A7 162 Vss 
A8 79 P01 121 A9 163 P02 
NC 80 P03 122 NC 164 P04 
NC 81 P05 123 NG 165 P06 
Vee 82 P07 124 Vee 166 P08 
RFU 83 100 125 RFU 167 101 
RFU 84 Vee 126 80 168 Vee 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT16D(T)164 
1-· """''"'"'''''''' 1 MEG x 64 DRAM MODULE 

ever occurs last. EARLY WRITE occurs when WE goes 
LOW prior to CAS going LOW, and the outputpin(s) 
remain open (High-Z) until the next CAS cytle. 

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ or WRITE) within a row-ad dress-defined 
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 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. 

REFRESH 
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 RAS HIGH time. Correct memory cell data is preserved 
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 
(AO/BO-A9) are executed at least every 16ms (128ms on L
version), regardless of sequence. The CBR REFRESH cycle 
will invoke the internal refresh counter for automatic 
RAS addressing. 

FUNCTIONAL BLOCK DIAGRAM 

000" 003 

1 tl 1 
001-4 

WEO -10>---1 
OEO ili>-----1 

RAsa ------I 
CASO -10,;>---1 

CAS1 10>..,----....... 
CAS2 

CAS3 iO>----

A9-AO 

1 tl 1 
001-4 

WE2 -10>---1 

RAS2 -----1 
CAS4 

CAS5 10>---....... 
CAS6 -~O>---

004" 007 

1 t 11 
D01-4 

tttt 
OQ1-4 

008" 0011 

tltl 
DOI-4 

WE 

OE 

RAS 

U3 

CAS AO-A9 

0012 .. 0015 0016 .. 0019 0020" 0023 0024 .. 0027 0028 .. 0031 

lltt lltl tttt tttt ttll 
00'-4 001-4 001-4 001-4 001-4 

U4 
WE 

DE 

RAS 

U5 

CAS Ao-A9 

U6 
WE 

DE 

RAS 

U7 

CAS AG-A9 

WE 

DE 

RAS 

U8 

CAS AQ-A9 

0040" 0043 0044 .• 0047 0048" 0051 0052 .. 0055 0056 .. 0059 0060 .. 0063 

11 tt tttt 
OQ1-4 001-4 

U12 

111 1 
D01-4 

WE 

5E 

RAS 

U13 

CAS Ao-A9 

11 tt 
OQ1-4 

U14 

1 tl 1 
001-4 

WE 

5E 

RAS 

U15 

CAS Ao-A9 

U1-U16 = MT4C4001J or 

tl 1 1 
001-4 

WE 

DE 

RAS 

U16 

CAS AO-A9 

Ul·U16 = MT4C4001J S (L·version) 

NOTE: 1. All inputs with the exception of RAS are redriven. 

MTI6D(T)I64 
REV. 4194 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

UIC:~CN MT16D(T)164 
1-· r-I", , 1 MEG x 64 DRAM MODULE 

PIN DESCRIPTIONS 

PIN NUM.BERS SYMBOL 

i 30,45 RASO, RAS2 

28,29,46,47,112, CASO-.7 
113,130, 131 

27,48 WEO, WE2. 

31,44 OEO,OE2 

33-37, 117-121, 126 AO-A9, BO 

2-5,7-10,13-17,19-21, 000-0063 
52-53,55-58,60,65,67, 

69-72,74-76, 86-89, 
91-94,97-101,103-105, 
136-137, 139-142, 144, 

149,151,153-156,158-160 

79-82,163-166 PD1-PD8 

41-42,61-64,111,115, RFU 
125, 128, 145-148 

6,18,26,40,49,59,73, Vee 
84,90,102,110,124, 

133, 143, 157, 168 

1, 12, 23, 32, 43, 54, 68, Vss 
78,85,96,107,116, 
127, 138, 152, 162 

83, 167 100,101 

132 POE 

11, 22,24-25, 38-39, NC 
50-51,66,77,95,106, 
108-109,114,122-123, 
129,134-135,150,161 

., TYPE 

Input 

Buffered Input 

Buffered Input 

Buffered Input 

Buffered Input 

Input! 
Output 

-

-

Supply 

Supply 

-
-
-

DESCRIPTION 

Row-Address Strobe: RAS is used to clock-in the ten row-
address bits. Two RAS inputs allow for one x64 bank or 
two x32. banks. 

Column-Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers 
and strobe the data inputs on WRITE cycles. Eight C~S 
inputs altow byte access control for any memory bank 
configuration. 

Write Enable: WE is the READmRITE control for the DO· 
pins. WEO controls 000-0031, WIT controls 0032-
0063. If WE is LOW prior to CAS going LOW, the access 
is an EARLY WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW,then the 
cycle is a LATE WRITE cycle. A LATE WRITE cycle is 
generally used in conjunction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Output Enable: OE is the input!output control for the DO 
pins. This signal may be driven,allowing LATE WRITE 
cycles. 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS. 

Data 1/0: For WRITE cycles, 000-0063 act as inputs to 
the addressed DRAM location. BYTE WRITEs may be 
performed by using the corresponding CAS select (x64 
mode only). For READ access cycles, 000-0063 act as 
outputs for the addressed DRAM location. 

Presence-Detect: These pins are read by the host system 
and tell the system the card's personality. They will be 
either left floating (NC) or they will be grounded (Vss). 

RFU: These pins should be left 
unconnected (reserved for future use). 

Power Supply: +5V ± 10% 

Ground 

10 bit 

PO enable 

No connect. 

Micron semiconductor, Inc., reserves the righllO ch8.n!J9 products or specifiCations Without notIe&. 
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ADVANCE 

MIC:~ON MT16D(T)164 
1-· r"""'I" 1 MEG x 64 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WR.lTE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT16D{l1164 
REV. 4194 

US" 
H 

L 

L 

L 

1st Cycle L 

2nd CyCle L 

1st Cycle L 

2nd Cycle L 

1st Cycle L 

2nd Cycle L 

H 

READ L .... H-+L 

WRITE L-+H-+L 

H-+L 

'ClS" WE" 
H-+)( X 

L H 

L L 

L H-+L 

H-+L H 

H-+L H 

H-+L L 

H .... L L 

H-+L H-+L 

H-+L H-+L 

X X 
L H 

L L 

L H 

3-264 

llt 
X 
L 

X 
L-+H 

L 

L 

X 
X 

L-+H 

L-+H 

X 
L 

X 
X 

ADDRESSES DATA-IN/OUT 

'R IC DOD-63 NOTES 
X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out, Data-In 

ROW COL Data-Out 

n1a COL Data-Out 

ROW COL Data-In 

nfa COL Data-In 

ROW COL Data-Out, Data-In 

nfa COL Data-Out, Data-In 

ROW n1a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

Micron Semiconductor, Inc., IlHI8lYB8 the right to change products or specifications without notice. 
@1994,MicronSemiconc:luctOf, Inc. 



ADVANCE 

MIC:RON MT16D(T)164 
1-· ""co",,,,,m,, 1 MEG x 64 DRAM MODULE 

PRESENCE-DETECT TRUTH TABLE 

Refresh Control 

Data Width. Parity 

NOTE: Vss = ground. 

MTI6D(T)164 
REV. 4194 3-265 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT16D(T)164 
1-- "c ,,' '" 1 MEG x 64 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes' 1 6 7) (Vcc = 5V +10%) , ! - " :':;:" 

PARAMETER/CONDITION " '0' SYMBOL MIN MAX UNITS 'NOTES 

Supply,Voltag/il Vcc 4.$ 
" 

5.5 V 

Input High(LogiC 1) Voltage, all inputs , VIH 3.5 VectO.5 V 

Input LoW (Logic 0) Voltage, a!linputs ", VIL -0.5 0.8 -V 

INPUT LE~KAGE CURRENT , CASO~CAS'f 
" 

Any input OV~ VIN~' 6.5V _ AO-A9, BO 111 -2 2 ~ 
(All other pins not under test = OV)for each package input WEO,2,OEO,2 

" 

RASO,2 '0 112 -16 16 ~ 
OUTPUT LEAKAGE CURRENT DOO-DOes loz -10 10 ~ 

o (0 is disabled; OV ~ VOUT ~5.5Vpor each package input 

s:: I ' c 0, Output Low Voltage (lOUT = 4.2mA) 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5mA) 

,I VOL 0.4 v 

C 
c: 
r
m 

PAR,AMETER/CONDITION " 

STANDSY CURRENT: (TTL) 
(RAS = CAS d'VIH) 

STANDBY CURRENT: (CMOS) 

,(RAS = CAS = Vcc -0.2V) c' , 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

REFRESH CURRENT: Extended CBR (L-version only) 
Average power supply current, 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN); 
WE = Vcc -0.2V; AO/BO-A9 and DIN = Vcc -0.2V or 0.2V (DIN may 
be left open); tRC = 125!JS (1,024 rows at 125!JS = 128ms) 

MT16D(T)164' 
AEV.4194 

MAX 

SYMBOL SIZE -6 -7 -8 UNITS NOTES 

Icc1 8MB 32 32 32 mA 29 

ICc2 8MB 16 16 16 mA 29 

3.2 3.2 3.2 mA 29,31 

ICG3 8MB 1,760 1,600 1,440 mA 3,4, 
29,34 

Icc4 8MB 1,280 1,120 960 mA 3,4, 
29,34 

ICC5 8MB 1,760 1,600 1,440 mA 3,29, 
34 

Icc6 8MB 1,760 1,600 1,440 mA 3,5, 
29 

Icc7 8MB 4.8 4.8 4.8 mA 3,5, 
7,29, 

34 

Micron SemilXll'lductor, Inc., reserVes the right to change products or speclficatlons without notice. 
©1994, Micron Semk::oncl.uctor, Inc. 



ADVANCE 

MICRON MT16D(T)164 
1-· m"w,""cm~'" 1 MEG x 64 DRAM MODULE 

ABSOLUTE MAXIMUM RATlNGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to +12SoC 
Power Dissipation ..................................................... : ..... I6W 
Short Circuit Output Current ...................................... SOmA 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A9, BO 

Input Capacitance: WED, WE2, OED, 0E2 
Input Capacitance: RASO, RAS2 

Input Capacitance: CASO - CAS7 

Input/Output Capacitance: DOO-D063 

'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 . 

SYMBOL MIN MAX UNITS NOTES 

Cll 9 pF 2 

CI2 9 pF 2 

CI3 40 pF 2 

CI4 9 pF 2 

CIO 10 pF 2 

ELECTRICAL CHARACTERISTICS AND· RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10, 11, 12,13) (Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS pr<;lcharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

MT16D(T)164 
REV. 4194 

-6 
SYM MIN MAX 
tRC 110 
tpc 35 

tRAC 60 
tCAC 22 
tAA 37 

tCPA 42 
tRAS 60 100,000 

tRASP 60 100,000 
tRSH 22 
tRP 45 

teAS 15 100,000 
tCSH 58 
tePN 10 
tcp 10 

tRCD 18 38 
tCRP 17 
tASR 7 
tRAH 8 
tRAD 13 23 

tASC 2 
tCAH 10 

3-267 

MIN 
130 
40 

70 
70 
27 
50 
20 
68 
10 
10 
18 
17 
7 
8 
13 

2 
15 

-7 -8 .. 

MAX MIN MAX UNITS NOTES 
150 ns 23 
45 ns 23 

70 80 ns 14,23 
27 27 ns 15,26 
42 47 ns 26 
47 52 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

27 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
78 ns 25 
10 ns 16,23 
10 ns 23 

43 18 53 ns 17,27 
17 ns 26 
7 ns 26 
8 ns 25 

28 13 33 ns 18,27 

2 ns 24 
15 ns 23 

Micron Semiconductor, Inc., reserves the right to change products or specifications 'wlthout notice. 
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ADVANCE 

MII:::I=ICN MT16D(T)164 
1-· ",",CO"""",,, 1 MEG x 64 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Column'address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

WE GOJTHTland Sf::\tup t!me 
Write command hold time 

Wrtte command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 
Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

Output enable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS to WE delay time 

Column-address to WE delay time 

CAS to WE delay time 

*l-version only. 

MT16D(1)164 
REV. 4/94 

-6 
SYM MIN MAX 
tAR 43 

tRAl 37 

'RCS 2 

'RCH 2 

'RRH 0 

tClZ 2 

'OFF 5 22 
twcs 2 
tWCH 10 
tWCR 43 

'WP 10 
tRWl 22 
tCWl 15 
tDS 2 
tDH 17 

tDHR 45 

tr 3 50 

'REF 16/128* 
tRPC 0 
tCSR 12 

tCHR 8 

IWRH 8 

'WRP 12 

'WTH 8 

'WTS 12 
lORD 0 

tOD 15 
tOE 15 

IOEH 15 

IRWD 90 
IAWD 55 
ICWD 40 

3-268 

MIN 
48 

42 

2 

2 

0 

2 

5 

2 
15 

53 

15 

27 

20 

2 

22 

55 

3 

0 
12 

8 

8 

12 

8 

12 

0 

20 

20 

100 

65 

50 

-7 -8 

MAX MIN MAX UNITS NOTES 
53 ns 25 

47 ns 26 

2 ns 24 

2 ns 19,24 

0 ns 19,23 

2 ns 24 

27 5 27 ns 20,28 

2 ,,- 21 
15 ns 23 

58 ns 25 

15 ns 23 

27 ns 26 

20 ns 23 

2 ns 24,30 

22 ns 26,30 

60 ns 23 

50 3 50 ns 9,10,23 

16/128* 16/128* ms 

0 ns 23 

12 ns 5,24 

8 ns 5,25 

8 ns 22,25 

12 ns 22,24 

8 ns 22,25 

12 ns 22,24 

0 ns 20 

20 20 ns 23 

20 ns 

20 ns 25 

110 ns 24,32 

70 ns 24,32 

50 ns 24,32 

Micron Semiconductor, Inc., reserves the right to change products or spectficalions without notice 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ± 10%; f = 1 MHz. 
3. Icc is dependent on cycle rates. 
t Icc is 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. An initial pause of 100J.ls 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 IJlliF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

10. In addition to meeting the transition rate specification, 
all input signals must transit between VIH and VIL (or 
between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and 100pP. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (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 tePN. 

17. Operation within the IRCD (MAX) limit ensures that 
IRAC (MAX) can be met. IRCD (MAX) is specified as a 
reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by teAe. 

18. Operation within the IRAn (MAX) limit ensures that 
IRCD (MAX) can be met. IRAD (MAX) is specified as a 
reference point only; if lRAD is greater than the speci
fied IRAn (MAX) limit, access time is controlled 
exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

MT16D(TJ164 
AEV.4/94 

20. 10FF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. twTs 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 inverse of twRP and twRH in the 
CBRREFRESH cycle. 

23. Timing between the nRAMs and the module did not 
change with the addition of the line drivers. 

24. A +2ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

25. A -2ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

26. A +7ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

27. A -2ns (MIN) and a -7ns (MAX) timing skew from the 
DRAM to the module resulted from the addition of 
line drivers. 

28. A +2ns (MIN) and a +7ns (MAX) timing skew from 
the DRAM to the module resulted from the addition 
of line drivers. 

29. The maximum current ratings are based with the 
memory operating or being refreshed in the x64 mode. 
The stated maximums may be reduced by approxi
mately one-half when used in the x32 mode. 

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

31. L-versiononly. 
32. twcs, IRWD, IA WD and teWD are not restrictive 

operating parameters. twcs applies to EARLY 
WRITE cycles. IRWD, IA WD and !CWD apply to 
READ-MODIFY-WRITE cycles. IftwCS ~ twcs 
(MIN), the cycle is an EARLY WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If IRWD ~ IRWD (MIN), IAWD ~ 
IAWD (MIN) and ICWD ~ teWD (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, IRWD, !CWD and IAWD are 
not applicable in a LATE WRITE cycle. 

33. Refresh current increases if IRAs is extended beyond 
its minimum specification. 

34. Column-address changed once each cycle. 
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1-· ~""cm<c"'m~'" 1 MEG x 64 DRAM MODULE 

MT16D(1)I64 
REV. 4/94 

RAS 

CAS 

ADDR 

WE 

DO 

OE 

RAS 

CAS 

ADDR 

tCRP 

:~ 

tRAD 

I~ ~I 
~ ROW JWLW 

!J//////////////////////////////7 

VIOH -
VIOL 

I 

OPEN 

READ CYCLE 

RC 

tRAS 'RP 

-' 
\ 

tCSH 

tRSH tRRH 

tRCD tCAS 

'AR 

I 'RAL 

~ ~ 
COLUMN ~ ROW 

'RCS ~ 

V/////////////////////; 
'AA 

I t~Ar; 

I'CAC 

~l 
I~ 

VALID DATA OPEN---

I~ I--=----~:t :&"////#///;1 /" $ /"$/// /"/ /"/ /"/ /ffi';/$;/ /"//mi 
I~ ~///$///#/;1//#;///,,/,,/;1/#/j 

V'H 
VIL _ 

'CRP 

VrH -
VIL _ 

V,H 
VIL 

EARLY WRITE CYCLE 

'RC 

tCSH 

3-270 

~ DON'T CARE 

8ll8l UNDEFINED 
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MT16D{T)164 
REV. 4/94 

READ WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

RAs V,H 
VIL 

-
-

tCSH 

tRSH 

'eRP tRCD tCAS 

CAS V,H -
VIL -

ADDR ROW 

DO ~:gr ----------OPEN----1~~~~~~~~~--OPEN ---, 

FAST-PAGE-MODE READ CYCLE 

I------------='RA~SP~----------I~ 

3-271 

~DON'TCARE 

~ UNDEFINED 
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MICRON MT16D(T)164 
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MT16D(T)164 
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FAST-PAGE-MODE EARLY-WRITE CYCLE 

ICSH 

tCRP 

WE ~:~ ~~W14~L-LL-~L-JL-~L---lL---,~~~7lZ 
_----+--+-='WC"'--R -I 'RWL 

I I 'DHR • II 
" ---I---k-I-;-:'Ds--+--+-~7""DH"-1 ~ I-'DS-~I_I~ ~I.~=== 

DO v:~~ Jt'l'@;:1////t'l'//t'l'/t'l'/~ VALID DATA ~ VALID DATA ~ VALID DATA W'///$////,,1////ffi 

DE ~:~ $/I////!///!/////!II!!/$///$/////II!!/$j!///,,1////$!I////,,1J///$////II//$$$/;J//$/$$/ff#ff!ff#JJ 

ADDR ~\~ 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

RASP 

F=L --
-

'eSH tpC/1pRWC 'ASH 

I~ 'RCD 'CAS I~ teAS ~ tCAS 

A ~~ =--' k-----c ~ 

'AR 
tRAD 'RAL 

I' 'ASR • tRAH~1 ~I I~ ~ I~ ~I~I II 
l'//,1t ROW 

-

10'/,1 COLUMN COLUMN COLUMN ROW 

I I -'RWD I ~ 
I 

~ !1-'RWL 
~I I ';:plJ 'CWL-- .- 'eWL 

J I 

tRAC 

'wP-- - l-'WP 
'AWD 'AWD 'AWD 

l~ leWD leWD 

'M I ~ I~ ~ I~}-
I ~ _ I ~- - I --~ I 'oS- 1- 1 'ePA 'OS- 1- 1 'CPA '05_1_ -- - -~ - -~ - 1 'CLZ-t=~ 'eLZ-t 'eLZ-I:--

OPEN~,; VS~~D ~ V~~D ~~L~~ Vt~~O r-- OPEN -

_too _ 1'00 - -too 
tOE - 'OE-

3-272 

toE - tOEH 

ml DON'T CARE 

~ UNDEFINED 
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:~ 

RAS ONLY REFRESH CYCLE 
(ADDR = AO/80-A9; WE= DON'T CARE) 

IRe 
!RAS IRP 

it 
leRP 'L IRPe_1 

'--------I 

I 

\ 

ADDR ~:t _~-RO-W --~;W';//$;//;/$MW$$/;/;/$;/A~--RO-W--
tASR 'RAH 

DQ ~gt -'---------------OPEN-----------

ADDR ~:t:::: 

FAST-PAGE-MOOE READ-EARLY-WRITECYCLE 
(Pseudo READ-MODiFY-WRiTE) 

tCSH 
tpc 1--_=IRS",--H --I 

I II leWL 
IRes _ II IRWL 

1-----7--'11 """-- Iwes i i :::H rTT77TTTT";'7"TTTTTTTTT7T77 

WE ~:t = .. I I I I '-_:-IDS--:-'-II_--:-IDH------"-''-'-U..LLLLL.L.LLLLL.LL.<Cli..L.LL<. 

o ~:t 41!!///;////ff;//;////////////;/ff//;. W/////II!!//;. WI;M VALID DATA kJ$////l/ff///;//!$~ 
1 1~:e 10FF J 
- T 

NOTE: 1 

}-~---OPEN----
Q ~g~ =----c--I-OPEN I 

1--_-,IA=A_~I 
____ -----'IR=Ae'----_~1 

DE ~lt =wzA'-LL1L~ ___________________ _ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: ICPP(MIN) or ICP(whichever is greater) + IDS(MIN) + any guardband 

MTI6D{l)I64 
REV. 4/94 

between data-out and driving the bus with the new data-in. 
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MIC:RON MT16D(T)164 
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MT16D(T)164 
REV. 4/94 

DO 

CBR REFRESH CYCLE 
(AO/SO-A9, OE = DON'T CARE) 

EXTENDED CBR REFRESH CYCLE 31 
(AO/SO-A9, OE = DON'T CARE) 

125IJS 

'AP 'AAS 'AP tRAS 

----J~I 
ICPNjl~ ~ 

'APC leSR ~y 
I '1. I , 

OPEN 

lr 

~~I 
We ~:t ::'#///#////$ 

I~ ~I 
W#//##$#$///###///a 

HIDDEN REFRESH CYCLE21 
(WE = HIGH; OE = LOW) 

(REAO) 

'RAS 'AP 

r------i 
tRCD lASH 

f-=\-II-""'RA~"-- ~I~I 
~ COLUMN 

'M 
I tRAG 

'CAe 

~ 
OPEN 

,~ tORD 

3-274 

I 

(REFRESH) 

'AAS 

1r 
'cHR 

J,~ 
VALID DATA ~OPEN-

~ DON'TCAAE 

I&9Jl UNDEFINED 
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1-· ","oo",cc"u, 1 MEG x 64 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 168-pin, dual read-out, 

single-in-line package 
• High-performance CMOS silicon-gate process 
• Single +3.3V ±0.3V power supply 
• All device pins are TTL-compatible 
• Low power, 2.0mW standby; 1,200mWactive, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN; optional Extended and SELF REFRESH 
modes 

• 1,024-cycle refresh distributed across 16ms or 128ms 
• FAST PAGE MODE access cycle 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Components 
SOJ 
TSOP 

• Packages 

MARKING 

-6 
-7 
-8 

D 
DT 

Leadless 168-pin, dual read-out DIMM M 
Leadless 168-pin, dual read-out DlMM (gold) G 

• Refresh 
Standard 
Low-power Extended Refresh, 
SELF REFRESH 

• Part Number Example: MT16LDT164M-6 S 

GENERAL DESCRIPTION 

Blank 

S 

The MT16LD(T) 164(S) is a randomly accessed solid-state 
memory containing 1,048,576 words organized in a x64 
configuration. It is specially processed to operate from 3.0V 
to 3.6V for low voltage memory systems. The module has 
optional FAST PAGE MODE, which allows faster data 
operations (READ or WRITE) within a row-address
defined (AO-A9) page boundary. 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 20 address bits, which are entered 10 
bits (AO -A9) at a time. RAS is used to latch the first 10 bits 
and CAS 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 (D) is latched by the falling edge of WE or CAS, 

MT16LD(T)I64(S) 
REV. 4/94 

1 MEG x 64 DRAM 
3.3V, OPTIONAL EXTENDED REFRESH, 
SELF REFRESH 

3-275 

PIN ASSIGNMENT(Top View) 
168-Pin, Dual Read-out DIMM 

(DE-24) SOJ version 
(DE-25) TSOP version 

bQ1IJJJ,J",P",J]",Q,,,UDJ 
PIN # 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

SYMBOL PIN # SYMBOL PIN # SYMBOL PIN# SYMBOL 
Vss 43 Vss 85 Vss 127 Vss 
000 44 0E2 86 0032 128 RFU 
001 45 'RAS2 87 0033 129 NC 
002 46 'CAS4 88 0034 130 'Ci'iS5' 
003 47 'CAS6 89 0035 131 CAS7 
Vee 48 WE2 90 Vee 132 PDr 
004 49 Vee 91 0036 133 Vee 
005 50 NC 92 0037 134 NC 
006 51 NC 93 0038 135 NC 
007 52 0016 94 0039 136 0048 
NC 53 0017 95 MC 137 0049 
Vss 54 Vss 96 Vss 138 Vss 
008 55 0018 97 0040 139 0050 
OQ9 56 0019 98 0041 140 0051 
0010 57 0020 99 0042 141 0052 
0011 58 0021 100 0043 142 0053 
0012 59 Vee 101 0044 143 Vee 
Vee 60 0022 102 Vee 144 0054 

0013 61 RFU 103 0045 145 RFU 
0014 62 RFU 104 0046 146 RFU 
0015 63 RFU 105 0047 147 RFU 

NC 64 RFU 106 NC 148 RFU 
Vss 65 0023 107 Vss 149 0055 
NC 66 NC 108 NC 150 NC 
NC 67 0024 109 NC 151 0056 
Vee 68 Vss 110 Vee 152 Vss 
WEO 69 0025 111 RFU 153 0057 

CliSO 70 0026 112 ti\Sf 154 OQ58 
ViS2 71 0027 113 CAS3 155 0059 
RASO 72 0028 11 NC 156 0060 
OEO 73 Vee 115 RFU 157 Vee 
Vss 74 0029 116 Vss 158 0061 
AO 75 0030 117 Al 159 0062 
A2 76 0031 118 A3 160 0063 
A4 77 NC 119 A5 161 NC 
A6 78 Vss 120 A7 162 Vss 
A8 79 POl 121 A9 163 P02 
NC 80 P03 122 NC 164 P04 
NC 81 P05 123 NC 165 P06 
Vee 82 P07 124 Vee 166 P08 
RFU 83 100 125 RFU 167 101 
RFU 84 Vee 126 80 168 Vee 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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MIC:RON MT16LD(T)164(S) 
1-· ,c",,,",,,ccm,,,,, 1 MEG x 64 DRAM MODULE 

whichever occurs last. EARLY WRITE occurs when WE 
goes LOW prior to CAS going LOW, and the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ or WRITE) within a row-address-defined 
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 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. 

REFRESH 
Preserve correct memory cell data by maintaining power 

and executine: anv RAS cvcle (READ. WRTTR) or RAS 
REFRESH cycle (RAS ONLY, CBR or HiDDEN) ~o that all 
1,024 combinations of RAS addresses (AO-A9) are executed 
at least every 16ms (128ms on S-version), regardless of 
sequence. The CBR and Extended CBR REFRESH cycles 
will invoke the internal refresh counter for automatic RAS 
addressing. 

An optional SELF REFRESH mode is also available. The 
S-version allows the user the option of a fully static, low
power, data-retention mode, or a dynamic refresh mode at 
the extended refresh period. The module's SELF REFRESH 
mode is initiated by performing a CBR REFRESH cycle and 
holding RAS LOW for the specified tuSS. 

The SELF REFRESH mode is terminated by driving RAS 
HIGH for a minimum time of IRJ>S (z tRCns). This delay 
allows for the completion of any internal refresh cy.;:les 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 control
ler utilizes RAS ONLY or burst refresh sequence, all rows 
must be refreshed within the average interal refresh rate, 
prior to the resumption of normal operation. 

~TANlJHY 
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 RAS HIGH time. 

FUNCTIONAL BLOCK DIAGRAM 

DOD" D03 

WEci -10>---
5EO~D>--

RAso----i 

tt t t 
001-4 

WE 

C_-1~-~C,~M~9f-

""-AO .10>.11 

t t tt 
001-4 

WE' WE 

00 

RAS2 

CAS4 

CAS6 

CAfH 

A9-Al,BO 

004" 007 

t tt t 
OQ1-4 

WE 

tttl 
OQ1-4 

WE 

Doa·· DOll 0012" 0015 

t tt t tt t t 
OQ1-4 001-4 

WE WE 

ttl t t tt t 
OQ1-4 001-4 

WE WE 

NOTE: 1. All inputs, with the exception of RAS, are red riven. 

MT16LD(T)164(S) 
REV. 4/94 3-276 

OQ16" OQ19 0020" 0023 0024" OQ27 OQ28" 0031 

tttt t tt t tttt t t tt 
001-4 OQI-4 DOl ·4 OQ1·4 

WE WE WE WE 

t t tt t t tt t tt t t t t t 
OQ1·4 001·4 001-4 DOl -4 

WE WE WE WE 
U13 U14 U15 U16 

DE DE DE DE 

RAS RAS RAS RAS 

CAS AO-A9 

Ul-U16 = MT4LC4001JOJ (8) 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PIN DESCRIPTIONS 

PIN NUMBERS 

30,45 

28,29,46,47,112, 
113,130,131 

27,48 

31,44 

33-37, 117-121, 126 

2-5,7-10,13-17,19-21, 
52-53, 55-58, 60, 65, 67, 

69-72,74-76,86-89, 
91-94,97-101,103-105, 
136-137,139-142,144, 

149,151,153-156,158-160 

79-82,163-166 

41-42,61-64,111,115, 
125,128,145-148 

6,18,26,40,49,59,73,84, 
90,102,110,124,133,143, 

157,168 

1,12,23,32,43,54,68,78, 
85,96,107,116,127,138, 

152,162 

83, 167 

132 

11,22,24-25,38-39,50-51, 
66,77,95,106,108-109, 

114,122-123,129, 
134-135,150,161 

MTI6LD(T)164(S) 
REV. 4/94 

SYMBOL 

RASO,RAS2 

CASO-7 

WEO, WE2 

OEO,OE2 

AO-A9, BO 

DQO-DQ63 

PD1-PD8 

RFU 

Vcc 

Vss 

IDO,ID1 

PDE 

NC 

TYPE DESCRIPTION 

Input Row-Address Strobe: RAS is used to clock-in the 10 row-
address bits. Two RAS inputs allow for one x64 bank or 
two x32 banks. 

Buffered Input Column-Address Strobe: CAS is used to clock-in the 10 
column-address bits, enable the DRAM output buffers 
and strobe the data inputs on WRITE cycles. Eight CAS 
inputs allow byte access control for any memory bank 
configuration. 

Buffered Input Write Enable: WE is the READIWRITE control for the DQ 
pins. WEO controls DQO-DQ31. WE2 controls DQ32-
DQ63. If WE is LOW prior to CAS going LOW, the access 
is an EARLY WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE WRITE cycle. A LATE WRITE cycle is 
generally used in conjunction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Buffered Input Output Enable: OE is the input/output control for the DQ 
pins. OEO controls DQO-DQ31. OE2 controls DQ32-
DQ63. These signals may be driven, allowing LATE 
WRITE cycles. 

Buffered Input Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Input/ Data 1/0: For WRITE cycles, DQO-DQ63 act as 
Output inputs to the addressed DRAM location. BYTE 

WRITEs may be performed by using the corresponding 
CAS select (x64 mode only). For READ access cycles, 
DQO-DQ63 act as outputs for the addressed DRAM 
location. 

- Presence-Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

- RFU: These pins should be left 
unconnected (reserved for future use). 

Supply Power Supply: +3.3V ± 0.3V 

Supply Ground 

- ID bit 

- PD enable 

- No connect. 

3-277 Micron Semiconductor, Inc., reserves the nght to change products or specifications Without notICe. 
©1994, Micron Semiconductor, Inc. 

z 
m 
=e -c 
:IJ » 
3: 
3: o c 
c: 
rm 



z 
m :e 
• c 

::D » s: 
2 -o 
c 
c: 
r m 

ADVANCE 

MICRON MT16LD(T)164(S) 
1-· ",o","'"n"o", 1 MEG x 64 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLVWRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARL V-WRITE 

FAST-PAGE-MODE 

RFAf)-WRITF 

RAS ONL V REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

SELF REFRESH 

MT16lD{T)164(S) 
REV. 4/94 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

'RJ(S as- WE" 
H H-X X 

L L H 

L L L 

L L H-L 

L H-L H 

L H-L H 

L H-L L 

L H-L L 

L H-L H-L 

L H-L H-L 
H X X 

L-H-L L H 

L-H-L L L 

H-L L H 

H-L L H 

3-278 

Ut 
X 

L 

X 

L-H 

L 

L 

X 

X 

L-H 

L -+!-! 

X 

L 

X 

X 

X 

ADDRESSES DATA-IN/OUT 
IR IC 000-63 NOTES 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out, Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW COL Data-Out, Data-In 

r!!a COL n~+~-'·'Ilt n~t~_ln 
........... u ... _ .... ~, .......... L ..... '" 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

X X High-Z 

Micron Semiconductor, Inc., reserves the right to ctiange products or specifications without notice. 
©1994, Micron Semiconductor, Inc 



ADVANCE 

MIC:RON MT16LD(T)164(S) 
1-· """w~u,,~ '" 1 MEG x 64 DRAM MODULE 

PRESENCE·DETECT TRUTH TABLE 

Refresh Control 

Data Width, Parity 

NOTE: Vss = ground. 

MT16LO(T)164{S) 
REV. 4/94 3-279 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT16LD(T)164(S) 
1-· ","CO,,,,,,,",,, 1 MEG x 64 DRAM MODULE 

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 V 

Input High (Logic 1) Voltage, all inputs VIH 2.0 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT CASO-CAS7 
Any input OV ~ VIN ~ Vcc+0.5V AO-A9, BO 111 -2 2 f..LA 
(All other pins not under test = OV) for each package input WEO,2,OEO,2 

RASO,RAS2 112 -16 16 f!A 

OUTPUT LEAKAGE CURRENT 000-0063 loz -10 10 f..LA 
(0 is disabled; OV ~ VOUT ~ Vcc+0.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -2mA) o I Output Low Voltage (lOUT = 2mA) VOL 0.4 V 

C 
c: 
r m 

PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) 

(RAS = CAS = Vcc -0.2V) IS-version 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC [MIN]) 

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

REFRESH CURRENT: Extended CBR (S-only) 
Average power supply current, 
CAS = 0.2V or CBR cycling; RAS = tRAS (MIN); 
WE = Vcc -0.2V; AO-A9 and DIN = Vcc -0.2V or 0.2V 
(DIN may be left open); tRC = 125f..LS (1,024 rows at 125f..Ls = 128ms) 

REFRESH CURRENT: SELF (S-only) 
Average power supply current during SELF REFRESH: CBR cycle 
with RAS <': tRASS (MIN) and CAS held LOW; WE = Vcc -0.2V; 
AO-A9 and DIN = Vcc -0.2V or 0.2V (DIN may be left open) 

MTI6LD(T)164(S) 
REV.4i94 3-280 

MAX 
SYMBOL SIZE -6 -7 -8 UNITS NOTES 

Icc1 8MB 16 16 16 mA 29 

Icc2 8MB 8 8 8 mA 29 

Icc2 8MB 1.6 1.6 1.6 

Icc3 8MB 1,280 1,120 960 mA 3,4, 
29,35 

Icc4 8MB 960 800 640 mA 3,4, 
29,35 

Iccs 8MB 1,280 1,120 960 mA 3,29, 
35 

Icc6 8MB 1,280 1,120 960 mA 3,5, 
29 

Icc? 8MB 2.4 2.4 2.4 mA 3,5, 
7,29, 

34 

Iccs 8MB 2.4 2.4 2.4 mA 5,29 

Micron Semiconductor, Inc., reserves the right to change products or speciflcatiOrls without notice. 
©1994, Micron Semiconductor, Inc. 



ADVANCE 

MIC:RON MT16LD{T)164{S) 
1-· o,,"c"''"cw~'" 1 MEG x 64 DRAM MODULE 

ABSOLUTE MAXIMUMRATINGS* 
Voltage on Vee Supply Relative to Vss ........... -IV to +4.6V 
Operating Temperature, TA (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to +125°C 
Power Dissipation ........................................................... I6W 
Short Circuit Output Current ..................................... 50mA 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A9,BO 

Input Capacitance: WEO, WE2, OEO, OE2 

Input Capacitance: RASO, RAS2 

Input Capacitance: CASO - CAS7 

Input/Output Capacitance: 000-0063 

'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 trus specification is not 
implied. Exposure to absolute maximum rating conditions 
for extended periods may affect reliability . 

SYMBOL MIN MAX UNITS NOTES 

Cit . 9 pF 2 

CI2 9 pF 2 

CI3 40 pF 2 

CI4 9 pF 2 

Cia 10 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 

PARAMETER 

Random READ or WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

MT16lD(T)I64(S) 
REV. 4194 

... 

-6 
SYM MIN 
tRC 110 
tpc 35 

tRAC 

tCAC 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 22 
tRP 45 

teAS 15 
tCSH 58 
tePN 10 
tcp 10 

tRCD 18 
teRP 17 
tASR 7 
tRAH 8 
tRAD 13 

tASC 2 
teAH 10 
tAR 43 

tRAL 37 

MAX MIN 

130 
40 

60 
22 
37 
42 

100,000 70 
100,000 70 

27 
50 

100,000 20 
68 
10 
10 

38 18 
17 
7 
8 

23 13 

2 
15 
48 

42 

3-281 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns· 23 

70 80 ns 14,23 
27 27 ns 15,26 
42 47 ns 26 
47 52 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

27 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
78 ns 25 
10 ns 16,23 
10 ns 23 

43 18 53 ns 17,27 
17 ns 26 
7 ns 26 
8 ns 25 

28 13 33 ns 18,27 

2 ns 24 
15 ns 23 
53 ns 25 

47 ns 26 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

z 
m 
~ • C 
%J 
:t> 
s: 
s: 
o 
c 
c: 
r 
m 



ADVANCE 

MIC:RON MT16LD(T)164(S) 
1-· ""coo,"c"o OC 1 MEG x 64 DRAM MODULE 

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

AC CHARACTERISTICS 
PARAMETER 
Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 

WE command setup time 

Write cornmand hold time 

Write command hold time 
(referenced to RAS) 

\A!r!te c0!'nrnar'!d p~!se 'Nidth 
Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

Output enable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS to WE delay time 

Column-address to WE delay time 

CAS to WE delay time 

RAS pulse width entering 
SELF REFRESH 

RAS precharge time entering 
SELF REFRESH 

CAS hold time entering 
SELF REFRESH 

'S-verslon only 

MT16LDtT)164(S) 
REV. 4194 

SYM MIN 
tRCS 2 
tRCH 2 

'RRH 0 

tClZ 2 
tOFF 5 

'WCS 2 

'WCH 10 

'WCR 43 

"-AlP 10 
'RWl 22 

'CWl 15 

'DS 2 

'DH 17 

'DHR 45 
tT 3 

'REF 
tRPC 0 
tCSR 12 

tCHR 8 

'WRH 8 

'WRP 12 

'WTH 8 

'WTs 12 
tORD 0 

'OD 
tOE 15 

'OEH 15 

'RWD 90 

'AWD 55 

'CWD 40 
tRASS 100 

tRPS 110 

tCHD 10 

-6 
MAX MIN 

2 

2 

0 

2 

22 5 

2 

15 

53 

'0 'v 

27 

20 

2 

22 

55 

50 3 
16/128' 

0 

12 

8 

8 

12 

8 

12 

0 

15 

20 

20 

100 
I·· 65 

50 

100 

130 

10 

3-282 

-7 -8 
MAX MIN MAX UNITS NOTES 

2 ns 24 

2 ns 19,24 

0 ns 19,23 

2 ns 24 

27 5 27 ns 20,28 

2 ns 24,36 

15 ns 23 

58 ns 25 

.~ liS 23 , .... 
27 ns 26 

20 ns 23 

2 ns 24,30 

22 ns 26,30 

60 ns 23 

50 3 50 ns 9,10,23 

16/128' 16/128' ms 

0 ns 23 

12 ns 5,24 

8 ns 5,25 

8 ns 22,25 

12 ns 22,24 

8 ns 22,25 

12 ns 22,24 

0 ns 20 

20 20 ns 23,36 

20 ns 
20 ns 25 

110 ns 24,32 

70 ns 24,32 

50 ns 24,32 

100 I1s 33 

150 ns 33 

10 ns 33 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT16LD(T)164(S) 
1-· '"''''''"'''"''' 1 MEG x 64 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 3.3V ±10%; f = 1 

MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is 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. An initial pause of 100f.ls 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. 

8. AC characteristics assume tT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 IRCD < IRCD (MAX). If tRCD is greater 

than the maximum recommended value shown in this 
table, tRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ 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 tCPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by !CAe. 

18. Operation within the tRAD (MAX) limit ensures that 
IRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified tRAD (MAX) limit, access time is controlled 
exclusively by IAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

MTI6LD(T)164(S) 
REV, 4/94 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. twTS 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 inverse of twRP and IWRH in the 
CBR REFRESH cycle. 

23. Timing between the DRAMs and the module did not 
change with the addition of the line drivers. 

24. A +2ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

25. A -2ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

26. A +7ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

27. A -2ns (MIN) and a -7ns (MAX) timing skew from the 
DRAM to the module resulted from the addition of 
line drivers. 

28. A +2ns (MIN) and a +7ns (MAX) timing skew from 
the DRAM to the module resulted from the addition 
ofline drivers. 

29. The maximum current ratings are based with the 
memory operating or being refreshed in the xM 
mode. The stated maximums maybe reduced by 
approximately one-half when used in the x32 mode. 

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

31. L-version only. 
32. twcs, IRWD, IA WD and tCWD ale not restrictive 

operating parameters. twcs applies to EARLY
WRITE cycles. tRWD, tAWD and tcWD apply to 
READ-MODIFY-WRITE cycles. IftwCS ~ twcs 
(MIN), the cycle is an EARLY WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If tRWD ~ IRWD (MIN), tA WD ~ 
tA WD (MIN) and ICWD ~ !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, tRWD, leWD and IAWD are 
not applicable in a LATE WRITE cycle. 

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

3-283 Micron Semiconductor, Inc" reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT16LD(T)164(S) 
1-· ,,,,,w""ccm';'"' 1 MEG x 64 DRAM MODULE 

NOTES (continued) 
34. Refresh current increases if lRAS is extended beyond 

its minimum specification. 
35. Column-address changed once each cycle. 
36. The DQs open during READ cycles once taD or IOFF 

occur. If CAS goes HIGH before OE, the DQs will 

MT16LD[T)164(S) 
REV. 4194- 3-284 

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. 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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UIt::RCN MT16LD(T)164(S) 
1-· '''''''"''''w"'"' 1 MEG x 64 DRAM MODULE 

MT16l0(T)164(S) 
REV. 4194 

READ CYCLE 

tCSH 

tCRP tRCD teAS 

I~~\ 
ADDR ~:t J////~ ROW WIIIII) 

L.LJ.J 'RCS 

COLUMN ROW 

WE ~:t :If/////////////////////////////// 

'RAG 

tcAC ~ 

~l 
DQ ~:gt :::::-------OPEN------4~~V~AL~IDD~AT~A j---OPEN--

I. tOE I. tOD 

OE ~L-Ti?/7TiW/;7TiI/;;'7T.1/;;'7T.1//;'7T.I!;;T7T1//;TTTmTTT0'/;7T7I!/;TT71/;TT71j/;TT71/;;7771j;;7Ti1l;;=1j/;'7T.1/;;T7Tll2i }j;=W/;'7T.1j/;'7T.1//;T7T1//;T7T1/;;TT71j;;7T71j;;TT71/TT71//;7771jMW 

EARLY WRITE CYCLE 

tRC 

tRAS tRP 

II' 'I 
- If \ 

teSH 

IRSH 

tCRP tRCD tCAS 

=--.1 
tAR 

'RAD 'RAL 

j~ ~I ~ I~ 
~ ROW ~ COLUMN W//ffi////; ROW ADDA ~:t 

teWL II IAWL 

tWCR 

'wes 'WCH 

twp 

1/;/;0 

I~ 
I tDHA 

~ DQ~:gt~r---V-ALI-DD--'-ATA----'~ 

3-285 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the nght to change products or specifications without notice. 
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ADVANCE 

MICRON MT16LD(T)164(S) 
1-· '"''w'cc'w~''' 1 MEG x 64 DRAM MODULE 

MT16LO(D164(S) 
REV. 4/94 

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

. 
'RAS 'RP 

It 
tCSH 

I 'RSH 

'CRP 'RCD teAS 

:~ ~ 'AR 

IRAO I I 'RAL I 
~I 1-'=1 r 

ADDR ~lt_ 
r-~I~ 
~ ROW ~ COLUMN WllllllllllllllllllllllllllllllllllllllA ROW 

I I 

~I 
0 

DO ~lgt _ 

tRWD 

I 
'RCS _I 1 leWD tRWL 

1 'AWD ·~I 
I 

1////1 i 
'M 
tRAC 

I~ C D 'CLZ- ~ 

OPEN VAUD D OUT K VALID 0 IN r-- -OPEN---

tOE I~ ~ 

FAST PAGE MODE READ CYCLE 

3-286 

~ DON'TeARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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IUIIIC:I=ICN MT16LD(T)164(S) 
1-· """O,,""o~'"' 1 MEG x 64 DRAM MODULE 

MTI6LD(11164(S) 
REV. 4/94 

ADDR ~:~ 

FAST-PAGE-MODE EARLY WRITE CYCLE 

RASP 

---
tCSH Ipe 'RSH 

~ 
IRCD tCAS 'ep ~ ~ ~ 

~~ =J 
- tAR 

'RAD 

~j j~ 
tRAL 

I~ tRAH~1 
~ 

!~ IASC leAH ___ I I~II~I 
:1/;,X WIM ~ ~ ~ ROW COLUMN COLUMN COLUMN 

FAST-PAGE-MODE READ WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

~ 
I~l 

! 

II 
ROW 

____ ,~ __ ~~~~ __ ---'-MS-P~=_--------~--~I~ RAs ~:r - II r L 
tCSH IpC / 'PRWC tASH 

~1 ____ =IRe~O __ ,--:~~'e=A_S~~-:lktGP ,~_,eA_S __ ~lktcP ,~_,_eAS __ ~UC=:1 
CAs ~:r =J IARt -1 " " ; '---

I~ :::~~I sj j~ Sll' leAH :1L II 
AODR ~:r ~// M ROW WI/.o COLUMN 

I I IRWD I 
~I j '~pLl 

'AWD 

~ C=, 
COLUMN COLUMN ROW 

~ 
J 

3-287 

I 
'cWL- ~ 

IAW~WP--
I 

~ 

I - II-IRWL 
___ .... tCWL 

-- ---'wp 
I_+---:'A=WO'---II 
~ 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications wrthout notice. 
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ADVANCE 

MICRON MT16LD(T)164(S) 
1-· """"cono",", 1 MEG x 64 DRAM MODULE 

CAS ~:~_ ----.; 

RAS ONLY REFRESH CYCLE 
(ADDR = AO/BO-A9; and WE = DON'T CARE) 

iRAS lAP 

'II 
if 

teRP '~I 
'--------I 

\ 

IASR tRAH , , 

AOOA ~:~ :wdr---AO-W --,b$#!$!$/I!$/$$$#$;/;WtX~-AO~W --

DO ~gt ::------------OPEN------------

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 

Q ~g~-

~ I,or 
NOTE 1 

OPEN VALID 
y-~ 

OPEN-----

IAA 

tRAC 

DE ~it _'-'-'-'-''-'-'''--____________ -----____ _ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. 00 not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tOS(MIN) + any guardband 

MT16LO(n164(S) 
REV.4f94 

between data-out and driving the bus with the new data-in. 

3-288 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT16LD(T)164(S) 
1-· "",CO"""",,,,, 1 MEG x 64 DRAM MODULE 

MTI6LO(T)I64(S) 
REV. 4/94 

DO 

DQ 

tRP 

.--1 

~ 

J~~ 

~ 

CBR REFRESH CYCLE 
(AO/BO-A9, OE = DON'T CARE) 

tRAS I tRP 

1 
tRAS 

tCHR ,~ :CHR "y 
I 

OPEN 

I 

Y 

!WRii tWRP --- !WRti 

~///I /J///J/II /J/I/J/JI/J////!;/; 

EXTENDED CBR REFRESH CYCLE 31 

(AO/BO-A9, OE = DON'T CARE) 

tRP 

--.J 
~ 

}'tcp~~~ 

~ 

125~s 

. tRAS . . tAP . tRAS I 

tCHR ~il~ ~y 
I 

OPEN 

~ ~ 

WI/J/J/J/JI////J/IO 
~ 
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ADVANCE 

UIC:::RON MT16LD(T)164(S) 
1-· ''"'"'""CCW~''' 1 MEG x 64 DRAM MODULE 

MT16LD(1)I64(S, 
AEV.4194 

HIDDEN REFRESH CYCLE21 
(WE = HIGH; OE = LOW) 

(READ) 

'RAS 

(REFRESH) 

'RAS 

DO ~:gt - OPEN-----4Q1'l&~-----,----.::.V~AL~ID~DA~TA'---___f 

" ::r -W'$/,ff§//,ffff/ffff/ff//,/,ff/'/',i~J 
OPEN-

3-290 
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MICRON MT16D(T)464 
1-· "M""",ocoe'" 4 MEG x 64 DRAM MODULE 

DRAM 
MODULE 
F'EATURES 
• Industry-standard pinout in a 168-pin, dual read-out, 

single in-line package 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply 
• All device pins are TTL-compatible 
• Low power, 48mW standby; 3,200mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• All inputs are buffered except RAS 
• 2,048-cycle refresh distributed across 32ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 

• Components 
SOJ 
TSOP 

• Packages 

-6 
-7 

D 
DT 

Leadless 168-pin, dual read-out DIMM M 
Leadless 168-pin, dual read-out DIMM (gold) G 

• Part Number Example: MT16DT464M-6 

GENERAL DESCRIPTION 
The MT16D(T)464 is a randomly accessed solid-state 

memory containing 4,194,304 words organized in a x64 
configuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 22 address bits, which are 
entered 11 bits (AO IBO-AlO) at a time. AO is connected to 
DQO-DQ31, while BO is connected to DQ32-DQ63. 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, which
ever occurs last. EARLY WRITE occurs when WE goes 
LOW prior to CAS going LOW, and the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

MTI6D(l')464 
REV. 4194 3-291 

4 MEG x 64 DRAM 
5.0V FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

16B-Pin, Dual Read-out DIMM 
(DE-22) SOJ version 

(DE-23) TSOP version 

ty"Q"w"w",,,,Q,,,,,W,11U,,gj 
PIN # 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

SYMBOL PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL 
Vss 43 Vss 85 Vss 127 Vss 
000 44 0E2 86 OQ32 128 RFU 
001 45 roiS2 87 0033 129 NC 
002 46 ~ 88 0034 130 'CASO 
003 47 ViSB' 89 0035 131 'Cm'" 
Vee 48 WE2 90 Vee 132 1'llr 
004 49 Vee 91 0036 133 Vee 
005 50 NC 92 0037 134 NC 
006 51 NC 93 0038 135 NC 
007 52 0016 94 0039 136 0048 
NC 53 0017 95 NC 137 0049 

Vss 54 Vss 96 Vss 138 Vss 
008 55 0018 97 0040 139 0050 
009 56 0019 98 0041 140 0051 
0010 57 0020 99 0042 141 0052 
0011 58 0021 100 0043 142 0053 
0012 59 Vee 101 0044 143 Vee 
Vee 60 0022 102 Vee 144 0054 

0013 61 RFU 103 0045 145 RFU 
0014 62 RFU 104 0046 146 RFU 
0015 63 RFU 105 0047 147 RFU 

NC 64 RFU 106 NC 148 RFU 
Vss 65 0023 107 Vss 149 0055 
NC 66 NC 108 NC 150 NC 
NC 67 0024 109 NC 151 0056 
Vee 68 Vss 110 Vee 152 Vss 

WED 69 0025 111 RFU 153 OQ57 
'C1iSO 70 0026 112 l:i\ST 154 0058 
"C1iS2 71 0027 113 CAS3 155 0059 
R7iSO 72 0028 11 NC 156 0060 
NO 73 Vee 115 RFU 157 Vee 
Vss 74 0029 116 Vss 158 0061 
AO 75 0030 117 A1 159 0062 
A2 76 0031 118 A3 160 0063 
A4 77 NC 119 A5 161 NC 
A6 78 Vss 120 A7 162 Vss 
A8 79 P01 121 A9 163 P02 

A10 80 P03 122 NC 164 P04 
NC 81 P05 123 NC 165 P06 
Vee 82 P07 124 Vee 166 P08 
RFU 83 100 125 RFU 167 101 
RFU 84 Vee 126 80 168 Vee 

Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
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ADVANCE 

MICRON MT16D(T)464 
1-· "">co,"","o",,, 4 MEG x 64 DRAM MODULE 

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ or WRITE) within a row-address-defined 
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 byCAS. 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. 

REFRESH 
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 RAS HIGH time. Correct memory cell data is preserved 
by maintaining power and executing any RAS cycle (READ, 
WRITE) or RAS REFRESH cycle (RAS ONLY, CBR or 
HIDDEN) so that a1l2,D48 combinations of RAS addresses 
(AD-AID) are executed at least every 32ms, regardless of 
sequence. The CBR REFRESH cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

FUNCTIONAL BLOCK DIAGRAM 

000·' 003 004" 007 008"0011 0012 .' 0015 0016·' 0019 D020 .. 0023 0024 .. 0027 D028 .. 0031 

tltl t tt! ! tt t tttt tt!! tt!! tttt tU! 
OQ1-4 D01-4 D01-4 D01-4 DQ1-4 D01·4 DOl-4 OQ1-4 

WED 

RAsa 

CASO 

CAS2 

tttt t!t t ! tt! l! t t t tt! t tt t t tt t tttt 
001-4 DOl -4 OQ1-4 001 ·4 001-4 001 -4 001-4 D01-4 

WE2 WE WE WE WE WE WE 
U11 U12 U13 U14 U15 U16 

DE DE DE DE DE DE 
AAS2 RAS RAS RAS RAS RAS RAS 

CAS4 CASAO-A1 CASAO~Al0 CAS Ao-A1 

CAS6 

Al0-A1,BQ 

U1-U16 = MT4C4M4B1 

NOTE: 1. All inputs with the exception of RAS are redriven. 

MT16D(1)464 
REV. 4/94 3-292 Micron Semiconductor, Inc., reserves the nght to change products or specifications without notice. 
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MICRON MT16D(T)464 
1-· 0°' eccc cc '" 4 MEG x 64 DRAM MODULE 

PIN DESCRIPTIONS 

PIN NUMBERS 

30,45 

28,29,46,47,112, 
113,130, 131 

27,48 

31,44 

33-38, 117-121, 126 

2-5,7-10,13-17,19-21, 
52-53, 55-58, 60, 65, 67, 

69-72,74-76,86-89, 
91-94,97-101,103-105, 
136-137, 139-142, 144, 

149,151,153-156,158-160 

79-82, 163-166 

41-42,61-64, 111, 115, 
125,128,145-148 

6,18,26,40,49,59,73, 
84,90,102,110,124, 

133, 143, 157,168 

1,12,23,32,43,54,68, 
78,85,96,107,116, 
127, 138, 152, 162 

83, 167 

132 

11, 22, 24-25, 38-39, 
50-51,66,77,95,106, 
108-109, 114, 122-123, 
129, 134-135, 150, 161 

MT160(T)464 
REV. 4194 

SYMBOL 

RASO,RAS2 

CASO-7 

WEO, WE2 

OEO,OE2 

AO-A10, BO 

000-0063 

P01-P08 

RFU 

Vcc 

Vss 

100,101 

POE 

NC 

TYPE DESCRIPTION 

Input Row-Address Strobe: RAS is used to clock-in the ten row-
address bits. Two RAS inputs allow for one x64 bank or 
two x32 banks. 

Buffered Input Column-Address Strobe: CAS is used to clock-in the ten 
column-address bits, enable the DRAM output buffers 
and strobe the data inputs on WRITE cycles. Eight CAS 
inputs allow byte access control for any memory bank 
configuration. 

Buffered Input Write Enable: WE is the REAOIWRITE control for the DO 
pins. WEO controls 000-0031. WE2 controls 0032-
0063. If WE is LOW prior to CAS going LOW, the access 
is an EARLY WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATEWRITE cycle. A LATE WRITE cycle is 
generally used in conjunction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Buffered Input Output Enable: OE is the input/output control for the DO 
pins. OEO controls 000-0031. OE2 controls 0032-
0063. These signals may be driven, allowing LATE 
WRITE cycles. 

Buffered Input Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS. 

Input/ Data 1/0: For WRITE cycles, 000-0063 act as 
Output inputs to the addressed DRAM location. BYTE 

WRITEs may be performed by using the corresponding 
CAS select (x64 mode only). For READ access cycles, 
000-0063 act as outputs for the addressed DRAM 
location. 

- Presence-Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

- RFU: These pins should be left 
unconnected (reserved for future use). 

Supply Power Supply: +5V ± 10% 

Supply Ground 

- 10 bit 

- PO enable 

- No connect. 

3-293 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC::RON MT16D(T)464 
1-· oc""o"cnoe,", 4 MEG x 64 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLVWRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARL V-WRITE 

FAST"PAGE-MODE 

READ-WRITE 

RAS ONL V REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT16D(T)464 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle' 

2nd Cycle 

READ 

WRITE 

RJ(S'" "CM WE" 
' .. 

H H'-+X X 

L L H 

L L L 

L L H-L 

L H-L H 

L H-L H 

L H-L L 

L H-L L 

L H-L H-L 

L H-L H-L 

H X X 

L -H-L L H 

L-H .... L L L 

H-L L H 

3-294 

nt· 
X 

L 

X 

L-H 

L 

L 

X 

X 

L-H 

L-H 

X 

L 

X 

X 

ADDRESSES DATA-IN/OUT 
IR IC 000-63 NOTES 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out, Data-In 

ROW COL Data-Out 

nla COL Data-Out 

ROW COL Data-In 

nla COL Data-In 

ROW COL Data-Out, Data-In 

nla COL Data-Out, Data-In 

ROW nla High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MICRON MT16D(T)464 
1-· """w,mco;o",,, 4 MEG x 64 DRAM MODULE 

PRESENCE-DETECT TRUTH TABLE 

Refresh Control 

Data Width, Parity 

NOTE: Vss = ground. 

MT16D(T)464 
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ADVANCE 

MIC:RON MT16D(T)464 
1-· '''''''"'0",,< '" 4 MEG x 64 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 405 505 V 

Input High (Logic 1) Voltage, all inputs VIH 305 Vcc+105 V 

Input Low (Logic 0) Voltage, all inputs VIL -005 008 V 

INPUT LEAKAGE CURRENT CASO-CAS7 
Any input OV ~ VIN ~ 605V AO-A9, BO 111 -2 2 IlA 
(All other pins not under test = OV) for each package input WEO,2,OEO,2 

RASO,2 112 -16 16 IlA 
OUTPUT LEAKAGE CURRENT DOO-D063 loz -10 10 IlA 
(0 is disabled; OV ~ VOUT ~ 505V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
n,lln,,1 Hinh \I"It"n<> IInllT - _"rnA \ - _ ...... -_ .. '-v"' . --'->::7- ,. __ . _ ••.• 'J 

Output Low Voltage (lOUT = 402mA) VOL 0.4 V 

MAX 

PARAMETER/CONDITION SYMBOL SIZE -6 -7 UNITS NOTES 

STANDBY CURRENT: (TTL) ICCI 32MB 32 32 mA 29 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) Icc2 32MB 16 16 mA 29 
(RAS = CAS = Vcc -002V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 32MB 1,920 1,760 mA 3,4, 
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) 29,34 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 32MB 1,440 1,280 mA 3,4, 
(RAS = VIL, CAS, Address Cycling: 'PC = 'PC [MIN]) 29,34 

REFRESH CURRENT: RAS ONLY 
Average power supply current Icc5 32MB 1,920 1,760 mA 3,29, 
(RAS Cycling, CAS = VIH: 'RC = 'RC [MIN]) 34 

REFRESH CURRENT: CBR 
Average power supply current Icc6 32MB 1,920 1,760 mA 3,5, 
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) 29 

MT16Drr)464 
REV. 4194 3-296 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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UIC:::RON MT16D(T)464 
1-· ,,,,,co",ono"" 4 MEG x 64 DRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + 12SoC 
Power Dissipation ........................................................... I6W 
Short Circuit Output Current ...................................... SOmA 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A 10, BO 

Input Capacitance: WEO, WE2, OEO, OE2 

Input Capacitance: RASO, RAS2 

Input Capacitance: CASO - CAS7 

InputiOutputCapacitance: 000-0063 

'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. 

SYMBOL MIN MAX UNITS NOTES 

CI1 9 pF 2 

CI2 9 pF 2 

CI3 40 pF 2 

CI4 9 pF 2 

Cio 10 pF 2 

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

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

MT16D(T)464 
REV. 4/94 

SYM MIN 
tRC 110 
tpc 35 

tRAC 60 
tCAC 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 22 
tRP 40 

tCAS 15 
tCSH 58 
tCPN 10 
tcp 10 

tRCD 18 
tCRP 12 
tASR 7 
tRAH 8 
tRAD 13 

tASC 2 
tCAH 10 

3-297 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 23 
40 ns 23 

70 ns 14,23 
22 27 ns 15,26 
37 42 ns 26 
42 47 ns 26 

100,000 70 100,000 ns 23 
100,000 70 100,000 ns 23 

27 ns 26 
50 ns 23 

100,000 20 100,000 ns 23 
68 ns 25 
10 ns 16,23 
10 ns 23 

38 18 43 ns 17,27 
12 ns 26 
7 ns 26 
8 ns 25 

23 13 .28 ns 18,27 

2 ns 24 
15 ns 23 

Micron Semiconductor, Inc., reserves the right 10 change products or specifications witho!Jt notice. 
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ADVANCE 

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

AC CHARACTERISTICS 
PARAMETER 
Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 
WF comm;::md setup t!me 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 
Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CSR REFRESH) 

CAS hold time 
(CSR REFRESH) 

WE hold time 
(CSR REFRESH) 

WE setup time 
(CSR REFRESH) 

WE hold time 
(WCSR test cycle) 

WE setup time 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Outpuf disable 

Output enable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

MT16D(T)464 
REV. 4/94 

SYM 
tAR 

tRAl 

tRCS 

tRCH 

tRRH 

tClZ 

tOFF 

twes 

twCH 
tWCR 

WP 
tRWl 

tCWl 

tDS 

tDH 

tDHR 

IT 
tREF 

tRPC 

tCSR 

tcHR 

WRH 

WRP 

tWTH 

twTs 
tORD 

tOD 

toE 

toEH 

tRWD 

tAWD 

tCWD 

3-298 

MIN 
48 

37 

2 

2 

0 

2 

5 

2 

10 

43 

10 

22 

15 

2 

17 

45 

3 

0 
7 

13 

8 

12 

8 

12 

0 

15 

15 

85 

55 

40 

-6 -7 
MAX MIN MAX UNITS NOTES 

53 ns 25 

42 ns 26 

2 ns 24 

2 ns 19,24 

0 ns 19,23 

2 ns 24 

22 5 27 ns 20,28 

2 ,,~ 24 
15 ns 23 

53 ns 25 

15 ns 23 

27 ns 26 

20 ns 23 

2 ns 24,30 

22 ns 26,30 

55 ns 23 

50 3 50 ns 9,10,23 

32 32 ms 

0 ns 23 

7 ns 5,24 

13 ns 5,25 

8 ns 22,25 

12 ns 22,24 

8 ns 22,25 

12 ns 22,24 

0 ns 20 

15 20 ns 23 

20 ns 

15 ns 25 

95 ns 24,32 

60 ns 24,32 

45 ns 24,32 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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1-- """co",'''''"' 4 MEG x 64 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV±lO%; f =1 MHz. 
3. Icc is 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. 

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. An initial pause of lOOJ.ls 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 iREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VIL 
andVIH). 

10. In addition to meeting the transition rate specification, 
all input signals must transit between VIH and VIL (or 
between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and lOOpF. 
14. Assumes that iRCD < IRCD (MAX). If iRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ;:0 IRCD (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 tCPN. 

17. Operation within the iRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as a 
reference point only; if IRCD is greater than the 
specified tRCD (MAX) limit, access time is controlled 
exclusively by tcAC. 

18. Operation within the lRAD (MAX) limit ensures that 
lRAC (MIN) and ICAC (MIN) can be met. iRAD 
(MAX) is specified as a reference point only; if tRAD is 
greater than the specified tRAD(MAX) limit, access 
time is controlled exclusively by tAA. 

19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

MT16D(T)464 
REV. 4/94 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. twTS 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 inverse of twRP and twRH in the 
CBR REFRESH cycle. 

23. Timing between the DRAMs and the module did not 
change with the addition of the line drivers. 

24. A +2ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

25. A -2ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

26. A +7ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

27. A -2ns (MIN) and a -7ns (MAX) timing skew from the 
DRAM to the module resulted from the addition of 
line drivers. 

28. A +2ns (MIN) and a+7ns (MAX) timing skew from 
the DRAM to the module resulted from the addition 
of line drivers. 

29. The maximum current ratings are based with the 
memory operating or being refreshed in the x64 mode. 
The stated maximums may be reduced by approxi
mately one-half when used in the x32 mode. 

30. These parameters are referenced to CAS leading edge 
in EARL YWRITE cycles and WE leading edge in 
LATE WRITE or READ-MODIFY-WRITE cycles. 

31. L-versiononly. 
32. twcs, tRWD, tA WD and tCWD are not restrictive 

operating parameters. twcs applies to EARLY 
WRITE cycles. tRWD, tAWD and leWD apply to 
READ-MODIFY-WRITE cycles, If twCS;:O twcs 
(MIN), the cycle is an EARLY WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If iRWD;:O iRWD (MIN), tAWD;:O 
IAWD (MIN) and ICWD;:O ICWD (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 
afterCAS goes LOW results in a LATE WRITE (OE
controlled) cycle. twcs, tRWD, tcWD and tA WD are 
not applicable in a LATE WRITE cycle. 

33. Refresh current increases if lRAS is extended beyond 
its minimum specification. 

34. Column-address changed once each cycle. 

3-299 Micron Semiconductor, Inc., reserves the right to change products or spedfications without notice. 
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ADVANCE 

UII::RCN MT16D(T)464 
1-· o,,,cm<cccwc cc 4 MEG x 64 DRAM MODULE 

MTI6D{T)464 
REV. 4194 

READ CYCLE 

tRC 

tRAS tRP 

RAS VIH -
V'l _ \ 

teSH 

'RSH 'RRH 

'CRP tRCD teAS 

CAS V'H =.-J' V1L -

tAR 

ADDR ~:~ __ ROW WIIII/J COlUMN ~ ROW 

~ ~IRCS ~ 

tAA 

I~ 

I~ 
00 ~:gt ::-------OPEN------1~::::V~AL~ID~DA~TA=t--OPEN---

I~ 1--!2!L. 
DE ~:~ =-7T1/j;7771j;7T.W'"1 j/;7771;j7T.W'"W7771j;7T.1/;j'"W;j7771;j7T.W;j'"Wj;7771j;7T.@'77!jj;7771f;7T.W;j'777W ffii !!I/ I! I! Ii JI/ //II! Ii Ii 11//11// ilia 

FiAS VIH -
VIL _ 

'CRP 

CAS VIH -
VIL _ 

ADOR V,H 
VIL 

EARLY WRITE CYCLE 

tCSH 

3-300 

tRP 

~ DON'T CARE 

Il88l UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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UII:::I=ICN MT16D(T)464 
1-· ~"'w,,~cwc '" 4 MEG x 64 DRAM MODULE 

MT16D(T}464 
REV. 4194 

CAs 

ADDR 

WE 

ADDR ~:~ 

OE ~:~ 

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

tRAS tRP 

tCSH 

lASH 

leRP IRCD teAs 

VIH -VIL _ 

tAR 

V1H -
VIL _ 

FAST-PAGE-MODE READ CYCLE 

-
ICSH 

~ 
=---.1 

tRAe 

14 iASR tRAH~l 

::i'/;/X ROW ;W/;0 

I 
I 

- OPEN 

RASP 

~ 
tpe IRSH 

tRCD teAS ~~ ~ ~l 
tePN 

tAR ~ 
~I I~ 

tRAL 

~ leAH __ ) ~l - IcAH~) 

COLUMN '0"IIIIIJ COLUMN ;WIlli!;) COLUMN ROW 

IRCS I IRCH- f 1 f tRes rl tReH- rl-I Itt
Res teCH ~1-tRRH 

tAA ~ tAA Vf tAA 
1IfI!II!IIil 

I tRAe: I tePA I tePA 

- _IOFF I teAe 

tCLZ- 1:- I~ I~ 
tCLZ- 1:- ~ I~ 

teLZ- 1:--
VALID 
DATA 

,~?& 

3-301 

VALID 

Jt;;; I~ 
VALID 
DATA 

,I~I~ 
~OPEN--

t:;:Zl DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice, 
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ADVANCE 

MICRON MT16D(T)464 
1-· w,,,co",,,we,, 4 MEG x 64 DRAM MODULE 

MT16D(T)464 
REV, 4/94 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

WE ~i~ ~;z?J~;z?JL-U---;--JWdtl,-----JL-~~-JL--,-----~~;z?JWJ 
\wCR 'RWL 

~---+-I +-1 -:'=tOHR'---I II 

I~I I~I I~~I l~tos_~1 
DO ~:g~ j;=0'j;=r;j;77Tj"//;77T1JJ;""o/j;""W/;=wh?t VALtOOATA ~ VALtOOATA ~ VALtOOATA ~h0"///////////h 

OE ~:~ $/1$$///////1/1/;0'////$$$$/$$///1///$1//$1/1$//$/$////$/;1/$$//$$/_//1/$1/1 

ADDR ~:~ 

-

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

tCSH tpC/tpRWG 'RSH 
~ 

~ 
tRCD tCAS tcp teAS ~ teAS 

A ~1 r-- r--
=.-1 

tAR 

II 
tRAO I I~ 'RAL 

I" 'ASR 
~IASC ~ rl ~I~I - -

::J//;)t ROW W//;} COLUMN COLUMN COLUMN ROW 

1 1 lRWD I ~ 
I 

Ii 

I 

,- II-tRwL 

~I I t:Lj 'CWL-- - --'CWL 
1 'wp-- ..L - __ 'wp 

'AWD 'AWD 'AWD 

leWD l~ ~ 
'//, W/////// 'MI ~I~ ~.~ 

tRAC 

-

1 ~- _ I ~- - I 
I 'os- 1- I~ 'os- 1- I 'CPA 'os--- - -~ - -~-~-r ~-r ~-r 

OPEN~ ~AOL~~ Vt~ ~~~~ v~~o W'-~ 

- -'aD - -'00 

tOE - 'OE- - 'OE- -

1 r'OH 

VALlO~OPEN_ 

~ , 

-'aD 
tOEH 

IZ3 DON'T CARE 

~ UNDEFINED 

3-302 Micron Semiconductor, Inc., reserves the right to change producls 0 rspecificationswithoutnotice, 
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UIC:F=lON MT16D(T)464 
1-· ,,,,,,,,,,,,wc", 4 MEG x 64 DRAM MODULE 

CAS ~:~_ :--' 

RAS ONLY REFRESH CYCLE 
(ADDR = AO/BO-A 10; WE = DON'T CARE) 

tRAS tRP 

1 
leRP 'I. tRPc~1 

'--I 

\ 

ADDR ~:t ~--RO-W -----,bU/$//§/$/$/ffff;/////,1/,1U$/;,x,------RO-W --

tASR tRAH . 

OQ ~g~ -'-------------OPEN-----------

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

tCSH 

tASH 
tpc 1-' -=----1 

tcpp leAS 

~~: ~~ 

I 
~uw'~~I~I~~-wL~~~~UUll 

1_----c--"tR""'cs~.1 II tRWL 

I 
II twp 

'7TTJ7777~..-rTn'7i---;---;-----+. ------. ~II~ /TTT;'77777777~TTTTJ"Ti 
,n:: I I I I ri-"-I 
o ~t :W'ffff##ff$J$#$ffffM/$~#f;1 ",COM,. 1'0i.L/..L1!j;.L/..L1!;/.L/..L1!j;.L/..LW;/.L/..L1!;/.L/..L1!;/.LUW;/.L/..L/Z 

Q ~gt - I. OPEN tM 1QV.~ NOTE t OPEN 

I. 

~ DON'T CARE 

[QQij UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or ICP(whichever is greater) + IDS(MIN) + any guardband 

MT16D(T)464 
REV. 4/94 

between data-out and driving the bus with the new data-in. 

3-303 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice 
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ADVANCE 

MIC:RON MT16D(T)464 
1-· 'e'CO"","",C 4 MEG x 64 DRAM MODULE 

DQ 

CBR REFRESH CYCLE 
(AO/80-A 10, OE = DON'T CARE) 

:-------1+------0PEN--+l----------

tWRH tWRP IWRH 

~!;II!/!$I!;W//ffj- ----'*wl!$$$//I!/$/$ffl!~ 

HIDDEN REFRESHCYCLE21 
"AIr- LJII"'I I. r'\r- I "'\\AI\ 
\ VV.L. '" I IIUIl, \ .. .11:: == LVVV) 

(READ) (REFRESH) 

ADDR ~:~ 

DO ~:gr = OPEN----~~=:==~VA~LlD~DA~TA===f 

DE ~:t :1$$$/I#/#!I$///!I$/$$d~J ~/#/I#/It; 
OPEN-

SELF REFRESH CYCLE 
(AO-A9 and OE = DON'T CARE) 

NOTEt 

:----ii-----\r-OPEN---------+t------
~~ 

WE ~:~ ~WllJt-~'----'t@jI%/!II/!II/I!/1/11 !/!/!III!II/I//!/II!IJ WII/II!I15 51 I a 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Once tRASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode .. 
2 .. Once tRPS is satisfied, a complete burst of allrows should be executed. 

MTI6D(T)464 
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MIC:RON MT16LO(T)464(S) 
1-· "'''''C"CW~'"' 4 MEG x 64 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 168-pin, dual read-out, 

single-in-line package 
• High-performance CMOS silicon-gate process 
• Single +3.3V ±O.3V power supply 
• All device pins are TIL-compatible 
• Low power, 16mW standby; 2,400mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and SELF 
• 2,048-cycle refresh distributed across 32ms or 

2,048-cycle Extended Refresh distributed across 128ms 
• F AST PAGE MODE access cycle 
• Optional SELF REFRESH mode, with Extended 

Refresh 

OPTIONS 
• Timing 

60ns access 
70ns access 

• Components 
SOJ 
TSOP 

• Packages 

MARKING 

-6 
-7 

D 
DT 

Leadless 168-pin, dual read-out DIMM M 
Leadless 168-pin, dual read-out DIMM (gold) G 

• Refresh 
Standard 
Low-power SELF REFRESH 

• Part Number Example: MT16LDT464G-6S 

GENERAL DESCRIPTION 

Blank 
5 

The MT16LD(T)464(S) is a randomly accessed solid-state 
memory containing 4,194,304 words organized in a x64 
configuration. It is specially processed to operate from 3.0V 
to 3.6V for low voltage memory systems. The module has 
optional FAST PAGE MODE, which allows faster data 
operations (READ or WRITE) within a row-address
defined page boundary. 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO IBO-A10) at a time; AO is connected to DQO-DQ31, 
while BO is connnected to DQ32-DQ63.RAS isused 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, 

4 MEG x 64 DRAM 
3.3V, OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (Top View) 
168-Pin, Dual Read-out DIMM 

(DE-24) SOJ Version 
(DE-25) TSOP Version 

UlYlIIglIIQlIIlIglIIlIQIIIQIIIQIIQJ 
PIN # SYMBOL PIN # SYMBOL PIN# SYMBOL PIN # SYMBOL 

1 Vss 43 Vss 85 Vss 127 Vss 
2 000 44 UE2 86 0032 128 RFU 
3 001 45 RJ\S2 87 0033 129 NC 
4 002 46 'CAS4 88 0034 130 Cl\S5 
5 003 47 "CAS6 89 0035 131 "CAS? 
6 Vee 48 WE2 90 Vee 132 1'lJE 
7 004 49 Vee 91 0036 133 Vee 
8 005 50 NC 92 0037 134 NC 
9 006 51 NC 93 0038 135 NC 

10 007 52 0016 94 0039 136 0048 
11 NC 53 0017 95 NC 137 0049 
12 Vss 54 Vss 96 Vss 138 Vss 
13 008 55 0018 97 0040 139 0050 
14 009 56 0019 98 0041 140 0051 
15 0010 57 0020 99 0042 141 0052 
16 0011 58 0021 100 0043 142 0053 
17 0012 59 Vee 101 0044 143 Vee 
18 Vee 60 0022 102 Vee 144 0054 
19 0013 61 RFU 103 0045 145 RFU 
20 0014 62 RFU 104 0046 146 RFU 
21 0015 63 RFU 105 0047 147 RFU 
22 NC 64 RFU 106 NC 148 RFU 
23 Vss 65 0023 107 Vss 149 0055 
24 NC 66 NC 108 NC 150 NC 
25 Ne 67 0024 109 Ne 151 0056 
26 Vee 68 Vss 110 Vee 152 Vss 
27 wtIJ 69 0025 111 RFU 153 0057 
28 'CJ\SO 70 0026 112 'CASf 154 OQ58 
29 'Ci'iS2 71 0027 113 'CAS3 155 0059 
30 lOOO 72 0028 11 Ne 156 0060 
31 UN' 73 Vee 115 RFU 157 Vee 
32 Vss 74 0029 116 Vss 158 0061 
33 AO 75 0030 117 A1 159 0062 
34 A2 76 0031 118 A3 160 0063 
35 A4 77 Ne 119 A5 161 Ne 
36 A6 78 Vss 120 A7 162 Vss 
37 A8 79 P01 121 A9 163 P02 
38 A10 80 P03 122 Ne 164 P04 
39 Ne 81 P05 123 Ne 165 P06 
40 Vee 82 P07 124 Vee 166 P08 
41 RFU 83 100 125 RFU 167 101 
42 RFU 84 Vee 126 80 168 Vee 

MT16LD(T)464(S) 
REV. 4/94 3-305 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 

©1994, Micron Semiconductor, Inc. 

z 
m 

== -C 
:II » :s: 
:s: o 
c 
C 
rm 



z 
m 
== • C 
:0 
l> 
S 
S 
o 
c 
c: 
rm 

ADVANCE 

MIC:RON MT16LD(T)464(S) 
1-· ""'W,,,OO",,, 4 MEG x 64 DRAM MODULE 

data-in (D) is latched by the falling edge of WE or CAS, 
whichever occurs last. EARLY WRITE occurs when WE 
goes LOW prior to CAS going LOW, and the output pin(s) 
remain open (High-Z) until the next CAS cycle. 

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ or WRITE) within a row-address-defined 
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 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. 

REFRESH 
Preserve correct memory cell data by maintaining power 

and executing any RAS 'cycle (READ, WRITE) ~~ RAS 
REFRESH cycle (RAS-ONL Y, CBR or HIDDEN) so that all 
2,048 combinations of RAS addresses (AO-AIO) are ex
ecuted at least every 32ms (128ms "S" option), regardless of 
sequence. The CBR REFRESH cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

An optional SELF REFRESH mode is also available. The 
"S" option allows the user the option 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 specifications. The module's SELF 
REFRESH mode is initiated by performing a CBR RE-, 
FRESH cycle and holding RAS LOW for the specified 
tRASS. Additionally, the "S" option allows for extended 
refresh rate of 62.5~s per row if using distributed CBR 
refresh. This refresh rate can be applied during normal 
operation, as well as during a standby or extended refresh 
mode. 

The SELF REFRESH mode is terminated by driving RAS 
HIGH for the time minimum of an operation cycle, tRPS 
(~tRCns). 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 or burst refresh 
sequence, ali 2,048 rows must be refreshed within 300~s 
prior to the resumption of normal operation. 

STANDBY 
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 RAS HIGH time. 

FUNCTIONAL BLOCK DIAGRAM 

DOD" 003 

III I 
OQ1-4 

WED -13>----1 WE 

OE 

RASO -----I RAs 

CASO ---j~--l Ci 

CASl 16>---" 
CAS2 ---jQ>-.-
cAS316>---

I I I I 
DQl-4 

WE2 WE 

5E2 OE 

RAS2 RAs 

CAS4 

CAS5 

CA8S 

CAS7 

AlO-Ai,BO 

DQ4" 007 

I tl I 
DQ1-4 

WE 

OE 

RAS 

III I 
DQl-4 

WE 

OE 

RAs 

DOB" 0011 0012" oQ15 DQ16" OQ19 OQ20" OQ23 D024'- 0027 OQ28 -. 0031 

IIII Ill! IIII IIII Illl IIII =.. ~. =. =.. =. =. 

II I I tIll 
DQ1-4 OQ1-4 

WE WE 

OE DE 

RAS RAS 

WE 
U5 

OE 

RAS 

CASAQ-.Al0 

II I I 
DQ1·4 

WE 
U" 

DE 

FiAS 

U6 
OE 

RAS 

0052 .. 0055 

It I I 
DOl-4 

WE 
U14 

OE 

RAS 

WE 

OE 

RAS 

oQ56 .- OQ59 

I It I 
OQl-4 

WE 

OE 

RAS 

U6 
OE 

FiA§ 

CASAG-Al 

OQ60" 0063 

It I I 
OQl-4 

WE 
U16 

OE 

RAs 

U1·U16 = MT4LC4M481SJ or 

NOTE: 1. All inputs with the exception of RAS are red riven. 
U1-U16 = MT4LC4M4B18J S ("S" option) 

Micron Semiconductor, Inc., reserves the fight to change products or specifications without notice. 
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MIC:RON MT16LD(T)464(S) 
1-· """""00'<'", 4 MEG x 64 DRAM MODULE 

PIN DESCRIPTIONS 

PIN NUMBERS -

30,45 

28,29,46,47,112, 
113,130,131 

27,48 

31,44 

33-38,117-121,126 

2-5,7-10,13-17,19-21, 
52-53,55-58,60,65,67, 

69-72,74-76,86-89, 
91-94,97-101,103-105, 
136-137,139-142,144, 

149,151,153-156,158-160 

79-82, 163-166 

41-42,61-64,111,115, 
125, 128, 145-148 

6,18,26,40,49,59,73,84, 
90,102,110,124,133,143, 

157,168 

1,12,23,32,43,54,68,78, 
85,96,107,116,127,138, 

152,162 

83, 167 

132 

11,22,24-25,38-39,50-51, 
66,77,95,106,108-109, 

114,122-123,129, 
134-135,150,161 

MT16l0(T)464(S) 
REV. 4194 

SYMBOL 

RASO,RAS2 

CASO-7 

WEO, WE2 

OEO,01=2 

AO-A1O, BO 

000-0063 

P01-P08 

RFU 

Vcc 

Vss 

100,101 

POE 

NC 

--

TYPE DESCRIPTION 

Input Row-Address Strobe: RAS is used to clock-in the 1 ° row-
address bits. Two RAS inputs allow for one x64 bank or 
two x32 banks. 

Buffered Input Column-Address Strobe: CAS is used to clock-in the 1O 
column,address bits, enable the DRAM output buffers 
and strobe the data inputs on WRITE cycles. Eight CAS 
inputs allow byte access control for any memory bank 
configuration. 

Buffered Input Write Enable: WE is the REAOIWRITE control for the DO 
pins. WEO controls 000-0031. WE2 controls 0032-
0063. If WE is LOW prior to CAS going LOW, the access 
is an EARLY WRITE cycle. If WE is HIGH while CAS is 
LOW, the access is a READ cycle, provided OE is also 
LOW. If WE goes LOW after CAS goes LOW, then the 
cycle is a LATE WRITE cycle. A LATE WRITE cycle is 
generally used in conjunction with a READ cycle to form a 
READ-MODIFY-WRITE cycle. 

Buffered Input Output Enable: OE is the input/output control for the DO 
pins. OEO controls 000-0031. OE2 controls D032-
0063. These Signals may be driven, allowing LATE 
WRITE cycles. 

Buffered Input Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Input/ Data 1/0: For WRITE cycles, 000-0063 act as 
Output inputs to the addressed DRAM location. BYTE 

WRITEs may be performed by using the corresponding 
CAS select (x64 mode only). For READ access cycles, 
000-0063 act as outputs for the addressed DRAM 
location. 

- Presence-Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

- RFU: These pins should be left 
unconnected (reserved for future use). 

Supply Power Supply: +3.3V ± 0.3V 

Supply Ground 

- 10 bit 

- PO enable 

- No connect 

3-307 Micron Semiconductor, Inc., reserves the nght to change products or speCifications without notice 
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ADVANCE 

MU::::RCN MT16LD(T)464(S) 
1-· """wee,,,,, 4 MEG x 64 DRAM MODULE 

TRUTH TABLE 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

SELF REFRESH 

MT16LD(T)464(S) 
REV. 4/94 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

m- W" WE" 
H H-+X X 

L L H 

L L L 

L L H-+L 

L H-+L H 

L H-+L H 

L H-+L L 

L H-+L L 

L H-+L H-+L 

L H-+L H-+L 

H X X 

L-+H-+L L H 

L-+H-+L L L 

H-+L L H 

H-+L L H 

3-308 

tJt 
X 

L 

X 

L-+H 

L 

L 

X 

X 

L-+H 

L-+H 

X 

L 

X 

X 

X 

ADDRESSES DATA-IN/OUT 
IR IC DOO-63 NOTES 
X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out, Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW COL Data-Out, Data-In 

n/a COL Data-Out, Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products Of speclficatlons without notice. 
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MICRON MT16LD(T)464(S) 
1-· ,,,,,,,o,"'no","' 4 MEG x 64 DRAM MODULE 

)RESENCE-DETECT TRUTH TABLE 

Refresh Control 

Oata Width, Parity 

~OTE: Vss = ground. 

H1SLD(l')464(S) 
lEV. 4/94 3-309 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

UIC:RON MT16LD(T)464(S) 
1-- """"c"w~'" 4 MEG x 64 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 4, 6, 7) (Vcc = 3.3V ±0.3V) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 3.0 3.6 V 

Input High (Logic 1) Voltage, all Inputs VIH 2.0 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT CASO-CAS7 
Any input OV ~ VIN ~ 3.6V AO-A9, BO 111 -2 2 I-1A 
(All other pins not under test = OV) for each package input WEO,2,OEO,2 

RASO,2 112 -16 16 I-1A 

OUTPUT LEAKAGE CURRENT DOO-D063 loz -10 10 i-!A 
(a is disabled; OV ~ VOUT ~ 3.6V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
",.tnll+ l.Ji",h \I"I+~,..'U'~ 11"". __ 1)n"'tA\ .................. "M" ...... n ..... M ... \ ......... , - "-IIII'J 

Output Low Voltage (lOUT = 2mA) VOL 0.4 V 

MAX 
PARAMETER/CONDITION SYMBOL SIZE -6 -7 UNITS NOTES 
STANDBY CURRENT: (TTL) ICCl 32MB 16 16 mA 29 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) I STD Icc2 32MB 8 8 mA 29 
(RAS = CAS = Vcc -0.2V) I S Icc2 32MB 2.4 2.4 mA 29 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 32MB 1,920 1,760 mA 3,4, 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 29,34 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 32MB 1,440 1,280 mA 3,4, 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 29,34 

REFRESH CURRENT: RAS ONLY 
Average power supply current Icc5 32MB 1,920 1,760 mA 22,26, 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 29 

REFRESH CURRENT: CBR 
Average power supply current Icc6 32MB 1,920 1,760 mA 19,22, 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 29 

REFRESH CURRENT: Extended CBR (S only) 
Average power supply current, 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN); Icc7 32MB 4.8 4.8 mA 3,19, 
WE = Vcc -0.2V; AO-A9 and DIN = Vcc -0.2V or 0.2V 22,25, 
(DIN may be left open); IRC = 1251-1s (1,024 rows at 1251-1s = 128ms) 29 

REFRESH CURRENT: SELF (S only) 
Average power supply current during SELF REFRESH: CBR cycle Iccs 32MB 4.8 4.8 mA 19,29 
with RAS ;:>: IRASS (MIN) and CAS held LOW; WE = Vcc -0.2V; 
AO-A9 and DIN = Vcc -0.2V or 0.2V (DIN may be left open) 

MT16LO(T)464(S) 
REV. 4/94 3-310 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MICRON MT16LD(T)464(S) 
1-· "'''00'''''0"'' 4 MEG x 64 DRAM MODULE 

\.BSOLUTE MAXIMUM RA TINGS* 
70ltage on Vee Supply Relative to Vss ........... -IV to +4.5V 
)perating Temperature, T A (ambient) .......... DoC to +70°C 
;torage Temperature (plastic) .................... -SsoC to + I2SoC 
'ower Dissipation ............................................................ I6W 
;hort Circuit Output Current ..................................... SOmA 

~APACITANCE 

PARAMETER 

Input Capacitance: AO-A 10, 80 

Input Capacitance: WEO, WE2, OEO, OE2 

Input Capacitance: RASO, RAS2 

Input Capacitance: CASO - CAS7 

Input/Output Capacitance: 000-0063 

'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. 

SYMBOL MIN MAX UNITS NOTES 

CI1 9 pF 2 

CI2 9 pF 2 

CI3 40 pF 2 

CI4 9 pF 2 

CIO 10 pF 2 

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

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

Access ·time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Ro.w-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

1T16lD(T~464(S) 
iEV.4194 

SYM MIN 

'RC 110 
'PC 35 

IRAC 

ICAC 

IAA 

ICPA 

IRAS 60 
IRASP 60 
'RSH 22 
'RP 45 

ICAS 15 
ICSH 58 
'CPN 10 
ICp 10 

IRCD 18 
ICRP 17 
'ASR 7 
'RAH 8 
'RAD 13 

'ASC 2 
'CAH 10 

3-311 

-6 -7 
MAX MIN MAX UNITS NOTES 

130 ns 23 
40 ns 23 

60 70 ns 14,23 
22 27 ns 15,26 
37 42 ns 26 
42 47 ns 26 

100,000 70 100,000 ns 23 
100,000 70 100,000 ns 23 

27 ns 26 
50 ns 23 

100,000 20 100,000 ns 23 
68 ns 25 
10 ns 16,23 
10 ns 23 

38 18 43 ns 17,27 
17 ns 26 
7 ns 26 
8 ns 25 

23 13 28 ns 18,27 

2 ns 24 
15 ns 23 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT16LD(T)464(S) 
1-· ,me,"conc"", 4 MEG x 64 DRAM MODULE 

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

AC CHARACTERISTICS 
PARAMETER 
Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

CAS hold time (CBR REFRESH) 

WE hold time (CBR REFRESH) 

WE setup time (CBR REFRESH) 

WE hold time (WCBR test cycle) 

WE setup time 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

Output enable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS to WE delay time 

Column-address to WE delay time 

CAS to WE delay time 

RAS pulse width entering SELF REFRESH 

RAS precharge time entering SELF REFRESH 

CAS hold time entering SELF REFRESH 
, 
S-verslon only 

MT16LD(T)464(S) 
REV. 4194 

SYM 
tAR 

tRAL 

tRCS 

tRCH 

tRRH 

tCLZ 

tOFF 

twcs 

twCH 

twCR 

twP 
tRWL 

tCWL 

tDS 

tDH 

tDHR 

IT 
tREF 

tRPC 

tCSR 

tCHR 

twRH 

twRP 

twTH 

twTs 
tORD 

toD 
tOE 

tOEH 

tRWD 

tAWD 

tCWD 

tRASS 

tRPS 

tCHD 

3-312 

MIN 
48 

37 

2 

2 

0 

5 

5 

2 

10 

43 

10 

22 

15 

2 

17 

45 

3 

0 
12 

8 

8 

12 

8 

12 

0 

15 

15 

90 

55 

40 

100 

110 

15 

-6 -7 
MAX MIN MAX UNITS NOTES 

53 ns 25 

42 ns 26 

2 ns 24 

2 ns 19,24 

0 ns 19,23 

5 ns 24,35 

22 5 27 ns 20,28 

2 ns 24 

15 ns 23 

53 ns 25 

15 ns 23 

27 ns 26 

20 ns 23 

2 ns 24,30 

22 ns 26,30 

55 ns 23 

50 3 50 ns 9,10,23 

32/128' 32/128' ms 

0 ns 23 
12 ns 5,24 

8 ns 5,25 

8 ns 22,25 

12 ns 22,24 

8 ns 22,25 

12 ns 22,24 

0 ns 20 

15 20 ns 23 

20 ns 

20 ns 25 

100 ns 24,32 

65 ns 24,32 

50 ns 24,32 

100 I!S 33 

130 ns 33 
15 ns 33 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor, Inc 



ADVANCE 

MIC:RON MT16LD(T)464(S) 
1-· ~'M"C'O""OUC 4 MEG x 64 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 3.3V; f = 1 MHz .. 
3. Icc is dependent on cycle rates. 
4. lee is 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. An initial pause of lOOlls 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. 

8. AC characteristics assume tT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and 100pF and VOL = 0.8V and VOH = 2.0V. 
14. Assumes that IRCD < IRCD (MAX). If IRCD 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 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 tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
IRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by tCAe. 

MTI6LO(T)464(S) 
REV. 4194 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) can be met. tRAD (MAX) is specified as a 
reference point only; if IRAD is greater than thespeci
fied tRAD (MAX) limit, access time is controlled 
exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

HIGH. 
22. twTS 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 inverse of twRP and tWRH in the 
CBR REFRESH cycle. 

23. Timing between the DRAMs and the module did not 
change with the addition of the line drivers. 

24. A +2ns timing skew from the DRAM to tIll' moLiull' 
resulted from the addition of line driVl'rs. 

25. A -2ns timing skew from the DRAM to tIll' module 
resulted from the addition of line driv,'rs. 

26. A +7ns timing skew from the DRAM to Ih,' modul,' 
resulted from the addition of line driVl'rs. 

27. A -2ns (MIN) and a -7ns (MAX) timing skl'w from till' 
DRAM to the module resulted from the addition of 
line drivers. 

28. A +2ns (MIN) and a +7ns (MAX) timing skew from 
the DRAM to the module resulted from the addition 
of line drivers. 

29. The maximum current ratings are based with the 
memory operating or being refreshed in the x64 
mode. The stated maximums may be reduced by one
half when used in the x32 mode. 

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

31. L-version only. 

3-313 Micron Semiconductor, Inc., reserves Ihe right to change products or specifications withoutnotice. 
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ADVANCE 

MIC:RON MT16LD(T)464(S) 
1-· """0",0000"" 4 MEG x 64 DRAM MODULE 

NOTES(continued) 
32. WCS, IRWD, IAWD and ICWD are not restrictive 

operating parameters. twcs applies to EARLY 
WRITE cycles. IRWD, IAWD and ICWD apply to 
READ-MODIFY-WRITE cycles. If IWCS 2: 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: IRWD (MIN), IAWD 2: 
tA WD (MIN) and ICWD 2: ICWD (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. OEheld HIGH and WE taken LOW 
after CAS goes LOW results in a LATE WRITE (OE-

MT16LD(T)464(S) 
REV. 4/94 

controlled) cycle. twcs, IRWD, ICWD and tA WD are 
not applicable in a LATE WRITE cycle. 

33. 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 .. 

34. Column-address changed once each cycle. 
35. The 3ns minimum is a parameter guaranteed by 

design. 

3-314 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT16LD(T)464(S) 
1-· "","',"00'0",", 4 MEG x 64 DRAM MODULE 

MT16LD{T)464(S) 
REV; 4194 

READ CYCLE 

'RAS 'RP 

RAs V,H 
VIL 

- \ -
ICSH 

'RSH IRRH 

'CRP tRCD tCAS 

CAs V,H 
VIL =----' 

'AR 

I 'RAD 'RAL 

~ ~I I~ ~ 

ADOR 
V,H 
VIL ::IIIIIM ROW Willi,,;? COLUMN ROW 

WE V,H 
VIL 

IRCS 

I~ - WIIIII ~ -
'AA 
'eAe 

'cAe I~ 
I~ 

-
OPEN VALID DATA .Q---0PEN--

1-----'2L- I~ 
-

EARLY WRITE CYCLE 

'RAS 'RP 

II' 'I 
- )!t \ 

ICSH 

IRSH 

tCAP tRCD tCAS 

=----' 
'AR 

IRAQ 'RAL 

ADDA ~:t 1== ~I ~ ~ :/;0"/X ROW W'~ COLUMN ROW 

tCWL 

1 'RWL 

tWGR 

twcs tweH 

'WP 

_'os_I I 'OHR 

'OH OQ~:g~~f---.--V-ALI-OO~ 
DE ~:~::'A% 

3-315 

~ DON'T CARE 

~ UNDEFINED 
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ADVANCE 

MIC:RON MT16LD(T)464(S) 
1-· e'M""oo'm~'" 4 MEG x 64 DRAM MODULE 

MTI6LD(T)464(S) 
AEV,4194 

ADDR ~i~ 

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

tCSH 

FAST-PAGE-MODE READ CYCLE 

tCSH 

14 'CRP • 

J 
'RAQ 

I~ 'ASR rl 
:'l',.0t ROW 10//;0< 

I 
I 

OPEN 

RA 

FL 
IpC IRSH 

I SP 

'RCD ~ ~~ ~ ~~ 
'ePN 

0 IAR 

~I I~ 
IRAL 

I""' lAse I~ ~II~I I 
COLUMN W / / / / 1M COLUMN.Y!I!f!!!J COLUMN ROW 

'ACS I ~ 1 ItlRcS -1 ItlRcS -I rlRRH 
'RCH- Ii tRCH- Ii ~ 

1M 

I tRAG I ~AC 
'CLZ- 1:-
~ 

t' 'AA Yf IAA 

I 'CPA I tCPA 

!~I~~~-
'ell- b 'cLz L 

VALID ~ VALID 
DATA DATA DATA 

~ ~ ~ ~ I~ 

VI!I!!IL 

-'OFF 

r--- 0PEN -

m DON'T CARE 

!2&l UNDEFINED 

3-316 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MICRON MT16LD(T)464(S) 
1-· ,,,ca,,,,,,,,~ '" 4 MEG x 64 DRAM MODULE 

MT16LD(T)464(S) 
REV. 4194 

FAST-PAGE-MODE EARLY WRITE CYCLE 

RASP 

liE ~:~ 1M/////;/a@/$//$///$//////$/P'i//P'i$///$,I///1)!J!//fi$///;@/f/$/;!///!II!!I//////fi/!/J//!l//h 

ADDR ~lt 

-

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

RASP 

tCSH tPC/tPRWG IRSH 
~ 

r IRCD 'cAS ~ 'cAS ~ 'cAS 

t=l 
'AR ~ 1 ~ r-------, 

=---' 
'RAD I ~ ~II 'CAH '~Il II I- tASR 0 ~I leAH ~t=1 

7// hi ROW 1@iJ; COLUMN ~/J COLUMN W///////~ COLUMN 

-

-

I tRWD I 
~ I 'CWl-

~ I - ~-'RWl ~I I 'CW'i 
...... tCWL 

..L IAWD""" I-- 'WP 

tRAG 

twp __ 

'AWD 
tAv/oWP ...... 

I~ 'cWD ~ 

'AAI ~I~ ~I~ wmU'~ 

I ~- - I ~- l I r~ d 'DS- 1- 1 'CPA 'DS- 1- 'CPA 'DS-

~- - ~~ - ~~-
leLZ J:- telZ -- t telz r-

OPEN----@; I~ ""'I; ~ f\All; IIt~~D ~OPEN-

::rIOD - _too 
'OE- - 'DE 

3-317 

-- -toD 

'OE- - IOEH 

@ DON'T CARE 

~ UNDEFINED 
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ADVANCE 

UU:::I=ICN MT16LD(T)464(S) 
1-· ee"",,,,,,,,,,,,, 4 MEG x 64 DRAM MODULE 

-

CAS ~:~ ~~ 

RAS ONLY REFRESH CYCLE 
(ADDR = AO/80-A 10; WE = DON'T CARE) 

lAC 

tRAS lAP 

1 
tCRP 'I- IAPC_I 

~ 

I 

\ 

tASR tRAH 

ADDA ~:~ =-t,---Ao-w ~---,kw#//;J$#$#/$$//;J;W//$;J&;---AO-W --

DO ~gt -:------------OPEN-----------

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

tCSH 

ADDR ~lt:= 
-uuu~_~~r~'~_",-~ 

lACS , , 

WE ~IH - I ~II~ /T777777777777777777777 

IL_ I I I I ~I~I 
~:t :J///////////##///////#//////////////////#$////#~ VALID DATA ~=W;;=W;;=W;;=W;;=W;;=W;;=W;;rrT~ 

~~OFFJ I~I T 
I. NOTE 1 

OPEN----

tRAC 

Q ~gt -------7-

I
-OPEN I. 1M ~I~' 

DE ~lr ~?LULLl'---___ ~ _______________ _ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1, Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tOS(MIN) + any guardband 

MTI6LD(T)464(S) 
REV. 4194 

between data-out and driving the bus with the new data-in. 

3-318 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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UU::RCN MT16LD(T)464(S) 
1-· ""","oeo,"",,, 4 MEG x 64 DRAM MODULE 

tRP 

.~ 

~ 

J.tCPN.~~ 
CAS ~:t-

DO 

tWRP --
WE ~:t 4/////1/1//0 

. 

CBR REFRESH CYCLE 
(AO/BO-A 10, OE = DON'T CARE) 

tRAS ,I • tRP , . 
1 

tCHR I~ tCSR ;CHR 

I i 
OPEN 

tRAS , I 

'y 

tWRH ~ ~ --
w/I//////I/I/d/////) W/I////$//$///I//I///I// ffi 

EXTENDED CBR REFRESH CYCLE 31 

(AO/BO-A 10, OE = DON'T CARE) 

tRP . , 

. ---.1 
tRPC -

CAS ~:t-
l·~Pti ~~ 

DO 

tWRP --
WE ~:t itt/I/ $////) 

MT16LD(T)464(S) 
REV. 4194 

125~s 

tRAS . tRP . . tRAS • I 

tCHR 1~ ... tCSR • .~HR 

'y J 
OPEN 

tWRH ~ ~ --~//I///$I/$I///I/D w/I///I////I/I/////$///I///j 

3-319 

~ DON'TeARE 

fiZj UNDEFINED 
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ADVANCE 

UIC:::RON MT16LD(T)464(S) 
1-· ''','''''"cw"'"' 4 MEG x 64 DRAM MODULE 

AOOR 

HIDDEN REFRESH CYCLE21 
(WE = HIGH; OE = LOW) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

I.'CAC :1 I 1 'rF 

I"CL,"'~ I - ~-
DO ~:g~ - OPEN-----~'. VALID DATA OPEN-

'OE '----;1---------'0-'0 

DE ~:t -W$#//#//$/$i/#/##$#///d~ . _$///!ffi 

SELF REFRESH CYCLE 
(AO-A 11 and OE = DON'T CARE) 

NOTE 1 

II 

DO ~gr :::::-----+t------\)--OPEN------------++--------

tWRP tWRH IWRP ~ 

WE ~:t :4'/$//#;) ~~/#"j//$///#"j"j////#"j//#$g) ~$////#$lI4 
~ DON'T CARE 

~ 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. 

MT16LD(T)464(S) 
REV. 4194 3-320 Micron Semiconductor, Inc" reserves the right to change products or specifications without notice. 
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MIC:RON MT24D(T)472 
1-· ""","""no,,,, 4 MEG x 72 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 168-pin, dual read-out, 

single in-line package 
• High-performance CMOS silicon-gate process 
• Single +5V ±1O% power supply 
• All device pins are TTL-compatible 
• Low power, 56m W standby; 5,000m W active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• All inputs are buffered except RAS 
• 2,048-cycle refresh distributed across 32ms 
• FAST PAGE MODE access cycle 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 

• Components 
SOJ 
TSOP 

• Packages 

-6 
-7 

D 
DT 

Leadless 168-pin, dual read-out DIMM M 
Leadless 168-pin, dual read-out DIMM (gold) G 

• Part Number Example: MT24DT472M-6 

GENERAL DESCRIPTION 
The MT24D(T)472 is a randomly accessed solid-state 

memory containing 4,194,304 words organized in a x72 
configuration. During READ or WRITE cycles, each bit is 
uniquely addressed through the 22 address bits, which 
are entered 11 bits (AD lBO-AID) at a time. AD is connected 
to DQO-DQ31 and PDQO-PDQ3, while BO is connected to 
DQ32-DQ63 and PDQ4-PDQ7. 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. 
EARLY WRITE occurs when WE goes LOW prior to CAS 
going LOW, and the output pin(s) remain open (High-Z) 
until the next CAS cycle. 

MT24D(T}472 
REV. 4/94 3-321 

4 MEG x 72 DRAM 
5.0V FAST PAGE MODE 

PIN ASSIGNMENT (Top View) 

168-Pin, Dual Read-out DIMM 
(DE-26) SOJ version 

(DE-27) TSOP version 

tggg,gUg,~~~ 
PIN# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

SYMBOL PIN # SYMBOL PIN # SYMBOL PIN# SYMBOL 
Vss 43 Vss 85 Vss 127 Vss 
000 44 0E2 86 0032 128 RFU 
OQ1 45 RAB2. 87 0033 129 NC 
002 46 CAS4 88 0034 130 ~ 
003 47 CAS6 89 0035 131 CAST 
Vee 48 WE'[ 90 Vee 132 1'0[ 

004 49 Vee 91 0036 133 Vee 
005 50 NG 92 0037 134 NG 
006 51 NG 93 OQ38 135 NC 
007 52 0016 94 0039 136 0048 

POOO 53 0017 95 P004 137 0049 
Vss 54 Vss 9& Vss 138 Vss 
008 55 0018 97 0040 139 0050 
009 56 0019 98 0041 140 0051 
0010 57 0020 99 0042 141 0052 
0011 58 0021 100 0043 142 0053 
0012 59 Vee 101 0044 143 Vee 
Vee 60 0022 102 Vee 144 0054 

0013 61 RFU 103 0045 145 RFU 
0014 62 RFU 104 0046 146 RFU 
0015 63 RFU 105 0047 147 RFU 
P001 64 RFU 106 P005 148 RFU 
Vss 65 0023 107 Vss 149 0055 
NC 66 P002 108 MC 150 P006 
NG 67 0025 109 NG 151 0056 

Vee 68 Vss 110 Vee 152 Vss 
WED 69 0025 111 RFU 153 0057 
"CASO 70 0026 112 Cil3f 154 0058 
CAS2 71 0027 113 CAS3 155 0059 
lUiSlf 72 0028 11 NG 156 0060 
0Elf 73 Vee 115 RFU 157 Vee 
Vss 74 0029 116 Vss 158 0061 
AO 75 0030 117 A1 159 0062 
A2 76 0031 118 A3 160 0063 
A4 77 P003 119 A5 161 P007 
A6 78 Vss 120 A7 162 Vss 
A8 79 P01 121 A9 163 P02 

A10 80 P03 122 NC 164 P04 
NC 81 P05 123 NC 165 P06 
Vee 82 P07 124 Vee 166 P08 
RFU 83 100 125 RFU 167 101 
RFU 84 Vee 126 80 168 Vee 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nqtice. 
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IUIIIC::F=lCN MT24D(T)472 
1-· c",cmmcnac,", 4 MEG x 72 DRAM MODULE 

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ or WRITE) within a TOw-address-defined 
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 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. 

REFRESH 
Returning RAS and CAS HIGH terminates a memory 

cycle and decreases chip currentto a reduced standby level. 
Also, the chip is preconditioned for·.the next cycle during 
the RAS HIGH time. Correct memory cell data is preserved 
by maintaining power and executing anyRAS cycle (READ, 
WRITE) or RAS REFRESH cycle (RAS ONLY, CBR or 
HIDDEN) so that all 2,048 combinations of RAS addresses 
(AO /BO-AlO) are executed at least every 32ms, regardless of 
sequence. The CBR REFRESH cycle will invoke the internal 
refresh counter for automatic RAS addressing. 

FUNCTIONAL BLOCK DIAGRAM 

000'· DQ3 004·· DO? 

~~----~~----~~----
CAse -j,i>---_fi�l��_------lii!l---
~S7j~~--~~----_fiIlll_-----

POQO Doe·· DOli OQ12 '" D01S POQl 

NOTE: 1. All inputs with the exception of RAS are redriven. 

MT24D(T)472 
REV. 4194 3-322 

0016 ,. 0019 0020,·0023 PD02 OQ24 ,. 0027 0028 ,. 0Q31 PDQa 

It II IIII 

0056 ,- DQ59 OQ60· 0063 PDQ? 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PIN DESCRIPTIONS 

PIN NUMBERS 
30,45 

28,29,46,47,112, 
113,130,131 

27,48 

31,44 

33-38, 117-121, 126 

11,22,66,77,95 
106,150,161 

2-5,7-10,13-17,19-21, 
52-53, 55-58, 60, 65, 67, 

69-72,74-76,86-89, 
91-94,97-101,103-105, 
136-137,139-142,144, 

149,151,153-1.56,1.58-160 

79-82,163-166 

41-42,61-64, 111, 115, 
125,128,145-148 

6,18,26,40,49,59,73, 
84,90,102,110,124, 

133,143,157,168 

MT240(T)472 
REV. 4/94 

SYMBOL 
RASO,RAS2 

CASO-7 

WEO, WE2 

OEO, OE2 

AO-A1O, BO 

PDOO-PD07 

DOO-D063 

PD1-PD8 

RFU 

Vcc 

TYPE DESCRIPTION 
Input Row-Address Strobe: RAS is used to clock-in the ten row-

address bits. Two RAS inputs allow for one x72 bank or 
two x36 banks. 

Buffered Input Column-Address Strobe: CAS is used to clock-in the ten 
column-address bits, enable the DRAM output buffers 
and strobe the data inputs on WRITE cycles. Eight CAS 
inputs allow by1e access control for any memory bank 
configu ration. 

Buffered Input Write Enable: WE is the READIWRITE control for the DO 
pins. WEO controls DOO-D031 and PDQO-PD03. WE2 
controls D032-D063 and PD04-PD07. If WE is LOW 
prior to CAS going LOW, the access is an EARLY WRITE 
cycle. If WE is HIGH while CAS is LOW, the access is a 
READ cycle, provided OE is also LOW. If WE goes LOW 
after CAS goes LOW, then the cycle is a LATE WRITE 
cycle. A LATE WRITE cycle is generally used in 
conjunction with a READ cycle to form a READ-MODIFY-
WRITE cycle. 

-"" 
Buffered Input Output Enable: OE is the input/output control for the DO 

pins. OEO controls DOO-D031 and PDQO-PD03.0E:2 
controls D032-D063 and PD04-PD07. These signals 
may be driven, allowing LATE WRITE cycles. 

Buffered Input Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Input/ Parity Datal/a: Additional storage location provided per 
Output by1e (as controlled by CASO-7) for parity purposes. 

Input/ Data I/O: For WRITE cycles, DOO-D063 act as 
Output inputs to the addressed DRAM location. BYTE 

WRITEs may be performed by using the corresponding 
CAS select (x72 mode only). For READ access cycles, 
DOO-D063 act as outputs for the addressed DRAM 
location. 

- Presence-Detect: These pinsare read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

- RFU: These pins should be left 
unconnected (reserved for future use). 

Supply Power Supply: +5V ± 10% 

3-323 Micron Semiconductor, tnc., reserves the right to change products or specifications without notice. 
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ADVANCE 

UU::::RON MT24D(T)472 
1-· 'H"',"m","c"" 4 MEG x 72 DRAM MODULE 

PIN DESCRIPTIONS (continued) 

PIN NUMBERS SYMBOL TYPE DESCRIPTION 
1,12,23,32,43,54, Vss Supply Ground 

68,78,85,96,107,116, 
127, 138, 152, 162 

83, 167 100,101 - 10 bit 

132 POE - PO enable 

11, 22, 24-25, 38-39, NC - No connect. 
50-51,66,77,95,106, 
108-109,114,122-123, 
129, 134-135, 150, 161 

s: TRUTH TABLE 

o 
C 
c: 
r m 

FUNCTION 

Standby 

READ 

EARLY WRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARLY-WRITE 

FAST-PAGJ;:-MODJ;: 

READ-WRITE 

RAS ONLY REFRESH 

HIDDEN 

REFRESH 

CBR REFRESH 

MT24D(T)472 
REV. 4194 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

'AM 'Ci{S" WE" 
H H .... X X 

L L H 

L L L 

L L H .... L 

L H .... L H 

L H .... L H 

L H .... L L 

L H .... L L 

L H .... L H .... L 

L H .... L H .... L 

H X X 

L .... H .... L L H 

L .... H .... L L L 

H .... L L H 

3-324 

llt 
X 

L 

X 

L .... H 

L 

L 

X 

X 

L .... H 

L .... H 

X 

L 

X 

X 

ADDRESSES DATA-IN/OUT 
IR IC 000-63, PDOQ-7 NOTES 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out, Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW COL Data-Out, Data-In 

n/a COL Data-Out, Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MICRON MT24D(T)472 
1-· "",,,",co,,e,", 4 MEG x 72 DRAM MODULE 

PRESENCE-DETECT TRUTH TABLE 

Refresh Control 

Data Width, Parity 

NOTE: Vss = ground. 

MT240(T)472 
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ADVANCE 

MIC:RON MT24D(T)472 
1-· "',"OO",",'0""C 4 MEG x 72 DRAM MODULE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, ?) (Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 

Input High (Logic 1) Voltage, all inputs VIH 3.5 VCc+0.5 V 

Input Low (Logic 0) Voltage, all inputs VIL -0.5 0.8 V 

INPUT LEAKAGE CURRENT CASO-CAS? 
Any input OV :s; VIN :s; 6.5V AO-AlO, BO 111 -2 2 J.lA 
(All other pins not under test = OV) for each package input WEO,2,OEO,2 

RASO, 2 112 -24 24 J.lA 
OUTPUT LEAKAGE CURRENT DOO-D063, loz -10 10 J.lA 
(0 is disabled; OV :s; VOUT :s; 5.5V) for each package input PDOO-PD07 

OUTPUT LEVELS VOH 2.4 V 
Ouipui High Voiiage (iOUT = -5mA) 
Output Low Voltage (lOUT = 4.2mA) VOL 0.4 V 

MAX 
PARAMETER/CONDITION SYMBOL SIZE -6 -7 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 32MB 48 48 mA 29 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) ICC2 32MB 24 24 mA 29 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 32MB 2,800 2,560 mA 3,4, 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 29,34 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current Icc4 32MB 2,080 1,840 mA 3,4, 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 29,34 

REFRESH CURRENT: RAS ONLY 
Average power supply current Iccs 32MB 2,800 2,560 mA 3,29 
(RAS Cycling, CAS = VIH: tRC = tRC [MIN]) 34 

REFRESH CURRENT: CBR 
Average power supply current Icc6 32MB 2,800 2,560 mA 3,5, 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 29 

MT24D(TJ472 
REV. 4/94 3-326 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + I2SoC 
Power Dissipation ........................................................... 24W 
Short Circuit Output Current ...................................... SOmA 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A 10, 80 

Input Capacitance: WEO, WE2, OEO, 0E2 
Input Capacitance: RASO, RAS2 

Input Capacitance: CASO - CAS7 

Input/Output Capacitance: 000-0063, POOO-P007 

'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 . 

SYMBOL MIN MAX UNITS NOTES 

CI1 9 pF 2 

CI2 9 pF 2 

CI3 40 pF 2 

CI4 9 pF 2 

CIO 15 pF 2 

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

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time(FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

MT24D(T)472 
REV. 4/94 

SYM MIN 
tRC 110 
tpc 35 

tRAC 60 
tCAC 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 22 
tRP 40 

tCAS 15 
tcSH 58 
tCPN 10 
tcp 10 

tRCD 18 
tCRP 12 
tASR 7 
tRAH 8 
tRAD 13 

tASC 2 
tCAH 10 

3-327 

H"."_ .------
-6 -7 

MAX MIN MAX UNITS NOTES 

130 ns 23 
40 ns 23 

70 ns 14,23 
22 27 ns 15,26 
37 42 ns 26 
42 47 ns 26 

100,000 70 100,000 ns 23 
100,000 70 100,000 ns 23 

27 ns 26 
50 ns 23 

100,000 20 100,000 ns 23 
68 ns 25 
10 ns 16,23 
10 ns 23 

38 18 43 ns 17,27 
12 ns 26 
7 ns 26 
8 ns 25 

23 13 28 ns 18,27 

2 ns 24 

15 ns 23 
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ADVANCE 

MIC:RON MT24D(T)472 
1-· ""''''",'0",", 4 MEG x 72 DRAM MODULE 

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

AC CHARACTERISTICS 
PARAMETER 
Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 
'AIr __ __...J __ .L •• ",, ___ 

VVL \,,;VllllltClIlU ~t::lUIJ 1I111t::: 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 

OE setup prior !oRAS during 
HIDDEN REFRESH cycle 

Output disable 

Output enable 

OE h.old time from WE during 
READ-MODIFY-WRITE cycle 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

MT24D(Tj472 
REV.4J94 

SYM 
tAR 

tRAl 

tRCS 

tRCH 

tRRH 

tClZ 

tOFF 

+':';vCS 
tWCH 

tWCR 

twp 

tRWl 

tCWl 

tDS 

tDH 

tDHR 

IT 
tREF 

tRPC 

tCSR 

tCHR 

WRH 

WRP 

WTH 

WTS 
tORD 

tOD 

toE 
tOEH 

tRWD 

tAWD 

tCWD 

3-328 

MIN 
48 

37 

2 

2 

0 

2 

5 

~ 

10 

43 

10 

22 

15 

2 

17 

45 

3 

0 
7 

13 

8 

12 

8 

12 

0 

15 

15 

85 

55 

40 

-6 -7 
MAX MIN MAX UNITS NOTES 

53 ns 25 

42 ns 26 

2 ns 24 

2 ns 19,24 

0 ns 19,23 

2 ns 24 

22 5 27 ns 20,28 

~ ns 24 

15 ns 23 

53 ns 25 

15 ns 23 

27 ns 26 

20 ns 23 

2 ns 24,30 

22 ns 26,30 

55 ns 23 

50 3 50 ns 9,10,23 

32 32 ms 

0 ns 23 

7 ns 5,24 

13 ns 5,25 

8 ns 22,25 

12 ns 22,24 

8 ns 22,25 

12 ns 22,24 

0 ns 20 

15 20 ns 23 

20 ns 

15 ns 25 

95 ns 24,32 

60 ns 24,32 

45 ns 24,32 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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1-· "'""o'"ocw"''' 4 MEG x 72 DRAM MODULE 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±10%; f = 1 MHz. 
3. Icc is 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. 

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. An initial pause of lOOlls 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. 

8. AC characteristics assume tT = 5ns. 
9. VIH (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 VIH). 

10. In addition to meeting the transition rate specification, 
all input signals must transit between VIH and VIL (or 
between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 tRCD < tRCD (MAX). If IReD 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 tRCD ;0 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 tePN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as a 
reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, access time is controlled 
exclusively by teAC. 

18. Operation within the tRAD (MAX) limit ensures that 
tRAC (MIN) and tCAC (MIN) can be met. tRAD 
(MAX) is specified as a reference point only; if lRAD is 
greater than the specifiedlRAD (MAX) limit, access 
time is controlled exclusively by tAA. 

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

MT24D(1)472-
REV. 4/94 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. twTs 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 inverse of twRP and twRH in the 
CBR REFRESH cycle. 

23. Timing between the DRAMs and the module did not 
change with the addition of the line drivers. 

24. A +2ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

25. A -2ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

26. A +7ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

27. A -2ns (MIN) and a -7ns (MAX) timing skl'w (rolll the 
DRAM to the module resulted from the addition of 
line drivers. 

28. A +2ns (MIN) and a +7ns (MAX) timing skew from 
the DRAM to the module resulted from the addition 
of line drivers. 

29. The maximum current ratings are based with the 
memory operating or being refreshed in the x72 
mode. The stated maximums may be reduced by 
approximately one-half when used in the x36 mode. 

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

31. L-versiononly. 
32. twcs, tRWD, tAWD and tCWD are not restrictive 

operating parameters. twcs applies to EARLY 
WRITE cycles. tRWD, tA WD and tewD apply to 
READ-MODIFY-WRITE cycles. If twcs ;0 twcs 
(MIN), the cycle is an EARLY WRITE cycle and the 
data output will remain an open circuit throughout 
the entire cycle. If tRWD;o tRWD (MIN), tAWD;o 
tAWD (MIN) and tCWD;o 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 (OE
controlle(j.) cycle. twcs, tRWD, tCWD and tA WD are 
not applicable in a LATE WRITE cycle. 

33, Refresh current increases if tRAS is extended beyond 
its minimum specification. 

34. Column-address changed once each cycle. 

3-329 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC::RON MT24D(T)472 
1-· ""'''''''''0«'' 4 MEG x 72 DRAM MODULE 

MT240(T)472 
REV. 4/94 

READ CYCLE 

\~---
ICSH 

'RRH 

ICRP 

I~~I 
ADDR ~:t ~ ROW W£@ COLUMN ~ ROW 

WE ~:t =1/////////////////////////////// 
~ 

Y!lPP////!!!!///////; 

tCAG 

~l 
DO ~:gt:C---------OPEN--------1~PVA~LI~DD~AT~A=t--OPEN---

I~I~ 
DE ~:t -T.1/;mw;;m1Jj=1/;;>nw;;m1;/mm=m'7T1//;m/'/;=m7T.mm~/;m/,/;=~/;7T.mmW/;m'l/;77T1I ml !II /1/ II! /1/ 1/ 1/ 1/1 II!!III//! IIII/A 

RAs VIH -V1L _ 

'CAP 

CAs V1H -
VIL _ 

ADDR 
VIH 
VIL 

WE V1H -
VIL 

DO ~:g~ 

EARLY WRITE CYCLE 

IRC 

tRAS 

tCSH 

'ASH 

'RCD 'cAS 

IAR 

'wes 'WGH 

'wP 

3-330 

IRP 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT24D(T)472 
1-· ",,,,,,,,,,,,,,,,,, 4 MEG x 72 DRAM MODULE 

MT24D(T)472 
REV. 4194 

ADDR 

ADDR ~i~ 

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

'Awe 

teSH 

teAS 

ROW 

---------OPEN--~m~~~j:~%j OPEN-----

-

I~ teRP 

=-' 
I,·'ASR 

:J'IIM ROW 

I 
1 

-

FAST-PAGE-MODE READ CYCLE 

leSH 

IRAD 

IRAH·I 

:WI;;) 

OPEN 

RAP 

FL 'pc 'RSH 

, S 

IRCD ~ ~~ ~ ~y 
tePN 

'AR .~ 
~I I~ 

tRAL 

~ tCAH~1 ~II~I I 
COLUMN 0'1111;;) COLUMN :WIIIII;) COLUMN ROW 

tRCS .1 'RCH---
-I w.-'RCS rl T '"CH- Ii 

-I It'Rcs tRCH ~-'RRH 

'AA yo 'AA 

I tRAC I 'CPA 

1 'cAC .~ I~ 
teLZ-1:,. 'CLZ- t 

~ VALID 

~ ~ £ 

3-331 

YfU 'AA 

I 'CPA 

~ I~ 
ICLZ- r-

~LlD ~ 

To ~ 

-
VALID 

~ 
I~ 

V!iII&L 

/-tOFF 

~OPEN-

~ DDN'TCARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE i 

MIC:RON MT24D{T)472 
1-- ,mco",ccw""" 4 MEG x 72 DRAM MODULE 

MT240(l)472 
REV. 4194 

FAST-PAGE-MODEEARLY-WRITE CYCLE 

'RP 

~ ~ -
-

tCSH 'pc 'RSH 

r tACO ~ tep teAS ~ ~ ~I 
=~ ~ / 

'AR 

II 'RAD rl IRAL 

r tRAH~\ ~ \ .. lAse leAH __ , I~II~I 
:J/M ROW W/M COLUMN COLUMN COLUMN ROW ADDR ~:~ 

WE ~:~ 
~=W~~~--~~=-~=-~~--~+--1~~~~~~ 

I IRWL .1 
' I I 'DHR II 

" I~ I~_I_'_DS ~I I~·~I 
DO v:~r ::;,=1j;;=@=jj,=@=jIj;;=j;j;=m=J0i' VALID DATA ~ VALID DATA ~ VALID DATA W//////#//4%0 

OE ~:~ !$/////I$)Ij#/$$#///////#////$//#$/$//ff//;7$//II/$$;7////////$$)Ij#/$//$///#/////#//,1 

ADDR ~:~ 

DO ~:g~ 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODIFY-WRITE CYCLES) 

---

r-
=~ 

I~ 'ASR 

=Wi ROW 

-

RASP 

't=L 
teSH lpe IpRWC IRSH 

tRCD 'CAS ~ teAS ~ ICAS 

A 1 
r-- .------, 

'AR 

tRAD tRAL 

IRAH __ 
1 al ~ ~ leAH __ I -kll leAH __ I II 
fill/) COLUMN COLUMN COLUMN ROW 

I I 
'RWD 'I 1 I .~ I [.I--'RWL 

~I 
I 

-
I~~i I 'CWL- - tCWL 

'wp-- J - __ twp 

IAWD IAWD IAWD 

leWD teWD ~ 

~ ~ 4 'AA 
~ 

'RAC I 
'OH-- I IOH __ 

'os_I_ I tePA 'Ds-I-

'CAcd 'CAC~ - 'CAG -- --I'~ '"t-" 
'C12 t 

IIALIO VALID 

'CLZ r- leu It:-:-:=;. 
OPEN-----W 

VALID VALID VALID VALID r-OPEN -

~.~ 1OY~~ "OO'~~ - _too 
'0,- - 'OE- ---

3-332 

-'00 - '00 
toE- --- 'o'H 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT24D(T)472 
1-· "''''"''"''''''' 4 MEG x 72 DRAM MODULE 

I' 
CAS ~:~ _ :---.1 

RAS ONLY REFRESH CYCLE 
(ADDR = AO/BO-A 10; WE = DON'T CARE) 

tRAS 'RP 

~ 
'CRP 'I. 'RPC_

1 

'----I 

1 

ADDR ~:~ =-t--RO-W ------,b)"ffi'P'#ffi'#ffi'#//P'$I//$INP'#ar---Ro-w --

'ASR IRAH 

DQ ~gt ::::~----------OPEN-----------

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

ADDR ~:t:::: 
"!.LL.L.'-n,-----,-----<'lLt'1'---;-1 ----,------" II 'CWL 

1_---7--"'R""'es'--_ II 'RWl 

I II 'WP 

WE ~IH _ 'wes II~ nTT"i7777TT777TTT:T777777 

IL_ I I I I j~II~I_ 
o ~:t ::111111111111111111111111111111111111111111111111111111I! VALID DATA WlIIIIIIIIIIIIIIII $M; 

~~I'OFF~T 
! NOTE 1 

VOH -- ___ --'-- --'-------ll&\m VALID 
Q VOL - I OPEN-I, 'AA W~!------OPEN 

tRAC 

[Z] DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tOS(MIN) + any guardband 

MT240{T)472 
REV. 4/94 

between data-out and driving the bus with the new data-in. 
2. Assumes 0 and Q are tied together. 

3-333 Micron Semiconductor, Inc., reserves the right to change products or specifications wtthout notice. 
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ADVANCE 

MIC:RON MT24D(T)472 
1-· ,""CO,,"""O"'" 4 MEG x 72 DRAM MODULE 

MT240(T)472 
REV.41S4 

tAP 

AAS ----.-/ 
~ 

CAS 

:~.tCPN'~~ 

DO 

WE 

~ 

~:r -WI///I/I//O 

ADDR ~l~ 

CBR REFRESH CYCLE 
(AO/BO-A 10, OE = DON'T CARE) 

tAAS I , tAP , , 

'1 
tRAS 

, 'tCHA , 
'.!ll't

csA
, ~v 

I 
OPEN 

,I 

~ ~ 

t&//I/I//I//I//I/ //Iff 
~ 

W/I/I/I//I/I///I//I//I//I////a 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH; OE = LOW) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

ICHR 

'oFF 

DO ~lg~ -'------OPEN----~~~=:==~VA~LlD~D~ATA~==j 
tOE I 

OPEN-

OE ~:t -w/j'j'j"j"$j'$j',@'//j'$j'/$d. loRD. 

3-334 

~ DON'T CARE 

~ UNDEFINED 
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MIC:RON MT24LD(T)472(S) 
1-· ,,,,,,,,moe;,,,,, 4 MEG X 72 DRAM MODULE 

DRAM 
MODULE 
FEATURES 
• Industry-standard pinout in a 168-pin, dual read-out, 

single in-line package 
• High-performance CMOS silicon-gate process 
• Single +3.3V ±O.3V power supply 
• All device pins are TTL-compatible 
• Low power, 56mW standby; 3,400mW active, typical 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and SELF 
• All inputs are buffered except RAS 
• 2,048-cycle refresh distributed across 32ms or 

2,048-cycle Extended Refresh distributed across 128ms 
• FAST PAGE MODE access cycle 
• Optional SELF REFRESH mode 

OPTIONS 
• Timing 

60ns access 
70ns access 

• Components 
SOJ 
TSOP 

• Packages 

MARKING 

-6 
-7 

D 
DT 

Leadless 168-pin, dual read-out DIMM M 
Leadless 168-pin, dual read-out DIMM (gold) G 

• Refresh 
Standard 
Low-power extended SELF REFRESH 

• Part Number Example: MT24LDT472G-6 S 

GENERAL DESCRIPTION 

Blank 
S 

The MT24LD(T)472(S) is a randomly accessed solidCstate 
memory containing 4,194,304 words organized in a x72 
configuration. It is specially processed to operate from 3.0V 
to 3.6V for low-voltage memory systems. The module has 
optional FAST PAGE MODE, which allows faster data 
operations (READ or WRITE) within a row-address
defined (AO/BO-AI0) page boundary. AO is connected to 
DQO-DQ31 and PDQO-PDQ3 while BO is connected to DQ32-
DQ63 and PDQ4-PDQ7. 

During READ or WRITE cycles, each bit is uniquely 
addressed through the 22 address bits, which are entered 11 
bits (AO IBO-AI0) at a time. RAS is used to latch the first 11 
bits and CAS the latter 11 bits. 

MT-:24LD{T)472(S) 
REV. 4/94 

4 MEG X 72 DRAM 
3.3V FAST PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN # 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

'16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

3-335 

PIN ASSIGNMENT (Top View) 

1G8-Pin, Dual Read-out DIMM 
(OE-28) SOJ version 

(OE-29) TSOP version 

SYMBOL PIN # SYMBOL PIN # SYMBOL PIN # SYMBOL 
Vss 43 Vss 85 Vss 127 Vss 
000 44 0E2 86 OQ32 128 RFU 
001 45 R7iS2 87 OQ33 129 NC 
002 46 "CAS4 88 0034 130 ~ 
003 47 ~ 89 0035 131 --Cf!iJ-
Vee 48 wrr 90 Vee '132 PDf 
004 49 Vee 91 0036 133 Vee 
005 50 NC 92 OQ37 134 NC 
OQ6 51 NC 93 0038 135 NC 
007 52 0016 94 0039 136 0048 

POOO 53 0017 95 PD04 137 0049 
Vss 54 Vss 96 Vss 138 Vss 
008 55 OQ18 97 0040 139 0050 
OQ9 56 0019 98 0041 140 0051 
001O 57 OQ20 99 0042 141 OQ52 
DQ11 58 OQ21 100 OQ43 142 0053 
OQ12 59 Vee 101 OQ44 143 Vee 
Vee 60 0022 102 Vee 144 0054 

0013 61 RFU 103 0045 145 RFU 
OQ14 62 RFU 104 OQ46 146 RFU 
0015 63 RFU 105 0047 147 RFU 
P001 64 RFU 106 P005 148 RFU 
Vss 65 OQ23 107 Vss 149 0055 
NC 66 P002 108 NC 150 P006 
NC 67 0025 109 NC 151 0056 
Vee 68 Vss 110 Vee 152 Vss 

WED 69 0025 111 RFU 153 0057 
CASO 70 0026 112 CASl 154 OQ58 
1A'iS2 71 0027 . 113 CAS3 155 0059 
l17iSO 72 0028 11 NC 156 0060 
OEO 73 Vee 115 RFU 157 Vee 
Vss 74 0029 116 Vss 158 0061 
AO 75 0030 117 A1 159 0062 
A2 76 OQ31 118 A3 160 DQ63 
A4 77 PD03 119 A5 161 P007 
A6 78 Vss 120 A7 162 Vss 
A8 79 POl 121 A9 163 P02 
A10 80 P03 122 NC 164 PD4 
NC 81 P05 123 NC 1'65 P06 
Vee 82 P07 124 Vee 166 P08 
RFU 83 IDO 125 RFU 167 101 
RFU 84 Vee 126 80 168 Vee 

Micron Semiconductor, Inc., reserves the right to change products or speCifications Without notice. 
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ADVANCE 

MIC:RON MT24LD(T)472(S) 
1-· "",eo"'C"O","c 4 MEG x 72 DRAM MODULE 

READ and WRITE cycles ar.e 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. EARLY WRITE occurs when WE 
goes LOW prior to CAS going LOW, and the output pin(s) 
remain ope~ (High-Z) until the next CAS cycle. 

FAST PAGE MODE 
FAST PAGE MODE operations allow faster data opera

tions (READ or WRITE) within a row-address-defined 
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 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. 

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 
2,048 combinations of RASaddresses (AO/BO-AlO) are 
executed at least every 32ms (128ms "S" option), regardless 
of sequence. The CBR REFRESH cycle will invoke the 
internal refresh counter for automatic RAS addressing. 

An optional SELF REFRESH mode is also. available. The 
"S" option allows the user the option 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 specifications. Th~ module's SELF 
REFRESH mode is initiated by performing a CBR RE
FRESH cycle and holding RAS LOW for the specified 
tRASS. Additionally, the "S" option allows for extended 
refresh rate of 62.5J.!s per row if using distributed CBR 
refresh. This refresh rate can be applied during normal' 
operation, as well as during a standby or extended refresh 
mode. 

The SELF REFRESH mode is terminated by driving RAS 
HIGH for the time minimum of tRPS (ztRCns). This delay 
allows for the completion of any internal refresh cycles that 
may be in process at the time of RAS LOW -to-HIGH tran
sition. If the DRAM controller uses a distributed refresh 
sequence, a burst refresh is not required upon exiting SELF 
REFRESH mode. However, if the DRAM controller utilizes 
RAS ONLY or burst refresh sequence, ail 2,048 rows must 
be refreshed within 300J.!s,prior to the resumption of nor
mal operation. 

STANDBY 
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 RAS HIGH time. 

FUNCTIONAL BLOCK DIAGRAM 

oaa '. DQ3 OQ4 ,. D07 

"" OEO 

III 

""" ""'-10>---''' 

'''' Io>--~ 
''''-lil>--
'''' IO>,,=--

we; 

"" "'" 
CAS4 

CAS5 
,~ 

CAS7 

1111 

1111 

'" "" '" CASAO-Aj 

PDOO D08 ,. DOll 0012 '. 0015 PDQl 

1111 

'" 
",. 

NOTE: 1. All inputs with the exception of RAS are red riven. 

MT24LD(T)472(S) 
REV. 4194 3-336 

0016 '. OQ19 OQ20 ,. D023 PDQ2 D024 ,. 0027 OQ28 '" 0031 PDQ3 

1111 1111 III III 

Ul-U2,U4-U5,U7-U8,Ul o-Ul1 ,U13-UI4,Ul6-U17 ,U19-U20,U22-U23- = MT 4LC4M4Bl 
U3,U6,U9,U12,U15,U18,U21 ,U24 = MT4LC1004J 

Micron Semiconductor, Inc., reserves the right to change products or specmcations without notiCe. 
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MIC:RON MT24LD(T)472(S) 
1-· '''''co","''"',, 4 MEG x 72 DRAM MODULE 

PIN DESCRIPTIONS 

PIN NUMBERS 

30,45 

28,29,46,47,112, 
113,130,131 

27,48 

31,44 

33-38,117-121,126 

11,22,66,77,95 
106, 150, 161 

2-5,7-10,13-17,19-21, 
52-53, 55-58, 60, 65, 67, 

69-72,74-76,86-89, 
91-94,97-101,103-105, 
136-137,139-142,144, 

149,151,153-156,158-160 

79-82, 163-166 

41-42, 61~64, 111,115, 
125,128,145-148 

MT24LD(T)472(S) 
REV. 4194 

SYMBOL 

RASO,RAS2 

CASO-7 

WEO, WE2 

OEO,OE2 

AO-A10, BO 

POOO-P007 

000-0063 

POi-P08 

RFU 

TYPE DESCRIPTION 

Input Row-Address Strobe: RAS is used to clock-in the ten row-
address bits. Two RAS inputs allow for one x72 bank or 
two x36 banks. 

Buffered Input Column-Address Strobe: CAS is used to clock-in the ten 
column-address bits, enable the DRAM output buffers 
and strobe the data inputs on WRITE cycles. Eight CAS 
inputs allow byte access control for any memory bank 
configuration. 

Buffered Input Write Enable: WE is the REAOIWRITE control for the DO 
pins. WEO controls 000-0031 and POQO-P003. WE2 
controls 0032-0063 and P004-P007. If WE is LOW 
prior to CAS going LOW, the access is an EARLY WRITE 
cycle. If WE is HIGH while CAS is LOW, the access is a 
READ cycle, provided OE is also LOW. If WE goes LOW 
after CAS goes LOW, then the cycle is a LATE WRITE 
cycle. A LATE WRITE cycle is generally used in 
conjunction with a READ cycle to form a REAO-MOOIFY-
WRITE cycle. 

Buffered Input Output Enable: OE is the input/output control for the DO 
pins. OEO controls 000-0031 and POQO-P003. OU 
controls 0032-0063 P004-P007. These signals may 
be driven, allowing LATE WRITE cycles . . __ ._ .. _---

Buffered Input Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Input! Parity Data 110: Additional storage location provided per 
Output byte (as controlled by CASO-7) for parity purposes. 

Input! Data I/O: For WRITE cycles, 000-0063 act as 
Output inputs to the addressed DRAM location. BYTE 

WRITEs may be performed by using the corresponding 
CAS select (x72 mode only). For READ access cycles, 
000-0063 act as outputs for the addressed DRAM 
location. 

- Presence-Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or they will be 
grounded (Vss). 

- RFU: These pins should be left 
unconnected (reserved for future use). 

3-337 Micron Semiconductor, Inc., reserves the right to change products or specifications witnout notice. 
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ADVANCE 

MU::F=lCN MT24LD(T)472(S) 
1-· ,,,'co,,",,,,,,, 4 MEG x 72 DRAM MODULE 

PIN DESCRIPTIONS (continued) 

PIN NUMBERS .• SYMBOL TYPE DESCRIPTION 
6, 18, 26, 40, 49, 59, 73, Vcc Supply Power Supply: +3.3V ± 0.3V 
84,90,102,110,124, 

133, 143, 157, 168 I 

1,12,23,32,43,54,68, Vss Supply Ground 
78,85,96,107,116, 
127, 138, 152, 162 

83, 167 IDO,ID1 - ID bit 

132 PDE - PD enable 

11, 22, 24-25, 38-39, NC - No connect. 
50-51,66,77,95,106, 
108-109,114,122-123, 
129, 134-135, 150, 161 

C TRUTH TABLE 
C 
rm FUNCTION 

Standby 

READ 

EARLVWRITE 

READ WRITE 

FAST-PAGE-MODE 

READ 

FAST-PAGE-MODE 

EARL V-WRITE 

FAST-PAGE-MODE 

READ-WRITE 

RAS ONLV REFRESH 

HIDDEN 

REFRESH 

CSR REFRESH 

MT24LD(T)472{S) 
REV.41f/4 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

1st Cycle 

2nd Cycle 

READ 

WRITE 

1m' 'CJ{S wr 
H H-X X 

L L H 

L L L 

L L H-L 

L H-L H 

L H-L H 

L H-L L 

L H-L L 

L H-L H-L 

L H-L H-L 

H X X 

L-H-L L H 

L-H-L L L 

H-L L H 

3-338 

TIt 
X 

L 

X 

L-H 

L 

L 

X 

X 

L-H 

L-H 

X 

L 

X 

X 

ADDRESSES DATA-IN/OUT 
IR IC DOo-63, PDOD-7 NOTES 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-Out, Data-In 

ROW COL Data-Out 

n/a COL Data,Out 

ROW COL Data-In 

n/a COL Data'in 

ROW COL Data-Out, Data-In 

n/a COL Data-Out, Data-In 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specificationS without notice. 
©1994, Micron Semiconductor, Inc. 
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MICRON MT24LD(T)472(S) 
1-· '''''''"""'wc,'' 4 MEG x 72 DRAM MODULE 

PRESENCE-DETECT TRUTH TABLE 

Refresh Control 

Data Width,Parity 

NOTE: Vss = ground. 

MT24lD(T)472(S) 
REV.:4/94 3-339 Micron Semiconductor, !nc., reserves the right to change products or specifications without notice. 
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MIC:RON MT24LD(T)472(S) 
1-- """'","0,""" 4 MEG x 72 DRAM MODULE 

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 V 

Input High (Logic 1) Voltage, all inputs VIH 2.1 Vcc+l V 
.. 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT CASO-CAS7 1i1 
Any input OV ~ VIN ~ 3.6V Al-A9, AO, BO 1i2 -2 2 JlA 
(All other pins not under test = OV) for each package input WEO,2,OEO,2 1i3 

RASO,2 -24 24 IlA 

OUTPUT LEAKAGE CURRENT DOO-D063, loz -10 10 JlA 
(0 is disabled; OV ~ VOUT ~ 3.6V) for each package input PDOO-PD07 

OUTPUT LEVELS VOH 2.4 V 

o I Output Low Voltage (lOUT =2mA) 
Output High Voltage (lOUT = -2mA) 

VOL 0.4 V 

C 
c: 
r
m PARAMETER/CONDITION 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

STANDBY CURRENT: (CMOS) I STD 

(RAS = CAS = Vcc -0.2V) I S 

OPERATING CURRENT: Random READ/wRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN]) 

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

REFRESH CURRENT: Extended (S-only) 
Average power supply current, 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN); 
WE = Vcc -0.2V; AO/BO-A 10 and DIN = Vcc -O.2V or 0.2V (DIN 
may be left open); IRC = 62.51ls (2,048 rows at 62.51ls = 128ms) 

REFRESH CURRENT: SELF (S-only) 
Average power supply current during SELF REFRESH: CBR cycle 
with RAS :2: IRASS (MIN) and CAS held LOW; WE = Vcc -0.2V; 
AO/BO-Al0 and DIN = Vcc -0.2V or 0.2V (DIN may be left open) 

MT24LD(T)472(S) 
REV. 4/94 3-340 

MAX 

SYMBOL SIZE -6 -7 UNITS NOTES 
Icc1 32MB 24 24 mA 29 

ICC2 32MB 12 12 mA 29 

Icc2 32MB 3.6 3.6 mA 29 

Icc3 32MB 2,800 2,560 mA 3,4, 
29,34 

Icc4 32MB 2,080 1,840 mA 3,4, 
29,34 

Iccs 32MB 2,800 2,560 mA 3,29, 
34 

Icc6 32MB 2,800 2,560 mA 3,5, 
29 

3,5 
Icc? 32MB 7.2 7.2 mA 29, 31 

33 

Iccs 32MB 7.2 7.2 mA 5,29, 
31 

Micron Semiconductor, tnc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc 
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MICRON MT24LD(T)472(S) 
1-· '''''co''""o",'' 4 MEG x 72 DRAM MODULE 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ........... -IV to +4.5V 
Operating Temperature, T A (ambient) .......... O°C to +70°C 
Storage Temperature (plastic) .................... -SSOC to + I2S0C 
Power Dissipation ........................................................... 24W 
Short Circuit Output Current ...................................... SOmA 

*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 condit~ons 
for extended periods may affect reliability . 

z 
m 

== • CAPACITANCE C 
PARAMETER SYMBOL MIN 

Input Capacitance: AO-A 10, BO Cll 

Input Capacitance: WEO, WE2, OEO, OE2 CI2 

Input Capacitance: RASO, RAS2 CI3 

Input Capacitance: CASO - CAS7 CI4 

Input/Output Capacitance: 000-0063, POOO-P007 Cia 

MAX UNITS 

9 pF 

9 pF 

40 pF 

9 pF 

15 pF 

NOTES 

2 

2 

2 

2 

2 

::D » s: 
s: 
o 
C 
c: 
r

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

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 
ii:AS" pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

MT24LD{T)472(S) 
REV. 4194 

SYM MIN 
tRC 110 
tpc 35 

tRAC 60 
tCAC 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 22 
tRP 40 

tCAS 15 
tCSH 58 
tCPN 10 
tcp 10 

tRCD 18 
tCRP 12 
tASR 7 
tRAH 8 
IRAD 13 

IASC 2 
ICAH 10 

3-341 

-6 -7 

MAX MIN MAX UNITS NOTES 
130 ns 23 
40 ns 23 

70 ns 14,23 
22 27 ns 15,26 
37 42 ns 26 
42 47 ns 26 

100,000 70 100,000 ns 23 
100,000 70 100,000 ns 23 

27 ns 26 
50 ns 23 

100;000 20 100,000 ns 23 
68 ns 25 
10 ns 16,23 
10 ns 23 

38 18 43 ns 17,27 
12 ns 26 
7 ns 26. 
8 ns 25 

23 13 28 ns 18,27 

2 ns 24 
15 ns 23 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice, 
©1994, Micron Semiconductor, Inc. 
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ADVANCE 

MIC:RON MT24LD(T)472(S) 
1-· "'''00"'"''0'''' 4 MEG x 72 DRAM MODULE 

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

AC CHARACTERISTICS 
PARAMETER 
Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in low-Z 

Output buffer turn-off delay 
... 

I vvt: commana setuD ttme 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 
Transition time (rise or fall) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Output disable 

Output enable 

OE hold time from WE during 
READ-MODIFY-WRITE cycle 

RAS to WE delay time 

Column-address 
to WE delay time 

CAS to WE delay time 

'S-version only. 

MT24LO(T)472(S) 
REV. 4/94 

SYM 
tAR 

tRAl 

tRCS 

tRCH 

tRRH 

tClZ 

tOFF 
., 
" I 'W( S I 

twCH 

twCR 

twp 

tRWl 

tCWl 

'OS 

'DH 
tDHR 

tT 

tREF 

tRPC 

'CSR 

tCHR 

tWRH 

tWRP 

tWTH 

twTS 
tORD 

tOD 

tOE 

tOEH 

tRWD 

tAWD 

tCWD 

3-342 

MIN 
48 

37 

2 

2 

0 

2 

5 

10 

43 

10 

22 

15 

2 

17 

45 

3 

0 

7 

13 

8 

12 

8 

12 

0 

15 

15 

85 

55 

40 

-6 -7 

MAX MIN MAX UNITS NOTES 
53 ns 25 

42 ns 26 

2 ns 24 

2 ns 19,24 

0 ns 19,23 

2 ns 24 

22 5 27 ns 20,28 
? - ..• _ . 

15 ns 23 

53 ns 25 

15 ns 23 

27 ns 26 

20 ns 23 

2 ns 24,30 

22 ns 26,30 

55 ns 23 

50 3 50 ns 9,10,23 

32/128' 32/128' ms 

0 ns 23 

7 ns 5,24 

13 ns 5,25 

8 ns 22,25 

12 ns 22,24 

8 ns 22,25 

12 ns 22,24 

0 ns 20 

15 20 ns 23 

20 ns 

15 ns 25 

95 ns 24,32 

60 ns 24,32 

45 ns 24,32 

Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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UIC:RON MT24LD(T)472(S) 
1-· ''''''0"''0''", 4 MEG x 72 DRAM MODULE 

..rOTES 
All voltages referenced to Vss. 
This parameter is sampled. Vee = 3.3V ±O.3V; 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 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 100J.ls 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 IREF refresh requirement is 
exceeded. 

~. AC characteristics assume IT = 5ns. 
). VIH (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or betweenVIL 
andVIH). 

10. In addition to meeting the transition rate specification, 
all input signals must transit between VIH and VIL (or 
between VIL and VIH) in a monotonic manner. 

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and 100pF, VOH = 2.0V and VOL = 0.8V. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, !RAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD 2: IRCD (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 tePN. 

17. Operation within the IRCD (MAX) limit ensures that 
!RAc (MAX) can be met. IReD (MAX) is specified as a 
reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
!RAC (MIN) and teAC (MIN) can be met. lRAD 
(MAX) is specified as a reference point only; if !RAD is 
greater than the specified !RAD (MAX) limit, access 
time is controlled exclusively by IAA. 

19. Either tRCH or IRRH must be satisfied for a READ 
cycle. 

MT24LO(T)472(S) 
REV. 4194 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

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

22. twTS 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 inverse of twRP and twRH in the 
CBR REFRESH cycle. 

23. Timing between the DRAMs and the module did not 
change with the addition of the line drivers. 

24. A +2ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

25. A -2ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

26. A +7ns timing skew from the DRAM to the module 
resulted from the addition of line drivers. 

27. A -2ns (MIN) and a -7ns (MAX) timing skew from the 
DRAM to the module resulted from the addition of 
line drivers. 

28. A +2ns (MIN) and a +7ns (MAX) timing skew from 
the DRAM to the module resulted from the addition 
of line drivers. 

29. The maximum current ratings are based with the 
memory operating or being refreshed in the x72 
mode. The stated maximums may be reduced by 
approximately one-half when used in the x36 mode. 

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

31. S-version only. 
32. twcs, IRWD, tAWD and tCWD are not restrictive 

operating parameters. twcs applies to EARLY 
WRITE cycles. IRWD, IAWD and tCWD apply to 
READ-MODIFY-WRITE cycles. 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 IRWD 2: tRWD (MIN), tAWD 2: 
IAWD (MIN) and ICWD 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 CASgoes LOW results in a LATE WRITE (OE
controlled) cycle. twcs, tRWD, ICWD and IAWD are 
not applicable in a LATE WRITE cycle. 

33. Refresh current increases if tRAS is extended beyond 
its minimum specification. 

34. Column-address changed once each cycle. 

3-343 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor, Inc. 
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ADVANCE 

MICRON MT24LD{T)472{S) 
1-· "'"co"'"C,,''''' 4 MEG x 72 DRAM MODULE 

MT24l0(T)472(S) 
REV. 4/94 

READ CYCLE 

'RC 

'RAS 'RP 

RAs 
V,H 
VIL _ 

tCSH 

IRSH IRRH 

'cRP tRCD 'cAS 

CAs VIH=~ 
VIL -

'AR 

ADDR 

I~ ·tRAH~1 ·I~ ~ 
~\t =W//M ROW ~ COLUMN ROW 

tRCS 

WE ~:~ ::@~~~$~~~rr---r----I--~~~~~~ 
! 'AA 

I 
I~ 

I __ - _____ -+~:~~:~~-~ 

~ 
DO ~:gt =---------OPEN------~~CV~AL~IOO~AT~Aj---OPEN---

I~I~ 
DE ~:~ =TTi7/j;=W'=1I/JTTT1I/JTTTW ;;TT71h=1 "j;TTi/I/J=i;;;'"1fj;TTTlI;jTT70'/JTT71;;=11/J7T.11/J'"W ;;TTT0'/JT771,0l !II II! 1// II! I! III! III! //11/ I! I! II /,0 

EARLY WRITE CYCLE 

tRAS 'RP 

RAs V,H 
v" 

- \ -
tCSH 

IRSH 

leRP tRCD 'cAS 

CAs V,H 
v" =~ 

'AR 

tRAD tRAl 

1~~1 ~~ 
ADDR 

V,H 
v" ~ ROW W~ COLUMN W/$//// /////;/ //// IX ROW 

tCWL I IRWl 

tWCR 

twcs tWCH 

'WP 

~\ 
I tOHR 

'OH OQ~:g~~f----VA-LlO-O~ 
OE~:t. 

3-344 

~ DON'T CARE 

Il88l UNDEFINED 

Micron semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT24LD(T)472(S) 
1-· ''''''''"';0''"' 4 MEG x 72 DRAM MODULE 

MT24LD(T)472(S) 
REV. 4/94 

READ WRITE CYCLE 
(LATE WRiTE and READ-MODiFY-WRiTE CYCLES) 

Rwe 
tRAS tRP 

-
leSH 

I IRSH 

I~ tRCD teAs 

=~ } tAR 
IRAD 1 1 tRAL 

ADDR ~:~ 
I~ ~I ~I I~ I 

:i'1111;,lt ROW Willi,,) COLUMN ROW 

I 

1 1 IRWD 

~ I~I I 
'cwo 

:~I 'AWD 

'AA 

1 tRAe 

j~ 
C ~ tel2 tv. 

-
OPEN VALID DOUT N. VALID DIN OPEN---oQ ~:g~ 

~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

I~~ _________ RA_SP __________ ~I~ 
tpc IRSH 

1--__ --"'''''---_I.~'''''eA'''-s ___ tep_ ~'eA_S ___ 'ep ____ 'cA_S -lrl:---tt-tC_PN~ 

'RAD I I 'RAL 

1_ tASR ~I ~I tC-8~ ~ r ~II leAH ... 1 

v -777AJr ~ ~~ ~7-rr. 
ADDR vir -////;\ ROW :WI/) COLUMN W//////.t0 COLUMN WI/I//;). COLUMN W////////////////h( ROW 

I 'Res 1 'ReH: ~I -l t'R~:eH=~1 -ll'Res ~j-::-
WE ~:t =~~WL~r-I-1--tVf!U~7Tt--I~V!f!Iwt---I-~~7§L1Z 

I--------t-I --;::=Ae'-l I 1 ::A I I ::A 
1 

'cAe I'~~-FF--T-I -7'c""Ae'-l 'OFF ~eAC 

DQ ~:gr ::------OPEN 

,- - -- -- ---- --'OFF 

tCLZ ---- 1:-- tCL2 --- 1--- telz----

VALID m~ L VAliD L-- OPEN-
DATA DATA DATA ~ 

3-345 

~ DDN'TC~RE 

~ UNDEFI~ED 
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ADVANCE 

MIC:RON MT24LD(T)472(S) 
1-· """,""m,",,, 4 MEG x 72 DRAM MODULE 

MT24-LO{T)472(S) 
REV 4/94 

ADDR ~le 

FAST-PAGE-MODEEARLY-WRITE CYCLE 

~ L ~ 

tCSH tpc tRSH 

I~ ICRP tRCD ICAS ~~ ~ ~ ~I 
l~ =-.J ! 

tAR 

II 
tRAD 

I~ I~ 
tRAL 

I_ tASR tRAH~1 I~ lAse ~I I~II~I 
::},//,M. ROW WIM COLUMN COLUMN COLUMN ROW 

~ 

FAST-PAGE-MODE READ-WRITE CYCLE 
(LATE WRITE and READ-MODiFY-WRiTE CYCLES) 

3-346 

IZ:il DON'T CARE 

~ UNDEFINED 
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ADVANCE 

MICRON MT24LD(T)472(S) 
1-· o"W'c"cC~, 4 MEG x 72 DRAM MODULE 

RAS ONLY REFRESH CYCLE 
(ADDR = AO/BO-A 10; WE = DON'T CARE) 

tRAS 

_ V,H -------,1.1 
RAS VIL - leRP Il-------~---I 

ROW 

oo~~ -:---------------OP~-------------

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

, tRASP 

ICSH 'PC 
tCAS lepp teAs 

Q ~~:;-------+--OPEN~----:--~(]~}-------OPEN------

'RAe 

DE ~:r _!.LLLl.L.lL ______________ ~---------

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tcP(whichever is greater) + tDS(MIN) + any guardband 

..tT2'4LD(T)472(S) 
~EV.4194 

between data-out and driving the bus with the new data-in. 
2. Assumes D and Q are tied together. 

3 .. 347 Micron Semiconductor, Inc., reserves Itte right to change products or specifications without notice . 
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ADVANCE 

MIC:RON MT24LD(T)472(S) 
1-· omoo,,,,,,",,, 4 MEG x 72 DRAM MODULE 

tRP , , 

CBR REFRESH CYCLE 
(AO/80-A10, OE = DON'T CARE) 

tRAS tRP , tRAS 1 

:::e RAS ~:~- l' -------.J 
tRPC • C 

:II » s 
s o 
c 
c: 
rm 

--
I~. tcp,,! ~ , tCHR , ~~ ~y :-----.! I 

DO OPEN 

~ 

WE ~:~ --W/lIIIIIIID 
~ ~ 

~7jj111 /1111111 /111111) 
:WRtJ 

911I/1I$IIII$/I/I/lIIII/lI~ 

DO 

MT24LD(T)472(S) 
REV. 4/94 

, 
tRP , 

-----.-! 
~ 

EXTENDED CBR REFRESH CYCLE 31 

(AO/80-A 10, OE = DON'T CARE) 

62.5~s , 
tRAS tRP tRAS , , , , , , ,I 

)'tcp~~~ , tCHR , 1~~rtCSR , ~y 
I 

~ 

OPEN 

~ ~ 

9/11#I/I/lI/I/lIIIIID 
JWR~ 

Willi /111111 /1111 /l//ii/li/lia 

3-348 

~ DON'T CARE 

~ UNDEFINED 
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ADVANCE 

MIC:RON MT24LD(T)472(S) 
1-· """'"'"'w<"" 4 MEG x 72 DRAM MODULE 

RAS VIH-
VIL_ 

tRCD 

CAS 

tAR 

ADDR VIH 
VIL 

HIDDEN REFRESH CYCLE21 
(WE = HIGH; OE = LOW) 

(READ) 

tRAS 

tASH 

(REFRESH) 

tRAS 

tCHR 

IOFF 

DQ ~:gt -:------OPEN-----~~~_;------'V~AL~ID~DA~TA~---_f 

tOE I 

OPEN-

DE ~:t -W/;1$$#$u$P#####I#&l..........:' to"",,-RD_'1 

tOD 

~&d2 

RAS ~:t:::: 

SELF REFRESH CYCLE 
(AO/80-A 10, OE = DON'T CARE) 

NOTE 1 
IRPS 

NOTE 2 

DQ ~gt == r-OPEN-------------+t-------

.-J,~~'!77 ~~ 
WE ~:t j'j//////!/!JI~ ?f!!!!//////////I!/!II!/!////////////!/ ~ ~//$!!/!///$/j/; 

f@ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Once tRASS (MIN) is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode. 

MT24LD(T)472(S) 
REV. 4/94 3-349 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT24LD(T)472(S) 
1-· '''"'c'"'"cw,,'''' 4 MEG x 72 DRAM MODULE 

MT24LD(T)472(S) 
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DRAM CARD PRODUCT SELECTION GUIDE 

Memory Part Access Number of Pins 
Configuration Number Time (ns) Card Page 

1 Megx32 4 Megabytes MT8D88C132(S) 60, 70, 80 88 4-1 

1 Meg x 32 4 Megabytes MT8D88C132H(S) 60, 70, 80 88 4-17 

1 Meg x 32 4 Megabytes MT8D88C132V(S) 60, 70, 80 88 4-33 

1 Meg x 32 4 Megabytes MT8D88C132VH(S) 60,70,80 88 4-49 

2 Megx 32 8 Megabytes MT16D88C232(S) 60,70,80 88 4-1 

2 Meg x 32 8 Megabytes MT16D88C232H(S) 60,70,80 88 4-17 

2 Meg x 32 8 Megabytes MT16D88C232V(S) 60, 70, 80 88 4-33 

2 Meg x 32 8 Megabytes MT16D88C232VH(S) 60, 70, 80 88 4-49 

4Megx32 16 Megabytes MT8D88C432{SJ 60, 70, 80 88 4-1 

4Megx32 16 Megabytes MT8D88C432H(S) 60, 70, 80 88 4-17 

4Megx32 16 Megabytes MT8D88C432V(S) 60, 70, 80 88 4-33 

4 Meg x 32 16 Megabytes MT8D88C432VH(S) 60, 70, 80 88 4-49 

8 Meg x 32 32 Megabytes MT16D88C832(S) 60, 70, 80 88 4-1 

8 Meg x 32 32 Megabytes MT16D88C832H(S) 60,70,80 88 4-17 

8 Meg x 32 32 Megabytes MT16D88C832V(S) 60,70,80 88 4-33 

8 Meg x 32 32 Megabytes MT16D88C832VH(S) 60,70,80 88 4-49 



PRELIMINARY 

MIC:~ON MT8D88C132/432(S), MT16D88C232/832(S) 
1-· '''' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

DRAM CARD 

FEATURES 
• Lowpower 
• JEDEC-standard 88-pin DRAM card pinout 
• Polarized receptacle connector 
• Industry-standard DRAM FAST PAGE MODE 

operation 
• High reliability, gold-plated connector 
• All outputs fully TTL-compatible 
• Multiple RAS inputs for x16 or x32 selectability 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN; optional SELF REFRESH mode 
• FAST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Extended Refresh 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Refresh 
Extended Refresh 
SELF REFRESH 

-6 
-7 
-8 

Blank 
S 

• Part Number Example: MT8D88C432-6 S 

GENERAL DESCRIPTION 
The MT8D88C132/432(S) and MT16D88C232/832(S) 

comprise a family of JEDEC standard DRAM cards ?,rga
nized in x32-bit memory arrays. The cards may also be 
configured as x16-bit memory arrays, provided the corre
sponding DQs on the host system are made commbn, and 
memory bank control procedures are implemented. Four 
separate CAS inputs allow byte accesses. 

These cards are designed for low-power operation using 
low-power, extended refresh DRAMs. Standard,' compo
nent DRAM refresh modes are supported as well. 

Multiple RAS inputs conserve power by allowing indi
vidual bank selection. In the x32 organization, thememory 
is a single array that maybe divided into four separatel:!ytes. 
In the x16 organization, up to two banks, each ':vith two 
separate bytes, may be independently selected. One bank is 
activated by each RAS selection; the others not selected 
remain in standby mode, drawing minimum power. 

Eight presence-detect pins may be read by the host to 
identify the card's organization, number of banks, access 
time and refresh operation. These extensive presence-de
tect functions allow systems to take full advantage of the 

VlTBD88C1321432{S), MT16D88C2321832(S) 
=tEV.4/94 4-1 

4,8,1.6,32 MEGABYTES 
1 MEG, 2 MEG, 4 MEG, 8 MEG x 32; 
5.0\1 FAST PAGE MODE, 
OPTIONAL SELF REFRESH 

" 

PIN ASSIGNMENT (End View) 
OO-Pin Card (DF-1) 

<> M 1 

S~~~? 
~ ~ 

PIN. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1.3 
14 
11) 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
3P 
36 
37 
38 
39 
40 
41 
42 
43 
44 

4MB 8MB 16MB 32MB PIN. 4MB 8MB 16MB 32MB 
Vss --> --> --> 45 Vss --> --> --> 
000 --> --> --> 46 0016 --> --> --> 
001 --> --> --> 47 0017 --> --> --> 
002 --> --> --> 48 0018 --> .... --> 
003 --> --> --> 49 0019 --> --> --> 
004 --> --> --> 50 0020 --> ~., --> 
005 --> --> --> 51 0021 --> --> --> 
006 --> --> --> 52 0022 --> --> --> 
Vee --> --> --> 53 0023 --> --> --> 
DOl --> --> --> 54 NC --> --> --> 
NC --> --> --> 55 NC --> --> --> 
NC --> --> --> 56 Vss --> --> --> 
AD --> --> --> 57 A1 --> --> --> 
A2 --> --> --> 58 A3 --> --> --> 
Vee --> --> --> 59 A5 --> --> --> 
A4 --> --> --> 60 A7 --> --> --> 
NC --> --> --> 61 A9 --> --> --> 
A6 --> --> --> 62 NC --> --> --> 
A8 --> --> --> 63 Vss --> --> --> 
NC '--> Al0 --> 64 NC --> --> --> 
NC --> --> --> 65 NC RAS1 NC IRAS' 

lU\str --> --> --> 66 "Cl\S2 --> --> --> 
"CASlf --> --> --> 67 Vss --> --> --> 
GAS1 --> --> --> 68 ~ --> --> --> 

NC --> --> --> 69 NC ~ NC ~ 
RAS2 --> --> --> 70 WE --> --> --> 
Vee --> --> --> 71 POl --> --> --> 
P02 --> --> --> 72 P03 --> --> --> 
P04 --> --> --> 73 Vss --> --> --> 
P06 --> --> --> 74 P05 --> -> --> 
NC '--> --> --> 75 P07 --> --> --> 
NC --> --> --> 76 P08 --> --> --> 
NC --> --> --> 77 NC --> --> --> 
008 --> --> --> 78 NC --> --> --> 
NC --> --> --> 79 NC --> --> --> 
009 --> ... --> 80 0024 --> --> --> 
Vee '--> --> --> 81 0025 --> --> --> 

0010 ,--> --> --> 82 0026 --> --> --> 
0011 ,:~ --> --> 83 0027 --> --> --> 
0012 --> --> --> 84 0028 --> --> --> 
0013 --> --> --> 85 0029 --> --> --> 
0014 --> --> --> 86 0030 --> --> --> 
0015 --> --> --> 87 0031 --> --> --> 
Vss -c> --> --> 88 Vss -> '--> ... 

Micron Semiconductor, Inc., reserves the right 10 change products Of .specifications without nbtioe. 
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PRELIMINARY 

I'IIIC::I=ICN MT8D88C132/432(S), MT16D88C232/832(S) 
"'''W''''"''"'''"' 4MB, 8MB, 16MB, 32MB DRAM CARDS I 

card's advanced power-saving features. 
These Micron DRAM cards are built with 3.370-inch-long 

static dissipative plastic frames covered by metal panels. 
Packages containing 88-pinreceptacle connectors are keyed 

to prevent improper installation or insertion into other' 
types of Ie card sockets. 

FUNCTIONAL BLOCK DIAGRAM 
(4MB - MT8D88C132, 16MB - MT8D88C432) 

CASO D>-------------~ 

CAS2 

CAS3 

ADDRESS 

NOTE: 1. B1 through B4 = x8 memory blocks. 
2. D = 74AC11244 line drivers. 

MT6D86C1321432(S). MT16D88C2321832(S} 
REV. 4194 4-2 

RASO 
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PRELIMINARY 

MIC:RON MT8D88C132/432(S), MT16D88C232/832(S) 
1-· ""'"''""''''''' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

FUNCTIONAL BLOCK DIAGRAM 
(8MB - MT16D88C232, 32MB - MT16D88C832) 

RAsa 

RAS 

CAsa D CAS 

-

RAS 

CAS1 CAS 

-
RAS2 

RAS 

CAS2 CAS 

-

RAS 

CAS3 CAS 

-
WE 

ADDRESS 

NOTE: 1. B1 through B8 = x8 memory blocks. 
2. D = 74AC11244 line drivers. 

MTe08eC1321432(S), MT16D88C232/632(S) 
REV. 4/94 
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RAS1 

RAS 

CAS 

-

RAS 

CAS 

-
RAS3 

RAS 

CAS 

-

RAS 

CAS 

-

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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PRELIMINARY 

tvilC:RON MT8D88C132/432(S), MT16D88C232/832(S) 
",",,,,m,,,w",,, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

PIN DESCRIPTIONS 

PIN NUMBERS 
22,26,65,69 

23,24,66,68 

70 

13,57,14,58,16,59, 
18,60,19,61,20 

2-8, 10, 34, 36, 
38-43, 46-53, 

80-87 

71 , 28, 72, 29, 
74,30,75,76 

11,12,17,20,21,25, 
31,32,33,35,54,55, 
62, 64, 65, 69, 77, 78, 

79 

9,15,27,37 

1, 44, 45, 56, 
63,67,73,88 

MTSD88C1321432(S), MT16D88C2321832(S) 
REV. 4194 

SYMBOL 
RASO, RAS2 
RAS1, RAS3 

CASO-CAS3 

WE 

AO-A10 

DOO-D031 

PD1-PD8 

NC 

Vcc 

Vss 

TYPE 
Input 

Input 

Input 

Input 

Input! 
Output 

-

-

Supply 

Supply 

DESCRIPTION 
Row-Address Strobe: RAS is used to latch the row-
address. Two RAS inputs allow for a single x32 bank or 
two x16 banks. 

Column-Address Strobe: CAS is used to latch the 
column-address, enable the DRAM output buffers and 
strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration . 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH during the CAS LOW 
transition, the access is a READ cycle. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data I/O: For WRITE cycles, DOO-D031 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select. For READ access cycles, DOO-D031 act as 
outputs for the addressed DRAM location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or grounded (Vss). 

No Connect: These pins should be left unconnected 
(reserved for future use). 
Pins 12, 31-33, 54, 77-79 reserved for x36/x40 DOs. 
Pins 11, 17, 25, 35 reserved for 3.3V Vcc. 
Pin 55 reserved for x40 OE. 

Power Supply: +5V ±5% 

Ground 

4-4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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I'IIIC:F=lON MT8D88C132/432(S), MT16D88C232/832(S) 
""emum,,,,, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

FUNCTIONAL DESCRIPTION 
The MT8D88C132/432(S) and MT16D88C232/832(S) 

comprise a family of DRAM cards organized in x32- bit 
memory arrays (RASO '" RAS2). They also may be config
ured as x16-bit memory arrays provided the corresponding 
DQs on the host are connected and memory bank control 
procedures are implemented by interleaving both RAS 
lines. 

Most x32-bit applications use the same signal to control 
the CAS inputs.RASO and RAS1 control the lower 16 bits 
and RAS2 and RAS3 control the upper 16 bits to obtain a x32 
memory array. For x16 applications, the corresponding DQ 
and CAS pins must be connected (DQO to DQ15, DQ1 to 
DQ16 and soforth, CASO to CAS2 and CAS1 to CAS3). Each 
RAS is then a bank select for the x16 memory organizations. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main

taining power and executing any RAS cycle (READ, 
WRITE) or RAS REFRESH cycle (RAS ONLY, CBR, ex
tended CBR or HlDDEN) so that ali combinations of RAS 
addresses (AO-A91 AID) are executed at least every tREF, 
regardless of sequence. The CBR REFRESH cycle will in
voke the internal refresh counter for automatic RAS ad
dressing. 

The implied method of choice for refreshing the memory 
card is the extended <;:BR cycle. This, is a very low-current, 
data retention moae made possible by using theCBR RE
PRESH cycle over the extended refresh range (lCC7). 

The memory card maybe used with the other refresh 
modes common to standard DRAMs. This allows the 
memory card:'t~beused 'on eXisting' systems ,that do n()t 
utilize the extended CBR REFRESH cycle. However,the 
memory card will dr.awmore curtent in the standby mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles,e<ich hlHs uniquely' 

addressed thr6ughthe 20/22 address Hts, which are en
tered 10/11 bits (AO-i\91 A10)ata time. RASisused to latch 
the first 10/11 bits, and CAS latches the latter 10/11 bits. 
READ or WRITEcycll11'are selElcted with the WE input. A 
l()~cHlGH on WE dktafes ~ADmod~wfukalogic LOW 
:rqWE dktates WRIT$mode~ During li\\lRI'I'Ecycle, data
in (D)is liltched by thefalHrtgedge of CAS. WE intist fall 
priol' to CAS (EARL YWRITE~'Tlle data inputS: and data 
nitputsj3.re routed'through pins usingcomp;ionIfO and pin 
direction.is controlJ~d by WE. 

.t1'aOS8C1321432(S), MT1BD88C23M1a2(S) 
:tEV.4194 

F AST PAGE MODE operation allows faster data opera
tions (READ or WRITE) within a row-address-defined (AO

,A91 AID) 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 CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in Z 
different column-addresses, thus executing faster'inemory , 
cycles. Returning RAS HIGH terminates the FAST PAGE m 
MODE operation. Returning RAS arid CAS HlGH termi- ::e 
nates a memory cycle and decreases chip current to a'" 
reduced standby level. Also, the chip is preconditioned for _ 
the next cycle during the RAS HlGHtitne. 

REFRESH C 
An optional SELF REFRESH mode is also available. The :tI 

"S" option 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 0 
performing a CBRREFRESH cycle and holdingRAS LOW 
for the specified lRASS. Additionally, the '~S" option allows » 
for an extended refresh rate, of 1251J,s perrow if using :a 
distributed CBR REFRESH. This refresh rate can be applied C 
during normal operatipn or during a standby ,rnod~. ,_' _' ' 

The SELF REFRESHmode is terminated by driving RAS 
HIGH for a miJ,Umum timeofl&PS (,;;IRC). This delay allows, 
forthecomph~tionofarlyinteID<llrefreshcyclesthatmaybe 
in process at the tiine of the RAStOW:-to-HIGH trmtion, 
1£ the DRAMeontroller uses a distributed CBR'refresh 
sequence, a bj.u'sf, refresh isnot.reqUired upon exiting SELF 
REFRESH mode. However, if the DRAM controller utilizes 
,RAS ONLYor BURST REFRESH sequence,all rows must be 
refreshed within 300lJ,s prior to the reSUmption of normal 
operatioIt, 
<, /;~ 

PHYSICAL DESIGN 
These Micron DRAM cards are constructed wiili.'a 3370-' 

inch-long ,static dissipative plastic frame covered by metal 
"·panels. Inside, thinsma:ll-outline package (TSOP) DRAMs 

are mounted oTI'an ult~aiJrin printed circuit board. ,The 
board is ,attached to, a high-insertion; 88-pin receptacle 
connector: The package is keyed to prevent improper instal~ 
lation, in2luding insertion into other types of IC card sock" 
ets. The DRAM cards operate reliably up to 55°C. 

4-5 Micron Semiconductor, Inc., reserves the right to change products or.:specifications 'withol.lt notice, 
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PRELIMINARY' 

MIC:RON MT8D88C132/432(S), MT16D88C232/832(S) 
1-· 00;,,,,,",",,,,,,, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

MEMORY TRUTH TABLE 

FUNCTION RAS 

Standby H 

READ L 

EARLY WRITE L 

READ WRITE L 

FAST-PAGE-MODE 1st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARLY-WRITE 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS ONLY REFRESH L 

HIDDEN READ L-H-L 

REFRESH WRITE L-H-L 

CBR REFRESH H-L 

SELF REFRESH (S-version only) H-L 

PRESENCE-DETECT TRUTH TABLE 

tRAC Max 

Refresh Control 

NOTE: Vss = ground. 

MT8D88C132/432(S), MT16D88C232/832(S) 
REV.4f94 

"CAS 
H-X 

L 

L 

L 

H-L 

H-,-.L 

H-L 

H-L 

H-L 

H-L 

H 

L 

L 

L 

L 

4-6 

WE"" 
X 

H 

L 

H-L 

H 

H 

L 

L 

H-L 

H-L 

X 

H 

L 

H 

H 

ADDRESSES DATA IN/OUT 
IR IC DOO-D031 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

X X High-Z 

Micron Semiconductor, Inc" reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MICRON MT8D88C132/432(S), MT16D88C232/832(S) 
1-· """' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ABSOLUTE MAXIMUM RATINGS* . 
Voltage on Vee Supply Relative to Vss ........... -l.OV to +7V 
Operating Temperature T A (ambient) .............. DOC to SsoC 
Stor!lg~ ~e~pe~ature ., ........... " ....................... -4Q°Cto +70°C 
Power Dissipation ..................................................... :; ....... 8W 
Short Circuit Output Current .......... ; .......................... 'SOmA 
Card Insertions (connector's life cycle) ..................... 10,000 

*Stresses greater than those listed under "AbsolukMaxi
mum Ratingsf' 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 iru:li
cated in the operational sections of this specification is not 
implied.El<posure to absolute .. maximum rating conditions 
for extended periods may affect reliability. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: " 3, 4, 6, 7) (O°C .::;; T A::;; 550C; Vcc = 5V ± 5%) 

PARAMETER/CONDITION 

. Supply Voltage 

Input High (Logic 1) VQltage, all inputs 

Input LOW (Logic 0) VOltage, al.! iilputs 

INPUT LEAKAGE CURR.ENT 
Any input: OV ::;; VIN ::;; 6.5V 
(All other pins 'not under test = OV); for each package input 

OUTPUT LEAKAGECURRENT 
(0 is disabled, OV s VOUT ::;; 5.5V) for each package input 

OUTPUT LEVELS 
., 

Outpu~ High Vbffage'(loUT 0: -5 rnA} 
Output Low Voltage (lOUT = 4.2 rnA) .. 

MT8D88C132f432(S), MT16D88C232/832(S) 
REV.4J9lI. 

, 

'4-7 

SYMBOL MIN MAX UNITS NOTES 

Vcc 4.75 5.25 V 

VIH 2.4' Vcc+1 V' 

VIL -1.0 O.B. -V. 
RASO-RAS3 111 -B B IJA 

Buffered 112 -2 2 ~IA 

000-0031 loz -10 10 IJA 

VOH 2.4 V 

VOL 0.4 V .. 

Micron Semiconclootor, Inc., reServes the right to change produdts or specifications Without notice. 
@1994,MlcronSemiconductor, Inc. 
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PRELIMINARY I 
MIC:RON MT8D88C132/432(S), MT16D88C232/832(S) 
1-· "'''co'"'''''"'''' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 6, 7) (O°C ::;. T A c:;; 55°C; Vcc = 5V ± 5%.) 

PARAMETER/CONDITION 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]) 

STANDBY CURRENT: (CMOS) 
(RAS = CAS = Other Inputs = Vcc -O.2V) 

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: IRC = IRC [MIN)) 

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

REFRESH CURRENT: Extended CBR 
Average power supply current during extended CBR: CAS = 0.2V 
or CBR cycling; RAS = IRAS (MIN); IRC = 12511S; WE, 
AO-A 10 and DQ = Vcc -0.2V or O.2V (DQ may be left open) 

REFRESH CURRENT: SELF (S-version only) 
Average power supply current, CBR cycling with RAS ~ 
IRASS (MIN) and CAS held LOW; WE = Vcc-0.2V; AO-A 11 
and DIN = Vcc - O.2V or O.2V (DIN may be left open) 

MT8DB8C132f432(S), MT16D88C2321832(S) 
REV. 4194 4-8 

MAX 
SYMBOL SIZE -6 -7 -B UNITS, NOTES 

4MB 880 800 720 
ICCl 8MB 896 816 736 mA 3,4,31 

16MB 960 880 800 
32MB 976 896 816 

4MB 16 16 16 
Icc2 8MB 32 32 32 mA 

16MB 16 16 16 
32MB 32 32 32 

4MB 640 560 480 
Icc3 8MB 656 576 496 mA 3,4,31 

16MB 720 640 560 
""II."n ~"D 656 r::~D 
ve:..IVIO (.;>0 iJIU 

4MB 1.6 1.6 1.6 
Icc4 8MB 3.2 3.2 3.2 mA 

16MB 1.6 1.6 1.6 
32MB 3.2 3.2 3.2 

4MB 880 800 720 
Iccs 8MB 896 816 736 mA 3,31 

16MB 960 880 800 
32MB 976 896 816 

4MB 880 800 720 
Icc6 8MB 960 880 800 mA 3, 5 

16MB 896 816 736 
32MB 976 896 816 

4MB 2.4 2.4 2.4 
Iccl 8MB 4.8 4.8 4.8 mA 3,5 

16MB 2.4 2.4 2.4 
32MB 4.8 4.8 4.8 

4MB 2.4 2.4 2.4 
Iccs 8MB 4.8 4.8 4.8 mA 5,32 

16MB 2.4 2.4 2.4 
32MB 4.8 4.8 4.8 

Micron Semiconductor, Inc., reserves the nghllo change products or specifications without notICe. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

MICRON MT8D88C132/432(S), MT16D88C232/832(S) 
1-· "''''''""n''""' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

CAPACITANCE 
MAX 

PARAMETER SYMBOL 4,16MB 8,32MB UNITS NOTES 
Input Capacitance: CASO-CAS3 Cit 9 9 pF 2 

Input Capacitance: WE CI2 13 13 pF 2 

Input Capacitance: RASO-RAS3 CI3 34 34 pF 2 

Input/Output Capacitance: 000-0031 Cia 10 18 pF 2 

Input Capacitance: Addressess CI3 9 9 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, g, 10, 11, 12, 13) (O°C::; TA ::; 55°C; Vcc = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

Access time from RAS 

Access time from CAS 

Ac.cess time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS p'recharge time 

CAS pulse width 

CAS 'hold time 

CAS precharge time 

CASprecharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS.to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

MT8D88C1321432(S), MT16D88C2321832(S). 
REV. 4/94 

-6 
SYM MIN 
tRC 110 
tpc 35 

tRAC , .... 

tCAC 

IAA 

ICPA 

tRAS 60 
IRASP 60 
IRSH 22 
IRP 45 

tCAS 15 
ICSH 58 
tCPN 10 
ICP 10 

tRCD 18 
tCRP 17 
tASR 7 
IRAH 8 
IRAD 13 

IASC 2 
ICAH 10 
tAR 48 

tRAL 37 

tRCS 2 
tRCH 2 

tRRH 0 

MAX MIN 
130 
40 

60 
22 
37 
42 

100,000 70 
100,000 70 

27 
50 

100,000 20 
68 
10 
10 

38 18 
17 
7 
8 

23 13 

2 
15 
53 

42 

2 
2 

0 

4-9 

-7 -8 
MAX MIN MAX UNITS NOTES 
, 150 ns 23 

45 ns 23 

70 80 ns 14,23 
27 27 ns 15,26 
42 47 ns 26 
47 52 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

27 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
78 ns 25 

'. 10 ns 16,23 
10 ns 23 

43 18 53 ns 17,27 
17 ns 26 
7 ns 26 
8 ns 25 

28 13 33 ns 18,27 

2 ns 24 
15 ns 23 
58 ns 25 

47 ns 26 

2 ns 24 
2 ns 19,24 

0 ns 19,23 

Micron Semiconductor, Inc., reserves the right to change products O( specifications without notice 
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PRELIMINARY 

MICRON MT8D88C132/432(S), MT16D88C232/832(S) 
1-· ",",co",,,,,"", 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C ~ TA ~ 55°C; Vee = 5V ±5%) 

At CHARACTERISTICS 
PARAMETER 
CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 
n .... + ..... ; ... l.. ..... I..J+: _ I~_~_~ ___ .... .J , ..... n A C"\ 
U(UCrlll IIUIU lUI It;; \1t:iIOIOllvCU lV rlMvl 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 

RAS pulse width 
entering SELF REFRESH 

RAS precharge time 
exiting SELF REFRESH 

CAS hold time entering 
SELF REFRESH 

MTBD88C132f432(S), MT16D8BC232/832(S) 
REV. 4/94 

-6 
SYM MIN 
tClZ 5 
tOFF 5 
twcs 2 

twCH 10 
tWCR 43 

twp 10 
tRWl 22 
tCWl 15 
tDS 2 
tDH 17 

tnlln 45 unn 

tT 3 
tREF 

tREF 

tRPC 0 
tCSR 12 

tCHR 8 

tWRH 8 

twRP 12 

tWTH 8 

tWTS 12 
tRASS 100 

tRPS 110 

tCHD 15 

MAX MIN 
5 

22 5 

2 

15 

53 

15 

27 

20 

2 

22 

55 
50 3 

128 

128 

0 

12 

8 

8 

12 

8 

12 

100 

130 

15 

4-10 

-7 -8 
MAX MIN MAX UNITS NOTES 

5 ns 24,33 
27 5 27 ns 20,28 

2 ns 24 

15 ns 23 

58 ns 25 

15 ns 23 

27 ns 26 

20 ns 23 

2 ns 24 

22 ns 26 

60 (IS 23 
50 3 50 ns 9,10,23 

128 128 ms 35 
128 128 ms 34 

0 ns 23 

12 ns 5,24 

8 ns 5,25 

8 ns 22,25 

12 ns 22,24 

8 ns 22,25 

12 ns 22,24 

100 ~s 23,32 

150 ns 23,32 

15 ns 25,32 

Micron Semiconductor, Inc., reserves the right to change products or specifications Without notice 
©1994, Micron Semiconductor, Inc 
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I'IIIC:F=lON MT8D88C132/432(S), MT16D88C232/832(S) 
,,,"w,,,noe '" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±W%; f = 1 MHz. 
3. Icc is 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. 

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. An initial pause of WOlls 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 IREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and WOpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD ~ IRCD (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 ICPN. 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met.IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by !CAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 

MT8D88C1321432(S). MT16D88C232ffi32(S) 
REV. 4/94 4-11 

a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, access time is controlled 
exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS and IWTH are setup and hold specifications for 
the WE pin being held tow to enable the JEDEC test 
mode (With CBR timing constraints). These two 
parameters are the inverse of twRP and IWRH in the 
CBR REFRESH cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +2ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

25. A -2ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line driwrs. 

26. A +7n8 timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -2ns (MIN) and a -7ns (MAX) timing skew from the 
DRAM to the DRAM card resulted from the addition 
of line drivers. 

28. A +2ns (MIN) and a +7ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. The maximum current ratings are based on one of the 
two banks operating or being refreshed in a x32 
mode. The stated maximums may be reduced by one
half when used in the x16 mode. 

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

31. Column-address changed once each cycle. 
32. If the DRAM controller uses a BURST REFRESH, a 

BURST REFRESH of all rows must be executed upon 
exiting SELF REFRESH. 

33. The 3ns minimum is a parameter guaranteed by 
design. 

34. 16MB and 32MB versions. 
35.4MB and 8MB versions. 

Micron Semiconductor, Inc., reserves the right to change products or specifications V'lilhout notice 
©t994, Micron Semiconductor, Inc. 
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PRELIMINARY 

I'IIIC:F=lCN MT8D88C132/432(S), MT16D88C232/832(S) 
"'"',"'0',"",''' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

READ CYCLE 

, 
'I , tRAS 'RP 

1 

\ 
tCSH , 
IRSH tRRH 

leRP IRCD tCAS 

1 

J / 
'AR 

I IAAD tRAL 

I~ ~I ~ ~ 
ADDR WI!J¢ ROW Wldffi! COLUMN WIIIIII/; ROW 

IRCS ~ 
1 

WIIIIIIIIIIIIIIIIII/; ! VIIIIIIIIIIIIIIIIIIII/; 

I 
I 'M 

I~ tRAC 

, tCAC 

~I, 
OPEN 

'fII:iU 
VALID DATA OPEN 

EARLY WRITE CYCLE 

I.I-__ 'R_P -------,l 
11-------------------~I-CS-H-------4 L-______ __ 

RAS 
V,H -
V,L -

lASH 

leRP 

CAS V,H -
V,L -

ROW ADDR ~:r 
-~LU''_ ____ ~----~ 

WE 

00 ~\gr 

MT8D88C1321432(S), MT16D88C2321832(S) 
REV. 4194 

VALID DATA 

4-12 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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I'IIU:::I=ICN . MT8D88C132/432(S), MT16D88C232/832(S) 
","c"cccm~'"c 4MB, 8MB, 16MB, 32MB DRAM CARDS 

MTSD8BC1321432(S), MT16D88C2321832(S) 
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FAST-PAGE-MODE READ CYCLE 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

4-13 

ml DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without [lotice. 
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PRELIMINARY 

MII:::RON MT8D88C132/432(S), MT16D88C232/832(S) 
1-· """oo",""oe'" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

teAP 

I 
CAS ~:t _ :-.-/ 

RAS ONLY REFRESH CYCLE 
(ADDRESS; WE = DON'T CARE) 

tRAS tAP 

'I L 

~~I 
\---f 

\ 

tASR tRAH 

ADDA ~:~ ~r---AO-W --b###/!$###;W#$d$/!$#//A~-AO-W --
DQ ~gt -'------------OPEN-----------

ADDA 

FAST-PAGE-MODE READ-EARL Y-WRITE CYCLE 
(Pseudo READ-MODIFY-WRITE) 

tCSH 

NOTE 1 

Q ~g~ ='---~--7-I-OPEN I, tAA 

tRAG 

}------OPEN-----

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tOS(MIN) + any guardband 
between data-out and driving the bus with the new data-in. 

MT8D8SC1321432(S), MTI6D88C2321832(S) 
REV. 4/94 

Micron Semiconductor, Inc., reserves the right 10 change products or specffications without notice 
©1994, Micron Semiconductor, Inc 



PRELIMINARY 

MICRON MT8D88C132/432(S), MT16D88C232/832(S) 
1-· ","'o",ono",,,, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

tRP . . 
.-.1 

tRPC -
:~,tCPN. i~ 

CAS ~:~_ 

DO 

tWRP ---
WE ~:~ -fIII/l1111lD 

. 
tRP . , 

---.I 
I~ 
I~ I~ 

! 
DO 

. 

. 

CBR REFRESH CYCLE 
(ADDRESS = DON'T CARE) 

tRAS ,I . tRP . . 
! 

tCHR , ~~~ tCHR 

! 
OPEN 

tRAS .J 

Y 

tWRH ~ ~ ---tplUlllll /111111 /I /I;) *wI 1Ui/I /II /1/1 /II lUll lUll ffi 

EXTENDED CBR REFRESH CYCLE 
(ADDRESS = DON'T CARE) 

125~s , 

tRAS tRP . , 

. tCHR , ~~ !CHR 

! 
OPEN 

tRAS I 

'y 

tWRP tWRH 
-~I 

~1/l111 /III/II /1/1 IUD 
tWRP tWRH 

~1JJII/I/lII/lIIIUIII/I /1/1 /lih 

MT8D88C1321432(S), MT16D88C232f832(S) 
REV. 4194 4-15 

--- ---
~ DON'TeARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor, Inc. 

z 
m :e -c 
:D » s: 
o » 
:D 
C 



z 
m 
:IE • C 
II ..... 
", :s: 
o 
l> 
:II 
C 

PRELIMINARY 

MIC:RON MT8D88C132/432(S), MT16D88C232/832(S) 
1-· ""W""COWC," 4MB, 8MB, 16MB, 32MB DRAM CARDS 

AD DR 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

tCHR 

DQ ~:gt ------- OPEN 
I~------VA-L-ID-DA-TA-----C:-

SELF REFRESH CYCLE (S-VERSION ONLY) 
(ADDRESSES = DON'T CARE) 

NOTE 1 

II 

DO ~gt:::: r--- OPEN------------H--------

tWRP tWAH 

WE ~:~ :1////$/#!- ~{w#/$///$/!l$!l$/i1/;$$$J 
[@ DON'T CARE 

1888! UNDEFINED 

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

MT8D88C1321432(S). MT16D88C232/832(S) 
REV.4/94 4-16 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
1-· "","0","""''' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

DRAM MINICARD 

FEATURES 
• Lowpower 
• JEDEC-standard SS-pin DRAM card pinout 
• 2-inch (50.Smm)-long nonbuffered DRAM cards 
• Polarized receptacle connector 
• Industry-standard DRAM FAST PAGE MODE 

operation 
• High reliability, gold-plated connector 
• All outputs fully TTL-compatible 
• Multiple RAS inputs for x16 or x32 selectab~ 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN; optional SELF REFRESH mode 
• FAST PAGE MODE access cycle 
• Single +5V ±5% power supply 
• Extended Refresh 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
SOns access 

• Refresh 
Extended Refresh 
SELF REFRESH 

-6 
-7 
-S 

Blank 
S 

• Part Number Example: MTSDSSC432H-6 S 

GENERAL DESCRIPTION 
The MTSDSSC132H/432H(S) and MT16DSSC232H/ 

S32H(S) comprise a family of DRAM cards organized in 
x32-bit memory arrays. These DRAM cards are 2-inch-long 
bufferless versions of the JEDEC-standard 3.37-inch 
(S5.6mm), SS-pinx32 DRAM cards. Buffers are not included 
on these cards,so the on-board timing delays have been 
eliminated. Redrive circuitry may be implemented on the 
system board. 

These cards may also be configured as a x16-bit memory 
arrays, provided the corresponding DQs on the host system 
are made common, and memory bank control procedures 
are implemented. Four separate CAS inputs allow byte 
accesses. 

These MiniCards are designed forlow-power operation 
using low-power, extended refresh DRAMs. Standard com
ponent DRAM refresh modes are supported as welL 

Multiple RAS inputs conserve power by allowing indi
vidual bank selection. In the x32 organization, the memory 
is a single array thatmaybe divided into four separate bytes. 
In the x16 organization, up to two banks, each with two 

MTBD88C132H/432H(S), MT16088C232HJ832H(S) 
REV. 4/94 4-17 

4, 8,16, 32 MEGABYTES 
1 MEG, 2 MEG, 4 MEG, 8 MEG x 32; 
S.OV FAST PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (End View) 
SS-Pin Card (DF-4) 

/~ 
~ 

44 1 

~ @@©@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@~ 
@@©@©@@@©©©©©©O©©©@©©©©©©©©©©©©©©©©©©©©©©©@© 
88 

PIN # 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
'07 
38 
39 
40 
41 
42 
43 
44 

45 

4MB 8MB 16MB 32MB PIN # 4MB 8MB 16MB 32MB 
Vss --7 --7 --7 45 Vss --7 --7 --7 

000 --7 --7 --7 46 0016 --7 --7 --7 

001 --7 --7 --7 47 0017 --7 --7 --7 

002 --7 --7 --7 48 0018 --7 --7 --7 

003 --7 --7 --7 49 0019 --7 --7 --7 

004 --7 --7 --7 50 0020 --7 --7 --7 

DOS --7 --7 --7 51 0021 --7 --7 --7 

006 --7 --7 --7 52 0022 --7 --7 --7 

NC --7 --7 --7 53 0023 --7 --7 --7 

007 --7 --7 --7 54 NC --7 --7 --7 

3.3VVee --7 --7 --7 55 NC --7 --7 --> 
NC --7 -> -> 56 Vss -> -> -> 
AO --7 -> -> 57 A1 -> -> -> 
A2 -> -> -> 58 A3 -> --7 -> 
NC --7 -> --7 59 AS -> -> -> 
A4 -> -> -> 60 A7 -> -> -> 

3.3V Vee -> -> -> 61 A9 -> -> -> 
A6 -> -> -> 62 NC --7 --7 -> 
AS --7 -> -> 63 Vss -> -> -> 
NC -> A10 -> 64 NC -> -> -> 
NC -> -> -> 65 NC RAS1 NC Ri'iSf 

l1ASO -> -> -> 66 CAS2 -> -> -> 
CASO -> -> -> 67 Vss -> -> -> 
CAS1 -> -> -> 68 CAS3 -> -> -> 

3.3V Vee -> -> -> 69 NC RAS3 NC WlS3 
RAS2 -> -> -> 70 wt -> -> -> 

NC -> -> -> 71 P01 -> -> -> 
P02 -> -> -> 72 P03 -> -> -> 
P04 -> -> -> 73 Vss -> -> -> 
P06 -> -> -> 74 P05 -> -> -> 
NC -> -> -> 75 P07 --7 -> -> 
NC -> -> -> 76 P08 -> -> -> 
NC -> -> -> 77 NC -> -> -> 
008 -> -> -> 78 NC -> --7 -> 

3.3VVee -> -> -> 79 NC -> -> -> 
009 -> -> -> . 80 0024 -> -> -> 
NC -> -> -> 81 0025 --7 -> -> 

0010 -> -> -> 82 0026 -> -> -> 
0011 -> -> -> 83 0027 -> -> --7 

0012 -> -> -> 84 0028 -> -> -> 
0013 -> -> -> 85 0029 -> -> -> 
0014 -> -> --7 86 0030 --7 -> -> 
0015 -> -> -> 87 0031 -> -> -> 
Vss -> -> -> 88 Vss --7 -> -> 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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PRELIMINARY 

MIC:RON MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
1-· ~'M'COMMCCWC'", 4MB, 8MB, 16MB, 32MB DRAM CARDS 

separate bytes, may be independently selected. One bank is 
activated by each RAS selection; the others not selected 
remain in standby mode, drawing minimum power. 

Eight presence-detect pins may be read by the host to 
identify the card's organization, number of banks, access 
time and refresh operation. These extensive presence-de-

tect functions allow systems to take full advantage of the 
advanced power-saving features. 

These Micron DRAM cards are built with 2-inch-long 
static dissipative plastic frames covered by metal panels. 
Packages containing 88-pinreceptacle connectors are keyed 
to prevent improper installation or insertion into other 
types of Ie card sockets. 

FUNCTIONAL BLOCK DIAGRAM 
(4MB - MT8D88C132H, 16MB - MT8D88C432H) 

CAS2 

WE 

ADDRESS 

NOTE: 1. B1 through B4 = x8 memory blocks. 

MTBD88C132H1432H(S), MT16D88C232Hf832H(S} 
REV. 4/94 

RAS 

CAS 

RAS2 

RAS 

CAS 

RAS 

--+---iCAS 

4-18 

000 .... : 
DO? 

008 
• • • 

0015 

0016 
• • • 

0023 

0024 

1I •• t: 
0031 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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UU:::I=ICN . MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
1-· "M""c"cW~'", 4MB, 8MB, 16MB, 32MB DRAM CARDS 

FUNCTIONAL BLOCK DIAGRAM 
(8MB - MT16D88C232H, 32MB - MT16D88C832H) 

RASO RAS1 

RAS RAS 

CASO CAS CAS 

• • • 

- -

RAS RAS 

CAS 1 CAS GAS 

• • - " • 

-
RAS2 RAS3 

RAS RAS 

CAS2 CAS CAS 

• • • 

- -

RAS RAS 

CAS3 CAS CAS 

• • • 

WE 

ADDRESS 

NOTE: 1. B1 through B8 = x8 memory blocks. 

MT8D88CI32H/432H(S), MT16D88C232H/832H(S} 
REV. 4/94 4-19 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

I'IIIC:I=ION MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
"""""""0" '" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

PIN DESCRIPTIONS 

PIN NUMBERS 
22,26,65,69 

23,24,66,68 

70 

13,57,14,58,16,59, 
18,60,19,61,20 

2-8, 10, 34, 36, 
38-43,46-53, 

80-87 

71, 28, 72, 29, 
74,30,75,76 

9,11,12,15,17,20,21, 
25,27,31,32,33,35,37, 
54,55,62,64,65,69,77, 

78, 79 

9,15,27,37 

1, 44, 45, 56, 
63,67,73,88 

MT8D88C132H/432H(S), MT16D88C232HI832H(S) 
REV.4f94 

SYMBOL 
RASO, RAS2 
RAS1,RAS3 

CASO-CAS3 

WE 

AO-A1O 

DOO-D031 

PD1-PD8 

NC 

Vcc 

Vss 
.. 

TYPE 
Input 

Input 

Input 

Input 

Input! 
Output 

-

-

Supply 

Supply 

DESCRIPTION 
Row-Address Strobe: RAS is used to latch the row-
address. Two RAS inputs allow for a single x32 bank or 
two x16 banks. 

Column-Address Strobe: CAS is used to latch the 
column-address, enable the DRAM output buffers and 
strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration . 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW priorto CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH during the CAS LOW 
transition, the access is a READ cycle. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data 1/0: For WRITE cycles, DOO-D031 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select. For READ access cycles, DOO-D031 act as 
outputs for the addressed DRAM location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or grounded (Vss). 

No Connect: These pins should be left unconnected 
(reserved for future use). 
Pins 12, 31-33, 54, 77-79 reserved for x36/x40 DOs. 
Pins 11, 17, 25, 35 reserved for 3.3V Vcc. 
Pin 55 reserved for x40 OE. 

Power Supply: +5V ±5% 

Ground 

4-20 Micron Semiconductor, Inc., reserves the right to change products or specifications wjjhout notice. 
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I'IIIC:I=ICN MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
o,,,cc",ccme '" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

FUNCTIONAL DESCRIPTION 
The MT8D88C132H/432H(S) and MT16D88C232H/ 

832H(S) comprise a family of DRAM cards organized in 
x32-bit memory arrays (RASO = RAS2). They also may be 
configured as x16-bit memory arrays provided the corre
sponding DQs on the host are connected and memory bank 
control procedures are implemented by interleaving both 
RASlines. 

Most x32-bit applications use the same signal to control 
the CAS inputs. RASO and RASI control the lower 16 bits 
and RAS2 and RAS3 control the upper 16 bits to obtain a x32 
memory array. For x16 applications, the corresponding DQ 
and CAS pins must be connected (DQO to DQ15, DQl to 
DQ16 and so forth, CASO to CAS2 and CASI to CAS3). Each 
RAS is then a bank select for the x16 memory organizations. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main

taining power and executing any RAS cycle (READ, 
WRITE) or RAS REFRESH cycle (RAS ONLY, CBR, ex
tended CBR or HIDDEN) so that all combinations of RAS 
addresses (AO-A9 / AlO) are executed at least every tREF, 
regardless of sequence. The CBR REFRESH cycle will in
voke the internal refresh counter for automatic RAS ad
dressing. 

The implied method of choice for refreshing the memory 
card is the extended CBR cycle. This is a very low-current, 
data retention mode made possible by using the CBR RE
FRESH cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
modes common to standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the extended CBR REFRESH cycle. However, the 
memory card will draw more current in the standby mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

addressed through the 20/22 address bits, which are en
tered 10/11 bits (AO-A9/ AlO)ata time. RAS is used to latch 
the first 10/11 bits, and CAS latches the latter 10/11 bits. 
READ or 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 CAS. WE must fall 
prior to CAS (EARLY WRITE). The data inputs and data 

MT8088C132H/432H(S), MT16D88C232H/832H(S) 
REV. 4194 4-21 

outputs are routed through pins using common II a and pin 
direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera
tions (READ or WRITE) within a row-ad dress-defined (AO
A9 / AlO) 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 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 CAS HIGH termi
nates a memory cycle and decreases chip current to a 
reduced standby level. Also, the chip is preconditioned for 
the next cycle during the RAS HIGH time. 

REFRESH 
An optional SELF REFRESH mode is also available. The 

"S" option 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 REFRESII (!'atllr!' is initiat!'d by 
performing a CBR REFRESH cycle and holding RAS·'I.oW 
for the specified lRASS. Additionally, the "S" option allows 
for an extended refresh rate of l25J.Ls pcr row if lIsing 
distributed CBR REFRESH. This refresh rate can b" appli!'d 
during normal operation or during a standby mock 

The SELF REFRESH mode is terminated by driving RAS 
HIGH for a minimum time ofiRPS (=tRC). 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 or BURST REFRESH sequence, all rows must be 
refreshed within 300l1s prior to the resumption of normal 
operation. 

PHYSICAL DESIGN 
These Micron DRAM MiniCards are constructed with a 

2-inch-longstatic dissipative plastic frame covered by metal 
panels. Inside, thin small-outline package (TSOP) DRAMs 
are mounted on an ultrathin printed circuit board. The 
board is attached to a high-insertion, 88-pin receptacle 
connector. The package is keyed to prevent improper instal
lation, including insertion into other types of IC card sock
ets. The DRAM cards operate reliably up to 55°C. 

Micron Semiconductor, Inc., reserves the right to change products or specifications Without notice. 
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PRELIMINARY 

MICRON MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
1-· "<c " 4MB, 8MB, 16MB, 32MB DRAM CARDS 

MEMORY TRUTH TABLE 

FUNCTION 1m' 
Standby H 
READ L 

EARLY WRITE L 

READ WRITE L 

FAST-PAGE-MODE 1st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARLY-WRITE 2nd Cycle L, 
FAST-PAGE-MODE 1st Cycle L 

READ-WRiTE 2nd Cycie L 

RAS ONL YREFRESH L 

HIDDEN READ L-H-L 

REFRESH WRITE L-H-L 

CBR REFRESH H-L 

SELF REFRESH (S-version only) H-L 

PRESENCE-DETECT TRUTH TABLE 

Refresh Control 

NOTE: Vss = ground. 

MT8D88C132H14S2H(S), MT16D88C232H!a32H(S) 
REV. 4194 

"CAS 
H-X 

L 

L 

L 

H-L 

H-L 

H-L 

H-L 

H-L 

H-L 

H 

L 

L 

L 

L 

4-22 

WE"' 
X 

H 

L 

H-L 

H 

H 

L 

L 

H-L 

H-L 

X 

H 

L 

H 

H 

ADDRESSES DATA IN/OUT 
IR IC DQD-DQ31 

X X High-Z 

ROW COL Data~Out 

ROW COL Data-In 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data~ln 

n/a COL Data-In 

ROW COL Data-Out 

nia GOL Uata-Out 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

X' X High-Z 

Micron Semioonduclor, Inc., reserves the right to change products or specifications without notic9. 
©1994, Micron Semiconductor, Inc. 
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MICRON MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
1-· ~,,,co'wccwe'" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ........... -l.OV to +7V 
Operating Temperature T A (ambient) .............. O°C to 55°C 
Storage Temperature ..................................... -40°C to +70°C 
Power Dissipation ............................................................. 8W 
Short Circuit Output Current ..................................... 50mA 
Card Insertions (connector's life cycle) ..................... 10,000 

'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, 3, 4, 6, 7) (O°C ~ T A ~ 55°C; Vcc = 5V ± 5%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.75 5.25 V 

Input High (Logic 1) Voltage, all inputs VIH 2.4 Vcc+1 V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT RASO-RAS3 1i1 -8 8 IlA 

Any input: OV ~ VIN ~ 6.5V AO-A10, WE 1i2 -10 10 IlA 

(All other pins not under test = OV) for each package input CASO-CAS3 1i3 -8 8 IlA 

OUTPUT LEAKAGE CURRENT DOO-D031 loz -10 10 t.tA 
(0 is disabled, OV ~ VOUT < 5.5V) for each package input 

OUTPUT LEVELS VOH 2.4 V 
Output High Voltage (lOUT = -5 mAl 
Output Low Voltage (lOUT = 4.2 mAl VOL 0.4 V 

MT8D88C132H/432H(S), MT16D88C232H1832H(S) 
REV. 4194 4-23 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

I'IIIC:I=ION MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
',",,00'00'00"'"' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes' 1, 6, 7) (O°C < T A < 55°C; Vcc=, 5V + 5%) - - -

PARAMETER/CONDITION 

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

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

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

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

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

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

REFRESH CURRENT: Extended CBR 
Average power supply current during extended CBR: CAS = 0.2V 
or CBR cycling; RAS = 'RAS (MIN); 'RC = 125/1s; WE, 
AO-A 10 and DO = Vcc -0.2V or 0.2V (DO may be left open) 

REFRESH CURRENT: SELF (S-version only) 
Average power supply current, CBR cycling with RAS;: 
'RASS (MIN) and CAS held LOW; WE = Vcc-0.2V; AO-A11 
and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

CAPACITANCE 

PARAMETER 

Input Capacitance: CASO-CAS3 

Input Capacitance: WE 

Input Capacitance: RASO-RAS3 

Input/Output Capacitance: DOO-D031 

Input Capacitance: Addresses 

MTBD88C132H1432H(S), MT16D88G232Ht832H(S) 
Ri:V.4/94 4-24 

MAX 
SYMBOL SIZE -6 -7 -8 UNITS NOTES 

4MB 880 800 720 
ICC1 8MB 896 816 736 mA 3,4,27 

16MB 960 880 800 
32MB 976 896 816 

4MB 16 16 16 
Icc2 8MB 32 32 32 mA 

16MB 16 16 16 
32MB 32 32 32 

4MB 640 560 480 
Icc3 8MB 656 576 496 mA 3,4, 27 1 

16MB 720 640 560 
32MB 736 656 576 

4MB 1.6 1.6 1.6 
Icc4 8MB 3.2 3.2 3.2 mA 

16MB 1.6 1.6 1.6 
32MB 3.2 3.2 3.2 

4MB 880 800 720 
Iccs 8MB 896 816 736 mA 3,27 

16MB 960 880 800 
32MB 976 896 816 

4MB 880 800 720 
ICC6 8MB 896 816 736 mA 3,5 

16MB 960 880 800 
32MB 976 896 816 

4MB 2.4 2.4 2.4 
Icc? 8MB 4.8 4.8 4.8 mA 3,5 

16MB 2.4 2.4 2.4 
32MB 4.8 4.8 4.8 

4MB 2.4 2.4 2.4 
Icca 8MB 4.8 4.8 4.8 mA 5,29 

16MB 2.4 2.4 2.4 
32MB 4.8 4.8 4.8 

MAX 
SYMBOL 4,16MB 8,32MB UNITS NOTES 

CI1 17 32 pF 2 

CI2 66 66 pF 2 

CI3 34 34 pF 2 

CIO 10 18 pF 2 

CI3 51 90 pF 2 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor,lnc. 
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MICRON MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
1-· '"''oo,,'''w~''' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

1---------------------'------------
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

, (Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C :;:; T A:;:; 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 
RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 
RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

MT8D88C 132H1432H(S), MT16068C232HI832H(S) 
REV. 4/94 

-6 

SYM MIN 
tRC 110 
tpc 35 

tRAC 

tCAC 

tAA 

tCPA 

tRAS _ 60 

tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tCSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

tcLZ 3 
tOFF 3 
twcs 0 

MAX MIN 
130 
40 

60 
15 
30 
35 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

3 
15 3 

0 

4-25 

-7 -8 

MAX MIN MAX UNITS NOTES 
150 ns 

45 ns 

70 80 ns 14 
20 20 ns 15 
35 40 ns 

40 45 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 

10 ns 
. - ~-~~ . 

0 ns 

10 ns 

35 20 40 ns 18 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 

0 ns 19 

0 ns 19 

3 ns 26 
20 3 20 ns 20,26 

0 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

IYIIC:F=lON MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
,moo","",""" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDEDAC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C s T A S 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

~holdtime 
(CBR REFRESH) 

~holdtime 
(CBR REFRESH) 

wr;. setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 

RAS pulse width 
entering SELF REFRESH 

RAS precharge time 
exiting SELF REFRESH 

CAS hold time entering 
SELF REFRESH 

MT8D88Cl32Hf432H(S). MT16D88C232H/832H(S) 
AEV.4J94 

-6 
SYM MIN 

twCH 10 
tWCR 45 

twp 10 
tRWL 15 
tCWL 15 
tDS 0 
tDH 10 

tDHR 45 
tT 3 

tREF 

tREF 

tRPC 0 
tCSR 10 

tCHR 15 

tWRH 10 

tWRP 10 

WTH 10 

tWTS 10 
tRASS 100 

tRPS 110 

tCHD 15 

MAX MIN 
15 

55 

15 

20 

20 

0 

15 

55 

50 3 
I::>R 

128 

0 

10 

15 

10 

10 

10 

10 

100 

130 

15 

4-26 

-7 -8 
MAX MIN MAX UNITS NOTES 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 24 

15 ns 24 

60 ns 

50 3 50 ns 9,10 

128 128 ms 30 
128 128 ms 29 

0 ns 

10 ns 5 

15 ns 5 

10 ns 22 

10 ns 22 

10 ns 22 

10 ns 22 

100 j.ts 28 

150 ns 28 

15 ns 28 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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tvllC:F=lON MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
,"",,"ccw< " 4MB, 8MB, 16MB, 32MB DRAM CARDS 

NOTES 
1. All voltages referenced to V ss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1. Vee = 5V ±5%; 
f= 1 MHz. 

3. Icc is 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. 

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. An initial pause of lOOf..ls 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 IREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, data output may contain data from the 

last valid READ cycle. 
13. Measured with a load equivalent to two TTL gates 

and lOOpF. 
14. Assumes that IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD 2: IRCD (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 ICPN. 

MTBD88C132H/432H(S), MT16D88C232HI832H(S) 
REV.4f94 4-27 

17. Operation within the IRCD (MAX) limit ensures that 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, access time is controlled 
exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS 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 inverse of IWRP and tWRl1 in tlw 
CBR REFRESH cycle. 

23. The maximum current ratings are based on the 
memory operating or being refreshed in the x32 
mode. The stated maximums may be reduced by one
half when used in the x16 mode. 

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

25. LATE WRITE, READ WRITE or READ-MODIFY
WRITE cycles are not available due to OE being tied 
permanently LOW on all 4 Meg DRAMs. 

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. 

29. 16MB and 32MB versions only. 
30.4MB and 8MB versions only. 

Micron SemicondUctor, Inc., reserves the" right to. c~ange products or speCIfications without notice. 
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PREUMINARY I 
MIC:RON MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
1-· "<co,"","",, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

RAS 

CAS 

ADDR 

WE 

DO 

. 

tCRP , 
1 

J 
'tRAD . . 

I~~I 
:W!M AOW ~ 
~ 

V10H -
VIOL 

1 

1I1I/1I1I1I(1I(lIr:UII((//II/1 

OPEN 

READ CYCLE 

tRAS tAP 'I 
1 

\ 
tcSH 

tRSH , tARH , 
tACO , teAs 

tAA 

I tRAL 

~ ~ 
COLUMN W/////////////////////&;( AOW 

tRCS ~ 

I 
"'<iLl I I II I I I II til I I I 11!t. 

tM 

tRAC 

tCAC ~ 

I~, 
W& VALID DATA OPEN 

EARLY WRITE CYCLE 

AAS 
V,H -
V,L -

CAS 
V1H -
VIL _ 

ADDR ~:~ 

MTSD88CI32Hi432H(S), MTI6DSBC232H1832H(S) 
REV. 4194 

tCSH 

leRP 

4-28 

AOW 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
1-· "~"oo,,",,oe," 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ROW 

DO ~:g~ ~ULLU~UL~LU~UJ"-_____ V_AL_'D_D_A_TA ____ X'UL/~ _____ VA_L_'D_D_A_TA __ ~C~UJ,-_____ V_AL_'D_D_A_TA ____ ~~ULULLU~ULLU~U 

MT8D88C132HI432H(S), MT16D88C232H/832H(S) 
REV. 4/94 4-29 

mJ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

I'IIIC::I=ION MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
""","cec,," "' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

teRP , 

RAS ONLY REFRESH CYCLE 
(ADDRESS; WE = DON'T CARE) 

tRC 

tRAS 

l 
'I~ 

tRP ,I 

\ 

CAS ~:t _ :--./ '---I 
tASR tRAH 

ADDR ~:t :-t"--'--RD-W --,b&'j'/$ffi1/"///"/"$j'j'&'$/;/$ar----'-RO-w--

DO ~gt ='--------~--OPEN----------

ADDR ~:~ 

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo READ-MODiFY-WRiTE) 

tCSH 

teAs tcpp 

Q ~g~ :,----7-
1

.-. OPEN I. tRAC tM 

}----OPEN_---

~ DON'T CARE 

!88lI UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 
between data-out and driving the bus with the new data-in. 

MTBD8BC132H/432H(S). MT16D88C232HJ832H(S) 
REV. 4/94 4-30 Micron Semiconductor, Inc., reserves the right to change products or specifications without nmice. 

©1994, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
1-· "'"c,,""""'" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

tRP . 
----./ 
~ 

CBR REFRESH CYCLE 
(ADDRESS = DON'T CARE) 

tRAS .1 • tRP , , 

1 
tRAS ,I 

:~.tcp~ ~~ tcHR ~ tCSR tCHR 

J; I i 
DQ 

. 

----./ 

I~ 

OPEN 

~ ~ ~ 

WIIIIIIIIIIIIIIIIII;) 
~ 

W /11111111 1111 11111/;1/111 II II~ 

tRP 

EXTENDED CBR REFRESH CYCLE 
(ADDRESS = DON'T CARE) 

125~s . 
tRAS tRP . , . , . tRAS ,I 

}'tcp~~~ . tCHR , 1~.tCSR , ~y 
I 

DQ OPEN 

'WRP 'WRH ~ --=+1 

~/111I111$/I/llllllj WE ~:r :;11/1 /lIII/lJ 
~ 

WI! 11111 /11111 /1111//1 /ll/llllh 

MTBD88C132H1432H(S), MT16D8BC232H/832H(S) 
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~ DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

I'IIIC:::RCN MT8D88C132H/432H(S), MT16D88C232H/832H(S) 
"',''co,""'',,,,, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

J~ 
:~ 

I~ 
Ir-:--

ADDR ~'H--I: IL"':~ 

tRCD 

tAR , 
tRAD 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

tR S A 

r 
'RSH 

tRAL 

II 
!If . 

(REFRESH) 

'RAS 

'CHR 

II 'j 
fRAH' 'Ascll~ 

SELF REFRESH CYCLE (S-VERSION ONLY) 
(ADDRESSES = DON'T CARE) 

NOTE 1 
(( 

'1 

DO ~gr = )--OPEN------------+I---------
tWRP 1WRH 

WE ~:~ -:!jll/////;J- ~'fL'-'-LlLLLLLLl.LLLlLLLLLLLLLLLL=CLLLLLU 
~ DON'T CARE 

I888l UNDEFINED 

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

MT8D88CI32H/432H(S). MTI6D88C232H1832H(S) 
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PRELIMINARY 

MICRON MTSDSSC132V /432V(S), MT16DSSC232V /S32V(S) 
1-· 00'"'0"'"'00"''' 4MB, 5MB, 16MB, 32MB DRAM CARDS 

DRAM CARD 

FEATURES 
• JEDEC-standard 88-pin DRAM card 
• Polarized receptacle connector 
• Industry-standard DRAM FAST PAGE MODE 

operation 
• High reliability, gold-plated connector 
• All outputs fully TTL-compatible 
• All inputs buffered except RAS inputs 
• Multiple RAS inputs for x16 or x32 selectability 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN; optional SELF REFRESH mode 
• FAST PAGE MODE access cycle 
• Single +3.3V ±O.3V power supply 
• Lowpower 
• Extended Refresh 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Refresh 
Extended Refresh 
SELF REFRESH 

-6 
-7 
-8 

Blank 
S 

• Part Number Example: MT8D88C432V-7 S 

GENERAL DESCRIPTION 
The MT8D88C132V / 432V(S) and MT16D88C232V / . 

832V(S) comprise a family ofJEDEC-staRdard DRAM cards 
organized in x32-bit memory arrays. The cards may also be 
configured as x16-bit memory arrays, provided the corre
sponding DQs on the host system are made common, and 
memory bank control procedures are implemented. Four 
separate CAS inputs allow byte accesses. 

These 3.3V cards are designed for low-power operation 
using 3.3V, low-power, extended refresh DRAMs. Stan
dard component DRAM refresh modes are supported as 
well. 

Multiple RAS inputs conserve power by allowing indi
vidual bank selection. In the x32 organization, the memory 
is a single array that may be divided into four separate bytes. 
In the x16 organization, up to two banks, each with two 
separate bytes, may be independently selected. One bank is 
activated by each RAS selection; the others not selected 
remain in standby mode, drawing minimum power. 

MT8D88C132Vf432V(S), MT16D88C232V/832V(S} 
REV. 4194 4-33 

4,8,16,32 MEGABYTES 
1 MEG, 2 MEG, 4 MEG, 8 MEG x 32; 
3.3V FAST PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (End View) 
SS-Pin Card (DF-3) 

~ 

44 1 

~ ©@©@©@@©©©©©©©©©©©©©©©©©©©@©©©©©©©©©©©©©©©©©~ 
©©©©©©©©@O©©©@©@©©©©©@©©©©©©©©@©©©©©©©©©©©©© 
88 

PIN# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 

4MB 8MB 16MB 32MB PIN # 4MB 8MB 16MB 32MB 
Vss --> --> --> 45 Vss --> --> --> 
000 --> --> --> 46 0016 --> --> --> 
001 --> --> --> 47 0017 --> --> --> 
002 --> --> --> 48 0018 .. ) ) "".~ 

003 --> -) .. ) 49 0019 , , -<". DQ4 --> .-, , 50 odio , , 
... 

005 --> .) , 51 0021 , , , 
006 --> --> -,,) 52 DQ22 --> --> --> 
NC --> --> --> 53 0023 --> --> --> 
007 --> --> --> 54 NC --> --> --> 

3.3VVcc --> --> --> 55 NC --> --> --> 
NC --> --> --> 56 Vss --> --> --> 
AD --> --> --> 57 AI --> --> --> 
A2 --> --> --> 58 A3 --> --> --> 
NC --> --> --> 59 A5 --> --> --> 
A4 --> --> --> 60 Al --> --> --> 

3.3VVcc --> --> --> 61 A9 --> --> --> 
A6 --> --> --> 62 NG --> --> .• 
A8 --> --> --> 63 Vss --> ) ) 

NC --> AID --> 64 NC --> --> -) 

NC --> --> --> 65 NG IRAS1 NC miST 
RASO --> --> --> 66 .~ --> --> --> 
CJ\SO --> --> --> 67 Vss --> --> --> 
CASl --> --> --> 68 CAS3 --> --> --> 

3.3VVcc --> --> --> 69 NC IRAS3 NC ·RAS3 
RAS2 --> --> --> 70 WE --> --> --> 

NC --> --> --> 71 POl --> --> --> 
PD2 --> --> --> 72 P03 --> --> --> 
PD4 --> --> --> 73 Vss --> --> --> 
PD6 --> --> --> 74 P05 --> --> --> 
NC --> --> --> 75 P07 --> --> --> 
NC --> --> --> 76 P08 --> --> --> 
NC --> --> --> 77 NC --> --> --> 
008 --> --> --> 78 NC --> --> --> 

3,3VVcc --> --> --> 79 NC --> --> --> 
009 --> --> --> 80 0024 --> --> --> 
NC --> --> --> 81 0025 --> --> --> 

0010 --> --> --> 82 0026 --> --> --> 
0011 --> --> --> 83 0027 --> --> --> 
0012 --> --> --> 84 0028 --> --> --> 
0013 --> --> --> 85 0029 --> --> --> 
0014 --> --> --> 86 0030 --> --> --> 
0015 --> --> --> 87 0031 --> --> --> 
Vss --> --> --> 88 Vss --> --> --> 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice, 
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PRELIMINARY 

MICRON MT8D88C132V/432V(S), MT16D88C232V/832V(S) 
1-· ""'co,","'''"',, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

Eight presence-detect pins may b", read by the host to 
identify the card's organization, number of banks, access 
time and refresh operation. These extensive presencecdetect 
functions allow systems to take full advantage of the ad
vanced power-saving features. 

These Micron DRAM cards are built with 3.37a-inch~long 
static dissipative plastic frames covered by metal panels. 
Packages containing 88-pin receptacle connectors are keyed 
to prevent improper installation or insertion into other 
types of Ie card sockets. 

FUNCTIONAL BLOCK DIAGRAM 
(4MB - MT8D88C132V, 16MB - MT8D88C432V) 

CASO 0)>--------1 

ADDRESS 

NOTE: 1. B1 through B4 = x8 memory blocks. 
2. 0 = ?4AC11244 line drivers. 

MT8D88C132V1432V(S), MT16D88C232V/832V(S) 
REV. 4/94 4-34 

RAsa 

DOO •..• : 
DO? 

D024 •..• : 
D031 

Micron Semiconductor, Inc., reserves the right to change prcducts or specifications without notice. 
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MICRON MT8D88C132V/432V(S), MT16D88C232V/832V(S) 
1-· '"''''0"';0"''' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

FUNCTIONAL BLOCK DIAGRAM 
(8MB - MT16D88C232V, 32MB - MT16D88C832V) 

CASO D 

-

CAS1 

-

CAS2 

-

CAS3 

WE 

ADDRESS 

NOTE: 1. B 1 through B8 = x8 memory blocks. 
2. D = 74AC11244 line drivers. 

MTaD88C132Vf432V(S)'; MT16D88C232V/832V(Sj 
REV. 4/94 . 

RASO 

RAS 

CAS 

RAS 

CAS 

RAS2 

RAS 

CAS 

• • • 

• • • 

• • • 

• • • 

4-35 

RAS1 

RAS 

CAS 

= 

RAS 

CAS 

-
RAS3 

-

RAS 

CAS 
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PRELIMINARY 

tvllC:I=ICN MTSDSSC132V /432V(S), MT16DSSC232V /S32V(S) 
''''''0","'''''", 4MB, 5MB, 16MB, 32MB DRAM CARDS 

PIN DESCRIPTIONS 

PIN NUMBERS 

22,26,65,69 

23,24,66,68 

70 

13,57,14,58,16,59, 
18,60,19,61,20 

2-8, 10, 34, 36, 
38-43, 46-53, 

80-87 

71, 28, 72, 29, 
74,30,75,76 

9,12,15,20,21,27, 
31,32,33,37,54,55, 
62,64,65,69,77,78, 

79 

11,17,25,35 

1, 44, 45, 56, 
63,67,73,88 

MT8D88C132Vi432V(S), MT16D88C232V/832V(8) 
REV. 4/94 

SYMBOL 

RASO,RAS2 
RAS1,RAS3 

CASO-CAS3 

WE 

AO-A10 

000-0031 

PD1-PD8 

NC 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

InpuV 
Output 

-

-

Supply 

Supply 

DESCRIPTION 

Row-Address Strobe: RAS is used to latch the row-
address. Two RAS inputs allow for a single x32 bank or 
two x16 banks. 

Column-Address Strobe: CAS is used to latch the 
column-address, enable the DRAM output buffers and 
strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration . 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH during the CAS LOW 
transition, the access is a READ cycle. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data 1/0: For WRITE cycles, 000-0031 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select. For READ access cycles, 000-0031 act as 
outputs for the addressed DRAM location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or grounded (Vss). 

No Connect: These pins should be left unconnected 
(reserved for future use). 
Pins 12, 31-33, 54, 77-79 reserved for x36/x40 DOs. 
Pins 9, 15,27, 37 reserved for 5V Vcc. 
Pin 55 reserved for x40 OE. 

Power Supply: +3.3V ±5% 

Ground 

4-36 Micron Semiconductor, Inc., reserves the right to change products or specifications wilhoul notice. 
©1994, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:RON MT8D88C132V/432V(S), MT16D88C232V/832V(S) 
1-· w,"O'''OO","' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

FUNCTIONAL DESCRIPTION 
The MT8D88C132V /432V(S) and MT16D88C232V / 

832V(S) comprise a family of DRAM cards organized in 
x32-bit memory arrays (RASO = RAS2). They also may be 
configured as xl6-bit memory arrays provided the corre
sponding DQs on the host are connected and memory bank 
control procedures are implemented by interleaving both 
RASlines. 

Most x32-bit applications use the same signal to control 
the CAS inputs. RASO and RAS1 control the lower 16 bits 
and RAS2 and RAS3 control the upper 16 bits to obtain a x32 
memory array. For x16 applications, the corresponding DQ 
and CAS pins must be connected (DQO to DQ15, DQ1 to 
DQ16 and so forth, CASO to CAS2 and CAS1 to CAS3). Each 
RAS is then a bank select for the x16 memory organizations. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main

taining power and executing any RAS cycle (READ, 
WRITE) or RAS REFRESH cycle (RAS ONLY, CBR, ex
tended CBR or HIDDEN) so that all combinations of RAS 
addresses (AO-A9 / AlO) are executed at least every tREF, 
regardless of sequence. The CBR REFRESH cycle will in
voke the internal refresh counter for automatic RAS ad
dressing. 

The implied method of choice for refreshing the memory 
card is the extended CBR cycle. This is a very low-current, 
data retention mode made possible by using the CBR RE
FRESH cycle over the extended refresh range (leC7). 

The memory card maybe used. with the other refresh 
modes common to standard DRAMs. This allows the 
memory card to be used on existing systems that do not 
utilize the extended CBR REFRESH cycle. However, the 
memory card will draw more current in the standby mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRiTE cycles, each bit is uniquely 

addressed through the 2,0/22 address bits, which are en
tered 10/11 bits (AO-A9/ A10)ata time. RASisused to latch 
the first 10/11 bits, and CAS latches the latter 10/11 bits. 
READ or 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 CAS. WE must fall 
prior to CAS (EARLY WRITE). The data inputs and data 

MT8DBsC132V /432V(S). MT16D88C232V1832V(S) 
REV. 4/94 4-37 

outputs are routed through pins using commonI/ a and pin 
direction is controlled by WE. 

FAST PAGE MODE operation allows faster data opera-
tions (READ or WRiTE) within a row-address-defined (AO-
A9 / AID) page boundary. The FAST PAGE MODE cycle is 
always initiated with a row-address strobed-in by RAS Z 
followed by a column-address strobed-in by CAS. CAS 
may be toggled-in by holding RAS LOW and. strobing-in m 
different column-addresses, thus executing faster memory :e 
cycles. Returning RAS HIGH terminates the FAST PAGE 
MODE operation. Returning RAS and CAS HIGH termi- • 
nates a memory cycle and decreases chip current to .a 
reduced standby leveL Also, the chip is preconditioned for C 
the next cycle during the RAS HIGH time. 

REFRESH 
An optional SELF REFRESH mode is also available. The 

"S" option 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 initiiltl'd by 
performing a CBR REFRESH cycle and holding RAS I ,OW 
for the specified tRASS. Additionally, the "S" option allows 
for an extended refresh rate of 125~s per row if using 
distributed CBRREFRESH. This refresh rate can be ilpplil'd 
during normal operation or during a standby mock 

The.SELF REFRESH mode is terminated by driving RAS 
HIGHforaminimumtimeoftRPS(~tRC).Thisdelayallows 
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 controllerutilizes 
RASONL Y or BURST REFRESH sequence, allrowsmust be 
refreshed within 300ils prior to the resumption of normal 
operation. 

PHYSICAL DESIGN 
These Micron 3.3V DRAM cards are constructed with a 

3.370-inch long static dissipative plastic frame covered by 
metal panels. Inside, thin small-outline package (TSOP) 
DRAMs are mounted on an 'ultrathin printed circuit board. 
The board is attached to a high-insertion, 88-pin receptacle 
connector. The package is keyed to prevent improper 
installation, including insertion into other types of IC card 
sockets. The DRAM cards operate reliably up to 55°C. 

Micron Semiconductor, Inc., reSelVe8 the right to change products or specifications without notice. 
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PRELIMINARY 

I'IIIC:RON MTSDSSC132V /432V(S), MT16DSSC232V /S32V(S) 
""",""OW, "O 4MB, 8MB, 16MB, 32MB DRAM CARDS 

MEMORY TRUTH TABLE 

FUNCTION 1U{S 

Standby H 

READ L 

EARLY WRITE L 

READ WRITE L 

FAST-PAGE-MODE 1st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARLY-WRITE 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS ONLY REFRESH L 

HIDDEN READ L-H-L 

REFRESH WRITE L-H-L 

CBR REFRESH H-L 

SELF REFRESH (S-version only) H-L 

PRESENCE-DETECT TRUTH TABLE 

Refresh Control 

NOTE: Vss = ground. 

MT8D88C132V/432V(S), MT16D88C232V/832V(S) 
REV. 4/94 

~ 

H-X 

L 

L 

L 

H-L 

H-L 

H-L 

H-L 

H-L 

H-L 

H 

L 

L 

L 

L 

4-38 

WE"" 
X 

H 

L 

H-L 

H 

H 

L 

L 

H-L 

H-L 

X 

H 

L 

H 

H 

ADDRESSES DATA IN/OUT 
tR tc 000-0031 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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UU:::RCN MT8D88C132V/432V(S), MT16D88C232V/832V(S) 
1-· w",w,"",m~," 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee Supply Relative to Vss ........ -l.OV to +4.5V 
Operating Temperature T A (ambient) .............. O°C to SsoC 
Storage Temperature ..................................... -40°C to +70°C 
Power Dissipation ............................................................. 8W 
Short Circuit Output Current ..................................... SOmA 
Card Insertions (connector's life cycle) ..................... 10,000 

*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, 3, 4, 6, 7) (DOC :s:; T A :s:; 55°C; Vee = 3.3V ± 5%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vee 3.15 3.45 V 

Input High (Logic 1) Voltage, all inputs VIH 2.1 Vee+1 V 

Input Low (Logie 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT RASO-RAS3 111 -8 8 j.lA 
Any input: OV:s:; VIN :s:; Vee 

(All other pins not under test = OV) for eaeh package input Buffered 112 -2 2 j.iA 

OUTPUT LEAKAGE CURRENT 000-0031 loz -10 10 flA 
(0 is disabled, OV :s:; VOUT :s:; Vee) for eaeh paekage input 

OUTPUT LEVELS VOH 2.0 V 
Output High Voltage (lOUT = -2.0 mA) 
Output Low Voltage (lOUT = 2.0 mA) VOL 0.4 V 

MT8D88GI32Vi432V(S), MT16D88C232VJ832V(Sj 
REV. 4194 4-39 Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
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PRELIMINARY 

MICRON MT8D88C132V/432V(S), MT16D88C232V/832V(S) 
1-· ",,,w,men,,,,, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C S; T A::; 55°C; Vcc = 3.3V± 5%) 

PARAMETER/CONDITION 

OPERATING CURRENT: Random READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC [MIND 

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

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIND 

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

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS =VIH: tRC = tRC [MIND 

REFRESH CURRENT: CBR 
Average power supply current 
(RAS, CAS, Address Cycling: tRC = tRC [MIND 

REFRESH CURRENT: Extended CBR 
Average power supply current during extended CBR: CAS = 0.2V 
or CBR cycling; RAS = tRAS (MIN); tRC = 125~s; WE, 
AO-A 10 and DO = Vcc -0.2V or 0.2V (DO may be left open) 

REFRESH CURRENT: SELF (S-version only) 
Average power supply current, CBR cycling with RAS;::: 
tRASS (MIN) and CAS held LOW; WE = Vcc-0.2V; AO-A 11 
and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

CAPACITANCE 

PARAMETER 

Input Capacitance: CASO-CAS3 

Input Capacitance: WE 

Input Capacitance: RASO-RAS3 

Input/Output Capacitance: 000-0031 

Input Capacitance: Addresses 

MT8DsaC132V1432V(S). MTI6088C232V/832V(S) 
REV. 4/94 4-40 

MAX 

SYMBOL SIZE -6 -7 -8 UNITS NOTES 

4MB 640 560 480 
Icc1 8MB 648 568 488 mA 3,4,31 

16MB 960 880 -
32MB 968 888 -
4MB 8 8 8 

Icc2 8MB 16 16 16 mA 
16MB 8 8 -
32MB 16 16 -
4MB 480 400 320 

Icc3 8MB 488 408 328 mA 3,4,31 
16MB 720 640 -
32MB 728 648 -
4MB 4 4 4 

Icc4 8MB 8 8 8 mA 
16MB 4 4 -
32MB 8 8 -
4MB 640 560 480 

Icc5 8MB 648 568 488 mA 3,31 
16MB 960 880 -
32MB 968 888 -
4MB 640 560 480 

Icc6 8MB 648 568 488 mA 3,5 
16MB 960 880 -
32MB 968 888 -
4MB 1.2 1.2 1.2 

Icc? 8MB 2.4 2.4 2.4 mA 3,5 
16MB 2.4 2.4 2.4 
32MB 4.8 4.8 4.8 

4MB 1.2 1.2 1.2 
Icca 8MB 2.4 2.4 2.4 mA 5,32 

16MB 2.4 2.4 2.4 
32MB 4.8 4.8 4.8 

MAX 

SYMBOL 4,16MB 8,32MB UNITS NOTES 

CI1 9 9 pF 2 

CI2 13 13 pF 2 

CI3 34 34 pF 2 

CIO 10 18 pF 2 

CI3 9 9 pF 2 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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MIC:RON MT8D88C132V/432V(S), MT16D88C232V/832V(S) 
1-· """0'00""'" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

I 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
I (Notes: 6, 7, 8, 9,10,11,12,13) (O°C:S; TA:S; 55°C; Vee = 3.3V ±5%) 
I 

, 

I 

I 
I 

I 

I 

I 

I 

i 

I 

I 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

WE command setup time 

MT8DB8C132V/432V(S), MT16D88C232V/832V(S) 
REV.4f94 

-6 
SYM MIN 
tRC 110 
tpc 35 

tRAC 

tCAC 

'AA 
tCPA 

'RAS 60 
'RASP 60 
tRSH 26 
tRP 40 

ICAS 15 
tCSH 58 
tCPN 10 
ICp 10 

'RCD 18 
ICRP 21 
tASR 11 
tRAH 8 
tRAD 13 

tASC 2 
tCAH 10 
tAR 48 

tRAL 41 

tRCS 2 
tRCH 2 

tRRH a 

tCLZ 5 
tOFF 5 
twcs 2 

MAX MIN 

130 
40 

60 
26 
41 
46 

100,000 70 
100,000 70 

31 
50 

100,000 20 
68 
10 
10 

34 18 
21 
11 
8 

19 13 

2 
15 
53 

46 

2 
2 

a 

5 
26 5 

2 

4-41 

-7 -8 

MAX MIN MAX UNITS NOTES 

150 ns 23 
45 ns 23 

70 80 ns 14,23 
31 31 ns 15,26 
46 51 ns 26 
51 56 ns 26 

100,000 80 100,000 ns 23 
100,000 80 100,000 ns 23 

31 ns 26 
60 ns 23 

100,000 20 100,000 ns 23 
78 ns 25 
10 ns 16,23 
10 ns 23 

39 18 49 ns 17,27 
21 ns 26 
11 ns 26 
8 ns 25 

24 13 29 ns 18,27 

2 ns 24 
15 ns 23 
53 ns 25 

51 ns 26 

2 ns 24 
2 ns 19,24 

a ns 19 

5 ns 24,33 
31 5 31 ns 20,28,33 

2 ns 24 

Micron Semiconductor, Inc, reserves the right to change products or specifications without notice. 
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PRELIMINARY, 

I"'IC=RCN MT8D88C132V /432V(S), MT16D88C232V /832V(S) 
w"c,,""cw~'" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C::; TA ::; 55°C; Vee = 3.3V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referencedto RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 

RAS pulse width 
entering SELF REFRESH 

RAS precharge time 
exiting SELF REFRESH 

CAS hold time entering 
SELF REFRESH 

MT8D88C132V/432V{S), MT16D88C232V1832VjS) 
REV. 4194 

-6 
SYM MIN 

tvvCH 10 

'WCR 43 

tvvP 10 
tRWL 26 
tCWL 26 
tDS 2 
tDH 21 

tDHR 45 

IT 3 
tREF 

tREF 

tRPC 0 
tCSR 12 

tCHR 13 

tWRH 8 

tvvRP 12 

tvvTH 8 

tWTS 12 
tRASS 100 

tRPS 110 

tCHD 13 

MAX MIN 
15 

53 

15 

31 

31 

2 

26 

55 

50 3 

128 

128 

0 

12 

13 

8 

12 

8 

12 

100 

130 

13 

4-42 

-7 -8 
MAX MIN MAX UNITS NOTES 

15 ns 23 

58 ns 25 

15 ns 23 

31 ns 26 

31 ns 23 

2 ns 24 

26 ns 26 

60 ns 23 

50 3 50 ns 9,10,23 

128 128 ms 35 

128 128 ms 34 

0 ns 23 

12 ns 5,24 

13 ns 5,25 

8 ns 22,25 

12 ns 22,24 

8 ns 22,25 

12 ns 22,24 

100 IlS 23,32 

150 ns 23,32 

13 ns 23,32 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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PRELIMINARY 

MICRON MT8D88C132V/432V(S), MT16D88C232V/832V(S) 
1-· "'"'''"o'W"''' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

'iI"OTES 
l. All voltages referenced to Vss. 
!. This parameter is sampled. Vee = 3.3V ±10%; 

f= 1 MHz. 
3. Icc is dependent on cycle rates. 
1. Icc is dependent on output loading and cycle rates. 

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

J. 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 of100J.!s 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 anytime the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume rr = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 tRCD < IRCD (MAX). If tRCD 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 IRCD ~ IRCD (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 tCPN. 

17. Operation within the tRCD (MAX) limit ensures that 
tRAC (MAX) can be met. tRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by tCAe. 

MT8D88CI32V1432V(Sj, MT16D88C232VfB32V(Sj 
REV. 4/94 4-43 

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

19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTs 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 inverse of twRP and twRH in the 
CBR REFRESH cycle. 

23. Timing between the DRAMs and the DRAM card did 
not change with the addition of the line drivers. 

24. A +2ns timing skew from the DRAM to tilt' DRAM 
card resulted from the addition of lint' drivers. 

25. A -2ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

26. A + l1ns timing skew from the DRAM to the DRAM 
card resulted from the addition of line drivers. 

27. A -2ns (MIN) and a -l1ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

28. A +2ns (MIN) and a +l1ns (MAX) timing skew from 
the DRAM to the DRAM card resulted from the 
addition of line drivers. 

29. The maximum current ratings are based on the 
memory operating or being refreshed in the x32 
mode. The stated maximums may be reduced by one
half when used in the x16 mode. 

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

31. Column-address changed once each cycle. 
32. If the DRAM controller uses a BURST REFRESH, a 

BURST REFRESH of all rows must be executed upon 
exiting SELF REFRESH. 

33. The 3ns minimum is a parameter guaranteed by 
design. 

34. 16MB and 32MB only. 
35.4MB and 8MB only. 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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PRELIMINARY 

I'IIIC:RCN MT8D88C132V /432V(S), MT16D88C232V /832V(S) 
'""''''''W,,''' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

RAS 
VIH -
VIL _ 

CAS 
VIH -
V1L -----1 

ADDR 

WE 

DO V10H -
VIOL 

RAS 
VIH -
VIL _ 

CAS 
VIH -
VIL _ 

ADDA V,H 
VIL 

MTBD88C132v/432V(S), MT16D880232V1832V(S) 
REV. 4/94 

leAP 

leAP 

READ CYCLE 

tRC 

tRAS tRP 

ICSH 

IRSH tRRH 

tRCD tCAS 

tAR 

OPEN VALID DATA OPEN 

EARLY WRITE CYCLE 

tRC 

tRAS 

tCSH 

IRSH 

tRCD tCAS 

tAR 

4-44 

ROW 

~ DON'TeARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor, Inc 
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PRELIMINARY 

FAST-PAGE-MO[)E READ CYCLE 

1~ ______________________________ ~t~~~P ________________________________ ~I~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

t~p 

ADDR ~:~ -r..LLD1L ____ ;-__ --""Y..I..<OU1L-__ --.-__ .----:-J:v.LLf,''.1..LU1L-__ --;-; __ :--''",I..LL.Lf''.1..L!l1I. ____ "TT"--; __ iI"X,l..LL.fLfLLl.'LU 

MTSI388C132v/432V(S), MT16D8BC232VI832V(S) 
REV.4IB4 ' 4-45 

~ DON'T CARE 

~UNDEFINED 

Micron Semiconductor. Inc., I'8S8I'Ve8 the right to change products'«specifications without notice. 
@1994,MlcronSemlconductor, Inc. 

z 
m :e -c 
:D » s: 
o » 
:D 
C 



z 
m 
=E • c :a » s 
o » :a 
c 

PRELIMINARY 

MICRON MT8D88C132V/432V(S), MT16D88C232V/832V(S) 
1-· "',"co"''','''«" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

RAS ONLY REFRESH CYCLE 
(ADDRESS; WE = DON'T CARE) 

V,H _,--------JI 
RAS VIL _ 

teRP 

ADDR ROW ROW 

DO ~gt -'-----------------OPEN-------------

CAS ~:~ = 

ADDR 

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

'Res .1 'RWL 

1--:-1 -'-'=- ~i i . ~: 1T777TT77TT77TT77TTi'TTT7 

WE ~i~ ="LLlLLLLLL1.Ll.1 I I I ~~I~I_ 
~ir :J/!//!/!!II!/!/!!////!//I////!!//!/!!///!!//!//I//!!/l// VALID DATA _//l$/$//J;I//!~ 

~c I,OFF_ 

o ~gr ='--------;-OPEN---+-----lx':~ 

I. 
I 

NOTE 1 

i-----OPEN-----

mJ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: ICPP(MIN) or ICP(whichever is greater) + 10S(MIN) + any guardband 
between data-out and driving the bus with the new data-in. 

MTBD88C132V1432V(S), MT16D88C232V/832V(S) 
REV. 4/94 4-46 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notlCo 
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PRELIMINARY 

I'IIIC::RON MT8D88C132V/432V(S), MT16D88C232V/832V(S) 
""e",,, me 4MB, 8MB, 16MB, 32MB DRAM CARDS 

RAS VIH -
VIL -

CAS VIH -
VIL -

DO 

WE 

RAS VIH -
VIL -

CAS V1H -
VIL -

DO 

WE 

MT8D88C132V/432V{S). MT16D88C232VI832V(S) 
REV. 4/94 

CBR REFRESH CYCLE 
(ADDRESS = DON'T CARE) 

EXTENDED CBR REFRESH CYCLE 
(ADDRESS = DON'T CARE) 

125~s 

tRP tRAS 

~ DON'T CARE 

m UNDEFINED 

4-47 Micron Semiconductor, Inc., reserves the right to change products or .specJficattons without notice. 
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PRELIMINARY 

I'IIIC:F=lCN MT8D88C132V /432V(S), MT16D88C232V /832V(S) 
OCM,w",ccm, '" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

. 

. tRCO l~ 

DO ~:g~ :::------OPEN 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) (REFRESH) 

tRAS tRP tRAS . [ i t 
tRSH tCHR 

y~ 
~ ______________ J . . 

~b - -tOFF 

1()()(lQV. VALID DATA I)-- OPEN-

SELF REFRESH CYCLE (S-VERSION ONLY) 
(ADDRESSES = DON'T CARE) 

NOTE 1 

(( NOTE 2 

DQ ~g~ = OPEN-----------+f-----------

tWRP tWRH 

WE ~:t ::W!l//I;J)- ~r$#$/;I#II;1#$/$;J/;IM$#J 
~ DON'T CARE 

m UNDEF)NED 

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

MT8D88C13ZV/432V(S}. MT16D88C232VI832V(S) 
REV. 4/94 4-48 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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UIf::I=ION MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
1-· " cc >c' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

FEATURES 
• JEDEC-standard 88-pin DRAM card pinout 
• 2-inch (50.8mm)-long nonbuffered DRAM cards 
• Polarized receptacle connector 
• Industry-standard DRAM FAST I'AGEMODE 

operation 
• High reliability, gold-plated connector 
• All outputs fully TTL-compatible 
• Multiple RAS inputs for x16 or x32 selectability 
• Refresh modes: RAS QNLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN; optional SELF REFRESH 
• FAST PAGE MODE access cycle 
• Single +3.3V ±5% power supply 
• Lowpower 
• Extended Refresh 

OPTIONS MARKING 
• Timing 

60ns access 
70ns access 
80ns access 

• Refresh 
Extended Refresh 
SELF REFRESH 

-6 
-7 
-8 

Blank 
S 

• Part Number Example: MT8D88C432VH-7 S 

GENERAL DESCRIPTION 
The MT8D88C132VH/432VH(S), MT16D88C232VH/ 

832VH(S) comprise a family of DRAM cards organized in 
x32-bit memory arrays. These DRAM cards are2-inch-19ng 
bufferless versions of the JEDEC-standard 3.37-inch 
(85.6mm), 88-pinx32 DRAM cards. Buffers are not included 
on these cards, so the on-board timing delays have been 
eliminated. Redrive circuitry may be implemented on the 
system board. 

The cards may also be configured as x16-bit memory 
arrays, provided the corresponding DQs on the host system" 
are made common, and memory bank control procedures 
are implemented. Four separate CAS inputs allow byte 
accesses. 

These 3.3V MiniCards are designed for low-power opera
tion using 3.3V, low-power, extended refresh DRAMs. 
Standard component DRAM refresh modes are supported 
as well. 

Multiple RAS inputs conserve power by allowing indi
vidual bank selection. In the x32 organization, the memory 

MTBD88C132VH1432VH(S). MT16D8BC232VHl832VH(S) 
REV. 4194 

4,8,16,32 MEGABYTES 
1 MEG, 2 MEG, 4 MEG, 8 MEG x 32; 
3.3V FAST PAGE MODE, 
OPTIONAL SELF REFRESH 

PIN ASSIGNMENT (End View)! 
88-Pin Card (DF~2) 

<> ~~ 

44 1 S oo_o~oooooooo? 0_000000000000000 __ 0 

88 

'. PiNt 
1 
2 
a 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 

4MB 8MB 16MB 32MB PIN. 4MB 8MB 16MB 32MB 
Vss --> -> -> 45 Vss -> -> -> 
000 -> -> -> 46 0016 -> -> -> 
001 -> -> -> 47 0017 --> -> -> 
002 -> --> --> 48 0018 -> -> -> 
ooa -> -> -> 49 0019 --> -> -> 
004 -> -> -> 50 0020 --> -> --> 
005 -> --> -> 51 0021 -> -> -> 
006 --> -> -> 52 0022 -> -> -> 
NC -> -> -> 53 0023 -> -> -> 
007 -> -> -> 54 NC --> -> --> 

3.3VVcc -> -> -> 55 NC -> -> -> 
NC -> -> -> 56 Vss -> -> -> 
AD -> --> -> 57 Al -> -> -> 
A2 -> -> -> 58 A3 -> -> -> 
NC -> -> -> 59 A5 -> -> -> 
A4 -> -> -> 60 A7 -> -> -> 

3.3VVcc -> -> -> 61 A9 --> -> -> 
A6 -> -> -> 62 NC -> -> -> 
A8 -> -> -> 63 Vss --> -> -> 
NC -> Al0 -> 64 NC -> -> -> 
NC -> -> -> 65 NC l1AS1 NC ro\S1 

lU\Slf -> -> -> 66 CAS2 --> -> -> 
CASU -> -> -> 67 Vss -> -> -> 
GAS! -> -> -> 68 'CJ\S3 -> -> -> 

3.3VVcc -> -> -> 69 NC AAS3 NC RAS3 
RAS2 -> -> -> 70 WE -> -> -> 

NC -> -> -> 71 POl -> -> -> 
P02 -> -> -> 72 P03 -> -> -> 
P04 -> -> -> 73 Vss --> -> .... 
P06 -> -> -> 74 P05 -> -> -> 
NC -> -> -> 75 P07 --> -> -> 
NC -> -> -> 76 PD8 --> -> -> 
NC -> -> -> 77 NC -> -> -> 

008 -> -> -> 78 NC -> -> -> 
3.3VVcc -> -> -> 79 NC --> -> -> 

009 -> --> -> 80 0024 -> -> -> 
NC -> -> -> 81 0025 -> -> -> 

0010 -> -> -> 82 0026 -> -> -> 
DOH -> -> -> 83 0027 -> -> --> 
0012 .-> --> -> 84 0028 -> -> -> 
0013 -> -4/ .:.:, 85 0029 -> --> -> 
0014 -> -> -> 86 0030 --> -> -> 
0015 -> --> --> 87 0031 -> -> -> 
Vss -> --> --> 88 Vss -> --> -> 

Micron Semiconductor, Inc., reserves the right to change products.or,~jfications ~out notice. 
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PRELIMINARY 

UIC:F=lCN MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
1-· "'"co"''''''"''' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

is a single arraythatmaybe divided into four separatebytes. 
In the x16 organization, up to two banks, each with two 
separate bytes, may be independently selected. One bank is 
activated by each RAS selection; the others not selected 
remain in standby mode, drawing minimum power. 

Eight presence-detect pins may be read by the host to 
identify the card's organization, number of banks, access 
time and refresh operation. These extensive presence-de-

tect functions allow systems to take full advantage of the 
advanced power-saving features. 

These Micron DRAM cards are built with3.370-inch-long 
static dissipative plastic frames covered by metal panels. 
Packages containing 88-pinreceptacle connectors are keyed 
to prevent improper installation or insertion into other 
types of Ie card sockets. 

FUNCTIONAL BLOCK DIAGRAM 
(4MB - MT8D88C132VH, 16MB - MT8D88C432VH) 

RAsa 

CAS3 ---

WE 

ADDRESS 

NOTE: 1. B1 through B4 = x8 memory blocks. 

MTBD88C132VH/432VH(S), MT16DS8C232VHl83ZVH(S) 
REV. 4194 4-50 

Doa 

II ••• : 
DO? 

0024 

II ••• : 
0031 

Micron Semiconductor, Inc., reselVe5 the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
1-· """0"'"00""' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

FUNCTIONAL BLOCK DIAGRAM 
(8MB - MT16D88C232VH, 32MB - MT16D88C832VH) 

CAS3 ---

WE 

ADDRESS 

1I0TE: 1. B1 through B8 = x8 memory blocks. 

H8D88C132VH/432VH(S), MT16088C232VH!632VH(S) 
lEV. 4194 4-51 Micron Semiconductor, Inc., reserves the right to change products 0 rspeclficationswlthoLitnolice 

©1994, Micron Semiconductor, Inc 



z 
m :e 
• c 

:D 
l> s: 
o 
l> 
:D 
C 

PRELIMINARY 

I'IIIC:RCN MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
""",o",o''Oe,,, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

PIN DESCRIPTIONS 

PIN NUMBERS 
22,26,65,69 

23,24,66,68 

70 

13,57,14,58,16,59, 
18,60,19,61,20 

2-8, 10, 34, 36, 
38-43, 46-53, 

80-87 

71, 28, 72, 29, 
74,30,75,76 

9,12,15,20,21,27, 
31,32,33,37,54,55, 
62,64,65,69,77,78 

79 

11,17,25,35 

1, 44, 45, 56, 
63,67,73,88 

MTSD88C132VH/432VH(S), MT16088C232VHI832VH(S) 
REV. 4/94 

SYMBOL 
RASO,RAS2 
RAS1, RAS3 

CASO-CAS3 

WE 

AO-AlO 

000-D031 

PD1-PD8 

NC 

Vcc 

Vss 

TYPE 
Input 

Input 

Input 

Input 

InpuV 
Output 

-

-

Supply 

Supply 

DESCRIPTION 
Row-Address Strobe: RAS is used to latch the row-
address. Two RAS inputs allow for a single x32 bank or 
two x16 banks. 

Column-Address Strobe: CAS is used to latch the 
column-address, enable the DRAM output buffers and 
strobe the data inputs on WRITE cycles. Four CAS 
inputs allow byte access control for any memory bank 
configuration . 

Write Enable: WE is the READIWRITE control for the DO 
pins. If WE is LOW prior to CAS going LOW, the access 
is a WRITE cycle. If WE is HIGH during the CAS LOW 
transition, the access is a READ cycle. 

Address Inputs: These inputs are multiplexed 
and clocked by RAS and CAS. 

Data I/O: For WRITE cycles, 000-0031 act as 
inputs to the addressed DRAM location. BYTE 
WRITEs may be performed by using the corresponding 
CAS select. For READ access cycles, DOO-D031 act as 
outputs for the addressed DRAM location. 

Presence Detect: These pins are read by the 
host system and tell the system the card's personality. 
They will be either left floating (NC) or grounded (Vss). 

No Connect: These pins should be left unconnected 
(reserved for future use). 
Pins 12, 31-33, 54, 77-79 reserved for x36/x40 DOs. 
Pins 9,15,27,37 reserved for 5V Vcc. 
Pin 55 reserved for x40 OE. 

Power Supply: +3.3V ±5% 

Ground 

4-52 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

I'IIIC:I=ICN MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
",,,oo"oocoo,,", 4MB, 8MB, 16MB, 32MB DRAM CARDS 

FUNCTIONAL DESCRIPTION 
The MT8D88C132VH/432VH(S), MT16D88C232VHI 

832VH(S) comprise a family of DRAM cards organized in 
x32-bit memory arrays (RASO = RAS2). They also may be 
configured as x16-bit memory arrays provided the corre
sponding DQs on the host are connected and memory bank 
control procedures are implemented by interleaving both 
RASlines. 

Most x32-bit applications use the same signal to control 
the CAS inputs. RASO and RASI control the lower 16 bits 
and RAS2 and RAS3 control the upper 16 bits to obtain a x32 
memory array. For x16 applications, the corresponding DQ 
and CAS pins must be connected (DQO to DQ15, DQl to 
DQ16 and so forth, CASO to CAS2 and CASI to CAS3). Each 
RASis then a bank select for the x16 memory organizations. 

DRAM OPERATION 

DRAM REFRESH 
Memory cell data is retained in its correct state by main

taining power and executing any RAS cycle (READ, 
WRITE) orRAS REFRESH cycle (RAS ONLY, CBR, ex
tended CBR or HIDDEN) so that all combinations of RAS 
~ddresses (AO-A9, AlO) are executed at least every tREF, 
regardless of sequence. The CBR REFRESH cycle will in
voke the internal refresh counter for automatic RAS ad
iressing. 

The implied method of choice for refreshing the memory 
:ard is the extended CBR cycle. This is a very low-current, 
iata retention mode made possible by using the CBR RE
FRESH cycle over the extended refresh range (Icc7). 

The memory card may be used with the other refresh 
nodes common to standard DRAMs. This allows the 
nemory card to be used on existing systems that do not 
~tilize the extended CBR REFRESH cycle. However, the 
nemory card will draw more current in the standby mode. 

DRAM READ AND WRITE CYCLES 
During READ or WRITE cycles, each bit is uniquely 

lddressed through the 20/22 address bits, which are en
ered 10/11bits(AO-A91 AlO)ata time.RASisused to latch 
he first 10 III bits, and CAS latches the latter 10111 bits. 
:mAD or WRITE cycles are selected with the WE input. A 
ogic HIGH onWE dictates READ mode while a logic LOW 
m WE dictates WRITE mode. During a WRITE cycle, data
n (D) is latched by the falling edge of CAS. WE must fall 
Jrior to CAS (EARLY WRITE). The data inputs and data 
mtputs are routed through pins using common 1/ a and pin 
lirection is controlled by WE. 

IT8D88C132VH/432VH(S), MT16D88C232VHI832VH(S) 
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FAST PAGE MODE operation allows faster data opera
tions (READ or WRITE) within a row-address-defined (AO
A91 AlO) 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 CAS. CAS 
may be toggled-in by holding RAS LOW and strobing-in Z 
different column-addresses, thus executing faster memory m 
cycles. Returning RAS HIGH terminates the FAST PAGE 
MODE operation. Returning RAS and CAS HIGH termi- :e 
nates a memory cycle and decreases chip current to a 
reduced standby leveL Also, the chip is preconditioned for _ 
the next cycle during the RAS HIGH time. 

REFRESH 
An optional SELF REFRESH mode is also available. The 

"S" option 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 RAS LOW 
for the specified tRASS. Additionally, the "S" option allows 
for an extended refresh rate of l251ls per row if using 
distributed CBR REFRESH. This refresh rate can be applied 
during normal operation or during a standby mode. 

The SELF REFRESH mode is terminated by driving RAS 
HIGH for a minimum time of lJll>S (~tRC). 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 or BURST REFRESH sequence, all rows must be 
refreshed within 300lls prior to the resumption of normal 
operation. 

PHYSICAL DESIGN 
These Micron DRAM MiniCards are constructed with a 

2-inch-Iongstatic dissipative plastic frame covered by metal 
panels. Inside, thin small-outline package (TSOP) DRAMs 
are mounted on an ultrathin printed circuit board. The 
board is attached to a high-insertion, 88-pin receptacle 
connector. The package is keyed to prevent improper instal
lation, including insertion into other types of IC card sock
ets. The DRAM cards operate reliably up to 55°C 

Micron Semiconductor, Inc, reserves the rrght to change products or specifications without notice. 
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UU:::I=ION MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
PRELIMINARY I 

1-· "Me,","",",,, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

MEMORY TRUTH TABLE 

FUNCTION 1m" 
Standby H 

READ L 

EARLY WRITE L 

READ WRITE L 

FAST-PAGE-MODE 1st Cycle L 

READ 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

EARLY-WRITE 2nd Cycle L 

FAST-PAGE-MODE 1st Cycle L 

READ-WRITE 2nd Cycle L 

RAS ONLY REFRESH L 

HIDDEN READ L .... H .... L 

REFRESH WRITE L .... H .... L 
CBR REFRESH H .... L 

SELF REFRESH (S-version only) H .... L 

PRESENCE-DETECT TRUTH TABLE 

tRAC Max 

Refresh Control 

NOTE: Vss = ground. 

MT8D88C132VH/432VH(S). MT16D88C232VHI832VH(S) 
REV. 4/94 

CAS" 
H .... X 

L 

L 

L 

H .... L 

H .... L 

H .... L 

H .... L 

H .... L 

H .... L 

H 

L 

L 

L 

L 

4-54 

WE'" 
X 

H 

L 

H .... L 

H 

H 

L 

L 

H .... L 

H .... L 

X 

H 

L 

H 

H 

ADDRESSES DATA IN/OUT 

IR IC 000-0031 

X X High-Z 

ROW COL Data-Out 

ROW COL Data-In 

ROW COL Data-In 

ROW COL .. Data-Out 

n/a COL Data-Out 

ROW COL Data-In 

n/a COL Data-In 

ROW COL Data-Out 

n/a COL Data-Out 

ROW n/a High-Z 

ROW COL Data-Out 

ROW COL Data-In 

X X High-Z 

X X High-Z 

Micron Semiconductor, Inc., reserves the right to change products or specificati0r:'S without notice. 
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UU::RCN MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
1-· ,,,,,w"ccmc,", 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee Supply Relative to Vss ........ -l.OV to +4.5V 
Jperating Temperature T A (ambient) .............. O°C to 55°C 
:;torage Temperature ..................................... -40°C to +70°C 
Power Dissipation ............................................................. 8W 
:;hort Circuit Output Current ..................................... 50mA 
:::ard Insertions (connector's life cycle) ..................... 10,000 

'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, 3, 4, 6, 7) (O°C :::; T A:::; 55°C; Vcc = 3.3V ± 5%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc '. 3.15 3.45 V 

Input High (Logic 1) Voltage, all inputs VIH 2.0 Vcc+l V 

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 

INPUT LEAKAGE CURRENT RASO-RAS3 111 -8 8 IlA 

Any input: OV :::; VIN :::; Vcc AO-A10, WE 112 -10 10 J.lA 

(All other pins not ~nder test = OV) for each package input CASO-CAS3 113 -8 8 pA_ " 
~, -,~ 

OUTPUT LEAKAGE CURRENT OQO-OQ31 loz -10 10 J.lA 
(Q is disabled, OV :::; VOUT :::; Vee) for each package input 

OUTPUT LEVELS VOH 2.0 V 
Output High Voltage (lOUT = -2.0 rnA) --~--

Output Low Voltage (IOIJT = 2.0 rnA) VOL 0.4 V 

IT8DB8CI32VH!432VH(S), MT16D88C232VH1832VH(S) 
EV.4/94 "4-55 Micron Semiconductor, Inc., rese!ves the right to change products or specifications without notice. 
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PRELIMINARY' 

MICRON MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
1-· "'''''''"'''<'"' 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ::; T A::; 55°C; Vcc = 3.3V ± 5%) 

PARAMETER/CONDITION 

OPERATING CURRENT: Randorn READIWRITE 
Average power supply current 
(RAS, CAS, Address Cycling:tRC = tRC [MIND 

STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) 

OPERATING CURRENT: FAST PAGE MODE 
Average power supply current 
(RAS = VIL, CAS, Address Cycling:tpC = tpc [MIND 

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

REFRESH CURRENT: RAS ONLY 
Average power supply current 
(RAS Cycling, CAS = VIH: tRC = tRC[MIN]) 

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

REFRESH CURRENT: Extended CBR 
Average power supply current during extended CBR: CAS = 0.2V 
or CBR cycling; RAS = tRAS (MIN); tRC = 125115; WE, 
AO-A10 and DO = Vcc -0.2V or 0.2V (DO may be left open) 

REFRESH CURRENT: SELF (S-version only) 
Average power supply current, CBR cycling with RAS ~ 
tRASS (MIN) and CAS held LOW; WE = Vcc-0.2V; AO-A11 
and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

CAPACITANCE 

PARAMETER 

Input Capacitance: CASO-CAS3 

Input Capacitance: WE 

Input Capacitance: RASO-RAS3 

Input/Output Capacitance: DOO-D031 

Input Capacitance: Addresses 

MTSD88C 132VHf432VH(S), MT16D88C232VH1832VH(Sj 
REV. 4194 4-56 

MAX 
i 

SYMBOL SIZE -6 -7 -8 UNI,TS NOTES I 

4MB 640 560 480 
ICCI 8MB 648 568 488 mA 3,4,31 ' 

16MB 960 880 -
32MB 968 888 -
4MB 8 8 8 

Icc2 8MB 16 16 16 mA 
1.6MB 8 8 -
32MB 16 16 -
4MB 480 400 320 

Icc3 8MB 488 408 328 mA 3,4,31 
16MB 720 640 -
32MB 728 648 -
4MB 4 4 4 J.lA 

Icc4 8MB 8 8 8 IlA 
16MB 4 4 - mA 
32MB 8 8 -
4MB 640 560 480 

Iccs 8MB 648 568 488 mA 3, 31 
16MB 960 880 -
32MB 968 888 -
4MB 640 560 480 

Icc6 8MB 648 568, 488, mA 3,5 
16MB 960 880 -
32MB 968 888 -
4MB 1.2 1.2 1.2 

3,5 I Icc? 8MB 2.4 2.4 2.4 mA 
16MB 2.4 2.4 2.4 
32MB 4.8 4.8 4.8 

4MB 1.2 1.2 1.2 
Iccs 8MB 2.4 2.4 2.4 mA 5,32 

16MB 2.4 2.4 2.4 
32MB 4.8 4.8 4.8 

MAX 
SYMBOL 4,16MB 8,32MB UNITS NOTES 

Cit 17 34 pF 2 

CI2 66 66 pF 2 

CI3 34 34 pF 2 

CIO 10 18 pF 2 

CI3 51 90 pF 2 

Micron Semiconductor, Inc., reser:.,~s the rtghllo ch~nge p;oducts or spec~ications without notice 
©1994, Micron Semiconductor, In<l 
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I'IIIC=RON MT8D88C132VH/432VH(S), MT16D88C232VHJ832VH(S) 
w,'w"cccwu, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C :5 T A :5 55°C; Vee = 3.3V ±5%) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

FAST-PAGE-MODE 
READ or WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (FAST PAGE MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (FAST PAGE MODE) 

RAS to CAS delay time 

CAS to RAS precharge time 

Row-address setup time 

Row-address hold time 

RAS to column-
address delay time 

Column-address setup time 

Column-address hold time 

Column-address hold time 
(referenced to RAS) 

Column-address to 
RAS lead time 

Read command setup time 

Read command hold time 
(referenced to CAS) 

Read command hold time 
(referenced to RAS) 

CAS to output in Low-Z 

Output buffer turn-off delay 

WE comrnand setup time 

MT8DBBC 132VHi432VH(S), MTI6D88C232VHl832VH(S) 
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-6 

SYM MIN 
tRC 110 
tpc 35 

tRAC 

tCAC 

tAA 

tCPA 

tRAS 60 
tRASP 60 
tRSH 15 
tRP 40 

tCAS 15 
tcSH 60 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 10 
tAR 50 

tRAL 30 

tRCS 0 
tRCH 0 

tRRH 0 

tCLZ 3 
tOFF 3 
twcs 0 

MAX MIN 

130 
40 

60 
15 
30 
40 

100,000 70 
100,000 70 

20 
50 

100,000 20 
70 
10 
10 

45 20 
10 
0 
10 

30 15 

0 
15 
55 

35 

0 
0 

0 

3 
15 3 

0 

4-57 

-7 -8 

MAX MIN MAX UNITS NOTES 

150 ns 

45 ns 

70 80 ns 14 
20 20 ns 15 
35 40 ns 

45 50 ns 

100,000 80 100,000 ns 

100,000 80 100,000 ns 

20 ns 

60 ns 

100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns 

0 ns 

10 ns 

35 15 40 ns 18 

0 ns 

20 ns 

60 ns 

40 ns 

0 ns 

0 ns 19 

0 ns 19 

3 ns 26 
20 3 20 ns 20,26 

0 ns 

Micron Semiconductor, Inc., reserves the righl to change products or specifications without notice. 
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PRELIMINARY 

IUIIIC:F=lCN MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
1-· """co","'''"',, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C:O; TA:O; 55°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write command hold time 

Write command hold time 
(referenced to RAS) 

Write command pulse width 

Write command to RAS lead time 

Write command to CAS lead time 

Data-in setup time 

Data-in hold time 

Data-in hold time (referenced to RAS) 

Transition time (rise or fall) 

Refresh period (1,024 cycles) 

Refresh period (2,048 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

WE hold time 
(CBR REFRESH) 

WE setup time 
(CBR REFRESH) 

WE hold time 
(WCBR test cycle) 

WE setup time 

RAS pulse width 
entering SELF REFRESH 

RAS precharge time 
exiting SELF REFRESH 

CAS hold time entering 
SELF REFRESH 

MT8D88C132VH/432VH(S), MT16D88C232VHI832VH(S) 
REV. 4/94 

-6 
SYM MIN 

tWCH 10 

twCR 45 

twp 10 
tRWL 15 
tCWL 15 
tos 0 
tOH 10 

tOHR 45 

IT 3 
tREF 

tREF 

tRPC 0 
tCSR 10 

tCHR 15 

tWRH 10 

twRP 10 

twTH 10 

twTs 10 
tRASS 100 

tRPS 110 

tCHO 15 

MAX MIN 
15 

55 

15 

20 

20 

0 
15 

55 

50 3 

128 

128 

0 

10 

15 

10 

10 

10 

10 

100 

130 

15 

4-58 

-7 -8 
MAX MIN MAX UNITS NOTES 

15 ns 

60 ns 

15 ns 

20 ns 

20 ns 

0 ns 24 

15 ns 24 

60 ns 

50 3 50 ns 9, 10 

128 128 ms 30 

128 128 ms 29 

0 ns 

10 ns 5 

15 ns 5 

10 ns 22 

10 ns 22 

10 ns 22 

10 ns 22 

100 ~s 28 

150 ns 28 

15 ns 28 

Micron Semiconductor, Inc., reserves the right to change products-or specifications without nolice, 
©1994, Micron Semiconductor, Inc 
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MIC::RON MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
1-· ,mco",",w""c 4MB, 8MB, 16MB, 32MB DRAM CARDS 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Capacitance is measured 

using MIL-STD-883C, Method 3012.1. Vee = 3.3V 
±5%; f = 1 MHz. 

3. Icc is 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. 

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. An initial pause of lOOlLs 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 lREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (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 VIH). 

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

11. If CAS = VIH, data output is High-Z. 
12. If CAS = VIL, 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 IRCD < IRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, lRAC will increase by the amount that IRCD 
exceeds the value shown. 

15. Assumes that IRCD 2': IRCD (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 ICPN. 

MTSD88C132VH/432VH(S), MT16D8aC232VHf832VH(S) 
REV. 4/94 4-59 

17. Operation within the IRCD (MAX) limit ensures that 
lRAc (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if IRCD is greater than the 
specified IRCD (MAX) limit, access time is controlled 
exclusively by ICAe. 

18. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. lRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified lRAD (MAX) limit, access time is controlled 
exclusively by IAA. 

19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition and is not 
referenced to VOH or VOL. 

21. A HIDDEN REFRESH may also be performed after a 
WRITE cycle. In this case, WE = LOW. 

22. twTS 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 inverse of twRP and twRH in the 
CBR REFRESH cycle. 

23. The maximum current ratings are based on the 
memory operating or being refreshed in the x32 
mode. The stated maximums may be reduced by one
half when used in the x16 mode. 

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

25. LATE WRITE, READ WRITE or READ-MODIFY
WRITE cycles are not available due to OE being tied 
permanently LOW on all 4 Meg DRAMs. 

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. 

29. 16MB and 32MB versions only. 
30.4MB and 8MB versions only. 

Micron Semiconductor, Inc., reserves the right to change prodllCts or specifications without notice. 
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PRELIMINARY 

MICRON MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
1-· H" 4MB, 8MB, 16MB, 32MB DRAM CARDS 

READ CYCLE 

'RC 

,RAS 'RP 

RAS 
. VIH-

VIL _ 

teSH 

IRSH tRRH 

ICRP tRCD teAS 

CAS 

ADDR ROW 

WE 

DC V,OH .,. 
VIOL OPEN VALID DATA OPEN 

EARLY WRITE CYCLE 

'RC 

'AAS 'RP 

RAS 
VIH -
VIL _ 

leSH 

IRSH 

'cRP "IReD teAs 

CAS VIH -
VIL _ 

'AR 

ADDR V,H 
V,L ROW 

lOS tOH 

DO ~:gr VAUD DATA 

MT8DB8C1S2VH1432VH(S), MT1E1DBB0232VH1832VH(S) 
REV.4IB4' .. 

~ DON'T CARE 

~ UNDEFINED 
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MU:::I=ION MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
1-· " 4MB, 8MB, 16MB, 32MB DRAM CARDS 

FAST~PAGE-MODE READ CYCLE 

~ ________________________ ~tM~sP~ ________________________ ~I~ 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

WE ~:r -.L.J.'.LL./.LLLLL.L..!fL''.LL./.LLL'''---____ +-+----:-__ ----'~u.tl'--~-tt--------'tLL<LL1~--___t1I____:_--ULlfL''.LL./.'.LL./.LLLLL.L..<L 

MTeQ88C132VHt432VH(S), MT1epasc232VHts32VH(S) 
REV. 4194 4-61 

VALtDDATA VALID DATA 

~ DON'TeARE 

~ UNDEFINED 

MiCroiiSemiconductor, Inc., reserves 11'19 rI£lht to change products or specifications without notice. 
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PRELIMINARY 

I'IIIC:I=ICN MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
"'''co"'ccw" '''c 4MB, 8MB, 16MB, 32MB DRAM CARDS 

-
leAP 

-

RAS ONLY REFRESH CYCLE 
(ADDRESS; WE = DON'T CARE) 

tRAS lAP 

k 
'I~I 

'--------I 

I 

\ 

tASR tRAH 

ADDA ~:t _,------RO-W --b-/#/#$#/#/$///$/#//#/$"$/#h<r---AO-W --

DQ ~gt -,----------------OPEN------------

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

AAS 
VIH -
VIL _ 

I ' 
tRSH 

tCSH IpC 

~ tRCD tCAS tcpp tCAS 

CAS VIH -
V1L -

ADDR ~lt - COLUMN 

lACS , I IAWL 

1------;-1---'-""''- :'" i i . ~: rTTT;'777]77777TT7TTTT777 

WE ~:~ = I I I I '----;----~--;-;--;--II~----'-LLLLLL.<~LLLLLL 
D ~:~ :J//;I/I//$/;I///////////;I/;I//;I//;I$/;I//;i/$/;W$uM VALID DATA b/;l/;l$;W$//;I/;Iia 

~~I 
L ::-\1 NOTE 1 

Q ~g~ -·-----+I.-OPEN~I-, -IA-Ac-I-AA--~w~"i'f,A~,t+f~ 1-------0PEN-----

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Do not drive data prior to tristate: tCPP(MIN) or tCP(whichever is greater) + tDS(MIN) + any guardband 
between data-out and driving the bus with the new data-in. 

MT8D88C132VHf432VH(S), MT16D88C232VHf832VH(Sj 
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PRELIMINARY 

MIC::RON MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
1-· " , , , 4MB, 8MB, 16MB, 32MB DRAM CARDS 

RP 

.-----.1 
I~ 

f~~ 
DO 

CBR REFRESH CYCLE 
(ADDRESS = DON'T CARE) 

RAS I RP 

! 
tCHR ~ leSR tCHR 

I. i 
OPEN 

RAS I 

V 

'I~~I ~~I 
WIIII//II//III//////1) ~////III////III//IIM//II///~ -

tRP 

-~ 
I~ 

lePN tcsR 

! ~ 
DO 

EXTENDED CBR REFRESH CYCLE 
(ADDRESS = DON'T CARE) 

125~s 

IflAS .tRP tRAS 

tCHR ~ leSR 

:CHR l 
/' i 

OPEN 

I 

V 

. 

WE ~:r -11/1111/1111) 
!WRf'~1 I!WRf' ~I 

WII//ii//IIIIIIIII//i.! W//ii//ii//ii///ii//I/III/llih 

MTBD8BC132VHl432VH(S). MT16D88C2a.2VH1832VH(S) 
REV. 4194 

~ DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

I'IIIC=I=ICN MT8D88C132VH/432VH(S), MT16D88C232VH/832VH(S) 
,,,,,co",cno<,, 4MB, 8MB, 16MB, 32MB DRAM CARDS 

. 

~ 
tRCD 

J 
tAR , 

HIDDEN REFRESH CYCLE 21 

(WE = HIGH) 

(READ) 

tRAS 

1 

'H' 
tRSH 

(REFRESH) 

tRAS 

tCHR 

, 

tRAL'1 tRAD II 
I~ ~ ~IF 

ADDR ~IH __ I· 
IL!miM ~~:,~~~ 

I. I tRAG, I 
tCAC 

1

-' ---+- --tOFF 
tCLZ 

DQ ~:g~ ::------OPEN-----~~~----VVAALL~ID;,DA;:;::TA;----i OPEN-

SELF REFRESH CYCLE (S-VERSION ONLY) 
(ADDRESSES = DON'T CARE) 

NOTE 1 
(( 

DO ~gt ='-------1+-----\ 

WI!II!I!II II $ / ffi 

EZl DON'T CARE 

~ 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. 

MT8D88C132VHl432VH(S). MT16D88C232VH/832VH(S) 
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MIC:RON TN-OO-01 
1-· ,,,,,w'''ccmc,"c MOISTURE ABSORPTION 

TECHNICAL 
NOTE 
NTRODUCTION 
All plastic integrated-circuit packages have a tendency to 

bsorb moisture. During surface-mount assembly, this 
rtoisture can vaporize when subjected to the heat associated 
dth solder reflow operations. Vaporization creates internal 
tresses that can cause the plastic molding compound to 
rack. Cracks in the package allow contamination to 
'enetrate to the die and potentially reduce the reliability of 
h.e semiconductor device. The cracking process associated 
vith surface-mountable devices is commonly referred to as 
h.e "popcorn effect." 

Cracks in the plastic pose several reliability concerns. The 
rtoisture path to the die is shortened, allowing ion migration 
,r corrosion to occur more readily. Minor cracks which 
rtight not be harmful initially could propagate with time, 
esulting in a longer-term functional failure. 

Since plastic packages absorb moisture, care must be 
aken to prevent exposure for any long period prior to 
urface-mounting the devices on the printed circuit board. 
f exposed to excessive moisture, the devices should be 
,aked to remove moisture prior to solder reflow operations. 

This technical note describes the shipping procedures 
hat ensure Micron' scustomers will receive memory devices 
hat do not exhibit the popcorn effect. It also discusses 
f1icron's recommendations for baking the devices if they 
Ire exposed to excessive moisture. 

\BSORPTION CHARACTERISTICS 
Micron's extensive testing empirically characterizes the 

noisture absorption characteristics of plastic packages. As 
he plastic takes on moisture, the weight of the device 
ncreases. Micron employs a standard procedure for 
veighing the device before and after it is exposed to 
noisture. We calculate the percentage of weight gain to 
letermine the relative efficiency of different packaging 
echniques used for shipping devices. 

WICRON PROCEDURES 
Micron has eliminated any chance of having popcorn 

ailures with surface-mount packages by shipping all 
urface-mount devices in sealed bags containing a desiccant. 
)evices stored in these bags show no measurable weight 
;ain when subjected to a high-humidity environment for 
ong time periods. 

N-OO-01 
:EV.4/94 5-1 

MOISTURE ABSORPTION 
IN PLASTIC PACKAGES 

DEVICE STORAGE 
To prevent device failure due to the popcorn effect, store 

plastic surface-mount packages carefully before PCB 
assembly. Micron has run tests on devices that have been 
exposed to 50 percent humidity outside of their shipping 
containers for time intervals from six months to one year, 
and no failures have been recorded. 

Any concerns about the moisture absorption can be 
eliminated by storing the devices in Micron's shipping 
bags. We designed these containers to prevent the passage 
of water vapor for long periods of time. 

DEVICE BAKING 
If devices have been removed from their shipping 

containers and exposed to high levels of moisture, Micron 
recommends a device bake-out procedure before surface 
mounting. This bake-out may be accomplished by placing 
the parts in a tray and baking them in an oven for 160 hours 
at 40° C. Any moisture is driven out of the devices during 
the exposure to the heat. 

Moisture may be removed faster by baking at 100° C for 
24 hours. 

SUMMARY 
1. All plastic packages absorb moisture when exposed 

to high levels of humidity for long time intervals. 
2. Micron devices have not exhibited any popcorn 

effect when exposed to 50 percent humidity for 
long time periods. 

3. Micron ships all surface-mount packages in 
containers that prevent absorption of moisture. 

4. If devices have been removed from their shipping 
containers and exposed to excessive moisture, they 
should be baked before being surface-mounted. 

REFERENCES 
"Moisture Absorption and Mechanical Performance of Surface 
Mountable Plastic Packages": Bhattacharyya, B. K., et al. : 1988 
Proceedings of the 38th Electronics Components Conference. 

"Analysis of Package Cracking During Reflow Soldering Process": 
Kitano, M., et al. : 26th Annual Proceeding, Reliability Physics, 1988. 

"Moisture InducedPackageCrackinginPlasticEncapsulatedSurface 
Mounted Components During Solder Reflow Process": Lin, R, et 
al.: 26th Annual Proceeding, Reliability Physics, 1988. 
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TECHNICAL 
NOTE 
GENERAL DESCRIPTION 

Tape-and-reel is becoming the packaging and shipment 
method of choice for Micron's surface-mounted memory 
devices. Tape-and-reel minimizes the handling of compo
nents by directly interfacing with automatic pick-and-place 
machines. 

TAPE-AND-REEL 
PROCEDURES 

Micron supports the Electronic Industries Association's 
(EIA) standardization of tape-and-reel specifications num
ber 481A. The intent of this technical note is to describe 
Micron's status in support of the EIA standard. 

Table 1* 

TN-OO-02 
REV. 4/94 

MICRON TAPE SIZES AND DEVICES PER REEL 

TAPE WIDTH PITCH DEVICES PER 
COMPONENT (W)mm (P)mm 13-INCH REEL 

PLCC 
18 Pin 24 12 1,000 
32 Pin 24 16 500 
52 Pin 32 24 500 

SOJ (300 mil) 
20/26 Pin 24 12 1,000 
24 Pin 24 12 1,000 
28 Pin 24 12 1,000 
32 Pin 32 12 1,000 

SOJ (400 mil) 
28 Pin 32 16 500 
32 Pin 44 16 500 
40 Pin 44 16 500 

TSOP (300 mil) 
20/26 Pin 24 12 1,000 

TSOP (400 mil) 
40/44 Pin 32 16 1,000 

'These are examples of tape-and-reel sizes available. Please contact Micron for all 
available options. 

5-3 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MU::F=lON TN-OO-02 
I-II "'" TAPE-AND-REEL 

IN-oOO2 
REV. 4194 

Top cover 

/ 
tape thickness (11) 
0.10 
(0.004) MAX 

Embossed ------' ...... ~ 
carrier 

Figure 1 
REEL 

1_----- 100mm _____ -1 
(3.937) 

1mm 
(0.039) MAX 

Seelable 2 
NOlE2 

Figure 2 
BENDING RADIUS 

RMIN 

Round Holes 

250mm 1------------- (9.843) --,---------'----~-__1 

Allowable camber to be 1 mm/1 OOrnoo nonaccumulative over .250mm. 

Figure 3 
CAMBER 
(top view) 

5-4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
01994, Micron Semiconductor, Inc. 
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MIC::RON TN-OO-02 
1-· ""co",cnoe,", TAPE-AND-REEL 

• 
USER DIRECTION OF FEED 

-[ 

10 pi1ches 
cumulative r po-r ~6e~ance ontape 

P2--i (±O.008) 

TI 
81 

-1-
Top cover 

tape 

KO 

For machine reference 
only. include draft and radii 
concentric around 80. 

Embossment 

Figure 4 
EMBOSSED CARRIER DIMENSIONS 

(24mm tape only) 

Table 2 

Center 
lines of 
cavity 

24mm EMBOSSED TAPE DIMENSIONS3 

TAPE SIZE 0 E PO I (MAX) 

24mm 1.5 +g6g 1.75 4 0.400 
(0.59) +gggj (0.069 ±0.004) (0.157 ±0.004) (0.16) 

w 

D1 for components 
2.0mm x 1.2mm 
and larger 

AD, BO, KO 

Note 1 

TAPE SIZE B1 (MAX) 01 (MIN) F K(MAX) P2 R(MIN) W 

24mm 20.1 1.5 11.5 ±0.10 6.5 2 ±0.10 50 24 ±0.30 
(0.791) (0.059) (0.453 ±0.004) (0.256) (0.079 ±0.004) (1.969) (0.945 ±0.012) 

P 
TAPE SIZE 4±D.10 8±D.10 12 ±D.10 16 ±D.10 20±D.10 24±D.10 

(0.157 ±D.004) (0.315 ±D.004) (0.472 ±D.004) (0.630 ±D.004) (0.787 ±D.004) (0.945 ±D.004) 

24mm x x x x 

NOTE: 1. AO, 80 and KO are determined by component size. The clearance between the component and the cavity 

TN-oO-02 
REV, 4/94 

must be within 0.05 (0.002) MIN to 1.00 (0.039) MAX for 24mm tape. The component cannot rotate more 
than 20° within the determined cavity. 

2. Tape and components shall pass around radius "R" without damage. 
3. All dimensions in millimeters, (inches). 

5-5 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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TN-OO-02 
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B1 is for machine reference 
only, including draft and radii 
concentric around BO. 

-t-
B1 

Top cover 
tape 

KO 

! 

1~, 

D-Round 
holes this side 

PO 10 pitches cumulative 
tolerance on tape ±O.2 (±O.008) 

D1 NOTE 1 

----------I .. ~ See Table 3 

USER DIRECTION OF FEED 

Figure 5 
EMBOSSED CARRIER DIMENSIONS 

(32 and 44mm tape only) 

I 
s 

~t:D~_1 
-t ,=-. 

0.20 ±0.05 

Figure 6 
DETAIL ELONGATED HOLE 

5-6 Micron Semiconductor, Inc., reserves the right to change products or specifICations without notice. 
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MIC:RON TN-OO-02 
1-· "MmmCnO"" TAPE-AND-REEL 

Table 3 
32 AND 44mm EMBOSSED TAPE 3 

TAPE SIZE 0 01 (MIN) E K(MAX) PO I (MAX) AD, BD, KD 

32 and 44mm 1.5 :!l,l8 2 1.75±0.10 10 4 ±0.10 0.500 NOTE 1 
(0.059) ~g~ (0.079) (0.069 ±0.004) (0.394) (0.156 ±0.004) (0.20) 

TAPE SIZE B1 (MAX) F P2 S W R(MIN) 

32mm 23 14.2±0.10 2±0.10 28.4 ±0.10 32 ±0.30 50 
(0.906) (0.559 ±0.004) (0.079 ±0.004) (1.118 ±0.004) (1.26 ±0.012) (1.973) 

44mm 35 20.2 ±0.15 2 ±0.15 40.4 ±0.10 44.8 ±0.30 50 
(1.378) (0.795 ±0.006) (0.079 ±0.006) (1.591 ±0.004) (1.732 ±0.12) (1.973) 

P 
TAPE SIZE 16±D.l0 20 ±D.l0 24±D.l0 28 ±D.l0 32 ±D.l0 36 ±D.l0 40 ±D.l0 44 ±D.l0 

(0.630 ±D.004) (0.787 ±D.004) (0.945 ±D.OO4) (l.102±D.004) (1.26 ±D.004) (1.417 ±D.004) (1.575 ±D.004) (1.732 ±D.004) 

32mm x x x x x 

44mm x x x x x x 

NOTE: 1. AO, 80 and KO are determined by component size. The clearance between the component and the cavity 

TN-OO-02 
REV. 4/94 

must be within 0.05 (0.002) MIN to 1.00 (0.039) MAX for 24mm tape. The component cannot rotate more 
than 20° within the determined cavity. 

2. Tape and components shall pass around radius "R" without damage. 
3. All dimensions in millimeters (inches). 

5-7 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON . TN-04-01 
1-· " "c " DRAM POWER-UP AND REFRESH 

iTECHNICAL 
iNOTE 
I 

I INTRODUCTION 
I 

The JEDEC 4 Meg DRAM introduces two potential 
, incompatibilities compared to the previous generation 
1 Meg DRAM. The incompatibilities involve refresh and 
power-up. Understanding and addressing these incom
patibilities and providing for them will offer designers and 
system users greater compatibility between the 1 Meg and 
4 Meg. 

REFRESH 
i The most commonly used refresh mode of the 1 Meg is 
I theCAS-BEFORE-RAS(CBR) REFRESH cycle. TheCBRfor 
, the 1 Meg specifies the WE pin as a "don't care." The 4 Meg, 

on the other hand, specifies the CBR REFRESH mode with 
the WE pin held at a voltage HIGH level. 

A CBR cycle with WE LOW will put the 4 Meg into the 
JEDEC-specified test mode (WCBR). In contrast, the 1 Meg 
test mode is entered by applying a HIGH signal to the test 
pin (pin 4 on DIPs, pin 5 on SOJs and pin 8 on ZIPs). This 
HIGH signal is usually a "super voltage" (Vin;;:: 7.5V),so 
normal TTL or CMOS HIGH levels will not cause the part 
to enter TEST MODE. 

DRAM POWER-UP AND 
REFRESH CONSTRAINTS 

POWER-UP 
The 4 Meg JEDEC test mode constraint may introduce 

another problem. The 1 Meg POWER-UP cycle requires a 
lOOlls delay followed by any eight RAS cycles. The 4 Meg 
POWER-UP cycle is more restrictive in that eight RAS 
ONLY or CBR REFRESH (WE held HIGH) cycles must be 
used. The restriction is needed since the 4 Meg may power
up in the JEDEC-specified test mode and must exit out of 
the TEST MODE. The only way to exit the 4 Meg JEDEC 
TEST MODE is with either a RAS ONL Yor a CBRREFRESH 
cycle (WE held HIGH). • -I 
SUMMARY m 

The 1 Meg and 4 Meg are compatible, with the following 0 
exceptions: 

1. For standard TEST MODE, the 1 Ml'g n"luin's it vaild :::t: 
HIGH on the test pin while the 4 Meg n'lJuires a CI3R Z 
cycle with WE LOW. -

2. The 1 Meg CBR REFRESH allows the WE pin to be a 0 
"don't care" while the 4 Meg CBR requires WE to be l> 
HIGH. 

3. The eight RAS wake-up cycles on the 1 Meg may be any r 
valid RAS cycle while the 4 Meg may only use RAS Z' 
ONLY or CBR REFRESH cycles (WE held HIGH). 0 

-I 
m 

CAS ~:~: ~L-__ ~ __ ~ __ -L ____ -L __ ~ __ -# ____ 2-____________ __ 

TN--Q4-(J1 
REV. 4194 

{

WeBR TEST MODE' WE 

4MEG 
DRAM 

CBR REFRESH: WE 

l,~ { CBR REFRESH, WE ~:~ WiIII!!!!/!III1I II II!! II ////J/j II I!! II! II!! II! II I!! I!! II III!! 111// I!! _///II! II I Ih 
~ DON'T CARE 

COMPARISON OF 4 MEG TEST MODE AND WCBR TO 1 MEG CBR 

S-9 Micron Semiconductor, Inc., I'JS8IV9S the right to change products or specifk::a1ions withOllt notice. 
©1994, Micron Semiconductor, Inc. 



• -I m o 
::J: 
Z -o » r 
Z o 
-I m 

TN-04-01 
1'II1C:l9g~ DRAM POWER-UP AND REFRESH 

TN-04-01 
REV. 4194 5-10 Micron Semiconductor, Inc., reselVes the right to change prOdU;9~~~~e~~~~a::i~~~~~~~~:: 



MICRON _ TN-04-06 
1-· "",<co","""',, OE-CONTROLLED/LATE WRITE CYCLES (DRAM) 

!TECHNICAL 
NOTE 

, INTRODUCTION 
There are three cycles available to write to a DRAM: 

i EARLY WRITE cycles, READ-MODIFY -WRITE cycles and 
LATE WRITE cycles. The industry-standard definitions for 
DRAM WRITE cycles are fairly consistent for both the 
EARLY WRITE and READ-MODIFY-WRITE cycles. An 

I exception exists for the LATE WRITE cycle. 

I COMMON DQ DRAM (x4, x8, etc.) 
A LATE WRITE cycle is a READ-MODIFY-WRITE (see 

I Figure 1) except that the READ portion is not utilized. This 
is accomplished by keeping the output enable pin (OE) 
HIGH throughout the cycle. The timing parameters IRWD, 

I IAWD and ICWD no longer apply since OE is HIGH. 

tRAS 

tRCD 

OE-CONTROLLED/LATE 
WRITE CYCLES (DRAM) 

This condition may be viewed as an EARLY WRITE with 
twcs "sliding" past the CAS time and violating the Ons 
setup time (WE going LOW prior to CAS going LOW). 
However, since the output buffers are not being used (OE is 
HIGH), IWCS and ICWD are no longer reqUired. 

If WE transitions LOW after CAS transitions LOW, do not 
bring OE LOW (a noise spike may occur), because the 
output buffers could turn on and cause contention with the 
data bus, which could corrupt input data. 

The term used for such a WRITE cycle varies throughout 
the industry. The use of "OE-controlled WRITE," "delayed 
WRITE" and "LATE WRITE" all signify the same WRITE 
cycle described. 

~~--... .=L 
ICSH 

1 IRSH 

teAs I~ 
'd .--" 

TN-04-06 
REV.4f94 

ADDR ~:t 

'" 
IRAO I I '"" 1 

I~ ~ I~I I~I 
!,I///M eow w////;X COLUMN 

I 

I I IRWD 

I' + 'ees 1 I 'cwo 
'AWD 

1 

I I '" I tRAC 

1 'eAe ICLz-T 
OPEN 

~ 

I 
eow 

.'=.-11 IRWL 

'we l 

~~~q 
VAUDD OUT N VALID DIN OPEN--

~I' 
) ~ 

W//j'j'///j'/j'/$ 

~ DON'TeARE 

~ UNDEFINED 

figure 1 
READ-MODIfY-WRITE (MULTIPLE DQ) TIMING 

5-11 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON _ TN-04-06 
1-· ,,,,,,m'O",,o",, OE-CONTROLLED/LATE WRITE CYCLES (DRAM) 

SPLIT D AND Q DRAM (xl) 
A LATE-WRITE cycle is a READ-MODIFY-WRITE, 

except the READ portion is not guaranteed and the D and 
Q pins are separate paths (D and Q cannot be connected). 
This is accomplished by ignoring the timing parameters 
tRWD, tAWD and tcWD. 

This condition can be viewed as an EARLY WRITE with 
twcs "sliding" past the CAS time and violating the Ons 
setup time (WE going LOW prior to CAS going LOW). 
However, since the output buffers are "don't care," twcs 
and tcWD are no longer required. 

TN-04-06 
REV. 4/94 5-12 

This cycle is not available on applications that have the D 
and Q connected together, because the outPl.lt will contend 
with the input. 

SUMMARY 
A LATE WRITE cycle is most useful on common DQ 

DRAMs. Use caution to ensure that the output enable pin is 
properly controlled. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MIC:RON TN-04-08 
1-· ""'"''""''0"''' DRAM TIMING PARAMETERS 

TECHNICAL 
!NOTE 
I INTRODUCTION 

A DRAM has many timing parameters which are 
specified to help the memory designers define memory 
system timing. These parameters may be separated into 

, several groups. This note separates these parameters as 
core parameters (COP) or calculated parameters (CAP). 

The calculated parameters are tested by Micron prior 

DRAM TIMING 
PARAMETERS 

parameters. Additionally, if an incoming test is required, 
the testing of the COP parameter is typically sufficient 
since CAP parameters are simply combinations of COP 
parameters. 

The CAP parameters are listed below, showing how they 
are calculated. This will aid the memory designer's under
standing of the parameters affected when a COP parameter 

I 
to shipment. In cases where the summation of COP 

, parameters is larger than the CAP parameter specification, 
the CAP parameter overrides the summation of COP 

is altered. Additionally, during testing of the COP param- • 
eters, the CAP parameters are also tested by default. 

TN"04-08 
REV. 4/94 

IRC 

IpC 

IAR 

IRSH 

ICSH 

ICPA 

IAA 

tDHR 

twCH 

IWCR 

tRAD (MIN) 

IRAD (MAX) 

tRCD (MIN) 

tRCD (MAX) 

tRWD (x1) 

IRWO (x4) 

tCWD (x1) 

ICWD (x4) 

tAWD (x1) 

IAWD (x4) 

IRWC (x1) 

IRWC (x4) 

tpRWC (x1) 

tpRWC (x4) 

= 

= 

= 
~ 

= 

= 
~ 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

IRAS + IRP + 21T 

ICPA 

IRCD (MAX) + tCAH 

tCAS 

ICAS + IRCD (MAX) 

tAA+IT 

IRAS/2 

tRCD (MAX) + IDH 

twp - twcs - tT 

tRCD (MAX) + twCH 

IRAH + IT 
tRAC - IAA 

IRAD + IASC + IT = tRAH + tASC + 21T 

tRAS - ICAC 

IRAC 

tRAC + 100 + 31T + IDS 

tCAC 

ICAC + too + 21T + IDS 

tAA 

tAA + too + 21T 

IRWD + IRWL + tRP + 31T 

tRAC + IRWL + IRP + 41T + 100 + IDS 

ICPA + ICWL + 2tT + tDS 

tCPA + ICWL + 41T + 100 + tDS 
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iTECHNICAL LPDRAM EXTENDED 
,
! NOTE REFRESH CURRENT vs RAS 

ACTIVE TIME (1 MEG) 
1------------------------------------'------
! INTRODUCTION 
I One of the most significant features of the low power, 
! extended refresh DRAM (LPDRAM) is its cycle. Extended 
I refresh is essentially a CAS-BEFORE-RAS (CBR) REFRESH 
, at an extended refresh rate of 125118 per cycle. 

relationship between its extended refresh standby current 
and the width of ~S. The 25°C curve has a slope of 4.81lA 
increase for every additional Ills RAS is held LOW. The 
70°C curve has a slope of 41lA increase for every additional 
IllS RAS is held LOW. 

SUMMARY 

I RAS pulse width (tRAS) affects the extended refresh 
current and should be considered when designing a low
power system. The longer RAS is held LOW, the more 

I current an LPDRAM will consume while in the extended 
refresh mode. Therefore, keeping tRAS at a minimum will 

! maximize power savings. 

The tRAS time should be kept as short as possible when • 
the memory array is being designed. This will result in 
lower standby currents, especially with the extended re-

Figure 1 shows a typical curve of Micron's 1 Meg 
I LPDRAM (MT4C4256L and MT4C1024L) showing the 

fresh cycle. ...... 
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Figure 1 
TYPICAL EXTENDED REFRESH CURRENT AS A FUNCTION OF tRAS 
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TECHNICAL 
,NOTE 
. INTRODUCTION 

One of the most significant features of the low-power 
extended refresh DRAM (LPDRAM) is its cycle. Extended 
refresh is essentially a CAS-BEFORE-RAS (CBR) REFRESH 
at an extended refresh rate of 12511s per cycle. 

RAS pulse width (tuS) affects the extended refresh 
current and should be considered when designing a low-

lPDRAM EXTENDED 
REFRESH CURRENT vs RAS 
ACTIVE TIME (4 MEG) 

Figure 1, a typical curve of Micron's 4 Meg LPDRAM 
(MT4C4001J Sand MT4C1004J S), shows the relationship 
between its extended refresh standby current and the width 
oftRAS. 

SUMMARY 
I power system. The longer RAS is held LOW, the more 

current an LPDRAM will consume while in the extended 
refresh mode. Therefore, keeping tRAS at a minimum will 
maximize power savings. 

The tus time should be kept as short as possible when 
designing memory array timing. This will result in lower • 
standby currents, especially for the extended refresh cycle. 
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Figure 1 
TYPICAL EXTENDED REFRESH CURRENT AS A FUNCTION OF tRAS 

5-17 Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 

-I m o 
J: 
Z 
(; 
» 
r 
Z 
o 
-I m 



II 
-I m o 
:I: 
Z -o 
l> r 
Z o 
-I m 

MIC:RON TN-04-12 
1-· "",w""c,we",, LPDRAM EXTENDED REFRESH CURRENT (4 MEG) 

TN-04-12 
REV. 4194 5-18 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 

©1994, Micron Semiconductor, Inc. 



MIC:RON TN-04-15 
1-· ''''mmcno~,"' DRAM DESIGN CONSIDERATIONS 

TECHNICAL 
NOTE 
INTRODUCTION 

The demand for DRAM memory in personal computers 
(PCs) has been mainly for desktop personal computers. 
When designing main memory, PC designers have prima
rily focused on three requirements: availability, cost and 
speed. 

The new and growing field of laptop and notebook 
personal computers has introduced seven additional is
sues: 

• Parity 
• Lower power (Extended.Refresh) 
• SELF REFRESH 
• Package size 
• Operating current 
• 3.3V operating voltage 
• DRAM cards (88-pin) 

The first three issues (availability, cost and speed) are 
well understood. This technical note discusses the remain
ing issues in order to help memory designers choose the 
best solution for their portable Or desktop system deSigns. 

OFFERINGS 
To design main memory, four basic offerings of DRAM 

are or will be available in the near future: 

256Kx4 
1 Megx4 
512Kx8 
256Kx 16 

(plus 256K x 1 for parity) 
(plus 1 Meg x 1 for parity) 
(512K x 9 for parity) 
(256K x 18 for parity) 

The first two offerings are referred to as "standard 
DRAMs," and the second two are referred to as "wide 
DRAMs." Generally, standard DRAMs are more readily 
available and have more sources. Wide DRAM develop
ment is usually a generation behind the standard DRAM 
and is not expected to catch up until the third generation of 
16 Meg DRAMs and the first generation of 64 Meg DRAMs. 

TN-04-15 
REV. 4/94 5-19 

DRAM CONSIDERATIONS 
FOR PC MEMORY DESIGN 

PARITY (OR NO PARITY) 
There is a growing trend to build laptop, notebook and 

low-end desktop PCs without parity. Within a few years, all 
parity-based systems may switch to either nonparity-based 
systems (as in most PCs) or error detection and correction 
(EDAC) based systems (high-end PCs). 

Some of the reasons for this trend away from parity are 
listed below: 

1. Parity does not significantly improve reliability. 
2. DRAMs from a quality manufacturer now have 

very low soft error rates (SERs). 
3. Parity increases memory costs 10 to 15 percent. 
4. Some chipsets allow turning off the parity bit. 
5. Parity requires extra board space as well as 

previous generation devices or less available 
parity chips. 

6. Some software does not use parity. 

Past, Present and Future Trends 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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The most important of these factors is the memory system' s 
reliability. In the early days of semiconductor DRAM 
memories, the high SER of 4K and 16K DRAMs, coupled 
with the high cost of implementing EDAC (8-bit buses), 
made implementing parity critical. DRAM manufacturers, 
however, have significantly reduced SER during the last 
five generations (Fig. 1). For example, the SER on a 16K 
DRAM was approximately 1 to 5 FITs per bit, whereas the 
SER on a 4 Meg DRAM is closerto 0.0002 to 0.0004 FITs per 
bit-a 1O,000x improvement. (FIT is a failure in time, where 
time is 1 billion device hours.) 

Historical Industry SER in DRAMs 
10~----------------------------------~ 

0.1 
iii ., 
C> 

'" f-
u: 

0.01 

0.001 +------"-------"--------'-

0.0001 
16K 64K 256K 1 Meg 4 Meg 

DRAM Density 

Figure 1 
HISTORICAL DRAM SER 

16Meg 

By taking these industry SER averages and applying 
them to a 2MB, 16-bit wide memory system, meaningful 
benchmarks for PCs can be obtained. Most systems mea
sure errors ill mean time between failures (MTBF). Apply
ingthe SERnumbers from the previous figure, the improve
ment in MTBF for .a typical 2MB, 16-bit wide memory 
system can ne demonstrated (Fig. 2). 

It is obvious why parity was instituted in the 16K DRAM 
days. A memory system made of 16K· DRAMs would 
experience a SER hit every 60 to 70 hours. Because of this, it 
has been standard operating procedure to design in parity. 
But changes are ahead. System designers are starting to ask, 
"Why?" Using today's high-quality 4 Meg DRAMs rather 
than yesterday'S 16K DRAMs extends the MTBF from 
approximately 60 hours to an MTBF of 30 to 35 years on a 
2MB by 16-bit wide memory system. 

TN-04-15 
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Typical MTBF Due to Soft Errors 
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Figure 2 
MTBF for 2MB Memory System 

Another way to look at this same data is to calculate the 
number of SER hits a user would see after ten years of 
continuous use (Fig. 3). As expected, the SER is negligible 
after ten years of continuous use when using today's high
quality DRAMs. 

Soft Errors over Ten Years of Continuous Use 
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Figure 3 
2MB MEMORY SYSTEM SER 
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It is important to note that the SER and MTBF must be 
carefully calculated for any given system and its applica
tion. The DRAM's SER is dependent on Vee (power supply 
voltage), operating speed (cycle rate) and memory configu
ration. By taking the previous 2MB example and doubling 
it to 4MB, the SER will either increase slightly or double. If 
the width of the memory system is increased to 32 bits, the 
SER would double since all DRAM bits are active. If, on the 
other hand, the memory is interleaved and the bus remains 
16 bits wide, the SER increases only slightly. This is because 
the bank not being accessed is in standby mode and is much 
less susceptible to SER hits. (The faster the cycle rate, the 
more susceptible a DRAM is to SER.) 

Although the need for parity would appear to be greater 
for wider buses, the additional cost to implement EDAC, 
rather than parity, decreases substantially as the bus width 

Table 1 
Parity and EDAC Overhead 

EXTRA BITS BUS WIDTH 
REQUIRED INCREASE 

BUS SIZE (BITS) PARITY EDAC PARITY EDAC 
8 1 5 12.5% 62.5% 
16 2 6 12.5% 37.5% 
32 4 8 12.5% 25% 
64 8 8 12.5% 12.5% 

increases. In fact, the DRAM memory cost is the same for a 
64-bit wide bus (Table 1). Besides detecting two errors for a 
given word, EDAC will also correct any single bit error. 

Most applications with buses no more than 32 bits wide 
do not require parity, whereas applications using bus widths 
of 32 bits or more generally require some kind of bit
checking for errors. The choice is usually EDAC rather than 
parity. 

Table 2 
Selection for Error Checking 

ERROR BUS SIZE (BITS) 
CHECKING 8 16 32 64 
Nonparity 1 Meg x 4 1 Meg x 4 1 Meg x 4 512K x 8 
Parity 512K x 9 1 Meg x 4 1 Meg x 4 512K x 8 
EDAC n/a n/a 1 Meg x 4 512K x 8 

Table 2 summarizes which DRAM would be the opti
mum choice, considering price, performance and space. It 
takes into account the typical PC which ships with a mini
mum of 4MB of memory. A 256K x 16 or 512K x 8 DRAM 
could be a better alternative than a 1 Meg x 4 DRAM, should 
the memory system's depth be equal to or less than 512K 
bits deep. This is typically the case with wider buses. The 64-
bit bus choice of 512K x 8 DRAMs would change to 1 Meg 
x 4 should the total memory size increase from 4MB to 8MB. 

NOTE 1 

NOTE 2 

DO ~gt: )-OPEN--------------tt----------

. ~ ~177 ,J,~ ~ 
WE ~:t :3I1/1!! II II!J~ (lllll!1!!1!! 111111/111/ IIIII/!I/! II!/IIJ ~/I//I////I////I j//; 

Figure 4 
SELF REFRESH OPERATION 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Once tRASSmin is met and RAS remains LOW, the DRAM will enter SELF REFRESH mode. 

TN-Q4-15 
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2. Once tRPS is satisfied, a complete burst refresh of all rows should be executed. Distributed refreshes at the 
specified refresh rate are acceptable, provided CSR refreshes are utilized. 
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LOW-POWER, EXTENDED REFRESH 
A low-power, extended refresh DRAM (LPDRAM) has a 

reduced CMOS standby current limit (typically from 1mA 
to 200IlA) and refresh interval eight times longer (from 151ls 
per row to 1251ls per row). The extended refresh offers an 
extended mode, which is a low-current, data-retention 
cycle. Each of the four DRAM options in this technical note 
have low power, extended refresh versions available. 

On a per-bit basis, the 1 Meg x 4 generally offers the best 
standby and refresh power savings compared to the other 
three DRAM organizations. The DRAM standby current is 
important in battery-operated systems, since DRAMs usu
ally draw a large percentage (50 to 70 percent) of the total 
system current when the system is in sleep or suspend 
mode. ' 

SELF REFRESH 
The SELF REFRESH feature built into some DRAMs is 

usually indicated by an LL or S suffix. This feature performs 
an extended refresh mode, with the exception that no 
external clocking is required; that is, the DRAM will refresh 
itself via its own internal refresh clock (Fig. 4). 

Control of SELF REFRESH is defined by JEDEC and the 
following defacto standard timing specifications: tuss = 
lOOlls, tRPS ~ tRC, tCHD = IOns. 

PACKAGE SIZE 
Conserving board space is always an important design 

consideration, especially for laptop and notebook comput
ers. Functionally, DRAMs require more board space than 
most other devices. The size between the four options in 
small outline J -lead package (SOJ) vary greatly. The 256K x 
4 DRAM uses the same package as the 1 Meg x 4 DRAM; 
however, four times as many devices are required. The 
512K x S DRAM requires approximately 50 percent more 
area than a 1 Meg x 4 DRAM. The 256K x 16 requires 
approximately 110 percent more area than a 1 Meg x 4 
DRAM and 44 percent more area than a 512K x S. Full-sized 
outlines are shown here for comparison: 

TN-04·15 
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These are also available in a thin, small-outline, gull-lead 
package (TSOP). The length and width of a TSOP are the 
same as the corresponding SOJ package (same board area) 
except that the x16 width TSOP is reduced because of a 
smaller lead pitch (50mil to 32mil). The TSOP's key attrac
tion is that it is one-third the thickness of the SOJ (47 mils 
compared to 142 mils), as illustrated below; 

~ 
SOJ 
~ 

TSOP 

Laptop, notebooks and other compact designs which 
have height or layout restrictions can usually justify the 
current cost premium required to use TSOPs. However, any 
price premium associated with TSOPs will be short-lived 
and is expected to disappear by mid-1993. Additionally, in 
TSOP, the x16 does not impose as severe a board space 
penalty, as does a xS TSOP. Table 3 lists the dimensions 
(length and width) for the various packages. 

Table 3 
PACKAGE DIMENSIONS (in mils) 

SOJ TSOP 
Device Type Width Length Width Length 
1 Meg x 4 340 679 367 677 
512Kx 8 445 729 467 727 
256K x 16 445 1029 467 727 

OPERATING CURRENT 
Operating current is usually ofless importance in system 

design. When a PC is in the active mode, the DRAM's 
portion of current draw is minimal (typically from four to 
six percent) compared to the total system current consump
tion. Wider DRAMs generally offer lower operating cur
rents (10 to 20 percent) in most applications, since fewer 
devices are active for a given access, but generally not 
enough to outweigh the cost increase, board space increase 
andperformance reduction they impose. 

3.3 VOLTS 
Laptop and notebook personal computers and BBU sys

tems are also starting to employ 3.3V DRAMs. A low
voltage (3.3V) DRAM consumes approximately half the 
power of a 5V version. The choice of whether to use 5V or 
3.3V DRAMs is dictated by the voltage platform selected, 
which is determined by the CPU and chipset specifications. 
Once the voltage range is selected, the considerations dis
cussed in this technical note apply for either 5V or 3.3V 
DRAMs. 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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FUTURE FEATURES 
Many new features will be available in the near future. 

Some of the more important features may be extended data
out (EDO) and synchronous DRAMs. The EDO DRAM is a 
FAST PAGE DRAM with the exception that the data out
puts (DQ) are not tristated by CAS. 

The key advantage with EDO is a PAGE-MODE READ 
cycle up to 30 percent faster. Since CAS does not tristate the 
DQs, tCAS can be minimized and CAS precharge can occur 
while the output data is being latched. EOO is considered a 

RAS 

AD DR 

tpe 

possible bridge for performance increase until synchro
nous DRAMs are a reality. 

The synchronous DRAM is a radical change from the 
standard DRAM. Rather than being dependent on time 
delays, the synchronous DRAM's inputs will all be clocked
in on the positive edge of the system clock. The synchro
nous DRAM is expected to provide the speed performance 
required for 66, 75 and 100 MHz systems. Future synchro
nous DRAMs will achieve speeds beyond 100 MHz. 

EDO V,OH - -----t-~~t=:J~C~=j::==~i[~=]=:=~i[=f OQ VIOL ------OPEN 

NON-Egg VV 'OH 
10L 
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Figure 5 
EDO vs NON-EDO (FAST PAGE MODE) DRAMS 
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SUMMARY 
The 1 Meg x 4 DRAM is today's best choice for main 

memory in laptop, notebook and desktop personal com
puters. Table 3 summarizes and compares the issues in
volved in selecting DRAMs for PC memories. 

Wider DRAMs are best suited to systems which require 
shallow and wide arrays. The 256K x 16 is a good choice for 
high-end video graphics and printer buffers requiring up to 
256K bits deep and 16 or more bits wide. The 512K x 8 is 

usually a good choice for 8-bit systems requiring more than 
256KB but less than 1 Meg of memory, such as high-end I 

disk drives. 
Most PC systems do not require the burden of parity i 

when using 1 or 4 Meg DRAMs. High-end systems should 
use EDAC for the best reliability. 

Table 3 
2 MEGABYTE MODULE (1 MEG X 16) 

PARAMETERS 1 MEG x4 256Kx 4 512K X 8 256K X 16 UNITS 
Number of Devices Required 4 16 4 4 Devices 
Availability (Market Volume) 20 160 2 1 Relative to 

Base Price 1.0 1.0 1.15' 1.22 1 Meg x 4 
Costs I Low Power Adder 5 5 5 5 % of Base 

I TSOP Adder 10 40 10 10 % of Base 
Minimum Speed (Typical) 70 70 BO BO ns @ 5V 
BBU ICC3 I Maximum Spec 1.2 4.B 1.6 1.6 mA@5V 

I Typical 0.6 1.3 1.2 1.2 mA@5V 
Minimum Board Space Used 6 24 9 13 cm2 

Active ICC3 I Maximum Spec 340 260 200 140 mA@5V 

I Typical 200 160 170 120 mA@5V 

-I NOTE: 1. A parity version (x9) would be 1.3 times a 1 Meg x 4. 

m 

TN-04-15 
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2. A parity version (x1B) would be 1.35 times a 1 Meg x 4. 
3. Parity versions (x9/x1B) typically have currents approximately ten percent higher. 
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TECHNICAL 
NOTE 
INTRODUCTION 

Micron Serniconductor, Inc., offers its4Megx4DRAMin 
two JEDEC-approved versions. The MT4C4M4A1 requires 
12 'row-address bits and 10 column-address bits for 4,096 
(4K) cycle refresh in 64ms. TheMT4C4M4B1 requires 11 
row-address bits and 11 column-addr~ss bits for 2,048 (2K) 
cycle refresh in 32ms. Excluding this difference, the timing 
and performance of the two device~ are identical. 

Industry demand for decreased power consumption led 
JEDEC to approve4K refresh in addition to 2K refresh at the 
16 Meg level. At minimum random cycle time 0RC = lIOns), 
A 4 Meg x 4 device with 4K refresh draws =30mA less 
operating current than a device with2K refresh. The current 
is decreased by increasing the numbel:' of rows and decreas
ingthenumber o£.colUll!11Sin the DRAM array. A 4 Meg x 
4 with 4Krefreshhas 4,096rows and 1,024 columrts, whereas 
one with,2Krefresh has 2,048, rows and 2,048 columns. The 
number of columns defines the "depth" of a page. The 
drawing'belowshows how 2K and 4K refresh deVices are 
pifferent. Notice that the 2K device has a page depth of 
2,048, while the 4K device has a page depth of 1,024, or half 
the page depth of the 2K device. ' 

TN.Q4.16 
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4MEGx4WtTH 
2KREFRESH 

Figure 1 

4 M.EGx 4 WITH 
4K REFRESH 
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16 MEG DRAM-2K vs 4K 
REFRESH COMPARISON 

CHOOSING 2K OR 4K REFRESH 
There are several factors to consider when deciding 

which refresh standard is best for an application: 

1. Addressing supported by your DRAM controller-
11 row /11 column, 12 row /12 column, or both? 

2. Frequency and length of page accesses 
3. Average cycle rates 

Some DRAM" controllers have only 11 address driYers .. so 
they are limited to 2K refresh. Many newer DRAM control
lers, including some of the 3.3V controllers, are being de
signed to support both standards, so this limitation should 
be short-lived. 

Your choice of 2K or 4Krefresh will probably be based on 
the importance of power cOnSUmption versus page depth. 
A system requiring frequent page accesses may not benefit 
by sacrificrngpage depth in exchange for the pow:er savings 
of a 4K refresh. In a portable system, the benefits of 20mA 
less current may easily override concerns about decreased 
page depth. , 

Additionally, the difference inpower consumption de
creases with longer cycle times; If the DRAMs spend much 
of their time idle, as in systems using SRAM caches, the 
power savings may be negligible. See Figure 2. 

Comparison of Icc vs Random Cycle Time for 2K 
Refresh and 4K ~efresh 4 Meg x 4 DRAMs 

120.-----.-~~-_,,----_, 

100~---------+--------~~ 

40+-~~~--4_------~4_--------~ 

1000 10000 100000 
tRC(ns) 

Figure 2 
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MODULES 
Modules may use both 2K and 4K refresh depending on 

whether or not they have twelve address inputs. If a module 
uses parity, such as the 4 Meg x 9 or the 4 Meg x 36, it 
probablymixes4Megx4and4Megx 1 DRAMs on the same 
module. Because the 4 Meg x 1 DRAM requires symmetric 
addressing (11 row-addresses and 11 column-addresses), 
using a 4K refresh 4 Meg x 4 DRAM requires that the DRAM 
controller support both addressing decodes simultaneously. 
This is possible using "redundant addressing," whereby 
one of the address bits is duplicated as both a row-address 
and as a column-address. Most modules that have parity 
will simply use the 2K refresh 4 Meg x 4 DRAM in order to 
avoid changes to existing controllers. As shown in Figure 3, 
when a 4 Meg x 4 with 2K refresh is employed, the numbers 
of rows and columns match the 4 Meg x 1, allowing use of 
the 4 Meg x 1 for parity. 

If the 4 Meg x 4 with 4K rows is implemented, redundant 
addressing must be employed, or use of the 4 Meg x 1 for 
parity becomes impossible because the number of rows and 
columns does not match. The shaded areas shown in Figure 
4 are the portions of the DRAM that can't be used because 
of the difference in the number of rows and columns. Table 
1 shows an example of redundant addressing. If bit 23 is set 

2048 Rows 

2048 Columns 2048 Columns 
~~ 

4 Meg x 4 
(2K) 

4 Meg x4 
(2K) 

Figure 3 

2048 Columns 
~ 

to equal bit 22, it can serVe as both the 12th row-address on I 
the 16 Meg and the 11th column-address on the 4 Meg. I 

SUMMARY 
1. JEDEC has approved two refresh standards at the 16 Meg I 

level, 2K and 4K. 
2. 2K refresh is 2,048 cycles in 32ms; 4K refresh is 4,096 

cycles in 64ms. 
3. Devices with 4K refresh cut current consumption by 

20mA under worst-case operating conditions. 
4. Devices with 4K refresh have haIf the page depth of a 2K 

device. 
5. Existing SV standard modules generally will use the 2K 

refresh standard DRAM . 

1024 1024 
Columns Columns ----- -----

Figure 4 

2048 Columns 
~ 

Table 1 
ADDRESS MULTIPLEXING ASSIGNMENT FOR DRAM ROWS AND COLUMNS 

DRAM Adress 
Memory 
Controller 
Address 

TN·04-16 
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Column 

Row 

AD A1 

1 2 

10 11 

A2 A3 A4 

3 4 5 

12 13 14 

5-26 

AS 

6 

15 

A6 A7 A8 A9 A1D A11 
7 8 9 20 23 

16 17 18 19 21 22 
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ECHNICAL 
NOTE 
INTRODUCTION 

Micron Semiconductor, Inc., offers its 256Kx 16 DRAM in 
a number ofJEDEC-approved versions. BYTE WRITE con
trol and symmetrical or asymmetrical addressing are avail
able. The timing and performance of the devices are similar, 
with the few differences described here. 

WORD OR BYTE WRITE CONTROL 
Many systems require the ability to write one byte at a 

time. To accommodate this need, Micron supplies the x16 
devices with either two CAS signals or two WE signals. One 
of the signals is used to select the upper byte and one is used 
to select the lower byte. 

256K x 16 DRAM 
VARIATIONS 

Controllers exist that support either version,so choosing 
dual CAS or dual WE depends on the controller you wish to 
use. Often, systems that are upgraded from 256K X 4 
DRAMs will use the dual CAS version because the control
lers are already set up for that version. The dual CAS allows 
the user to do byte reads or byte writes, whereas the dual 
WE does not have the capability to perform byte reads. 
Many graphics controllers prefer the dual WE version, 
because some data processmg may take place during the 
first part of a cycle and the dual WE allows a LATE WRITE, 
giving more time for data manipulation. The timing dia': 
gram in Figure 1 illustrates the WORD and BYfE WRITE 
cycles using dual CAS signals. 

I+--- WORD WRITE ---------1+' ---LOWERBYTEWRI~E ~I 
RAS~ 1 \ ~ 

:>-____ --'1 [>-__ --,-'-~~ 
----~-~:, jr-----+------

\'--+-_--+-_~I \'-. :------__ ---'~ WE 

STORED INPUT INPUT STORED STORED INPUT. INPUt STOREQ 

rN-Q4J18 
~EV.4l94 

LOWER BYTE 
(001-008) 
OF WORD 

UPPER BYTE 
(009-0016) 
OF WORD 

DATA 

~ 
~. 

D:." .. A .. -------D~~~-----~ D.~A.OTA o -----------------»0 o· 
1 -----------------;,. 1 
o -----------------»- 0 

b -----------------» 0 
a -:----.~-- .. ----,.-3l> 0 
a -~---------------»- Q 

o -----------------»- 0 

x .----.-,. ,.-----,.~ X .----->- 0 .-----~ 0 

x .-----~ 1 .-----;;.. 1 
X .-----3> 0 .-----~ 0 

X .• '----»- 1 .-----;... 1 

X ------»- 1 .-----""" 1 
X ____ MOl!> 1 -"----;,. 1 

X .-----»- 1 .-----;... 1 

D~T.A------~~TA----. _,. D~~TA 
l' -----------------~ 1 

o -----------------... 0 
1 -----------------;,.. 1 

" --------------, ........ 1 
1 -----------------~ 1 
1 -----------------~ 1 

1 ,-----------------~ 1 

~.----------.---.----.. ~ x -----------------;,.. 0 
x -----------------'" 1 
X -----------------'" 0 

x -----------------'" ,1 

X -----------------... 1 
X -----------------:;p,. 1 

X -----------------'" 1 

I------ADDRESSO -------+ +.---- ADDRESS1 ----+1 

x ",;, NOT EFFECTIVE (DON'T CARE) 

Figure 1 
WORD AND BYTE WRITE EXAMPLE 

USING DUAL CAS VERSION 
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SYMMETRICAL AND ASYMMETRICAL 
ADDRESSING 

In the past, the addressing of DRAMs has been simpk 
The number of row-address lines was equal to the number 
of column-address lines. This is known as "symmetrical 
addressing." For the x16 devices, JEDEC has approved a 
slightly different type of addressing called" asymmetrical," 
in addition to the symmetrical version. Asymmetrical ad
dressing has more row-address lines than column-address 
lines. With the increased number of rows and decreased 
number of columns, there is a potential for power savings 
at the chip level (one-half the number of sense amplifiers 
activated in anyone cycle). 

A 256K x 16 DRAM with symmetrical addressing has 512 
rows and 512 columns, whereas one with asymmetrical 
addressing has 1,024 rows and 256 columns. The number of 
columns defines the "depth" of a page. The illustrations 
beiow show how the symmetrical and asymmetrical de-

AD-A8 

TN-04-18 
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256K X 16 WITH 
SYMMETRICAL 
ADDRESSING 

AD-A8 

MEMORY 
ARRAY 

DQ16 

vices differ. Note that the symmetrical device has a page 
depth of 512, while the asymmetrical device has a page I 
depth of 256, or half the page depth of the symmetrical 
device. The symmetrical 256K x 16 requires a 512-cycle 
refresh in 8ms, while the asymmetrical requires a 1,024-; 
cycle refresh in 16ms. 

SUMMARY 
1. x16 wide devices will be available with word or byte' 

write capability. Byte write capability can be imple
mented with dual CAS or dual WE. 

2. JEDEC has approved asymmetrical and symmetrical 
addressing for the 256K x 16 DRAM . 

3. Symmetrical 256K x 16 requires a 512-cycle refresh in 
8ms; asymmetrical requires a 1,024-cycle refresh in 16ms. 

256K X 16 WITH 
ASYMMETRICAL 

ADDRESSING 

AD-A? 

AD-A9 
DQ1 DQ16 

5-28 

DQ1 
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TECHNICAL 
NOTE 
lNTRODUCTION 

The market for portable computers such as notebooks, 
laptops and palmtops is extremely competitive and fast
paced. Designers of these systems are continually trying to 
minimize power, cost and size without compromising 
,erformance. One of the most challenging areas is memory 
:iesign. To meet their design constraints, manufacturers are 
JSingeither low-power DRAMs or slow SRAMs formemory. 
Ibis technicalnote discusses memory design and the trade
)ffs associated with each of these types of memory. 

LPDRAMs AND SLOW SRAMs 
Users of portable devices want long battery life. Reduc

rig power consumption to meet this need is critical. This.is 
why portables use low-power extended refresh DRAMs 
:LPDRAMs)insteadofstandardDRAMs.AstandardDRAM 
:laS standby currents of 3mA at a 1511s refresh cycle. 
LPDRAMs have standby currents ranging from lmA to 
WOI1A, and a refresh interval of 12511s (extended refresh). 

LPDRAMs offer a very low-power standby power mode 
:ailed BATTERY BACKUP (BBU) mode. BBU is the lowest 
DRAM power mode possible that still retains data. It con
lists of a CAS-BEFORE-RAS REFRESH cycle at the slowest 
,ossible cycle rate. 

Some designers have used slow SRAMs in their designs 
;ince they offer low standby currents. Slow SRAMs are 
JSually defined as SRAMs with a cycle speed of 80ns or 
;lower. They have low standby currents when compared to 
;tandard DRAMs. 

A standard memory configuration was chosen in order to 
:ompare the two types of memory. In portables, a 2MB 
nemory in a x16 configuration is quite common. Memory 
will typically be a 4 Meg DRAM (x4 or x8) or a 1 Meg SRAM 
:x8). These memory arrays are compared in the following 
Jaragraphs and in Table 1 on the next page. 

COST 
In the highly competitive notebook market, reduction of 

:ost is crucial. Because an SRAM bit cell uses four times as 
nany transistors as a DRAM, the amount of silicon area 
lsed is much larger. Cost is proportional to silicon area, so 
'or a given amount of memory the SRAM takes up more 
Irea and costs more. This is clearly seen in the marketplace 
;ince 256K SRAMs are more expensive than 256K DRAMs, 
I Meg SRAMs are more expensive thanl Meg DRAMs, etc. 

N.()4:.19 
IEV.4J94 5-29 

LOW-POWER DRAMS 
vs SLOW SRAMSFOR 
MAIN MEMORY 

Of course, the size of a chip can be iricreased only sofar 
before yield drops. When 4 Meg DRAMs were the highest 
density DRAM being manufactured, only 1 Meg SRAMs 
were available. A designer would only need one-fourth the 
number of 4 Meg DRAM parts over 1 Meg SRAMs. Table 1 
compares the relative cost of several arrays; DRAMs always 
have the cost advantage. 

SIZE AND WEIGHT 
Typically, DRAMs a;re a generation ahead of SRAMs and 

are thus a factor of four ahead in density. This is because 
SRA,Mstakeup muchcmore silicon die area for a given 
memory density. For a typical memory size, SRAMs require 
four times as many devices and four times the board i1n~i1 
(see Table 1). 

DRAMs use multiplexed r(}w and column addressing 
whereas SRAMs use unmultipl~c~ed addressing. For an 
identical size of memory, DRAM packages use less pins and 
are smaller. This contributes to their effectiveness in mini
mizing space. 

A designer should be cautious in choosing a slow SRAM 
for a portable application due to the board space required to 
implement the memory system. Similarly, the increased 
number of devices will make the portable heavier. 

POWER 
One of the main problems with notebook computers 

today is that the battery life is too short. Even with the large 
batteries used today, battery life can be less than two hours
users are demanding eight hours or more. 

Slow SRAMs have an advantage in standby and active 
currents (typical). As you can see from Table 1, slow SRAM 
standby current can be much lower than that of DRAMs. 
This is because only a portion of the memory is accessed at 
any given time, so much of the memory is in standby mode. 

SUMMARY 
The portable market is so competitivethat cost is usually 

the overriding consideration. Even if battery time can be 
extended slightly with slow SRAMs, cost and increased 
board space usually prohibit their use. DRAMs have been 
and will likely continue to be the part of choice in portable 
applications. 

Micron Semlcooductor, Inc., reserves the right to change products or specifications without notice. 
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Table 1 
2MB, 16-BIT-WIDE MEMORY 

1 MEGx4 512Kx 8 128K x 8 128K x 8 
PART TYPES DRAMS DRAMS SLOW SRAM4 SLOWSRAM5 UNITS 

Number of Devices Required 4 4 16 16 No. of Devices 

Total Cost' 1.0 1.1 4.3 4.3 Relative Cost 

Minimum Speed 70 70 85 85 ns 

Standby/BBU Current> (MAX) 1.2 1.2 1.6 0.8 mA 

(Typical) 600 600 32 32 IlA 

Active Icc Current>· 3 (MAX) 240 160 140 140 mA 

(Typical) 141 94 90 90 mA 

Minimum Board Space Used 0.9 1.3 7.4 7.4 (TSOP) in2 

Weight6 1.0 1.4 5.8 5.8 Relative Weight 

NOTE: 1. Costs are relative to the 1 Meg x 4 DRAM. 
2. Assumes an 80ns part in FAST PAGE MODE for DRAMs, 85ns part for SRAMs. 
3. For the x8 devices, only a portion of the array is active at anyone time. 
4. Standard slow SRAMs 
5. Low-power slow SRAMs 
6. Weight is relative to the 1 Meg x 4 DRAM. 
7. The rest are in standby. 

TN·Q4.19 
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ITECHNICAL 
,NOTE 

SELF REFRESH 
DRAMS 

1---------------------------------------------------------------------------------------
; INTRODUCTION 
1 DRAM memories targeted for the low-power, portable 
! market are providing several new features to help maxi
i mize power savings. One of these new features is the SELF 
, REFRESH mode. DRAMs having this new feature are re
ferred to as SELF REFRESH DRAMs and provide the user 

: with a very low-current, data-retention mode. 
! This mode has been approved by JEDEC and is quickly 
, becoming an industry-standard feature. Most 3.3VDRAMs 
will be offered with this feature, as will many future 5V 
DRAMs. 

! SELF REFRESH DRAMs vs LPDRAMs 
Low-power, extended-refresh DRAMs (LPDRAMs) have 

the same functionality as a standard DRAM, except they 
! have been tested to meet the lower CMOS standby current 
, and the extended refresh specifications. SELF REFRESH 
DRAMs, on the other hand, require additional circuitry be 
added to the standard DRAM to perform the SELF RE
FRESH function. 

SELF REFRESH MODE 
SELF REFRESH mode provides the DRAM with the 

ability to refresh itself while in an extended standby mode 

RAS ~:t:::: 

DQ ~gt ::-----------tl--------\'r-

(sleep or suspend). It is similar to the extended refresh 
mode of an LPDRAM except the SELF REFRESH DRAM 
utilizes an internally generated refresh clock while in the 
SELF REFRESH mode. 

During a system's suspend mode, the internally gener
ated refresh clock on the DRAM replaces the DRAM con
troller refresh signals. Therefore, it is no longer necessary to 
power-up the DRAM controller while the system is in the 
suspend mode. Consulting the devices' data sheets will 
determine the power savings achieved. 

USING SELF REFRESH 
SELF REFRESH introduces the new parameters tRASS, 

tCHD and tRPS. These new parameters are shown in 
Figure 1. The DRAM's SELF REFRESH mode is initiated by 
executing a CAS-BEFORE-RAS (CBR) REFRESH cycle and 
holding both RAS and CAS LOW for a specified period. 
The industry standard for this value is lOOlls minimum 
(tRASS). The DRAM will remain in the SELF REFRESH 
mode while RAS and CAS remain LOW. Once CAS has 
been held LOW for tCHD, CAS is no longer required to 
remain LOW and becomes a "don't care." 

EXITING SELF REFRESH CBR REFRESH CYCLE , , 

tWRP tWRH 

WE ~:r :"/J#/$&)- -~'f-ll-'-'-'~Ll..I.Ll.Ll..l..L.L.LL<~Ll..I.Ll.L<"<'u 

TN·04-20 
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Figure 1 

~ DON'T CARE 

~ UNDEFINED 

SELF REFRESH CYCLE UTILIZING DISTRIBUTED CBR REFRESH 

5-31 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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The SELF REFRESH mode is terminated by taking RAS 
HIGH for tRPS (the minimum time of an operation cycle). 
Once the SELF REFRESH mode has been terminated, the 
user can access the DRAM normally. 

HOW IS SELF-REFRESH DONE? 
SELF REFRESH can be implemented on the device in two 

ways. One method utilizes a distributed method and the 
second uses a wait and burst method. Micron devices use 
the distributed method. 

Devices that utilize the distributed method will refresh 
the rows at a regular rate, utilizing the CBR REFRESH 
counter to tum on rows. In a system that utilizes distributed 
CBR REFRESH as the standard refresh, accesses to the 
DRAM can begin as soon as SELF REFRESH is exited. The 
first CBR pulse should occur within the time of the external 
refresh rate prior to active use of the DRAM to ensure 
maximum data integrity and must be executed within three 
external refresh rate periods. Since CBR REFRESH is com
monly implemented as the standard refresh, this ability to 
access the DRAM immediately after exiting SELF REFRESH 
is a big benefit over the burst scheme described later. If 
anything other than CBR REFRESH is used as the standard 
refresh, a burst of all rows needs to be executed when 
exiting SELF REFRESH. This is because the CBR counter 
and the DRAM controller counter will not likely be at the 
same count. If they're not at the same count and both are 
being used in the distributed method, then refresh will be 
violated and data will eventually be lost. 

An alternative way to implement SELF REFRESH is to 
use an internal burst refresh scheme. Instead of turning on 

a row at regular intervals, a circuit would sense when the 
array needs to be refreshed and then sequence through the 
rows until all had been refreshed. When exitinga bursttype 
SELF REFRESH, the entire array must be refreshed before 
any accesses are allowed, regardless of the type of refresh 
used (see Figure 2). This full burst is necessary because you 
may have exited SELF REFRESH just before the entire array 
was going to be refreshed. If the burst is not performed 
when exiting this type of SELF REFRESH, you may violate 
refresh requirements and lose data. 

Micron's devices allow you to access the DRAM as soon 
as SELF REFRESH is exited, while other manufacturers' 
devices may require a full burst when exiting, regardless of 
the refresh used. To prevent possible compatibility prob
lems, you may want to design the controller to perform the 
burst when exiting SELF REFRESH. 

SUMMARY 
1. SELF REFRESH mode allows additional power savings 

for portable applications since the DRAM controller is no 
longer required to remain powered-up while the system 
is in the suspend mode. 

2. The mode is initiated by executing a CBR REFRESH with 
RAS and CAS remaining LOW for at least lOOus. 

3. The SELF REFRESH mode remains active until RAS is 
taken HIGH. 

4. You may access the DRAM as soon as SELF REFRESH has 
been exited, provided you use distributed CBRREFRESH 
as the standard refresh. 

COMPLETE BURST REFRESH OF 
EXITING SELF REFRESH ALL ROWS MUST BE EXECUTED 

l---'tR.::.P ____ I-'~t-"RA-"S-=-S-___Yr__--------I.~-----"tR'-'PS'-----~BEFORE ACCrSING THE DRAM 

TN-04-20 
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JL 

DO ~gt:::: OPEN--------------tt------

j tWRP tWRH ~ -l twRP ~ 

WE ~:t =1jj/////!///i - - ~~/I!I!//!/I!//////!///I!/I!/1111111//!1!/ - W/$/!11h 

Figure 2 

~ DON'T CARE 

~ UNDEFINED 

SELF REFRESH CYCLE UTILIZING BURST REFRESH SCHEME 
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TECHNICAL 
NOTE 
INTRODUCTION 
As system speeds increase, DRAM manufacturers are 
developing methods to decrease the cycle times of DRAMs. 
The most common version of DRAM is FAST PAGE (FP) 
but the addition of a feature known as extended data-out 
(Eoo) may become more common because it allows shorter 
page cycle times with only a minor functional change from 
FP. Because the device with Eoo doesn't turn off the 
output drivers when CAS goes HIGH, it can have a shorter 
cycle time than FP; 

EDOOFFERS ADVANTAGES 
• It has a shorter PAGE READ cycle time than either' 

FP or SC devices. 
• Data is valid on the falling edge of CAS, so the 

designer can use that edge to strobe data. 
• A 70ns Eoodevice has the same PAGE READ cycle 

time as a 40ns FP DRAM. 

RAS ~t : 

CAS ~H-L -

ADDR 

WE 

REDUCE DRAM CYCLE 
TIMES WITH EXTENDED 
DATA-OUT 

• Implementing EDO in place of FP devices in a sys
tem can be as easy as knowing when the bus needs 
to be deactivated and using OE or WE inStead of 
CAS to accomplish it. 

This article first covers some basic differences between 
FP and Eoo during a PAGE READ cycle. Then a compari
son of cycle times between FP and Eoo is done, followed 
by a few eXamples under different address setup condi
tions. When moving from a PAGE READ into a PAGE 
WRITE, the timing differs slightly betweei1.FP and EDC>; 
this difference is discussed. Finally, the issues involved 
when replacing an FP device with an Eoo device are 
addressed. ' 

~ DON'T CARE 

~ UNDEFINED 

Figure1 ' 
FP READ CYCLE 
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BASIC DESCRIPTION 
FP and EDO allow fast data operations within a row. 

The differences ani in the deactivation of data-out when 
CAS goes HIGH and the operation of OE and WE. The 
following section. highlights differences between the fP 
and EDO when reading within a page. 

FPMODE 
Characteristics: 

• The column-address is latched when CAS falls. 
• The output drivers are turned off when CAS goes 

HIGH. 
• Minimum FP READ cycle time is tpC = l(:p A + i'J', 

(tCPA = tAA + tT) 

The cycle begins with RAS strobing-in a row address, 
followed by CAS strobing-in a column-address. To con
tinue to access columns within that row, CAS is toggled as 
addresses change. 

Figure 1 shows a typical FP READ cycle. The column
address is latched into the part when CAS falls, so column
address setup and hold times are referenced to the falling 
edge of CAS. Notice toFF; this specification tells you that 
CAS going HIGH turns off the output drivers. 

EDO 
Characteristics: 

• The column-address is latched when CAS fal~ I 
• The output drivers are not turned off when CAS 

goes HIGH. 
• Minimum EDO read cycle time is determined by 

the greater of the two equations below. 

Equation 1: tpc = tCAS + tcp + 2tT 
Equation 2: tpc = tcp A - (tcp + tT) 

• OE and CAS work together to enable and disable 
the outputs. 

• WE can disable the outputs. 

EDO allows fast access within a row and uses CAS to 
latch the column-address, as does FP, but does not turn off 
the output when CAS goes HIGH. This last feature allows 
EDO to cycle faster than FP because the user does not have 
to wait for valid data to appear before starting the next 
access. In other words, data can appear after CAS has been 
pulled HIGH, and it will stay valid for 5ns after CAS 
transitions LOW again (tCOH),as shown in Figure 2. The 
output will deactivate when both RAS and CAS are 

l COlumn-ad~~ l Data is not disabled J 
'T are latched. after CAS goes HIGH. 

-~~ -------=- - tRASP 

TN-04-21 
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ADDR ~e 

DO VOH 
VOL 

-
tCSH 'PC 

I 'CRP tRCO V_ teAs __ 'C_P_ tCAS 

=--' 1\ r---
'AR J 

'RAD 1 11=1 , t'ASR ~I~ !CAH ~ t eA:
1 

::1////,11; ROW ;W///t! COI..UMtf(A) WI, 'if//) COLUMN (B) W, 

1RCfl I 
I 'AAI 

I I 'AA 

tRAC I 'cPAI 

I~ I~ ~ 
-

OPEN VALID DATA (A) 

~II~ ~ 

-.11 

\ftcp tRSH 

'CAS-y 'CP 
II 

'RAL i I 
~I 1 teA:

1 

w//) COLUMN (C) ROW 

I 

I 
I 'AA 

'CPA I 

I !CAC 
...!QQti 

VALID DATA (B) 

I -I _'RRH 
~ 

I~ 
~ 

VALID DATA (C) r-

~ DON'T CARE 

~ UNDEFINED 

Figure 2 
FP READ WITH EDO 
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HIGH, so IOFF will now be referenced from the rising 
edge of RAS or CAS, whichever occurs last. OE will also 
deactivate the outputs, as shown in Figure 3. In order to 

accomodate systems where OE is tied LOW, WE now 
has the ability to turn off the output drivers as well (see 
Figure 4). 

RAs ~jt=~,-___________________________________________ _ 

\COLUMN(B) "POLUMN(C) 

DO ~\gt-:----- VALID DATA (A) VALID DATA (A) VALID DATA (B) VALIDDATA(C) VALID DATA (D) 

._________ '0" I~ ~'OO ~oo ISoo 
6E ~:t- '-----"o", ________ ~ ~--------_t ToE; ~ _______ _ 

The DOs go back to 
Low-Z if tOES is met. 

Figure 3 

! 
The DOs remain High-Z 
until the next CAS cycle 
if toEHC is met. 

OUTPUT ENABLE AND DISABLE USING OE 

! 
The DOs remain High-Z 
until the next CAs cycle 
ifl()EP is met. 

~ ~:~:~~----------------------~------------------------

DO ~:g~ : ___ --'---__ 

We 

'" 

rN-04-21 
'lEV. 4/94 

V1H_ 

VIL-

VIH-
VIL_ 

VALID DATA (A) 

The DOs go to High-Z if 
WE falls while CAS is HIGH. 

Figure 4 

The DOs go back to Low-Z 
when CAS g~HIGH if WE 
is HIGH and DE is LOW. 

The DOs go to High-Z when 
WE goes LOW and remain High-Z 
when WE goes HIGH. 

~ DON'T CARE 

~ UNDEFINED 

OUTPUT DISABLE USING WE 
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COL ADDR VIH
VIL -

DATA-OUT VOH
VOL -
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Figure 5 
EDO MINIMUM FAST-PAGE-MODE READ CYCLE TIME 

AVAILABLE ON 70ns VRAMs 

PAGE READ CYCLE TIMES 
This section examines the different cycle times of FP and 

EDO to see how they are generated. Figure 1 shows that 
CAS must stay LOW until data-out becomes valid (if CAS 
goes HIGH before valid data, then the output buffers would 
turn off). The longest access time specified for the device is 
from CAS HIGH to data-out (tcP A). CAS can't go HIGH 
before tCI> A, or data-out will not fire. Add a transition time 
to pull CAS HIGH and you have the cycle time tpCpPM = 
tCPA + IT. 

EDO works a bit differently. tcp A is still the longest 
access time, but is no longer the limiting parameter in cycle 
time. This is because some of this access time includes 
CAS precharge (CAS HIGH time). In FP, you can't bring 
CAS HIGH before data is valid because CAS HIGH turns 
data off. Since CAS HIGH doesn't turn off data in the EDO 
device, you can bring CAS HIGH before data is valid and 
begin precharging CAS while you wait for data-out. This 
overlap of CAS precharge and getting data-out means 
tcp A is no longer the limiting parameter. 

The theoretical minimum page-mode cycle time is deter
mined by one of the two equations below, whichever is 
greater (see Figure 2). 

TN-04-021 
REV, 4194 5-36 

Equation 1: 

Equation 2: tpc = tcp A - (tcP + tHL) 

The minimum cycle is achieved by providing valid column 
addresses early enough that tAA is not limiting. In the past, 
transition times were assumed to be 5ns each for the pur
pose of specifying cycle times. However, in many cases, the 
transitions between O.S and 2.4 volts do not require 5ns, so 
the Eoo devices allow 2.5ns. 

For example, a page-mode cycle time of 26.7ns can be 
achieved when using Micron 70ns EDO VRAMs with a 
tcp A of 40ns when transitions are 3.3ns or less (see Figure 
5). This represents a 33 to 40 percent improvement over the 
same cycle times provided by 70ns devices with conven
tional FAST PAGE MODE operation. Similar improve
ments are provided on the 60ns and SOns speed grades, 
which have theoretical minimum cycle times of 24ns and 
30ns, respectively. 
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MICRON TN-04-21 
1-· " " c c EXTENDED DATA-OUT 

EXAMPLES: EDO AND FP 
The table below compares page READ cycles of FP and 

BOO under two different conditions: minimum column
l.ddress setup and maximum column-address setup time. 
I'he timing diagrams for the following examples assume 
that RAS is already LOW, WE is HIGH and OE is LOW. A 
lOns DRAM is used with the following timing: 

Figures 6 and 7 show FP and EOO cycles with plenty of 
address setup time. On an FP device with plenty of address 
setup time, we can operate at !PC = 45ns (the minimum 
allowed), and data is valid for 5ns. 

EDO under the same address setup time looks different 
(see Figure 5). Now the minimum cyclefune is 32ns. Notice 
that data doesn't appear on the bus until you are already 
into the second access (8ns of CAS precharge for the next 
cycle is already completed'when data appears). This'is the 
overlap that allows the shorter cyCle tirite. tpc is 32ns and 
data is valid for 12ns. 

DESCRIPTION 
tpC(MIN) 

tCAS (MIN) 

tCLZ (MIN) 

tOFF 

IT 

"N-04-21 
1&4J94 

FP 
45 

20 

0 

0-20 

5 

EDO 
30 

12 

0 

0-20 

5 

Under these conditionS, EOOcuts the Cycle time over aFP 
device by 29 percent (45ns to 32ns). In addition, even with 
the shorter cyde time, data-out is valid for 12ns on the EOO 
as opposed to only 5ns on the FP device. We could get more 

RAS ~~=t~~~=5~~~~-----r 
CAS ~r: 

~DR ~r=n'~r-~~==~~;'-~=-T-'"'~--~C~3--~~ 

Figure 6 

DATA31 
THIRD ACCESS l 

FP PAGE READ CYCLE WITH MAXIMUM ADDRESS SETUP 
tpc = 45ns;DATA VALID FOR 5ns 

RAS ~~ :._"+-____ -:::::--:::--="'Co=lu:=:m::=n.=ad""dress is la1<:hed when CAS falls. 

c 
c 

cO ~~.;: 't: =:;.OP;;;E;;:N'~~~.~~~~~~~~3WJl~~~~DA~TA~3 
c 

, 
THfRD ACCESS 

I7J DONT CARE 
~ UNDEFINED 

., " ." . ,Figur~7 , " .' , ,,' 
I:DO";PAGE' READ CYCLE WITH MAXIMUM ADDRESS SETUP 

tPC=32ns;DAiA VALID FOR 12ns 
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performance by using shorter transition times on the EDO 
device, but we used Sns to make the comparison between 
FP and EDO easily understandable. 

Figures 8 and 9 show FP and EDO cycles with minimum 
address setup time. In this case, the address becomes valid 
coincident with CAS falling. For FP, data won't be valid for 
tAA(3Sns), so CAS must be held LOW until that time (see 
Figure 8). Since the minimum CAS HIGH time is lOns, the 
cycle time is SOns (tAA + tcp + tr). Data-out is valid for Sns. 

Looking at EDO under the same conditions, (Figure 9) it 
still takes tAA (3Sns) after the addresses are valid to get 
valid data-out, but now you don't have to wait before 
pulling CAS HIGH. Notice that CAS has been pulled HIGH 

and precharge has been completed for the next cycle, beforel 
Data 1 appears on the bus. Just before data becomes valid, 
CAS drops and the second address is latched. Again, there 
is an overlap of starting one cycle and finishing the other. 
Now tpC = 32ns, and data-out is valid for 7ns. I 

In this case, EDO cycle time (32ns) is 36 percent less thani 
the FP cycle time (SOns); EDO data is valid 2ns longer. I 

These examples should point out another big advantage 
ofEDO. Not only can you operate at a shorter cycle time, but 
data is available longer for the system to sample. Since data 
is guaranteed to be valid as CAS falls, that edge may be used 
to sample data. 

RAS ~~=---r----~~--~--~~<.=~---+-------------

TN-04-21 
REV,4/94 

30 

ADDR ~~=~~~, ~~~=J~~~~~t1~=x~~~~~~==~~~ 
, 

DQ ~g~ = --+-OPEN---1IiIIIIi<I ~----~I.\(] 
, , 

Figure 8 

DATA 3 

PAGE READ WITH MINIMUM ADDRESS SETUP 
tpc = SOns; DATA VALID FOR 5ns 

RAS ~t=---------~~--~======~T=================~-------------

Figure 9 

~ DON'TCAAE 

~ UNDEFINED 

EDO-PAGE READ CYCLE WITH MINIMUM ADDRESS SETUP 
tpc = 32ns; DATA VALID FOR 7ns 
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70ns EDO INSTEAD OF 40ns DRAMs 
EDO can provide the FP READ speed of a 40ns DRAM. 

!Even though a 40ns DRAM has a 40ns tRAC, the FP READ 
cycle time is 30-35ns, which is the same page READ cycle 
,time as that of a 70ns EDO device. 

I
EASY TO IMPLEMENT 

j An additional benefit of EDO is the ease of implementa
tion. PAGE READ or WRlTE cycle time is cut but the major 
Idifference between FP and EDO is that the FP device will 
stop driving data-out when CAS goes HIGH and the EDO 
device must have the correct combination of RAS, CAS, 
OE and WE to deactivate the output. This means that any 
; time the designer is counting on CAS by itself to tum off the 
I 

output drivers, bus contention may occur if something else 
tries to drive the bus. This may occur in the following 
situations: 

• PAGE interleave memory banks 
• Moving from PAGE READ directly into a PAGE 

WRlTE (within the same page) 
• Whenever anything other than the DRAM is 

driving the bus, and OE and RAS are LOW while 
CAS is HIGH 

(This last case is uncommon and should not mandate a 
change for most systems.) Interleaved memory need only 
make use of OE or WE instead of CAS when turning off the 
output drivers; then EDO canbeused in place ofFP DRAMS. 

RAS ~H- CAS deactivates output. 

TN-04-21 
REV. 4/94 

FP 

EDO 

L -

CAS ~~= 

ADDR ~t= 
WE ~t = 

CAS ~t = 
ADDR ~t-

WE ~t= 
DE ~t= 
DO VOH-

VOL -

, 
, --:tpFFmax=29 

DATA OpT 1 
PAGE READ I 

CYCLE I 
FIRST 

EARLY WRITE 
CYCLE 

Figure 10 

PC=45ns 
15 

20 

C3 

IWCS=O 

SECOND 
EARLY WRITE 

CYOLE 

SECOND 
EARLVWRITE 

CYCLE 

: 20 , , , 

~ DON'T CARE 

~ UNDEFINED 

EXAMPLE FP AND EDO READ TO WRITE CYCLES 
tpC= 45ns 
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MIC::RON TN-04-21 
1-· '" ~, , EXTENDED DATA-OUT 

READ TO WRITE CYCLES 
Since CAS doesn't turn off the output devices on an EDO 

device, caution should be used when turning the busaround 
on a shared 10 device. To demonstrate the difference, 
Figure 8 shows the transition from a PAGE READ to a 
PAGE EARL YWRITEon thesamepage;When using the FP 
version, OE can be tied LOW and CAS can be used to 
deactivate the output. Notice that OE is also tied low on the 
Eoo device and this cycle is still possible . 

TN-04-21 
REV. 4194 5-40 

SUMMARY 
EDO is simply a modified FP MODE cycle and can be 

used in systems to increase performance. It allows system 
designers to improve their cycle times and system perfor
mance since data is present for a much longer time, even 
during short cycle times. Because each generation device 
has different timing limitations; be sure to consult the data 
sheet for exact timing. 
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! ECHNICAL 256K X 16/512K X 8 DRAM 
TYPICAL OPERATING 
CURVES jNOTE 

,--------------------------------------------------------------------------------
I INTRODUCTION 
I These curves represent the typical operating characteris
'I tics of Micron's 70ns 256K x 16 and 512K x 8 DRAMs. They 
maybe used to calculate the typical operating parameters of 

I 

a memory system. For worst-case design limits, the system 
designer should refer to the individual ~~ta sheets. 

I 
256K X 16 OPERATING CURVES 

I 
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MIC::I=ION TN-04-23 
I-a , 4 MEG DRAM 

iTECHNICAL 
NOTE 
INTRODUCTION 

These curves represent the typical operating characteris
tics of Micron's 70ns 4 Meg DRAMs. They may be used to 
calculate the typical operating parameters of a memory 

4 MEG DRAM 
TYPICAL OPERATING 
CURVES 

system. For worst-case design limits, the system designer 
should refer to the individual data sheets. 
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5-VOL T PRODUCT DC AND AC PARAMETER PERFORMANCE (continued) 
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3.3-VOL T PRODUCT DC AND AC PARAMETER PERFORMANCE 
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3.3-VOL T PRODUCT DC AND AC PARAMETER PERFORMANCE (continued) 
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TECHNICAL 
NOTE 
lNTRODUCTION 
These curves for the 4 Meg DRAM show typical access 
times with different capacitive loading. For worst-case 
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design limits, the system designer should refer to the indi
vidual data sheets. 
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1-· ,,,,,,c,"occwe", MT3D19 AND MT9D19 COMPATIBILITIES 

TECHNICAL 
NOTE 
INTRODUCTION 

Converting from the nine-chip 1 Meg x 9 memory mod
ule (MT9D19) to the three-chip 1 Meg x 9 memory module 
(MT3D19), introduces four potential system incompatibili
ties. The incompatibilities involve CA5-BEFORE-RAS (CBR) 
REFRESH, test mode entry, power-up and refresh address
ing. Understanding and providing for these incompati
bilities will offer designers and system users better com
patibility between these two versions of the 1 Meg x 9,30-
pin memory module. 

REFRESH 
The most commonly used refresh mode of the MT9D19 is 

the CBRREFRESH cycle. The CBRfor the MT9D19 specifies 
the WEpinasa "don't care" (Figure 1). TheMT3D19,on the 
other hand, specifies the CBR REFRESH mode with the 
WE pin held at a voltage HIGH level (Figure 2). A CBRcycle 
with WE LOW will put the MT3D19 into the JEDEC-speci
fied test mode (WCBR). Therefore, existing systems 
looking at migrating from the MT9D19 to the MT3D19 
should insure that WE is HIGH for CBR REFRESH opera
tion (Figure 3). 

TEST MODE 
A CBRcycle with WE LOW will put the MT3D19 into the 

JEDEC standard test mode. Since the edge connector of the 
MT9D19 does not supply the required connection to the 
Test Function pin of the DRAMs, the MT9D19 cannot be 
placed into test mode. 

POWER-UP 
The MT3D19 JEDEC test mode constraint may introduce 

another problem. The MT9D19 POWER-UP cycle requires 
a 100118 delay followed by any eight RAS cycles. The MT3D19 
POWER-UP cycle is more restrictive in that eight RAS 
ONLY or CBR REFRESH (WE held HIGH) cycles must be 
used. The restriction is needed since the MT3D19 may 

TN-04-25 
REV. 4194 5-53 

MT3D19 AND MT9D19 
COMPATIBILITIES 

power-up in the JEDEC-specified test mode and must exit 
out of the TEST MODE. The only way to exit the JEDEC 
TEST MODE is with either a RAS ONLY or aCBRREFRESH 
cycle (WE held HIGH). Hence those designs that plan to use 
both modules need to execute eight RAS ONLY or CBR 
(WE held HIGH) REFRESH cycles after the required lOOl1s 
delay from power on. 

REFRESH ADDRESSING 
To retain memory cell data in its correct state, the 

MT9D19 requires executing any RAS REFRESH cycle 
(READ, WRITE, RAS ONLY, CBR, OR HIDDEN) so that all 
512 combinations of RAS addresses (AO-AS) a re executed at 
least every 8ms, regardless of sequence. <-'(l~~t' this to till' 
MT3D19, which requires executing any RI\S REFI{I':SII 
cycle (READ, WRITE, RAS ONLY, CBR, OR HlIJDEN) so 
that all 1,024 combinations of RAS addresses AO-A9 are 
executed at least every 16ms, regardless of sequence. The 
MT3D19 must have RAS addresses AO-A9 as part of the 
memory cell data refreshing scheme, whereas the MT9D19 
requires only RAS addresses AO-A8. This requires that 
those designs planning to use both the MT9D19 and MT3D19 
modules must be able to refresh all combinations of 1,024 
addresses (AO-A9) at least every 16ms. 

SUMMARY 
In summary, a system that is. compatible with both 

the MT3D19 and MT9D19 modules must support the 
following: 

• The CBR REFRESH must require WE to be HIGH. 
• The eight RAS wake-up cycles must be either RAS 

ONLY or CBR REFRESH cycles (WE held HIGH). 
• To retain.memory cell data in its correct state, the 

system must have RAS addresses AO-A9 as part ofthe 
memory cell data refreshing scheme over the 16ms 
period (i.e. 15.611s address to address refresh rate). 
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MT3D19 

MT9D19 
CBR REFRESH CYCLE 

(WE=DONT CARE) 
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1-· "",,,,,,",,0,,,,,,0 256K x 16/512K x 8-ACCESS TIME vs CAPACITANCE 

1--------------------------------------------------
iTECHNICAL 
NOTE 

! INTRODUCTION 
I These curves for the 256K x 16 DRAM show typical access 
times at Vcc = 4.5V with different capactive loading. For 
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256K X 16/512K X 8-
ACCESS TIME vs 
CAPACITANCE 

worst-case design limits, the system designer should refer 
to the individual data sheets. 
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TECHNICAL 
NOTE 
INTRODUCTION 

The advent of extended data-out (EDO) DRAMs has 
given system designers the possibility of greatly improving 
the performance of the memory subsystem. EDO function
ality provides faster PAGE MODE cycle times by allowing 
data to remain or appear on the outputs after CAS has gone 
HIGH (please refer to technical note TN-04-21, "Reduce 
DRAM Cycle Times with Extended Data-Out"). A variety 
of controller manufacturers are planning to support EDO 

MICRON DEVICES 

PART NUMBER CONFIGURATION VCC 

MT4C16270 256Kx 16 5V 

MT4LC16270 256K x 16 3.3V 

MT4LC4007 1 Meg x 4 3.3V 

MT4LC4M4E9 4 Meg x4 3.3V 

MT4LC2M8E7 2 Meg x8 3.3V 

CONTROLLERS 
Several controller manufacturers have already commit

ted support or plan to support EDO DRAMs and have 
provided the information listed below. Call Micron 

CONTROLLER MANUFACTURERS 

COMPANY 

• Chips & 
Technologies 

• Cirrus Logic 

TN·04-27 
REV. 4/94 

PART NUMBER 

C & T is currently supporting EDO 
DRAMs, as well as planning 
support in future products. 

GD5429 

GD5430 

CONTROLLER SUPPORT 
FOR EXTENDED DATA-OUT 
DRAMs 

DRAMs in their graphics controllers and PC chip sets. This 
technical note lists a few manufacturers of controllers or 
chip sets who plan to support the EDO feature on DRAM 
products. 

MICRON DEVICES 
Micron has a full range of EDO DRAMs slated to support 

EDO requirements. 

FEATURES 

2 CAS, Symmetrical Addressing 

2 CAS, Symmetrical Addressing 

Standard or SELF REFRESH versions 

4K rows, standard or SELF REFRESH versions, 300mil 

2K rows, standard or SELF REFRESH versions, 300mil 

DataFax at 208-368-5800 for revised lists of companies that 
have been identified and confirmed. 

NOTES PHONE NUMBER 

408-434-0600 
ext. 4232 

EDO DRAM support up to 2MB of memory 510-623-8300 
Support for 256K x 16 EDO 
32-bit DRAM bus interface 
Samples 1094 

EDO DRAM support up to 2MB of memory 
Support for 256K x 16 EDO 
64-bit DRAM bus interface 
Samples 1094 

5-57 Micron Semiconductor, Inc., res9IVes the right to change products or specifications without notice. 
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1-· ~"c"cccmc cc CONTROLLER SUPPORT FOR EDO 

CONTROLLER MANUFACTURERS (continued) 

COMPANY 

• 83 

• VLSI 

PART NUMBER 

Vision864 

VLSI has plans to support 
EDO DRAMs with future products. 

NOTES PHONE NUMBER 

EDO DRAM support up to 4MB of memory 408-980-5401 
Support for 256K x 16 EDO DRAM 
64-bit DRAM bus interface 
PCI and local bus support 
Samples 4093, Product 1094 

Xtechnology has plans to EDO DRAM support 
support EDO DRAMs in 1994. 64-bit DRAM bus interface 

408-986-5000 
z m · Xtechnology 
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1-· "'''0'0"'''' '"' 88-PIN DRAM CARDS 

~ECHNICAL 
iNOTE 
IINTRODUCTION 

Just as SIMMs began a new period in memory placement 
and packaging in the 1980s, the 88-pin DRAM card prom
ises to have an equal impact on the industry in the 1990s. 
The 88-pin DRAM card combines the architecture of a 
SIMM with an memory card form factor to create a high 
density, easy-to-use memory device. No longer do end
users have to disassemble their systems and risk ESD 
damage to add more SIMM modules or memory boards. 
Finally, a sensible approach to memory packaging has 
arrived. 

For engineers, Micron's 88-pin DRAM cards offer a sig
nificant improvement in the way system designers manage 
main and add-in memory. DRAM memory cards require 
less system interface logic, they pack more memory into a 
given area than SIMM modules and they are better able to 
withstand more use and abuse than contemporary memory 
upgrade schemes. All this functionality is contained in a 
convenient, portable and standardized package. 

Standards for the 88-pin DRAM card have been jointly 
ratified by the three major standard-setting bodies: PCMCIA, 
rEDIA and JEDEC. As a companion to the 68-pin memory 
card, or by itself, the 88-pin DRAM card will enhance your 
product design or offerings. 

DRAM cards provide a rigid and durable enclosure for 
the printed circuit board and memory devices contained 
within. The card's physical dimensions are 2.126 ±0.004 
inches wide by 3.37 ±0.004 inches long by 0.129 ±0.004 

SS-PIN DRAM CARDS 

inches thick, which is about the same dimension as a credit 
card, though three times its thickness. 

Once assembled, the strength of the DRAM card sur
passes that of SIMM modules. Moreover, since the card's 
components are not subjected to direct physical contact by 
the user, it can withstand casual, even abusive, handling 
much better than a SIMM module. When a SIMM module 
is installed, removed or transported, there is a risk of in
flicting damage due to ESD. The card is made with a 
conductive plastic that allows static .charges to be safely 
dissipated to the ground pins via a High-Z path. 

DRAM cards are designed to ease facilitation. Though 
the DRAM cards appear to function like 72-pin SIMM 
modules, significant differences favor the DRAM card. For 
example, the DRAM card provides its own buffering for 
its control lines, relieving the system board. Furthermore, 
buffering enhances system performance, both from noise 
reduction and reduced capacitive loading of the control 
lines. 

The DRAM cards are preferable to SIMMs in small 
profile notebook and palmtop computers, because the cards 
offer a twofold improvement in board area usage. Proper 
choice of receptacle connector for the system board pro
vides the ability for hot insertion or removal, which is 
impossible for a SIMM module. And the DRAM card's size 
and ruggedness make it ideal for mainframe or industrial 
applications. 

Table 1 

rN-88-Q1 
~EV. 4/94 

DRAM ADDRESS 

SPACE PER BANK 

no card installed 

256K 

512K 

1 Meg 

2 Meg 

4 Meg 

8 Meg 

16 Meg 

PD1 

1 

0 

1 

0 

1 

0 

1 

0 

MEMORY ADDRESS RANGE 

PD2 

1 

0 

0 

1 

1 

0 

0 

1 

MEMORY ADDRESS RANGE 

PRESENCE-DETECT BITS TOTAL MEMORY SIZE 

PD3 PD4 PD5 = 0 PD5 = 1 

1 1 n/a n/a 

0 0 1MB 2MB 

0 0 2MB 4MB 

0 0 4MB 8MB 

0 0 8MB 16MB 

1 0 16MB 32MB 

1 0 32MB 64MB 

1 0 64MB 128MB 
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PRESENCE-DETECT I>EFINITIONS FOR 
THE 88-PIN DRAM CARD 

It is necessary to clarify the presence-detect definitions 
for the 88-pin DRAM cards. The eight presence-detect pins 
are divided into four groups, consisting of memory size 
(four bits), number of DRAM banks (1 bit), DRAM access 
timing (two bits) and refresh control (1 bit). As shown in 
Table 1, presence-detect bits are defined as ° = ground, 1 = 
open. 

Presence-detect bits PDl, PD2, PD3 and PD4 relate to the 
byte size of the card or its memory address range. The PD5 
presence-detect indicates the number of memory banks 
present on the card. The card will be provided with either 
one or two banks (32- and 36-bit versions) or two or four 
banks (16- and 18-bit versions). 

For 32- and 36-bit applications, PD5' s definition relates to 
whether one or two banks are present. Each bank is defined 
by two RAS lines. In other words, both RAS lines should be 
activated simultaneously for a 32- and 36-bit word access. 
When PD5 = 0, there is one bank present, activated by 
RASO and RAS2. When PD5 = 1, there are two banks 
present. Bank 1 is activated by RASO and RAS2 while Bank 
2 is activated by RASI and RAS3. 

TN-88-01 
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Table 2 
RAS RELATION TO DATA BUS 

RASO 00-017 Bank 1 

RAS1 018-036 Bank2 

RAS2 00-017 Bank 3 

RAS3 018-036 Bank4 

5-60 

For 16- or 18-bit applications, PD5's definition relates to I 
whether two or four banks are present. Each bank is defined 
by a single RAS lines. When PD5 = 0, two banks are present, 
activatedbyRASO and RAS2. WhenPD5= 1, two additional , 
banks are present, activated by RAS! and RAS3. A logical I 

progression within the system's address space would be 
RASO, RAS2, RASI and RAS3 in that order. For a 36-bit data! 
bank interpreted as an 18-bit card, RAS relates to the data I 

bus as shown in Table 2. 
The PD6 and PD7 presence-detects indicate the access i 

time of the card from RAS true to data-out. They are defined I 

in Table 3. 
The PD8 presence-detect is related to the refresh type of ; 

the card, either SELF REFRESH when PD8 = 0, or an 
extended refresh when PD8 = 1. Presently, all DRAM cards 
will leave PD8 open, indicating that the system should 
provide refreshing, preferably a CAS-BEFORE-RAS type of 
refresh. This allows an address-independent refresh, which 
allows interchangeability among different card types. 

Table 3 
DATA-OUT ACCESS TIME 

ACCESS TIME PD7 

100ns 0 
(or SOns for future cards) 

80ns 0 

70ns 1 

60ns 1 

PD6 

0 

1 

0 

1 

Micron Semiconductor, Inc., reserves the right to change products or specIfications without notice. 
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Table 4 
32-BIT PRODUCT OFFERINGS 

PRODUC1NUMBER MEMORY 
(32-BlnERIES) . SIZE (MB) 

MTBDB8C132-xx .' 4 

MTBD88C132V-xx 4 

MT16DB8C232-xx 8 

MT16D88C232V-xx 8 

I 

I 

I 

I 

MT8DBBC432-xx 

MTBD8BC432V-xx 

MT16DB8C832-xx 

MT16D88C832V-xx 

16 

16 

32 

32 

i 

!PRODUCT OFFERING 
DRAM cards are offered through Micron. The current 

product spectrum provides memory sizes from 4 MB to 
32 MB with x16/x32 data path, and both 5V and 3.3V 
operation. Micron's product offering is shown in Table 4. 
The series is provided with speed grades from 80ns to 6Ons. 
This is specified with a -8, -7 or -6 suffix to the part number 

TN-88-01 
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WORD LENGTH POWER 
(BITS) SUPPLY SPEED 
16,32 5V. 60-BOns 

16,.32 3.3V 70-100ns '. 

16,32 5V 60-BOns 

16,32 3.3V 70-100ns 

16,32 5V 1lO-BOhs 

16,32 3.3V eO-BOns 

16,32 5V 60-BOns 

16,32 3.3V 60-BOns 

where "xx" is shown. The cards use low-powt'r, t'xtt'ndt'd
refresh DRAMs. Cards using a 3.3V supply have their part 
number appended with a "V" option. 

In addition, all versions of the standard DRAM card are 
available in a two-inch-Iong, bufferless version. Contact 
Micron for further details 

Micron Semiconductor, Inc., f8S8MIS the right to change products or specifications without notice. 
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-------------------------------------------------------------------------
SERVICES 

Micron stands ready to help customers who wish to enter 
the IC DRAM card market with proprietary solutions. Our 
staff engineers are well-versed in the design of boards for 
the entire PCMCIA/JEDEC/JEIDA arena. If one of our 
standard products does not meet your current needs, we 
are ready and able to design a custom solution for you. 

For customers desiring a standard product under private 
label, Micron can supply current products labeled and 
marked in virtually any manner the customer wishes. Sim
ply supply us with the desired artwork and markings
Micron will do the rest. 

Often overlooked by companies considering entrance 
into the DRAM card market are the mechanical consider
ations. Micron has invested considerable time and effort 
into developing superior card frames, covers and compo
nents. Our custom design services break down the signifi
cant entry barriers to this burgeoning market and will get 
your product to market on time and on budget. Design 
services include: 

• Design from concept 
• Schematic capture 
• Board layout 
• Enclosure design 
• Thermal and signal noise analysis 
• Custom marking 
• Comprehensive testing 
• Connector redesign 
• ASIC solutions 
• Packaging solutions 

TN-88-01 
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Applications engineering assistance is also available 
from 8 a.m. to 5 p.m. Mountain Time by calling 208-
368-3900. 

The DRAM card arena is very fast-paced. Product devel
opment and introduction will quickly outdate current 
information. When contemplating a design in this arena, 
please call us for the latest product datasheets and design 
guidelines. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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iOVERVIEW 
Product reliability is a product's ability to function 

. within given performance limits, under specified operating 
conditions over time. This section contains a brief overview 
of some of the issues that affect the reliability of Ie 
devices and briefly describes Micron's reliability program. 

For a more in-depth discussion of reliability, please 
refer to Micron's Quality IReliability literature. 

. RELIABILITY GOALS 
When we discuss reliability goals of semiconductor Ies, 

we typically refer to the traditional reliability curve of 
component life. The reliability curve, or "bathtub curve," 

Infant 
Mortality 

appears below, where h(t) is the hazard rate or the 
probability of a component failing at to + 1 in time if it has 
survived at time to. 

The reliability curve in Figure 1 is divided into three 
segments: infant mortality, random failures and wearout. 
The term "infant mortality" refers to those res that would 
fail early in their lives due to manufacturing defects. To 
screen out such failures, Micron evaluates all our products 
using intelligent bum-in. This unique AMBYX· intelligent 
bum-inl test system developed by Micron is described in the 
follOWing section. 

Wearout 

Random Failures 

RELIABILITY 
REV. 4/94 

Cumulative 
Failure Rate 

F(t) 

Hazard Rate 
h(t) 

Infant 
Mortality 

I-------Useful Life ------1 

. 

MTBF Applies in this Range 

Time 

Useful Life 

MTBF Applies in this Range 

Random Failures 

Time 

Figure 1 
RELIABILITY CURVE 

Wearout 

. 
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MICRON'S AMBYX® INTELLIGENT 
BURN-IN AND TEST SYSTEM 

Burn-in refers to the process of accelerating failures that 
occur during the infant mortality phase of component life 
to remove the inherently weaker devices. The process has 
been regarded as critical for ensuring product reliability 
since the beginning of the semiconductor industry. To 
effectively screen out infant mortalities, Micron believes it 
is critical to functionally test devices several times during 
the burn-in cycle without removing them from the burn
in oven. In 1986, when we were unable to find a system 
that met our requirements, we introduced the concept of 
"intelligent" burn-in and developed the AMBYX® 
intelligent burn-in and test system. Today, we use AMBYX 
to test every component product we make. 

With AMBYX, we can determine if the failure rate 
curves of individual product lots reach the random failure 
region of the bathtub curve by the end of the burn-in 
cycle. We subject product lots that do not exhibit a stable 
failure rate to additional burn-in. This burn-in flow also 
brings to our attention the slightest variation in a product's 
failure rate. 

Since AMBYX allows us to test devices for functionality 
without removing them from the burn-in oven, we 
effectively eliminate failures resulting from handling, 
thereby minimizing "noise" from the test results. During 
the test phase, output produced by the devices under test 
is compared to the pattern expected. If a discrepancy 
occurs, AMBYX records the failure and provides the bit 
address, device address, board address, temperature, Vcc 
voltage, test pattern and time set. 

During the burn-in cycle itself, devices are functionally 
tested in four intervals. The first test begins at room 
temperature. Then we ramp up the oven to 85°C for more 
functional testing. This enables us to detect thermal 
intermittent failures, another unique feature of intelligent 
burn-in. We conduct the next test at 125°C - any device 
that does not pass this sequence is eliminated. As the 

RELIABILITY 
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burn-in process continues, the devices are dynamically 
stressed at high temperature and voltage for a given 
number of hours. At the end of this period, we functionally 
test all devices again, followed by another burn-in cycle 
and further tests. This sequence is repeated four times on 
every device in every production lot. 

These test results allow us to identify individual failures 
after each burn-in cycle. Figure 2 illustrates how the four 
burn-in and test cycles flow. The typical test results shown 
make up the first portion of the bathtub curve of 
component reliability. 

There are two important reasons why Micron conducts 
the last two burn-in and test periods (or "quarters") at 
lower Vcc than the first two portions. First, we want the 
several million device hours that we accumulate weekly 
on production lots to be conducted at stress conditions 
identical to the conditions for the extended high
temperature-ope rating-life (HTOL) test used by IC 
manufacturers to compute random field failure rates. 
Second, we want to be sure we are not introducing new 
failure modes unrelated to normal wearout, such as VOS, 
by testing them at extremely elevated conditions. 

Control charts, such as the one shown in Figure 3, alert 
us to trends in lot failure rates. When we detect an 
upward trend in a failure rate, we correlate the lots that 
need additional burn-in with all the variables that might 
be influencing the increased rate. Such variables could 
include fabrication and assembly equipment, 
manufacturing shifts and time frames when the lots were 
processed through specific steps. 

The overall benefits of intelligent burn-in are wide 
ranging. Intelligent burn-in allows us to identify early-life 
failures and failure mechanisms as they would actually 
occur in customer applications. It also allows us to iden
tify problem lots that, if undetected, could contribute 
substantially to infant mortalities. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1994, Micron Semiconductor, Inc. 
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AMBYX BURN-INITEST FLOW AND TEST RESULTS 
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ENVIRONMENTAL PROCESS 
MONITOR PROGRAM 

Micron's environmental process monitor (EPM) program 
is designed to ensure the reliability of our standard products. 
Under this program, we subject weekly samples of our 
various product and package types to a battery of stress 
tests. 

During these tests, we stress the devices for many hours 
under conditions designed to simulate years of normal field 

TEST NAME AND DESCRIPTION 

HIGH TEMPERATURE OPERATING LIFE 

use. We then apply equations derived from intricate 
engineering models to the data collected from the accelerated 
tests. From these calculations, we are able to predict failure 
rates under normal use. Figure 3 shows the conditions for 
these tests, known as environmental stress tests. The EPM 
program described inFigure4is for Micron's 4 Meg DRAM. 

TEST DURATION BIWEEKLY SAMPLE SIZE 

1,008 Hours 150 Devices 
(125°C, 6V, Checkerboard/Checkerboard Complement Pattern) 

TEMPERATURE AND HUMIDITY 1,008 Hours 150 Devices 
(85°C, 85% RH, 5.5V, Alternating Bias) 

AUTOCLAVE (121°C, 100% RH, 15 PSI, No Bias) 96 Hours 50 Devices 

LOW TEMPERATURE LIFE 1,008 Hours 15 Devices 
(·25°C, 7V, Checkerboard/Checkerboard Complement Pattern) 

TEMPERATURE CYCLE 1,000 Cycles 50 Devices 
(O°C for 15 min., +125°C for 15 min, air to air) 

THERMAL SHOCK 700 Cycles 50 Devices 
(·55°C for 5 min., +125°C for 5 min., liquid to liquid) 

HIGH TEMPERATURE STORAGE (150°C, No Bias) 1,008 Hours 50 Devices 

ELECTROSTATIC DISCHARGE (+ and-) MIL-STD-3015.7 40 Devices 

Vcc LATCH-UP (MIN voltage, 25°C) - 10 Devices 

SYSTEM SOFT ERROR 168 Hours 2,010 Devices 
(4.5V, 0.3ms, Checkerboard/Checkerboard Complement Patterns) 

NOTE: Samples used in the EPM program are taken from five different lots at finished goods. Before being subjected 
to environmental testing, all surface-mount products are run twice through an infrared (IR) reflow furnace, 
reaching a peak temperature of 240°C. 
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Figure 4 
SAMPLE ENVIRONMENTAL PROCESS MONITOR -4 MEG DRAM 

6-4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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FAILURE RATE CALCULATION 
The failure rate during the useful life of a device is expressed 

as percent failures per thousand device hours or as FITs 
(failures in time, per billion device hours). Using Micron's 4 
Meg DRAM as an example, the failure rate is calculated as 
follows: 

Failure Rate = Pn 

Device hours x AF 

where: Pn = Poisson Statistic (at a given confidence 
level). In our example given seven device 
failure, Pn = 8.390 at 60 percent confidence 
level. 

RELIABILITY 
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Device hours = sample size multiplied by test time 
(in hours) In our example, device hours equal 
7.803 x 106 in an accelerated environment. 

AF = acceleration factor between the stress 
environment and typical use conditions. For 
the 4 Meg DRAM, the acceleration factor 
between 125°C, 6V (HTOL stress conditions) 
and 50°C, 5V (typical operating conditions) 
equals 56. (Calculation of this acceleration 
factor is described in the following section.) 

6-5 

Thus, the failure rate of the Micron 4 Meg DRAM family 
is computed as follows: 

Failure Rate = 8.390 = 19.200 X 10-9 

(7.803 X 106)(56) 

where: total device hours at test conditions = 7.803 x 106• 

Equivalent device hours at typical use conditions 
(50°C, 5V Vcc) using an acceleration factor of 
56 equals 56.(7.803 x 106) =437 X 106• 

To translate this failure rate into percent failures per 
thousand device hours, we multiply the failure rate obtained 
from the equation above by lOS: 

Failure Rate = (19.200 x 10-9) x 105 = 0.0019202% or 0.0019% 
per 1K device hours 

To state the failure rate in FITs, we multiply the failure rate 
obtained from the equation above by 10": 

Failure Rate = 19.202x 10-9) x 10' = 19.202 or 19 FITs. 

Micron Semiconductor, Inc., reserves the right to change products or.specifications without notice. 
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ACCELERATION FACTOR CALCULATION 
Again, using the 4 Meg DRAM as our example, the 

acceleration factor between high temperature operating life 
stress conditions (125°C, 6V) and typical operating 
conditions (50°C, 5V) is computed using the following 
models: 

ACCELERATION FACTOR DUE TO TEMPERATURE 
STRESS 

The acceleration factor due to temperature stress is 
computed using the Arrhenius equation, which is stated as 
follows: 

E [1 . -
k To 

AFT = e 

where: k = Boltzmann's constant, which is equal to 
8.617 x 10-5 eV /K. 

To and Ts = typical operating and stress 
temperatures, respectively, in kelvins. 

E = activation energy in eV. (For oxide defects, 
which is the most common failure mechanism 
for the 4 Meg DRAM used in our example. The 
activation energy is determined to be O.3eV.) 

Using these values, the temperature acceleration factor 
between 125°C and 50°C is computed to be 7.62. 

RELIABILITY 
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ACCELERATION FACTOR PUE TO VOLTAGE 
STRESS 

The acceleration factor due to voltage stress is computed 
using the following model: 

where: 
v 5 and v 0 = stress voltage and typical operating voltage, 

respectively, in volts 
~ = constant, the value of which was derived 

experimentally by running several sessions 
of Micron's intelligent burn-in test sequence 
at different voltages on large numbers of the 
device. (For the 4 Meg DRAM used in our 
example, g equals 2). 

Thus, the voltage acceleration factor for the 4 Meg DRAM 
between 6V (stress condition) and 5V (typical operating 
condition) is computed to be 7.39. 

Finally, the overall acceleration factor due to temperature 
and voltage stress is calculated as the product of the 
two respective acceleration factors or: 

AF overall = AFtemperature X AF voltage 

= 7.62 x 7.39 

=56 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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OUTGOING PRODUCT QUALITY 
Before being sent to our finished goods area, where 

products are prepared for shipping, a special unit within the 
quality assurance department takes a sample from each 
production lot. These samples are subjected to visual and 
electrical testing to measure the acceptable quality level 
(AQL) of all outgoing product. Test flows for new products 
that have not met required production volume and ppm 
levels are more comprehensive than for mature products. 
Over a period of time, as a product matures, the objective is 
to elimmatethose tests which devices never fail. AQL testing, 
although it is performed on only a small percentage of each 
product, is much more exhaustive. Conducted at spec 
conditions without guardband for every known timing, 
pattern and background, it is a sanity check on the production 
test flow. Its purpose is to detect subtle shifts in defect 
mechanisms which the production test flow may not catch. 

AUTOMATED DATA CAPTURE AND 
ANALYSIS 
Micron has developed a sophisticated data capture and 
analysis system with a computer networkt(lilored to the 
needs of quality IC m(lnufacturing.· Figure 5 shows the 

Electrical 
Parametic 

Values 

Raw Materials 

Visual testing for mechanical defects consists of visual 
inspection of the sample devices for any physical irregularities 
that could negatively affect device performance. If a sample 
device is found to have, for example, a bent lead, a package 
irregularity or excess solder, the entire lot is returned to our 
test area for a 100 percent visual inspection. 

Electrical testing ofthe sample devices is performed using 
automatic test equipment (ATE) systems. Testing is 
conducted at O°C, or room temperature (-25°C) and at 70°C. 
Should an electrical failure occur, a quality assurance engineer 
further evaluates the Jailing device. After completing this 
analysis, the quality assurance engineer determines which 
production monitor I test should have caught the failure, 
and the devices are retested beginning at that pointin the test 
flow. These are important steps to preserve the integrity of 
our test process. 

various functional areas that provide the input to our V AX 
data bases. 

Equipment 

Operators 

Probe Yield 
Mainframe Computer 

204 Gigabyte Hard Disk 
[

EXperimental .de. sign 
and evaluation 

• Correlation reports 
• XlR charts, P charts 
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Assembly 
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Burn-in 
Yield 

Electrical 
Yield 

• Automatic e-mail 
notification 

Figure 7 
STATISTICAL CORRELATION 
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DATA CAPTURE 
Automated, real-time data capture makes real-time 

charting (X and R charts, etc.) of all critical operations and 
processes possible and ensures that appropriate personnel 
know of any unexpected variation on a timely basis. As 
production lots move through each manufacturing step, 
detailed information (including step number, lot number, 
machine number, date/time, and operator number) is 
entered into the production data base. Automated, highly
programmable measurement systems capture a host of 
parameters associated with· equipment, on-line process 
material and environmental variables. 

STATISTICAL TECHNIQUES AND TOOLS 
By using highly flexible, on-line data extraction programs, 

system users can tap this vast data base and design their own 
correlation and trend analyses. Because we can correlate 
process variables to product performance, we can make on
line projections of the quality of our finished product for a 
given lot or process run. In addition, we can estimate the 
impact of process improvements on quality well in advance 
and can make the impact of process deviations more visible 
to our engineers. This approach allows us to model yield and 
quality parameters based on on-line parameters. We then 
use this model to predict the final product results through 
the following means: 

GROUP SUMMARIES 
Summaries, which provide the means and standard 

deviations of user-defined parametrics, enable system users 
to compare the parametric values of production lots as well 
as special engineering lots. 

TREND ANALYSIS 
Trend charts are routinely generated for critical parameters. 

System users can plot the means and ranges of any probe or 
parametric data captured throughout the manufacturing 
process. 

CORRELATION ANALYSIS 
Correlation analysis can be performed on any combination 

of factors, such as equipment, masks or electrical parameters. 
One report, regularly produced and disseminated to key 
personnel, takes two groups of lots (one with a high failure 
rate, the other with a low failure rate) and identifies all the 
pieces of equipment that are common to one or the other 
group. The report quickly alerts us to any correlation between 
a lot with a high failure rate and particular piece(s) of 
equipment in the wafer fabrication or assembly areas. 

Another regularly produced report analyzes a user-

RELIABILITY 
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selected set of database parametrics against an index, such as • 
manufacturing yield. Lots are divided into three subgroups 
(upper yielding, middle yielding andJower yielding). The I 
report then correlates the yields with all electrical parametric ! 
values taken on individual lots at wafer sort. It helps us ' 
determine which processing step may have caused the yields 
to vary among the three subgroups. 

STATISTICAL PROCESS CONTROL (SPC) CHARTS 
Micron employs SPC control charts throughout the 

company to monitor and evaluate critical process parameters, 
such as critical dimensions (CDs), oxide thickness, chemical 
vapor depositions (CVDs), particle counts, temperature and 
humidity, and many other critical process and product 
quality parameters. 

OVERLAYS OR WAFER MAPS 
Maps, which are produced for all wafers during probe, 

show various parameters as a function of position on the 
wafer and are very useful for problem isolation. Maps may 
be analyzed individually or in groups. For example, wafers 
from an entire lot maybe analyzed in relation to one particular 
parameter. 

RSfl DISCOVERlEXPLOREIMULREG 
This analysis software is used for experimental design and 

evaluation of results. The statistical approach supported by 
this software (t tests, ANOV A tables, multiregression 
analysis, etc.) has proven invaluable in reducing time 
expended for product development and trouble-shooting. It 
is also used to determine the relationships between process 
output, probe and parametric data. Using multiregression 
analysis, for example, we are able to determine the 
relationship between L effective and CD dimensions to the 
speed of a device. 

The use of automation in data capture, analysis and 
feedback greatly enhances the flexibility and speed with 
which we can view all aspects of the manufacturing process. 
This effective data analysis and feedback system helps to 
reduce parametric deviations, improve margin to 
specifications, increase manufacturing yields and provide 
more accurate fabrication output planning. 

GAUGE CAPABILITY STUDIES 
These studies are performed on both new and existing 

equipment. Gauge studies help us understand the cause of 
variation in a measurement process and determine the 
amount of variation in the system. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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1-· """'"'"'''' '" PROCESS FLOW CHART 

FABRICATION* 

Incoming 
Verification that the starting material is clean, uniform and compliant with all requirements. Each wafer receives 
an individual laser scribe for total product traceability. 

Photolithography 
Wafers are coated with a layer of light-sensitive photoresist. Specified sections of the wafer are exposed by 
projecting ultraviolet light onto the wafer through a mask The exposed photoresist hardens and becomes 
impervious to etchants. 

Etch 
The areas of the wafer not protected by the exposed photoresist are removed by either plasma (dry etch) or acid 
(wet etch). The photoresist is then cleaned ("stripped") off of the wafer, leaving a pattem in the exact design of the 
mask 

Implant 
Wafers are bombarded with positively or negatively charged dopant ions, which are implanted into the silicon. 
This process changes electrical characteristics in selective areas of the silicon. This is called" doping" and forms 
conductive regions on the wafer. 

Diffusion 
Silicon dioxide, nitrite and polysilicon layers are formed on the wafer during a l1ulnlwr of higIHI'llllwr,lltll'" 
furnace processes. The wafers are exposed to various gases which either react with the silicon, causing it to oxidil.'· 
and forman Si02 layer or react with each other, forming poly and nitrite deposits. These layers are patterned using 
photolithography and form the layers of the diodes, transistors and capacitors of the circuit. High temperature 
furnaces are also used to introduce and diffuse dopants into the wafers. 

Metal 
A thin layer of aluminum or other metal is deposited and patterned, forming interconnections between various 
regions of the die. 

Passivation 
Thefabricationprocessiscompletedbyformingafinalglasslayeronthewafer. This layer protects the circuits from 
contamination or damage through the testing and packaging process flows. 

Probe 
When the fabrication process is complete, each wafer consists of many die. Each individual die on the wafer is taken 
through a series of tests. A computer attached to a probe card tests the die and produces a "wafer map," storing 
data on each functioning (good) die. All data is collected and stored for each die. Wafer maps are used in assembly 
to ensure that only good die are packaged. 

Assembly (see next page) 

*This flow is general and based on DRAM products. 
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MIC:RON PRODUCT RELIABILITY 
1-- ,"",cm"ecw"",c PROCESS FLOW CHART 

ASSEMBLY* 
Fabrication 
Before assembly, incoming raw silicon wafers are processed through a myriad of fabrication steps. This fabrication 
process yields fully-fabricated wafers containing complete, functioning circuitry in die form. These wafers go to . 
assembly so each individual die may be separated and packaged prior to final testing. . 

Wafer Saw 
Wafers that have finished fab processing and probe are automatically mounted on a carrying film. The waferis then 
sawed using an automated, high-speed diamond blade and high-pressure water. This separates each individual die 
from the others on the wafer without disturbing the carrying film. 

Die Attach 
With automated pick-and-place equipment, the good die as specified by the probe "wafer map" are removed from 
the carrier film. Each die is attached to a leadframe with a layer of adhesive. 

Die Attach Cure 
The die-attached leadframes are cured in an oven for two and one-half hours to fully polymerize the die attach 
adhesive. 

Wire Bond 
With high-speed automated equipment,interconnections are made with gold wire the diameter of a human hair. 
These interconnections are between the aluminum circuit on the die and the lead fingers of the leadframe . 

Die Coat 
Poly inside die coat is drop-dispensed onto the wirebound die. The diecoat protects the surface of the die during 
the subsequent encapsulation step. 

Die Coat Cure 
To fully polymerize the die coat, the die-coated leadframes are cured for six hours in an oven that 
reaches 265'C. 

Mold 
A heated mold with a hydraulic press is used to transfer hot thermosetting plastic into mold cavities where the 
leadframe is placed. This encapsulation protects the die and the interconnections throughout the useful life of the 
product, 

Laser Mark 
A laser mark is scribed on the bottom side of the package. This mark is a code used to identify the assembly 
manufacturing lot. 

Deflash 
Prior to lead-finish processing, the leadframes are run through chemical baths to remove contaminants. This process 
is known as deflash. 

Post-Mold Cure 
Molded leadframes are placed in an oven for four and one-half hours at 175'C to complete the polymerization of 
the epoxy encapsulant. 

TrimIForm 
A press with a tool set is used to cut and form leads of the lead frame into specified shapes. Some packages have 
leads formed for surface-mount applications. Other packages have leads for through-hole applications. 

Lead Finish 
Each package is given a lead finish of tin/lead (solder) to ensure reliable application by the customer. 

Test (see next page) 

*This flow is general and based on DRAM products. 
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TEST* 
Assembly 
Fully fabricated silicon wafers ream assembly after each die has been probed to screen out failures. Passing chips 
are then carried through a number of steps to become individual undts in leaded packages. 

Hot Pregrade 
All testing (including speed sorting, parametric and functional testing) is conducted at 85'C; parts are tested for 
speed grade and functionality. Parametric tests are performed to detect opens, shorts, input/ output leakage, 
input/ output high and low levels and standby current. Functional tests include low and high V cc margin, V cc 
bump, speed sorting, dynamic and static refresh, long tRAS and teAS lows, and a full range of algorithms and data 
backgrounds to verify AC parameters. Specific tests and temperatures are incorporated as applicable for specific 
products. 

Marking 
Devices are marked with ink with the following information: year, special process designator, part type, package 
type and speed grade. 

Burn-in 
Micron uses its exclusive AMBYX®intelligent bum-in and test system to screen outinfantmortalities. Devices are 
dynamically burned-in, using rneckerboard/ checkerboard complement patterns in four intervals under the 
following conditions: 125'C, 7V Vcc for the first three intervals and 125'C, 6V V cc for the final intervaL Functional 
testing is performed at 85'C and back to 25'C AMBYX tests for thermal intermittent opens. Devices are also 
functionally tested at burn-in conditions (125'C, 7V) at the beginning of the burn-in cycle 10 verify that the devices • 
under test are being properly exercised. 

Cold Test 

HOT FINAL 

Micron also uses its AMBYX test system to perform functional pattern tests at ambil'nl, mid ,lIld hoi il'1Il1ll'r •• llII'!'H 
Low and high Vcc margin, dynamic (distibuted only) and static refresh, long 'RAS and.1 full rang!' of algorithltls 
and data backgrounds are performed at temperatures ranging from -lO'C to 90"C. To insure wire-bond intcgri ty, 
testing is performed while temperature are ramped from 25'C to -10'C and back to 25'C. 

Ambient Postburn 
Parametric and functional tests are conducted at 25'C. Parametric tests are performed to detect opens, shorts, and 
input/ output leakage, and to determine whether input/ output high and low levels and standby and operating 
currents are within specified limits. Functional tests include low and high Vee margin, Vee bump, speed 
verification, dynamic (distributed and disturbed) and static refresh, long tRAS and teAS lows, and a full range of 
algorithms and data backgrounds to verify AC parameters. 

Hot Final 
All testing (including speed grade verification and parametric and functional testing) is conducted at 78'C. 
Parametric tests are performed to detect opens, shorts, and input/ output leakage and to determine whether input/ 
output high and low levels, and standby and operating currents are within speCified limits. Functional tests include 
low and high Vee margin, Vce bump, speed verification, dynamic (distributed and disturbed) and static refresh, 
long tRAS and teAS lows, and a full range of algorithms and data backgrounds to verify AC parameters. 

Scanner 
Devices are optically scanned by an automated scanning machine for bent leads, incorrect splay, coplanarity 
failures and tweeze failures. Passing and failing parts are then sorted into appropriate bins. 

Visual Inspection 
All devices determined functional are visually inspected for cosmetic defects such as bent leads, poor marks, 
broken packages and poor solder. Defective products are removed and repaired, if possible. Data on the type of 
defects found is carefully recorded and used for improving the manufacturing processes in both assembly and test. 

AQL 
A quality assurance mondtoring program overseas the electrical and environmental performance of all production 
lots. New products which have not met required production volume and ppm levels are held at this stage until it 
is confirmed that electrical and environmental test results meet Micron's requirements. 

Packaging 
Devices are prepared for shipping. They may remain in tubes or they may be mechandcally placed in tape-and-reel 
packages, ready for application in automatic pick-and-place machines. Products will be either dry-packed in 
vacuum sealed bags, or placed in black antistatic bags. 

Finished Goods 
Devices are shipped through a system that maintains lot identity. 

*This flow is general and is based on DRAM and VRAM products. 

RELIABILITY 
REV. 4/94 6-11 Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 

©1994, Micron Semiconductor, Inc. 
AMBYX is a reg~tered trademark of Micron Systems Integration, Inc. 

::D m 
r 
:; 
m -r 
~ 



II 
:0 m r -» m -r 
~ 

MIC:RON PRODUCT RELIABILITY 
1-· ~""w"""noe,,,' PROCESS FLOW CHART 

RELIABILITY 
REV. 4/94 6-12 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 

©1994, Micron Semiconductor, Inc. 



lU 

I PACKAGE INFORMATION .............................. . 

I 





r ACKAGE TYPE PIN COUNT 

~LASTIC DIP .................... 18 

I 

20 

IPLASTIC ZIP ..................... 20 

IPLASTIC sOJ ............. 20/26 
I 

I 

PACKAGING 
REV. 4194 

24/26 
24/28 

28 
32 
40 
42 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

.............. 

PAGE 

7-2 
7-3 

7-4 

7-6 
7-7 
7-8 
7-9 
7-11 
7-12 
7-13 

7-1 

PACKAGE TYPE PIN COUNT PAGE 

TSOP ............................ 20/26 . ............. 7-14 
24/26 . ............. 7-15 

28 .............. 7-16 
40/44 .............. 7-17 
44/50 . ............. 7-18 

44 . ............. 7-19 

MODULE SIMM .............. 30 .............. 7-20 
72 .............. 7-23 

MODULE DIMM ............ 168 , ............. 7-32 

DRAM CARD ..•................. 88 .............. 7-40 

Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
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.291 (7.39) 

.285 (7.24) 

18-PIN PLASTIC DIP (300 mil) 

DA-1 

.873 (22.17) ---------< .. -tl 

.867 (22.02) 

L ~;==;==;==;:::::::r==r==r:::::;==:;==r=::::r==r==r=:::;:==iJ 
PIN#1INDEX 

~~--------------~ 
.145 (3.68) 
.135 (3.43) b--=:r-=,---=,---=r-;=,.-,=,.-,=--.:=---d 

--j ~ .. - .100 (2.54) TYP. 

I----- .800 (20.32) TYP. ----...-, 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

t~J f--- .008 (0.20) 
.380 (9.65) 
.330 (8.38) 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

PACKAGING 
REV. 4194 7-2 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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.291 (7.39) 

.285 (7.24) 

20-PIN PLASTIC DIP (300 mil) 
DA~2 

.973 (24.71) 

.967 (24.56) 

L ~==;==;==;==r==;:;==:r==;=::;==::::;==;==;'J 
PIN #1 INDEX 

w 
z 

.170 (4.32) :) L . .155(3.94)~ ~ 

~~2i 
1.-1 ~,ooeM'''' ~~~... ~~~ 

.062 (1.57) ;;;; 

.050 (1.27) ~ ~ 

900 (22 86) TYP 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

I ~.330 8.38 I II 310 (787) _ --\ I 

t~J f-- .008 (0.20) 

.380 (9.65) 

.330 (8.38) 

2, Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

PACKAGING 
REV. 4194 .7-3 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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---

. 
r- .050(1.27) 

~ PIN #1 INDEX 

.040 (1.07) 

.015 (0.38) 

--

20-PIN PLASTIC ZIP (350 mil) 

D8-1 

.999 25.37 

.993 (25.22) 

-- .050 (1.27) TYP. 

.950 (24.13) 

---11--
.024 (0.61) 
.016 (0.41) 

. 

f 
.293 (7.44) 
.287 (7.29) 

--.l .368 9.35 
.332 (8.43 

i 
'-- SEATING PLANE 

.014 (0.36) 

.008 (0.20) 

1 ~ 
.107 (2.72) 

~--. 

.128 (3.25) 

.106 (2.69) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 4/94 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

7-4 Micron Semiconductor, Inc., reserves the right to change products or specHlcations without notice. 
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MU::I=ION PACKAGING 
1-· "" '''''' PLASTIC ZIP 

\ ~ 

Y 
~ PIN #1 INDEX 

-

.040 (1.07) 

.015 (0.38) 

.999 (25.37) 

.993 (25.22) 

20-PIN PLASTiC ZIP (400 mil) 
DB-2 

-I 
f 

.338 (8.59) 

.332 (8.43) 

:~ .410(1 
.385(9. 

! 
0.41) 

~ 

"""" SEAliNG P LANE 

I-- .050 (1.27) TYP. 

.950 (24.13) 

.024 (0.61) 

.016 (0.41) 

.014 (0.36) 

.008'(0.20) 

1 r- .113(2.87) 
.. 107 (2.72) 

;-,,--.;-,--------,-

.128 (3.25) 

.106 (2.69) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN' . 

PACKAGING 
REV. 4194 

2. Package width and length do not include mold protrusion; allowable mold.protrusionis .O~~pet side. 

7-5 Micron Semiconductor, Inc., reserves the right to change products or specifications wittJoutf\Qtioe. 
@1994, Micron Semlconductof, Inc. 

• 
~ o 
~. 
C) 
m -z 
." o 
:EJ 
s:: 
~ . ... -o z 



• 
~ o 
~ 
C) 
m -z 
'TI o 
:IJ 
s: 
~ -o 
z 

.305 (7.75) 

.299 (7.59) 

.340 (8.64) 

.330 (8.38) 

20/26-PIN PLASTIC SOJ (300 mil) 

DC-1 

DODD 

.050 (1.27) TYP. 

'------ .800 (15.24) TYP. -------' 

.025(0.64) ~ FrHrrnF1"Rt=====n~H""Fin:=rFl 
x 30° TYP. 

-H-- .020 (0.51) 
.015 (0.38) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.275 (6.99) 

.260 (6.60) 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

.025 (0.64) 
MIN. 

PACKAGING 
REV. 4194 7-6 Micron Semiconductor, Inc., r95e1Ve5 the right to change products or specifications without notice. 
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.305 (7.75) 

.299 (7.59) 

.340 (8.54) 

.330 (8.38) 

24/26-PIN PLASTIC SOJ (300 mil) 
DC-2 

I .050 (1.27) TYP. I I-- I 
I--- .500(15.24)TYP.------I 

I I .020 (0.51) 
---II-- .015(0.38) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 4194 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

7-7 Micron Baml\:Uflduclor, Inc., reserves lhe right to change products Of specificatlonfl without notice. 
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.025 (0.64) 
X 30° TYP . 

24/28-PIN PLASTIC SOJ (400 mil) 

DC-3 

1-------- ;~;!;::i -----~·-II 

"JODDD 

.050 (1.27) TYP. 

1------- .650(16.51) ------\ 

I I .020 (0.51) 
---II- .015(0.38) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 4194 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

7-8 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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,340 (8,64) 
,330 (8,38) 

j 

,038 (0,15) 

28-PIN PLASTIC SOJ (300 mil) 

DC-8 

t------ .729(18,52) ------1 
,723 (18,36) 

DODD 

,050 (1,27) TYP 

,037 (0,94) MAX DAMBAR PROTRUSION 

SEATING PLANE -

II ,020 (0,51) 
-II- ,015 (0,38) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 4/94 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

7-9 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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28-PIN PLASTIC SOJ (400mil) 
DC-4 

ril-:---- .729 (18.52) --------1 .. 1 .723 (18.36) 1 nnDn DDDe 

.405 (10.29) 

.399 (10.13) 

.445(11.30) L 

.435 (11.05) 

.050 (1.27) TYP 

1----- .650(16.51) -----I 

SEATING PLANE -

.037 (0.94) MAX 
DAM BAR PROTRUSION 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.380 (9.65) 

.360 (9.27) .030 (0.76) 
MIN 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

PACKAGING 
REV. 4194 7-10 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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32-PIN PLASTIC SOJ (400 mil) 

DC-5 

.823 (20.90) 
f------ .829 (21.06) ____ ...... -11 

.050 (1.27) TYP 

1----- .750 (19.05) TYP -----l 

SEATING PLANE-

.037 (0.94) MAX 
DAM BAR PROTRUSION 

.380 (9.65) 

.360 (9.14) .030 (0.76) 
MIN 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV.4J94 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

7-11 Micron Sem~nductor, Inc., reserves the right to change products or specifications without notice. 
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40-PIN PLASTIC SOJ (400 mil) 

DC-6 

1-------- ~~~; !~~:~:l -------.. -11 

t 
.405 (10.29) 
.399(10.13) 

.445(11.30) L 

.435(11.05) 

PIN #1 INDEX 
.050 (1.27) TYP. 

1-_----- .950 (24.13) -----_"" 

.025(0.64) L~. . .032(0.81) . X 3D' TYP. .026(0.66) , 
SEATING PLANE --- ~ ~ 

037 (0 94) MAX .020 0.51 
DAM BAR PROTRUSION -----ll---- .015 0.38 

NOTE: 1. All dimensions in inches (millimeters) MAX ortypical where noted. 
MIN 

.150 (3.81) .105(2.67) 

.138(3.51) ~Or90_(_2._29_) __ --, 

I I t~,,",±t 
.360 (9.14) .025 (0.64) 

MIN. 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

PACKAGING 
REV. 4194 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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.445 (11.30) 

.435 (11.05) 

PIN #1 INDEX 

[ 025(064) 
X 30G TYP 

42-PIN PLASTIC SOJ (400 mil) 
DC-7 

t---------- ~:~;;~~~:~~ ----------1 .. ~1 

-:j)::- I 
t-------- 1.000(25.40) ----------I .. ~. 

.148 (3.76) 

.138 (3.51) 

~ 
!.ATING PLANE -- ~ h 

. 7 (0.94) MAX -----ll~ .020 0.51 
DAMBAR PROTRUSION .015 0.38 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
~EV.4194 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

7-13 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notioe. 
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PIN #1 INDEX 
(RG PACKAGE ONLY) 

o 

20/26-PIN PLASTIC TSOP (300 mil) 
DD-1 

.677 (17.20) 

.673 (17.10) 
-I - .037 (0.95) 

1 
.367 (9.32) 
.359 (9.12) 

.302 (7.67) 

.298 (7.57) 

SEE DETAIL A 

mO~~~ __ ~~~. ___ ! 
PIN #1 INDEX I I 

(TG PACKAGE ONLY) - -
.050 (1.27) 

TYP. 
.020 (0.50) 
.012 (0.30) 

t k::::~I·o04 (0.10) 1 

_11_ .007 (0.18) 
.005 (0.12) 

t .01 0 (0.25) t 

1 .047 (1.20) 
MAX. SEATING PLANE 

_1-

1
:1:0) 

t 
.008 (0.20) 
.002 (0.05) 

DETAIL A 

---= .016 (DAD) 

.032 (0.80) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 4/94 

2. Package width and length do not include mold protrusion;. allowable mold protrusion is .01" per side. 

7-14 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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. MIC:RON PACKAGING 
. 1-· m,,,o",cc<o,,", PLASTIC TSOP 

'1 :-------------------------------------------------------------------------------
24/26-PIN PLASTIC TSOP (300 mil) 

DD-2 

_--- .677(17.20) ___ ~~1 
PIN #1 INDEX I' .673 (17.10) 

(RG PACKAGE ONLY) 

SEE DETAIL A 

-I - .037 (0.95) 

r 

PIN #1 INDEX 
(TG PACKAGE ONLY) 

o 
.367 (9.32) 
.359 (9.12) 

.302 (7.67) 

.298 (7.57) 

m°"""TT'""TT'""T"T""""T"T"""1"T"---r,......,....-n-n--rT""'T'T'-~ 

.050 (1.27) 
TYP. 

.020 (0.50) 

.012 (0.30) 

t 101·004 (0.10) 1 

.047 (1.20) 

_11_ .007 (0.18) 
.005 (0.12) 

+ 

1.010 (0.25) I 
+ 

MAX. 
SEATING PLANE ~~-------+--P--.J 

.008 ;0.20) I :r:O) 

.002 (0.05) -----==: .016 (0040) 

DETAIL A .032 (0.80) 

~OTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

ACKAGING 
,EV.4/94 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

7-15 Micron Semiconductor, Inc., reserves the right to change products or specWications without nolfce. 
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PIN #1 INDEX 

28-PIN PLASTIC TSOP(300 mil) 
DD-3 

_--- .727 (18.46) ___ _ 

.723 (18.36) '1_ .03710.95\ 

-~ 
~L.J.....J..J...~~_ r 

1 .340 (8.64) 
.330 (8.38) 

.305 (7.75) 

.299 (7.59) 

~~~~~~~~--j 
-11-
.050 (1.27) 

TYP. 
.020 (0.50) 
.012 (0.30) 

14 

tlnnnnnnnnnnnnnM 
4 101.004(0.10)1 

.047 (1.20) ---.J 
MAX. 

SEE DETAIL A 

-11- .007(0.18) 
.005 (0.12) 

1.010 (0.25) I 
I GAGE PLANE 

1-+----'--
SEATING PLANE -.------+-+'"-1 

.008 (0.20) J --t -

.002 (0.05) .024 (0.60) 
- .016 (0.40) 

DETAIL A .032 (0.80) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 4/94 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

7-16 Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC:RON PACKAGING 
1-· "",weoo"o"", PLASTIC TSOP 

1 
~---------------------------------------------------------------------------------

40/44-PIN PLASTIC TSOP (400 mil) 
00-5 

, PIN #1 INDEX 
i (RG PACKAGE ONLY) 
! 

______ .727(18.46) _____ ~I 
.723 (18.36) 

° 
.032 (0.81) 

1 .467 t.86) 
.459 (11.66) 

.402 (10.21) 

.398 (10.11) 

J'rrrrrr0 TTTTTTTTTTTTTT"~TTTTTTT""'_J 
PIN #1 INDEX -11-

(TG PACKAGE ONLY) .0315 (0.80) 
TYP. 

-11-
.018 (0.45) 
.010 (0.25) 

€ill 0 0 0 0 0 0 0 tLr---1 F1Jj I1tI tL1lMJJ d 
t 1£:::::,1·004 (o.loll 

__ / SEE DETAIL A 

/ , 

_11_ .007(0.18) 
.005 (0.12) 

I .047 (1.20) 
MAX. SEATING PLANE ::;-j::::-:----+--f-'-.....J

I
--j _ 

.008 (0.20) .024 (0.60) 

.002 (0.05) ---=: .016 (0.40) 

DETAIL A .032 (0.80) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

GAGE PLANE 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side: 

PACKAGING 
REV. 4194 7·17 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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44/50-PIN PLASTIC TSOP (400 mil) 

DD-6 

PIN #1 INDEX 
(RG PACKAGE ONLY) 

_----- .827 (21.01) _____ 1 
.823 (20.91) 

° 

- .035 (0.88) 

t .467 L86) I .459 (11.66) 
.402 (10.21) 
.398 (10.11) 

An-n-n0 ~~~_l 
PIN #1 INDEX -I 1-

(TG PACKAGE ONLY) .0315 (0.80) 
TYP 

-11-
.018 (0.45) 
.010 (0.25) 

bJ;lQQQQgQ(JQt;Jf3 
t /0/.004 (0.10) / 

__ / SEE DETAIL A 

I , 

1 

-11- .007 (0.18) 
.005 (0.12) 

1.010 (0.25) 1 

1 .047 (1.20) 
MAX 

_1_ 
SEATING PLANE -.---Hf-'--' 

.008;0.20) I :rsO) 

.002 (0.05) ...-::::: .016 (0.40) 

.032 (0.80) 

DETAIL A 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 4194 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

7-18 Micron Semlconduclor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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i MIC:RON PACKAGING 
1-· ~""w""cw""' PLASTIC TSOP 

44-PIN PLASTIC TSOP (400 mil) 
DD-7 

PIN #1 INDEX 
(RG PACKAGE ONLY) 

_--- .727 (18.46) ____ I 
.723 (18.36) 

° 
- .032 (0.81) 

1 .467 t.86) 
.459 (11.66) 

.402 (10.21) 

.398 (10.11) 

""""°rrrrrrTnTl"T'TTTT'l"rrrrrrTnTl"T'TTTT'l"'ITTTTTTT"'_1 

PIN #1 INDEX -11-
(TG PACKAGE ONLY) .0315 (0.80) 

TYP. 

-11-
.018 (0.45) 
.010 (0.25) 

hoD 0 lJ.JJ tJ Q tj 0 QJj cDJ tJ t] g g tLtl 0 Q 0 H 
IQI004 (0.10) 1 

__ / SEE DETAIL A 

I , 

_11_ .007(0.18) 
.005 (0.12) 

j .047 (1.20) 
MAX. SEATING PLANE :::;-~~--t-I-'--~ 

.008)0.20) I 02410.60) 

.002 (0.05) ---=: .016 (0.40) 

DETAIL A .032 (0.80) 

IOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

GAGE PLANE 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

\CKAGING 
:V.4194 7-19 Micron Semiconductor, Inc., reserves the righllo change products or specifications without noliee-. 
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30-PIN MODULE SIMM 
DE-1 

3.510 (89.15) 1 

1 

3.490 (88.65) _, _ .133 (3.37) 

125 (~~) ~ . ;.-Y-P. __ --;-_ 

,"",.",! bO ~;~I~~~OM"I'lMMM""M e-I--,---~~(10.16) --,--:~~gil~:;~~ 
t _ 1_ "- PIN 1 _11_ _11_ t 

.080 (2.03) .100 (2.54) 
TYP . 

.070 (1.78) 
TYP. 

30-PIN MODULE SIMM 
DE-2 

3.510 (89.15) 1 

I' 3.490 (88.65) _ _ .133 (3.37) 

. 125 (~~~) ~ ! _\lTY __ P. __ --._ 

=.~,! bO ~~;lQ~~~MO~M~ el--,---;.~~(10.16)--'--T 
t_l_ "-PIN1 _11_ _11_ t 

.080 (2.03) .100 (2.54) 
TYP. 

.070 (1.78) 
TYP. 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

.054 (1.37) 

.047(1.19) 

.200 (5.08) 
MAX . 

I~I 

II 
.054 (1.37) 
.047 (1.19) 

PACKAGING 
REV. 4194 7-20 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 

©1994, Micron Semiconductor, Inc. 
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I 
30-PIN MODULE SIMM 

DE-3 

3.510(89.15) I I 3.490 (88.65) _I' _ :;$~(3.37) .200 (5.08) 
MAX. 

I .125(~~4· oOaJDDDJD ~_I_I • 
-- .400 (10.16) ! 

. 250(6.35) ___ ~~~~~1"11"11"1 _T.....,yp_. ___ -'-_ l 
1_1_ \..PIN1 _11_ _11_ t 

.080 (2.03) .100 (2.54) 
TYP. 

.070 (1.78) 
TYP. 

30-PIN MODULE SIMM 

DE-4 

3.510 (89.15) I I 3.490 (88.65) _, _ :;$~(3.37) 

.125(~~~)4 O[JJJ]DllJ II j. r j 0 . G)- - .810(20.57) 

.250 (6.35) === _ I"1I"1Cl~~ ~ _¢V.O~_(1_0._16_) _.7_90-,(1_
0
._
07

) 

1 1_ \..PIN1 _11_ _11_ t 
.080 (2.03) .100 (2.54) 

TYP. 
.070 (1.78) 

TYP. 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.054 (1.37) 

.047 (1.19) 

.200 (5.08) 
MAX. 

I 
.054 (1.37) 
.047 (1.19) 

:;IACKAGING 
=tEV.4/94 7-21 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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30-PIN MODULE SIMM 
DE-5 

_______ 3.510(89.15) _____ _ 

I 3.490 (88.65) I _I - .133 (3.37) 

:,:40-CJ-:~-:::J~-i"II"J!"J!"Ji"II-',)!"J!"J!"J!"J!"J~~M cb-I--;--~:·'·--,----T 
l~ 1_ ~PJN1 ~II_ ~II_ t 

.080 (2.03) .100 (2.54) 
TYP. 

.070 (1.78) 
TYP. 

30-PIN MODULE SIMM 

DE-6 

~ I 3.510 (89.15) I rJIr 3490 (88 65) 

C') -I - .133 (3.37) 

~ :~~~ [Jl:J[;n~mMM cbl--;--~~''''--,----T 
~ l~ 1_ ~PJN1 ~II_ ~II_ t 
, .080 (2.03) .100 (2.54) .070 (1.78) 
;::::. TYP. TYP. 

~ -o z 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

I-I 

l 
.054 (1.37) 
.047 (1.19) 

.200 (5.08) 
MAX. 

I-I 

m-.054 (1.37) 
.047 (1.19) 

PACKAGING 
REV. 4/94 7-22 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolle< 
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, 
-------------------------------------------------------------------------

72-PIN MODULE SIMM 
DE-7 

I~----------- :~~g gg~:~gl _I 1- ;;~(338) 

125(~~~) i----oOO-OO-O-OO--+--;O I ~ 
_ 0 0 0 0 0 0 . 0 0 e· .-L .400TY/l1pO .. 1:~0 (j25.15) 

.250 (6.35)L _ 

_ 1_ ~ 1.75 (44.45) TYp.-I-1 

. 080 (2.03) ~ 1 .250 (6.35) 

-II~ -II~ 
.050(1.27) 

TYP. 
.040 (1.02) 

TYP. 

~--------3.75 (95.25)----------------1 

72-PIN MODULE SIMM 
DE-8 

.235 (5.97) 
MIN . 

:~:gg~~gl---------_-I-I- .133(3.38) 
TYP. 

'~~~~hoqpgp .. "wpqql ~~~It 
--=-I_t1.75(44.45)TYP.-I-1 -II~ -II~ 

. 080 (2.03) PIN 1 .250 (6.35) .050 (1.27) .040 (1.02) 
TYP. TYP. 

1--------'---3.75 (95.25) ---'---'-'-----1 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.235 (5.97) 
MIN . 

.200 (5.08) 
MAX. 

! 
.054 (1.37) 
.047 (1.19) 

.350 (8.98) 
MAX. 

I 
.054 (1.37) 
.047 (1.19) 

PACKAGING 
REV. 4/94 7-23 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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72-PIN MODULE SIMM 
DE-9 

4.260 (108.20) I I 4.240 (107.70) _I - ;!;~(3.38) 
.200 (5.08) 

MAX. 

"25(~~~)_ oDDDDDDDDDD1_, ~ 
.250(6.35) ! . . . .. ... .... . . ... ......... . ........ .... .. ..... .... 40*,,:~or'5) i 

-=-I_t 1.75(4445)TYP-I-1 

. 080 (2.03) PIN 1 .250 (6.35) 

-11- -11-

.050 (1.27) 
TYP. 

.040 (1.02) 
TYP. 

1--------3.75(95.25)--------1 

72-PIN MODULE SIMM 

DE-1O 

.235 (5.97) 
MIN . 

.054 (1.37) 

.047 (1.19) 

4.260 (108.20) I .350 (8.98) 

I 4240 (107.70) _I - ;$~(3.38) 1"::'1 

.125(3.18) DDDDDDDDDD I I a TYP. 1.010 (25.65) o <:B .990 (25.15) 

~·"'I JI_~'~'#~·IT.~I_O_( ~II_' ~il- . +~'" I .. ",t·"I I'¢"' 
.080 (2.03) PIN 1 .250 (6.35) .050 (1.27) .040 (1.02) .054 (1.37) 

TYP. TYP. .047 (1.19) 

1--------3.75(95.25)--------1 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 4194 7-24 Micron Semiconductor, Inc., reserves the right to change products or specifications without notlC1 
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I 
:'1 

-j----------------------------------------------------------------------------

72-PIN MODULE SIMM 
DE-11 

1:~~ i:g~:~gl------------------~I _I _.133(3.38) 
TYP. 

r---------------------------------------------~~---------~ 

DDDDDDDD 1_360(34.54) 
.125 (3.18) 1.340 (34.04) 

TYP. ___ 0 0 0 0 0 0 0 0 0 8:)- 1.- .400 (;0.16) 

.250 (6.35) I .. -......... ljP. 

--= -1-t L75(44.45)TYP·-I~1 
. 080 (2.03) PIN 1 .250 (6.35) 

~II- ~II-
.050 (1.27) 

TYP. 
.040 (1.02) 

TYP. 

----------------- 3.75 (95.25) ------------------1 

72-PIN MODULE SIMM 

DE-12 

.235 (5.97) 
MIN . 

4.240 (107.70) I 
4.260 (108.20) I 

--------, 

OOODDO rr=--=!ODDorr=--=! 1.200(30.48) ~ L-......J 1.180(29.97) 

125 (~~ 0 0 0 0 0 0 8:) __ I 

.250 (6.35) ! . .. ................. . ....... .... ..... . . . . .. .... .......... ..... 1 400 ~~ 16) 

-=-I_tl.75(44.45)TYP.-I~1 ~II- ~II- -LII_ 

.080 (2.03) PIN 1 .250 (6.35) .050 (1.27) .040 (1.02) .133 (3.38) 
TYP. TYP. TYP. 

------------------ 3.75 (95.25) ------------------1 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.350 (8.98) 
MAX. 

.054 (1.37) 

.047 (1.19) 

.200 (5.08) 
MAX. 

1--1 

.054 (1.37) 

.047(1.19) 

PACKAGING 
"lEV. 4194 7-25 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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72-PIN MODULE SIMM 
DE-13 

4.240 (107.70) I 
4.260 (108.20) I 

-----,--

DDDDDD rr=---=lDDDDrr=---=l 1.200(30.48) L-......J L-......J 1.180(29.97) 

125(~~ 0 0 0 0 0 0 8)- _ • 

. 250 (6.35) I ... ...... .......... ....... ..................... 1 4°~1~·16) 

0:J;~~75(4445)TYp---:l:;L =IJ: :I(l: ~U:, 
TYP. TYP. TYP. 

---------3.75(95.25)---------~1 

72-PIN MODULE SIMM 
DE-14 

----------- g~gggggl----------1 
_I - .133 (3.38) 

TYP. 

DODD 
.125(3.18) DDDDDDDD ~ 

TYP. __ 0 0 0 0 0 0 0 0 0 8)-1-'-1 -.-40-0("--;0.16) 

.250 (6.35)_1_ _ .... .. .. .. .. .. .. . . .. .. .. .. .. .. .. .. • .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. . T't 
_1_t 1.75(44.45)TYP.-I-1 

.080 (2.03) PIN 1 .250 (6.35) 

~II- ~II-
.050 (1.27) 

TYP. 
.040 (1.02) 

TYP. 

---------3.75 (95.25) ---------1 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.235 (5.97) 
MIN. 

.350 (8.89) 
MAX 

I-I 

.054 (1.37) 

.047 (1.19) 

.200 (5.08) 
MAX. 

I-I 

.054 (1.37) 

.047 (1.19) 

PACKAGING 
REV, 4/94 7-26 Micron Semiconductor, Inc., reserves the right to change products or specifications without notl~ 
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!------
72-PIN MODULE SIMM 

DE-15 

:~~~g~~:~~l----------I _I _.133(3.38) 
TYP. 

r--~~~~~~~~~~-~~~~~~~~~~~~-----~ 

DODD 
.125(3.18) DDDDDDDD _~) -, __ ----.-_ 1.340 (34.04) 

TYP. __ 0 o. 0 0 0 o· 0 0 0 0- 1.- .400(\0.16) 

.250 (6.35) ! _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~P. 

--= -1_ t1.75 (44.45)TYP·-I-1 

. 080 (2.03) PIN 1 .250 (6.35) 
-11- -11-
.050 (1.27) 

TYP. 
.040 (1.02) 

TYP. 

.235 (5.97) 
MIN . 

---------3.75(95.25)----------1 

72-PIN MODULE SIMM 
DE-16 

:~:g~~~~l----------I _I - .133 (3.38) 
TYP. 

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

DD DDDDDDDD 1.460(37.08) 

125 (~~) 0 0_1---;----;- 1.440 (36.58) 

__ 0 0 0 0 0 0 0 _ 1.- .400(\0.16) 
.250 (6.35)_1_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ T\P. 

- 1- t 1.75 (44.45)TYP.-I-1 

.080 (2.03) PIN 1 .250 (6.35) 
-11- -11-
.050 (1.27) 

TYP". 
.040 (1.02) 

TYP. 

---------3.75 (95.25) ---------1 

~OTE: 1_ All dimensions in inches (millimeters)MAX or typical where noted_ 
MIN 

.235 (5.97) 
MIN. 

.350 (8.89) 
MAX. 

1--1 

.054 (1.37) 

.047 (1.19) 

.350 (8.89) 
MAX. 

1--1 

.054 (1.37) 

.047 (1.19) 

'ACKAGING 
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72-PIN MODULE SIMM 

DE-17 

::~~gg~~l---------I 
_\ _ .133 (3.38) 

TYP . 

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

DD 
1.460 (37.08) 
1.440 (36.58) 125(~~~) oDDDDDDDD<B-

__ 0 0 0 0 0 0 0 0 --;-1--.40-0"'(~O.16) 
.250 (6.35)_1 __ 1 ... .... ..... . ... ..... . .... ... . . - - 7 

.0:(21; ~ ~75 (44.45) TYP ----:l:;1) ::1«(: :1«(: .2~f~·97) 
TYP. TYP. 

--------- 3.75(95.25) ---------1 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.200 (5.08) 
MAX. 

I-I 

.054 (1.37) 

.047(1.19) 

PACKAGING 
REV. 4/94 7-28 Micron Semiconductor, Inc., reserves the right to change products or specifications without notloe. 
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72-PIN MODULE SIMM 

DE-18 

FRONT VIEW 

:~~gg~~gl---------I _I - .133(3.38) 
TYP. 

"::'-1 opqqpqppql~ -4+ 
-----=:-I- t 1.75 (44.45) Typ.-I-I 

. 080 (2.03) PIN 1 .250 (6.35) 
-11- -11-
.050 (1.27) 

TYP. 
.040 (1.02) 

TYP. 
--------3.75(95.25)--------1 

BACK VIEW 

IOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.235 (5.97) 
MIN . 

.350 (8.98) 
MAX. 

I-I 

I 
.054 (1.37) 
.047 (1.19) 

,CKAGING 
:V.4J94 7-29 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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72-PIN MODULE SIMM 
DE-19 

FRONT VIEW 

g:gg~~:~~l----------I _I _.133(3.38) 
TYP . 

. 125(~~~~ DDDDDDDD I ~ 
_ 0 0 0 0 0 0 0 (8. J.- .400TY(~PO"1:~0(125'15) 

.250 (6.35) I I 

.125 (3.18) 
TYP. 

-= -1_ ~ 1 ~5'(4445) ~~'; ~II_IIIIIII' _II~' ~II_'" 23~i~.97) t 

080 (2 03) PIN 1 250 (6 35) 050 (1 27) 040 (1 02) 
TYP. TYP. 

---------3.75(95.25)--------~~1 

72-PIN TSOP MODULE SIMM 

DE-20 

!:~~ g~~:~~l---------_-I-I_ .133 (3.38) 
TYP. 

I 

1 
1.005 25 
.955 (25. 
~ 

27) ,~;o~OPD DDDDl J.- .400 (10.16) j TYP . 'Tn'!' ' , "TlTI TlTI t 
. 250 (6.35 

-- -I ~ 1.75 (44.45) TYP. I-I -11- -lI- t 
.235 (5.97) 

.0;(2.; ~ PIN1 
MIN . 

.250 (6.35) .050 (1.27) . 040 (1.02) 
TYP. TYP. 

3.75 (95.25) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted, 
MIN 

.200 (5.08) 
MAX. 

i 
.054 (1.37) 
.047 (1.19) 

.150 (3.81) 
MAX. 

-II-

I 
.054 (1.37) 
.047 (1.19) 

PACKAGING 
REV. 4194 7-30 Micron Semiconductor, Inc., reserves the right to change products or specifications Without notl~ 
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~ !--------------
72-PIN MODULE SIMM 

DE-21 

I 
4.620 (117.35) I 

I 4.600 (116.84) ~ ('.89) ~. 

: !O [~~ ~~] [~~ ~~] [~~ ~~] [~~ ~~] [~~ ~~][~~ ~~] n 
i I [~~ ~~] [~~ ~~] [~~ ~~] [~~ ~~] [~~ ~~] [~~ ~~] ~ 

.500(12.70) ~1° [~~ ~~][~~ ~~][~~ ~~][~~ ~~][~~ ~~] aa O~4L016)TYP L m I 
.250 (6.35) rrrnmrmrmmllllllTI11li"ll'l'lITl'LI'l l'l'JITl'TIlLlll'l1l'l .125 (3.1') =---t 

-'----j ---'-f I \ 11.050 (1.27)TYP -I~02)TYP -1 -1 J~ 
~ ~ .133(3.38)TYP .054 1.3 

.080(2.03) _ PIN1 - .047{I.t9) 

----4.250(107.95)----

"OTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

'ACKAGING 
lEV. 4194 7-31 Micron Semiconductor, Inc., reserves the righllo change products or specifications without nolice. 
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.079 (2.00) A'-........ 
(2J<) "-.. 

.125 (3.18) 

(2X) I 

168-PIN TSOP MODULE DIMM 
DE-22 

FRONT VIEW 

----------------;:~~;g;;::~l----------------

4.550(115.57) 

BACK VIEW 

.350(8.89) 
MAX. -w-
I 
.054 (1.37) 
.046(1.17) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
RE'I.4194 7-32 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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168-PIN MODULE DIMM 

DE-23 

FRONT VIEW 

------------------;:~g~::~J------------------

'"'~I DODD D DODD 
I .133 (3.38) TYP. (±) 0 

! ---t 1.005(25.43) 

.700 (11.78) 955 (125.27) 

T 
'=1 - '( -11- -11- ~ 

.133 (3.38) .044 (1.12) R .040 (1.02) .050 (1.27) PIN 84 
TYP. TYP. TYP. 

4.550 (115.57) 

BACK VIEW 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.160(4.06) 
MAX. 

-11-

-~~ 
.054 (1.37) 
,046(1.17) 

PACKAGING 
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NOTE: 

PACKAGING 
REV. 4194 

168-PIN MODULE DIMM 

DE-24 

FRONT VIEW 

------------------;:~~;t~~:~~J------------------

DODD D DODD 
~ 0 

I ---r 1.005(25.43) 

.700 (17.78) .955 (125.27) 

TYP. 

I 
.133 (3.38) 

TYP. 

~ -11-
.044 (1.12) R .040(1.02) .050 (1.27) 

TYP. 
~PIN84 

TYP. 

4.550 (115 57) 

BACK VIEW 

~PIN168 ~PIN85 

1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.350 (8.89) 
MAX. 

.054 (1.37) 

.046(1.17) 

7-34 Micron Semiconductor, Inc" r9seN9S the right to change products or specifications without notice. 
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I 
168-PIN MODULE DIMM 

DE-25 

FRONT VIEW 

--------------------;:~;;~~::~~~--------------------

.079 (2.00) R 

'"~~IDDDD D DODD 
.133 (3.38) TVP.. (B 0 

1 --t 1.005(25.43) 

.700 (17.78) .955 (j25.27) 

TVP. 

j 

~I - ~ -11- -11- ~ 
.133 (3.38) .062 (1.57) R .040 (1.02) .050 (1.27) PIN 84 

TYP. TYP. TYP. 

4.550 (115.57) 

BACK VIEW 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.160 (4.06) 
MAX. 

.054(1.37) 

.046(1.17) 

PACKAGING 
REV. 4194 
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168-PIN MODULE DIMM 
DE-26 

FRONT VIEW 

-------------;:~;;n;;:~l------------- .350 (8.89) 
MAX. 

,~:::e I 0 DDDDDDDDDDDDDc -+. + 

NOTE: 

PACKAGING 
REV. 4/94 

t:L; ~oJ~~3~)hp \. .044(1.12)R :I{l: :aIJ:; ~ PIN 84 

TYP. TYP. TYP. 

4.550 (115.57) 

BACK VIEW 

1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.054 (1.37) 

.046 (1.17) 

7-36 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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,---------------------------------------------------------------------

1GB-PIN MODULE DIMM 

DE-27 

FRONT VIEW 1------------------ ;:~~f~::~~} ----------

079(2~J~~ DDD DDD----'-' 
'"'~ I DDD D DDD -.7oo-1:7BI 1~~5!\lk~52~) 

.133 (3.3B) TYP. ® 0 _--'.1 __ ,-

t d (33BI :IL~ :alh~ ~ PIN 84 
TYP. TYP. TYP. 

4.550 (115.57) 

BACK VIEW 

DDD DDD 
DDDDDDc:J o 0 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.150(3.81) 
MAX. 

.054 (1.37) 

.046 (1.17) 

PACKAGING' 
REV. 4194 7-37 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 

©1994, Micron Semiconductor, Inc. 

• ;g 
o 
~ 
C) 
m -Z 
-n o 
lJ 
s: 
!t -o z 



• 
~ o 

~ 
m -z 
." 
o 
:a 
i: 
!f -o 
z 

168-PIN MODULE DIMM 

DE-28 

FRONT VIEW 

- 5.245 (133.22) I~------ 5.255(133.48) I .350 (8.89) 
MAX. 

-----,---
.079 (2.00) R~ 1 

,~~~I lDDDDDDDDDDDDDo 1~T 

NOTE: 

PACKAGING 
REV. 4194 

~l _ \ 250l;;;Lp ~ -11- -11- ~ 
.133(3.38) \:: PIN1 .044(1.12)R .040(1.02) .050(1.27) PIN 84 

TYP. TYP. TYP. 

4.550 (115.57) 

BACK VIEW 

1. All dimensions in inches (millimeters) MAX or typical whe~e noted. 
MIN 

.054 (1.37) 

.046(1.17) 

7-38 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994,MicronSemiconductor, Inc. 

I 



I 
1GB-PIN MODULE DIMM 

DE-29 

FRONT VIEW 

;:~;~g~~:~~J----------1 

-------.---

DDD DDD I ,."~ j DDD D DDD -'7-o"r,.-(l;78) 1~5';;'\j~~52~) 
.133 (3.38) TYP. (±) 0 _--,-1 __ ,-

I ~(3; 'C 044 (112)R :1([: :01(1,: ~ PIN 84 

TYP. TYP. TYP. 

4.550 (115.57) 

BACK VIEW 

DDD DDD 
DDD DDDe:: o 0 

~PIN168 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.150(3.81) 
MAX. 

.054 (1.37) 

.046 (1.17) 

PACKAGING 
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.067 (1.70) 

.065 (1.65) 

SS-PIN DRAM CARD 

DF-1 

, 
... ____ 2.132(54.15) _____ , 

2.128 (54.05) 

.138 (3.51) 

.122 (3.10) 

~ 

3.370 (85.60) 
3.368 (85.55) 

~~l ================r-Y,[---.t -t ::~~ ~~~:~~l U------'-
...... 11 __ .040 (1.02) _I 1 __ .134 (3.40) 

.038 (0.97) .126 (3.20) 

t 45, ,.. + 
~~~~~~~~~~~~~~~J-=.~.067(1.70) +:' J' ~ '-44 + .065 (1.65) 

.03937 (1.0) TYP. 

1----- 1.12 (43.50) ----I-~I 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
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,----------------------------------------------------------------------

I" 

88-PIN REDUCED-LENGTH DRAM CARD 

DF-2 

2.132 (54.15) 
2.128 (54.05) 

h l r [ ~415 (10.54) 

U'-l.:============-f~.lt.413 (10.49) 

II .040 (1.02) 
-- ...... 038 (0.97) 

I 45'\... ./88 1 
.037 (0.94) ~'M:::~'~~~~~~~~~~~'3T' .067 (1.70) 
.033 (0.84) t ,/ '.~ ,: t .065 (1.65) 

.03937 (1.0) TYP. 

.. 1.12 (43.50) ------I .. ~I 

.138 (3.51) 

.122 (3.10) 

~ 

J 
~ 

.134 (3.40) 

.126 (3.20) 

2.005 (50.93) 
1.995 (50.67) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
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.037 (0.94) 

.033 (0.84) 

88-PIN DRAM CARD 
DF-3 

1 ..... ---- 2.132 (54.15) ----'1 
2.128 (54.05) 

.138 (3.51) 

.122 (3.10) -

3.370 (85.60) 
3.368 (85.55) 

]l r[-l~ 
1l:===========~---.1.413 (10.49) __ 11_ .040 (1.02) __ I 

.038 (0.97) 
1 
__ .134 (3.40) 

.126 (3.20) 

.-, /M t 
~~~~~~~~~~~~~~s='=I.OO7(1.70) T 1 ;' I~ '44 + .065 (1.65) 

.03937 (1.0) TYP . 

1-----1.12 (43.50) ---I 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
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.067 (1.70) 

.065 (1.65) 

88-PIN REDUCED-LENGTH DRAM CARD 
DF-4 

2.132 (54.15) 
2.128 (54.05) 

]1 [ ·415 (10.54) 

J...::===========~?-lt.413 (10.49) 

II .040 (1.02) 
-- -- .038 (0.97) 

l~~ ~ , 

='~='~~~~~~~~~~~(:':::S====I' .067 (1.70) 
~/ I.~ ,: •. 065 (1.65) 

.03937 (1.0) TYP. 

of 1.12 (43.50) -----<~I 

.138 (3.51) 

.122 (3.10) --

u 
~ 

.134 (3.40) 

.126 (3.20) 

2.005 (50.93) 
1.995 (50.67) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
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I 
1----____________________________________________ -----------------------------------

CUSTOMER 
ISERVICE NOTE 
1 INTRODUCTION 

Micron Semiconductor, Inc., has implemented standard 
! bar coding labels that will accompany all shipments. These 
I labels conform to EIA Standard 556. 
I Samples and tape-and-reel boxes will have their own 
individual barcode labels (see CSN-D2). The bar code labels 

I will allow customers to scan individual Micron containers 
I for quick order verification. Figure 1 shows an example of 
i the standard bar coding label. 

: BAR CODE INFORMATION 
The information provided on the label is: 
(S) - Serial: Individual box serial number 

(5) SERIf'L: ffl!12345 

1II1II 
(13Q) SPEClf'L: 

I1II 
(Q) CLft.ITITY· 

IIIIIIII 

STANDARD SHIPPING 
BAR CODE LABELS 

(13Q) - Special: Individual box number and total 
number of boxes in the shipment 
(example: 2 of 10) 

(Q) - Quantity: Total quantity of parts in the box 
(K) - Trans ID: Customer purchase order number 
(P) - Customer Product ID: Customer part number 

If a customer part number is not designated, 
the Micron part number will be printed. 

ADDITIONAL SALES INFORMATION 
Ship-to-Name: Customer's name and ship-to address 

Ship-From-Name: Micron name and address 

X(fY 

Lot Date Code: Indicates date of oldest lot in the box 

SHIP_TOJR-E 
AODRESS 
CITY. ST 
ZIPCOCE 

MICRO-! 
2805 E O1.lHHA 
BOISE. IDfHl 
83706-9698 

LOT DATE ctDE 
9015 

Figure 1 
STANDARD BAR CODE LABEL 

CSN-Ol 
REV. 4/94 8-1 Micron Semiconductor, tnc" reserves the right to change products or speCifications without notice. 
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CUSTOMER 
SERVICE NOTE 
INTRODUCTION 

Micron Semiconductor, Inc., provides a standard bar 
code label on each individual sample and tape-and-reel 
box. The standard bar code label allows scanning of Micron 
shipping containers at a receiving dock for quick order 
verification. 

Figure 1 shows an example of the standard bar code label. 

09300298053 

I 
REEL 

(;lTV: 500 9314 

, 
TAPE-AND-REEUSAMPLE I 

BAR CODE LABELS 

BAR CODE INFORMATION 
The information provided on the label is: 

Labell: Individual box number (in a multibox shipment) 
Actual box number printed 
Micron part number / speed/ customer code 
Part type/ rev / quantity / date code of oldest lot' 

AQ 

IIII~II~I ~II~IIII 
OUS 1US 

Figure 1 
LABEL 1 

'Indicates that more than one date code is contained on the reel. 

CSN-02 
REV.4f94 8-2 Micron Semiconductor, tnc., TeServtlS the right to change products or specifications without notice. 
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iCUSTOMER 
;SERVICE NOTE 
INTRODUCTION 

Micron Semiconductor, Inc., provides an SPC label on all 
surface-mount products. The label is attached to the static
proof bag for products packaged in tape-and-reel as well as 
tubes. 

Figure 1 shows an example of the standard SPC label, 
while Figures 2 and 3 show the difference between the 
labels for tubed and tape-and-reel packaged products. 

Date: 

SURFACE-MOUNT 
PRODUCTS' SPC LABELS 

DATE INFORMATION 
The SPC label includes the date on which the tube or reel 

was hermetically sealed in drypack. It also lists the ID 
number of the operator who sealed the product. 

Figure 1 
SURFACE-MOUNT PRODUCT SPC LABEL 

CSN-03 
REV. 4/94 

~ ______ ~- Heat-Sealed Bag (tube configuration) 

Moisture Barrier Bag : ----- tJ- -----: 
, ' , 

Yellow EDS Warning Label 

o---+-+- Deslocant 

r--i,_-;-+- Micron Marketing LabeV 
L--.J Customer Specification Label 

, 
D+ r---- SPC Label- Operator ID# Date Bag Sealed 

, D , Blue EDS and Bag Label 

---------------' 

Figure 2 
TUBED PRODUCT LABEL 

8-3 

~ _______ ~- Heat-Sealed8ag 

~..,-_ - _ -~----:- - Silica Gel (in sealed bag) 

C],--"-+-warningLabel 

D---+--t--- Micron Marketing LabelJ 
Customer Specification Label 

c=J - SPC Label- Operator 10# Date Bag Sealed 
L-__ ~~ __ ~ 

Figure 3 
TAPE-AND-REEL PACKAGED 

PRODUCT LABEL 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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CUSTOMER 
SERVICE NOTE 
INTRODUCTION 

Micron encourages customers to place orders in incre
ments of standard box, tray and reel quantities whenever 
possible. The chart below will help determine order 
quantities. 

ADDITIONAL SALES INFORMATION 
Benefits to Micron's customers by ordering in standard 

quantities: 
1. Cost Savings-it is less expensive to send a shipment 

containing full boxes. 

Pari Type 
DRAMs 
MT4C4MB1 DW·4C4M4A 1 DW 

MT 4C1 004DJ·4C1 006DJ 

MT 4C4001 DJ·4C4003DJ 

MT 4C1 004JZ ·4C4001 JZ 

4C4003JZ 

MT4C1004TG·4C400lTG 

4LC4001DJ 

4LC400lTG 

MT4C1 024·4C1 026 

MT4C1 024Z·4C1 026Z 

MT4C1 024DJ·4C1 026DJ 

MT 4C4256·4C4258 

MT 4C4256Z·4C4258Z 

MT 4C4256DJ·4C4258DJ 

CSN-04 
REV. 4194 

Quantity Quantity 
Per Tray Per Box 

- 2000 

- 4000 

- 4000 

- 2500 

- 2500 

84 1000 

- 4000 

84 1000 

- 2000 

- 2500 

- 4000 

- 1800 

- 2500 

- 4000 

BOX AND TAPE~AND-REEL 
QUANTITY AND WEIGHT 
CHART 

2. Process Control-Micron's production tracking system 
automatically checks speeds, revs, customer codes and 
quantities. When standard box quantities are ordered, 
manual errors are eliminated, thus ensuring error-free 
shipments. 

3. Lot Integrity-lot integrity is kept in tact when box 
quantities are not broken up. 

4. Fewer returns-fewer errors equal fewer complaints 
and returns. 

Lbs 
Per Box 

-
13.2 

13.2 

13.1 

13.1 
8.0 

13.2 

8.0 

10.6 

12.7 

13.1 

10.7 

12.7 

13.1 

8-4 

Quantity Tape·and·Reel Lbs Tape 
Per Tube Quantily Per Reel Size 

25 500 -
25 1000 4.1 24mmx 12mm 

25 1000 4.1 24mmx 12mm 

20 - -
20 - -
- 1000 2.7 24mmx 12mm 

25 1000 4.1 24mmx 12mm 

- 1000 2.7 24mm x 12mm 

20 - -
20 - -
25 1000 4.1 24mmx 12mm 

18 - -
20 - -
25 1000 4.1 24mmx 12mm 

Micron Semiconductor, Inc., reserves the right to change products or speCifIcations without notics. 
©1994, Micron Semiconductor, Inc. 
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iCUSTOMER 
iSERVICE NOTE 
I INTRODUCTION 
i Environmental issues such as the depletion of the ozone 
I layer by chlorofluorocarbons (CFCs) affect everyone. 
Micron Semiconductor, Inc., takes a proactive approach to 

I eliminating hazardous and polluting chemicals by educat
ing and involving our workforce in their removaL We have 

! eliminated ozone-depleting chemicals (ODCs) from the 
I manufacturing process. Micron is in full compliance with 
Section 611 of theClean Air Act and does not have to label 

I any product to the contrary. We believe a proactive ap
proach to environmental responsibility is not onlyenviron

: mentally advantageous, but gives the company a long-term 
competitive advantage. 

COMPLETED TEAM PROJECTS 
WET SIDE ECONOMIZER 

This system, developed by Micron engineers in 1987, 
saves the company $150,000 annually. The Wet Side Econo
mizer uses cold air rather than refrigeration to cool the 
manufacturing complex. This system reduces kwh con
sumption by 15.1 million, which translates into a 11,174-ton 
reduction in co2 emissions, a 121-ton reduction in so2 
emissions, and a 53-ton cut in NOx emissions. The system 
earned Micron a Certificate of Recognition for Energy Con
sciousness from the state of Idaho and an award for Energy 
Innovation from the federal Department of Energy in 1991. 

AQUEOUS CLEANING 
Micron's Custom Manufacturing Services group re

searched the possibility of switching from solvent-based 
CFC cleaners to aqueous (water only) cleaning in early 
1990. The group eliminated all CFC-based solvents in Octo
ber 1991 and discovered that the new aqueous cleaning 
process proved more effective and cheaper than the sol
vent-based process. 

REFRIGERANTS 
Micron's Plant Operations group has installed high"effi

ciency purge pumps that exceed EPA specifications on 
refrigeration units in order to eliminate the discharge of 
refrigerants into the atmosphere. In addition, portable re
frigerant reclaim units are used to recover and recycle 
refrigerants during maintenance or when equipment is 
retired. 

CSN-05 
REV. 4/94 8-5 

ENVIRONMENTAL 
PROGRAMS 
FIRE EXTINGUISHERS 

Micron eliminated the use of all halon fire extinguishers 
in 1993. They were replaced with more environmentally 
safe units according to their application. The quick elimina
tion of ozone-depleting chemicals such as halon saves the 
company money because the price of these chemicals goes 
up as manufacturers discontinue their production. 

WATER TREATMENT FACILITY 
During the past year, Micron has allocated $10 million for 

the first phase of a new industrial waste water pretreatment 
facility. The facility is designed to reclaim process waste 
waters and reduce ground water usage by 50 percent in the 
first phase. The final $5 million phase, scheduled for comple
tion in 1997, will reduce ground water use by 80 percent. 

RECYCLING 
Several Micron teams have developed systems to recycle 

items for sale to outside customers or reuse within the 
manufacturing process. These items include sulfuric acid, 
gold, various solvents and alcohols, scrap metal, wire, 
aluminum and steel cans, buckets and barrels, pallets, 
plastic, and cardboard and paper products. 

GLYCOL ETHER ELIMINATION 
Micron has instituted a program to eliminate glycol 

ethers, which have been implicated as reproductive toxins. 

ONGOING TEAM PROJECTS 
VOLATILE ORGANIC COMPOUNDS (VOCS) 

The goal of this team project is to reduce VOC emissions 
by 90 percent within one year. 

HAZARDOUS AIR POLLUTANTS 
This project focuses on reducing the use of MEK, 

acetone, toluene and methanol by 90 percent by the spring 
of 1994. 

HAZARDOUS WASTE REDUCTION 
This ongoing team focuses on reducing all hazardous 

wastes. Chemical usage is screened and chemicals contain
ing toxic substances are included on a "hit list." The team 
works to reduce or eliminate the use of these hit list chemi
cals. If the chemical cannot be immediately eliminated, 

Micron Semiconductor, Inc., reserves the right to change products or specifications wrthciut notice. 
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team members work with lab staff, plant operations, and 
production engineering to find substitutes for the chemi
cals that contain the toxic substances. 

POLLUTION ABATEMENT 
Micron is working with a start-up company on a new 

approach to abating organic compounds. Our chemistry 
group also continuously reviews existing abatement 
technologies. 

ENVIRONMENTAL BENCHMARKING 
The benchmarking team reviews environmental pro

grams that are successful in other semiconductor facilities 
and develops a shared network of information. 

CSN-05 
REV. 4194 8-6 

SUPPLIER ASSISTANCE 
Micron offers assistance to suppliers to help eliminate ' 

toxic substances in chemicals or products they provide. A I 

Micron team is currently working with suppliers to elimi- , 
nate perfluorinated compounds that contribute to global 
warming. 

COMMUNITY ASSISTANCE 
Micron volunteers lab resources and provides consulta

tion to local companies and community organizations, 
such as the Peregrine Fund, to help resolve industrial 
hygiene and environmental issues. Micron team members 
are active in local environmental and safety organizations 
and in the Community Emergency Planning Committee. 
They also periodically host training classes (such as Haz
ardous Gas Bottle Handling and Disposal) for local profes
sional organizations . 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



·CUSTOMER 
SERVICE.NOTE 
INTRODUCTION 

Electronic Data Interchange (EDI) has become an impor
tant data transmission element in today's marketplace. 
Micron is ready to serve your EDI needs and encourages 

i custOlner participation. 

STANDARDS SUPPORTED 
X.12 

Micron supports versions 002000 through 003020 for all 
implemented transaction sets. The addition of new versions 
is an automated process which drives off of the standard 
diskettes available through Data Interchange Standards 
Association. 

EDlFACT 
MicronsupportsEDIFACTunderthe90.1EDIFICEguide

lines for the Purchase Order (PO), PO Acknowledgment, 
PO Change and PO Change Acknowledgment messages. 

TRANSACTION SETS 
Inbound 
850-PO 
860 - PO Change 

840 - Request For Quote 
(RFQ) 

830 - Forecast 
846 - Inventory Inquiry / 

Advice 
867 - Product Transfer & 

Resale 
844 - Product Transfer 

Account Adjustment 
(PTAA) 

997 - Functional 
Acknowledgment 

CSN-06 
REV, 4/94 

Outbound 
855 - PO Acknowledgment 
865 - PO Change 

Acknowledgment 
843 - Response toRFQ 

856 - Advanced Ship Notice 
810 - Invoice 

849 - Response to PTAA 

8-7 

ELECTRONIC DATA 
INTERCHANGE 

VALUE ADDED NETWORKS 
AT&T 

A T & T allows our partners to transmit EDI documents 
via standard protocol or X.400 (e-mail protocol). 

Advantis 
Advantis is the result of a merger between the Sears and 

IBM networks. 

TRANSMISSION TIMES 
Transmission times are 2 a.m., 10 a.m., 1 p,m., 3 p.m. 

and 8 p.m. MST weekdays and 1 p.m. MST on weekends. 
Additional transmission times can be added easily as 
circumstances warrant. 

MICRON EDI CONTACTS 
EDI Project Leader 
Becka Shirrod 
208-368-3338 

EDI Software Development 
Tony Holden 
208-368-3855 

STEPS TO IMPLEMENTATION 
The following are typical steps taken as Micron begins 

exchanging EDI data with a new trading partner: 
• Micron receives an implementation guide from a 

trading partner 
• Micron's EDT team contacts the trading partner's EDI 

coordinator to set up a trading partnership and coordi
nate the transmission and receipt of test documents 

• Micron receives a test EDI document from the 
partner's VAN and responds with the necessary 
acknowledgments 

• Once both parties agree everything is working prop
erly, parallel testing with EDI and paper documents 
begins 

• Micron insures an EDI agreement has been signed and 
returned to the trading partner 

• Paper documents are replaced with EDI documents 
(full production). 

Micron Semiconductor: Inc., reserves the righl to change products or specifications 'with'out notice. 
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CUSTOMER 
SERVICE NOTE 
HOW TO RETURN PRODUCT TO 
MICRON 
• Obtain an RMA number (see "How to Obtain an 

RMA" below). 
• Package product taking all antistatic precautions. 
• Write RMA number on outside of box for proper 

routing. 
• Ship package prepaid to: 

Micron Semiconductor, Inc. 
Attn.: RMA Area 
2805 East Columbia Road 
Boise, ID 83706 

• If RMA is being shipped from outside of the United 
States, please note that Boise, Idaho, is a customs port 
city; reference Port City Code 2907. 

HOW TO OBTAIN AN RMA 
NONFAILURE-RELATED RETURNS: 
• If you buy direct, contact your Micron sales rep at 

1-208-368-3900 . 
• If you buy through a Micron rep, contact that rep. 
• If you buy through Distribution, contact the 

distributor. 

Provide the Following Information: 
• Micron part number, including speed and package 
• Reason for return 
• One of the following: PO number, invoice number, or 

sales order number 
• One of the following: replacement parts, credit only, 

or refund 

FAILURE-RELATED RETURNS AND/OR APPLICA
TION PROBLEMS: 
• Contact Micron Application Engineering Department 

at 1-208-368-3900 

CSN..()7 
REV. 4194 8-8 

RETURN MATERIAL 
AUTHORIZATION (RMA) 
PROCEDURES 

Provide the Following Information: 
• Micron part number, including speed and package 
• Type of failure 
• Name of engineer who witnessed failure or requested 

failure analysis report 
• One of the following: PO number, invoice number, or 

sales order number 
• One of the following: replacement parts, credit only, 

or refund 

FAILURE ANALYSIS STANDARDS FOR RETURN 
MATERIAL AUTHORIZATIONS: 
• Upon receipt of an RMA for failure analysis, Micron's 

Quality Assurance Department will provide an initial 
response within 48 hours. 

• Micron's Quality Assurance Department will issue a 
completed failure analysis report within three weeks 
of receiving an RMA. 

MICRON ACCOUNTING PROCEDURES 
FOR RETURN MATERIAL 
AUTHORIZATIONS 
• Replacements: Replacement parts are shipped after 

receipt of the RMA parts. The credit memo willbe 
applied directly to the replacement invoice. A new 
invoice will be sent when the rephicement amount is 
greater than the returned amount. If this is not 
compatible with your accounts payable procedures, 
please advise your sales rep upon RMA request. 

• Credit: A credit memo is sent out for·the amount of 
the return upon arrival of the RMA parts. This credit 
memo number should be referenced when sending in 
payment information if intended to be used. 

• Refund: A check request is submitted to Micron 
Accounts Payable upon receipt of RMA parts. A 
refund check is sent upon completion of the check 
request approval process. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



MICRON SALES' INFORMATION 
1-· """mm"n"",,, PRODUCT NUMBERING 

EXPANDED COMPONENT NUMBERING SYSTEM 

AA BB CC DODD FFF -GG ZZ ZZ 
---.L.l ~ I -L....L--.L 
MT4C4256DJ-8 VL 

g:~~ I IT I IT ~ 
256K x 4 ---------'. 

AA - PRODUCT LINE IDENTIFIER 
Micron Product ................................................................ MT 

BB - PRODUCT FAMILY 
DMM .................................................................................. 4 
DPDRAM (VRAM) ..................................................... : ....... 42 
TPDRAM ............................................................................ 43 
SRAM ............................................................ ~ ..................... 5 
Synchronous SRAM .......................................................... 58 

CC - PROCESS TECHNOLOGY 
CMOS .................................................................................. C 
Low Voltage CMOS ............................................................ LC 

DDDD - DEVICE NUMBER 
(Can be mOdified to indicate variations) 

DRAM ............................................... ,.; ........... Width, Density 
DPDRAM (VRAM) ............................. ; ............ Width, Density 
TPDRAM .......................................................... Width, Density 
SRAM .......................................................... Total Bits, Width 
Synchronous SRAM ....................................... Density, Width 

,ALES INFORMATION 
~EV. 4194 8-9 

Low Voltage, Low Power (Extended Refresh) 
BOns Access Time 
SOJ Package 

E - DEVICE VERSIONS 
(Alphabetic characters only; located between D and F when 
required.) 

JEDEC Test Mode (4 Meg, DRAM) " ..................................... J 
Errata on Base Part .............................................................. Q 

FFF - PACKAGE CODES 
PLASTIC 

DIP ............................................................................ Blank 
DIP (Wide Body) .............................................................. W 
ZiP .................................................................................... Z 
LCC ................................................................................. EJ 
SOP/SOIC ...................................................................... SG • 
QFP ................................................................................. LG . . 
TSOP (Type II) ................................................................ TG 
TSOP (Reversed) ........................................................... RG (JJ 

~~~:..~.~.~.~~~~!..::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 6] » 
SOJ (Reversed) ........... ; .. : .............................................. DR r 

. SOJ (Longer) ................... , .............................................. DL m 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC:RON SALES INFORMATION 
1-· ",,,,,,,"cw,,,,, PRODUCT NUMBERING 

EXPANDED COMPONENT NUMBERING SYSTEM (continued) 

AA BB CC DODD FFF ·GG ZZ ZZ 
-Ll.l. I ---L....L-L 
MT4C4256DJ-8 VL 

Micron 
DRAM 
CMOS 

256K x 4 

~111~ 

GG - ACCESS TIME 
-5 ...................................................................... 5ns or 50ns 
-6 ...................................................................... 6ns or 60ns 
-7 ...................................................................... 7ns or 70ns 
-S ...................................................................... Sns or SOns 

-10 .................................................................. 10ns or 100ns 
-12 .................................................................. 12ns or 120ns 
-15 .................................................................. 15ns or 150ns 
-17 ................................................................................. 17ns 
-20 ................................................................................. 20ns 
-25 ................................................................................. 25ns 
-35 ................................................................................. 35ns 
-45 ................................................................................. 45ns 
-50 (SRAM only) ........................................................... 50ns 
~ ................................................................................. ~~ 
-55 ................................................................................. 55ns 
-70 (SRAM only) ........................................................... 70ns 

zz 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 voltage 
(V) and the Industrial temperature range (IT) would be indicated as 
V LIT . 

Interim .................................................................................. I 
~~_ ......................................................................... V 

SALES INFORMATION 
REV. 4194 8-10 

Low Voltage, Low Power (Extended Refresh) 
BOns Access Time 
SOJ Package 

zz zz - PROCESSING CODES (continued) 
DRAMs 

Low Power (Extended Refresh) ........................................ L 
Low Power (Self Refresh) ................................................ S 

SRAMs 
Low Volt Data Retention ................................................... L 
Low Power ....................................................................... P 
Low Power, Low Volt Data Retention ............................. LP 

EPI Wafer ............................................................................ E 
Commercial Testing 

O°C to + 70°C ............................................................. Sian k 
-40°C to +S5°C ................................................................ IT 
-40°C to + 125°C ............................................................. AT 
-55°C to + 125°C ............................................................. XT 

Special Processing 
Engineering Sample ........................................................ ES 
Mechanical Sample ....................................................... MS 
Sample Kit* ........................................................ , ........... SK 
Tape-and-Reel* .............................................................. TR 
Bar Code * ....................................................................... BC 

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

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 



I MIC:RON SALES INFORMATION 
1-· 00""''"''''"'"'' PRODUCT NUMBERING 

NEW COMPONENT NUMBERING SYSTEM 

AA BB CC DDDDDD EE FFF -GG ZZ zz 
~J...l I ...L---.L...L--.l.... 
MT4C1M16A1DJ-8 VL 

Micron . I. TJ I T TT ~ Low Voltage, L?w Power (Extended Refresh) 
DRAM - . - BOns Access Time 
CMOS SOJ Package 

1 Meg x 16 Data Sheet Defined 

AA - PRODUCT LINE IDENTIFIER 
Micron Product ................................................................ MT 

BB - PRODUCT FAMILY 
DRAM .................................................................................. 4 
DPDRAM (VRAM) ............................................................. 42 
TPDRAM ............................................................................ 43 
Synchronous DRAM ........ , ................................................. 48 
SRAM .................................................................................. 5 
Synchronous SRAM .......................................................... 58 

CC - PROCESS TECHNOLOGY 
GMOS .................................................................................. G 

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

FFF - PACKAGE CODES 
Plastic 

DIP ............................................................................ Blank 
DIP (Wide Body) .............................................................. W 
ZiP .................................................................................... Z 
LGG ................................................................................. EJ 
SOP/SOIG ...................................................................... SG 
QFP ................................................................................. LG 

Low Voltage GMOS ............................................................ LG 
BiGMOS ............................................................................... B 
Low Voltage BiGMOS ........................................................ LB 

TSOP (Type II) ................................................................ TG • 
TSOP (Reversed) ........................................................... RG 

DDDDDD - DEVICE NUMBER 
Depth, Width 
Example: 
1M16= 1 megabit deep by 16 bits wide = 16 megabits of total 
memory. 

No Letter ......................................................................... Bits 
K ................................................................................ Kilobits 
M ............................................................................. Megabits 
G ............................................................................... Gigabits 

SALES INFORMATION 
REV. 4194 8-11 

TSOP (Longer) ............................................................... TL en 
~~j ·(Wid~i·:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.~~ l> 
SOJ (Reversed) ............................................................. DR r 
SOJ (Longer) .................................................................. DL m 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON SALES INFORMATION 
1-· '"",coc",cm""" PRODUCT NUMBERING 

NEW COMPONENT NUMBERING SYSTEM (continued) 

AA BB CC DDDDDD EE FFF -GG ZZ ZZ 
-.---L...L~ I ....L-L-L-L 
MT4C1M16A1DJ-8 VL 

Micron· I TT I . 1.11 ----c.... Low Voltage, L?w Power (Extended Refresh) 
DRAM - . - SOns Access Time 
CMOS . SOJ Package 

1 Meg x 16 Data Sheet Defined 

GG - ACCESS TIME 
-5 ...................................................................... 5ns or 50ns 
-6 ...................................................................... 6ns or 60ns 
-7 .......................................................•.............. 7ns or 70ns 
-8 ...................................................................... 8ns or 80ns 
-9 ...................................................................... 9ns or 90ns 

-10 .................................................................. 10ns or 100ns 
-12 .................................................................. 12ns or 120ns 
-15 .................................................................. 15ns or 150ns 
-17 ................................................................................. 17ns 
~ ..................................................... ............................ W~ 
-25 ................................................................................. 25ns 
-35 ................................................................................. 35ns 
~ ................................................................................. ~~ 
-53 ................................................................................. 53ns 
-55 ................................................................................. 55ns 

zz 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 voltage 
(V) and the industrial temperature range {IT} would be indicated as 
V LIT. 

Interim .................................................................................. I 
Low Voltage ......................................................................... V 

SALES INFORMATION 
REV. 4/94 8-12 

zz ZZ - PROCESSING CODES (continued) 
DRAMs 

Low Power (Extended Refresh) ........................................ L 
Low Power (Self Refresh) ................................................ S 

SRAMs 
Low Volt Data Retention ................................................... L 
Low Power ....................................................................... P 
Low Volt Data Retention, Low Power ......................... ; ... LP 

EPI Wafer ........................................................... c ................ E 
Commercial Testing 

O°C to + 70°C ............................................................. Blank 
-40°C to +85°C ................................................................ IT 
-40°C to + 125°C ............................................................. AT 
-55°C to + 125°C ............................................................. XT 

Special Processing 
Engineering Sample ........................................................ ES 
Mechanical Sample ....................................................... MS 
Sample Kit* .................................................................... SK 
Tape-and-Reel* .............................................................. TR 
Bar Code * ....................................................................... BC 

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

Micron Semiconductor, Inc., reserves the right to change products or speciflcatJons without notice. 
©1994, Micron Semiconductor, Inc. 



I MIC:RON SALES INFORMATION 
J 1-· """cc,cc'm~'" PRODUCT NUMBERING 

MODULE NUMBERING SYSTEM 

AA BB CDDDEEEFFF GG HH JJ KK 
----L -L L L.l--L-L -L...L .l.. 
MT12LD136xxG-7 L 

M<ro" -=-Tfrj 11T ~ DRAMLowPo~' 12 Components 70ns Access Time 
3.3 Volt Gold Plating 

DRAM Module Device Version 
1 Meg x36 

AA - PRODUCT LINE IDENTIFIER 
Micron Semiconductor Product ....................................... MT 

BB - NUMBER OF MEMORY COMPONENTS 

C - PROCESS TECHNOLOGY 
LOW VOLTAGE (3.3V) ......................................................... L 

DDD - RAM FAMILY 
DRAM .................................................................................. D 
DRAM TSOP ...................................................................... DT 
SRAM .................................................................................. S 
SRAM TSOP ...................................................................... ST 
SYNCHRONOUS SRAM ..................................................... SY 
SYNCHRONOUS SRAM TQFP .......................................... SYT 
VRAM .................................................................................. V 

EEE-DEPTH 

FFF-WIDTH 

GG - DEVICE VERSIONS 
Specified by individual data sheet (Synchronous SRAM only) 

HH - PACKAGE CODE 
Gold Plated SIMM/DIMM .................................................... G 
ZiP ....................................................................................... Z 
SIP ...................................................................................... N 
SIMM/DIMM ....................................................................... M 
Small Outline DIMM ............................................................ H 
Small Outline Gold DIMM ................................................. HG 
Double-Sided SIMM (1 or 4 Meg x 36 Only) ................... DM 
Double-Sided SIMM (Gold 1 or 4 Meg x 36 Only) ............ [)G 

SALES INFORMATION 
REV. 4194 8-13 

JJ - ACCESS TIME 
-10 ................................................................. : 10ns or 100ns 
-12 ................................................................................. 12ns 
-15 ................................................................................. 15ns 
-17 ................................................................................. 17ns 
-20 ................................................................................. 20ns 
-25 ................................................................................. 25ns 
-35 ................................................................................. 35ns 
-6 ................................................................................... 60ns 
-7 ................................................................................... 70ns 
-8 ................................................................................... 80ns 

KK - MODULE SPECIAL DESIGNATOR 
SRAM 

2V data retention .............................................................. L 
Low Power ....................................................................... P 
Low Power, 2V data retention ........................................ LP 

DRAM 
Low Power (Extended Refresh) ........................................ L 
ECC ................................................................................... C 
Extended Data Out ............................................................ X 
Self Refresh ...................................................................... S 
16 Meg DRAM 4,096 Refresh ........................................... B 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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MIC:RON SALES INFORMATION 
1-· """",""o"e,,, PRODUCT NUMBERING 

DRAM CARD NUMBERING SYSTEM 

AA BB ,ecce DDD EE FF -G H 
---.L.. .1 I J. ...L ---.L...L .1 
MT8D88C132VH-8S 

Micron ~T I IT I T"- SpeclaID'.g",'m 
8 Components - L- 80ns Access Time 

88-Pin DRAM Card . Special DeSignator 
1 Meg - x32 

AA - Product Line Identifier 
Micron Product ................................................................ MT 

BB.,.. NUMBER OF MEMORY COMPONENTS 

CCCC - DRAM CARD DESIGNATOR AND PIN COUNT 
S8-Pin DRAM Card ............. , ......................................... D88C 

DOD-DEPTH 

EE-WIDTH 

FF - SPECIAL DESIGNATOR 
3.3 Volts .............................................................................. V 
Reduced length (2") ............................................................. H 

SALES INFORMATION 
REV. 4/94 8-14 

G - ACCESS TIME 
-5 ........................................................ , .......................... 50ns 
-6 ................................................................................... 60ns 
-7 ................................................. ; ................................. 70ns 
-8 ................................................................................... 80ns 

H- SPECIAL DESIGNATOR 
Self Refresh ......................................................................... S 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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I MIC:RON SALES INFORMATION 
1-· ~'''w''cc;o'''' PRODUCT NUMBERING 

-
I--~----------------------------------------------~------~-------------
I 

Micron 
DRAM 
CMOS 

1 Meg x 4 

DIE PRODUCT NUMBERING SYSTEM 

AA BBCC 000000 EEEE F GG -HH 
~.l..L I I..L --L ..L 
MT4C4001..JD22ADC2-7 

~J I I JTL- 70ns Access Time 
Hot Speed Probe 
Die Form (individual) 
D22A Die Data Base 

i AA - PRODUCT LINE IDENTIFIER EEEE - DIE DATA BASE REVISION 

F-FORM 
I Component Product ......................................................... MT 

i BB - PRODUCT FAMILY 
SRAM .................................................................................. 5 
DRAM ... , .............................................................................. 4 
Synchronous SRAM .......... ,.,., ................................. , ......... 58 
DPDRAM (VRAM) ...................................................... ~ ...... 42 

CC - PROCESS TECHNOLOGY 
CMOS ........................................... , ...................................... C 
Low Voltage CMOS ............................................................ LC 

000000 - DEVICE NUMBER 
When noalpha character appears as part of this section, the 
section is defined as: 
DRAM ............................................................. Width, Density 
VRAM ............................................................. Width, Density 
SRAM .......................................................... Total Bits, Width 
Synchronous SRAM ......................................... 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 ......................................................................... Bits 
K ................................................................................ Kilobits 
M ............................................................................. Megabits 
G ............................................................................... Gigabits 

SAlES INFORMATION 
REV. 4194 8-15 

Die Form .............................................................................. D 
Wafer Form (6" Wafer) ....................................................... W 

GG - TESTING LEVELS 
Standard Probe (0° to lO°C) ............................................. Cl 
Hot Speed Probe (0° to lO°C) ........................................... C2 
Known Good Die (0° to lO°C) ........................................... C3 

HH - ACCESS TIME 
(Applicable for C2 and C3 only) 
-5 ............................................................. 5ns or 50ns 
-6 ............................................................. 6ns or 60ns 
-7 ............................................................. 7ns or 70ns 
-8 ............................................................. 8ns or80ns 
-9 ............................................................. 9ns or 90ns 

-10 ........................................................ 10ns or lOOns 
-12 ........................................................ 12ns or 120ns 

• en 
l> 
rm -15 ........................................................ 15ns or 150ns en 

-17 ....................................................................... 17ns 
-20 ...... ; ................................................................ 20ns Z-
-25 ....................................................................... 25ns 
-35 .................................... ;; ................................. 35ns -n 
-45 ....................................................................... 45ns 0 
-50 (SRAM only) .................................................. 50ns ::D 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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UII::I=ICN SALES INFORMATION 
1-- """co,""w,,"c ORDERING INFORMATION 

ORDER INFORMATION* 
Each Micron component family is manufactured and 

quality controlled in the U.S.A. at our modern Boise, Idaho, 
facility employing Micron's low-power, high
performance CMOS silicon-gate process. Micron products 
are functionally equivalent to other manufacturers' products 
meeting JEDEC standards. Device functionality is 
consistently assured over a wider power supply, 
temperature range and refresh range than specified. Each 
unit receives continuous system-level testing during many 
hours of accelerated burn-in prior to final test and shipment. 
This testing is performed with Micron's exclusive AMBYX 
intelligent burn-in and test system. 

ORDER EXAMPLES 

DRAM 
4 Meg x 1, 60ns in Plastic SOJ 

PRODUCT# 1PAC1J::!1 SPiED I 
MT4C1004JDJ -6 

SYNCHRONOUS DRAM 
2 Megx 8, 12nsin Plastic TSOP 

PRODUCT# IPAC1:L~ SPiED I 

MT48LC2M8S1TG -12 

DRAM CARD 

Please contact the factory for technical, test and application 
assistance. Micron can also furnish the sales representative 
and distributor nearest you. Micron's policy is to offer 
prompt, accurate and courteous service while assuring 
reliability and quality. 

. Telephone: 208-368-3900 
Fax: 208-368-4431 

Micron DataFax: 208-368-5802 
Customer Comment Line: 

800-932-4992 (U.S.A.) 
01-208-368-3410 (Intl.) 

DRAM MODULE 

4 Meg x 32, 70ns in SIMM Module 

PRODUCT# IPAC1jl;ISPjED I 

MT8D432M -7 

MULTIPORT 

256K x 8, 70ns in Plastic SOJ 

'----r---I I PACKA~E~ :PjED I 

MT42C8256DJ -7 

1 Meg x 32, 70ns DRAM Card 

___ --r-_I 5jED I 
MT8D88C132 -7 

'For more detailed information, refer to the product numbering charts on pages 8-9 through 8-15. 

SALES INFORMATION 
REV. 4194 8-t6 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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I MICRON SALES INFORMATION 
1-· oe"""ocno",,, NORTH AMERICA 

I ALABAMA 
I Representative 
jSoutheast Technical Group 
! 101 Washington, Suite 6 
I Huntsville, AL 35801 
! Phone - 205-534-2376 
, Fax -205-534-2384 

: Distributors 
I Anthem Electronics Incorporated 
. Executive Office Center 
I 600 Boulevard South, Suite 104H 
Huntsville, AL 35802 
Phone - 205-883-3519 
Fax - 205-883-3532 

Hamilton Hallmark 
4890 University Square, Suite 1 
Huntsville, AL 35816 
Phone - 205-837-8700 
Phone -800-572-7236 
Fax - 205-830-2565 

Pioneer Technologies 
4835 University Square, Suite 5 
Huntsville, AL 35816 
Phone - 205-837-9300 
Fax - 205-837-9358 

Wyle Laboratories 
Tower Building, 2nd Floor 
7800 Governers Drive West 
Huntsville, AL 35807 
Phone - 205-830-1119 
Fax - 205-830-1520 

ARIZONA 
Representative 

Quatra Associates 
4645 South Lakeshore Drive, Suite 1 
Tempe, AZ 85282 
Phone - 602-820-7050 
Fax - 602-820-7054 

Distributors 
Anthem Electronics Incorporated 
1555 10th Place, Suite 101 
Tempe, AZ 85281 
Phone - 602-966-6600 
Fax - 602-966-4826 

Hamilton Hallmark 
4637 South 36th Place 
Phoenix, AZ 85040 
Phone - 602-437-1200 
Phone - 800-352-8489 
Fax - 602-437-2348 

SAlES INFORMATION 
REV. 4/94 

Wyle Laboratories 
4141 E. Raymond Street, Suite 1 
Phoenix, AZ 85040 
Phone -602-437-2088 
Fax - 602-437-2124 

ARKANSAS 
Representative 
Nova Marketing Incorporated 
8350 Meadow Road, Suite 174 
Dallas, IX 75231 
Phone -214-265-4600 
Fax - 214-265-4668 

Distributors 
Anthem Electronics Incorporated 
651 N. Plano Road, Suite 401 
Richardson, IX 75081 
Phone - 214-238-7100 
Fax - 214-238-0237 

Hamilton Hallmark 
7079 University Blvd. 
Winter Park, FL 32792 
Phone - 407-657-3300 
Fax -407-678-4414 

Pioneer Electronics 
13765 Beta Road 
Dallas, TX 75244 
Phone - 214-386-7300 
Fax - 214-490-6419 

Wyle Laboratories 
1810 N. Greenville Avenue 
Richardson, IX 75081 
Phone - 214- 235-9953 
Fax -214-644-5064 

CALIFORNIA 
Representatives (Northern California) 

Bay Area Electronics Sales, Inc. 
2001 Gateway Place, Suite 315 W 
San Jose, CA 95110 
Phone - 408-452-8133 
Fax -408-452-8139 

Bay Area Electronics Sales, Inc. 
9119 Eden Oak Circle 
Loomis, CA 95650 
Phone - 916-652-6777 
Fax - 916-652-5678 

Representatives (Southern California) 
Micron Sales Southwest, Inc. 
5060 Shoreham Place, Suite 200 
San Diego, CA 92122 
Phone - 619-458-5859 
Fax - 619-453-0034 

Micron Sales Southwest, Inc. 
5100 Campus Drive, Suite 200 
Newport Beach, CA 92660 
Phone -714-724-8085 
Fax - 714-724-0560 

Distributors 
Anthem Electronics Incorporated 
1160 Ridder Park Drive 
San Jose, CA 95131 
Phone -408-453-1200 
Fax -408-441-4500 

Anthem Electronics Incorporated 
9131 Oakdale Avenue 
Chatsworth, CA 91311 
Phone - 818-700-1000 
Fax - 818-775-1302 

Anthem Electronics Incorporated 
1 Old Field Drive 
East Irvine, CA 92718-2809 
Phone -714-768-4444 
Fax -714-768-6456 

Anthem Electronics Incorporated 
580 Menlo Drive, Suite 8 
Rocklin, CA 95677 
Phone - 916-624-9744 
Fax - 916-624-9750 

Anthem Electronics Incorporated 
9369 Carroll Park Drive 
San Diego, CA 92121 
Phone - 619-453-9005 
Fax - 619-546-7893 

Hamilton Hallmark 
3170 Pullman Street 
Costa Mesa, CA 92626 
Phone - 714-641-4100 
Fax - 714-641-4122 

Hamilton Hallmark 
580 Menlo Drive, Suite 2 
Rocklin, CA 95765 
Phone - 916-624-9781 
Fax - 916-961-0922 

Hamilton Hallmark 
4545 Viewridge Avenue 
San Diego, CA 92123 
Phone - 619-571-7540 
Fax - 619-277-6136 

Hamilton Hallmark 
2105 Lundy Avenue 
San Jose, CA 95131-1849 
Phone - 408-435-3500 
Fax -408-435-3535 

8-17 Micron Semiconductor, Inc., reserves the right to change products or specifications. without notice. 
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Hamilton Hallmark 
21150 Califa Street 
Woodland Hills, CA 91367 
Phone -818-594-0404 
Fax -818-594-8234 

Pioneer Standard 
4370 LaJolla Drive, 4th Floor 
San Diego, CA 92122 
Phone - 619-546-4706 
Fax - 619-535-8154 

Pioneer Technologies 
134 Rio Robles 
San Jose, CA 95134 
Phone - 408-954-9100 
Fax -408-954-9113 

Pioneer Standard 
217 Technology Drive, Suite 110 
Irvine, CA 92718 
Phone - 714-753-5500 
Fax -714-753-5074 

Wyle Laboratories 
3000 Bowers Avenue 
Santa Clara, CA 95051 
Phone - 408-727-2500 
Fax - 408-988-3479 

Wyle Laboratories 
17872 Cowan Avenue 
Irvine, CA 92714 
Phone - 714-863-9953 
Fax -714-863-0473 

Wyle Laboratories 
2951 Sunrise Blvd., Suite 175 
Rancho Cordova, CA 95742 
Phone -916-638-5282 
Fax - 916-638-1491 

- Wyle Laboratories 
Z 9525 Chesapeake Drive 
." San Diego, CA 92123 

O Phone - 619-565-9171 
Fax - 619-565-0512 

lJ Wyle Laboratories :s: 26010 Mureau Road, Suite 150 
...... Calabasas, CA 91302 
~ Phone -818-880-9000 
;J -Fax -818-880-5510 

o 
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CANADA 
Representatives 
Clark-Hurman Associates 
20 Regan Road, Unit 14 
Brampton, Ontario L7 A 1C3 
Phone - 905-840-6066 
Fax - 905-840-6091 

Clark-Hurman Associates 
66 Colonnade Road, Suite 205 
Nepean, Ontario K2E 7K7 
Phone - 613-727-5626 
Fax - 613-727-1707 

Clark-Hurman Associates 
4 Chester 
Pointe Claire, Quebec H9R 4H7 
Phone - 514-426-0453 
Fax - 514-426-0455 

Distributors 
Hamilton Hallmark 
8610 Commerce Court 
Burnaby, BC V5A 4N6 
Phone - 604-420-4101 
Fax - 604-420-5376 

Hamilton Hallmark 
151 Superior Blvd., Unit 1-6 
Mississauga, Ontario L5T 2L1 
Phone -416-564-6060 
Fax - 416-564-6033 

Hamilton Hallmark 
190 Colonnade Road 
Nepean, Ontario K2E 7J5 
Phone - 613-226-1700 
Fax - 613-226-1184 

Hamilton Hallmark 
Suite 600 7575 Transcanada Hwy. 
Ville St. Laurent, Quebec H4T IV6 
Phone -514-335-1000 
Fax - 514-335-2481 

COLORADO 
Representative 
Wescom Marketing 
4860 Ward Road 
Wheatridge, CO 80033 
Phone - 303-422-8957 
Fax - 303-422-9892 

Distributors 
Anthem Electronics Incorporated 
373 Inverness Drive 
Englewood, CO 80112 
Phone - 303-790-4500 
Fax - 303-790-4532 
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Hamilton Hallmark 
12503 E. Euclid Drive, Suite 20 
Englewood, CO 80111 
Phone - 303-790-1662 
Fax - 303-790-4991 

Wyle Laboratories 
451 E. 124th Street 
Thornton, CO 80241 
Phone - 303-457-9953 
Fax - 303-457-4831 

CONNECTICUT 
Representative 
Advanced Tech Sales Incorporated 
Westview Office Park 
Building 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
Phone -508-664-0888 
Fax - 508-664-5503 

Distributors 
Anthem Electronics Incorporated 
61 Mattatuck Heights 
Waterbury, CT 06705 
Phone - 203-575-1575 
Fax - 203-596-3232 

Hamilton Hallmark 
125 Commerce Court, Unit 6 
Cheshire, CT 06410 
Phone - 203-271-2844 
Fax - 203-272-1704 

Pioneer Standard 
#2 Trap Falls Road 
Shelton, CT 06484 
Phone - 203-929-5600 
Fax - 203-929-9791 

Wyle Laboratories 
20 Chapin Road, Bldg. 1013 
Pinebrook, NJ 07058 
Phone - 201-882-8358 
Phone -800-862-9953 
Fax - 201-882-9109 

DELAWARE 
Representative 
Omega Electronic Sales Incorporated 
Four Neshaminy Interplex, Suite 101 
Trevose, PA 19053 
Phone - 215-244-4000 
Fax - 215-244-4104 

I 
I 
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I Distributors Distributors GEORGIA 
I Pioneer Technologies Anthem Electronics Incorporated Representative 
,500 Enterprise Road 598 S. Northlake Blvd., Suite 1024 Southeast Technical Group 
I Horsham, P A 19044 Altamonte Springs, FL 32701 3500 Parkway Lane, Suite 420 
I Phone - 215-674-4000 Phone -407-831-0007 Norcross, GA 30092 
i Fax - 215-674-3107 Fax - 407-831-6990 Phone - 404-416-6336 
I Wyle Laboratories Anthem Electronics Incorporated Fax -404-416-6433 
815 Eastgate Drive 5200 N.w. 33rd Avenue, Suite 206 Distributors 

I Mt. Laurel, NJ 08054 Ft. Lauderdale, FL 33309 
Hamilton Hallmark 

I Phone - 609-439-9110 Phone - 305-484-0990 
3425 Corporate Way, Suite A and G 

I Fax - 609-439-9020 Fax - 305-484-0951 
Duluth, GA 30136-2552 

i DISTRICT OF COLUMBIA Chip Supply Phone - 404-623-4400 
7725 N. Orange Blossom Trail Fax -404-476-8806 Representative Orlando, FL 32810-2696 

Pioneer Technologies Electronic Engineering & Sales, Inc. Phone -407-298-7100 
4250 C Rivergreen Parkway 305 Kramer Road Fax -407-290-0164 
Duluth, GA 30136 Pasadena, MD 21122 

Hamilton Hallmark Phone - 404-623-1003 Phone - 410-255-9686 
3350 NW 53rd Street, Suite 105-107 Fax - 404-623-0665 Fax -410-255-9688 
Ft. Lauderdale, FL 33309 

Wyle Laboratories Distributors Phone - 305-484-5482 
6025 The Comers Pkwy, Suite 111 Anthem Electronics Incorporated Fax - 305-484-2995 
Norcross, GA 30092 7168 A Columbia Gateway Drive Hamilton Hallmark Phone -404-441-9045 Columbia, MD 21046-2101 10491 72nd Street North Fax - 404-441-9086 Phone - 301-995-6640 Largo, FL 34647 

Fax -301-381-4379 Phone - 813-541-7440 HAWAII 
Hamilton Hallmark Phone - 800-282-9350 Representatives -10240 Old Columbia Road Fax - 813-544-4394 Bay Area Electronics Sales, Inc. 
Columbia, MD 21046 Hamilton Hallmark 2001 Gateway Place, Suite 315 
Phone -410-988-9800 7079 University Blvd. San Jose, CA 95110 en Fax -410-381-2036 Winter Park, FL 32792 Phone - 408-452-8133 

l> Pioneer Technologies Phone -407-657-3300 Fax -408-452-8139 
9100 Gaither Road Fax - 407-678-4414 Bay Area Electronics Sales, Inc. r 
Gaithersburg, MD 20877 Pioneer Technologies 5711 Reinhold Street m Phone - 301-921-0660 337 South-North Lake, Suite 1000 Fair Oaks, CA 95628 en Fax - 301-921-3852 Altamonte Springs, FL 32701 Phone -916-863-0563 

Fax -916-863-0615 -Wyle Laboratories Phone -407-834-9090 
Z 9101 Guilford Road, Suite 120 Fax -407-834-0865 Distributors 
." Columbia, MD 21046 Pioneer Technologies Anthem Electronics Incorporated 
0 Phone - 301-490-2170 674 S. Military Trail 1160 Ridder Park Drive Fax - 301-490-2190 Deerfield Beach, FL 33442 San Jose, CA 95131 ::D 

FLORIDA Phone - 305-428-8877 Phone -408-453-1200 :s: Fax - 305-481-2950 Fax -408-441-4500 Representatives 
Wyle Laboratories Hamilton Hallmark >-Photon Sales, Inc. 
1000 112th Circle North, Suite 800 2105 Lundy Avenue ~ 1600 Sarno Road, Suite 21 
St. Petersburg, FL 33716 San Jose, CA 95131-1849 -Melbourne, FL 32935 
Phone - 813-576-3004 Phone - 408-435-3500 0 Phone - 407-259-8999 
Fax - 813-579-1518 Fax - 408-435-3535 Z Fax -407-259-1323 

Photon Sales, Inc. Wyle Laboratories Wyle Laboratories 
600 W. Hillsboro, Suite 300 3000 Bowers Avenue 715 Florida Street 
Deerfield Beach. FL 33441 Santa Clara, CA 95051 Orlando, FL 32806 
Phone - 305-420-0500 Phone - 408-727-2500 Phone -407-896-6064 
Fax - 305-428-2134 Fax -408-988-3479 Fax - 407-896-6197 
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IDAHO 
Representative 
Contact Micron Semiconductor, Inc. 
Component Sales 
Phone - 208-368-3900 
Fax -208-368-3488 
Micron DataFax - 208-368-5800 

Distributors 
Anthem Electronics Incorporated 
1279 West 2200 South 
Salt Lake City, UT 84119 
Phone -801-973-8555 
Fax -801-973-8909 

Hamilton Hallmark 
2105 Lundy Avenue 
San Jose, CA 95131-1849 
Phone - 408-435-3500 
Fax -408-435-3535 

Wyle Laboratories 
1325 West 2200 South, Suite E 
Salt Lake City, UT 84119 
Phone -801-974-9953 
Fax -801-972-2524 

ILLINOIS 
Representatives 
Advanced Technical Sales (S. IL) 
13755 St. Charles Rock Road 
Bridgeton, MO 63044 
Phone - 314-291-5003 
Fax -314-291-7958 

Industrial Representatives, Inc. (N. IL) 
8430 Gross Point Road 
Skokie,IL 60077 
Phone -708-967-8430 
Fax - 708-967-5903 

Distributors 
Anthem Electronics Incorporated 
1300 Remington, Suite A 
Schaumburg, IL 60173 
Phone - 708-884-0200 
Fax - 708-884-0480 

Hamilton Hallmark 
1130 Thorndale Avenue 
Bensenville, IL 60106 
Phone - 708-860-7780 
Fax - 708-860-8530 

Pioneer Standard 
2171 Executive Drive, Suite 200 
Addison, IL 60101 
Phone - 708-495-9680 
Fax - 708-495-9831 

SALES INFORMATION 
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Wyle Laboratories 
2055 Army Trail Road, Suite 140 
Addison, IL 60101 
Phone - 708-620-0969 
Fax - 708-620-1610 

INDIANA 
Representatives 
Scott Electronics, Inc. (S. IN) 
7321 Shadeland Station, Suite 256 
Indianapolis, IN 46256 
Phone - 317-841"()()10 
Fax - 317-841-0107 

Scott Electronics, Inc. (N. IN) 
Lima Valley Office Village 
8109 Lima Road 
Fort Wayne, IN 46818 
Phone - 219-489-5690 
Fax -219-489-1842 

Distributors 
Hamilton Hallmark 
4275 W. 96th Street 
Indianapolis, IN 46268 
Phone - 317-872-8875 
Phone -800-829-0146 
Fax -317-876-7165 

Pioneer Standard 
9350 N. Priority Way, West Drive 
Indianapolis, IN 46240 
Phone -317-573-0880 
Fax -317-573-0979 

IOWA 
Representative 
Advanced Technical Sales 
375 Collins Road N.E. 
Cedar Rapids, IA 52402 
Phone - 319-393-8280 
Fax - 319-393-7258 

Distributors 
Anthem Electronics Incorporated 
7690 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
Fax - 612-944-3045 

Hamilton Hallmark 
1130 Thorndale Avenue 
Bensonville, IL 60106 
Phone - 708-860-7780 
Fax - 708-860-8530 
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Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prarie, MN 55344 
Phone - 612-944-3355 
Fax - 612-944-3794 

Wyle Laboratories 
1821 Walden Office Square, Suite 332 
Schaumburg, IL 60173 
Phone - 708-303-1040 
Fax -708-303-1055 

KANSAS 
Representative 
Advanced Technical Sales 
601 N. Mur-Len, Suite 8 
Olathe, KS 66062 
Phone -913-782-8702 
Fax - 913-782-8641 

Distributors 
Hamilton Hallmark 
10809 Lakeview Avenue 
Lenexa, KS 66215 
Phone - 913-888-4747 
Phone -800-332-4375 
Fax -913-888-0523 
Fax -800-255-6946 

Pioneer Electronics 
111 Westport Plaza, Suite 625 
St. Louis, MO 63146 
Phone - 314-542-3077 
Fax - 314-542-3078 

KENTUCKY 
Representative 
Scott Electronics, Inc. 
10901 Reed-Hartman Hwy., Suite 301 
Cincinnati, OH 45242-2821 
Phone - 513-791-2513 
Fax - 513-791-8059 

Distributors 
Hamilton Hallmark 
1847 Mercer Road, Suite G 
Lexington, KY 40511 
Phone -800-327-4426 (mM) 
Phone -800-525-0068 (DEC) 

Pioneer Standard (W. KY) 
9350 N. Priority Way, W. Drive 
Indianapolis, IN 46240 
Phone - 317-573-0880 
Fax - 317-573-0979 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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I. 
IPlOneer Standard (E. KY) 
!4433 Interpoint Blvd. 
'Dayton, OH 45424 
!Phone - 513-236-9900 
IFax - 513-236-8133 
I 

LOUISIANA 
I Representative 

I Nova Marketing Incorporated 
18350 Meadow Road, Suite 174 
I Dallas, TX 75231 
Phone - 214-265-4600 

'Fax - 214-265-4668 

I Distributors 
I Anthem Electronics 
I 651 N. Plano Road, Suite 401 
Richardson, TX 75081 
Phone - 214-238-7100 
Fax - 214-238-0237 

Hamilton Hallmark 
l1420 Pagemill Road 
Dallas, TX 75243 
Phone - 214-553-4300 
Fax - 214-553-4395 

Pioneer Electronics 
13765 Beta Road 
Dallas, TX 75244 
Phone - 214-386-7300 
Fax - 214-490-6419 

Wyle Laboratories 
1810 N. Greenville Avenue 
Richardson, TX 75081 
Phone - 214-235-9953 
Fax - 214-644-5064 

MAINE 
Representative 
Advanced Tech Sales Incorporated 
348 Park Street, Suite 102 
North Reading, MA 01864 
Phone - 508-664-0888 
Fax - 508-664-5503 

Distributors 
Anthem Electronics Incorporated 
36 Jonspin Road 
Wilmington, MA 01887 
Phone - 508-657-5170 
Fax - 508-657-6008 

Hamilton Hallmark 
lOP Centennial Drive 
Peabody, MA 01960 
Phone - 508-532-9808 
<ax -508-532-9713 

,AlES INFORMATION 
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Pioneer Standard 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone -617-861-9200 
Fax - 617-863-1547 

Wyle Laboratories 
15 3rd Avenue 
Burlington, MA 01803 
Phone - 617-272-7300 
Fax - 617-272-6809 

MARYLAND 
Representative 
Electronic Engineering & Sales, Inc. 
305 Kramer Road 
Pasadena, MD 21122 
Phone -410-255-9686 
Fax - 410-255-9688 

Distributors 
Anthem Electronics Incorporated 
7168 A Columbia Gateway Drive 
Columbia, MD 21046-2101 
Phone - 410-995-6640 
Fax - 410-290-9862 

Hamilton Hallmark 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone -410-988-9800 
Fax - 410-381-2036 

Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, MD 20877 
Phone -301-921-0660 
Fax - 301-921-3852 

Wyle Laboratories 

Hamilton Hallmark 
lOP Centennial Drive 
Peabody, MA 01960 
Phone - 508-532-9808 
Fax -508-532-9713 

Pioneer Standard 
44 Hartwell Avenue 
Lexington, MA 02173 
Phone - 617-861-9200 
Fax - 617-863-1547 

Wyle Laboratories 
15 3rd Avenue 
Burlington, MA 01803 
Phone - 617-272-7300 
Fax - 617-272-6809 

MICHIGAN 
Representative 
Rathsburg Associates Incorporated 
41100 Bridge Street 
Novi, MI48375 
Phone - 810-615-4000 
Fax - 810-615-4001 

Distributors 
Hamilton Hallmark 
41650 Gardenbrook Road, Suite 100 
Novi, M149418 
Phone - 313-347-4271 
Fax -313-347-4021 

Hamilton Hallmark 
44191 Plymouth Oaks Blvd. #1300 
Plymouth, MI 48170 
Phone - 313-416-5800 
Phone - 800-767-9654 
Fax - 313-416-58l1 

7180 Columbia Gateway Drive, Suite 100 
Columbia, MD 21046 

Pioneer Standard 
4505 Broadmoor Avenue, S.E. 
Grand Rapids, MI 49512 
Phone - 616-698-1800 

Phone - 410-312-4844 
Fax -410-312-4953 

MASSACHUSETTS 
Representative 
Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
North Reading, MA 01864 
Phone - 508-664-0888 
Fax - 508-664-5503 

Distributors 
Anthem Electronics Incorporated 
36 Jonspin Road 
Wilmington, MA 01887 
Phone -508-657-5170 
Fax - 508-657-6008 
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Fax - 616-698-1831 

Pioneer Standard 
44190 Plymouth Oaks Blvd. 
Plymouth, MI 48170 
Phone -313-416-2157 
Fax - 313-416-2415 

Wyle Laboratories 
W226 N555 Eastrnound Drive 
Waukesha, WI 53186 
Phone - 414-521-9333 
Fax -414-521-9498 

Micron Semiconductor, Inc., reseNes the right to change products or specifjcations without nolice. 
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MINNESOTA 
Representative 
High Technology Sales Associates 
4801 W. 81st Street, Suite 115 
Bloomington, MN 55437 
Phone - 612-844-9933 
Fax -612-844-9930 

Distributors 
Anthem Electronics Incorporated 
7646 Golden Triangle Drive, Suite 160 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
Fax -612-944-3045 

Hamilton Hallmark 
9401 James Avenue South, Suite 140 
Bloomington, MN 55431 
Phone - 612-881-2600 
Fax - 612-881-9461 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone - 612-944-3355 
Fax - 612-944-3794 

Wyle Laboratories 
1325 East 79th Street, Suite 1 
Bloomington, MN 55425 
Phone - 612-853-2280 
Fax - 612-853-2298 

MISSISSIPPI 
Representative 
Southeast Technical Group 
Route 10, Box 368 
Meridian, MS 39301 
Phone - 601-485-7055 
Fax - 601-485-7063 

Distributors 
Anthem Electronics 
Executive Office Center 
600 Boulevard South, Suite 104H 
Huntsville, AL 35802 
Phone - 205-883-3519 
Fax - 205-883-3532 

Hamilton Hallmark 
7079 University Blvd. 
Winter Park, FL 32792 
Phone - 407-657-3300 
Fax -407-678-4414 
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Pioneer Technologies 
4835 University Square, Suite 5 
Huntsville, AL 35816 
Phone - 205-837-9300 
Fax - 205-837-9358 

Wyle Laboratories 
Tower Building, 2nd Floor 
7800 Governers Drive West 
Huntsville, AL 35807 
Phone -205-830-1119 
Fax - 205-830-1520 

MISSOURI 
Representative 
Advanced Technical Sales 
13755 St. Charles Rock Road 
Bridgeton, MO 63044 
Phone - 314-291-5003 
Fax - 314-291-7958 

Distributors 
Hamilton Hallmark 
3783 Rider Trail South 
Earth City, MO 63045 
Phone - 314-291-5350 
Fax - 314-291-0362 

Pioneer Standard 
111 Westport Plaza, Suite 625 
St Louis, MO 63146 
Phone -314-542-3077 
Fax - 314-542-3078 

Wyle Laboratories 
1821 Walden Office Square, Suite 332 
Schaumburg,IL 60173 
Phone - 708-303-1040 
Fax - 708-303-1055 

MONTANA 
Representative 
Contact Micron Semiconductor, Inc. 
Component Sales 
Phone - 208-368-3900 
Fax - 208-368-3488 
Micron DataFax - 208-368-5800 

Distributor 
Hamilton Hallmark 
2105 Lundy Avenue 
San Jose, CA 95131-1849 
Phone - 408-435-3500 
Fax -408-435-3535 
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NEBRASKA 
Representative 
Advanced Technical Sales 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 
Phone - 913-782-8702 
Fax -913-782-8641 

Distributors 
Hamilton Hallmark 
1130 Thorndale Avenue 
Bensenville, IL 60106 
Phone - 708-860-7780 
Fax - 708-860-8530 

Wyle Laboratories 
451 E. 124th Street 
Thornton, CO 80241 
Phone - 303-457-9953 
Fax - 303-457-4831 

NEVADA 
Representatives 
Bay Area Electronics Sales, Inc. 
2001 Gateway Place, Suite 315 W. 
San Jose, CA 95110 
Phone - 408-452-8133 
Fax - 408-452-8139 

Quatra Associates (Clark County) 
4645 S. Lakeshore Drive, Suite 1 
Tempe, AZ 85282 
Phone - 602-820-7050 
Fax - 602-820-7054 

Distributors 
Anthem Electronics Incorporated 
580 Menlo Drive, Suite 8 
Rocklin, CA 95677 
Phone - 916-624-9744 
Fax - 916-624-9750 

Hamilton Hallmark 
2105 Lundy Avenue 
San Jose, CA 95131-1849 
Phone -408-435-3500 
Fax - 408-435-3535 

Wyle Laboratories 
2951 Sunrise Blvd., Suite 175 
Rancho Cordova, CA 95742 
Phone - 916-638-5282 
Fax -916-638-1491 

Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
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NEW HAMPSHIRE 
Representative 
,Advanced Tech Sales Incorporated 
B48 Park Street, Suite 102 
North Reading, MA 01864 
Phone - 508-664-0888 
fax -508-664-5503 

,Distributors 
IAnthem Electronics Incorporated 
36 J onspin Road 
:Wilmington, MA 01887 
,Phone - 508-657-5170 
IFax - 508-657-6008 

:Hamilton Hallmark 
110P Centennial Drive 
jPeabody, MA 01960 
Phone - 508-532-9808 
,Fax -508-532-9713 

Pioneer Standard 
: 44 Hartwell Avenue 
'Lexington, MA 02173 
I Phone - 617-861-9200 
I Fax - 617-863-1547 
I 

NEW JERSEY 
Representatives 
Omega Electronic Sales Incorporated 
Four Neshaminy Interplex, Suite 101 
Trevose, PA 19053 
Phone - 215-244-4000 
Fax - 215-244-4104 

Parallax, Inc. 
734 Walt Whitman Road 
Melville,NY 11747 
Phone - 516-351-1000 
Fax -516-351-1606 

Distributors 
Anthem Electronics Incorporated 
355 Business Center Drive 
Horsham, P A 19044 
Phone -215-443-5150 
Fax -215-675-9875 

Anthem Electronics Incorporated 
26 Chapin Road, Unit K 
Pine Brook, NJ 07058 
Phone - 201-227-7960 
Fax -201-227-9246 

Hamilton Hallmark 
1 Keystone Avenue, Bldg. #36 
Cherry Hill, NJ 08003 
Phone - 609-424-0110 
Pax - 609-751-2552 

jALES INFORMATION 
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Hamilton Hallmark 
10 Lanidex Plaza West 
Parsippany, NJ 07054 
Phone - 201-515-5300 
Fax - 201-515-1601 

Pioneer Standard 
14A Madison Road 
Fairfield, NJ 07006 
Phone - 201-575-3510 
Fax -201-575-3454 

Pioneer Technologies 
500 Enterprise Road 
Horsham, PA 19044 
Phone - 215-674-4000 
Fax -215-674-3107 

Wyle Laboratories 
20 Chapin Road, Bldg. 1013 
Pinebrook, NJ 07058 
Phone - 201-882-8358 
Phone - 800-862-9953 
Fax -201-882-9109 

Wyle Laboratories 
815 Eastgate Drive 
Mt. Laurel, NJ 08054 
Phone - 609-439-911 0 
Fax - 609-439-9020 

NEW MEXICO 
Representative 
Quatra Associates Incorporated 
600 Autumnwood Place, S.E. 
Albuquerque, NM 87123 
Phone - 505-296-6781 
Fax - 505-292-2092 

Distributors 
Anthem Electronics Incorporated 
1555 W. 10th Place, Suite 101 
Tempe, AZ 85281 
Phone - 602-966-6600 
Fax - 602-966-4826 

Hamilton Hallmark 
4637 South 36th Place 
Phoenix, AZ 85040 
Phone - 602-437-1200 
Phone -800-528-8471 
Fax - 602-437-2348 

Wyle Laboratories 
4141 E. Raymond Street, Suite 1 
Phoenix, AZ 85040 
Phone - 602-437-2088 
Fax - 602-437-2124 
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NEW YORK 
Representatives 
Electra Sales Corporation 
333 Metro Park, Suite M103 
Rochester, NY 14623 
Phone - 716-427-7860 
Fax -716-427-0614 

Electra Sales Corporation 
6700 Old Collamer Road 
East Syracuse, NY 13057 
Phone -315-463-1248 
Fax - 315-463-1717 

Parallax, Inc. 
734 Walt Whitman Road 
Melville, NY 11747 
Phone - 516-351-1000 
Fax - 516-351-1606 

Distributors 
Anthem Electronics-Military 
47 Mall Drive 
Commack, NY 11725-5703 
Phone - 516-864-6600 
Fax - 516-493-2244 

Anthem Electronics Incorporated 
26 Chapin Road, Unit K 
Pinebrook, NT 07058 
Phone - 201-227-7960 
Fax - 201-227-9246 

Hamilton Hallmark 
3075 Veterans Memorial Hwy. 
Ronkonkoma, NY 11779 
Phone - 516-737-0600 
Fax - 516-737-0838 

Hamilton Hallmark 
933A Motor Parkway 
Hauppauge, NY 11788 
Phone -516-434-7470 
Fax - 516-434-7491 

Hamilton Hallmark 
1057 East Henrietta Road 
Rochester, NY 14623 
Phone - 716-475-9130 
Phone - 800-462-6440 
Fax - 716-475-9119 

Pioneer Standard 
1249 Front Street, #201 
Binghamton, NY 13905-1117 
Phone - 607-722-9300 
Fax - 607-722-9562 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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Pioneer Standard 
14A Madison Road 
Fairfield, NJ 07006 
Phone - 201-575-3510 
Fax - 201-575-3454 

Pioneer Standard 
840 Fairport Park 
Fairport, NY 14450 
Phone -716-381-7070 
Fax -716-381-5955 

Pioneer Standard 
60 Crossways Park West 
Woodbury, NY 11797 
Phone - 516-921-8700 
Fax -516-921-2143 

Wyle Laboratories 
20 Chapin Road, Bldg. 1013 
Pinebrook, NJ 07058 
Phone -201-882-8358 
Phone - 800-862-9953 
Fax - 201-882-9109 

NORTH CAROLINA 
Representative 
Southeast Technical Group 
1401 N. Arendell Avenue 
Zebulon, NC 27597 
Phone - 919-269-5589 
Fax - 919-269-5670 

Distributors 
Hamilton Hallmark 
5234 Green's Dairy Road 
Raleigh, NC 27604 
Phone - 919-872-0712 
Fax - 919-878-8729 

Pioneer Technologies 
2200 Gateway Center Blvd., Suite 215 
Morrisville, NC 27560 
Phone - 919-460-1530 
Fax - 919-460-1540 

NORTH DAKOTA 
Representative 
High Technology Sales Associates 
4801 W. 81st Street, Suite 115 
Bloomington, MN 55437 
Phone - 612-844-9933 
Fax - 612-844-9930 

SALES INFORMATION 
REV. 4/94 

Distributors 
Anthem Electronics Incorporated 
7646 Golden Triangle Drive, Suite 160 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
Fax - 612-944-3045 

Hamilton Hallmark 
9401 James Avenue South, Suite 140 
Bloomington, MN 55431 
Phone - 612-881-2600 
Fax - 612-881-9461 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone - 612-944-3355 
Fax - 612-944-3794 

Wyle Laboratories 
1325 E 79th Street, Suite 1 
Bloomington, MN 55425 
Phone - 612-853-2280 
Fax - 612-853-2298 

OHIO 
Representatives 
Scott Electronics, Inc. 
30 Alpha Park 
Cleveland,OH44143-2240 
Phone - 216-473-5050 
Fax - 216-473-5055 

Scott Electronics, Inc. 
916 Eastwind Drive 
Westerville, OH 43081-3379 
Phone - 614-882-6100 
Fax - 614-882-0900 

Scott Electronics, Inc. 
10901 Reed-Hartman Hwy., Suite 301 
Cincinnati, OH 45242-2821 
Phone - 513-791-2513 
Fax - 513-791-8059 

Distributors 
Hamilton Hallmark 
5821 Harper Road 
Solon, OH 44139 
Phone - 216-498-1100 
Fax - 216-248-4803 

Hamilton Hallmark 
777 Dearborn Park Lane, Suite L 
Worthington, OH 43085 
Phone - 614-888-3313 
Fax - 614-888-0767 

8-24 

Hamilton Hallmark 
7760 Washington Village Drive 
Dayton, OH 45459 
Phone - 513-439-6735 
Phone - 800-423-4688 
Fax - 513-439-6711 

Pioneer Standard 
4800 E. 131st Street 
Cleveland, OH 44105 
Phone - 216-587-3600 
Fax - 216-587-3906 

Pioneer Standard 
4433 Interpoint Blvd. 
Dayton, OH 45424 
Phone - 513-236-9900 
Fax - 513-236-8133 

Pioneer Standard 
6421 E. Main Street, Suite 201 
Reynoldsburg, OH 43608 
Phone - 614-221-0043 
Fax - 614-759-1955 

Wyle Laboratories 
1821 Walden Office Square, Suite 332 
Schaumburg, IL 60173 
Phone - 708-303-1040 
Fax - 708-303-1055 

OKLAHOMA 
Representative 
Nova Marketing Incorporated 
8125D E. 51st Street, Suite 1339 
Tulsa, OK 74145 
Phone - 918-660-5105 
Fax -918-357-3450 

Distributors 
Hamilton Hallmark 
5411 S. 125th East Avenue, Suite 305 
Tulsa, OK 74146 
Phone - 918-254-6110 
Fax - 918-254-6207 

Pioneer Standard 
9717 E. 42nd Street, Suite 105 
Tulsa, OK 74146 
Phone - 918-665-7840 
Fax -918-665-1891 

OREGON 
Distributors 
Anthem Electronics Incorporated 
9090 S.W. Gemini Drive 
Beaverton, OR 97005 
Phone - 503-643-1114 
Fax - 503-626-7928 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor, Inc. 
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IHamilton Hallmark 
9750 S.W. Nimbus Avenue 
; Beaverton, OR 97005 
: Phone - 503-526-6200 
Fax - 503-641-5939 

1 

'Pioneer Technologies 
18905 Nimbus Avenue S.E., Suite 160 
I Beaverton, OR 97005 
I Phone - 503-626-7300 
Fax -503-626-5300 

~ Wyle Laboratories 
19640 Sunshine Court, Suite 200, Bldg. G 
Beaverton, OR 97005 
Phone - 503-643-7900 
Fax - 503-646-5466 

PENNSYLVANIA 
Representatives 
Omega Electronic Sales Incorporated (E. PAl 
Four Neshaminy Interplex, Suite 101 
Trevose, P A 19053 
Phone - 215-244-4000 
Fax - 215-244-4104 

Scott Electronics, Inc. (W. P A) 
916 Eastwind Drive 
Westerville, OH 43081-3379 
Phone - 614-882-6100 
Fax - 614-882-0900 

Distributors 
Anthem Electronics Incorporated 
355 Business Center Drive 
Horsham, PA 19044 
Phone - 215-443-5150 
Fax - 215-675-9875 

Hamilton Hallmark (W. P A) 
5821 Harper Road 
,olon, OH 44139 
Phone - 216-498-1100 
<ax - 216-248-4803 

Jioneer Technologies 
iOO Enterprise Road 
-forsham, P A 19044 
'hone - 215-674-4000 
1ax - 215-674-3107 

'ioneer Technologies (W. PAl 
~59 Kappa Drive 
'ittsburgh, P A 15238 
'hone - 412-782-2300 
'ax -412-963-8255 

~LES INFORMATION 
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Wyle Laboratories 
815 Eastgate Drive 
Mt. Laurel, NJ 08054 
Phone - 609-439-911 0 
Fax - 609-439-9020 

PUERTO RICO 
Representative 
Photon Sales, Inc. 
1600 Sarno Road, Suite 21 
Melbourne, FL 32935 
Phone -407-259-8999 
Fax -407-259-1323 

Distributors 
Anthem Electronics 
5200 N.W. 33rd Avenue, Suite 206 
Ft. Lauderdale, FL 33309 
Phone - 305-484-0900 
Fax -305-484-0951 

Pioneer Technologies 
674 S. Military Trail 
Deerfield Beach, FL 33442 
Phone - 305-428-8877 
Fax -305-481-2950 

Wyle Laboratories 
600 West Hillsboro, Suite 300 
Deerfield Beach, FL 33441 
Phone - 305-420-0500 
Fax -305-428-2134 

RHODE ISLAND 
Representative 
Advanced Tech Sales Incorporated 
348 Park Street, Suite 102 
North Reading, MA 01864 
Phone - 508-664-0888 
Fax - 508-664-5503 

Distributors 
Anthem Electronics Incorporated 
61 Mattatuck Heights 
Waterbury, CT 06705 
Phone - 203-575-1575 
Fax -203-596-3232 

Hamilton Hallmark 
125 Commerce Court, Unit 6 
Cheshire, CT 06410 
Phone - 203-271-2844 
Fax - 203-272-1704 

8-25 

Pioneer Standard 
112 Main Street 
Norwalk, CT 06851 
Phone -203-853-1515 
Fax - 203-838-9901 

SOUTH CAROLINA 
Representative 
Southeast Technical Group 
1401 N. Arendell Avenue 
Zebulon, NC 27597 
Phone - 919-269-5589 
Fax - 919-269-5670 

Distributors 
Hamilton Hallmark 
5234 Green's Dairy Road 
Raleigh, NC 27604 
Phone - 919-872-0712 
Fax - 919-878-8729 

Pioneer Technologies 
9401 L. Southern Pine Blvd. 
Charlotte, NC 28273 
Phone - 704-526-8188 
Fax - 704-522-8564 

Pioneer Technologies 
2810 Meridian Parkway, Suite 148 
Durham, NC 27713 
Phone - 919-544-5400 
Fax - 919-544-5885 

SOUTH DAKOTA 
Representative 
High Technology Sales Associates 
4801 W. 81st Street, Suite 115 
Bloomington, MN 55437 
Phone - 612-844-9933 
Fax - 612-844-9930 

Distributors 
Anthem Electronics Incorporated' 
7646 Golden Triangle Drive, Suite160 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
Fax - 612-944-3045 

Hamilton Hallmark 
9401 James Avenue South, Suite 140 
Bloomington, MN 55431 
Phone - 612-881-2600 
Fax - 612-881-9461 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone - 612-944-3355 
Fax - 612-944-3794 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice 
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Wyle Laboratories Quatra Associates, Inc. (El Paso, TX) Wyle Laboratories 
1325 East 79th Street, Suite 1 600 Autumnwood Place, S.E. 11001 S. Wilcrest, Suite 100 
Bloomington, MN 55425 Albuquerque, NM 87123 Houston, TX 77099 
Phone - 612-853-2280 Phone - 505-296-6781 Phone - 713-879-9953 
Fax - 612-853-2298 Fax - 505-292-2092 Fax - 713-879-6540 

TENNESSEE Distributors UTAH 
Representative Anthem Electronics Incorporated Representative 
Southeast Technical Group 

651 N. Plano Road, Suite 401 
Wescom Marketing Richardson, TX 75081 

101 Washington, Suite 6 Phone - 214-238-7100 3500 S. Main, Suite 100 
Huntsville, AL 35801 Fax - 214-238-0237 Salt Lake City, UT 84115 
Phone - 205-534-2376 Phone -801-269-0419 
Fax -205-534-2384 Hamilton Hallmark Fax -801-269-0665 

Distributors 
12211 Technology Blvd. 

Distributors Austin, TX 78727 
Hamilton Hallmark Phone - 512-258-8848 Anthem Electronics Incorporated 
3425 Corporate Way, Suite A and G Fax - 512-258-3777 1279 West 2200 South 
Duluth, GA 30136-2552 

Hamilton Hallmark 
Salt Lake City, UT 84119 

Phone -404-623-4400 Phone -801-973-8555 
Fax -404-476-8806 11420 Pagemill Road Fax - 801-973-8909 

Dallas, TX 75243 
Pioneer Technologies Phone - 214-553-4300 Hamilton Hallmark 
4835 University Square, Suite 5 Fax - 214-553-4395 1100 East 6600 South, Suite 120 
Huntsville, AL 35816 

Hamilton Hallmark 
Salt Lake City, UT 84121 

Phone - 205-837-9300 Phone -801-266-2022 
Fax - 205-837-9358 8000 Westglen Fax -801-263-0104 

Houston, TX 77063 
Wyle Laboratories Phone -713-781-6100 Wyle Laboratories 
Tower Building, 2nd Floor Fax - 713-953-8420 1325 West 2200 South, Suite E • 7800 Govemers Drive West 

Pioneer Standard 
Salt Lake City, UT 84119 

Huntsville, AL 35807 Phone -801-974-9953 
Phone - 205-830-1119 13765 Beta Drive Fax -801-972-2524 

en Fax - 205-830-1520 Dallas, TX 75244 

l> 
Phone - 214-419-5503 VERMONT 

TEXAS Fax - 214-490-6419 Representative r- Representatives Pioneer Standard Advanced Tech Sales Incorporated m Nova Marketing Incorporated 1826 Kramer Lane, Suite D 348 Park Street, Suite 102 

en 8350 Meadow Road, Suite 174 Austin, TX 78758 North Reading, MA 01864 
Dallas, TX 75231 Phone - 512-835-4000 Phone - 508-664-0888 - Phone - 214-265-4600 Fax - 512-835-9829 Fax - 508-664-5503 Z Fax - 214-265-4668 Pioneer Standard Distributors "T1 Nova Marketing Incorporated 10530 Rockley Road, Suite 100 Anthem Electronics Incorporated 0 10701 Corporate Drive, Suite 140 Houston, TX 77099 36 Jonspin Road 

:II Stafford, TX 77477 Phone - 713-495-4700 Wilmington, MA 01887 

S 
Phone - 713-240-6082 Fax - 713-495-5642 Phone - 508-657-5170 
Fax -713-240-6094 Wyle Laboratories Fax -508-657-6008 

~ Nova Marketing Incorporated 4030 W. Braker Lane, Suite 420 Hamilton Hallmark 
8310 Capitol of Texas Hwy. North, Suite 180 Austin, TX 78759 lOP Centennial Drive - Austin, TX 78731 Phone - 512-345-8853 Peabody, MA 01960 

0 Phone - 512-343-2321 Fax - 512-834-0981 Phone - 508-532-9808 

Z Fax - 512-343-2487 Wyle Laboratories Fax -508-532-9713 
1810 N. Greenville Avenue Pioneer Standard 
Richardson, TX 75081 44 Hartwell Avenue 
Phone - 214-235-9953 Lexington, MA 02173 
Fax - 214-644-5064 Phone - 617-861-9200 

Fax - 617-863-1547 

SALES INFORMATION 8-26 Micron Semiconductor, Inc., reserves the right to change products or specifications without notlca 
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IVIRGINIA 
Representative 
iElectronic Engineering & Sales, Inc. 
305 Kramer Road 
!pasadena, MD 21122 
Phone - 410-255-9686 
I Fax - 410-255-9688 

Distributors 
I Anthem Electronics Incorporated 
7168 A Columbia Gateway Drive 

I Columbia, MD 21046-2101 
! Phone - 301-995-6640 
Fax - 301-381-4379 

Hamilton Hallmark 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone - 410-988-9800 
Fax -410-381-2036 

Pioneer Technologies 
9100 Gaither Drive 
Gaithersburg, MD 20877 
Phone - 301-921-0660 
Fax - 301-921-3852 

Wyle Laboratories 
7180 Columbia Gateway Drive, Suite 100 
Columbia, MD 21046 
Phone -410-312-4844 
Fax -410-312-4953 

WASHINGTON 
Distributors 
Anthem Electronics Incorporated 
19017-12Oth Avenue N.B., Suite 102 
Bothell, WA 98011 
Phone - 206-483-1700 
Fax - 206-486-0571 

~LES INFORMATION 
:'V.4/94 

Hamilton Hallmark 
8630 154th Avenue 
Redmond, WA 98052 
Phone - 206-881-6697 
Fax - 206-867-0159 

Pioneer Technologies 
2800 156th Avenue S.E., Suite 100 
Bellevue, WA 98007 
Phone - 206-644-7500 
Fax - 206-644-7300 

Wyle Laboratories 
15385 N.E. 90th Street 
Redmond, WA 98052-3522 
Phone - 206-881-1150 
Phone - 800-248-9953 
Fax -206-881-1567 

WEST VIRGINIA 
Representative 
Scott Electronics, Inc. 
916 Eastwind Drive 
Westerville, OH 43081-3379 
Phone - 614-882-6100 
Fax - 614-882-0900 

WISCONSIN 
Representatives 
High Technology Sales Associates (W. WI) 
4801 W. 81st Street, Suite 115 
Bloomington, MN 55437 
Phone - 612-844-9933 
Fax - 612-844-9930 

Industrial Representatives, Inc. (E. WI) 
2831 N. Grandview, Suite 215 
Pewaukee, WI 53072 
Phone - 414-574-9393 
Fax - 414-574-9394 

Distributors 
Anthem Electronics Incorporated 
1300 Remington, Suite A 
Schaumburg, IL 60173 
Phone - 708-884-0200 
Fax - 708-884-0480 

Hamilton Hallmark 
2440 S. 179th Street 
New Berlin, WI 53146-2152 
Phone - 414-797-7844 
Fax - 414-797-9259 

Pioneer Standard 
120 Bishops Way, Suite 163 
Brookfield, WI 53005 
Phone -414-784-3480 
Fax - 414-784-8207 

Wyle Laboratories 
W226 N555 Eastmound Drive 
Waukesha, WI 53186 
Phone -414-521-9333 
Fax -414-521-9498 

WYOMING 
Representative 
Contact Micron Semiconductor, Inc. 
Component Sales 
Phone - 208-368-3900 
Fax -208-368-3488 
Micron DataFax - 208-368-5800 

Distributors 
Anthem Electronics Incorporated 
373 Inverness Drive 
Englewood, CO 80112 
Phone - 303-790-4500 
Fax - 303-790-4532 

Wyle Laboratories 
1325 West 2200 South, Suite E 
Salt Lake City, UT 84119 
Phone - 801-974-9953 
Fax - 801-972-2524 

8-27 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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AUSTRALIA 
Representative 

Reptechnic Ply. Ltd. 
3/36 Bydown Street 
Neutral Bay, NSW 2089 
Phone - 612-953-9844 
Fax -612-953-9683 

AUSTRIA 
Distributor 
EBV Elektronik GmbH 
Diefenbachgasse 35/6 
A-1150Wien 
Phone - 43-222-8-94-17-74 
Fax -43-222-8-94-17-75 

BELGIUM 
Representative 
Microtron 
Generaal De Wittelaan 7 
B-2800 Mechelen 
Phone - 32-15-212223 
Fax - 32-15-210069 

Distributor 
EBV Elektronik GmbH 
Excelsiorlaan 35 
B-1930 Zaventem 
Phone - 32-2 7209936 
Fax - 32-2-7208152 

DENMARK 
Representative & Distributor 

E.V. Johanssen Elektronik A/S 
Titangade 15 
DK-22oo Copenhagen N 
Phone - 45-31-83-90-22 
Fax -45-31-83-92-22 

FINLAND 
Representative & Distributor 
Integrated Electronics Oy Ab 
Turkhaudantie 1 
P.O. Box 160 
SF-0070 Helsinki 
Phone - 358-0-351-3133 
Fax - 358-0-351-3134 

SALES INFORMATION 
REV. 4194 

FRANCE 
Representative 
Rep'T ronic S.A. 
1 bis, rue Marcel Paul 
Biitiment A, 
Zl de la Bonde 
F-91300 Massy 
Phone -33-1-60-13-93-00 
Fax - 33-1-60-13-91-98 

Distributors 

AvnetEMGSA 
79, rue Pierre Semard 
B.P.90 
F-92322 Chatillon, Cedex 
Phone - 33-1-49-65-2600 
Fax - 33-1-49-65-2769 

EBV Elektronik 
Parc Club de la Haute Maison 
16, rue Galilee, Cite Descartes 
77420 Champs-sur-Marne 
Phone - 33-1-64-68-8609 
Fax - 33-1-64-68-2767 

Societe Paris Sud Electronique 
12, rue Rene-Cassin 
Z.r. de la Bonde 
F-91300 Massy 
Phone - 33-1-69-20-6699 
Fax -33-1-69-20-7532 

GERMANY 
Sales & Customer Service Office 

Micron Semiconductor (Deutschland) GmbH 
Sternstrasse 20 
0-85609 Aschheim 
Phone - 49-89-9030021 
Fax - 49-89-9043114 

Distributors 
EBV Elektronik GmbH 
Hans-Pinsel-Str. 4 
0-85540 Haar b. Miinchen 
Phone -49-89-45610-0 
Fax - 49-89-464488 

MSC-Vertriebs GmbH 
Industriestrafle 16 
D-76297Stutensee 
Phone - 49-72-49910-0 
Fax - 49-72-497993 

Metronik GmbH 
Leonhardsweg 2 
0-82008 Unterhaching b. Miinchen 
Phone -49-89-61108-0 
Fax - 49-89-6116468 

Neumiiller-Fenner Elektronik GmbH 
Mehlbeerenstr. 2 
0-82024 Taufkirchen 
Phone - 49-89-61208-0 
Fax - 49-89-612268-0 

HONG KONG 
Sales & Customer Service Office 

Representative 
Lestina International Ltd. 
14/F, Park Tower 
15 Austin Road 
Tsimshatsui, Kowloon 
Phone - 852-735-1736 
Fax -852-730-5260 

INDIA 
Distributor 
Silicon Electronics 
1148 Sonora Court 
Sunnyvale, CA 94086 
Phone - 408-738-8235 
Fax - 408-738-0698 

INDONESIA 
Representative 
Desner Electronics (FE) Pte. Ltd. 
42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone - 65-285-1566 
Fax - 65-284-9466 

IRELAND 
Representative 

New England Technical Sales 
The Diamond, 
Malahide, 
Co. Dublin 
Phone -353-18-450635 
Fax -353-18-453625 

Distributor 
Macro Group 
Burnham Lane 
Slough 
Berkshire 511 6LN 
Phone - 44-628-604383 
Fax - 44-628-666873 

8-28 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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IISRAEL 
Representative & Distributor 
1c.R.G. Electronics Ltd. 
Ilndustrial Park 
P.O.B.590 
Carmiel20101 
Phone - 972-4-887-877 
Fax -972-4-887-588 

ITALY 
Representative 
Acsis srI 
via Alberto Mario, 26 
Milano 20149 
Phone - 39-2-4802-2522 
Fax -39-2-4801-2289 

Distributors 
Claitron SPA 
Via Ie Fulvio Testi 280 
20126 Milano 
Phone - 39-2-66-14-91 
Fax - 39-2-66-10-56-66 

EBV Elektronik 
Sede di Milano 
Via C. Frova,34 
1-20092 Cinisello Balsamo (MIl 
Phone -39-2-66-01-71-11 
Fax -39-1,66-01-7020 

JAPAN 
Distributors 
[ntemix Inc. 
3hinjuku Hamada Bldg. 7-4-7 
Nishi-5hinjuku, 5hinjuku-ku 
fokyo 160 
Phone -81-3-3369-1105 
Fax -81-3-3363-8486 

\1acnica, Inc. 
Hakusan High-Tech Park 
1-22-2 Hakusan 
\1idori-ku, Yokohama City 226 
'hone -81-45-939-6140 
<ax - 81-45-939-6141 

lanyo Electric Co. Ltd. 
mport Promotion Division 
:-I-IOUeno 
laito-ku, Tokyo 110 
'hone -81-3-3837-6345 
lax -81-3-3837-6379 

ALES INFORMATION 
EV.4/94 

KOREA 
Representative 
1& C Microsystems Co. Ltd. 
3rd Floor, Jung-Nam Bldg. 
191-3 Po-E Dong 
Kang-NamKu 
Seoul 
Phone -822-577-9131 
Fax - 822-577-9130 

LUXEMBOURG 
Distributor 
EBV Elektronik GmbH 
Excelsiorlaan 35 
B-1930 Zaventem 
Belgium 
Phone - 32-2 7209936 
Fax - 32-2-7208152 

MALAYSIA 
Representatives 
Desner (Malaysia) Sdn. Bhd. 
23 Jalan Sarikei 
53000 Kuala Lumpur 
Phone - 60-3-4211123 
Fax - 60-3-4219923 

Desner (Malaysia) Sdn. Bhd. 
39 Persiaran Bukit Kecil5 
Taman Sri Nibong 
11900 Bayan Lepas 
Penang 
Phone - 60-4-838352 
Fax - 60-4-849370 

THE NETHERLANDS 
Representative 
Microtron 
Beneluxweg 37 
Postbus 4336 
NL-4904 5J Oosterhout 
Phone - 31-162-060-308 
Fax - 31-162-060-633 

Distributor 
EBV Elektronik GmbH 
Planetenbaan 2 
NL-3606 AK Maarssenbroek 
Phone - 31 34 65-62353 
Fax -3134 65-64277 

NEW ZEALAND 
Representative 
Reptechnic Pty. Ltd. 
3/36 Bydown Street 
Neutral Bay, NSW 2089 
Australia 
Phone - 612-953-9844 
Fax - 612-953-9683 

NORWAY 
Representative & Distributor 
BIT Elektronikk A/S 
Smedsvingen 4 
Postboks 194 
1360 Nesbru 
Phone -47-66-981370 
Fax - 47-66-981371 

PHILLIPINES 
Representative 
Desner Electronics (FE) Pte. Ltd. 
42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone - 65-285-1566 
Fax - 65-284-9466 

PORTUGAL 
Representative & Distributor 
ATD Electronica, Lda. 
Quinta Grande, Lote 20 -R/C DTO. 
Alfragide (Norte) 
2700 Amadora 
Phone - 351-1-4714182 
Fax - 351-1-4715886 

SINGAPORE 
Sales & Customer Service Office 
MSI Asia Pacific Pte. Ltd. 
#04-03 Leonie View 
1 Leonie Hill 
Singapore 0923 
Phone - 65-735-9846 
Fax - 65-735-9847 

Representative 
Desner Electronics (FE) Pte. Ltd. 
42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone - 65-285-1566 
Fax - 65-284-9466 

Micron Semiconductor, Inc., reselVGS the right to change products or specffitalions without notice. 
©1994, Micron Semiconductor, Inc. 

-en 
l> 
r-m en -Z 
." 
0 
:D s: 
~ -0 
Z 



• en 
l> rm en -Z 
." o 
::D 
s: 
~ -o z 

MIC:RON SALES INFORMATION 
1-· """""'''c'"'' '" INTERNATIONAL 

SOUTH AFRICA 
Distributor 
Computer Parts cc 
CNR Athol and Louis Botha Avenue 
Highlands North 
Johannesburg 2192 
Phone·27-11-887·2438 
Fax· 27·11·887·2514 

SPAIN 
Representative & Distributor 
A TD Electronica, S.A. 
Avda. de la Industria, 32 
Nave 17·2. B 
28100 Alcobendas 
Madrid 
Phone· 341·661·6551 
Fax· 341-661-6300 

SWEDEN 
Representative & Distributor 
IE Komponenter AB 
Ulvsundaviigen 106 C 
Box 11113 
s..16111 Bromma 
Phone· 46·8·804685 
Fax·46·8·262286 

SWITZERLAND 
Distributors 
EBV Elektronik GmbH 
Vorstadtstrasse 37 
CH·8953 Dietikon 
Phone·41 1-740 10 90 
Fax·411·7415110 

SALES INFORMATION 
AEV,4194 

Fenner Elektronik AG 
GewerbestraBe 10 
CH-4450 Sissach 
Phone ·416·1975000 0 
Fax· 41 6-1 971742 1 

TAIWAN, R.O.C. 
Representative 
ASEC International Corporation 
4F, 223, Chung Yang Road 
Nan Kang District 
Taipei 
Phone· 886-2·786·6677 
Fax· 886-2·651"()600 

THAILAND 
Representative 
Desner Electronics (Thailand) Co. Ltd. 
ITF SHorn Palace Building 
11th Floor, Room 160/128·129 
Silom Road, Bankok 10500 
Phone· 662·2356492·5 
Extension· 128·129 
Fax· 662·2668040 

UNITED KINGDOM 
Sales & Customer Service Office 

Micron Europe Limited 
Centennial Court 
Easthampstead Road 
Bracknell 
Berkshire RG121JA 
Phone· 44·344-360055 
Fax· 44·344·869504 

8-30 

Representative 
Cedar Technologies u.K. Ltd. 
The Old Water Works 
Howse Lane 
Bicester 
Oxfordshire OX6 8XF 
Phone·44·869·322·366 
Fax·44·869·322·377 

Distributors 
Bytech Electronics Ltd. 
12 A Cedarwood 
Chineham Business Park 
Crockford Lane 
Basingstoke 
Hampshire RG24 OWD 
Phone· 44-256·707·107 
Fax· 44-256-707·162 

Macro Group 
Burnham Lane 
Slough 
Berkshire SLl 6LN 
Phone· 44·628·604383 
Fax· 44·628·666873 

Thame Components Ltd. 
Thame Park Road 
Thame 
Oxfordshire OX9 3UQ 
Phone· 44·84-426-1188 
Fax· 44-84-426·1681 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1994, Micron Semiconductor,lnc. 
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Micron Semiconductor, Inc. 
2805 East Columbia Road 
Boise, Idaho 83706 
Tel: 208-368-3900 
Fax: 208-368-4431 
Customer Comment Line: 

U.S.A.: 800-932-4992 
IntI.: 01-208-368-3410 
Fax: 208-368-3342 

MSI Asia Pacific Pte. Ltd. 
#04-03 Leonie View 
1 Leonie Hill 
Singapore 0923 
Tel: 65-735-9846 
Fax: 65-735-9847 
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Micron Europe Limited 
Centennial Court 
Easthampstead Road 
Bracknell 
Berkshire RG12 1JA 
United Kingdom 
Tel: 44-344-360055 
Fax: 44-344-869504 

Micron Semiconductor 
(Deutschland) GmbH 
Sternstrasse 20 , 
0-85609 Aschheim' ~'~, 
Germany ", .. ~ 
Tel: 49-89-903-002'1 
Fax: 49-89-904-3114 


