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ABOUT THE COVER: 

Front - A variety of features highlights Micron's Specialty 
DRAM product line, shown here against a circuitry back
drop rendered from a scanning electron microscope. Pic
tured are Micron's 1 Meg Triple-Port DRAM in a PLCC 
package (top), 1 Meg VRAM in an SOJ package (lower left) 
and 2 Meg VRAM in a TSOP package (lower right). 

Back - Micron's Boise, Idaho, headquarters. 
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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). 

:)REFACE 
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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., reserves the right to change products or specifications without notice. 
@1993,MicronSemiconductor,lnc. 
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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: 

liTo 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. All components shipped have been through the 
AMBYX burn-in system. 

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. They can be reached at (208) 368-3950. 

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. 
©1993,MicronSemiconductor,lnc. 

AMBYX® is a registered trademark of Micron Technology, 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 just in time (JIT) programs, made possible by 
ever-increasing product reliability. 

COMPONENT INTEGRATED CIRCUITS 
Micron entered the memory market in 1978, first de

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

As we bring progressive memory solutions to our 
customers, 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. In 
1990, 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 Micron Triple-Port tradition. Micron con
tinues to forge ahead into new and exciting frontiers. 

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

*See NOTE, page v. 
**For more information on AMBYX·, see Section 6. 

PREFACE 
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DIE SALES 
In addition to our durable packaging, Micron also 

provides memory devices in bare die form. These 
are increasingly in demand for commercial and military 
use in highly specialized applications. Micron's bare die 
products are available both in 6" wafers and GEL-PAK®. 

CUSTOM MANUFACTURING SERVICES 
For complete project management of system-level prod

ucts, Micron offers value-added services, including turn
key services covering all phases of production, and stan
dard contract manufacturing services such as design, 
assembly, custom-kitted assembly and comprehensive 
quality testing or shipping. Our component and system
level manufacturing facilities are centrally located in Boise, 
Idaho, so the component products you need are readily 
available. 

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. 

Micron Semiconductor, Inc., reselV9S the right to change products Dr specifications without notice. 
©1993, Micron Semiconductor, Inc. 

AMBYX® is a regIStered trademark of Micron Technology, Inc. 
GEL·PAK® is a registered trademark of Vichem Corporation. 



ABOUT THIS BOOK 

CONTENT 
The 1993 Specialty DRAM Data Book from Micron Semi

conductor provides complete specifications on specialty 
and derivative products based on our DRAM production 
process. These products include our Wide DRAMs, Video 
RAMs (VRAMs), Triple-Port DRAMs, and VRAM Mod
ules. 

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

SECTION ORGANIZATION 
Micron's 1993 Specialty DRAM Data Book contains a de

tailed Table of Contents with sequential and numerical 
indexes of products as well as a complete product selection 
guide. The Data Book is organized into eight sections: 

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

• Section 5: Application/Technical 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 VRAM section begins 
with the 256K x 4 followed by 128K x 8 and all other x8 
configurations in order of ascending depth. Next come the 
x16 products. 

DATA SHEET DESIGNATIONS 
As detailed in the table below, each Micron product 

data sheet is classified as either Advance, Preliminary or 
Production. 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 you. 

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 
Customer Comment Line: 
800-932-4992 (U.S.A.) 
01-208-368-3410 (IntL) 

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 (Production) This data sheet contains minimum and maximum limits specified overthecomplete power 
supply and temperature range for production devices. These specifications are subject to 
change, as further product development and data characterization sometimes occur. 

New This data sheet (which may be either Advance, Preliminary or Production) is a new 
addition since the data book's last printing. 

NOTE: Micron's Data Books use 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 International Association 

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

PREFACE 
REV. 5/93 v Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 

©1993, Micron Semiconductor, Inc, 
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EXPANDED COMPONENT NUMBERING SYSTEM 

AA BB CC DODD FFF -GG ZZ ZZ 
~...L.L I ....L...L_ 
MT42C82560.J-7 

Micron ITT ITT ~ Processing Co?es 
VRAM - - 70ns Access Time 
CMOS SOJ Package 

-256K x 8 ----,.------' 

AA - PRODUCT LINE IDENTIFIER 

Component Product .......................................................... MT 

BB - PRODUCT FAMILY 

DRAM .................................................................................. 4 
VRAM .......................................................................... , ...... 42 
TPDRAM ............................................................................ 43 
SRAM ................................................................................... 5 
FIFO ................................................................................... 52 
Cache Data SRAM .............................................................. 56 
Synchronous SRAM ........................................................... 58 

CC- PROCESS TECHNOLOGY 

CMOS .................................................................................. C 
Low-Voltage CMOS ............................................................ LC 

DODD - DEVICE NUMBER 
(Can be modified to indicate variations) 
DRAM ............................................................. Width, Density 
VRAM ............................................................. Width, Density 
TPDRAM ......................................................... Width, Density 
SRAM .......................................................... Total Bits, Width 
CACHE ............................................................ Density, Width 
Latched SRAM ................................. : ........... Total Bits, Width 
FIFO ............................................................. Width, Total Bits 
Synchronous SRAM ........................................ Density, Width 

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

JEOEC Test Mode (4 Meg DRAM) ........................................ J 
Errata on Base Part .............................................................. a 

FFF - PACKAGE CODES 

PLASTIC 
DIP ............................................................................. Blank 
DIP (Wide Body) .............................................................. W 
ZIP .................................................................................... Z 
LCC ................................................................................. EJ 
SOP/SOIC ..................................................................... :. SG 
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FFF - PACKAGE CODES (continued) 
aFP ................................................................................. LG 
TSOP (Type II) ................................................................ TG 
TSOP (Reversed) ........................................................... RG 
TSOP (Longer) ................................................................ TL 
SOJ ................................................................................. DJ 
SOJ (Skinny) ................................................................... SJ 
SOJ (Reversed) .............................................................. DR 
SOJ (Longer) .................................................................. DL 

DIE 
Die ................................................................................ XDC 
Wafer .......................................................................... XWC 
Military Die ..................................................................... XD 
Military Wafer ................................................................ XW 

Ceramic 
DIP ................................................................................... C 
DIP (Narrow Body) ......................................................... CN 
DIP (Wide Body) ............................................................ CW 
LCC ................................................................................. EC 
LCC (Narrow Body) ...................................................... ECN 
LCC (Wide Body) ......................................................... ECW 
SOP/SOIC ....................................................................... CG 
SOJ ............................................................................... DCJ , 
PGA ................................................................................ CA 
FLAT PACK ........................................................................ F 

GG - ACCESS TIME 
-5 ....................................................................... 5ns or 50ns 
-6 ...................................................................... 6ns or 60ns , 
-7 ............. ; ........................................................ 7ns or 70ns 
-8 ...................................................................... 8ns or 80ns ; 

-10 ................ , ................................................. 10ns or 100ns , 
~12 .................................................................. 12nsor 120ns 
-15 .................................................................. 15ns or 150ns 
-17 ................................................................................. 17ns 
-20 ................................................................................. 20ns 
-25 ................................................................................. 25ns 
-35 ................................................................................. 35ns 
-45 ................................................................................. 45ns 
-50 (SRAM only) ............................................................ 50ns 

Micron Semioonductor, Inc., reserves the right to change products or specifications without notice. 
@1993,MicronSemiconductor, Inc. 
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EXPANDED COMPONENT NUMBERING SYSTEM (continued) 

AA BB CC DODD FFF -GG ZZ ZZ 
----.L -l-.l I ---.L -L _ 
MT42C8256DJ-7 

Micron 
VRAM 
CMOS 

256K x 8 

~ITT~ Processing Codes 
70ns Access Time 
SOJ Package 

GG - ACCESS TIME (continued) 
~ ................................................................................. ~~ 

-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 L IT 

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

Low Power (Extended Refresh) ......................................... L 
Low Voltage, Low Power (Extended Refresh) ................. VL 
Low Power (SELF REFRESH) ............................................ S 
Low Voltage, Low Power (SELF REFRESH) .................... VS 

SRAMS 
Low Volt Data Retention ................................................... L 
Low Power ........................................................................ P 
Low Power, Low Volt Data Retention .............................. LP 
Low Voltage, Low Power ................................................ VP 

I 
PREFACE 
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zz ZZ - PROCESSING CODES (continued) 
Low Voltage, Low Volt Data Retention ............................ VL 
Low Voltage, Low Volt Data Retention, 
Low Power ..................................................................... VB 

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 

MIL-STD-883C Testing 
-55°C to + 125°C ......................................................... 883C 
-55°C to +11 DoC (DRAMs) .......................................... 883C 
DoC to +70°C .............................................................. M070 

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 nght to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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NEW COMPONENT NUMBERING SYSTEM 

AA BB CC DDDDDD EE FFF -GG ZZ ZZ 
......L....L.L I -L......L..L_ 
MT42C256K16A1SG-7 

~E ~:rT I TTT~ SEJ1: 
256K x 16 ----------'. '-------- Data Sheet Defined 

AA - PRODUCT LINE IDENTIFIER 

Component Product .......................................................... MT 

BB - PRODUCT FAMILY 

DRAM .................................................................................. 4 
VRAM ................................................................................. 42 
TPDRAM ............................................................................ 43 
Synchronous DRAM .......................................................... 48 
SRAM .........................................................•......................... 5 
FIFO ................................................................................... 52 
Latched SRAM ................................................................... 56 
Synchronous SRAM ........................................................... 58 

CC - PROCESS TECHNOLOGY 

CMOS .................................................................................. C 
Low Voltage CMOS ............................................................ LC 

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 

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 
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FFF - PACKAGE CODES (continued) 
QFP ................................................................................. LG 
TSOP (Type II) ................................................................ TG 
TSOP (Reversed) ........................................................... RG 
TSOP (Longer) ................................................................ TL 
SOJ ................................................................................. DJ 
SOJ (Skinny) ................................................................... SJ 
SOJ (Reversed) .............................................................. DR 
SOJ (Longer) .................................................................. DL 

DIE 
Die ................................................................................ XDC 
Wafer .......................................................................... XWC 
Military Die ..................................................................... XD 
Military Wafer ................................................................ XW 

CERAMIC 
DIP ................................................................................... C 
DIP (Narrow Body) ......................................................... CN 
DIP (Wide Body) ............................................................ CW 
LCC (Narrow Body) ...................................................... ECN 
LCC ................................................................................. EC 
LCC (Wide Body) ......................................................... ECW 
SOP/SOIC ....................................................................... CG 
SOJ ............................................................................... DCJ 
PGA ................................................................................ CA 
FLAT PACK ........................................................................ F 

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 

Micron Semiconductor, Inc., re&91V88 the right to change products or specifications without notice. 
@1993, Micron Semiconductor, Inc. 
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NEW COMPONENT NUMBERING SYSTEM (continued) 

AA BB CC 000000 EE FFF -GG ZZ ZZ 
--L..L...L I --L --L. ..L. _ 
MT42C256K16A 1 SG ... 7 

~:~~ ---=rTJ I 11T<=-
256Kx 16 .-

Processing Codes 
70ns Access Time 
SOP Package 
Data Sheet Defined 

GG - ACCESS TIME (continued) 
-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, eJttended refresh (L); low voUage 
(Y) and the industrial temperature range (IT) would be Indicated as: 
II L IT 

Interim .......•.•........................................................................ 1 
Low Voltage ......................................................................... V 
DRAMs 

Low Power (Extended Refresh) ......................................... L 
Low Voltage, Low Power (Extended Refresh) ................. VL 
Low Power (SELF REFRESH) ............................................ S 
Low Voltage, Low Power (SELF REFRESH) •................... VS 

SRAMs 
Low Volt Data Retention ................................................... L 
Low Power ..•..................................................................... P 
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zz ZZ - PROCESSING CODES (continued) 
Low Power, Low Volt Data Retention ........................... ; .. LP 
Low Voltage, Low Power ................................................ VP 
Low Voltage, LowVolt Data Retention ............................ VL 
Low Voltage, Low Volt Data Retention, 
Low Power ..................................................................... VB 

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 

MIL-STD-883C Testing 
~55°C to + 125°C .. ; ...................................................... 883C 
-55°C to +11 O°C (DRAMs) .......................................... 883C 
O°C to +70°C .............................................................. M070 

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 ttotice. 
@1993, Micron Semiconductor, Inc. 
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MODULE NUMBERING SYSTEM 

AA BB C DDD EE F GG HH 
---.L..l...L --L --L -.L...L.l 
MT4V25632M -7 

Micron ---=::r-~ I I ~~ 4 Components L-
VRAM Module 

256K 

70ns Access Time 
Special Designator 
SIMM 
x32 

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

BB - NUMBER OF MEMORY COMPONENTS 

C - RAM FAMILY 
SRAM ........................................................................ S 
DRAM ........................................................................ D 
VRAM ........................................................................ V 

DDD-DEPTH 

EE-WIDTH 

F - PACKAGE CODE 
DIP ............................................................................ D 
Gold Plate ................................................................. G 
ZIP ............................................................................. z 
SiP ............................................................................. N 
SIMM ......................................................................... M 

PREFACE 
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GG - SPECIAL DESIGNATOR 
LowPower ................................................................. L 

HH - ACCESS TIME 
-10 ......................................................... 10n6 or 100n6 
-15 ........................................................................ 15n6 
-20 ........................................................................ 20n6 
-25 ........................................................................ 25n6 
-30 ........................................................................ 30n6 
-35 ........................................................................ 35n6 
-45 ........................................................................ 45n6 
-6 .......................................................................... 60n6 
-7 .......................................................................... 70n6 
-8 .......................................................................... 80n6 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. : 
@1993, Micron SemiconductOr, Inc. ' 



WIDE DRAMS PAGE 
MT4C8512 ............................................ 512K x 8 FP ................................................................ 1-1 
MT4C8513 ............................................ 512K x 8 FP, WPB ..................................................... 1-1 
MT4C8512 L ......................................... 512K x 8 FP, LP ......................................................... 1-17 
MT4C8513 L ......................................... 512K x 8 FP, WPB, LP .............................................. 1-17 
MT4C8512 S ......................................... 512K x 8 FP,LP,S ..................................................... 1-33 
MT4C8513 S ......................................... 512K x 8 FP, WPB, LP, S .......................................... 1-33 
MT4C16256 .......................................... 256K x 16 FP, DW ....................................................... 1-51 
MT4C16257 .......................................... 256K x 16 FP, DC ........................................................ 1-51 
MT4C16258 .......................................... 256K x 16 FP, DW, WPB ............................................ 1-51 
MT4C16259 .......................................... 256K x 16 FP, DC, WPB ............................................. 1-51 
MT4C16256 L ....................................... 256K x 16 FP, DW, LP ................................ ,............... 1-73 
MT4C16257 L ....................................... 256K x 16 FP, DC, LP ................................................. 1-73 
MT4C16258 L ....................................... 256K x 16 FP, DW, WPB, LP ..................................... 1-73 
MT4C16259 L ....................................... 256K x 16 FP, DC, WPB, LP ...................................... 1-73 
MT4C16256 S ....................................... 256K x 16 FP, DW, LP, S ............................................ 1-95 
MT4C16257 S ....................................... 256K x 16 FP, DC, LP, S ............................................. 1-95 
MT4C16258 S ....................................... 256K x 16 FP, DW, WPB, LP, S ................................. 1-95 
MT4C16259 S ....................................... 256K x 16 FP, DC, WPB, LP, S .................................. 1-95 
MT4C16270 .......................................... 256K x 16 EDO, DC .................................................... 1-119 
MT4C16271 .......................................... 256K x 16 EDO, DC, WPB ......................................... 1-119 
MT4C16260 .......................................... 256K x 16 FP, ASY, DW ... ,......................................... 1-137 
MT4C16261 .......................................... 256K x 16 FP, WPB, ASY ........................................... 1-137 
FP ...................... , .... , ................................................................. FAST-PAGE-MODE SC ............................................................................................. STATIC-COLUMN 
LP .................................................................... , ...... , Low Power, Extended Refresh WPB .............................................................................................. WRITE-PER-BIT 
DW .... , .......................................................................................................... Dual WE DC ............................................................................................................ Dual CAS 
2KR ................................................. , ........................................... 2,048-Row Refresh 4KR ................................ , .......................................................... 4,096-Row Refresh 
S , ................. , .................... , .. , ............................................................. SELF REFRESH ASY ............................................................................ , Asymmetrical Addressing 
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WIDE DRAM PRODUCT SELECTION GUIDE 

Memory Access Part Access Typical Power Dissipation Package/Number of Pins 

Configuration Cycle Number' Time (ns) Standby Active ZIP SDJ TSOP Page 

512K x 8 FP MT4C8512 60,70,80 3mW 350mW 28 28 28 1 -I 

512K x 8 FP, WPB MT4C85 I 3 60,70,80 3mW 350mW 28 28 28 I -I 

512K x 8 FP,LP MT4C8512 L 60,70,80 lmW 350mW 28 28 28 1-17 

512K x 8 FP, WPB, LP MT4C8513 L 60,70,80 lmW 350mW 28 28 28 1-17 

512K x 8 FP, LP, S MT4C8512S 70,80 lmW 350mW 28 28 28 1-33 

512K x 8 FP, WPB, LP, S MT4C8513S 70,80 lmW 350mW 28 28 28 1-33 

256K x 16 FP,DW MT4C16256 60,70,80 3mW 500mW 40 40 40/44 I-51 

256K x 16 FP,DC MT4C16257 60, 70, 80 3mW 500mW 40 40 40/44 I-51 

256K x 16 FP, DW, WPB MT4C16258 60,70,80 3mW 500mW 40 40 40/44 I-51 

256K x 16 FP, DC, WPB MT4C16259 60,70,80 3mW 500mW 40 40 40/44 I-51 

256K x 16 FP, DW, LP MT4C16256 L 60,70,80 lmW 500mW 40 40 40/44 1-73 

256K x 16 FP, DC, LP MT4C16257 L 60,70,80 lmW 500mW 40 40 40/44 1-73 

256K x 16 FP, DW, WPB, LP MT4C16258 L 60,70,80 lmW 500mW 40 40 40/44 1-73 

256K x 16 FP, DC, WPB, LP MT4C16259 L 60,70,80 lmW 500mW 40 40 40/44 1-73 

256K x 16 FP, DW, LP, S MT4C16256 S 60,70,80 lmW 500mW 40 40 40/44 1-95 

256K x 16 FP,DC,LP,S MT4C16257 S 60,70,80 lmW 500mW 40 40 40/44 1-95 

256K x 16 FP, DW, WPB, LP, S MT4C16258 S 60, 70, 80 lmW 500mW 40 40 40/44 1-95 

256K x 16 FP, DC, WPB, LP, S MT4C16259 S 60,70,80 lmW 500mW 40 40 40/44 1-95 

256K x 16 EDO,DC MT4C16270 70,80 3mW 500mW 40 40 40/44 1-119 

256K x 16 EDO, DC, WPB MT4C16271 70,80 3mW 500mW 40 40 40/44 1-119 

256K x 16 FP,ASY, DW MT4C16260 70,80 lmW 500mW 40 40 40/44 1-137 

256K x 16 FP, WPB, ASY MT4C16261 70,80 lmW 500mW 40 40 40/44 1-137 

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 
*(L)C means device is available in both 5V Vce (MT4CXXXXX) and 3/3.3V Vee (MT4LCXXXXX) versions 

VRAM PRODUCT SELECTION GUIDE 

Memory Access Part Access Typical Power Dissipation Package/Number of Pins 

Configuration Cycle Number Time (ns) Standby Active SOJ SOP TSOP ZIP Page 

256K x 4 FP MT42C4256 60,70,80 15mW 275mW 28 28 2-1 

128K x 8 FP MT42C8128 60,70,80 15mW 275mW 40 - - 2-37 

256K x 8 FP,DW MT42C8254 70,80 10mW 300mW 40 40/44 2-75 

256K x 8 FP MT42C8255 70,80 10mW 300mW 40 40/44 2-107 

256K x 8 FP, EDO MT42C8256 60,70,80 10mW 300mW 40 40/44 2-139 

256K x 8 FP MT42C8257 60,70,80 10mW 300mW 40 - 40/44 2-181 

256K x 16 FP, EDO, DW MT 42C256K16A 1 60,70,80 TBD TBD 64 70 2-221 

256K x 16 FP,DW MT 42C256K16Cl 60,70,80 TBD TBD 64 70 2-265 

256K x 16 FP,DC MT 42C256K16C2 60,70,80 TBD TBD 64 70 2-267 

FP = FAST-PAGE-MODE, EDO = Extended Data-Out, DW = Dual WE, DC = Dual CAS 
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TRIPLE-PORT DRAM PRODUCT SELECTION GUIDE 

Memory Access Part Access Power Dissipation Package/Number of Pins 

Configuration Cycle Number Time (ns) Standby Active SOJ SOG TSOP PlCC Page 

256Kx4 FP, BW, QSF pin MT43C4257 80, 100 15mW 500mW 40 - 40144 - 3-1 

256Kx4 FP, BW, SSF pin MT43C4258 80,100 15mW 500mW 40 - 40144 - 3-1 

256K x4 FP, BW, QSF pin MT43C4257A 70,80 15mW 500mW 40 - 40144 - 3-3 

256Kx 4 FP, BW, SSF pin MT43C4258A 70,80 15mW 500mW 40 40144 - 3-3 

128K x 8 FP, BW, QSF pin MT43C8128 80, 100 15mW 550mW - - 52 3-49 

128Kx 8 FP, BW, SSF pin MT43C8129 80, 100 15mW 550mW - 52 3-49 

128K x 8 FP, BW, QSF pin MT43C8128A 70,80 15mW 550mW - - 52 3-51 

128K x 8 FP, BW, SSF pin MT43C8129A 70,80 15mW 550mW - - 52 3-51 

256Kx 8 FP, BW MT 43C256K8A 1 60,70,80 15mW 400mW - 64 - 3-97 

FP = FAST-PAGE-MODE, BW = BLOCK WRITE 

VRAM MODULE PRODUCT SELECTION GUIDE 
._---

Memory Access Part Access Power Dissipation Package/Number 01 Pins 

Configuration Cycle Number Time (ns) Standby I Active SIMM Page 

256Kx 32 FP,BW MT4V25632 70,80 40mW I 1,200mW 104 4-1 

FP = FAST-PAGE-MODE, BW = BLOCK WRITE 

APPLICATIONrrECHNICAL NOTE PRODUCT SELECTION GUIDE 

Technical Note Title Page 

TN-00-01 Moisture Absorption in Plastic Packages 5-1 

TN-00-02 Tape-and-Reel Procedures 5-3 

TN-04-21 Reduce DRAM Cycle Times with Extended Data-Out 5-9 

TN-42-01 Upgrading from 1 Meg to 2 Meg VRAMs 5-17 

TN-42-02 Designing with the MT42C4256/8128 VRAM 5-25 

TN-42-03 Regular, Real-Time and SPLIT READ TRANSFERs 5-35 

TN-42-04 Bank Interleaving with Extended Data-Out VRAMs 5-39 

TN-42-05 Four-Column vs Eight-Column BLOCK WRITE 5-43 

TN-43-01 MT43C4257/8 Comparison 5-51 

AN-43-01 Accelerate Common GUI Operations with a TPDRAM-Based Frame Buffer 5-53 

AN-43-02 Use of TPDRAM for Smarter/Faster Network Applications 5-63 
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WIDE DRAM PRODUCT SELECTION GUIDE 

Memory Access Part Access Typical Power Dissipation Package/Number of Pins 

Configuration Cycle Number' Time (ns) Standby Active ZIP SDJ TSDP Page 

512K x 8 FP MT4C8512 60,70,80 3mW 350mW 28 28 28 1-1 

512K x 8 FP, WPB MT4C8513 60,70,80 3mW 350mW 28 28 28 1-1 

512K x 8 FP,LP MT4C8512 L 60,70,80 1mW 350mW 28 28 28 1-17 

512K x 8 FP, WPB, LP MT4C8513 L 60,70,80 1mW 350mW 28 28 28 1-17 

512K x 8 FP,LP,S MT4C8512 S 70,80 1mW 350mW 28 28 28 1-33 

512K x 8 FP, WPB, LP, S MT4C8513 S 70,80 1mW 350mW 28 28 28 1-33 

256K x 16 FP,DW MT4C16256 60,70,80 3mW 500mW 40 40 40/44 1-51 

256K x 16 FP,DC MT4C16257 60,70,80 3mW 500mW 40 40 40/44 1-51 

256K x 16 FP, DW, WPB MT4C16258 60,70,80 3mW 500mW 40 40 40/44 1-51 

256K x 16 FP, DC, WPB MT4C16259 60,70,80 3mW 500mW 40 40 40/44 1-51 

256K x 16 FP, DW, LP MT4C16256 L 60,70,80 1mW 500mW 40 40 40/44 1-73 

256K x 16 FP, DC, LP MT4C16257 L 60,70,80 1mW 500mW 40 40 40/44 1-73 

256K x 16 FP, DW, WPB, LP MT4C16258 L 60,70,80 1mW 500mW 40 40 40/44 1-73 

256K x 16 FP, DC, WPB, LP MT4C16259 L 60,70,80 1mW 500mW 40 40 40/44 1-73 

256K x 16 FP, DW, LP, S MT4C16256 S 60,70,80 1mW 500mW 40 40 40/44 1-95 

256K x 16 FP, DC, LP, S MT4C16257 S 60,70,80 1mW 500mW 40 40 40/44 1-95 

256K x 16 FP, DW, WPB, LP, S MT4C16258 S 60,70,80 1mW 500mW 40 40 40/44 1-95 

256K x 16 FP, DC, WPB, LP, S MT4C16259 S 60,70,80 1mW 500mW 40 40 40/44 1-95 

256K x 16 EDO, DC MT4C16270 70,80 3mW 500mW 40 40 40/44 1-119 

256K x 16 EDO, DC, WPB MT4C16271 70,80 3mW 500mW 40 40 40/44 1-119 

256K x 16 FP, ASY, DW MT4C16260 70,80 1mW 500mW 40 40 40/44 1-137 

256K x 16 FP, WPB,ASY MT4C16261 70,80 1mW 500mW 40 40 40/44 1-137 

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 
*(L)C means device is available in both 5V Vee (MT4CXXXXX) and 3/3.3V Vee (MT4LCXXXXX) versions 



WIDE DRAM 

FEATURES 
• Industry-standard xS 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; 350mW active, typical 
• All device pins are TTL-compatible 
• 1,024-cycle refresh in 16ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Optional FAST-PAGE-MODE access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4CS513 only) 

OPTIONS MARKING 
• Timing 

60ns access -6* 
70ns access -7 
SOns access -S 

• MASKED WRITE 
Not available S512 
Available S513 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG 
Plastic ZIP (375 mil) Z 

• Part Number Example: MT4CS512TG-7 

*60ns specifications are limited to a Vee range of ±5%. 

GENERAL DESCRIPTION 
The MT4CS512/3 are randomly accessed solid-state 

memories containing 4,194,304 bits organized in a xS 
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-AS). 

The MT4CS513 has NONPERSISTENT MASKED WRITE 
allowing it to perform WRITE-PER-BIT accesses. 

MT4C8512J3 
REV. 3193 1-1 

PRELIMINARY 

512Kx8DRAM 
FAST-PAGE-MODE 

Vee 
D01 
D02 
D03 
D04 

NC 
WE 

RAS 
A9 
AO 
A1 
A2 
A3 

Vee 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 
(808-1) 

1 28 
2 27 
3 26 
4 25 
5 24 
6 23 
7 22 
8 21 
9 20 
10 19 

11 18 
12 17 
13 16 
14 15 

Vss 
D08 
DQ7 
D06 
D05 
CAS 
OE 

NC 
A8 
A7 

A6 
A5 
A4 
Vss 

28-Pin ZIP 
(80A-1) 

OE 1 -:j 
':: 2 

005 3 ." 
':: 4 

007 5 ." 
':: 6 

Vss 7 ." 
':: 8 

001 9 .:. 
':: 10 

D03 11." 
.. 12 

NC 13 .:. 
.:: 14 

RAS 15 ." 
':: 16 

AD 17 :" 
':: 18 

A2 19 :" 
':: 20 

Vee 21 :" 
':: 22 

A4 23 :" 
':: 24 

A6 25 ." 
.:: 26 

A8 27 :" 
,:: 28 

28-Pin TSOP 
(80E-1) 

Vee 28 Vss 
D01 2 27 D08 
D02 3 26 DO? 
D03 4 25 D06 
D04 5 24 D05 

NC 6 23 CAS 
WE 7 22 OE 

RAS 8 21 NC 
A9 9 20 A8 
AO 10 19 A? 
Ai 11 18 A6 
A2 12 17 A5 
A3 13 16 A4 

Vee 14 15 Vss 

CAS 

006 

008 

Vee 

D02 

D04 

WE 

A9 

Al 

A3 

Vss 

A5 

A7 

NC 
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PRELIMINARY 

FUNCTIONAL BLOCK DIAGRAM 

WE ~----~---------------------, 

CAS ~----T------<I 

AO 
A1 

A2 
A3 

A4 
A5 

A6 
A7 

AS 
A9 

MT4C8512/3 
REV. 3193 1-2 

DATA-IN BUFFER 

MASK DATA REGISTER 
(MT4C8513 only) 

1024 x 512 x a 
MEMORY 
ARRAY 

D01 
• • 

DOa 

OE 

+-----0 Vee 

+-----0 Vss 
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UIC:RON MT 4C8512/3 
1-· ",,,,"oeo,,",", 512K X 8 WIDE DRAM 

PIN DESCRIPTIONS 

SOJ/TSOP 
PIN NUMBERS 

8 

23 

7 

22 

10-13,16-20,9 

2-5,24-27 

6,21 

1, 14 

15,28 

MT4C851213 
REV. 3/93 

ZIP 
PIN NUMBERS 

15 

2 

14 

1 

17,18,19,20, 
23, 24, 25, 26, 

27, 16 

9, 10, 11, 12, 
3,4,5,6 

13,28 

8,21 

7,22 

SYMBOL TYPE 

RAS Input 

CAS Input 

WE Input 

OE Input 

AO-A9 Input 

D01-D08 Input 

NC -

Vcc Supply 

Vss Supply 

OESCRIPTION 

Row-Address Strobe: RAS is used to clock-in the 10 row-
address bits and strobe the WE and DOs in the MASKED 
WRITE mode (MT4C8513 only). 

Column-Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers and 
strobe the data inputs on WRITE cycles. 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a mask 
enable (WE = LOW) at the falling edge of RAS in a 
MASKED WRITE cycle (MT4C8513). 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 512K 
available words. 

Data I/O: Includes inputs, outputs or High-Z and/or output 
masked data input (for MASKED WRITE cycle only). 

No Connect: These pins should be either left unconnected 
or tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

1-3 Micron Semiconductor,lnc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT4C8512/3 
1-· "'''oo"'"UO,,'' 512K X 8 WIDE DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 19 address 

bits during READ or WRITE cycles. First, RAS is used to 
latch 10 bits (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 II a and pin direction is 
controlled by OE and WE. 

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 

MT4C8512/3 
REV. 3193 1-4 

state by maintaining power and executing any RAS cycle 
(READ, WRITE) or RAS REFRESH cycle (RAS-ONL Y, 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 

MASKED WRITE ACCESS CYCLE 
(MT4C8513 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQI-DQ8 inputs at RAS 
time will be written to an internal mask data register and 
will then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQI-DQ8 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

In NONPERSISTANT MASKED WRITEs, new mask data 
must be supplied each time a MASKED WRITE cycle is 
initiated. 

Figure 1 illustrates the MT4C8513 MASKED WRITE op
eration (Note: RAS or CAS time refers to the time at which 
RAS or CAS transition from HIGH to LOW). 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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IUIIIC:I=ICN MT 4C8512/3 
1-· "",,,,"",,onc 512K X 8 WIDE DRAM 

RAS 

CAS 

WE 

D01 

D08 

MT4C851213 
REV. 3/93 

I~ MASKED WRITE ~ I- NONMASKED WRITE ~I 
\ / \ ! 

\ / \ ! 

~ /11//£ !II II /1/ II III W£ 111/1///// II~ 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X X 1 -- -- --0> 

0-----0> 0 0 X 1 -- -- --0> 

0 X 1 X 1 ----- -0> 

1 o ------0> 0 0 X 1 ---- --0> 

0 X X 0 ----- -0> 0 

1 o ------0> 0 0 X 0 ---- --0> 0 

0 X 1 1 X 0 ------0> 0 

o ------0> 0 0 X 0 ---- --0> 0 

ADDRESS 0 ~ ~ ADDRESS 1 ~ 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
MT4C8513 MASKED WRITE EXAMPLE 

1-5 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:RON MT4C8512/3 
1-· 0"'''0''",'''''", 512K X 8 WIDE DRAM 

• TRUTH TABLE 

:e -C 
m 
C 
:0 » s: 

ADDRESSES 
FUNCTION 1m" CAS" WE"" lJf IR IC DOs NOTES 
Standby H H-+X X X X X High-Z 

READ L L H L ROW COL Data-Out 

EARL V-WRITE L L L X ROW COL Data-In 1 

READ-WRITE L L H-+L L-+H ROW COL Data-Out, Data-In 1 

FAST-PAGE- 1st Cycle L H-+L H L ROW COL Data-Out 

MODE READ 2nd Cycle L H-+L H L nla COL Data-Out 

FAST-PAGE- 1st Cycle L H-+L L X ROW COL Data-In 1 

MODE WRITE 2nd Cycle L H-+L L X nla COL Data-In 1 

FAST-PAGE-MODE 1st Cycle L H-+L H-+L L-+H ROW COL Data-Out, Data-In 1 

READ-WRITE 2nd Cycle L H-+L H .... L L-+H nla COL Data-Out, Data-In 1 

HIDDEN READ L-+H-+L L H L ROW COL Data-Out 

REFRESH WRITE L-+H-+L L L X ROW COL Data-In 1,2 

RAS-ONL V REFRESH L H X X ROW nla High-Z 

CBR REFRESH H-+L L X X X X High-Z 

NOTE: 1. Data-in will be dependent on the mask provided (MT4C8513 only). Refer to Figure 1. 
2. EARL V WRITE only. 

MT4C8512/3 
REV. 3/93 1-6 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT4C8512/3 
1-· "",,,"OOC,,"'"c 512K x 8 WIDE DRAM 

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 + lS0°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 indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :s; T A :s; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

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

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
Any input OV :s; VIN :s; Vcc II -2 2 JlA 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (0 is disabled; OV :s; VOUT:S; 5.5V) loz -10 10 JlA 
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 2 2 2 mA 
(RAS = CAS = VIH) 

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 3,4,30 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 

OPERATING CURRENT: FAST-PAGE-MODE 
Average power supply current Icc4 100 90 BO mA 3,4,30 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIN]; tcp, tASC = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
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 may be limited to a Vcc range of ±5%. 

MT4C851213 
REV. 3/93 1-7 

Iccs 120 110 100 mA 3,30 

Icc6 110 100 90 mA 3 

Micron Semiconductor, Inc., feselVes the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT 4C8512/3 
1-· ''"''c"'"CW,, '" 512K X 8 WIDE DRAM 

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: DO Cia 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C $ T A $ +70°C; Vcc = 5V ±1 0%) 

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 (FAST-PAGE-MODE) tRASP 60 100,000 
RAS hold time tRSH 15 
RAS precharge time tRP 40 
CAS pulse width tCAS 15 100,000 
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 45 
CAS to RAS" precharge time tCRP 10 
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) 

Read command hold time tRRH 0 
(referenced to RAS) 

CAS to output in Low-Z tCLZ 3 

'60ns specifications may be limited to a Vcc range of ±5%. 

MT4CB51213 
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MIN 
130 
175 
40 

95 

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

0 
15 
55 

35 

0 
0 

0 

3 

-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 31 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

UII::I=ICN MT4C8512/3 
1-· "M","O"""'" 512K X 8 WIDE DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12, 13) (0°C~TA~+70°C; Vcc=5V±10%) 

AC CHARACTERISTICS -6" 

PARAMETER SYM MIN MAX 
Output buffer turn-off delay IOFF 3 15 

Output disable time IOD 3 15 

Write command setup time 'WCS 0 

Write command hold time IWCH 10 

Write command hold time IWCR 45 
(referenced to RAS) 

Write command pulse width IWp 10 

Write command to RAS lead time IRWL 15 

Write command to CAS lead time tCWL 15 

Data-in setup time IDS 0 

Data-in hold time IDH 10 

Data-in hold time IDHR 45 
(referenced to RAS) 

RAS to WE delay time IRWD 85 

Column-address IAWD 55 
to WE delay time 

CAS to WE delay time ICWD 40 
Transition time (rise or fall) IT 3 50 

Refresh period (1,024 cycles) tREF 16 

RAS to CAS precharge time tRPC 0 

CAS setup time tCSR 10 
(CBR REFRESH) 

CAS hold time tCHR 10 
(CBR REFRESH) 

MASKED WRITE command to RAS 'WRS 0 
setup time 

WE hold time to RAS 'WRH 10 

(MASKED WRITE 

OE hold time from WE during tOEH 15 
READ-MODIFY-WRITE cycle 

OE setup prior to l'lAS during tORD 0 
HIDDEN REFRESH cycle 

"60ns specifications may be limited to a Vcc range of ±5%, 

MT4C6512f3 
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MIN 
3 

3 

0 

10 

55 

10 

20 

20 

0 

15 

55 

95 

60 

45 

3 

0 

10 

10 

0 

15 

20 

0 

-7 -8 
MAX MIN MAX UNITS NOTES 
15 3 15 ns 20,29,31 

15 3 15 ns 29,31 

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 

0 ns 

10 ns 5 

10 ns 5 

0 ns 26 

15 ns 26 

20 ns 28 

0 ns 

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

MIC:RON MT4C8512/3 
1-· H'",''''""" 512K X 8 WIDE DRAM 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 5V ±1O%; 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 (O°C ~ T A ~ 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 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 impedance. 
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, 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, 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 Q 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, 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 lRAD (MAX) limit, access time is controlled 
exclusively by IAA. 

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

MT4C851213 
REV. 3193 1-10 

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, tRWD, tAWD and ICWD are restrictive 
operating parameters in LA TE-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 ~ 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. MT4C8513 only. 
28. LATE-WRITE and 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 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. 

29. 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. 

30. Column-address changed once while RAS = VIL and 
CAS=VIH. 

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

Micron Semiconductor, Inc., reserves the right 10 change products or specifICations without notice. 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT4C8512/3 
1-· ",''co",,,,,,,,, 512K X 8 WIDE DRAM 

READ CYCLE 
'Re 

'RAS 'RP 

RAS V,H 
VIL _ 

tCSH 

'RSH ~ 

I~ tRCD ICAS 

CAs VtH ~~ V1L -

'AR 

tRAD tRAL 

'RAG 

~I, 
DO ~:gr _---------OPEN-----------l~tV~AL~ID~DA~TAjc-----OPEN---

1_ 'DE I. 'OD 

OE ~:~ _T,7j;>77~ ,0TTl~ I /;TTi1}=0' /;>77~ ,07771/ /;7n~ /;=0' /;>77Wj;TTl1l/;7n1/TTiW/;'77Wj;TTlll/;7n1;/=W/;'77~j;77TWJ, PII /'III /1/1/1 /1111 /1111 /11/#111,0 

EARLY-WRITE CYCLE 

, e R 

tRAS 'RP 

RAs V,H 
VIL 

II I 
- \ 

tCSH 

IRSH 

tCRP tRCD teAS 

CAs V,H 
VIL =~ 

'AR 

'RAD IRAl 

ADDR V,H 
V IL 

I~~I ~ ~ 
~ ROW l00"~ COLUMN o//,I//////////,I///////X ROW 

tCWL JI 
'RWL 

'WCR 

'wes 'WCH 

14tWRS tWAttl 
-'W-P--

NOlEt ~ 

I tOHR 

'D 'DH 1....J~_sll_~ 
DO ~lgr VALID DAT~ 

IiZl DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C8513 only; WE and DO inputs on MT4C8512 are "don't care" at RAS time. WE selects 

MT4C8512!3 
REV. 3193 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

1-11 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

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

Rwe 
tRAS 'RP 

-
-

teSH 

I IRSH 

teRP IRCD teAS 

=--.! ~ 'AR 
I 'RAD I I tRAL 

1 

ADOR ~:r 
_~ ~ ~I Trr1 ~ I· teAH·1 
7////~ ROW W////;,? COLUMN ROW 

AOOR ~:~ 

~ l~ ~ II 
tRWD 

~ tRCS I tewo fAWL 

'WR 'WR~1 I·~T - 1 'AWD rl. 
'/'/, '/'///lit NOTE! ~;,?" 

'AA 

I tRAC 

~ ~ 
J-'~ I~ n tell r-

-
NOTE 1 OPEN VALID DOUT X. VALID DIN OPEN---

......'2L.. ~I ~ 

FAST-PAGE-MODE READ CYCLE 

RASP RP 

- ~ 
tesH 'PC • tRSH 

14.tCRP I tRCD tCAS __ 'CP_I~ _'ep __ 

2L-~ 
'CPN 

=J 
'AR ~ f---" 

'RAl1 'RAD I I~ I~ IRAH __ I • ~ ~ ~I ~II teAH __ 1 
1 

ROW COLUMN ROW ::'@I,>( :wg? *,/////;0 COLUMN W/////~ COLUMN 

I tRcs.1 

~~ ~ .~~ II 
~-::--I 'RCS -I 'f'RCS 

iRCH- rl 'I 'RCH- Ii tRCH 

I 
'AA vr 'AA 

I tRAC I tePA 

j~ ~ I~ 
tell L 'CLZ- L 

OPEN VALID 
DATA 

I~ toD ~ 

yo' 'AA 

I tep'; 

~j~ 
telz I:. 

VALID 
DATA 

'OD ~ 

-
VALID 
DATA 

~ 

V!d!!& 

-tOFF 

~OPEN-

~DON'TCARE 

~ UNDEFINED 

NOTE: 1, Applies to MT4C8513 only; WE and DO inputs on MT4C8512 are "don't care" at RAS time, WE selects 

MT4C851213 
REV. 3193 

between normal WRITE and MASKED WRITE at RAS time, The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time).. The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

1-12 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, 1m:. 



PRELIMINARY 

IUIIIC:I=ION MT 4C8512/3 
1-· ,,"","onoe'" 512Kx8WIDEDRAM 

'cRP 
tCRP 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

tCSH tpc IRSH 

II-',,,,,CP~'II~ _'_CP_·11--"",'cAS"---I 

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

_ VII".
RAS VIL _ 

CAs VIH -,------±---++------.---
VIL - '--+----1'1 

toE-I-~
-'OD 

Oe ~:~ =f$#/$###ff$!i#$j'$$JL r---

OPEN-

~ DON'T CARE 

~ UNDEFIr-4ED 

NOTE: 1. Applies to MT4C8513 only; WE and DO inputs on MT4C8512 are "don't care" at RAS time. WE selects 

MT4C851213 
REV. 3193 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

1-13 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT 4C8512/3 
1-· """ " 512K x 8 WIDE DRAM 

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

Q ~g~ ::--------;--OPENI~I=====tAA===~:ri,A1~f------OPEN 
tRAe 

OE ~:~_ 
~~------------------------

NOTE: 1. Do not drive data prior to High-Z; that is completion of 'OFF. tcpp is equal to 'OFF + tDS(MIN) + guardband 

MT4C851~ 
REV,3/9a 

between data-out and driving new data-in. 

ICRP 

AODR ~:~ 

RAS-ONL Y REFRESH CYCLE 
(OE and WE = DON'T CARE) 

tAC 

ROW ROW 

DO ~~ -:-------------OPENI------------

1-14 

~ DONTCARE 

I§lgI UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change pfooucts or specifications without notice. 
@1993,MicronSemiconductor,lnc. 



PRELIMINARY 

MIC:RON MT4C8512/3 
1-· "M","'O","", 512K X 8 WIDE DRAM 

MT4C851213 
REV. 3/93 

CBR REFRESH CYCLE 
(AO-A9; OE = DON'T CARE) 

DQ :----------OPEN----------

WE ~:t )/11//1/11/11 I!/!//!////I/////!/II !/II// !IIII!!///I/II/// /II!!I/ / 1/ / //!//!/ / 1/ / I!! II!// II 1/ III1! 

ADDR ~1~= 

HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 
(READ) (REFRESH) 

tCHR 

DQ ~:g~ -'----------OPEN---~~t=:=::==V~ALI~DD~ATA~==1 OPEN-

1-15 

toD 
1////##/IM 
~ DON'T CARE 

~ UNDEFINED 

Mlcron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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WIDE DRAM 

FEATURES 
• Industry-standard xS pinouts, timing, functions and 

packages 
• Address entry: ten row-addresses, nine column-

addresses 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply 
• All device pins are TTL-compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• Optional FAST -PAGE-MODE access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4CS513 only) 
• 1,024-cycle refresh distributed accross 12Sms 

Low-power, 1mW standby; 350mW active, typical 

OPTIONS MARKING 
• Timing 

60ns access -6* 
70ns access -7 
SOns access -S 

• MASKED WRITE 
Not available S512 L 
Available S513 L 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG 
Plastic ZIP (375 mil) Z 

• Part Number Example: MT4CS512DJ-7 L 

*60ns specifications are limited to a Vee range of ±5%. 

GENERAL DESCRIPTION 
The MT4CS512/3 L are randomly accessed solid-state 

memories containing 4,194,304 bits organized in a xS 
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-AS). 

The MT4CS513 L has NONPERSISTENT MASKED 
WRITE allowing it to perform WRITE-PER-BIT accesses. 

MT4C8512f3l 
REV, 3/93 1-17 

PRELIMINARY 

512Kx8DRAM 
LOW POWER, EXTENDED REFRESH 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 
(SDB-1) 

28-Pin ZIP 
(SDA-1 ) 

Vee 
D01~--------~~ 

Vss 

D08 

OE 

DOS 

1.:; 
.:: 2 CAS 

3 .:; 
.:: 4 006 

D02 
003 
D04 

NC 
WE 

RAS 
A9 
AD 
Al 
A2 
A3 

Vee 

Vee 

DOl 
D02 
D03 
D04 

NC 
WE 

RAS 
A9 
AD 
Al 
A2 
A3 

Vee 

D07 D07 

D06 Vss 

D05 001 
CAS 003 
OE NC 
NC 
A8 

RAS 

A7 AO 

A6 A2 

A5 Vee 

A4 A4 
Vss A6 

A8 

28-Pin TSOP 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

(SDE-1 ) 

28 
27 
26 
25 
24 
23 

15 

5 .:; 

7 .:; 

9 .:; 

11 ... 
13 .:; 

15 ::; 

17 .:; 

19.:; 

21 ... 
23 .:; 

25 .:; 

27 .:; 

Vss 

D08 
D07 
D06 
D05 
CAS 
OE 

NC 
AS 

A7 
A6 
A5 
A4 
Vss 

.. 

.:: 

':: 

.:: 

.:: 

':: 

':: 

.:: 

':: 

':: 

.:: 

':: 

6 DOS 

8 Vee 

10 002 

12 004 

14 WE 

16 A9 

18 Al 

20 A3 

22 Vss 

24 AS 

26 A7 

28 NC 

Micron Semiconductor, Inc., reserves the right to change products or specifioations without notice. 
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PRELIMINARY 

MIC:RON MT 4C8512/3 L 
1-· ,''co,,,, , 512K x 8 WIDE DRAM 

FUNCTIONAL BLOCK DIAGRAM 

WE~----~------------------~ 

CAS o----r-------<L __ ./ 

AO 
A1 
A2 
A3 
A4 

A5 
A6 

A7 

AS 
A9 

MT4C851213L 
REV. 3193 1-18 

DATA-IN BUFFER 

MASK DATA REGISTER 
(MT4C8513 L only) 

1024 x 512 x S 
MEMORY 
ARRAY 

D01 
• • 

DOS 

OE 

_----00 Vee 

_---00 Vss 

Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



PIN DESCRIPTIONS 

SOJ/TSOP 
PIN NUMBERS 

8 

23 

7 

22 

10-13,16-20,9 

2-5,24-27 

6,21 

1, 14 

15,28 

MT4C851213L 
REV. 3/93 

ZIP 
PIN NUMBERS 

15 

2 

14 

1 

17,18,19,20, 
23, 24, 25, 26, 

27, 16 

9,10,11,12, 
3,4,5,6 

13,28 

8,21 

7,22 

SYMBOL 

RAS 

CAS 

WE 

OE 

AO-A9 

D01-D08 

NC 

Vee 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

-

Supply 

Supply 

PRELIMINARY 

OESCRIPTION 

Row-Address Strobe: RAS is used to clock-in the 10 row-
address bits and strobe the WE and DOs in the MASKED 
WRITE mode (MT4C8513 L only). 

Column-address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers and 
strobe the data inputs on WRITE cycles. 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a mask 
enable (WE = LOW) at the falling edge of RAS in a 
MASKED WRITE cycle (MT4C8513 L). 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 512K 
available words. 

Data I/O: Includes inputs, outputs or High-Z and/or output 
masked data input (for MASKED WRITE cycle only). 

No Connect: These pins should be either left unconnected 
or tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

1-19 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT4C8512/3 L 
1-· ""","00"0"'"' 512K X 8 WIDE DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 19 address 

bits during READ or WRITE cycles. First RAS is used to 
latch 10 bits (AO-A9) then, CAS latches 9 bits (AO-AS). 

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 
DQ1 through DQS. 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 II 0 and pin direction is 
controlled by OE and WE. 

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
ingfaster 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-ONL Y, CBR, 

MT4C8512f3L 
REV. 3/93 1-20 

or HIDDEN) so that all 1,024 combinations of RAS ad
dresses (AO-A9) are executed at least every 12Sms, regard
less of sequence. The CBR REFRESH cycle will also invoke 
the refresh counter and controller for row-address control. 

BBU MODE is a CBR REFRESH performed at the ex
tended refresh rate with CMOS input levels. This mode 
provides a very low-current, data-retention cycle. RAS or 
CAS time refers to the time at which RAS or CAS transition 
from HIGH to LOW). 

MASKED WRITE ACCESS CYCLE 
(MT4C8513 L ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1-DQ8 inputs at RAS 
time will be written to an internal mask data register and 
will then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input portfor that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
''1'') on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQS inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

In NONPERSISTANT MASKED WRITEs, new mask data 
must be supplied each time a MASKED WRITE cycle is 
initiated. 

Figure 1 illustrates the MT4CS513 L MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 

Micron Semiconductor, Inc., reserves the right to change products or speCifications Without notice 
©1993, Micron Semiconductor,lnc. 



PRELIMINARY 

MIC:RON MT4C8512/3 L 
1-· "'''''"0''''''"' 512K X 8 WIDE DRAM 

MT4C851213 L 
REV.3J93 

RAS 

CAS 

WE 

D01 

D08 

I- MASKED WRITE -I- NON MASKED WRITE -I 
\ / \ I 

\ / \ I 

~ IlllllA III! //1/1/ /J 
, 

'0'&£ ///&&&IJ 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X 1 X 1 .-----3-

1 o .-----3- 0 0 X 1 .-----3-

0 X 1 1 X 1 .-----3-

1 0 .-----3- 0 0 X 1 .-----3- 1 

0 X 1 X 0 .-----3- 0 

0 .--- --3- 0 0 X 0 .-----3- 0 

0 X X 0 .-----3- 0 

0-----3- 0 0 X 0 .-----3- 0 

- ADDRESS 0 .. .. ADDRESS 1 .. 
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
MT4C8513 L MASKED WRITE EXAMPLE 

1-21 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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MIC:F=lCN MT4C8512/3 L 
1-· '" """ " 512K x 8 WIDE DRAM 

• TRUTH TABLE 

:e -c m 
c 
:c 
l> 
s: 

ADDRESSES 
FUNCTION 1m" "CAS WE liE IR IC DOs NOTES 
Standby H H-+X X X X X High-Z 

READ L L H L ROW COL Data-Out 

EARL V-WRITE L L L X ROW COL Data-In 1 

READ-WRITE L L H-+L L-+H ROW COL Data-Out, Data-In 1 

FAST-PAGE- 1st Cycle L H-+L H L ROW COL Data-Out 

MODE READ 2nd Cycle L H-+L H L nla COL Data-Out 

FAST-PAGE- 1st Cycle L H-+L L X ROW COL Data-In 1 

MODE WRITE 2nd Cycle L H-+L L X nla COL Data-In 1 

FAST-PAGE-MODE 1st Cycle L H-+L H-+L L-+H ROW COL Data-Out, Data-In 1 

READ-WRITE 2nd Cycle L H-+L H-+L L-+H nla COL Data-Out, Data-In 1 

HIDDEN READ L-+H-+L L H L ROW COL Data-Out 

REFRESH WRITE L-+H-+L L L X ROW COL Data-In 1,2 

RAS-ONL V REFRESH L H X X ROW nla High-Z 

CBR REFRESH H-+L L X X X X High-Z 

BBU REFRESH H-+L L X X X X High-Z 

NOTE: 1. Data-in will be dependent on the mask provided (MT4C8513 L only). Refer to Figure 1. 
2. EARL V-WRITE only. 

MT4CB512/3L 
AEV.3193 1-22 Micron Semiconductor, Inc., reserves the rightto change products or specifications without notice. 
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PRELIMINARY 

MIC::RON MT4C8512/3 L 
I~· ""'o"'c'W"'" 512K X 8 WIDE DRAM 

I\BSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ................ -IV to +7V 
Jperating Temperature, T A (ambient) ........... O°C to +70°C 
3torage Temperature (plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1 W 
3hort 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 indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (DoC::; T A::; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

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

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
Any input OV ::; VIN ::; Vcc II -2 2 IlA 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV ::; VOUT ::; 5.5V) loz -10 10 JlA 
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 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: CMOS Icc2 200 200 200 JlA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 120 110 100 mA 3,4, 
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) 31 

OPERATING CURRENT: FAST-PAGE-MODE 
Average power supply current Icc4 100 90 80 mA 3,4, 
(RAS = VIL, CAS, Address Cycling: IpC = 'PC [MIN]; ICp, IASC = 10ns) 31 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Icc5 120 110 100 mA 3,31 
(RAS Cycling, CAS = VIH: 'RC = IRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current Icc6 110 100 90 mA 3 
(RAS, CAS, Address Cycling: 'RC = IRC [MIN]) 

REFRESH CURRENT: BBU 
Average power supply current during BBU REFRESH: 
CAS = 0.2V or CBR cycling; RAS = 'RAS (MIN) to Icc? 300 300 300 JlA 3,5, 
300ns; WE, AO-A9 and DIN = Vcc - 0.2V (DIN may be left 30 
open), IRC = 1251ls (1,024 rows at 1251ls = 128ms) 

"60ns specifications may be limited to a Vcc range of ±5%. 

MT4C851213l 
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PRELIMINARY 

MIC:RON MT 4C8512/3 L 
1-- """o,'"'W"'" 512K X 8 WIDE DRAM 

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 Cia 7 pF 2 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C :;; T A:;; +70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS -5' 
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 CASprecharge tCPA 35 
RAS pulse width tRAS 60 100,000 
RAS pulse width (FAST-PAGE-MODE) tRASP 60 100,000 
RAS hold time tRSH 15 
RAS precharge time tRP 40 
CAS pulse width tCAS 15 100,000 
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 45 
CAS to RASprecharge time tCRP 10 
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) 

Read command hold time tRRH 0 
(referenced to RAS) 

CAS to output in Low-Z tCLZ 3 

'60ns specifications may be limited to a Vee range of ±5%. 

MT4C851213 L 
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MIN 

130 
175 
40 

95 

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

0 
15 
55 

35 

0 
0 

0 

3 

-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 32 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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UIC:I=ICN MT4C8512/3 L 
1-· ",''co",",,,,,", 512K X 8 WIDE DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C:s; TA:S; +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -6- -7 -8 
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES 
Output buffer turn-off delay 'OFF 3 t5 3 15 3 15 ns 20,29,32 

Output disable time 'OD 3 15 3 15 3 15 ns 29,32 

Write command setup time 'WCS 0 0 0 ns 21,26 

Write command hold time tWCH 10 10 10 ns 26 

Write command hold time 'WCR 45 55 60 ns 26 
(referenced to RAS) 

Write command pulse width twp 10 10 10 ns 26 

Write command to RAS lead time tRWL 15 20 20 ns 26 

Write command to CAS lead time tCWL 15 20 20 ns 26 

Data-in setup time tDS 0 0 0 ns 22 

Data-in hold time tDH 10 15 15 ns 22 

Data-in hold time tDHR 45 55 60 ns 

I (referenced to RAS) 

RAS to WE delay time tRWD 85 95 105 ns 21 

Column-address tAWD 55 60 65 ns 21 

to WE delay time 

CAS to WE delay time tCWD 40 45 45 ns 21 

Transition time (rise or fall) tT 3 50 3 50 3 50 ns 9, 10 

Refresh period (1,024 cycles) tREF 16 128 128 ms 

RAS to CAS precharge time tRPC 0 0 0 ns 

CAS setup time tCSR 10 10 10 ns 5 

I (CBR REFRESHl 
CAS hold time tCHR 10 10 10 ns 5 

(CBR REFRESH) 

MASKED WRITE command to RAS 'WRS 0 0 0 ns 26 

setup time 

WE hold time to RAS 'WRH 10 15 15 ns 26 

(MASKED WRITE 

OE hold time from WE during tOEH 15 20 20 ns 28 

READ-MODIFY-WRITE cycle 

OE setup prior to RAS during tORD 0 0 0 ns 

HIDDEN REFRESH cycle 

-60ns specifications may be limited to a Vee range of ±5%. 

-

MT4C8512/3L 
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NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = 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 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 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 tREF refresh requirement is exceeded. 

8. AC characteristics assume IT = 5ns. 
9. VIH (MIN) and VlL (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 TTL gates 

and 100pF, VOH = 2.0V and VOL = 0.8V. 
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. 

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 
lRAC (MAX) can be met. IRCD (MAX) is specified as 
a reference point only; if tRCD is greater than the 
specified tRCD (MAX) limit, access time is controlled 
exclusively by tCAC. 

18. Operation within the tRAD 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. 

MT4C851213L 
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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, 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. IftRWD~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 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. MT4C8513 L only. 
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 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. 

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. 

30. BBU current is reduced as tRAS is reduced from its 
maximum specification during BBU cycle. 

31. Column-address changed once while RAS = VIL and 
CAS=VIH. 

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

MIcron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

UIC:I=ION MT4C8512/3 L 
1-· '''''00'0'''0<'' 512K X 8 WIDE DRAM 

READ CYCLE 
tRe 

tRAS tRP 

RAs V,H 
VIL _ \ 

ICSH 

'RSH ~ 

I~ 
tACO leAS 

CAS VIH J V1L -

tAR 

tRAD 'RAL 

I~~I ~~ 
v ~ ~~.r---L-L---1=~~~nnnnn 

ADDR v:t -1!!!Jt ROW WI/i///). COLUMN ((j111/11/1111111////////;/;( ROW 

~ tRCS I~ 

WE ~:r ;///////////////////////////////// VI/II/II////I////////I 
'RAe 

~l 
DQ ~:g~ -=------------OPEN------------~~~V~ALI~DD~AT~A1~oPEN-----

I~ j too 

OE ~:~ - 7.1/;=1;/;7771(j=1 jj;=/!j;777~-m!//;'7TW/;T77!//;7Ti1J;'7TWJ;rrT!//;7771 /;=1/ /;rrTI0777~=10=WJ;77TT:/,.mY! 1// 1// 1///// 1/ 1////1/1/ 1//1/// $ 

EARLY-WRITE CYCLE 

Re 

tRAS tRP 

-
tCSH 

IRSH 

I~ 'RCD 'CAS 

=~ 
tAR 

IRAD IRAL 

I~ ~l -~ ~ 
ADDR ~:r ~ ROW ~ COLUMN '(0ZI.d/L%I~ 

tCWL 

I 'RWL 

tWCR 

twcs tWGH 

I~ tWR~1 
twp 

NOTE 1 ~~ 
tOHR 

r~~1 I~ ~I 
NOTE 1 VALID DATA 

I 
\ 

ROW 

~ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C8513 L only; WE and DO inputs on MT4C8512 L are "don't care" at RAS time. WE selects 

MT4CB51213L 
REV. 3/93 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

1-27 Micron Semiconductor, Inc., reserves the right to change products or specifications without notK:e. 
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PRELIMINARY 

MIC::RON MT4C8512/3 L 
1-· ",,,co",cc;o,,,, 512K X 8 WIDE DRAM 

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

Rwe 
'RAS 'RP 

-
'CSH 

I ~RSH 
ICRP tRCD 'CAS 

=-' ~ 'AR 
'RAD I I tRAL I 

ADDR ~l~ 
JT77 I~~I ~1~ I 7_ Ji )((ffff,p 7""7 ROW 

'RWD ~II ~ leWD 'RWL 

I-'WRS 'WR~I I" I 'AWD ~ 
I Y///////hf NOTE 1 W////;1 

c rlh 0" 

'AA 

I 'RAG 

I~ r ~l 'CLZ- r-
VALID DOUT K VALlDD 1N OPEN--

~ ~I ~ 
DQ ~:g~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

PL -
'CSH 'pc IRSH 

ADDR ~lr 

1 'CAP tRCD tCAS _'C_P_~ 'CP-i 2L-~ 
lePN 

=J 
'AR ~ ~ 

I 'RAL 1 'RAD 

~I I~ !~ tASR IRAH __ I ~ ~I ~II~I I ROW COLUMN ROW ::/'//,1{ ~ ~/////h? COLUMN WI////,,? COLUMN 

I 'RCS 1 

.~~ II =~ ~ 

I~-::--I rReS -I T 'Res 
'RCH- 1'1 'RCH- Ii tRCH 

- wr 
1 

'AA 'AA 

I 'RAe I 'CPA I 'CAG ~ I~ 
'CLZ- I~ 'CLZ- b 

- OPEN VALID 
DATA 

'oE -k 'oE 

yo' 'AA 

I 'cPA 
2l I~ 

'CLZ- !~ 
'VALiD' 

DATA 

'DO ~ 

-
VALID 
DATA 

~ 

~ 

-'oFF 

~OPEN-

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C8513 L only; WE and DO inputs on MT4C8512 L are "don't care" at RAS time. WE selects 

MT4C8512/3L 
REV. 3193 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

1-28 Micron Semiconductor, Inc., reserves the right to change products or specifICations without notice. 
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PRELIMINARY 

MIC:RON MT4C8512/3 L 
F· "M","CeC""", 512K X 8 WIDE DRAM 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

DE ~:~ $!I!III /I $/1$/1/1//1//1/1/1 /I$I!! $/l1II!1I!/!1II! /lI!!/I$$//i/i///i/i/i/i 1/$/1/1//1$$/1/1///11/$/1; 

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

tCSH 

~ r--__ '=RC~O _-1_--,,'C=AS __ 1 ~ tCAS 

CAS VIH __ ---Jr----tt----""'I 
VIL - '-1'-----11 

WE ~:~ =LLLL''--__ XV 

'0'-1 :1-'00 
OE ~:~ _-77/j/;TTTW/;TTT1Jj;TT7/;i/;777/;ij;7771;1/;TT71j;777W77iW/;77iY'j /;=/j/;=W)l }c---

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C8513 L only; WE and DO inputs on MT4C8512 L are "don't care" at RAS time. WE selects 

MT4C851213 L 
REV. 3193 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

1-29 Micron Semiconductor, Inc" reserves the right to change products or specifications without notice 
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PRELIMINARY 

MIC:RON MT4C8512/3l 
1-· "M"'",enO"", 512K X 8 WIDE DRAM 

RAS 
VIH -
VIL _ 

CAS VIH -
Vil _ 

ADDR 

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

I 
tRSH 

tCSH tpc 

~ IRCD lepp tCAS 

tRCS .1 

I twcs II~ /777777777777777777777""; 

WE ~:~ = I I I I '--,--~-+7-:-II~----EJ.Li..i.i.~r..LL.Li.L 
~:~ :1////////////////////////////////////////~~////////~ VALID DATA b/////////////////////;2 

~~, 
Q ~g~ =------+I-OPEN ---1I=. ~~~-tAA:~~~~~I:J~VD~'}..\~I~)--,----OPEN-----

. tRAC 

DE ~:t :IWA,..ULL"'---_____________________ _ 

NOTE: 1, Do not drive data prior to High-Z; that is completion of !OFF. !CPP is equal to !OFF + !DS(MIN) + guardband 

MT4C8512!3L 
REV. 3193 

between data-out and driving new data-in. 

teAP 

ADDR ~:t_ ROW 

RAS-ONL Y REFRESH CYCLE 
(OE and WE = DON'T CARE) 

ROW 

DQ ~gt -:--------------OPEN-------------

1-30 

tz::il DON'T CARE 

Il88! UNDEFINED 

Micran Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



MT4C8512/3 L 
REV, 3/93 

DO 

RP 

-~ 

~ 

~I~ 

CBR REFRESH CYCLE 
(AO-A9; OE = DON'T CARE) 

RAS J • RP . . 
1 

tCHR .. ~. ~~ ~ 

PRELIMINARY 

RAS 

} 

----------OPEN--------

WE ~:r '1//// III!!//II/ //II/ 1/ II!I!////////I/I/I!I!!III!/////!/ ////1/11/////1/11/ 1///1/ 11// !I!!/I//I/ II; 

DO 

. 
tRP 

--.J 
~ 

~~ 

. 

BBU REFRESH CYCLE 
(AO-A9; OE = DON'T CARE) 

125115 . 
tRAS . . tRP . tRAS 

tCHR I ..... ~ ~~ ~ 

I 

C----------OPEN---------

WE ~:r -WII/I!!!/!III! / 1/1I1I1I///I!!!111!/ 1////1I1I1I/!!11/I//II/1I1/ !ll1I/1!! !III/II !II/lIl!IlI// II; 

1-31 

~ DON'T CARE 

~ UNDEFINED 

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

MIC:RON MT4C8512/3 L 
1-· ","CO"",,o<,", 512K X 8 WIDE DRAM 

MT4C851213l 
REV.3J93 

RAS 

CAS 

ADDR 

DQ 

VIH-
VIL_ 

VIH-
VIL_ 

VIH-
VIL_ 

HIDDEN REFRESH CYCLE 24 

( WE = HIGH; OE = LOW) 

(READ) 

tRAS 

(REFRESH) 

tRAS 

ICD 

~!I!!/~ 
~ DON'T CARE 

~ UNDEFINED 

1-32 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4C8512/3 S 
1-· "M","OO',""" 512K X 8 WIDE DRAM 

WIDE 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 ±10% power supply 
• All device pins are TTL-compatible 
• Refresh modes: RAS-ONLY, CA5-BEFORE-RAS (CBR), 

HIDDEN, BATTERY BACKUP (BBU), and SELF 
• Optional FAST-PAGE-MODE access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C8513 S only) 
• 1,024-cycle refresh distributed accross 12Sms 

Low-power, ImW standby; 350mW active, typical 

OPTIONS 
• Timing 

70ns access 
SOns access 

• MASKED WRITE 
Not available 
Available 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 
Plastic ZIP (375 mil) 

MARKING 

-7 
-8 

8512 S 
S513S 

DJ 
TG 
Z 

• Part Number Example: MT4CS512DJ-7 S 

GENERAL DESCRIPTION 
The MT4CS512/3 S are randomly accessed solid-state 

memories 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-AS). 

The MT4CS513 S has NONPERSISTENT MASKED 
WRITE allowing it to perform WRITE-PER-BIT accesses. 

MT4C8512/3S 
REV. 3193 1-33 

512Kx8DRAM 
EXTENDED REFRESH 
SELF REFRESH 

Vee 
D01 
D02 
D03 
D04 

NC 
WE 

RAS 

A9 
AD 
A1 
A2 

A3 
Vee 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 28-Pin ZIP 
(SOB-1 ) (SOA-1 ) 

Vss 
DE 1." 

':: 2 CAS 
DOS D05 3 ." 

':: 4 D06 
D07 DOl 5 :" 

0:: 6 DOB 
D06 Vss 7 ." 
D05 

0:: 8 Vee 
D01 9 

CAS ':: 10 D02 
D03 11 

OE ':: 12 D04 
NC 13 ,", 

WE NC ,:', 14 

AS 
RAS 15 

':: 16 A9 
A7 AO 17 

':: 18 A1 
A6 A2 19.:; 

':: 20 A3 
A5 Vee 21 ." 
A4 

':: 22 Vss 
A4 23 ." 

Vss ':: 24 A5 
A6 25." 

':: 26 A7 
AS 27 .:; 

':: 28 NC 

28-Pin TSOP 
(SOE-1) 

Vee 28 Vss 
D01 2 27 DOS 

D02 3 26 DQ7 

D03 4 25 D06 

D04 5 24 D05 
NC 6 23 CAS 

WE 7 22 OE 

RAS 8 21 NC 

A9 9 20 AS 

AD 10 19 A7 

A1 11 18 A6 
A2 12 17 A5 

A3 13 16 A4 

Vee 14 15 Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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ADVANCE 

MICRON MT4C8512/3 S 
1-· ",,,,,,ceow"", 512K x 8 WIDE DRAM 

AO 
A1 
A2 
A3 

A4 
A5 
A6 
A7 
A8 
A9 

MT4C851213S 
REV.3J93 

FUNCTIONAL BLOCK DIAGRAM 

1-34 

DATA-IN BUFFER 

MASK DATA REGISTER 
(MT4C8513 S only) 

1024 x 512 x 8 
MEMORY 

ARRAY 

........... _--01 
DOl 
• • 

D08 

OE 

----0 Vee 

----0 Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



ADVANCE 

MIC:RON MT4C8512/3 S 
1-· ,,","","0<0"'"' 512K X 8 WIDE DRAM 

PIN DESCRIPTIONS 

SOJ/TSOP 
PIN NUMBERS 

8 

23 

7 

22 

10-13,16-20,9 

2-5,24-27 

6,21 

1, 14 

15,28 

MT4C851213S 
AEV.3193 

ZIP 
PIN NUMBERS 

15 

2 

14 

1 

17,18,19,20, 
23, 24, 25, 26, 

27, 16 

9,10,11,12, 
3,4,5,6 

13,28 

8,21 

7,22 

SYMBOL TYPE 

RAS Input 

CAS Input 

WE Input 

OE Input 

AO-A9 Input 

D01-D08 Input 

NC -

Vcc Supply 

Vss Supply 

DESCRIPTION 

Row-Address Strobe: RAS is used to clock-in the 10 row-
address bits and strobe the WE and DOs in the MASKED 
WRITE mode (MT4C8513 S only). 

Column-Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers and 
strobe the data inputs on WRITE cycles. 

Write Enable: WE is used to select a READ (WE = HIGH) 
or WRITE (WE = LOW) cycle. WE also serves as a mask 
enable (WE = LOW) at the falling edge of RAS in a 
MASKED WRITE cycle (MT4C8513 S). 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must 
be LOW and WE must be HIGH before OE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

Address Inputs: These inputs are multiplexed and clocked 
by RAS and CAS to select one byte out of the 512K 
available words. 

Data 1/0: Includes inputs, outputs or High-Z andlor output 
masked data input (for MASKED WRITE cycle only). 

No Connect: These pins should be either left unconnected 
or tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

1-35 Micron Semiconductor, Inc., reserves the right to change products or speCifications wfthout notice. 
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ADVANCE 

MICRON MT4C8512/3 S 
1-· ",,,co,,"cm"", 512K x 8 WIDE DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the 19 address 

bits during READ or WRITE cycles. First, RAS is used to 
latch 10 bits (AO-A9) then, CAS latches 9 bits (AO-AS). 

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 
DQ1 through DQS. 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 
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 110 and pin direction is 
controlled by OE and WE. 

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-ONL Y, CBR, 
or HIDDEN) so that all 1,024 combinations of RAS ad
dresses (AO-A9) are executed at least every 12Sms, regard
less of sequence. The CBR REFRESH cycle will also invoke 
the refresh counter and controller for row-address control. 

BBU is a CBR REFRESH performed at the extended 
refresh rate with CMOS input levels. This mode provides a 
very low-current, data-retention cycle. RAS or CAS time 
refers to the time at which RAS or CAS transition from 
HIGH to LOW). 

SELF REFRESH is similar to BBU 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 

MT4C851213S 
REV. 3/93 1-36 

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 
100!!s minimum (tRASS). The DRAM will remain in the 
SELF REFRESH mode while RAS and CAS remain LOW. 
Once CAS has been held LOW for 600!!s (tCHD), CAS is no 
longerrequired 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 
200ns (tRPS). Once the SELF REFRESH mode has been 
terminated, accesses to the DRAM can begin immediately, 
as long as the system uses distributed CBR refresh as the 
standard refresh. 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. The 
external refresh rate is typically 125!!s per row-address. 
This immediate access is possible because Micron employs 
a distributed CBR SELF REFRESH scheme internally. 

The alternative approach when exiting SELF REFRESH 
mode is to perform a refresh of all rows within the time of 
the external refresh rate prior to active use of the DRAM. 
This burst must be done if anything other than distributed 
CBR refresh is used as the standard refresh. Once this burst 
has been completed, the DRAM may be used in the func
tional mode with a burst or distributed refresh, such as CBR 
or RAS only. 

Micron's devices allow you to access the DRAM as soon 
as SELF REFRESH is exited, while other maufacturers' 
devices may require a full burst when exiting, regardless of 
the type of refresh used. To prevent possible compatibility 
problems, you may want to design the controller to perform 
the burst when exiting SELF REFRESH. 

MASKED WRITE ACCESS CYCLE 
(MT4C8513 S ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQ1-DQS inputs at RAS 
time will be written to an internal mask data register and 
will then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bitis disabled 
during the subsequent WRITE operation and no new data 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



ADVANCE 

MIC:::I"""IIION MT4C8512/3 S 
1-· ...... , " 512K X 8 WIDE DRAM 

will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ8 inputs will be either 
written'to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

14 . MASKED WRITE 

RAS \ 

CAS \ 

In NONPERSISTENT MASKED WRITEs, new mask data 
must be supplied each time a MASKED WRITE cycle is 
initiated. 

Figure 1 illustrates the MT4C8513 S MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 

_1 4 NONMASKED WRITE -I 
/ \ I 

, 
, 

/ \ I 

, 
/lI1I/1!II! / ~ WE ~ : /////£ II !l!/l/!/$ ~I///!~ , 

MT4C8512f.3S 
RI;V.:wa 

DQ1 
• 
• 
• 

DQ8 

. , , , 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X X .-----J!> 
o .-----J!> 0 0 X .-----J!> 

0 X 1 1 X .-----J!> 

1 o .-----J!> 0 0 X .-----J!> 

0 X 1 X 0 .-----J!> 0 
1 o .-----J!> 0 0 X 0 .-----J!> 0 

0 X 1 X 0 .-----J!> 0 
o .-----J!> 0 0 X 0 .-----J!> 0 

4 ADDRESS 0 - 4 ADDRESS 1 -
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
MT4C8513 S MASKED WRITE EXAMPLE 

1-37 Micron Semiconductor, Inc., reserves the right to change products or specifications withOut notice. 
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ADVANCE 

z MU:::I=ICN MT4C8512/3 S 
1-· """c' " 512K X 8 WIDE DRAM 
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TRUTH TABLE 

ADDRESSES 

FUNCTION HS ~ WE or IR IC DOs NOTES 

Standby H H .... X X X X X High-Z 

READ L L H L ROW COL Data-Out 

EARL V-WRITE L L L X ROW COL Data-In 1 

READ-WRITE L L H .... L L .... H ROW COL Data-Out, Data-In 1 

FAST-PAGE- 1st Cycle L H .... L H L ROW COL Data-Out 

MODE READ 2nd Cycle L H .... L H L n/a COL Data-Out 

FAST-PAGE- 1st Cycle L H .... L L X ROW COL Data-In 1 

MODE WRITE 2nd Cycle L H .... L L X n/a COL Data-In 1 

FAST-PAGE-MODE 1st Cycle L H .... L H .... L L .... H ROW COL Data-Out, Data-In 1 

READ-WRITE 2nd Cycle L H .... L H .... L L .... H n/a COL Data-Out, Data-In 1 

HIDDEN READ L .... H .... L L H L ROW COL Data-Out 

REFRESH WRITE L .... H .... L L L X ROW COL Data-In 1,2 

RAS-ONL V REFRESH L H X X ROW n/a High-Z 

CBR REFRESH H .... L L X X X X High-Z 

BBU REFRESH H .... L L X X X X High-Z 

SELF REFRESH H .... L L X X X X High-Z 

NOTE: 1. Data-in will be dependent on the mask provided (MT4C8513 S only). Refer to Figure 1. 
2. EARL V WRITE only. 

MT4C851213S 
REV. 3193 1-38 Micron Semiconductor, Inc., reserves the r1ghtto change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4C8512/3 S 
1-· OCM'COCOCCWC>" 512K X 8 WIDE DRAM 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ................ -IV to +7V 
Operating Temperature, T A (ambient) ........... DoC 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 indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C ::; T A::; 70°C; Vee = SV ±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 ::; Vee 
(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) 

MT4C851213 S 
REV. 3/93 1-39 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.S S.5 V 1 

VIH 2.4 Vee+1 V 1 

VIL -1.0 0.8 V 1 

Ii -2 2 ~ 
loz -10 10 ~ 

VOH 2.4 V 

VOL 0.4 V 

Micron Semiconductor, Inc., reS9lV9S the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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MAX 

PARAMETER/CONDITION SYMBOL -7 -8 UNITS NOTES 
STANDBY CURRENT: TTL Icc1 2 2 mA 
(RAS = CAS = VI H) 

STANDBY CURRENT: CMOS Icc2 200 200 IlA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICC3 110 100 mA 3,4, 
(RAS, CAS, Address Cycling: IRC = IRC [MIND 31 

OPERATING CURRENT: FAST-PAGE-MODE 
Average power supply current Icc4 90 SO mA 3,4, 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]; ICp, lASC = 10ns) 31 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Iccs 110 100 mA 3,31 
(RAS Cycling, CAS = VIH: IRC = IRC [MIND 

REFRESH CURRENT: CBR 
Average power supply current Icc6 100 90 mA 3 
(RAS, CAS, Address Cycling: IRC = IRC [MIND 

REFRESH CURRENT: BBU 
Average power supply current during BBU REFRESH: 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN) to Icc? 300 300 IlA 3,5, 
300ns; WE, AO-A9 and DIN = Vcc - 0.2V (DIN may be left 30 
open), IRC = 125/lS (1,024 rows at 1251ls = 12Sms) 

REFRESH CURRENT: SELF 
Average power supply current during SELF REFRESH: CBR cycle with 
RAS ;?: IRASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; AO-AS Icc8 400 400 IlA 5 
and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

MT4C8512/3 S 
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ADVANCE 

MIC:RON MT4C8512/3 S 
1-· "'""""'00"", 512K X 8 WIDE DRAM 

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) (O°C :O;TA:O; +70°C; 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 time 

Access time from column-address 

Access time from "CAS prec;harge 

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 

~ 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 
tiAS lead time 

Read command setup time 

Read command hold time 
(referenced to ~) 

Read command hold time 
(referenced to RAS) 

"CAS to output in Low-Z 

MT4C851213 S 
REV. 3/93 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tOE 
tAA 

tePA 
tRAS 

tRASP 

tRSH 
tRP 

tCAS 

tCSH 

tCPN 

tep 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAL 

tRCS 

tRCH 

tRRH 

teLZ 

1-41 

MIN 

130 
175 
45 

95 

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

0 
15 
55 

35 

0 
0 

0 

3 

-7 -8 

MAX MIN MAX UNITS NOTES 

150 ns 

195 ns 

50 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 

0 ns 19 

0 ns 19 

3 ns 33 

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

MIC:RON MT4C8512/3 S 
1-· '"'''0,"",,''''' 512K X 8 WIDE DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C::; T A::; +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable time 

Write 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 jl9riod (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

MASKED WRITE command to RAS 
setup time 

WE hold time to RAS 

(MASKED WRITE) 

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

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

RAS pulse width during 
SELF REFRESH cycle 

RAS precharge time during 
SELF REFRESH cycle 

CAS hold time during 
SELF REFRESH cycle 

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

MT4C851213 S 
REV. 3/93 

SYM 
tOFF 

too 

twcs 

tWCH 

tWCR 

tyvP 

tRWL 

tCWL 

tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 
ty 

tREF 

tRPC 

tCSR 

tCHR 

tWRS 

tWRH 

tOEH 

tORD 

tRASS 

tRPS 

tCHS 

tCHD 

1-42 

MIN 
3 
3 

0 

10 

55 

10 

20 

20 

0 

15 

55 

95 

60 

45 

3 

0 

10 

10 

0 

15 

20 

0 

100 

150 

-70 

600 

-7 -8 
MAX MIN MAX UNITS NOTES 
15 3 15 ns 20,29,33 

15 3 15 ns 29,33 

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 

128 128 ms 

0 ns 

10 ns 5 

10 ns 5 

0 ns 26 

15 ns 26 

20 ns 28 

0 ns 

100 us 32 

150 ns 32 

-70 ns 32 

600 us 29 

Micron Semiconductor, Inc., reserves the right to change products or specificatlol\S without notice. 
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ADVANCE 

MICRON MT4C8512/3 S 
1-· """""""'" 512K x 8 WIDE DRAM 

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 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 tREF refresh requirement is exceeded. 

8. AC characteristics assume ty = 5ns. 
9. VIR (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIR and VIL (or between VIL 
and VIR). 

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 = VIR, 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 TTL gates 

and 10OpF, VOH = 2.0V and VOL = 0.8V. 
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 tRCD 
exceeds the value shown. 

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 Q 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, access time is controlled 
exclusively by tCAe. 

18. Operation within the tRAD limit ensures that tRCD 
(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. 

MT4C851213S 
REV. 3193 1-43 

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; it is not a 
reference to VOH or VOL. 

21. twcs, tRWD, tAWD 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. If tRWD :2! tRWD (MIN), tAWD :2! tAWD 
(MIN) and tCWD :2! 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 Vec -0.2V. 
26. Write command is defined as WE going LOW. 
27. MT4C8513 S only. 
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 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. 

29. The DQs open during READ cycles once tOD or tOFF 
occur. If CAS goes HIGH before OE, the DQs will 
open r~rdless 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., reselV9S the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4C8512/3 S 
1-- eoM","OC""'" 512K X 8 WIDE DRAM 

NOTES (continued) 
30. BBU current is reduced as tRAS is reduced from its 

maximum specification during BBU cycle. 
31. Column-address changed once while RAS = VIL and 

CAS=VIH. 
32. When exiting the SELF REFRESH mode, one CBR 

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 

MT4C8512f3S 
REV 3/93 1-44 

when in 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 distibuted CBR REFRESH is used in the 
active mode. 

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

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

MIC:RON MT4C8512/3 S 
1-· ~""'"'"'w"''' 512K X 8 WIDE DRAM 

READ CYCLE 
tRe 

'RAS tRP 

RAs V,H V1L _ \ 
teSH 

'1 tRSH 'RRH 

'CRP IRCD teAS 

CAs V1H =---' VIL - ~ 
tAR 

I~~! ~~ 
ROW 'l!!!ddlLX 

~I '------~it =1///M; ROW WU'10 

WE ~:t :.Ij/////////////////////////////// VII dfILIl I I I dllLl'P/; 

~Ir 
DO ~:g~ _--------OPEN------~~~V~ALI~DD~AT~A jr--OPEN---

I~I~ 
OE ~:~ -j7/;"'/j;7r.1jj;'7TI/;;"'j/7r.1//;'7T/,//7771;j7n1//;7T7I;;TT71j;;7n/,/;7TI//'7TW"'/j;771j/;'7T11;;7771;j777>/ $)l 1# $//I! /I /$111 $11///$/1 /Ilk 

EARLY-WRITE CYCLE 

CAS V1H _~-1-----++-------;:-; 

VIL - tAR '---f----f 

ADDR ~:t 
-LLLLff'-__ ..,,--_--' 

ROW 

18l DON'T CARE 

!ll81I UNDEFINED 

NOTE: 1. Applies to MT4C8513 S only; WE and DO inputs on MT4C8512 S are "don't care" at RAS time. WE selects 

MT4C851213 S 
REV. 3/93 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

1-45 Micron Semiconductor, Inc" reserves the nght to change products or specifications without notice. 
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ADVANCE 

MII:::I=ICN MT4C8512/3 S 
1-· ",,"0'"'00"'" 512K X 8 WIDE DRAM 

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

• ~ -C 
m 
C 
::D » s: 

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

RWC 
'RAS 'RP 

-
tCSH 

I 'RSH 

l~ tRCD tCAS 

=.-J t 'AR 

tRAD I I tRAL I 

ADDR ~:~ 
I~ ~I ~I I~I 1 

Y////,-X ROW W////~ COLUMN ROW 

IJI'WR~I 
I I tRWD ~II I" + 'Res I 

1 

leWD tRWL 

'AWD r-t 
-////////ht NOTE 1 W////;,1 

.--t!YJ---
'M 

I 'RAG J 'CAG 

tCLZ 1:- ~ ~I 
VALIDD OUT M. VALID DIN OPEN--DO ~:g~ 

~ ~\ ~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

=L -
tCSH 'PC IRSH 

I~ tCRP tRCD tCAS _'C_P_~ ~ ~~Jf 
tePN 

=.J ~ ~ 'AR 
tRAL / I 'RAD I I~ I~ IRAH"'I ~ I~ ~I ~II lCAH"'j 

1 
ADDR ~:~ ::i/~ ROW WII,) COLUMN WIIIII,!,M COLUMN WIIIII,,?! COLUMN ROW 

I 'Res I tRCH--
1-1 ~'Res Ii 'I 'ReH- Ii 

-llt'Rcs -I rRRH ~ 

I 
'AA yu 'AA 

I tRAG I tCPA 

I 'CAe ~ I~ 
'CLZ- I~ 'eLZ- k 

- OPEN VALID 
DATA 

I~I~ ~ 

yo' 'AA 

I 'CPA 

'OFF I 'CAG 
~ --

tcLz- 1.:-
'VALiD' 

DATA 

'00 'OE 

-
VALID 
DATA 

~ 

"<il!i!!ilL 

-'oFF 

r-- 0PEN -

E21 DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C8513 S only; WE and DO inputs on MT4C8512 S are "don't care" at RAS time. WE selects 

MT4C8512i3 S 
REV. 3/93 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

1-46 Micron Semiconductor, Inc., reserves the right to change products or specffk:ations without notice. 
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ADVANCE 

MICRON MT4c8512/3 S 
1-· oeMooM"""""", 512K x 8 WIDE DRAM 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

OE ~:~ 1/!$////lII!!$//$/I/$$/I//I/////I/I/I/I/I/lI!I!I/!$/I/I//////////I/I$l/l//I/I/I/I$$////////$////I/lJ 

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

~ bON'TCARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C8513S only; WE and DO inputs on MT4C8512 S are "don't care" at RAS time. WE selects 

MT4C8s1213 S 
REV. 3193 

between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a normal 
WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at RAS time for a MASKED WRITE, 
WE LOW at RAS time. 

1-47 Micron Semiconductor, Inc., reserves the right to change prOducts or specifications without notice. 
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ADVANCE 

MICRON MT4C8512/3 S 
1-· ",,"","0'0","' 512K X 8 WIDE DRAM 

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

• ~ -c 
m 
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s: 

DO 

DO 

lAP 

:---1~IAPC 
~I~ 

CBR REFRESH CYCLE 
(AO-A9; OE = DON'T CARE) 

tRAS 

'1 
lAP 

~ tRPe ~ tCHR 

tRAS 

,-----------OPEN---------

lAP 

--.! 
~ 

~~ 

BBU REFRESH CYCLE 
(AO-A9; OE = DON'T CARE) 

1251:!$ 

tRAS lAP . , , 

~ tRPe leSR ~ 

'RAS I 

'--------------OPEN---------

SELF REFRESH CYCLE ("SLEEP MODE") 
(AO-A9; OE = DON'T CARE) 

'RASS (nol RAS) 

\\ 
NOTE 1 

tRPS (not RP NOTE 2 

- V1H ----+-----,[ 
RAS VIL -j :::::t:R It-------\\---ICH-D ---fl---"IRI!:£.PC_--I 

CAS ~:r::: 

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

WE ~:~ -11////////111////$/////$//////////111///$$$$/////1111/$/////$////$111/$////1////I11//;J/////J 

~ DON'T CARE 

m UNDEFINED 

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

MT4C851213S 
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©1993, Micron Semiconductor, Inc 



ADVANCE 

MIC:RON MT4C8512/3 S 
1-· ,,,,,co,",,o,,",", 512Kx8 WIDE DRAM z 

m 
--------------------------~ 

AOOR ~:t:::: 

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

tCSH 

'CRP leAS tcpp 

I II tCWL I I 
~, tRCS, Ell tRWL~ ,I 

~ ":W/!0'##/#/J II I I Eii~##h:00'/" 
1 ~II~ 

o ~:~ :JWI////I//I///$$f'////$~IW(--="--~~/;Iw/~ VALID DATA 61/1/;////$///$,,2 

'""l ':Ir! 
Q ~gt--------i-I-OPEN-----1-I:~~t=A-A ~~1IJJI':~~'f,~~L+~l----OPEN----

tRAG 

DE ~:t ~'"_'_.L.L.i.A.. _________________ _ 

NOTE: 1. Do not drive data prior to High-Z; that is completion of tOFF. tcpp is equal to tOFF + tDS(MIN) + guardband 

MT4C8512f3 S 
REV, 3/93 

between data-out and driving new data-in. 

tCRP 

CAS ~i~ :::: :--' 

RAS-ONl Y REFRESH CYCLE 
(OE and WE = DON'T CARE) 

tRc 

tRAS tRP 

'II' 

1- tRPc'l 

~ 

:1 
\ 

tASR tRAH . , 

ADDR ~:t _r---Ro-w ---,b//&#$p'/$P'P'P'/P'P'/ffio/P'P'#"xr---Ro-w --

DO ~gt -.----------OPEN----------

1-49 

~ DON'T CARE 

I§2lj UNDEFINED 

Micron Semiconductor, tnc., reselVes the righllo change products or specifications without notice 
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ADVANCE 

MICRON MT 4C8512/3 S 
1-· m"w""cme,,, 512K x 8 WIDE DRAM 

MT4C8512/3 5 
REV. 3/93 

ADDR 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

1--___ --"'R""A8'---___ 1 ~ 1--__ ---"R"'A8'---__ --I 

tOFF 

DO ~:gt - OPENI------i~~=;===~VA~lID~D~AT~A====f 

DE ~:t j'!IU$U//$#//U/$$awrd~1 
QPEN-

1-50 

'00 

b;/##$/J 
~ DON'T CARE 

~ UNDEFINED 

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

MIC:RON MT4C162561718/9 
1-- eo",,"oo,,,",,, 256K X 16 WIDE DRAM 

WIDE DRAM 

FEATURES 
• Industry-standard x16 pinouts, timing, functions 

and packages 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3mW standby; 500mW active, typical 
• All device pins are fully TTL-compatible 
• 512-cycle refresh in 8ms (nine rows and nine columns) 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Optional FAST-PAGE-MODE access cycle 
• BYTE WRITE access cycle 
• BYTE READ access cycle (MT4C16257/9 only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C16258/9 only) 

OPTIONS 
• Timing 

60ns access 
70ns access 
80ns access 

• Write Cycle Access 
BYTE or WORD via WE 
(nonmaskable) 
BYTE or WORD via CAS 
(nonmaskable) 
BYTE or WORD via WE 
(maskable) 
BYTE or WORD via CAS 
(maskable) 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 
Plastic ZIP (475 mil) 

MARKING 

-6* 
-7 
-8 

16256 

16257 

16258 

16259 

DJ 
TG 
Z 

• Part Number Example: MT4C16256DJ-7 
*6Ons specifications are limited to a Vee range of ±5%. 

GENERAL DESCRIPTION 
The MT4C16256/7/8/9 are randomly accessed solid

state memories containing 4,194,304 bits organized in a 
x16 configuration. The MT4C16256 and MT4C16258 have 
both BYTE WRITE and WORD WRITE access cycles via two 
write enable pins. The MT4C16257 and MT4C16259 have 
both BYTE WRITE and WORD WRITE access cycles via 
two CAS pins. The MT4C16258 and MT4C16259 are also 
able to perform WRITE-PER-BIT accesses. 

MT4C1625617f8/9 
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256K x 16 DRAM 
FAST-PAGE-MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(SDB-2) 

Yco 
DQ1 

DQ2 

D03 

DO. 
Yco 

D05 

DQ6 

DOl 

DaB 

NC 

NC 
AD 

A1 
A2 
A3 

Vee 

1 

2 
3 

4 
5 
6 

7 
8 
9 
10 
11 
12 

13 
14 

15 

16 

17 
1B 

19 

20 

40P 
39p 
3B 

37P 
36 

35 P 
34 
33 
32 
31 
30p 
29 
28 

27P 
26 
25p 
24P 
23 
22p 
21 

y" 
Oat6 
0015 
OQ14 

0013 
y" 
OQ12 

0011 
DQ10 

DQ9 

NC 
NC/CASL* 

GAS/CASW 

OE 
AB 

A7 

A6 

A5 
A. 
y" 

40-Pin TSOP 
(SDE-2) 

Y" Y" 
DQ1 0016 
DQ2 0015 
DQ3 0014 
DO. 0013 

Y" Y" 
DQ5 0012 
DQ6 0011 
DOl DQ10 
DQB DOg 

NC NC 
*WEUNC NC/CASL* 
'WEHiWE CAS/CASW 

RAS OE 
NC AB 
AD A7 
A1 A6 

A2 A5 

A3 A. 

Y" V" 

'MT4C16256/8 / MT4C16257/9 

40-Pin ZIP 
(SDA-2) 

Dog 1 .::; 
':: 2 0010 

0011 3 .::; 
':: 4 OQ12 

Yss 5 
.:: 6 0013 

OQ14 7 
.:: 8 0015 

DQ16 9 
':: 10 Vss 

Vee 11 .:. 
c 12001 

DQ2 13.:. 
." 14 003 

DO. 15." 

005 17 

007 19 

NC 21 

'WEHIWE 23 

A1 27_" 

A3 29 

Vss 31 

A5 33 

A7 35 

DE 37 _" 

*NC/CASL 39 

16 Vee 

." 18 006 

20 008 

c 22 WEUNC' 

." 26 AO 

28 A2 

30 Vee 

32 A4 

." 34 A6 

36 A8 

38 CASJCASH* 

40 NC 

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 
identical manner to CAS in that either CASL or CASH will 
generate an internal CAS. 
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©1993, Micron Semiconductor, tnc. 

• =E -c m 
c 
lJ » s: 



• :e -c m 
c 
:D » s: 

PRELIMINARY 

MIC:RON MT 4C162561718/9 
1-· "Me","em"", 256Kx 16 WIDE DRAM 

The MT4C16256 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-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 (DQI-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. 

The MT4C16258 and MT4C16259 function in the same 
manner as MT4C16256 and MT4C16257, respectively; they 
have NONPERSISTENT MASKED WRITE cycle capabili
ties. This option allows the MT4C16258 and MT4C16259 to 
operate with either normal WRITE cycles or with NON
PERSISTENT MASKED WRITE cycles. 

FUNCTIONAL BLOCK DIAGRAM 

,.-----------------------------, · . 
· MT4C16256/8 ,.---.;..... ---------------------, 

ONLY 

WE 

WEH o-j-+~'../ 
.------------------ -- --.---_ .. · , 
: MT4C16257/9 ; 
: ONLY i 
; CASL ! 

CASH o--+~J>+-""""''''-~----' 

AD 
A1 
A2 

A3 

A4 
A5 
A6 

A7 

A8 

MT4C16256171819 
REV. 3193 

DATA-IN BUFFER 

. , , 

~--+-i MASK DATA REGISTER (16258/9 only)i OQ1 

• • 
OQ16 

1-52 

L _ ~P!~~ .B!::~ ~~9-Dal~}_L ~~WER B'::_E_{~~~-~9~) _.: 

512 x 512 x 16 
MEMORY 
ARRAY 

i+-----oOE 

------a Vee 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

UIC:I=ION MT4C16256/7/8/9 
F· "''''0'"0000«'' 256K x 16 WIDE DRAM 

PIN DESCRIPTIONS 

SOJ 
PINS 

14 

28 

27 

13 

12 

29 

16-19, 
22-26 

MT4C16256/7!819 
REV. 3/93 

TSOP 
PINS 

16 

30 

29 

15 

14 

31 

18-21, 
24-28 

ZIP 
PINS 

24 

38 

37 

23 

22 

39 

26-29, 
32-36 

SYMBOL TYPE 

RAS Input 

CAS/CASH Input 

OE Input 

WEHIWE Input 

WEUNC Input 

NC/CASL Input 

AO-A8 Input 

DESCRIPTION 

Row-Address Strobe: RAS is used to latch in the 9 
row-address bits and strobe the WE and DOs on the 
MASKED WRITE option (MT4C16258 and MT4C16259 
only). 

Column-Address Strobe: CAS (MT4C16256/8) is used to 
latch-in the 9 column-address bits and enable the DRAM 
output buffers and strobe the data inputs on WRITE cycles. 
CAS controls D01 through D016. 

Column-Address Strobe Upper Byte: CASH (MT4C16257/9) 
is the CAS control for D09 through D016. The DOs for the 
byte not being accessed will remain in a High-Z (high imped-
ance) state during either a READ or a WRITE access cycle. 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS 
(MT4C16256/8) or CASL / CASH (MT4C16257/9) must be 
LOW and WEL / WEH (MT 4C16256/8) or WE 
(MT4C16257/9) must be HIGH before OE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

Write Enable Upper Byte: WEH (MT4C16256/8) is WE 
control for the D09 through D016 inputs. If WE or WEH is 
LOW, the access is a WRITE cycle. If either WE or WEH 
is LOW at RAS time on MT4C16258, then it is also a 
MASKED WRITE cycle. The DOs for the byte not being 
written will remain in a High-Z state (BYTE WRITE cycle 
only). 

Write Enable: WE (MT4C16257/9) controls D01 through 
D016inputs. If WE is LOW, the access is a WRITE cycle. 
The MT4C16258/9 also use WE to enable the mask 
register during RAS time. 

Write Enable Lower Byte: WEL (MT4C16256/8) is the WE 
control for D01 through D08 inputs. If WEL is LOW, the 
access is a WRITE cycle. If WEL is LOW at RAS time on 
MT 4C16258, then it is also a MASKED WRITE cycle. The 
DOs for the byte not being written will remain in a High-Z 
state (BYTE WRITE cycle only). 

Column-Address Strobe Lower Byte: CASL (MT4C16257/9) 
is the CAS control for D01 through D08. The DOs for the 
byte not being accessed will remain in a High-Z state during 
either a READ or a WRITE access cycle. 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS (or CASL / CASH) to select one 16-bit word 
(or 8-bit byte) out of the 256K available words. 

1-53 Micron Semic.onductor, Inc., reserves the right to change products or specifications W1thout notice. 
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PRELIMINARY 

MIC:RON MT 4C16256nl8/9 
1-· oo"<co",ccw,, '''0 256K X 16 WIDE DRAM 

• PIN DESCRIPTIONS (continued) 

~ -C m 
C 
:0 
l> 
s: 

SOJ 
PINS 

2-5,7-10, 
31-34, 
36-39 

11,15,30 

1,6,20 

21,35,40 

MT4C1625671B19 
REV. 3/93 

TSOP ZIP 
PINS PINS 

2-5,7-10, 12-15, 
35-38, 17-20, 
40-43 1-4,6-9 

13,17 21,25,40 

1,6,22 11, 16,30 

23,39,44 5,10,31 

SYMBOL TYPE 

001-0016 Input! 
Output 

NC -

Vcc Supply 

Vss Supply 

OESCRIPTION 

Data 110: For WRITE cycles, 001-0016 act as inputs to the 
addressed DRAM location. BYTE WRITEs can be performed 
by using WEll WEH (MT4C16256/8) or CASLI CASH 
(MT4C16257/8) to select the byte to be written. For READ 
access cycles, 001-0016 act as outputs for the addressed 
DRAM Location. All sixteen II0s are active for READ cycles 
(MT4C16256/8). The MT4C16257/9 allow for BYTE READ 
cycles. 

No Connect: These pins should be either left unconnected or 
tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

1-54 Micron Semiconductor, Inc., reserves the right to change products or speClflcations without notice. 
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MIC:RON MT 4C162561718/9 
1-· "M"O'''''O'''' 256K X 16 WIDE DRAM 

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-ONL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. The 
MT4C16256 and MT4C16258 each have one CAS control 
while the MT4C16257 and MT4C16259 have 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 and MT4C16259 CAS function is deter
mined 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 and MT4C16259 both 
BYTE READ and BYTE WRITE cycle capabilities. 

READ or WRITE cycles on the MT4C16257 or MT4C16259 
are selected with the WE input while either WEL or WEH 
perform the WE on the MT4C16256 or MT4C16258. The 
MT4C16256 and MT4C16258 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 

MT4C16256J7/819 
REV. 3/93 1-55 

by OE , WEL and WEH (MT4C16256 and MT4C16258) or 
WE (MT4C16257 and MT4C16259). 

FAST-P AGE-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 (RAS-ONLY, 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 invokl' the 
refresh counter and controller for row-add rl'SS control. 

BYTE ACCESS CYCLE 
The BYTE WRITE mode is determined by till' lISC' 01 

WEL and WEH or CASL and CASH. Enabling WEC! 
CASL will select a lower BYTE WRITE cycle (DQ1-DQ8) 
while enabling WEH or CASH will select an upper BYTE 
WRITE cycle (DQ9-DQ16). Enabling both WEL and WEH 
or CASL and CASH selects a WORD WRITE cycle. 

The MT4C16256, MT4C16257, MT4C16258 and 
MT4C16259 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 illustrates the MT4C16256 BYTE 
WRITE and WORD WRITE cycles and Figure 2 illustrates 
the MT4C16257 BYTE 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. 

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

MICRON MT 4C162561718/9 
1-· ",''co",''''''''' 256K x 16 WIDE DRAM 

MASKED WRITE ACCESS CYCLE (MT4C16258/9 ONLY) 
The MASKED WRITE mode control input selects normal 

WRITE access or MASKED WRITE access cycles. Every 
WRITE access cycle can be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is 
selected when mask data is supplied on the DQ pins and 
WE is LOW at RAS time. The MT4C16256 and MT4C16257 
do not have the MASKED WRITE cycle function. 

The mask data present on the DQ1-DQ16 inputs at RAS 
time will be written to an internal bit mask data 
register and will then act as an individual write enable for 
each of the corresponding DQ inputs. If a LOW (logic "0") 
is written to a mask data register bit, the input port for that 
bit is disabled during the following WRITE operation and 

I- WORD WRITE 

RAS \ 

CAS \ 

WEL \ 
WEH \ 

/ 
/ 

no new data will be written to that DRAM cell location. A 
HIGH (logic "I") on a mask data register bit enables the 
input port and allows normal WRITE operations to pro
ceed. At CAS time, the bits present on the DQ1-DQ16 inputs 
will be either written to the DRAM (if the mask data bit was 
HIGH) or ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a NONPER
SISTENT MASKED WRITE cycle is initiated, even if the 
previous cycle's mask was the same mask. 

Figure 4 illustrates the MT4C16258 MASKED WRITE 
operation and Figure 5 illustrates the MT4C16259 
MASKED WRITE operation. 

'1- LOWER BYTE WRITE ·1 
/ \ I 

/ r I 

\ ;-

STORED 

DATA 

INPUT STORED STORED INPUT STORED 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

o 

DATA DATA DATA 
------::;> 

------;:.. 
o ...... ,. 0 

o ...... ,. 0 

-----::;:.. 

------;:.. 

o ...... ,. 0 o 

1 ...... ,. 

1 ------» 
o ...... ,. 
o ...... ,. 
1 ....•• ,. 

o ...... ,. 
1 .••••. ,. 

o ------;:.. 

DATA DATA 
1 .•.••• ,. 

------;;:.. 

------;;:.. 

------;:.. 

------3> 

------;:.. 
._----» 
------;;:.. 

X······,. 

X ------;:.. 
X······,. 
X······,. 

X······,. 
X······,. 
X······,. 

X······,. 

1+---- ADDRESSO ---..... ·1 •• ----- ADDRESS1 

MT4C162561718J9 
REV 3/93 

x = NOT EFFECTIVE (DONT CARE) 

Figure 1 
MT4C16256/8 WORD AND BYTE WRITE EXAMPLE 
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AJlU::I=ICN MT 4C1625617/8/9 
1-· ,,,,,,,,,o,,cm~'" 256K X 16 WIDE DRAM 

RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4C162561718f9 
REV. 3193 

I· 
\ 

STORED 
DATA 

1 

a 

a 

a 
1 

a 
a 
a 
a 

\ 

WORD WRITE ·1· 
/ 

\ / 

\ / 

/ 

INPUT INPUT STORED STORED 
DATA DATA DATA DATA 

a -----------------3> a a 
a -----------------3> a a 
1 -----------------3> 1 

a -----------------3> a a 
a -----------------3> a a 
o -----------------3> 0 0 

a -----------------3> 0 a 
a -----------------3> 0 a 

X ------3> 1 ------3> 1 

X ------3> 0 .-----3> a 
x ------3> 1 ------3> 1 

X ------3> a ------3> a 
x ------3> ------3> 1 

X ------3> ------3> 1 

X ------3> 1 ------3> 1 

X ------3> 1 ------3> 1 

o 
1 

a 

\ 
LOWER BYTE WRITE ·1 

r-

\ r-

\'--r--------'I 

INPUT INPUT STORED 
DATA DATA DATA 

1 -------- - --- --- --» 1 

1 -----------------» 1 

o -----------------» a 
1 --- ---- --- - --- ---» 1 

1 - --- - --- - --- --- --» 1 
- --- - -- - - -- - --- --3> 

------- ---- ---- --» 
1 - ------ ---- ------» 1 

x -----------------» 1 

x -----------------» 0 

x -----------------» 1 

X -----------------» 0 

x -----------------» 
X -----------------» 
x -----------------» 1 

x -----------------» 1 

1+--------- ADDRESS a --------.. ..----------- ADDRESS 1 

x = NOT EFFECTIVE (DON'T CARE) 

Figure 2 
MT4C16257/9 WORD AND BYTE WRITE EXAMPLE 
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PRELIMINARY 

MU:::RON MT4C16256/7/8/9 
1-· ""W"",,,",,,, 256K X 16 WIDE DRAM 

RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4C162S6n18J9 
REV. 3/93 

I- WORD READ -I- LOWER BYTE READ -I 
~ / \ ;-

\ / \ ;-

\ / 

~ 
, 

"'----/ "-
STORED OUTPUT OUTPUT STORED STORED OUTPUT OUTPUT STORED 

DATA DATA DATA DATA DATA DATA DATA DATA 

1 ------Jl> 1 1 ------Jl> 1 

1 ------Jl> 1 1 1 1 ------Jl> 1 1 

0 0 ------Jl> 0 0 0 0 ------Jl> 0 0 

1 ------Jl> 1 1 ------Jl> 1 

1 ------Jl> 1 1 ------Jl> 1 
------Jl> .~_w __ ~ 1 
------Jl> ------Jl> 

1 ------Jl> 1 1 ------Jl> 

0 Z ------Jl> 0 0 0 Z ------Jl> Z 0 

Z ------Jl> 1 1 Z ------Jl> Z 1 

0 Z ------Jl> 0 0 0 Z ------Jl> Z 0 
Z ------Jl> 1 Z ------Jl> Z 

0 Z ------Jl> 0 0 0 Z ------Jl> Z 0 

0 Z ------Jl> 0 0 0 Z ------Jl> Z 0 

0 Z ------Jl> 0 0 0 Z ------Jl> Z 0 

0 Z ------Jl> 0 0 0 Z ------Jl> Z 0 

ADDRESS 0 - - ADDRESS 1 

Z = High-Z 

Figure 3 
MT4C16257/9 WORD AND BYTE READ EXAMPLE 
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MICRON MT4C1625617/8/9 
1-· "M","CM',"',"' 256K X 16 WIDE DRAM 

I- MASKED WRITE -I- NON MASKED WRITE -I 
RAS \ / \ r 

CAS \ / \ r 
WEL \ I/I!!/A //II//A jill/I!!/; 

WEH ~ I!l!llA 1/11/11 / II!J WlII£ III!!III!! / 1/1 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

X o .-----3>- 0 1 1 .-----3>-

X 0 .-----3>- 0 0 1 .-----3>-

X 0 .-----3>- 0 .-----3>-
LOWER BYTE X o .-----3>- 0 0 .-----3>-

(001-008) X o .-----3>- 0 1 0 .-----3>- 0 
OFWORO X o .-----3>- 0 0 0 .-----3>- 0 

X 0 .-----3>- 0 1 0 0 .-----3>-

X 0 .-----3>- 0 0 0 .-----3>- 0 

0 X X 1 .-----3>- 1 

1 0 X 1 1 X 0 .-----3>- 0 

UPPER BYTE 
0 0 X 0 0 X 1 .-----3>- 1 

0 0 X 0 0 X 0 .-----3>- 0 
(009-0016) 

0 o .-----3>- 0 0 X 1 .-----3>-
OFWORO 

0 o .-----3>- 0 0 X 1 .-----3>-

0 1 .-----3>- X 0 .-----3>- 0 

0 1 .-----3>- X 0 .-----3>- 0 

ADDRESS 0 - - ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 4 
MT4C16258 MASKED WRITE EXAMPLE 

NOTE: If WEL is LOW and WEH is HIGH when RAS goes LOW, then only DOs 1-8 will be masked. If WEL is HIGH 
and WEH is LOW when RAS goes LOW, then only DOs 9-16 will be masked. 

MT4C16256f7/s/9 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 
1-· ",,,,,,,""UO,,,,, 256K X 16 WIDE DRAM 

RAS 

"CAS" 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4C1S256171B19 
REV.3l93 

I- MASKED WRITE -I- NON MASKED WRITE -I 
\ / \ r 

\ / I 

\ r 

~ IllllllA I/!II! II! III VI/I/IA !II!II! II II m 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

a x 1 X .-----;, 

1 a .-----;, a a x .-----;, 

a x x .-----;, 

1 a .-----;, a a x 1 .-----;, 1 

a x x a .-----;, a 
1 a .-----;, a a x a .-----;, a 
a x 1 1 X a .-----;, a 

a .-----;, a a x a .-----;, a 

a x x 1 .-----;, 

a x x a .-----;, a 
a a x a a x 1 .-----;, 1 

a a x a a x a .-----;, a 
a a .-----;, a a x 1 .-----;, 

a a .-----;, a Q x 1 .-----;, 1 

a 1 .-----;, 1 X a .-----;, a 
a 1 .-----;, X a .-----;, a 

ADDRESS a - - ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 5 
MT4C16259 MASKED WRITE EXAMPLE 

1-60 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT4C16256/7/8/9 
1-· """"""00'" 256K X 16 WIDE DRAM 

TRUTH TABLE: MT4C16256/8 

ADDRESSES 

FUNCTION RAS"" W- WEL war 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 3 
(EARL V-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data-In 3 
BVTE (EARL V) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 3 
BYTE (EARL V) Upper Byte, Data-In 

READ-WRITE L L H-L H-L L-H ROW COL Data-Out, Data-In 1,3 

PAGE-MODE 1st Cycle L H-L H H L ROW COL Data-Out 

READ 2nd Cycle L H-L H H L nla COL Data-Out 

PAGE-MODE 1st Cycle L H-L L L X ROW COL Data-In 1,3 

WRITE 2nd Cycle L H-L L L X nla COL Data-In 1,3 

PAGE-MODE 1st Cycle L H-L H-L H-L L-H ROW COL Data-In 1,3 

READ-WRITE 2nd Cycle L H-L H-L H-L L-H nla COL Data-Out, Data-In 1,3 

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 1,2,3 

RAS-ONLV L H X X X ROW nla 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). 

MT4C16256171819 
REV. 3/93 

2. EARL V-WRITE only. 
3. Data-in will be dependent on the mask provided (MT4C16258 only). Refer to Figure 4. 

1-61 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor,lnc. 
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PRELIMINARY 

MIC:RON MT4C162561718/9 
1-· ",,,,,",,,n,," 256K X 16 WIDE DRAM 

TRUTH TABLE: MT4C16257/9 

ADDRESSES 

FUNCTION ~ CASL CASH WE or 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 BVTE L L H H L ROW COL Lower Byte, Data-Out 
Upper Byte, High-Z 

READ: UPPER BVTE 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 5 
(EARL V-WRITE) 

WRITE: LOWER L L H L X ROW COL Lower Byte, Data-In 5 
BYTE (EARL V) Upper Byte, High-Z 

WRITE: UPPER L H L L X ROW COL Lower Byte, High-Z 5 
BYTE (EARL V) Upper Byte, Data-In 

READ-WRITE L L L H .... L L .... H ROW COL Data-Out, Data-In 1,2,5 

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 1,5 

WRITE 2nd Cycle L H .... L H .... L L X n/a COL Data-In 1,5 

PAGE-MODE 1st Cycle L H .... L H .... L H .... L L .... H ROW COL Data-Out, Data-In 1,2,5 

READ-WRITE 2nd Cycle L H .... L H .... L H .... L L .... H n/a COL Data-Out, Data-In 1,2,5 

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 1,3,5 

RAS-ONLV 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 BVTE WRITE cycles (either CASL or CASH active). 
2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active). 
3. EARL V-WRITE only. 
4. Only one of the two CAS signals must be active (CASL or CASH). 
5. Data-in will be dependent on the mask provided (MT 4C16259 only). Refer to Figure 5. 

MT4C16256{7/8/9 
REV. 3/93 1-62 Micron Semiconductor, Inc., reserves the right to change products or specifICations without notice. 
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PRELIMINARY 

MICRON MT4C16256/7/8/9 
1-· m"co",ccw"" 256K x 16 WIDE DRAM 

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 + 150°C 
Power Dissipation .............................................................. 1W 
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 atthese or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :0: T A :0: 70°C; Vcc = SV ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 
Supply Voltage Vcc 4.S S.S V 1 

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

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
Any input OV :0: VIN :0: Vcc II -2 2 !lA 
(All other pins not under test = OV) 

OUTPUT LEAKAGE CURRENT (Q is disabled; OV :0: VOUT :0: S.SV) loz -10 10 !lA 
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 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 1 mA 2S 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICC3 190 170 150 mA 3,4,42 
(RAS, CAS, Address Cycling: tRC = tRC [MIN]) 

OPERATING CURRENT: FAST-PAGE-MODE 
Average power supply current Icc4 120 110 100 mA 3,4,42 
(RAS = VIL, CAS, Address Cycling: tpc = tpc [MIN]; tcp, tASC = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
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 may be limited to a Vce range of ±S%. 

MT4C1625617IBI9 
REV,3193 1-63 

Icc5 190 170 150 mA 3,S,42 

lecs 180 160 140 mA 3,S 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 
1-· "eMCO",C""'"' 256K X 16 WIDE DRAM 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A8 

Input Capacitance: RAS, CAS!(CASL,CASH), (WEL, WEH)! WE, OE 

Input/Output Capacitance: DO 

SYMBOL 

CI1 

CI2 

Cia 

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) (O°C ~ TA~ +70°C; Vcc = 5V ±10%) 

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 tCAS 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 10 
Row-address setup time tASR a 
Row-address hold time tRAH 10 
RAS to column- tRAD 15 30 
address delay time 

Column-address setup time tASC a 
Column-address hold time CAH 10 
Column-address hold time tAR 50 
(referenced to RAS) 

Column-address to tRAl 30 
RAS lead time 

Read command setup time tRCS a 
Read command hold time tRCH a 
(referenced to CAS) 

Read command hold time tRRH a 
(referenced to RAS) 

CAS to output in low-Z tClZ 3 

'60ns specifications may be limited to a Vcc range of ±5%. 

MT4C1625617/819 
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MIN 
130 
175 
40 

95 

70 
70 
20 
50 
20 
70 
10 
10 
20 
10 
a 
10 
15 

a 
15 
55 

35 

a 
a 

a 

3 

-7 -8 

MAX MIN MAX UNITS NOTES 
150 ns 

195 ns 

45 ns 35 

100 ns 35 

70 80 ns 14 
20 20 ns 15,33 
20 20 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 
80 ns 32 
10 ns 16,36 
10 ns 36 

50 20 60 ns 17,31 
10 ns 32 
a ns 

10 ns 

35 15 40 ns 18 

a ns 31 
15 ns 31 
60 ns 

40 ns 

a ns 26,31 
a ns 19,26,32 

a ns 19 

3 ns 33 

Micron Semiconductor, Inc., reserves the right to change products or Specifications without notice 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

MICRON MT 4C162561718/9 
1-· "'''''"''''''0'' '" 256K x 16 WIDE DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7,.8,9, 10, 11, 12, 13) (oDe::; T A::; +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -6' 
PARAMETER SYM MIN MAX 
Output buffer turn-off delay tOFF 3 15 

Output disable time too 3 15 

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 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 !CWO 40 

Transition time (rise or faU) IT 3 50 

Refresh period (512 cycles) tREF 8 

RAS to CAS precharge time tRPC 0 

CAS setup time tCSR 10 
(CBR REFRESH) 

CAS hold time tCHR 10 
(CBR REFRESH) 

MASKED WRITE command to RAS twRS 0 
setup time 

WE hold time (MASKED WRITE) twRH 10 

Mask data to RAS setup time tMS 0 

Mask data to RAS hold time tMH 15 

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 may be limited to a Vee range of ±5%. 

MT4C1625617/819 
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MIN 
3 

3 

0 

10 

55 

10 

20 

20 

0 

15 

55 

95 

60 

45 

3 

0 

10 

10 

0 

15 

0 

15 

20 

0 

10 

-7 -8 
MAX MIN MAX UNITS NOTES 
15 3 15 ns 20,29,33 

15 3 15 ns 29,41 

0 ns 21,26,31 

10 ns 26,40 

60 ns 26 

10 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 

8 8 ms 28 

0 ns 

10 ns 5,31 

10 ns 5,32 

0 ns 26,27 

15 ns 26 

0 ns 26,27 

15 ns 26,27 

20 ns 28 

0 ns 

10 ns 34 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 
1-· "'"00'0"''""''' 256K X 16 WIDE DRAM 

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 
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 100J..ls is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONL Y 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. 

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 100pF, VOL = O.SO 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 
tRAC (MAX) can be met. IRCD (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. 

IS. Operation within the lRAD 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. 

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

MT4C1625617l8f9 
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20. IOFF (MAX) defines the time at which the output 
achieves the open circuit condition; it is not a 
reference to VOH or VOL.* 

21. IWCS, tRWD, 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 ;;:: 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 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 MT4C16256/S. Write 
command is defined as WE going LOW on the 
MT4C16257/9. 

27. MT4C1625S/9 only. 
2S. 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. The 
DQs will provide the previously written data if CAS 
remains LOW and OE is taken back LOW after IOEH 
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 IOD or IOFF 
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. 

Micron Semiconductor, !nc., reserves the right to change products or specffications without notice. 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

UIC::RCN MT4C16256/7/8/9 
1-· ,,,,eo,mccwe',, 256K X 16 WIDE DRAM 

NOTES (continued) 
30. Notes 31 through 41 apply to MT4C16257/9 only. 
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. 
35. Last rising CASx edge to next cycle's last rising CASx 

edge. 

MT4C16256171819 
REV. 3193 1-67 

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. 
42. Column-address changed once while RAS = VIL and 

CAS=VIH. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:RON MT4C162561718/9 
1-· '''''''","cwe''c 256K X 16 WIDE DRAM 

READ CYCLE 

'RC 

RAS V,H 
VIL _ \ 

'CSH 

'ASH ~ 
'CRP tRCD tCAS 'ClCH 

CASH,CASL VIH J 
orCAS V 1L -

'AR 

tRAD tRAL 

I~~I ~~ 
ADDR ~:~ ~ JWm COLUMN ROW 

'RCS 

~l 
DO ~~~ -=-------OPEN------~@&;tV~A~UD~DA~TAjr---OPEN---

I 'OE I 'DD 

OE ~:~ _-Y;'i/;~w;;777m777/i;"7T,m~/ 1/777/1 /;777/ /;"7T,// ;;~/1 /;T77:;; /;771//;70// ;;'77/ 1/T77~77111;;70m777m77T1 ml /1//;////;// /;j// /;j// /;j// /;///#//;//;/ 

RAs 
V,H 
Vil 

CASH,GASL V,H 

orCAS Vil 

ADDR 
V,H 
Vil 

WEL,WEH VIH 
or'WE V1L 

DO ~g~ 

EARLY-WRITE CYCLE 

RC 

'RAS 

-
tCSH 

IRSH 

J~ 
IRCD tCAS tCLCH 

=-' 
'AR 

'RAD tRAL 

I~ ~I I~ ~ 
~ ROW :1(01';.:1t COLUMN 

tCWL 

'AWL 

'WCR 

'wes 'WCH 

-rrn 7777> I~ tWR~1 
'WP 

~ NOTE 1 W////,1 
'OHR 

I~~I ~ ~I 
-f////////h"4 NOTE 1 K0W",1t VALID DATA 

'RP 

\ 

J 
ROW 

1:!21 DON'T CARE 

!l88I UNDEFINED 

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at 

MT4CI6256i7/8f9 
AEV.3J93 

RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DO 
inputs on MT4C16256 and MT4C16257 are "don't care" at RAS time. 

1-68 Micron Semiconductor, Inc, reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT4C162561718/9 
1-· '"'''0"00''0''' 256K X 16 WIDE DRAM 

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

, C RW 

'RAS 'RP 

-
tCSH 

I 'RSH 

I~ 'RCD 'CAS 'CLCH 

=---' } tAR 

tRAD 1 1 tRAL I 
CASH,C~ ~:r 

orCAS 

ADDR ~:~ 
l~ ~) rl I~I I 

::wzt ROW Will/;){ COLUMN ROW 

~I'WR~I 
1 1 'RWD ~II I' + 'RCS I I 'CWD ~I 

'AWD 

~k 
~ NOTE 1 .1fI/II/!l ) W$&!III;@#!$,'i 

~"'" 
'AA 

'RAC 

J~ r rl tCLZ 1:-
VALID ° OUT K VALID DIN OPEN--DO ~g~ 

~ l~ ~ 

FAST-PAGE-MODE READ CYCLE 

1 __________________ 2'R~ASP~ ________________ ~~ 

CAs'R.6AsL VIH _-i----I+----------,,~ 
orCAs VIL - '-+ __ --"1 

DQ ~g~ -:------

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at 

MT4C16256171819 
REV. 3/93 

RAS time. The DO inputs are "don't care"for a normal WRITE (WE HIGH at RAS time), The DO inputs 
provide the mask data at RAS time for a MASKEDWRITE (WE LOW at RAStime). WEL, WEH and DO 
inputs on MT4C16256 and MT4C16257 are "don't care" at RAS time. 

1-69 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT 4C162561718/9 
1-- ",,,co",,,,me',, 256K X 16 WIDE DRAM 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

'ORP ICSH 

~ �----"'-"--~~-""''-I 

Oe ::~ 1!/!//!$////////$II!/I1!////I1!/I////////!//I////////////$III!!/II!/!I!!!I!!!!/II///I!//!///I!//////1!!!I!///lI!ffi 

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

~ I----""Rc"'-O _---1_---"c""As"-"'"'cLc""H_1 ~ teAS tCLCH 

CASH,CASL VIH _-lc--+f----~ 
orCAS VIL - '--i'----11 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at 

MT4C16256171819 
REV.3J93 

RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DO 
inputs on MT4C16256 and MT4C16257 are "don't care" at RAS time. 

1-70 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 
F· ,,"w",cnoc" 256K X 16 WIDE DRAM 

ADDR ~:r-

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

tCSH 
tpc 11--'R=sH'-------1 

�----~----·I~I--~'e~PP--1 teAS 

I 
II 'eWL 

I-----i--"R=es'- II 'RWL 

I 
II 'WP 

'7TT7"T77"T>7"T7TrTrr,-,I,----:----+------'.--'------~II~ n-Tn7777"C'7TT7"TTTT>TTTT> 

WE ~:t:: I I I I ~II~I 
o ~:r :1///$/////////////////§///////////////~f1////////M VALID DATA rw=1 / /;=1 / /;TTTW/;TTTI//;TTTW/;7771 / /;TT7W7TT~ 

Ft~i, 
a ~gr -----------:-I-OPEN----tI.---'-AA--~'~~'b~~2~-------OPEN-----

. tRAC 

DE ~:r =WdA 
~~--------------------

NOTE: 1, 00 not drive data prior to High-Z; that is completion of tOFF, tcpp is equal to tOFF + tOS(MIN) + guardband 

MT4C16256171B19 
REV. 3/93 

between data-out and driving new data-in, 

RAS-ONl Y REFRESH CYCLE 
(ADDR = AO-AB, OE; WEL, WEH or WE = DON'T CARE) 

'II 
- V1H ------,[1 Jf . 
RAS VIL - 1-------'!e"""RP_II1'----------'~1 

CASL,CASH V1H - t , / 
....QL V1L -~ '----I 

\'----

CAS ~. tRAH 

ADDR ~:~ :mt ROW 'bff§//§$$#$$§$/M'$//§ar---RO-W --

Q ~g~ :::'--------------QPEN-----------

1-71 

~ DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

MIC:RON MT4C1625617/8/9 
1-· "'"'''"'''''"''' 256K X 16 WIDE DRAM 

MT4C16256f7/8I9 
REV. 3/93 

tAP 

RAS ~lt-:--1.tRP'i. 

CBR REFRESH CYCLE 
(AO-A8; OE = DON'T CARE) 

. tRAS tAP 

tCHR 

tRAS 

J; 

CASH,CASL V,H ---1 1 ~,II t 
orCAS VIL -~ ~L-. __ ~_--"-----__ -----'L'1 ___ ---"'l _____ _ 

~~ ~I~ ~ 

DO :---------OPEN---------

HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 

(READ) (REFRESH) 

CASL~~ASH ~IH-,------t---++-------o!1 

CAS Il- 11'-----+---+---------11 

ADDR ~:r: 
LU..LU"------.--__ '''''"..., 1'-----,--,-----" 

DQx ~g~ -,.-----

1-72 

~//#//,1a 
l!ZI DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 L 
1-· "M"',"OnO",,, 256K X 16 WIDE DRAM 

WIDE DRAM 

FEATURES 
• Industry-standard x16 pinouts, timing, functions 

and packages 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply 
• All device pins are TTL compatible 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), 

HIDDEN and BATTERY BACKUP (BBU) 
• FAST-PAGE-MODE access cycle 
• BYTE WRITE access cycle 
• BYTE READ access cycle (MT4C16257/9 L only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C16258/9 L only) 
512-cycle refresh distributed across 64ms 
Low power, 1mW standby; 500mW active, typical 

OPTIONS MARKING 
• Timing 

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

• Write Cycle Access 
BYTE or WORD via WE 16256 L 
(nonmaskable) 
BYTE or WORD via CAS 16257L 
(nonmaskable) 
BYTE or WORD via WE 16258 L 
(maskable) 
BYTE or WORD via CAS 16259L 
(maskable) 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG 
Plastic ZIP (475 mil) Z 

• Part Number Example: MT4C16256DJ-7 L 

*6Ons specifications are limited to aVec range of ±5%. 

GENERAL DESCRIPTION 
The MT4C16256/7/8/9 L are randomly accessed solid

state memories containing 4,194,304 bits organized in a x16 
configuration. The MT4C16256 Land MT4C16258 L have 
both BYTE WRITE and WORD WRITE access cycles via two 
write enable pins. The MT4C16257 Land MT4C16259 L 
have both BYTE WRITE and WORD WRITE access cycles 

MT4C1625617f8I9l 
REV. 3/93 1-73 

256K x 16 DRAM 
LOW POWER, EXTENDED REFRESH 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(SD8-2) 

Vco 40 V" 
001 39 0016 
DQ2 3 38 0015 
DQ3 4 37 OQ14 

DQ4 5 36 D013 
Vco 6 35 V" 

DQS 7 34 0012 
DQB 33 OQ11 

DQ7 32 OQ10 

DQB 10 31 DQ9 
NC 11 30 NC 

'WEUNC 12 29 NC/CASL' 

'WEHIWE 13 28 CAS/CASH" 

RAS 14 27 DE 
NC 15 26 AB 
AO 16 25 A7 
A1 17 24 AS 
A2 18 23 AS 
A3 19 22 A4 

Vee 20 21 V" 

40-Pin TSOP 
(SDE-2) 

Vee 
DQ1 
DQ2 
DQ3 
DQ4 
Vee 

DQS 
DQ6 
Dm 
DQB 

NC 
"WEUNC 

'WEHiWE 
RAS 

NC 
AD 
A1 
A2 
A3 

V"' ___ "-__ =->-

0015 
OQ14 
0013 
V" 
OQ12 
DOH 
DQ10 
DQ9 

NC 
NC/CASL" 
CAS/CASH" 
DE 

'MT4C16256/B L / MT4C16257/9 L 

40-Pin ZIP 
(SDA-2) 

DOg 1 -::; 
2 DOlO 

0011 3 _00 

.:: 4 0012 
Vss 5 _00 

6 0013 
0014 7 _00 

.:: 8 0015 
0016 9 

10 Vss 
Vee 11 

"" 12 D01 
D02 13 

"" 14 D03 
D04 15 

"" 16 Vee 
DOs 17 

·00 18 D06 
DO? 19 

,00 20 DOS 
NC 21 _co 

,00 22 WEUNC' 
·WEHiWE 23 

NC 25 _00"" 24 RAS 

26 AD 
A1 27 _00 

"" 28 A2 
A3 29_co 

.:: 30 Vee 
Vss 31 _::; 

,00 32 A4 
AS 33_co 

,00 34 A6 
A7 35 _:~ 

,00 36 AS 
6E 37 

.NC/CASL 39 _00"" 38 CAS/CASH" 

"" 40 NC 

via two CAS pins. The MT 4C16258 L and MT 4C16259 L are 
also able to perform WRITE-PER-BIT accesses. 

The MT4C16256 L and MT4C16257 Lfunctionin the same 
manner except that WEL and WEH on MT4C16256 Land 
CASL and CASH on MT4C16257 L control the selection of 
byte WRITE access cycles. WEL and WEH function in an 
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PRELIMINARY 

UII=RCN MT4C162561718/9 L 
1-· "M"O'"nO"''' 256K X 16 WIDE DRAM 

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 MT4C16256 L 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 (DQI-DQ8) 
and WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT4C16257 L 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 (DQI-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 L. 

The MT4C16258 Land MT4C16259 L function in the same 
manner as MT4C16256 Land MT4C16257 L, respectively; 
they have NONPERSISTENT MASKED WRITE cycle capa
bilities. This option allows the MT4C16258 Land MT4C16259 
L to operate with either normal WRITE cycles or with 
NONPERSISTENT MASKED WRITE cycles. 

FUNCTIONAL BLOCK DIAGRAM 

MT4C16256/8 L r---.;...------------------------, 
ONLY 

WEL <>-40-+--<11;'1 
WEH ~~~-------, 

.-------------.----
MT4C16257/9 L 

ONLY 

CASL <>--<'+--<110 

, 

CASH ):>+--""""'-f--<l __ ../ 

AO 
A1 

A2 

A3 
A4 
A5 

A6 
A7 

A8 

RAS~---4~~~~~~J======-----------~ 

MT4C16256/7/8/9l 
REV. 3/93 1-74 

512 x 512 x 16 
MEMORY 

ARRAY 

DQ1 

• • 
DQ16 

/+---------<> OE 

.......----0 Vee 

~Vss 

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

MICRON MT4C16256n/8/9 L 
1-· """"'""'''" '"0 256K x 16 WIDE DRAM 

PIN DESCRIPTIONS 

SOJ 
PINS 

14 

28 

27 

13 

12 

29 

16-19, 
22-26 

MT4C16256!7f8!9 L 
REV. 3/93 

TSOP 
PINS 

16 

30 

29 

15 

14 

31 

18-21, 
24-28 

ZIP 
PINS SYMBOL 

24 RAS 

38 CAS/CASH 

37 OE 

23 WEH/wE 

22 WEUNC 

39 NC/CASL 

26-29, AO-A8 
32-36 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

DESCRIPTION 

Row-Address Strobe: RAS is used to latch in the 9 row-
address bits and strobe the WE and DOs on the MASKED 
WRITE option (MT4C16258 Land MT4C16259 L only). 

Column-Address Strobe: CAS (MT4C16256/8 L) is used to 
latch-in the 9 column-address bits, enable the DRAM output 
buffers and strobe the data inputs on WRITE cycles. 
CAS controls D01 through D016. 

Column-Address Strobe Upper Byte: CASH (MT4C16257/9 
L) is the CAS control for D09 through D016. The DOs for the 
byte not being accessed will remain in a High-Z (high imped-
ance) state during either a READ or a WRITE access cycle. 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS 
(MT4C16256/8 L) or CASL I CASH (MT4C16257/9 L) must 
be LOW and WEL I WEH (MT 4C16256/8 L) or WE 
(MT4C16257/9 L) must be HIGH before OE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

Write Enable Upper Byte: WEH (MT4C1625L6/8 L) is WE 
control for the D09 through D016 inputs. If WE or WEH is 
LOW, the access is a WRITE cycle. If either WE or WEH 
is LOW at RAS time on MT 4C16258 L, then it is also a 
MASKED WRITE cycle. The DOs for the byte not being 
written will remain in a High-Z state (BYTE WRITE cycle 
only). 

Write Enable: WE (MT4C16257/9 L) controls D01 through 
0016 inputs. If WE is LOW, the access is a WRITE cycle. 
The MT4C16258/9 L also use WE to enable the mask 
register during RAS time. 

Write Enable Lower Byte: WEL (MT4C16256/8 L) is the WE 
control for 001 through 008 inputs. If WEL is LOW, the 
access is a WRITE cycle. If WEL is LOW at RAS time on 
MT4C16258 L, then it is also a MASKED WRITE cycle. 
The DOs for the byte not being written will remain in a High-
Z state (BYTE WRITE cycle only). 

Column-Address Strobe Lower Byte: CASL (MT4C16257/9 L) 
is the CAS control for 001 through 008. The DOs for the 
byte not being accessed will remain in a High-Z state during 
either a READ or a WRITE access cycle. 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS (or CASL I CASH) to select one 16-bit word 
(or 8-bit byte) out of the 256K available words. 

1-75 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT4C162561718/9 L 
1-· """",,oem"", 256K X 16 WIDE DRAM 

• PIN DESCRIPTIONS (continued) 

:e -c m 
c 
::D » s: 

SOJ 
PINS 

2-5,7-10, 
31-34, 
36-39 

11, 15,30 

1,6,20 

21,35,40 

MT4C1625617IBf9L 
REV.3J93 

TSOP ZIP 
PINS PINS 

2-5,7-10, 12-15, 
35-38, 17-20, 
40-43 1-4, 6-9 

13, 17 21,25,40 

1,6,22 11,16,30 

23,39,44 5,10,31 

SYMBOL TYPE 

001-0016 Input! 
Output 

NC -

Vee Supply 

Vss Supply 

DESCRIPTION 

Data 1/0: For WRITE cycles, 001-0016 act as inputs to the 
addressed DRAM location. BYTE WRITEs can be performed 
by using WEL I WEH (MT4C16256/8L) or CASL I CASH 
(MT4C16257/8L) to select the byte to be written. For READ 
access cycles, 001-0016 act as outputs for the addressed 
DRAM Location. All sixteen I/0s are active for READ cycles 
(MT4C16256/8L). The MT4C16257/9L allow for BYTE READ 
cycles. 

No Connect: These pins should be either left unconnected or 
tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

1-76 Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
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MII:::RON MT4C16256/7/8/9 L 
F· "",,,,"",m,,,, 256K X 16 WIDE DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the IS address 

bits during READ or WRITE cycles. These are entered 9 bits 
(AO-AS) 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 (RA5-0NL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. The 
~T4C16256 L and ~T4C1625S L each have one CAS 
control while the ~T4C16257 L and ~T4C16259 L have 
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 DRA~s. The key differ
ence is each CAS controls its corresponding DQ tristate 
logic (in conjunction with OE and WE). CASL controls DQ1 
through DQS and CASH controls DQ9 through DQI6. 

The ~T4C16257 L and ~T4C16259 L 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 ~T4C16257 L and ~T4C16259 L 
both BYTE READ and BYTE WRITE cycle capabilities. 

READ or WRITE cycles on the ~T4C16257 L or 
~T4C16259 L are selected with the WE input while either 
WEL or WEH perform the WE on the ~T4C16256L or 
~T4C1625S L. The ~T4C16256 L and ~T4C1625S L 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 16data inputs and 16 data outputs are routed through 
16 pins using common I/O and pin direction is controlled 
by OE , WEL and WEH (~T4CI6256 L and ~T4C1625S L) 
or wE (~T4CI6257 L and ~T4C16259 L). 

MT4C1625617lal9 L 
REV. 3/93 1-77 

FAST-P AGE-~ODE operations allow faster data opera
tions (READ, WRITE or READ-~ODIFY-WRITE) within a 
row-address (AO-AS) defined page boundary. The FAST
P AGE-~ODE 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-~ODE 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. ~emory cell data is retained in its correct 
state by maintaining power and executing any RAS cycle 
(READ, WRITE) or RAS REFRESH cycle (RAS-ONL Y, CBR, 
or HIDDEN) so that all 512 combinations of RAS addresses 
(AO-AS) are executed at least every 64ms, regardless of 
sequence. The CBR REFRESH cycle will also invoke the 
refresh counter and controller for row-address control. 

BBU is a CBR REFRESH performed at the extended 
refresh rate with C~OS input levels. This mode provides a 
very low-current, data-retention cycle. RAS or CAS time 
refers to the time at which RAS or CAS transition from 
HIGH to LOW). 

BYTE ACCESS CYCLE 
The BYTE WRITE mode is determined by the use of 

WEL and WEH or CASL and CASH. Enabling WELl 
CASL will select a lower BYTE WRITE cycle (DQI-DQS) 
while enabling WEH or CASH will select an upper BYTE 
WRITE cycle (DQ9-DQI6). Enabling both WEL and WEH 
or CASL and CASH selects a WORD WRITE cycle. 

The ~T4C16256 L, ~T4C16257 L, ~T4C1625S Land 
~T4C16259 L can be viewed as two 256Kx S DRA~Swhich 
have common input controls, with the exception of the WE 
or the CAS inputs. Figure 1 illustrates the ~T4C16256 L 
BYTE WRITE and WORD WRITE cycles and Figure 2 
illustrates the ~T4C16257 L BYTE WRITE and WORD 
WRITE cycles. 

The ~T4C16257 L also has BYTE READ and WORD 
READ cycles, since it uses two CAS inputs to control its byte 
accesses. Figure 3 illustrates the ~T4C16257L BYTE READ 
and WORD READ cycles. 

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

MIC:RON MT4C16256/7/8/9 L 
1-· "MW""'We '" 256K X 16 WIDE DRAM 

MASKED WRITE ACCESS CYCLE (MT4C16258/9 L ONLY) 
The MASKED WRITE mode control input selects nor

mal WRITE access or MASKED WRITE access cycles. Every 
WRITE access cycle can be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is 
selected when mask data is supplied on the DQ pins and 
WE is LOW at RAS time. The MT4C16256 Land 
MT4C16257 L do not have the MASKED WRITE cycle 
function. 

The mask data present on the DQ1-DQ16 inputs at RAS 
time will be written to an internal bit mask data register and 
will then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 

I· WORD WRITE 

RAS \ 

CAS \ 

WEL \ 

WEH \ 

I 
I 

during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQ1-DQ16 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a NONPER
SISTENT MASKED WRITE cycle is initiated, even if the 
previous cycle's mask was the same mask. 

Figure 4 illustrates the MT4C16258 L MASKED WRITE 
operation and Figure 5 illustrates the MT4C16259 L 
MASKED WRITE operation. 

"I- LOWER BYTE WRITE ·1 
I \ I 

I \ I 

\ ;-

STORED 

DATA 

INPUT 

DATA 

STORED STORED INPUT 

DATA 

STORED 

DATA 

MT4C1625617/8/9 L 
REV. 3/93 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

o 

------;>-

------3;>-

o .-.--.» 
.-----;:.

.-----3:

.-----;:.

.-----;::. 

o -----3> 

.-----;:.-

-----;::.. 

o ------;:,. 
o -----:::> 

1 .-----;:.-

o .-----;>-

.-----3>-

o -----;::. 

DATA DATA 

---- ADDRESSO ---....... -----

x = NOT EFFECTIVE (DON·T CARE) 

Figure 1 

ADDRESS 1 

.-----;:.

.-----3>
,-----3>

-----3> 

.-----3> 

.-----;:.. 

.-----;:.

.-----;::. 

X -----;>

X .-.---3>-

X .-----3> 

X -----;::.. 

X .-----;:.-

X .-----» 
X .. ----» 
X ------;::. 

MT4C16256/8 L WORD AND BYTE WRITE EXAMPLE 
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MIC:RON MT4C162561718/9 L 
1-· ''''''"''ccwc"' 256K X 16 WIDE DRAM 

RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4C1625617/8/9 L 
REV. 3/93 

I • WORD WRITE 

\ 

\ 

\ 

\ / 

STORED INPUT INPUT STORED 

DATA DATA DATA DATA 

0 -----------------;> 0 

1 0 -----------------;> 0 

0 1 -----------------;> 1 

0 -----------------;> 0 

0 -----------------;> 0 

0 -----------------;> 0 

0 -----------------;> 0 

0 -----------------;> 0 

0 X ._----;> 1 ._----;> 1 

1 X ._----;> 0 ._----;> 0 

0 X ._----;> 1 ._----;> 1 

X ._----;> 0 ._----;> 0 

0 X ._----;> 1 ._----;> 1 

0 X ._----;> 1 ._----;> 

0 X ._----;> 1 ._----;> 

0 X ._----;> 1 ._----;> 1 

----- LOWER BYTE WRITE ~ I ~I· 
/ 

/ 

/ 

STORED 

DATA 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

\ ;-

\ / 

INPUT INPUT STORED 

DATA DATA DATA 

1 -----------------;> 1 

1 -----------------;> 1 

o -----------------;> 0 

-----------------;> 1 

-----------------;> 1 
1 -----------------;> 

-----------------;> 

-----------------;> 1 

x -----------------;> 1 

X -----------------;> 0 

X -----------------;> 1 

X -----------------;> 0 

X -----------------;> 1 

X -----------------;> 

X -----------------;> 

X -----------------;> 1 

----- ADDRESS 0 ----.~ .4------ ADDRESS 1 

X ~ NOT EFFECTIVE (DON'T CARE) 

Figure 2 
MT4C16257/9 L WORD AND BYTE WRITE EXAMPLE 

1-79 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 

-:E -c m 
c 
:rJ » 
s: 



• :e -C m 
C 
:D 
l> s: 

PRELIMINARY 

MICRON MT4C162561718/9 L 
1-· ""'co"'"CW""' 256K x 16 WIDE DRAM 

MT4Cl62S6/7/8I9L 
REV.3J93 

RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

I- WORD READ -I- LOWER BYTE READ -I 
~ / \ ~ 

\ / \ ~ 

\ / 

~ "----J L 

STORED OUTPUT OUTPUT STORED STORED OUTPUT OUTPUT STORED 

DATA DATA DATA DATA DATA DATA DATA DATA 

1 ------3> 1 1 1 ------3> 1 

------3> 1 1 1 ------3> 1 1 
------3> 0 0 0 ------3> 0 0 

1 ------3> 1 1 ------3> 1 

1 ------3> ------3> 1 

1 .-----;::.. ------3> 1 
.-----3l>- .-----3l>-

------3> ------;:.-

Z ------3>- 0 0 Z ------3> Z 0 

Z ------3>- 1 Z ------3> Z 

Z ------;>- 0 Z ------;:.- Z 

1 Z ------3> 1 1 Z ------3> Z 

0 Z ------3> 0 0 Z ------3> Z 0 

0 Z ------;> 0 Z ------3> Z 0 

0 Z ------3>- 0 Z ------;:- Z 0 

Z ------3> 0 0 Z ------3> Z 0 

ADDRESS 0 - - ADDRESS 1 

Z = High-Z 

Figure 3 
MT4C16257/9 L WORD AND BYTE READ EXAMPLE 

1-80 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT4C162561718/9 L 
1-· "'''co","'',,,,, 256K X 16 WIDE DRAM 

NOTE: 

MT4C1625617/8/9 L 
REV. 3/93 

Figure 4 
MT4C16258 L MASKED WRITE EXAMPLE 

If WEL is LOW and WEH is HIGH when RAS goes LOW, then only DOs 1-8 will be masked. If WEL is HIGH 
and WEH is LOW when RAS goes LOW, then only DOs 9-16 will be masked. 

1-81 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

UIC::::I=ION MT4C16256/7/8/9 L 
1-· m'co,,",w~'"' 256K X 16 WIDE DRAM 

RAS 

"CAS" 

WE 

LOWER BYTE 
(DQ1-DQ8) 
OF WORD 

UPPER BYTE 
(DQ9-DQ16) 
OF WORD 

MT4C162561718l9l 
REV. 3/93 

I- MASKED WRITE -I- NONMASKED WRITE -I 
\ / \ r 

\ / \ r 

~ I1l1l1A II III!! II! II WII£ III II II!II 111/ 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X X 1 .-----3> 1 
o .-----3> 0 0 X .-----3> 

0 X X .-----3> 

1 o .-----3> 0 0 X .-----3> 1 

0 X X 0 .-----3> 0 

0 .-----3> 0 0 X 0 .-----3> 0 

0 X 1 X 0 .-----3> 0 
o .-----?J> 0 0 X 0 .-----?J> 0 

0 X X 1 .-----?J> 

1 0 X 1 X 0 .-----3> 0 

0 0 X 0 0 X 1 .-----3> 1 

0 0 X 0 0 X 0 .-----?J> 0 

0 0 .-----3> 0 0 X .-----?J> 

0 o .-----?J> 0 0 X .-----?J> 1 

0 1 .-----?J> X 0 .-----3> 0 

0 1·-----?J> X 0 .-----?J> 0 

ADDRESS 0 - - ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 5 
MT4C16259 L MASKED WRITE EXAMPLE 

1-82 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice, 
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PRELIMINARY 

MICRON MT4C1625617/8/9 L 
1-· "MCO""""'"'"' 256K X 16 WIDE DRAM 

TRUTH TABLE: MT4C16256/8 L 

ADDRESSES 

FUNCTION RAS "CAS WEe 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 3 
(EARLY-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data-In 3 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 3 
BYTE (EARLY) Upper Byte, Data-In 

READ-WRITE L L H-L H-L L-H ROW COL Data-Out, Data-In 1,3 

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 1,3 

WRITE 2nd Cycle L H-L L L X n/a COL Data-In 1,3 

PAGE-MODE 1st Cycle L H-L H-L H-L L-H ROW COL Data-In 1,3 

READ-WRITE 2nd Cycle L H-L H-L H-L L-H n/a COL Data-Out, Data-In 1,3 

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 1,2,3 

RAS-ONLY L H H H X ROW n/a High-Z 
REFRESH 

CBR REFRESH H-L L X X X X X High-Z 

BBU REFRESH H-L L X X X X X High-Z 

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL orWEH active). 

MT4C16256J7!819 L 
REV. 3/93 

2. EARLY-WRITE only. 
3. Data-in will be dependent on the mask provided (MT4C16258 L only). Refer to Figure 4. 

1-83 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 L 
1-· """co"'"'W""' 256K X 16 WIDE DRAM 

TRUTH TABLE: MT4C16257/9 L 

ADDRESSES 

FUNCTION "RAS "CAS[" ~ we- nt 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 BVTE 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 5 
(EARL V-WRITE) 

WRITE: LOWER L L H L X ROW COL Lower Byte, Data-In 5 
BYTE (EARL V) Upper Byte, High-Z 

WRITE: UPPER L H L L X ROW COL Lower Byte, High-Z 5 
BYTE (EARL V) Upper Byte, Data-In 

READ-WRITE L L L H .... L L-+H ROW COL Data-Out, Data-In 1,2,5 

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 nJa COL Data-Out 2 

PAGE-MODE 1st Cycle L H-+L H-+L L X ROW COL Data-In 1,5 

WRITE 2nd Cycle L H .... L H .... L L X n/a COL Data-In 1,5 

PAGE-MODE 1st Cycle L H-+L H .... L H .... L L-+H ROW COL Data-Out, Data-In 1,2,5 

READ-WRITE 2nd Cycle L H-+L H .... L H-+L L-+H n/a COL Data-Out, Data-In 1,2,5 

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 1,3,5 

RAS-ONLY L H H X X ROW n/a High-Z 
REFRESH 

CSR REFRESH H-+L L L X X X X High-Z 4 

BSU REFRESH H-+L L L X X X X High-Z 4 

NOTE: 1. These WRITE cycles may also be BVTE WRITE cycles (either CASL or CASH active). 
2. These READ cycles may also be BVTE READ cycles (either CASL or CASH active). 
3. EARL V-WRITE only. 
4. Only one of the two CAS signals must be active (CASL or CASH). 
5. Data-in will be dependent on the mask provided (MT4C16259 L only). Refer to Figure 5. 

MT4C1625617f8!9l 
REV.3J93 1-84 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC::RON MT4C162561718/9 L 
1-· ,,,,,o",ocm"'" 256K X 16 WIDE DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply relative to Vss ................ -1V to +7V 
Operating Temperature, T A (ambient) ........... O°C to + 70°C 
Storage Temperature (plastic) .................... -SSoC to +lSO°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 atthese or any other conditions above those indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :0:; T A :0:; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

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

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
Any input OV :0:; VIN :0:; Vcc II -2 2 JlA 
(All other pins not under test = OV) 

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

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 2 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 200 200 200 JlA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 190 170 150 mA 3,4, 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 43 

OPERATING CURRENT: FAST-PAGE-MODE 
Average power supply current Icc4 120 110 100 mA 3,4, 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]; ICp, IASC = 10ns) 43 

REFRESH CURRENT: RAS-ONL Y 
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: BBU 
Average power supply current during BBU REFRESH: 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN) to 
300ns; WE, AO-A9 and DIN = Vcc - 0.2V (DIN may be left 
open), IRC = 125JlS (512 rows at 125JlS = 64ms) 

**60ns specifications may be limited to a Vcc range of ±5%. 

MT4C1625617f8J9l 
REV. 3193 1-85 

Iccs 190 170 150 mA 3,5, 
43 

ICC6 180 160 140 mA 3,5 

ICCl 300 300 300 J..LA 3,5, 
42 

Micron Semiconductor, Inc., reserves the rig;l! to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 L 
1-· '"'''0'""''''''' 256K X 16 WIDE DRAM 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A8 

Input Capacitance: RAS, CAS/(CASL-,CASH), (WEL, WEH)I WE, OE 

Input/Output Capacitance: DQ 

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) (O°C:,> TA :'> +70°C; Vcc = 5V ±10%) 

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 tCAS 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 10 
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) 

Read command hold time tRRH 0 
(referenced to RAS) 

CAS to output in low-Z tClZ 3 

*60ns specifications may be limited to a Vee range of ±5%. 

MT4C16256171819L 
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MIN 

130 
175 
40 

95 

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

0 
15 
55 

35 

0 
0 

0 

3 

-7 -8 

MAX MIN MAX UNITS NOTES 

150 
195 ns 

45 ns 35 

100 ns 35 

70 80 ns 14 
20 20 ns 15,33 
20 20 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 
80 ns 32 
10 ns 16,36 
10 ns 36 

50 20 60 ns 17,31 
10 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 

Micron Semiconductor, Inc, reserves the rrght to change products or specifications without notice 
©1993, Micron Semiconductor, fnc. 



PRELIMINARY 

MIC::RON MT 4C162561718/9 L 
1-· "'''c'"cccw"''' 256K X 16 WIDE DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C:S: T A:S: +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -6' 
PARAMETER SYM MIN MAX 
Output buffer turn-off delay tOFF 3 15 

Output disable time tOD 3 15 

Write command setup time twcs 0 

Write command hold time WCH 10 

Write command hold time IWCR 45 
(referenced to RAS) 

Write command pulse width WP 10 

Write command to RAS lead time IRWL 15 

Write command to CAS lead time ICWL 15 

Data-in setup time tDS 0 

Data-in hold time IDH 10 

Data-in hold time IDHR 45 
(referenced to RAS) 

RAS to WE delay time IRWD 85 

COlumn-address IAWD 55 
to WE delay time 

CAS to WE delay time ICWD 40 

Transition time (rise or fall) IT 3 50 

Refresh period (512 cycles) IREF 64 

RAS to CAS precharge time tRPC 0 

CAS setup time ICSR 10 
(CBR REFRESH) 

CAS hold time tCHR 10 
(CBR REFRESH) 

MASKED WRITE command to RAS WRS 0 
setup time 

WE hold time (MASKED WRITE) WRH 10 

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 may be limited to a Vee range of ±5%. 

MT4C16256f718/9 L 
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MIN 
3 

3 

0 

10 

55 

10 

20 

20 

0 

15 

55 

95 

60 

45 

3 

0 

10 

10 

0 

15 

20 

0 

10 

-7 -8 
MAX MIN MAX UNITS NOTES 
15 3 15 ns 20,29,33 

15 3 15 ns 29,41 

0 ns 21,26,31 

10 ns 26,40 

60 ns 26 

10 ns 26 

20 ns 26 

20 ns 26,32 

0 ns 22,33 

15 ns 22,33 

60 7ns 

105 ns 21 

65 ns 21 

45 ns 21,31 

50 3 50 ns 9,10 

64 64 ms 28 

0 ns 

10 ns 5,31 

10 ns 5,32 

0 ns 26,27 

15 ns 26 

20 ns 28 

0 ns 

10 ns 34 

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

MIC:RON MT4C162561718/9 L 
1-· ""","occw>'" 256K X 16 WIDE DRAM 

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 
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 AS; 700 q is assured. 

7. An initial pause of 100~s is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONL Y 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. 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, 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 ;: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 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; 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. 

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

MT4C1625617!819 L 
REV. 3/93 1-88 

20. IOFF (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;:O twcs (MIN), 
the cycle is an EARL Y -WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If IRWD;:O IRWD (MIN), IAWD;:O IAWD 
(MIN) and ICWD ;:0 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 MT4C16256/8 L. Write 
command is defined as WE going LOW on the 
MT4C16257/9 L. 

27. MT4C16258/9 L only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both laD and IOEH 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. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once taD or IOFF 
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. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

UIC:RON MT4C1625617/8/9 L 
1-· '""co",",""',,, 256K X 16 WIDE DRAM 

NOTES (continued) 
30. Notes 31 through 41 apply to MT4C16257/9 L only. 
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. 
35. Last rising CASx edge to next cycle's last rising CASx 

edge. 
36. Last rising CASx edge to first falling CASx edge. 

MT4C1625617/819l 
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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. 
42. BBD current is reduced as IRAs is reduced from its 

maximum specification during the BBD cycle. 
43. Column-address changed once while RAS = VIL and 

CAS=VIH. 

Micron Semiconductor, Inc., reserves the right to change products or specil!cations without notice. 
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PRELIMINARY 

MII:::I=ICN MT4C162561718/9 L 
1-· ",,,co",",we,,, 256K X 16 WIDE DRAM 

READ CYCLE 

'RC 

'RAS 

tCSH 

'RSH 

I~ tRCD ICAS 'CLCH 

J 
'AR 

tRAD tRAL 

I~ ~I ~ ~ 
~ ROW JWW COLUMN 

'RCS 

WEL,WEH V1H 
orWE VIL -

'AA 

'RAC 

'CAG 

~l 
OPEN 

_'_OE_ 

OE ~:~ -11§////§//§////#///§///$§///$§/§§§/J 

EARLY-WRITE CYCLE 

'RAS 

RAs V,H 
VIL -

tCSH 

'RSH 

I~ tRCD tCAS 'CLCH 

=J CASH,CASl V,H 
orCAS VIL 

'AR 

tRAD 'RAL 

I~ ~I .~ ~ 

~~ ROW x:0"~ COLUMN ADDR 
V,H 
VIL 

tCWL 

'RWL 

tWCR 

twcs tWCH 

l~tWRS ~I 
'WP 

WEL,WEH VIH 
orWE VIL ;filI, NOTEt ~ 

I~ 'DHR 

tMs~l ~ ~l 
-~A NOTEt ~ VALID DATA ~ DQ ~g~ 

'RP 

\ 
tRRH 

I 
ROW 

~ 

VI////////////////////; 

~ 

VALID DATA ~OPEN---

I~ 

'RP 

I 

\ 

ROW 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 Land MT4C16259 L only. WE selects between normal WRITE and MASKED WRITE 

MT4C1625617J819 L 
REV. 3/93 

at RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DO 
inputs on MT4C16256L and MT4C16257 L are "don't care" at RAS time. 

1-90 Micron Semiconductor, tnc., reserves the right to change products or specifications without notice 
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PRELIMINARY 

MICRON MT4C16256n/8/9 L 
1-- '''''co,",,,,,,,,, 256K x 16 WIDE DRAM 

CASH,C~ ~!r 
orCAS 

ADDR ~:~ 

WEL,WEH VIH 
orWE VIL 

DO ~g~ 

ADDR ~i~ 

DQ ~g~ 

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

'RAS 'RP 

~ 

tCSH 

I IRSH 

'CRP tRCD teAs 'CLCH 

=~ ~ 'AR 
'RAQ I I 'RAL I 

1~~1 ~I I~I I 
=WII/;i ROW Willi;; COLUMN ROW JI I I 'RWD ~'I I IRes I leWD 'RWL 

_ 777777T77>.1.'WRS 'WR~I I'-I~- I 'AWO rl 
"" w "[~W&f 'M -- I tRAG 

'CAG 

=~OPEN 'CLZJ 1:- r rl 
VALID DOUT K VALIDD 1N DPEN--

~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

RASP 

PL ~-

~ 

'CSH 'PC tRSH 

1- tCRP tRCD tCAS, tCLCH 'ep 'CAS. tCLCH 

~P ---J 
tCAS, tcLc~1 , tePN 

I 
~ 1\ l' ~ ,~ 1 tAR I 

'eAD I I~ I 
r tRAH~l ~ I~ I~ ~II 'cAH_I I 

::JIIM ROW WilY COLUMN WI;' 111M COLUMN W"; '1/1;) COLUMN ROW 

I tRCS I d=t Ir'Res -I T'Res ~r'RRH 
'RCH- I 'RCH- 11 

'RCH 

-W#$#@'I,J 
I vr Yf 

I 
'AA 'M 'M 

I tRAG I tCPA I tePA 

~ 2!- I~ ~ I~ -
~ 

tCLZ- r 'CLZ- r- tcLZ- ~ 
VALID OPEN VALID VALID 

DATA DATA DATA 

t~l~ .I~I~ J...'2§...r 

VL7LW 

--torF 

r- 0PEN -

rm DONTCARE 

~ UNDEFINED 

NOTE: 1. Applies to MT 4C16258 Land MT 4C16259 L only. WE selects between normal WRITE and MASKED WRITE 

MT 4C 162561718/9 L 
REV. 3/93 

at RAS time. The DQ inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DQ inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DQ 
inputs on MT4C16256 Land MT4C16257L are "don't care" atRAS time. 
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PRELIMINARY 

MICRON MT4C16256/7/8/9 L 
1-- ",,<Co'"o,""'" 256K X 16 WIDE DRAM 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

Dc ~:~://I!II!II / /1/ I! / Ii! Ii!ll!llll! / II!! III!!II!!! / I!!/ Ii! II!!// Ii! I/I///!I///Ii / I!I!II!II /!I/ I/I///I!II I! II! / I!!I/II/! Ii!/ ffi 

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

~ 1 __ ---""'Rc"'-D __ 1_----"c""'s"-. ,,,,CL,,,,CH~II~ tCAS. tCLCH ~ tCAS, tCLCH 

CASH,CAS[ VtH __ ----jr---+I------.---, 
orCAS VIL - '--4----1'1 

WEL.WEH VtH -'777Ar---c:'::-c--Lot-+--+----{1 
orWE VIL -~'L-__ 'V 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 Land MT4C16259 L only. WE selects between normal WRITE and MASKED WRITE 

MT4C16256J7/8/9 L 
REV. 3/93 

at RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DO 
inputs on MT4C16256 Land MT4C16257 L are "don't care" at RAS time. 
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MIC:RON MT4C162561718/9 L 
1-· "MOO","""'" 256K X 16 WIDE DRAM 

ADDR ~:r-

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

tpc I_-""'RS",-" --I 
~ 1 __ --'-"RC=D ___ 

1 tepp tCAS 

Q ~gr='-------7-I.-OPEN-----tI--'AA-------i~~if----OPEN-----

_ tRAG 

OE ~:t =7&A'-!..LLLL.,."--____________________ _ 

NOTE: 1. 00 not drive data prior to High-Z; that is completion of tOFF.tCPP is equal to tOFF + tOS(MIN) + guardband 

MT4C1625617I6J9 L 
REV. 3/93 

between data-out and driving new data-in. 

RAS-ONlY REFRESH CYCLE 
(ADDR = AO-A8, OE; WEL, WEH or WE = DON'T CARE) 

, c R 

tRAS 'RP 

1 
.'- 'ICRP 

\ 
"~I 

~ '-! CASl, CASH V IH 
....QL VIL_ CAS 

tASR tRAH .1 

ADDR ~:~ _,-----RO-W --1w//;///#$;/$;////$$ff$;//////$/X-----'--RO-W --'-

Q ~gt -'----,-------------OPEN------------

1-93 

~ DONTCARE 

~ UNDEFINED 
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PRELIMINARY 

MICRON MT4C1625617/8/9 L 
1-· CCM"'",",W",", 256K X 16 WIDE DRAM 

MT4C16256/7/8f9 L 
REV. 3/93 

IRP 

RAS ~:~_ :-----1 tRPe 

CBR REFRESH CYCLE 
(AO-A8; OE = DON'T CARE) 

tRAS IRP 

tRPe 

tRAS 

CASH,CASL V,H _ ,~ L ~I, =: I t 
orCAS VIL ~~~. __ --LL ___ ~---'-' ___ ----'---l ____ _ 

tCPN.I~ ~ ~ ~ 

OQ OPEN---------

CASH,CASL V IH -
orCAS VIL-

BBU REFRESH CYCLE 
(AO-A8; OE = DON'T CARE) 

125 s 

'RAS 

DQ '-------------OPEN---------

HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 

(READ) 

I RAS RP 

r-----i 

(REFRESH) 

I RAS 

Y 
CASL~~ASH ~IH 

~ 
tRCD tRSH tCHR 

~ :~ CAs" IL-

'AR 

IRAD 

I~ tRAH -
I 
II IRAL I 

lAse 11 leAH 

1-94 

tz:l] DON'T CARE 

~ UNDEFINED 
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PRELIMINARY 

MICRON MT4C16256/7/8/9 S 
1-· ,""",,"ccnoc '" 256K x 16 WIDE DRAM 

WIDE DRAM 

FEATURES 
• SELF REFRESH, or "Sleep Mode" 
• Industry-standard x16 pinouts, timing, functions 

and packages 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 1mW standby; 500mW active, typical 
• All device pins are TIL-compatible 
• 512-cycle refresh in 64ms (nine rows and nine 

columns) 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

HIDDEN, and BATIERY BACKUP (BBU) 
• Optional FAST -PAGE-MODE access cycle 
• BYTE WRITE access cycle 
• BYTE READ access cycle (MT4C16257/9 S only) 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C16258/9 S only) 

OPTIONS 
• Timing 

70ns access 
80ns access 

• Write Cycle Access 
BYTE or WORD via WE 
(nonmaskable) 
BYTE or WORD via CAS 
(nonmaskable) 
BYTE or WORD via WE 
(maskable) 
BYTE or WORD via CAS 
(maskable) 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 
Plastic ZIP (475 mil) 

MARKING 

-7 
-8 

16256 S 

16257S 

16258 S 

16259 S 

DJ 
TG 
Z 

• Part Number Example: MT4C16256DJ-7 S 

GENERAL DESCRIPTION 
The MT4C16256/7/8/9 S are randomly accessed solid

state memories containing 4,194,304 bits orgaruzed in a x16 
configuration. The MT4C16256 Sand MT4C16258 Shave 
both BYTE WRITE and WORD WRITE access cycles via two 
write enable pins. The MT 4C16257S and MT 4C16259 Shave 
both BYTE WRITE and WORD WRITE access cycles via two 
CAS pins. The MT 4C16258 S and MT 4C16259 S are also able 
to perform WRITE-PER-BIT accesses. 

MT4C16256f718f9 S 
REV, 3/93 1-95 

256K x 16 DRAM 
FAST-PAGE-MODE 
SELF REFRESH 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(SO B-2) 

Vco 
001 
002 
003 

DO' 
V" 

DOS 
006 
007 
DQ8 

NC 
'WEUNC 

*WEHJWE 

NC 

AO 
A1 
A2 
A3 

Vco 

1 
2 
3 , 
5 
6 
7 
8 , 
10 
11 
12 
13 

" 15 
16 
17 
18 
19 

20 

40 
39 
38 
37 
36 
35 

34 
33 
32 
31 
30 
29 
28 

27 
26 
25 
24 
23 
22 
21 

V" 
D016 
DQ15 

DQ14 

DQ13 

V" 
D012 
DQ11 

D010 
DOg 
NC 

NC/CASL" 
CAS/CASW 

DE 
A8 
A7 
A6 
AS 
A4 

V" 

40-Pin TSOP 
(SOE-2) 

V" 
OQ16 
0015 
0014 
OQ13 

0011 
OQ10 

DO' 

NC 
NC/CASL' 
CAS/CASH" 
DE 
A8 
A7 
A6 
AS 
A' 

"""'"'-'''--_---''cr-Vss 

'MT4C16256/8 S I MT4C16257/9 S 

40-Pin ZIP 
(SOA-1) 

DQ9 1 .:. 
.:: 2 OQ10 

0011 3 .:. 
,:: 4 OQ12 

Vss 5 
.:: 6 OQ13 

0014 7 
8 OQ15 

0016 9 
.-: 10 Vss 

Vee 11 
.:: 12 OQ1 

DQ2 13 
14 DQ3 

DQ4 15.00 
c 16 Vee 

DQ5 17 .00 
18 DQ6 

DQ7 19.00 
,00 20 DQ8 

NC 21.00 
c 22 WEUNC' 

23.00 _ 
c 24 RAS 

NC 25.00 
c 26 AO 

A1 27.:. 
c 28 A2 

A3 29.00 
.:: 30 Vee 

Vss 31 .::; 
c 32 A4 

A5 33.00 
c 34 A6 

A7 35.00 

The MT 4C16256 S and MT 4C16257 S function in the same 
manner except that WEL and WEH on MT4C16256 Sand 
CASL and CASH on MT4C16257 S 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. 

Micron Semiconductor, Inc., reseJves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT4C162561718/9 S 
1-· ",""","c.o"" 256K x 16 WIDE DRAM 

The MT4C16256 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 (DQI-DQ8) 
and WEH transitioning LOW selects a WRITE cycle for the 
upper byte (DQ9-DQ16). 

The MT4C16257 S CAS function and timing are deter
mined by the first CAS ( CASL or CASH)to transition LOW 
ilnd 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 
through CASL or CASH in the same manner during READ 
cycles for the MT4C16257 S. 

The MT4C16258 Sand MT4C16259 S function in the same 
manner as MT4C16256 S and MT4C16257 S, respectively; 
they have NONPERSISTENT MASKED WRITE cycle capa
bilities. This option allows the MT4C16258 Sand 
MT4C16259 S to operate with either normal WRITE cycles 
or with NONPERSISTENT MASKED WRITE cycles. 

FUNCTIONAL BLOCK DIAGRAM 

MT4C16256/8 S r----,------------------------, 
ONLY 

WEH o-I-+-lliJ 
..... - ....... - .- .- _. -- ".". -- -~ 

MT4C16257/9 S 
ONLY 

AD 
A1 
A2 

A3 
A4 
A5 
A6 
A7 
A8 

, 
, 
, 
, 
, 

WE 

RAS~--+~~~~~~J======----------~ 

MT4C16256171819 S 
REV. 3/93 1-96 

DATA-IN BUFFER 

i MASK DATA REGISiER (16258/9 5 only) i 
~ _ y~~:~ ~~E_(~a9-DQ1~ .i. LOWER _B~~ £D"c:.l:~~81_': 

512x512x16 
MEMORY 
ARRAY 

001 
• • 

0016 

1+---------<> OE 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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PRELIMINARY 

MICRON MT4C16256nl8/9 S 
1-· '''''0'0""," '" 256K x 16 WI DE DRAM 

PIN DESCRIPTIONS 

SOJ 
PINS 

14 

28 

27 

13 

12 

29 

16-19, 
22-26 

MT 4C 16256171819 S 
REV, 3/93 

TSOP 
PINS 

16 

30 

29 

15 

14 

31 

18-21, 
24-28 

ZIP 
PINS SYMBOL 

24 RAS 

38 CAS/CASH 

37 QE 

23 WEH/wE 

22 WEUNC 

39 NC/CASL 

26-29, AO-A8 
32-36 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

- ~ ---

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

DESCRIPTION 

Row-Address Strobe: RAS is used to latch in the 9 
row-address bits and strobe the WE and DQs on the 
MASKED WRITE option (MT4C16258 Sand MT4C16259 S 
only). 

Column-Address Strobe: CAS (MT4C16256/8 S) is used to--
latch-in the 9 column-address bits and enable the DRAM 
output buffers, and strobe the data inputs on WRITE cycles_ 
CAS controls DQ1 through DQ16. 

Column-Address Strobe Upper Byte: CASH (MT4C16257/9 S) 
is the CAS control for DQ9 through DQ16. The DQs for the byte 
not being accessed will remain in a High-Z (high imped-
ance) state during either a READ or a WRITE access cycle. 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS 
(MT4C16256/8 S) or CASLI CASH (MT4C16257/9 S) must 
be LOW and WEL I WEH (MT 4C16256/8 S) or WE 
(MT 4C16257/9 S) must be HIGH before OE will control the 
output buffers. Otherwise, the output buffers are in a High-Z 
state. 

Write Enable Upper Byte: WEH (MT4C16256/8 S) is WE 
control for the DQ9 through DQ16 inputs. If WE or WEH is 
LOW, the access is a WRITE cycle. If either WE or WEH 
is LOW at RAS time on MT4C16258 S, then it is also a 
MASKED WRITE cycle. The DQs for the byte not being 
written will remain in a High-Z state (BYTE WRITE cycle 
only). 

Write Enable: WE (MT4C16257/9 S) controls DQ1 through 
DQ16inputs. If WE is LOW, the access is a WRITE cycle. 
The MT4C16258/9 S also use WE to enable the mask 
register during RAS time. 

Write Enable Lower Byte: WEL (MT4C16256/8 S) is the WE 
control for DQ1 through DQ8 inputs. If WEL is LOW, the 
access is a WRITE cycle. If WEL is LOW at RAS time on 
MT4C16258 S, then it is also a MASKED WRITE cycle. 
The DQs for the byte not being written will remain in a High-
Z state (BYTE WRITE cycle onlyL 

Column-Address Strobe Lower Byte: CASL (MT 4C16257/9 S) 
is the CAS control for DQ1 through DQ8. The DQs for the 
byte not being accessed will remain in a High-Z state during 
either a READ or a WRITE access cycle. 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS (or CASL I CASH) to select one 16-bit word 
(or 8-bit byte) out of the 256K available words. 

1-97 
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PRELIMINARY 

MIC:RON MT4C162561718/9 S 
1-· ,,,",co",,,,,,,,, 256K X 16 WIDE DRAM 

• PIN DESCRIPTIONS (continued) 

:e -c 
m 
c 
::D 
l> 
s: 

SOJ 
PINS 

2-5.7-10, 
31-34, 
36-39 

11, 15, 30 

1,6,20 

21,35,40 

MT4C16256171819S 
REV. 3/93 

TSOP ZIP 
PINS PINS 

2-5,7-10, 12-15, 
35-38, 17-20, 
40-43 1-4,6-9 

13,17 21,25,40 

1,6,22 11, 16, 30 

23,39,44 5,10,31 

SYMBOL TYPE 

001-0016 Input! 
Output 

NC -

Vcc Supply 

Vss Supply 

OESCRIPTION 

Data 1/0: For WRITE cycles, 001-0Q16 act as inputs to the 
addressed DRAM location. BYTE WRITEs can be performed 
by using WEL I WEH (MT 4C16256/8 S) or CASL I CASH 
(MT4C16257/8 S) to select the byte to be written. For READ 
access cycles, 001-0016 act as outputs for the addressed 
DRAM location. All sixteen II0s are active for READ cycles 
(MT4C16256/8 S). The MT4C16257/9 S allow for BYTE 
READ cycles. 

No Connect: These pins should be either left unconnected or 
tied to ground. 

Power Supply: +5V ±10% 

Ground 

1-98 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C1625617/8/9 S 
1-· "M"O"",W~'" 256K X 16 WIDE DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the IS address 

bits during READ or WRITE cycles. These are entered 9 bits 
(AO-AS) 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-ONL Y) or an active cycle (READ, 
WRITE or READ-WRITE) once RAS goes LOW. Both the 
MT4C16256 Sand MT4C1625S S have one CAS control 
while the MT4C16257 Sand MT4C16259 S have 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 that each CAS controls its corresponding DQ tristate 
logic (in conjunction with OE and WE). CASL controls DQl 
through DQS and CASH controls DQ9 through DQI6. 

The MT4C16257 Sand MT4C16259 S 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 MT4C16257S and MT4C16259 S both 
byte READ and byte WRITE cycle capabilities. 

READ or WRITE cycles on the MT4C16257 S or 
MT4C16259 S are selected with the WE input while either 
WEL or WEH perform the WE on the MT4C16256 S or 
MT4C1625S S. The MT4C16256 S and MT4C16258 S 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 (MT4C16256 Sand MT4C1625S S) 
or WE (MT4C16257 Sand MT4C16259 S). 

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-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. 

MT4C16256n1S/9 S 
REV. 3/93 1-99 

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-ONL Y, CBR, 
or HIDDEN) so that all 512 combinations of RAS addresses 
(AO-AS) are executed at least every 64ms, regardless of 
sequence. Only one of the CAS signals (CASL or CASH) is 
required to transition LOW in order to perform a CBR 
REFRESH cycle. The CBR REFRESH cycle will also invoke 
the refresh counter and controller for row-address control. 

BBU is a CBR REFRESH performed at the extended 
refresh rate with CMOS input levels. This mode provides a 
very low-current, data-retention cycle. RAS or CAS time 
refers to the time at which RAS or CAS transition from 
HIGH to LOW). 

SELF REFRESH is similar to BBU 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 
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 600lls (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 
200ns (lJU'S). Once the SELF REFRESH mode has been 
terminated, accesses to the DRAM can begin immediately, 
as long as the system uses distributed CBR REFRESH as the 
standard refresh. 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. The EXTERNAL REFRESH rate is typically 1251ls 
per row-address. This immediate access is possible because 
Micron employs a distributed CBR SELF REFRESH scheme 
internally. 

The alternative approach when exiting SELF REFRESH 
mode is to perform a refresh of all rows within the time of 
the EXTERNAL REFRESH rate prior to active use of the 
DRAM. This burst must be done because anything other 
than distributed CBR REFRESH is used as the standard 
refresh. Once this burst has been completed, the DRAM 
may be used in the functional mode with burst or distrib
uted refreshes such as CBR or RA5-0NL Y. 
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PRELIMINARY 

MICRON MT4C162561718/9 S 
1-· oeM"","'m~", 256K X 16 WIDE DRAM 

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 type of refresh used. To prevent possible compatibility 
problems, you may want to design the controller to perform 
the burst when exiting SELF REFRESH. 

BYTE ACCESS CYCLE 
The BYTE WRITE mode is determined by the use of 

WEL and WEH or CASL and CASH. Enabling WELl 
CASL will select a lower BYTE WRITE cycle (DQI-DQ8) 
while enabling WEH or CASH will select an upper BYTE 
WRITE cycle (DQ9-DQI6). Enabling both WEL and WEH 
or CASL and CASH selects a WORD WRITE cycle. 

The MT4C16256 S, MT4C16257 S, MT4C16258 S and 
MT4C16259 Scan 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 illustrates the MT4C16256 S 
BYTE WRITE and WORD WRITE cycles and Figure 2 
illustrates the MT4C16257 S BYTE WRITE and WORD 
WRITE cycles. 

The MT4C16257 S also has BYTE READ and WORD 
READ cycles, since it uses two CAS inputs to controlits byte 
accesses. Figure 3 illustrates the MT4C16257 S BYTE READ 
and WORD READ cycles. 

MT4C1625617/sI9S 
REV. 3/93 

MASKED WRITE ACCESS CYCLE (MT4C16258/9 S Only) 
The MASKED WRITE mode control input selects normal 

WRITE access or MASKED WRITE access cycles. Every 
WRITE access cycle can be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is 
selected when mask data is supplied on the DQ pins and 
WE is LOW at RAS time. The MT4C16256 Sand 
MT4C16257 S do not have the MASKED WRITE cycle func
tion. 

The mask data present on the DQI-DQI6 inputs at RAS 
time will be written to an internal bit mask data register and 
will then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the following WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQI-DQ16 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a NONPER
SISTENT MASKED WRITE cycle is initiated, even if the 
previous cycle's mask was the same mask. 

Figure 4 illustrates the MT4C16258 S MASKED WRITE 
operation and Figure 5 illustrates the MT4C16259 S 
MASKED WRITE operation. 

1-100 Micron Semiconductor, fnc., reserves the right to change products or specifications without notice 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 S 
1-· "M,"O","""'" 256K X 16 WIDE DRAM 

RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4C16256!7/819 S 
REV. 3193 

I- WORD WRITE _1 4 LOWER BYTE WRITE -I 
\ / \ ! 

\ / \ ! 

\ / \ ;-
\ / 

STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA DATA DATA DATA 
------3> ------3> 

------3> 1 ------3> 

0 -----3> 0 0 ------3> 

0 ------3> 0 0 ------3> 

0 -----3> 0 0 ------3> 

------3> ------3> 

------3> 1 ------3> 

0 ------3> 0 0 ---- --3> 

0 ------3> X ------3> 

0 ------3> X ------3> 

0 0 ------3> 0 0 X ------3> 0 

0 0 ------3> 0 0 X ------3> 0 

0 ------3> 1 X ------3> 

0 0 -- ----3> 0 0 X ------3> 0 

0 ------3> 1 X ------3> 

0 0 ------3> 0 0 X ------3> 0 

ADDRESS 0 - - ADDRESS 1 

X ; NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C16256/8S WORD AND BYTE WRITE EXAMPLE 

1-101 Micron Semiconductor, Inc., reserves the nght to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 

z 
m :e 
• :e -C 
m 
C 
JJ » :s: 



z 
m :e • :e -C 
m 
C 
:IJ 
l> 
s: 

PRELIMINARY 

MIC:RON MT4C16256/7/8/9 S 
1-· """0"'"'''<'"' 256K X 16 WIDE DRAM 

RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4C16256!7/8I9S 
REV. 3193 

1 
~ WORD WRITE 

\ 

\ 

\ 
\ / 

STORED INPUT INPUT STORED 

DATA DATA DATA DATA 

0 -----------------» 0 

1 0 -----------------» 0 

0 1 -----------------» 1 

0 -----------------» 0 

0 -----------------» 0 

0 -----------------» 0 

0 -----------------» 0 

0 -----------------» 0 

0 x ------» 1 ------» 1 

X ------» 0 ------» 0 

0 X ------» 1 ------» 1 

X ------» 0 ------» 0 

0 X ------» 1 ------» 1 

0 X ------» 1 ------» 1 

0 X ------» ------» 
0 X ------» ------» 

·1 
~ 

/ \ 

/ 

/ 

STORED 

DATA 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

LOWER BYTE WRITE ·1 
r-

\ r-

\'-~-------'/ 

INPUT INPUT STORED 

DATA DATA DATA 

1 -----------------» 1 

1 -----------------» 1 

o -----------------» 0 

1 -----------------» 1 

1 -----------------» 1 

-----------------» 1 
-----------------» 1 

1 -----------------» 1 

X -----------------» 1 

X -----------------» 0 

X -----------------» 1 

X -----------------» 0 

X -----------------» 1 

X -----------------» 1 

X -----------------» 1 

X -----------------» 1 

-+----- ADDRESS 0 --------.. ~.~---------- ADDRESS 1 

X ; NOT EFFECTIVE (DON'T CARE) 

Figure 2 
MT4C16257/9 S WORD AND BYTE WRITE EXAMPLE 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 S 
1-· "M"""OO"'" 256K X 16 WIDE DRAM 

RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4C16256nJ819 S 
REV. 3/93 

1 

• WORD READ -I- LOWER BYTE READ -I 
~ / \ r-

\ / \ r-
\ I 

~ \--.l 

STORED OUTPUT OUTPUT STORED STORED OUTPUT OUTPUT STORED 

DATA DATA DATA DATA DATA DATA DATA DATA 

1 .-----3>- 1 1 .-----3>- 1 

1 1 .-----3>- 1 1 1 .-----3>- 1 1 

0 0 .-----3>- 0 0 0 0 .-----3>- 0 0 

1 .-----3>- 1 .-----3>-

1 .-----3>- 1 .-----3>-

~ ----3> 1 1 .-----3>- 1 
.-----3>- .-----3>- 1 

1 .-----3>- .-----3>- 1 

0 Z .-----3>- 0 0 0 Z .-----3>- Z 0 

1 Z .-----3>- 1 1 Z -----3>- Z 1 

0 z .-----3>- 0 0 0 Z .-----3>- Z 0 

Z .-----3>- 1 1 1 Z .-----3>- Z 1 

0 z .-----3>- 0 0 0 Z .-----3>- Z 0 

0 Z .-----3>- 0 0 0 Z .-----3>- Z 0 

0 Z .-----3>- 0 0 0 Z -----3>- Z 0 

0 Z .-----3>- 0 0 0 Z .-----3>- Z 0 

ADDRESS 0 - - ADDRESS 1 

Z = High-Z 

Figure 3 
MT4C16257/9 S WORD AND BYTE READ EXAMPLE 

1-103 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 S 
1-· ~c"w""cw"" 256K X 16 WIDE DRAM 

I- MASKED WRITE -I- NON MASKED WRITE -I 
RAS \ / \ r 

CAS \ / \ r 
WEL \ /l1111A /l1111A I///////l; 

WEH ~ I!lllIA 1/ I/!// /fill V##/A #1111111 ijlj 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

X 0 .-----J;> . 0 1 1 .-----J;> 

X 0 .-----J;> 0 0 .-----J;> 

X o .-----J;> 1 .-----J;> 
LOWER BYTE X o .-----J;> 0 0 1 .-----J;> 

(001-008) X o .-----J;> 0 0 .-----J;> 0 
OFWORO X o .-----J;> 0 0 1 0 ._----:;> 0 

X o .-----J;> 0 1 0 0 .-----J;> 1 

X o .-----J;> 0 0 0 .-----3>- 0 

0 X X 1 .-----J;> 

1 0 X X 0 .-----J;> 0 

UPPER BYTE 
0 0 X 0 0 X 1 .-----J;> 

(009-0016) 
0 X 0 0 X 0 .-----3>- 0 

0 0 .-----J;> 0 0 X 1 .-----J;> 
OFWORO 

0 o .-----J;> 0 0 X 1 .-----J;> 1 

0 1 .-----J;> X 0 .-----J;> 0 

0 1·-----J;> X 0 .-----3>- 0 

ADDRESS 0 - • ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 4 
MT4C16258 S MASKED WRITE EXAMPLE 

NOTE: If WEL is LOW and WEH is HIGH when RAS goes LOW, then only DOs 1-8 will be masked. If WEL is HIGH 
and WEH is LOW when RAS goes LOW, then only DOs 9-16 will be masked. 

MT4C1625617/8/9 S 
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PRELIMINARY 

MICRON MT4C16256n/8/9 S 
1-· ""oo"'ccw""' 256K x 16 WIDE DRAM 

RAS 

"CAS" 

WE 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

MT4C1625617/a/9S 
AEV.3193 

I- MASKED WRITE -I- NONMASKED WRITE -I 
\ / \ ;-

\ / \ ;-

~ Illl!llh, 1///1/1////1 WI/& III/ !I!I/II/lL 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

0 X 1 1 X ._----;> 

o .-----;> 0 0 X ._----;> 

0 X 1 1 X ._----;> 

1 o .-----;> 0 0 X 1 ._----;> 1 

0 X X 0 -----;> 0 

1 0 ._----;> 0 0 X 0 -----;> 0 

0 X 1 1 X 0 ._----;> 0 
o .-----;> 0 0 X 0 .-----;> 0 

0 X X 1 ._----;> 

0 X X 0 ._----;> 0 

0 0 X 0 0 X 1 ._----;> 

0 0 X 0 0 X 0 ._----;> 0 

0 0 ._----;> 0 0 X 1 ._----;> 

0 o .-----;> 0 0 X 1 ._----;> 

0 1 ._----;> X 0 ._----;> 0 

0 1 .-----;> X 0 ._----;> 0 

ADDRESS 0 - - ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 5 
MT4C16259 S MASKED WRITE EXAMPLE 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 S 
1-· ~""C"mKW"'" 256K X 16 WIDE DRAM 

TRUTH TABLE: MT4C16256/8 S 

ADDRESSES 

FUNCTION "AM "CAS WE[ 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 3 
(EARLY-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data-In 3 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 3 
BYTE (EARLY) Upper Byte, Data-In 

READ-WRITE L L H .... L H .... L L .... H ROW COL Data-Out, Data-In 1,3 

PAGE-MODE 1st Cycle L H .... L H H L ROW COL Data-Out 

READ 2nd Cycle L H .... L H H L nla COL Data-Out 

PAGE-MODE 1st Cycle L H .... L L L X ROW COL Data-In 1,3 

WRITE 2nd Cycle L H .... L L L X nla COL Data-In 1,3 

PAGE-MODE 1st Cycle L H .... L H .... L H .... L L .... H ROW COL Data-In 1,3 

READ-WRITE 2nd Cycle L H .... L H .... L H .... L L .... H nla COL Data-Out, Data-In 1,3 

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 1,2,3 

RAS-ONL Y REFRESH L H X X X ROW nla High-Z 

CBR REFRESH H .... L L X X X X X High-Z 

BBU REFRESH H .... L L X X X X X High-Z 

SELF 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). 

MT4C16256!71819 S 
REV. 3/93 

2. EARLY-WRITE only. 
3. Data-in will be dependent on the mask provided (MT4C16258 S only). Refer to Figure 4. 
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PRELIMINARY 

MIC::RON MT4C16256n/8/9 S 
1-· '"''co'"''cw"''' 256K X 16 WIDE DRAM 

TRUTH TABLE: MT4C16257/9 S 

ADDRESSES 

FUNCTION "RAs- me CASH wr or tR 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 5 
(EARLY-WRITE) 

WRITE: LOWER L L H L X ROW COL Lower Byte, Data-In 5 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L H L L X ROW COL Lower Byte, High-Z 5 
BYTE (EARLY) Upper Byte, Data-In 

READ-WRITE L L L H-L L-H ROW COL Data-Out, Data-In 1,2,5 

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 1,5 

WRITE 2nd Cycle L H-L H-L L X n/a COL Data-In 1,5 

PAGE-MODE 1st Cycle L H-L H-L H-L L-H ROW COL Data-Out, Data-In 1,2,5 

READ-WRITE 2nd Cycle L H-L H-L H-L L-H n/a COL Data-Out, Data-In 1,2,5 

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 1,3,5 

RAS-ONL Y REFRESH L H H X X ROW n/a High-Z 

CBR REFRESH H-L L L X X X X High-Z 4 

BBU REFRESH H-L L H X X X X High-Z 4 

SELF REFRESH H-L L H X X X X High-Z 

NOTE: 1. These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active). 
2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active). 
3. EARLY-WRITE only. 
4. Only one of the two CAS must be active (CASL or CASH). 
5. Data-in will be dependent on the mask provided (MT4C16259 S only). Refer to Figure 5. 

MT4C162S6f7/8/9 S 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 S 
1-· "'''co"'cc,,"'"' 256K X 16 WIDE DRAM 

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

• ~ -c m 
c 
JJ 
l> 
3: 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vee supply relative to Vss ................ -IV to +7V 
Operating Temperature, TA (ambient) ........... O°C to +70°C 
Storage Temperature (plastic) .................... -SSoC to +lSO°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 indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1,3,4,6,7) (O°C $; TA $; 70°C; Vcc = 5V ±10%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

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

Input Low (Logic 0) Voltage, all inputs VIL -1.0 O.B V 1 

INPUT LEAKAGE CURRENT 
Any input OV $; VIN $; Vcc (All other pins not under test = OV) II -2 2 I!A 
OUTPUT LEAKAGE CURRENT (0 is disabled; OV $; VOUT $; 5.5V) loz -10 10 I!A 
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 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) ICC2 200 200 uA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current ICC3 170 150 mA 3,4,43 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST-PAGE-MODE 
Average power supply current Icc4 110 100 mA 3,4,43 
(RAS = VIL, CAS, Address Cycling: IpC = IpC [MIN]; ICp, IASC = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current Iccs 170 150 mA 3,5,43 
(RAS Cycling, CAS=VIH: IRC = IRC [MIN]) 

REFRESH CURRENT: CBR 
Average power supply current ICC6 160 140 mA 3,5 
(RAS, CAS, Address Cyclinq: IRC = IRC [MIN]) 

REFRESH CURRENT: BBU 
Average power supply current during BBU REFRESH: 
CAS = 0.2V or CBR cycling; RAS = IRAS (MIN) to 300ns; Icc? 300 300 I!A 3,5,42 
WE, AO-AB and DIN = Vcc - 0.2V (DIN may be left open); 
IRe = 125/.15 (512 rows at 125/.15 = 64ms) 

REFRESH CURRENT: SELF 
Average power supply current during SELF REFRESH: CBR cycle with 
RAS <! IRASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; AO-AB Icca 400 400 I!A 5 
and DIN = Vcc - 0.2V or 0.2V (DIN may be left open) 

MT4C16256171B19 S 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 S 
1-· ,eM"'""'''''''' 256K X 16 WIDE DRAM 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-AS 

Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)/ WE, OE 

Input/Output Capacitance: DQ 

SYMBOL 

CI1 

CI2 

Cia 

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) (ocC!> TA!> +70cC; 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 time 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (PAGE-MODE) 

RAS hold time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (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 

MT4C1625617fBl9 S 
AEV.3/93 

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 

1-109 

MIN 
130 
175 
40 

95 

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

0 
15 
55 

35 

0 
0 

0 

3 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

195 ns 

45 ns 35 

100 ns 35 

70 80 ns 14 
20 20 ns 15,33 
20 20 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 
80 ns 32 
10 ns 16,36 
10 ns 36 

50 20 60 ns 17,31 
10 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 

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

MIC:RON MT4C16256/7/8/9 S 
1-· ""'co,"""" '" 256K X 16 WIDE DRAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ~ T A ~ +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay 

Output disable time 

Write 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) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

MASKED WRITE command to RAS 
setup time 

WE hold time (MASKED WRITE 
and CBR REFRESH) 

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

OE setup prior to RAS during 
HIDDEN REFRESH 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 hold time during 
SELF REFRESH cycle 

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

MT4C16256/7/8/9S 
REV.3J93 

SYM MIN 
'OFF 3 

'00 3 

'wcs 0 

'WCH 10 

'WCR 55 

'WP 10 

'RWL 20 

'CWL 20 

'OS 0 

'DH 15 

'DHR 55 

'RWD 95 

'AWD 60 

'CWO 45 

IT 3 

'REF 

'RPC 0 

'CSR 10 

'CHR 10 

'WRS 0 

'VVRH 15 

'OEH 20 

'ORO 0 

'CLCH 10 

'RASS 100 

'RPS 150 

'CHS -70 

'CHD 600 

1-110 

-7 -8 
MAX MIN MAX UNITS NOTES 
15 3 15 ns 20,29,33 

15 3 15 ns 29,41 

0 ns 21,26,31 

10 ns 26,40 

60 ns 26 

10 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 

64 64 ms 28 

0 ns 

10 ns 5,31 

10 ns 5,32 

0 ns 26,27 

15 ns 26 

20 ns 28 

0 ns 

10 ns 34 

100 us 44 

150 ns 44 

-70 ns 44 

600 us 29 

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

MICRON MT4C16256/7/8/9 S 
1-· " "" HW 256K x 16 WIDE DRAM 

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 :s; T A :s; 70°C) is assured. 

7. An initial pause of lOOl1s is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONL Y 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. 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 Vrn and 
VIL (or between VIL and Vrn) 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 10OpF, VOL = 0.8V and VOH = 2.0V. 
14. Assumes that IRCD < tRCD (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 ~ 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 IRCD (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 IRCD (MAX) limit, access time is controlled 
exclusively by tCAC. 

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

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

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

MT4C16256171819 S 
AEV.3/93 1-111 

20. toFF (MAX) defines the time at which the output 
achieves the open circuit condition; is it not a 
reference to VOH or VOL.' 

21. twcs, IRWD, tA WD and !CWD are restrictive 
operating parameters in LATE-WRITE and READ
MODIFY-WRITE cycles only. If twcs ~ twcs (MIN), 
the cycle is an EARLY-WRITE cycle and the data 
output will remain an open circuit throughout the 
entire cycle. If tRWD ~ IRWD (MIN), tAWD ~ tAWD 
(MIN) and !CWD ~ 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 OEgoes back to Vrn) is indeterminate. 
OE held HIGH and WE taken LOW after CAS goes 
LOW result in a LATE-WRITE (OE-controlled) cycle. 

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

23. During a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, a LATE-WRITE or READ
MODIFY-WRITE operation is not possible. 

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

25. All other inputs at Vcc -0.2V. 
26. Write command is defined as either WEL or WEH or 

both going LOW on the MT4C16256/8 S. Write 
command is defined as WE going LOW on the 
MT4C16257/9 S. 

27. MT4C16258/9 S only. 
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 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. 

29. The DQs open during READ cycles once taD or tOFF 
occur. If CAS goes HIGH before DE, 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. 

Micron Semiconductor, Inc., reserves the right to change products orspeciflCations without notice. 
Cl1993. Micron Semiconductor, Inc. 

z 
m :e • :e -c 
m 
c 
::rJ 
l> :s: 



z 
m 
=E • =E -c m 
c 
:II » 
S 

PRELIMINARY 

MICRON MT4C162561718/9 S 
1-· ,"Mw""m~,"c 256K X 16 WIDE DRAM 

NOTES (continued) 
30. Notes 31 through 41 apply to MT4C16257/9 S only. 
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. 
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. 

MT4C16256i7/8f9S 
REV. 3/93 

41. All DQs controlled, regardless CASL and CASH. 
42. BBU current is reduced as tRAS is reduced from its 

maximum specification during BBU cycle. 
43. Column-address changed once while RAS = VrL and 

CAS=VIH. 
44. When exiting the SELF REFRESH mode, one CBR 

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 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. 

1-112 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

UIC=F=lON MT4C16256/7/8/9 S 
1-· c , ~, 256Kx16WIDEDRAM 

ADDR ~:r 

DC ~gr 

READ CYCLE 

"'AS 'RP 

- \ -
'cSH 

'RSH tRRH 

'cRP tACO 'cAS feLCH 

=-' 
'AR 

'RAe tRAL. 

I~ ~I ~ ~ 
~ ROW Wlilia COWMN ROW 

'ReS ~ -
'M 
'RAe 

'cAe 2E. 

~ -
- OPEN VAUDDATA t---0PEN---

\~ ~ --

EARLY-WRITE CYCLE 

RC 

'RAS 

-
'cSH 

'RSH 
'cRP 'ACD 'cAS tCLCH 

=-' 
'AR 

'RAD 'RAL 

~ ~ ~ ~ 
::w'.M ROW )W'~ COLUMN 

'ewL 
tRWL. 

'WCR 
'wcs 'WCH 

~ ~I 
twp 

~ NOTE 1 W/~ 

j~~ 
toHR 

r- ~ 
NOTE' ~,.0( VALID DATA 

'RP 

I 

\ 

ROW 

W////////////~ 

JZ::l DON'T CARE 

Il88I UNDEFINED 

NOTE: 1. Applies to MT4C16258 Sand MT4C16259 S only. WE selects'between normal WRITE and MASKED WRITE 

MT4C16256171819 S 
REV. 3193 

at RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DO 
inputs on MT4C16256 Sand MT4C16257 S are "don't care" at RAS time. 

1-113 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 S 
1-· """'"0""0'"' 256K x 16 WIDE DRAM 

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

CASH,C~ ~:t 
orCAS 

ADDR ~:~ 

WEL,WEH VIH 
orWE VIL 

-

tRAS 

-
'OSH 

I 'RSH 

I~ tRCD teAs tClCH 

~~ =~ 
'AA 

'RAD I I tRAL I 
I~ ~I I~I I~I I 
~ AOW ~ COLUMN 

IJ twA~1 
I I IRWD ~Il 

" -I- 'ACS I I 'cwo lRWL 

lAWD 
lWp ~I, 

Y#,//,0IM NOTE1 W/#'/J I 
I 'AA - rl~- ~ tRAG 

j~ 
~ ~I leLZ 1:-

VALID DOUT K VALID DIN 

~ ~I ~ 

FAST-PAGE-MODE READ CYCLE 

ICSH 'pc 'RSH 

r tRCD tCAS, 'CLCH _'C_P _ tCAS, tCLCH _'GP_ 

=-' 
'AA ~ '--------* 

'CAS" CLl 
'AAD I I~ tRAL 

r -'A-AH-- 'Ase ,~ ~ ~II~I I - -
::'III,X HOW WilY COLUMN WI/, 1I1,X COLUMN W;" 'III;) COLUMN ADDR ~:r 

I 'RGS I 'RCH-
~1 ~'ACS Ii 'I 'ACH- Ii 

1 1t'AGS 

'AA yu 'AA yo' 'M 

I tRAG I ICPA I tePA 

DQ ~g~ 

I~ I~ I~ 2t I~ -
-

tCLZ- 1:- tCLZ- 1:-- tcLz- 1:-
VALID OPEN VALID VALID 

- DATA DATA DATA 

'AP 

AOW 

OPEN--

~ 
tCPN 

ROW 

tRCH ~-'RAH 

~ 

--'oFF 

~OPEN-

.rl~ ,I~I~ 11~1~ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16258 Sand MT4C16259 S only. WE selects between normal WRITE and MASKED WRITE 

MT4C1B25617/8/9S 
REV. 3/93 

at RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time). WEL, WEH and DO 
inputs on MT4C16256 Sand MT4C16257 S are "don't care" at RAS time. 

1-114 Micron Semiconductor, Inc., reserves the right to change products or specifications Without notice. 
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PRELIMINARY 

IUIIC:F=lCN MT4C16256/7/8/9 S 
1-· '''''' 256Kx16WIDEDRAM 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

'cRP 
'cRP 

CASH,CASL V.H _:---*--tt-----r-\ 
orCAS VIL - 1'--'1'----4 

IRAQ 

lRASP 

liE ~:~:1I//i III! 1/ I! I !III/I! $ $1 IIIIII!II! III! I III! III!/ $ I I!!III!!! I!///! //illll!//I//I!II! I $ 1!!!/111!/ $ I III!!IIII!! /J 

ADDR ~:t' 

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

--
-

'CSH 

'cRP ,"co teAs tCLCH 

=J 
'AR 

'RAD 

~ ~ ~I ~ 
:://h{ ROW lW/h{ COLUMN :W////h 

I-~ 
IRWD I 

I 'cwLi 

-~ U .t=:~. ~ 

~ "'TEl 10 
'M 

'RAe 1 

~dt 
IOS":-j.:.. 

t::=:=J 
I-

- NOTE 1 OPEN~ !"W) !Al' - o~ IN 

-too 
'<>e-

RASP ~ 

~ 
!pc 'AWe 'RSH 

'cP ICAS tcLCH A 'cAS 'cLcH vA r--- i------i 

'RAt. I 
lASe 'cAH ~I 'cAH_1 I 

COLUMN ~ COlUMN ROW 

-- ~'-'cwL- [!WL -~-J IAWD -

~ ~ 

~-I 'cH 
~IDS- 1-

lCAe~ -
tCLZ t 

MA!ii~ VALID OUT DIN 

I--too 
to,-

~ :-- _'OH 
'cAe -~L-. 108-1 
tct..z It 

!~ll~:-OPEN-

toE ~ 

rJ) DON'T CARE 

m UNDEFINED 

NOTE: 1. Applies to MT4C16258 Sand MT4C16259 S only. WE selects between normal WRITE and MASKED WRITE 

MT4C16256171819 S 
REV. 3193 

at RAS time. The DO inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs 
provide the mask data at RAS time for a MASKED WRITE (WE LOW at RAS time), WE[, WEH and DO 
inputs on MT 4C16256 S and MT 4C16257S are "don't care" atRAS timE!. 

1-115 Micron $:Imiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

M IC:: 1=1 ON MT4C16256/7/8/9 S 
1-· "'"00"'0''0"''' 256K X 16 WIDE DRAM 

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

• ~ -c m 
c 
::D » s 

1 tRP 

RAS ~:t-

CBR REFRESH CYCLE 
(AO-A8; OE = DON'T CARE) 

tRAS ,I tRP 

1 
tRAS 

Y 
CASH,CASL V,H _~··~:t ~I,::jl t 

D,CAS V,L ...:--.R~, ___ L-L ___ ---.J------' ___ --'--l _____ _ 

: -----1 tRPe 

tePN ~ ~ tRPe 
~ ~ 

DO OPEN----------

BBU REFRESH CYCLE 
(AO-A8; OE = DON'T CARE) 

125tls 

- VIH ---+----:1.1 
RAS VIL -----.I 'RPC t--------' I 

__ =J~~ tCSA teHR} 1tRPe ~ ~} 
CASH,CASl VIH -- ------

orCAS VIL-

DQ '----------OPEN---------

SELF REFRESH CYCLE ("SLEEP MODE") 
(AO-A8; OE = DON'T CARE) 

'RASS (not RAS) 
I 

NOTE 1 
IRPS not RP NOTE 2 

- VIH -:-+----{ ~ = VIL -J~I~It----\\---tC-HD---fI-~tRP~C-----i 

CAS ~:r=~ 

DQ ~gr-:--------OPEN-------------

WE ~:~ WI!I $ $/I I! $I! I!! III!III! /$;1 III!! I! 1!1;@$1!$1#/1!$1!1;@;111111!1!1III!I/1II!;1II11!I!I!!$m 

~ 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. 

MT4C1625617J8f9S 
REV. 3193 1-116 Micron Semiconductor, Inc., reserves the right to change products or specifications withoul notice. 

©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT4C16256nl8/9 S z 1-· " .. "O"'"ow<,", 256K X 16 WIDE DRAM 

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

ADDA ~:~ =: 

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE 
(Pseudo READ-MODiFY-WRiTE) 

ICSH 
tpc 1_---"'R=sH-_1 

~ 1_-'R=eD'----_I~. lepp teAs 

'Res I 

I ~II~ rrrr7TTTTT7777""TT"T77""rn 

WE ~:t = I I I I '----;::-:-~--+:--:::cl ~~<LLL.LLLLLLLL!.LLLLL 
D ~:t :J//////////////////////////////////////j'~:://;@'//;lM VALID DATA b-////////////$// $/2 

I 'eLZ_1 I~ITI 
.k.~NOTE' 

Q ~gr ---------c-I-OPEN---t-I.--'-AA-"i~~~j{,'b'1.~~~:]-'----OPEN----

. • tRAC 

DE ~:t =77llA'-'-'.LLLA. __________________ _ 

NOTE: 1. Do not drive data prior to High-Z; that is completion of tOFF. ICpp is equal to tOFF + tDS(MIN) + guardband 

MT4Ct6256n18l9 S 
REV. 3193 

between data-out and driving new data-in. 

RAS-ONl Y REFRESH CYCLE 
(ADDR = AD-AS, OE; WEL, WEH or WE = DON'T CARE) 

'Re 
I 

\'------
tCAP 

tASR 'RAH ~ 
~o:--~!I/$$/$!I$//$$/j'//j'/$$;/X,....--RO-W --

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

1-117 

IZ:1 DON·T CARE 

!2&l UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications wilhout nolice. 
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PRELIMINARY 

MIC:RON MT4C16256/7/8/9 S 
1-· "owwc" 256K X 16 WIDE DRAM 

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

• ~ -c m 
c 
~ 
s: 

MT4C16256171819 S 
REV. 3193 

HIDDEN REFRESH CYCLE 24 

(WEL, WEH or WE = HIGH; OE = LOW) 

'ACD 

(READ) 

'RAS 
(REFRESH) 

'RAS 

tCHR 

DQx ~g~ -------OPEN----~~t~==~VA~LlD~DA~TA~===l OPEN-

1-118 

~ DON'T CARE 

~ UNDEFINED 

Micron Semk:onductor, Inc., reserv9S the right to change products or specifications without notice. 
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ADVANCE 

MIC:RON MT4C16270/1 
1-· OCMO","OWe,,, 256K X 16 WIDE DRAM 

WIDE DRAM 

FEATURES 
• Industry-standard x16 pinouts, timing, functions 

and packages 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power, 3mW standby; 500mW active, typical 
• All device pins are TTL-compatible 
• 512-cycle refresh in 8ms (nine rows and nine columns) 
• Refresh modes: RAS-ONL Y,CAS-BEFRORE-RAS (CBR) 

and HIDDEN 
• Optional FAST-PAGE-MODE with EXTENDED 

DATA-OUT access cycle 
• BYTE WRITE access cycle 
• BYTE READ access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C16271 only) 

OPTIONS MARKING 
• Timing 

70ns access 
80ns access 

• Write Cycle Access 
BYTE or WORD via CAS 
(nonmaskable) 
BYTE or WORD via CAS 
(maskable) 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 
Plastic ZIP (475 mil) 

-7 
-8 

16270 

16271 

DJ 
TG 
Z 

• Part Number Example: MT4C16270DJ-7 

GENERAL DESCRIPTION 
The MT4C16270/1 are randomly accessed solid-state 

memories containing 4,194,304 bits organized in a x16 
configuration. The MT4C16270 and MT4C16271 have both 
BYTE WRITE and WORD WRITE access cycles via two 
CAS pins. The MT4C16271 is also able to perform WRITE
PER-BIT accesses. 

Both the MT4C16270 and MT4C16271 offer an acceler
ated FAST-PAGE-MODE cycle through a feature called 
EXTENDED DATA-OUT. 

256K x 16 DRAM 
FAST-PAGE-MODE WITH 
EXTENDED DATA-OUT 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(S08-2) 

Voc 1 40 V" 
DQ1 2 39 0016 
DQ2 3 38 D015 
DQ3 4 37 DQ14 

DQ4 36 DQ13 

Voc 35 y" 
DOS 34 0012 
D06 33 D011 
D07 , 32 DQ10 

D08 10 31 DO' 
NC 11 30 NC 
NC 12 29 CASL 

WE 13 2B CASH 

RAS 14 27 DE 
NC 15 26 A8 
AO 16 25 A7 
A1 17 24 A6 
A2 18 23 AS 
A3 19 22 A4 

Yoc 20 21 y" 

40-Pin TSOP 
(SOE-2) 

y" 
0016 

DQ13 

y" 
0012 
Dan 
DOlO 

DO' 

NC 
CASL 

CASH 

DE 
A8 

A5 
A4 

---.c=-_---'c:..r-y " 

40-Pin ZIP 
(SOA-2) 

009 1 
c 2 DQ10 

DQ11 3 
4 DQ12 

Vss 5 
." 6 OQ13 

D014 7 
.:: 8 DQ15 

DQ16 9 
.:: 10 Vss 

Yee 11 
,~: 12 DQ1 

002 13 
'-: 14 OQ3 

DQ4 15 .::; 
.:: 16 Vee 

DQ5 17 .::; 
.:: 18 OQS 

DQ7 19 ;::. 
.:: 20 OQB 

NC 21 .:. 

WE 
22 NC 

23." 
24 RAS 

NC 25 .:, 
.:: 26 AD 

A1 27 -:, 
28 A2 

A3 29." 
,:: 30 Vee 

Vss 31 .:. 

A5 33." 

A7 35." 

32 A4 

34 A6 

DE 37 .,/' 36 AB 

CASL 39." 38 CASH 

." 40 NC 

The MT4CMT4C16270/l CAS function and timing are 
determined by the first CAS ( CASL or CASH)to transition 
LOW and by the last to transition back HIGH. CASL and 
CASH 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 
(DQI-DQ8) and CASH transitioning LOW selects a WRITE 

MT4C16270/1 
REV. 3193 1-119 Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
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ADVANCE 

MII:::RON MT4C16270/1 
1-· '''''0'000''",'' 256K X 16 WIDE DRAM 

cycle for the upper byte (DQ9-DQ16). BYTE READ cycles 
are achieved through CASL or CASH in the same manner. 

The MT4C16271 functions in the same manner as 
MT4C16270; it has NONPERSISTENT MASKED WRITE 

cycle capabilities. This option allows the MT4C216271 to 
operate with either normal WRITE cycles or with NON
PERSISTENT MASKED WRITE cycles. 

FUNCTIONAL BLOCK DIAGRAM 

AD 
A1 
A2 
A3 

A4 
A5 
A6 
A7 
A8 

WE -++-----~--__, 

CASL 0-.....,---<0., 

CASH o--<i>--jU 
CONTROL 

LOGIC 

RAS C>---i---I~~~~J::==~ ____ -.J 

MT4C16270/1 
REV.3J93 1-120 

512x512x16 
MEMORY 
ARRAY 

D01 

• • 
D016 

i+-----oOE 

+------0 Vee 

+------0 Vss 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, MIcron Semiconductor, Inc. 



ADVANCE 

MICRON MT4C16270/1 
1-- oeM,,",,,,",,,, 256K X 16 WIDE DRAM 

PIN DESCRIPTIONS 

SOJ 
PINS 

14 

28 

27 

13 

29 

16-19, 
22-26 

2-5,7-10, 
31-34, 
36-39 

11,12,15, 
30 

1,6,20 

21,35,40 

MT4C16270i1 
REV. 3/93 

TSOP ZIP 
PINS PINS 

16 24 

30 38 

29 37 

15 23 

31 39 

18-21, 26-29, 
24-28 32-36 

2-5,7-10, 12-15, 
35-38, 17-20, 
40-43 1-4,6-9 

13,14,17, 21,22,25, 
32 40 

1,6,22 11,16,30 

23,39,44 5,10,31 

SYMBOL TYPE 

RAS Input 

CASH Input 

OE Input 

WE Input 

CASL Input 

AO-A8 Input 

001-0016 Input! 
Output 

NC 

Vcc Supply 

Vss Supply 

OESCRIPTION 

Row-Address Strobe: RAS is used to latch in the 9 
row-address bits and strobe the WE and DOs on the 
MASKED WRITE option (MT4C16271 only). 

Column-Address Strobe Upper Byte: CASH is the CAS 
control for 009 through 0016. The DOs for the byte not being 
accessed will remain in a High-Z (high impedance) state 
during a WRITE access cycle. 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CASL I CASH 
must be LOW and WE must be HIGH beforeOE will control 
the output buffers. Otherwise, the output buffers are in a 
High-Z state. 

Write Enable: WE controls 001 through 0016 inputs. If 
WE is LOW, the access is a WRITE cycle. The 
MT4C16271 also uses WE to enable the mask register 
during RAS time. 

Column-Address Strobe Low Byte: CASL is the CAS control 
for 001 through 008. The OOs for the byte not being 
accessed will remain in a High-Z state during a WRITE 
access cycle. 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CASL I CASH to select one 16-bit word 
(or 8-bit byte) out of the 256K available words. 

Oata 1/0: For WRITE cycles, 001-0016 act as inputs to the 
addressed ORAM location. BYTE WRITEs can be performed 
by using CASL I CASH to select the byte to be written. For 
REAO access cycles, 001-0016 act as outputs for the 
addressed ORAM Location. The MT4C16270/1 allow for 
BYTE REAO cycles. 

No Connect: These pins should be either left unconnected 
or tied to ground. 

Power Supply: +5V ±1 0% 

Ground 

1-121 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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ADVANCE 

MIC:RON MT4C16270/1 
1-· q, "en"," 256K x 16 WIDE DRAM 

FUNCTIONAL DESCRIPTION 
Each bit is uniquely addressed through the IS address 

bits during READ or WRITE cycles. These are entered 9 bits 
(AO-AS) at a time. RAS is used to latch the first 9 bits and 
CAS the latter nine bits. 

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. Both the 
MT4C16270 and MT4C16271 have two CAS controls, 
CASL and CASH. 

The CASL and CASH inputs internally generate a CAS . 
~l functioning in an identical manner to the single 
CAS input on the other 256K x 16 DRAMs. The key differ
enceis that each CAS controls its corresponding DQ tristate 
logic (in conjunction with OE and WE and RAS). CASL 
controls DQ1 throughDQ8 and CASH controls DQ9 through 
DQ16. 

The MT4C16270/1 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 
MT4C16270/1 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 theoutputpins,data
out (Q) is activated and retains the selected cell data as long 
as.CAS and OE remain LOW (regardless of WE orRAS). 
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. 

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-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. 

EXTENDED DATA-OUT 
DRAM READ cycles have traditionally turned the output 
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 MT4C16270/1 offer an accelerated FAST
PAGE-MODE cycle by eliminating output disable from 
CAS HIGH. This option is called EXTENDED DATA-OUT 

and it allows CAS precharge time (tcP) to occur without the 
output data going invalid (see READ and FAST-PAGE
MODE READ wavefonns). 

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 is LOW. If the 
DQ outputs are wire OR'd, OE must be used to disable idle 
banks of DRAMs. During cycles other than PAGE-MODE 
READ, the outputs are disabled at tOFF time after RAS and 
CAS are HIGH. The toFF time is referenced from the rising 
edge of RAS or CAS, whichever occurs last. 

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 512 combinations of RAS addresses 
(AO~AS) are executed at least every Sms, 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 

CASL and CASH. Enabling CASL will select a lower BYTE 
WRITE cycle (DQ1-DQS) while enabling CASH will select 
an upper BYTE WRITE cycle (DQ9-DQI6). Enabling both 
CASL and CASH selects a WORD WRITE cycle. 

TheMT4C16270/lcanbeviewedastw0256KxSDRAMS 
which have common input controls. Figure 1 illustrates the 
MT4C16270 BYTE WRITE and WORD WRITE cycles. 

The MT4C16270/1 also has BYTE READ and WORD 
READ cycles, since it uses two CAS inputs to control its byte 
accesses. Figure 2 illustrates the MT4C16270 BYTE READ 
and WORD READ cycles. 

MASKED WRITE ACCESS CYCLE (MT4C16271 only) 
The MASKED WRITE mode control input selects nonnal 

wRItE access orMASKEQ WRITE access cycles. Every 
WRITE access cycle can be a MASKED WRITE, depending 
on the state of WE at RAS time. A MASKED WRITE is 
selected when mask data is supplied on the DQ pins and 
WE is LOW at RAS time. The MT4C216270 does not have 
the MASKED WRITE cycle function. 

The mask data present on the DQI-DQI6 inputs at RAS 
time will be written to an internal bit mask data register and 
will then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the following WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH 
(logic "1 ") on a mask data register bit enables the input port 

MT4C1627011 
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UII::RCN MT4C16270/1 
1-· '~M""'''W'''' 256K X 16 WIDE DRAM 

and allows normal WRITE operations to proceed. At CAS 
time, the bits present on the DQI-DQ16 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

New mask data must be supplied each time a NONPER-

I- WORD WRITE 

RAS \ 

CASL \ 
, 

\ CASH 

WE \ / 

SISTENT MASKED WRITE cycle is initiated, even if the 
previous cycle's mask was the same mask. 

Figure 3 illustrates the MT4C16271 MASKED WRITE 
operation. 

·1- LOWER BYTE WRITE ·1 
/ \ r-

/ \ r-
/ 

\~--~/ 

STORED 

DATA 

INPUT INPUT STORED STORED INPUT INPUT STORED 

LOWER BYTE 
(DQ1-DQ8) 
OF WORD 

UPPER BYTE 

MT4C16270/1 
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(DQ9-DQ16) 
OF WORD 

0 

0 

0 

0 

0 

0 

DATA DATA 

o -----------------". 
DATA 

o 
o ............ -.... ". 0 

1 -.. ---------- .. --". 1 

o .. -- .. -- .. -------". 0 
o .. -------- .. -- .. -". 0 
o .. -- .. ---- .. -.. --". 0 
o .. ------- ...... --". 0 

o .. ------ .... -.. --". 0 

x .-----". 1 .-- .. -". 1 

X .-----". 0 .-----". 0 

X .-----". 1 .-----". 1 

X .-----". 0 ------". 0 

X .-----". 1 .-----". 

X ---- .. ". 1 .-----". 

X .-----". 1 .-----". 1 

X .-----". 1 .-----". 1 

DATA 

o 
o 
1 

o 
o 
o 
o 
o 

o 

o 

DATA DATA DATA 

1 --------------- .. ". 1 

1 -----------------". 1 

o --- .. ------------". 0 

1 ------ .. ---------". 1 

1 ---- .. -----------". 1 
1 -----------------". 1 
1 ------ .. ---------". 1 

1 -----------------". 1 

x ---------- .. -- .. -". 1 

X ------------- .. --". 0 
X .. ------------- .. ". 1 

X .. -------- .. -- .. -". 0 

X --------- .. --- .. -". 1 

X ------- .. -- .. ----". 1 

X ----- .. ---- .. -- .. ". 1 

X -------------- .. -". 1 

1 ... ---- ADDRESS 0 ----.. ..------ ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C16270 WORD AND BYTE WRITE EXAMPLE 
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MIC:RON MT4C16270/1 
1-· '''''''"'''00''"' 256K X 16 WIDE DRAM 

MT4C16270/1 
AEV.3193 

RAS 

CASL 

CASH 

WE 

LOWER BYTE 
(DQ1-DQ8) 
OF WORD 

UPPER BYTE 
(DQ9-DQ16) 
OF WORD 

I- WORD READ -I- LOWER BYTE READ -I 
~ / \ r-

\ / \ r-
\ / 

~ ~ L 

STORED OUTPUT OUTPUT STORED STORED OUTPUT OUTPUT STORED 

DATA DATA DATA DATA DATA DATA DATA DATA 

1 ------3> 1 1 ------3> 1 

1 ------3> 1 1 ------3> 1 

0 0 ------3>- 0 0 0 ------3> 0 0 

1 ------3>- 1 1 ------3> 

1 ------3> 1 ------3;>-

1 ------3> 1 ------3> 1 

1 ------3> 1 ------3>-

1 ------3>- 1 ------3> 

Z ------3> 0 0 Z ------3>- Z 

Z ------3>- 1 1 Z ------3> z 
0 z ------3> 0 0 Z ------3>- z 

z .-----;:.- 1 Z ------3> Z 

Z ------3> 0 0 Z .-----3>- Z 0 

Z ------3> 0 0 0 Z ------3>- Z 0 

Z ------3> 0 0 0 z .-----;:.. z 0 

0 Z ------3> 0 Z ------3> Z 0 

ADDRESS 0 - - ADDRESS 1 

Z= High-Z 

Figure 2 
MT4C16270 WORD AND BYTE READ EXAMPLE 
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RAS 

CAS 

WE 

LOWER BYTE 
(DQ1-DQ8) 
OF WORD 

UPPER BYTE 
(DQ9-DQ16) 
OF WORD 

1 - MASKED WRITE -I- NON MASKED WRITE -I 
\ / \ r 

\ / \ r 

~ IlllllA II! I! I!// /II '<0'$£ II$//I/$j 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

1 0 X 1 1 X .-----;, 

o .-----;, 0 0 X ._----;>-

X 1 X .-----;, 

o .-----;, 0 0 X ------;:- 1 

0 X X 0 .-----;, 0 
1 0 .-----;, 0 0 X 0 .-----;, 0 

X 1 X 0 ._----;>- 0 
o .-----;, 0 0 X 0 .-----;, 0 

0 X X 1 .-----;, 

0 X X 0 .-----;, 0 

0 X 0 0 X 1 .-----;, 

0 0 X 0 0 X 0 .-----;, 

0 0 .-----;, 0 X 1 .-----3>-

0 o .-----;, 0 X 1 .-----;, 1 

0 1 .-----;, X 0 .-----;, 0 
0 1 .-----;, X 0 .-----;, 0 

ADDRESS 0 - - ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 3 
MT4C16271 MASKED WRITE EXAMPLE 
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ADVANCE 

MIC::RON MT 4C16270/1 
1-· "'''co,",,,,,,,,, 256K X 16 WIDE DRAM 

TRUTH TABLE: MT4C16270/1 

ADDRESSES 

FUNCTION RAs- CASL "CASH wr nr 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 5 
(EARLY-WRITE) 

WRITE: LOWER L L H L X ROW COL Lower Byte, Data-In 5 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L H L L X ROW COL Lower Byte, High-Z 5 
BYTE (EARLY) Upper Byte, Data-In 

READ-WRITE L L L H-+L L-+H ROW COL Data-Out, Data-In 1,2,5 

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 1,5 

WRITE 2nd Cycle L H-+L H-+L L X n/a COL Data-In 1,5 

PAGE-MODE 1st Cycle L H-+L H-+L H-+L L-+H ROW COL Data-Out, Data-In 1,2,5 

READ-WRITE 2nd Cycle L H-+L H-+L H-+L L-+H n/a COL Data-Out, Data-In 1,2,5 

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 1,3,5 

RAS-ONL Y 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. Only one of the two CAS signals must be active (CASL or CASH). 
5. Data-in will be dependent on the mask provided (MT 4C256K16E5 only). Refer to Figure 3. 

MT4C16270/1 
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MIC:RON MT4C16270/1 
1-· 'H",W"",OW""' 256K X 16 WIDE 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 + IS0°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 indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(Notes: 1, 3, 4, 6, 7) (O°C :0; T A :0; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONOITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

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

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 1 

INPUT LEAKAGE CURRENT 
Any input OV :0; VIN :0; Vcc II -2 2 flA 
(All other pins not under test = OV) 

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

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 -7 -8 UNITS NOTES 

STANDBY CURRENT: (TTL) Icc1 2 2 mA 
(RAS = CAS = VIH) 

STANDBY CURRENT: (CMOS) Icc2 1 1 mA 25 
(RAS = CAS = Vcc -0.2V) 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 170 150 mA 3,4,41 
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) 

OPERATING CURRENT: FAST-PAGE-MODE 
Average power supply current Icc4 110 100 mA 3,4,41 
(RAS = VIL, CAS, Address Cycling: 'PC = 'PC [MIN]; 'CP, 'ASC = 10ns) 

REFRESH CURRENT: RAS-ONL Y 
Average power supply current 
(RAS Cycling, CAS=VIH: 'RC = IRC [MIN]) 

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

MT4C16270/1 
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Iccs 170 150 mA 3,5,41 

Icc6 160 140 mA 3,5 
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ADVANCE 

MIC::RON MT4C16270/1 
1-· "M'CO,""UO<"" 256K X 16 WIDE DRAM 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A8 

Input Capacitance: RAS, CASL,CASH, 

Input/Output Capacitance: DO 

SYMBOL 

CI1 

WE,OE 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) (OcC::;; T A::;; +70cC; 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 time 

Access time from column-address 

Access time from CAS precharge 

RAS pulse width 

RAS pulse width (PAGE-MODE) 

RAShoid time 

RAS precharge time 

CAS pulse width 

CAS hold time 

CAS precharge time 

CAS precharge time (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 

MT4C16270/1 
REV. 3/93 

SYM 
tRC 

tRWC 

tpc 

tpRWC 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 

tcPN 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

CAH 
tAR 

tRAL 

tRCS 

tRCH 

tRRH 

tCLZ 

1-128 

MIN 

130 
175 
35 

95 

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

0 
15 
55 

35 

0 
0 

0 

3 

-7 -8 
MAX MIN MAX UNITS NOTES 

150 ns 

195 ns 

40 ns 34 

100 ns 34 

70 80 ns 14 
20 20 ns 15,32 
20 20 ns 23,32 
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 15 100,000 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 

0 ns 19 

3 ns 32,42 

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) (ooG S; TA S; +70oG; Vee = 5V ±10%) 

AC CHARACTERISTICS 

PARAMETER 

Output buffer turn-off delay from 
(;AS or RAS 

Output disable time 

Write 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) 

RAS to CAS precharge time 

CAS setup time (CBR REFRESH) 

(;AS hold time (CBR REFRESH) 

MASKED WRITE command to RAS 
setup time 

WE hold time (MASKED WRITE) 

Mask data to RAS setup time 

Mask data to RAS hold time 

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

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Last CAS going LOW to first CAS 
returning HIGH 

Data output hold after CAS LOW 

MT4C16270/1 
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SYM 
tOFF 

tOD 

twcs 

twCH 
tWCR 

twP 
tRWL 

tCWL 

tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 
tT 

tREF 

tRPC 

tCSR 

tCHR 

twRS 

twRH 

tMS 

tMH 

tOEH 

tORD 

tCLCH 

tCOH 

1-129 

MIN 

3 

3 

0 

10 

55 

10 

20 

20 

0 

15 

55 

95 

60 

45 

3 

0 

10 

10 

0 

15 

0 

15 

20 

0 

10 

5 

-7 -8 

MAX MIN MAX UNITS NOTES 

15 3 15 ns 20,29,32, 
42 

15 3 15 ns 29,40,42 

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 ns 28 

0 ns 

10 ns 5,30 

10 ns 5,31 

0 ns 26,27 

15 ns 26 

0 ns 26,27 

15 ns 26,27 

20 ns 28 

0 ns 

10 ns 33 

5 ns 
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IVIICI=ION MT 4C16270/1 
"'"w",,,we< "' 256K X 16 WIDE DRAM 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±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 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 (ODC ::; T A::; 70DC) is assured. 

7. An initial pause of 100~s is required after power-up 
followed by eight RAS refresh cycles ( RAS-ONL Y 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 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 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 100pF, VOL = 0.8V and VOH = 2.0V. 
14. Assumes that tRCD < tRCD (MAX). If IRCD is greater 

than the maximum recommended value shown in this 
table, !RAC 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 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, access time is controlled 
exclusively by !CAe. 

18. Operation within the tRAD limit ensures that tRCD 
(MAX) can be met. tRAD (MAX) is specified as a 

MT4C1627011 
REV. 3/93 

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; it is not a . 
reference 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), 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 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. !hese parameters are referenced to CAS leading edge 
m EARLY-WRITE cycles and WE leading edge in 
LA~E-WRITE or READ-MODIFY-WRITE cycles. 

23. Durmg a READ cycle, if OE is LOW then taken HIGH 
before CAS goes HIGH, Q goes open. If OE is tied 
permanently LOW, a LATE-WRITE or READ
MODIFY-WRITE operation is not possible. 

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

25. All other inputs at Vcc -0.2V. 
26. Write command is defined as WE going LOW. 
27. MT4C16271 only. 
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 written data if CAS 
remains LOW and OE is taken back LOW after tOEH 
is met. 

29. The DQs open during READ cycles once tOD or DFF 
occur. 
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ADVANCE 

MICRON MT 4C16270/1 
1-· "M>C'",OO,""'" 256K X 16 WIDE DRAM 

NOTES (continued) 
30. The first CASx edge to transition LOW. 
31. The last CASx edge to transition HIGH. 
32. Output parameter (DQx) is referenced to correspond

ing CAS input, 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. 

MT4C16270/1 
REV.3J93 1-131 

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 while RAS = VIL and 

CAS=VIH. 
42. 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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ADVANCE 

MIC:RON MT4C16270/1 
1-· ""","00'''''''' 256K X 16 WIDE DRAM 

READ CYCLE 

\'-----

teRP 

I _______ -+--;'R""AC"-------I NOTE 2 

'CAG ~ 

~ ~g~ -=-------OPEN------~~~VA~UO~OA~TAQ~OPEN---
I~ 1_'00 

OE ~:~ ='7711/,7711//,77l1/,'771/ /,7711;1/,77l1/,'771//,7711/,=1;'/,'771 !j;7711iJ=1 !j;'77'i" !j;771//=@T77'i"!j;7711' /,=1/ j;T7771/ ffij f7N ##11 #1 #111 # /,/' /,/' #11 /,/'/t/ 

EARLY-WRITE CYCLE 

RC 
tRAS 

-
ICSH 

'RSH 

I~ IRCD ICAS 'ClCH 

-
'AR 

'RAD 'RAL 

ADDA ~:r 
I~ I~ F-- ~I 

::Iff;,:?!; ROW Wff,;,9{ COLUMN 

'CWl 

'RWL 

twCR 

~ ~I 
r77T77n ~ t:=:j 

'WP 

I 
NOTEt W#/~ 'd 'OHR 

tMS~ l~ ~I 
-ij///////.t?! NOTEt ~h?t VALID DATA 

'RP 

\ 

ROW 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1, Applies to MT4C16271 only. WE selects between normal WRITE and MASKED WRITE at RAS time, The DO 

MT4C1627011 
REV. 3193 

inputs are "don't care" for a normal WRITE (WE HIGH at RAS time), The DO inputs provide the mask data at 
RAS time for a MASKED WRITE (WE LOW at RAS time). WE and DO inputs on MT4C16270 is a "don't 
care" at RAS time. 

2. tOFF is referenced from the rising edge of RAS or CAS, whichever occurs last. 
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ADVANCE 

MIC:RON MT 4C16270/1 
1-· 00""0'''''''''' 256K X 16 WIDE DRAM 

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

RWC 

tRAS 'RP 

-
leSH 

I tRSH 

~ 
'RCD 'CAS 'CLCH 

}l =~ 
'AR 

IRAQ I I tRAL I 

ADDR ~:r 
~ ~I I~I I~I I 

JIIIIM ROW WIIIIM COLUMN ROW 

~I I I 'RWD ~'I ~ lewD ~I 
_=C'WR ~I r I 'AWD 

'WP 

I 
'////////llir NOTE' WP'& I I 'AA 

~ 'RAC 
ICAG 

-
['MS ~ 'CLZ-~ "~~ 

- NOTE! OPEN VALID DOUT K VALID DIN OPEN--

~ ~I' ~ 

FAST-PAGE-MODE READ CYCLE with EXTENDED DATA-OUT 

---
leSH 

I' teRP 

=J 
IRAQ 

~ ~ 
--i//,1l; ROW Y01J 

I 
I 

-
OPEN 

RASP RP 

'PC 'RSH 
~ 

'RCD teAs, 'CLCH _'C_P _ teAS. 'CLCIj ~'cAS·'c"'l_ tePN 

'AR } f-------' 
'RAL1 

~I ~ I~ tCAH~J ~II~I I 
COLUMN }V'//I;"//"M COLUMN WIIII/!) COLUMN ROW 

'RCS I ~ ~rl-I" ~~ -III - 'f'RCS - trtRcs 
'RCH- I 'RCH- I-I I~ H-''"" 

'AA yu 'AA 

I tRAC I 'cPA 

j~ I 'cAC 

'cLZ 1:- 'COH_ 1_ 
"rf;N~ lm 

,r 

'f' 'AA 
I tCPA 

I 'CAG 

-J'''-'- t. 
VALID 
DATA 

I~ i~ 

W!I&L 

NOTE 2 - [--toFF 

VALID ~OPEN DATA 

C 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16271 only. WE selects between normal WRITE and MASKED WRITE at RAS time. The DO 

MT4C16270/1 
REV. 3/93 

inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at 
RAS time for a MASKED WRITE (WE LOW at RAS time). WE and DO inputs on MT4C16270 is a "don't 
care" at RAStime. 

2. tOFF is referenced from the rising edge of RAS or CAS, whichever occurs last. 
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ADVANCE 

MIC:RON MT4C16270/1 
1-· "M"O',"C>O"" 256K X 16 WIDE DRAM 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

OE ~:~:J/ I II/! II! 1/ II! II/! II/!II 1// II/I! II/I! 1// I!I!II! /II I I I! I II! IIII 1// III! I//!III /I II II!/!!! II!I I! I! /II! I! I!I 1// I!/I// I! I /ffi 

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

CAsH,CASL VIH _:-i,----t1r-------.-----
VIL - '-t----{I 

WE VIH J77:nj .. --.J"-----l"+-+--+----{1 
VIL -.LLL.<~'---__ j'U 

OPEN-

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16271 only. WE selects between normal WRITE and MASKED WRITE at RAS time. The DO 

MT4C16270/1 
REV. 3/93 

inputs are "don't care" for a normal WRITE (WE HIGH at RAS time). The DO inputs provide the mask data at 
RAS time for a MASKED WRITE (WE LOW at RAS time). WE and DO inputs on MT4C16270 is a "don't 
care" at RAS time. 

1-134 Micron Semiconductor, Inc., reserves the nght to change products or specifications without notice. 
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ADVANCE 

MIC::RON MT 4C16270/1 
1-- "M","'O"",,, 256K X 16 WIDE DRAM z 

m 
--------------------------~ 

RAS 
VIH -V1L _ 

CAS VIH -
VIL _ 

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

'pc I 
tRSH 

tCSH 

~ 'ReD Icpp tCAS 

I II 'CWL 

I_--:--",'RC""-S_I II 'RWL 

I II 'WP 

~'7770'777)7777-rTn"TT2l,-----;------;-----,----_____ ~II~ ~rTTT;'777)77777777777 
WE ~:~ = I I I I ~I~I _ 

~:~ :1//;1/##//#/##///////##;1 #;1/;1;1#/#;1/$/#M VALID DATA Y$=W/;=W)TTTW/;T7T/j/;7TTW)7TTW7TT1!ffi,77T 

I~ l'OFErrl 
l jNOTE 1 

Q ~g~ -------:-I-OPEN---l-I===='A:A===U':(~"%"o').~~~~----OPEN-----
tRAC 

DE ~l~ =7lllJA!Lt.LLL,"---____________________ _ 

NOTE: 1. Do not drive data prior to High-Z; that is completion of 'OFF. 'CPP is equal to 'OFF + 'DS(MIN) + guardband 

MT4C16270/1 
REV. 3193 

between data-out and driving new data-in. 

RAS-ONl Y REFRESH CYCLE 
(ADDR = AO-AB, OE; WE = DON'T CARE) 

_ V,H _~----il 11*.k-------L\ 
RAS VIL - 11------------"1'1 '-__ _ 

ICRP '~l 
CASL, CASH V IH _ l' 

V1l ---J 

1~I------"RA=H'------1 

ADDR ~:t =tll//IM ROW ROW 

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

1-135 

~ DON'T CARE 

~ UNDEFINED 

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

MIC:RON MT4C16270/1 
1-· ,,,''co,,,",","," 256K X 16 WIDE DRAM 

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

• ~ -c m 
c 
:D 
l> s:: DQ 

tRP , , 

---./ 
.tRP" 

tCPN tesR 
-I~ 

CBR REFRESH CYCLE 
(AO-AS; OE = DON'T CARE) 

tRAS I , tRP , , 

1 
tRAS 

~ tRPe ~ ~ 

,I 

c------------ OPEN----------

WE ~:t ]/1//1///111// II 1 1 /I 1 /I /1/11/1//111 II!/I 1///1 II! I/II!// /1//1/ //11////1/ IIIII!/III! II///!!!II /I ffi 

I~ 
J 

HIDDEN REFRESH CYCLE 24 

(WE = HIGH; OE = LOW) 
(READ) 

'~ 
! 

tRCD IRSH 

'AR i 

(REFRESH) 

'y 
tCHR 

1fw>, II tRAL I 
I~ 'RAH 'IAsc.l~ 

~":r:~ ~~: "w~ 
i '~k I NOTE 1 

.- - -IOFF 

telZ t 
~ :1]' : ~" I: ':'" I "",." I_ -, >--"" 

DE ~:t -WE/$/EEE;l/f$;l;l;l$#E/I/h1~ _fEfE/; 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. tOFF is referenced from the rising edge of RAS or CAS, whichever occurs last. 

MT4C16270/1 
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PRELIMINARY 

MIC:RON MT4C16260/1 
1-· ooM,,,,.oO'"o",,, 256K X 16 WIDE DRAM 

WIDE 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 +5V±10% power supply 
• Low power, 3mW standby; 500mW active, typical 
• All device pins are TIL-compatible 
• 1,024-cycle refresh in 16ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• Optional FAST-PAGE-MODE access cycle, 256 

locations wide 
• BYTE WRITE access cycle 
• NONPERSISTENT MASKED WRITE access cycle 

(MT4C16261 only) 

OPTIONS MARKING 
• Timing 

70ns access -7 
80ns access -8 

• MASKED WRITE 
Not Available 16260 
Available 16261 

• Packages 
Plastic SOJ (400mil) DJ 
Plastic TSOP (400mil) TG 
Plastic ZIP (475mil) Z 

• Part Number Example: MT4C16260DJ-7 

GENERAL DESCRIPTION 
The MT 4C16260 and MT 4C16261 are randomly accessed 

solid-state memories containing 4,194,304 bits organized 
in a x16 configuration. 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 MT4Cl6260 and MT4C16261 have both BYTE 
WRITE and WORD WRITE access cycles via two write 
enable pins. The MT4C16261 is able to perform WRITE
PER-BIT accesses. 

The MT4C16260 and MT4C16261 function in the same 
manner in that WEL and WEH control the selection of 

MT4Ct6260/1 
REV. 3193 

256K x 16 DRAM 
ASYMMETRICAL, 
FAST-PAGE-MODE 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(S08-2) 

V" 
DQl 
DQ2 
DQ' 
DQ4 
vee 
DQS 
DQS 
DQ7 
000 
Ne 

WEl 
WEH 
RAS 

A' 
AO 
Al 
A2 

A' 
v" 

l' 
2 
3 
4 
5 
S 
7 
8 

• 
10 
11 
12 
13 
14 
15 
lS 
17 
18 ,. 
20 

40 
39 
38 

'7 
36 
35 
34 
33 

'2 

" 30 

2' 
28 
27 
2S 
25 
24 
23 
22 
21 

Vos 
0016 
0015 
OQ14 
DOt3 
VSS 
0012 
0011 
DOW 

DQ' 
Ne 
Ne 
eAS 
DE 
A8 
A7 
AS 
AS 
A4 
Vos 

40-Pin TSOP 
(SOE-2) 

Voo Vos 
DQl 0016 
DQ2 D015 
DQ' D014 
DQ4 0013 
vee VSS 
DQS OQ12 
DQS 0011 
DQ7 DOlO 
DQ8 DO. 

Ne Ne 
WEl Ne 
WEH CAS 
RAS 5E 

A9 A8 
AO A7 
Al AS 
A2 A5 

A' A4 

v" v" 

40-Pin ZIP 
(SOA-2) 

DQ9 1 .. ' 
.:: 2 DQ10 

DQ11 3 .::; 
.:: 4 DQ12 

Vss 5 .::; 
.:: 6 DQ13 

DQ14 7 .::; 
.:: 8 DQ15 

DQ16 9 -::; 
.:: 10 Vss 

Vee 11 -::; 
.:: 12 DQ1 

DQ2 13 .:' 
.:: 14 DQ3 

DQ4 15 -::; 
.:: 16 Vee 

DQ5 17 .:' 
.:: 18 DQ6 

DQ7 19 ... 
.:: 20 DQ8 

NC 21 ... 
WEL 

WEH 
.:: 22 

23 -::; 
.:: 24 RAS 

A9 25 -::; 
.:: 26 AO 

A1 27 .. ' 
.:: 28 A2 

A3 29 .::; 
.:: 30 Vee 

Vss 31 .:' 
.:: 32 A4 

A5 33 .:' 
.:: 34 A6 

A7 35 ... 
OE 

.:: 36 AS 
37 -:. 

.:: 38 CAS 
'NC 39 .:. 

.:: 40 NC 

BYTE WRITE access 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 orWEH ) 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 MT4C16261 has NONPERSISTENT, MASKED 
WRITE capability. 

1-137 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice 
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PRELIMINARY 

MIC:RON MT 4C16260/1 
1-· ",,,co,""cm«,, 256K X 16 WIDE DRAM 

FUNCTIONAL BLOCK DIAGRAM 

WEL 0---1-+---'0\'1 
WEH p-~~~----, 

CAS o--------~-<L~ 

AD 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
A9 

RAS~ __ ~~~~~~====~ ________ ~ 

MT4C16260/1 
REV. 3193 1-138 

1024 x 256 x 16 
MEMORY 
ARRAY 

DQ1 
• • 

DQ16 

i+-----oOE 

---0 Vee 

---0 Vss 

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

MIC:RON MT4C16260/1 
1-· "'''00,"0000'"0 256K X 16 WIDE DRAM 

PIN DESCRIPTIONS 

SOJ 
PINS 

14 

28 

27 

13 

12 

16-19, 
22-26 

2-5,7-10, 
31-34, 
36-39 

11, 15, 
30,29 

1,6,20 

21,35,40 

MT4C16260/1 
REV" 3/93 

TSOP ZIP 
PINS PINS 

16 24 

30 38 

29 37 

15 23 

14 22 

18-21, 26-29, 
24-28 32-36 

2-5,7-10, 12-15, 
35-38, 17-20, 
40-43 1-4,6-9 

13,17, 21,25, 
31 40,39 

1,6,22 11, 16, 30 

23,39,44 5,10,31 

SYMBOL TYPE 

RAS Input 

CAS Input 

OE Input 

WEH Input 

WEL Input 

AO-A8 Input 

D01-D016 Input! 
Output 

NC -

Vcc Supply 

Vss Supply 

DESCRIPTION 

Row-Address Strobe: RAS is used to latch in the 9 row-
address bits and strobe the WE and DOs on the MASKED 
WRITE option. 

Column-Address Strobe: CAS is used to latch-in the 9 
column-address bits, enable the DRAM output buffers and 
strobe the data inputs on WRITE cycles. CAS controls D01 
through D016. 

Output Enable: OE enables the output buffers when taken 
LOW during a READ access cycle. RAS and CAS must be 
LOW and WEL I WEH HIGH before OE will control the output 
buffers. Otherwise, the output buffers are in a High-Z state. 

Write Enable Upper Byte: WEH is WE control for the D09 
through D016 inputs. If WE or WEH is LOW, the access 
is a WRITE cycle. If either WE or WEH is LOW at RAS 
time on MT4C16261, it is also a MASKED WRITE cycle. 
The DOs for the byte not being written will remain in a 
High-Z state (BYTE WRITE cycle only). 

Write Enable Lower Byte: WEL is the WE control for DOi 
through D08 inputs. If WEL is LOW, the access is a WRITE 
cycle. If WEL is LOW at RAS time on MT4C16261, it is 
also a MASKED WRITE cycle. The DOs for the byte not 
being written will remain in a High-Z state (BYTE WRITE 
cycle only). 

Address Inputs: These inputs are multiplexed and clocked by 
RAS and CAS to select one i6-bit word (or 8-bit by1e) out of 
the 256K available words. 

Data 1/0: For WRITE cycles, D01-D016 act as inputs to the 
addressed DRAM location. BYTE WRITEs can be performed 
by using WEL I WEH to select the by1e to 
be written. For READ access cycles, D01-D016 act as 
outputs for the addressed DRAM Location. All sixteen II0s 
are active for READ cycles. 

No Connect: These pins should be either left unconnected or 
tied to ground. 

Power Supply: +5V ±1O% 

Ground 

1-139 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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PRELIMINARY 

MIC:RON MT4C16260/1 
1-· ,,,,,,"ocowe", 256K X 16 WIDE DRAM 

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-ONL Y) 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 outputpin(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) 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, WRlTE)or RAS REFRESH cycle (RAS-ONL Y, 
CBR, or HIDDEN) so that all 1,024 combinations of RAS 

MT4G1626011 
REV. 3/93 

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 

~e BYTE WRITE mode is determined by the use of 
WEL and WEH. Enabling WEL will select a lower byte 
WRITE cycle (DQI-DQ8) while enabling WEH will select 
an upper byte WRITE cycle (DQ9-DQI6). Enabling both 
WEL and WEH selects a word WRITE cycle. 

The MT4C16260/1 may be viewed as two 256K x 8 
DRAMS that have common input controls, with the ex
ception of the WE inputs. Figure 1 illustrates the 
MT4C16260/1 BYTE and WORD WRITE cycles. 

MASKED WRITE ACCESS CYCLE 
(MT4C16261 ONLY) 

Every WRITE access cycle can be a MASKED WRITE, 
depending on the state of WE at RAS time. A MASKED 
WRITE is selected when WE is LOW at RAS time and mask 
data is supplied on the DQ pins. 

The mask data present on the DQI-DQ16 inputs at RAS 
time will be written to an internal mask data register and 
will then act as an individual write enable for each of the 
corresponding DQ inputs. If a LOW (logic "0") is written to 
a mask data register bit, the input port for that bit is disabled 
during the following WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. At CAS time, 
the bits present on the DQI-DQ16 inputs will be either 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). 

For NONPERSISTENT MASKED WRITEs, new mask 
data must be supplied each time a MASKED WRITE cycle 
is initiated. 

Figure 2 illustrates the MT4C16261 MASKED WRITE 
operation (Note: RAS or CAS time refers to the time at 
which RAS or CAS transition from HIGH to LOW). 

1-140 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4C16260/1 
1-· ",''CO,,,,,,,",,,, 256K X 16 WIDE DRAM 
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RAS 

CAS 

WEL 

WEH 

LOWER BYTE 
(001-008) 
OFWORO 

UPPER BYTE 
(009-0016) 
OFWORO 

1- WORD WRITE -I- LOWER BYTE WRITE -I 
\ / \ I 

\ / \ I 

\ / \ ;-
\ / 

STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA DATA DATA DATA 

1 1 ------3>- ._----,.,. 
._----,.,. -----,.,. 

0 ._----,.,. 0 0 ._----,.,. 
0 .-----,.,. 0 0 ._----,.,. 

._----,.,. 0 0 ._----,.,. 

.-----,.,. ._----,.,. 
1 ._-- --;s> 1 1 -----;;> 

0 -----,.,. 0 0 ._----,.,. 

0 ._-- --,.,. X ._----,.,. 
0 1 ------;::.. 1 1 X ._----,.,. 
0 0 ._----,.,. 0 0 X ------3>- 0 

0 ._----,.,. 0 0 X ._----,.,. 0 

0 ._----,.,. X ._----,.,. 1 

0 0 ._----,.,. 0 X ._----,.,. 0 

0 .-----,.,. X ._----,.,. 1 

0 0 ._----,.,. 0 X ._----,.,. 0 

- ADDRESS 0 • • ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 1 
MT4C1626011 WORD AND BYTE WRITE EXAMPLE 

1-141 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT4C16260/1 
1-· '""co'oo,m"',, 256K x 16 WIDE DRAM 

NOTE: 

MT4C1626011 
REV. 3/93 

I- MASKED WRITE -I- NON MASKED WRITE -I 
RAS \ / \ r 

CAS \ / \ r 

WEL \ II/IlIA IIII/IA II///I/I/; 

WEH ~ I1llllA 1//////1/1/1 Wf///A 1# ///!!#//J 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA DATA DATA DATA DATA 

X 0 .-----~ 0 .-----~ 

X 0 ._----:;> 0 .-----;::.. 

X 0 ._-- --3> 0 .-----;::.. 
LOWER BYTE X 0 -----;;>- 0 .• ----:;> 

(001-008) X 0 .-----;::. ._----;» 
OFWORO X 0 ._----:;> 0 .-----;:.. 0 

X o .-----". 0 ._----:;> 1 

X o .-----;:.. 0 ._----;;> 0 

X X ._----:;> 1 

0 X X ._----:;> 0 

X 0 X .-----;::.. 
UPPER BYTE 

0 X 0 0 X ._----:;> 0 
(009-0016) 

0 o .-----". 0 X 1 .-----3> 
OFWORO 

0 o .-----". 0 0 X 1 .-----3> 

0 1 ._----:;> X 0 .-----:;,:..-

1·-----". X 0 .-----3> 0 

ADDRESS 0 - - ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
MT4C16261 MASKED WRITE EXAMPLE 

If WEL is LOW and WEH is HIGH when RAS goes LOW, then only DOs 1-8 will be masked. If WEL is HIGH 
and WEH is LOW when RAS goes LOW, then only DOs 9-16 will be masked. 

1-142 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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PRELIMINARY 

UII:::RON MT4C16260/1 
1-· ",,,m<cccwc" 256K X 16 WIDE DRAM 

TRUTH TABLE: MT4C16260/1 

ADDRESSES 
FUNCTION "HAS CAs- WEL WEH llt 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 3 
(EARLY-WRITE) 

WRITE: LOWER L L L H X ROW COL Lower Byte, Data-In 3 
BYTE (EARLY) Upper Byte, High-Z 

WRITE: UPPER L L H L X ROW COL Lower Byte, High-Z 3 
BYTE (EARLY) Upper Byte, Data-In 

READ-WRITE L L H .... L H .... L L .... H ROW COL Data-Out, Data-In 1,3 

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 1,3 

WRITE 2nd Cycle L H--+L L L X n/a COL Data-In 1,3 

FAST -PAGE-MODE 1st Cycle L H-+L H .... L H--+L L--+H ROW COL Data-Out, Data-In 1,3 

READ-WRITE 2nd Cycle L H--+L H--+L H--+L L--+H n/a COL Data-Out, Data-In 1,3 

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 1,2,3 

RAS-ONL Y 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). 

MT4CHi26011 
REV. 3/93 

2. EARLY-WRITE only. 
3. Data-in will be. dependent on the mask provided (MT4C16261 only). Refer to figure 2. 

1-143 Micron Sem!conductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

IUIIC:F=lCN MT4C16260/1 
1-· ",",co","',,",,, 256K X 16 WIDE DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vee supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (ambient) ........... O°C to +70°C 
Storage Temperature (plastic) .................... -55°C to + 150°C 
Power Dissipation .............................................................. 1W 
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 indicated 
in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex
tended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS 
(O°C :s; T A:> 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION SYMBOL MIN MAX UNITS NOTES 

Supply Voltage Vcc 4.5 5.5 V 1 

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

Input Low (Logic 0) Voltage, all inputs VIL -1.0 0.8 V 1 

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

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

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

(Notes: 1, 3, 4, 6, 7) (O°C ::; T A::; 70°C; Vcc = 5V ± 10%) MAX 

PARAMETER/CONDITION SYMBOL -7 -8 UNITS NOTES 
STANDBY CURRENT: (TTL) 
(RAS = CAS = VI H) ICCI 2 2 mA -
STANDBY CURRENT: (CMOS) 
(RAS = CAS = Vcc -0.2V) Icc2 1 1 mA 25 

OPERATING CURRENT: Random READIWRITE 
Average power supply current Icc3 140 130 mA 3,4,30 
(RAS, CAS, Address Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST-PAGE-MODE 
Average power supply current Icc4 100 90 mA 3,4,30 
(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]) 

MT4C16260/1 
REV. 3/93 1-144 

Icc5 140 130 mA 3,30 

Icc6 140 130 mA 3 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT4C16260/1 
1-· ee"'CO,"MCW<'", 256K X 16 WIDE DRAM 

CAPACITANCE 
(Note: 2) 

PARAMETER 

Input Capacitance: AO-A9 

Input Capacitance: RAS, CAS, WEL, WEH, OE 

InpuVOutput Capacitance: DQ 

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) (O°C ~ TA ~ +70°C; 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 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 

MT4C16260/1 
REV. 3193 

-

SYM MIN 

tRC 130 
tRWC 175 
tpc 40 

tpRWC 95 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 70 
tRASP 70 
tRSH 20 
IRP 50 

tCAS 20 
tCSH 70 
tCPN 10 
tcp 10 

tRCD 20 
tCRP 10 -
tASR 0 
tRAH 10 
tRAD 15 

tASC 0 
tCAH 15 
tAR 55 

tRAl 35 

tRCS 0 
tRCH 0 

tRRH 0 

tClZ 3 

1-145 

-7 -8 
MAX MIN MAX UNITS NOTES --

150 ns 
.--r----~-

195 ns - .---
45 ns 

-- '--------
100 ns 

70 80 ns 14--

20 20 ns 15 -----
20 20 ns 

---
35 40 ns ___ r----- -
40 45 ns 

--- -
100,000 80 100,000 ns ... _----- ---
100,000 80 100,000 ns --f----- ----~-- ---

20 ns 

60 
--f----f-----

ns .. 
100,000 20 100,000 ns 

80 ns 

10 ns 16 
10 ns 

50 20 60 ns 17 
10 ns ---r-------
0 ns 

10 ns --
35 15 40 ns 18 

----
0 ns 

15 ns __ c----
60 ns 

40 ns 

0 ns 26 
0 ns 19.26 

--
0 ns 19 

3 ns 31 -- .---'----_._'----

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

MIC:RON MT4C16260/1 
1-· ceM"'",",W"" 256K X 16 WIDE DRAM 

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 
PARAMETER 
Output buffer turn-off delay 

Output disable time 

Write 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 (1,024 cycles) 

RAS to CAS precharge time 

CAS setup time 
(CSR REFRESH) 

CAS hold time 

(CSR REFRESH) 

MASKED WRITE command to RAS 
setup time 

WE hold time (MASKED WRITE) 

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

OE setup prior to RAS during 
HIDDEN REFRESH cycle 

Last CAS going low to first CAS 
returning high 

MT4C1626011 
REV.3/9a 

SYM MIN 
tOFF 3 
tOD 3 

twcs 0 

tWCH 10 

tWCR 55 

twp 10 
tRWL 20 
tCWL 20 
tDS 0 
tDH 15 

tDHR 55 

tRWD 95 
tAWD 60 

tCWD 45 
tT 3 

tREF 

tRPC 0 
tCSR 10 

tCHR 10 

tWRS 0 

twRH 15 
tOEH 20 

tORD 0 

tCLCH 10 

1-146 

-7 -8 
MAX MIN MAX UNITS NOTES 
15 3 15 ns 20,29,31 

15 3 15 ns 29,31 

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 7ns 

105 ns 21 

65 ns 21 

45 ns 21 

50 3 50 ns 9, 10 

16 16 ms 28 

0 ns 

10 ns 5 

10 ns 5 

0 ns 26,27 

15 ns 26 

20 ns 28 

0 ns 

10 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©199a, Micron Semiconductor, Inc. 



PRELIMINARY 

MICRON MT4C16260/1 
1-· "'"''''''''""''' 256K x 16 WIDE DRAM 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vcc = 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 ::; 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 I:JzAF refresh requirement is exceeded. 

8. AC characteristics assume tT = 5ns. 
9. VIH (MIN) and VlL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VlL 
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 = VlL, data output may contain data from the 

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

and 10OpF, VOL = 0.8V and VOH = 2.0V. 
14. Assumes that tRCD < tRCD (max). If IRCD 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). 
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 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, 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 lRAD (MAX) limit, access time is controlled 
exclusively by tAA. 

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. 

MT4C16260f1 
REV. 3193 

21. twcs, tRWD, 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 lRWD ;: tRWD (MIN), tA WD ;: 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 are met, the state of Q (at access time and 
until CAS goes back to VIH) 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 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 either WEL or WEH or 

both going LOW. 
27. MT4C16261 only. 
28. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have both laD and IOEH 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. If CAS goes HIGH prior to OE going back 
LOW, the DQs will remain open. 

29. The DQs open during READ cycles once taD 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. 

30. Column-address changed once while RAS = VIL and 
CAS=VIH. 

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

1-147 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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RAS 

ADDR 

PRELIMINARY 

READ CYCLE 
'Re 
'RAS 'RP 

V'H 
VIL _ \ 

tCSH 

'RSH ~ 
leRP tRCO ICAS 

I~~I ~~ 
~:~ V//;0i ROW ~}---LeO-LU-1MN--{'«I'77T7 / / /7777// / /7777// / /m, / / / /77Ti / / / /"" / //7n. / 11Ir---RO-W--
~ IRCS ~ 

~!g~ ::--------

'CAG 

~Ir 
------~~tV~AL~'D~DA~TAd~OPEN---

[~ [~'DD 

OE ~:~ --»;7T77W/;7771 /;771 jj;771/ /T771/;/7771 /;771 jj;771/ /;T771//7771/;77W771/ /T77W7771 /;771/ /;77mT77w/TTTWl PI /;1/// /;/// /;1//// /;//// /;1// /;I /;I///;I,ij 

EARLY-WRITE CYCLE 

tRAS 

RAs v," v" -
tCSH 

IRSH 

!~ tRCD ICAS 

CAs V'H v" =J 
'AR 

tRAD IRAL 

V'H v" 
I~ ~I ~ ~ 
~ ROW ~ COLUMN 

ICWL 

'RWL 

'weR 
'wes tWCH 

I~ tWRlt1 
-'W-P--

NOTEt KW"~ 
tDHR 

I~!~I r- ~I 
-'////////,01 NOTE 1 ~~ VALID DATA 

OE ~:~ 

'RP 

\ 

I 

ROW 

~ DON'T CARE 

B88! UNDEFINED 

NOTE: 1. Applies to MT4C16261 only; WEL, WEH and DO inputs on MT4C16260 are "don't care" at RAS time. 

MT4CI626011 
REV. 3/93 

WE selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, with WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a 
MASKED WRITE, with WE LOW at RAS time. 

1-148 Micron Semiconductor, fnc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT 4C16260/1 
1-· """0","0'0<'" 256K X 16 WIDE DRAM 

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

I--______ t'?"'t~:"--: -----~I 

1~ tRCD tCAS 

CAs ~:~ - , 1\ ~ 
----I tAR 1'-+ ~--------f 

tRAD I I 'RAL I 

FAST-PAGE-MODE READ CYCLE 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16261 only; WEL, WEH and DO inputs on MT4C16260 are "don't care" at RAS time. 

MT4C16260/1 
REV. 3/93 

WE selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, with WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a 
MASKED WRITE, with WE LOW at RAS time. 

1-149 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice 
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PRELIMINARY 

UIC:::I=ION MT4C16260/1 
1-· "o","oono"," 256Kx 16 WIDE DRAM 

FAST-PAGE-MODE EARLY-WRITE CYCLE 

Oe ~:~:!II!!! II II /1 II!II!! III I II!!!II /I II!II I I 1111111 I!!! II II / II II II!III I 11/ I II!II II II II II!II 1111 II III !ll!!111 II!II!III I!!!I a 

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

tRASP 

~ I __ -""'RC",-D __ f_-",'C",,AS __ II~ 'teAS 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. Applies to MT4C16261 only; WEL, WEH and DO inputs on MT4C16260 are "don't care" at RAS time. 

MT4C1626QI1 
AEV.3193 

WE selects between normal WRITE and MASKED WRITE at RAS time. The DO inputs are "don't care" for a 
normal WRITE, with WE HIGH at RAS time. The DO inputs provide the mask data at RAS time for a 
MASKED WRITE, with WE LOW at RAS time. 
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PRELIMINARY 

MIC:RON MT4C16260/1 
1-· "'''o"'ocw~" 256K X 16 WIDE DRAM 

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE· 
(Pseudo READ-MODiFY-WRiTE) 

tpc I_-,,,,,RS,,--" --I 
tcpp teAs 

ADDR ~I~: 
"I.1.LLU'-_-;------' 

'Res .1 

I 'wes II~ =77777777 

WE ~:t:: I I I I ~I~I _ 
~:t :1;1;1@';I;I$;lI$;I;I$;lI/;I;I;lI/I;I;l1 /$;1;1~ VALID DATA MJ;=0';/rrrt1j;TTTWTTT1!1;TTT.W7T7Wj/;T7T/;j77T~ 

~ l'OF!IT1 

L ..J NOTE 1 

Q ~gt -=----+-I.-OPEN--+I=. ==='A:A~~~'(lY'~ll~'!f:"o'Affi~~n-----OPEN-----
_ 'RAC 

DE ~:~ a 
~~------------------------

NOTE: 1. Do not drive data prior to High-Z; that is completion of tOFF. tcpp is equal to tOFF + tOS(MIN) + guardband 

MT4C1626011 
REV. 3193 

between data-out and driving new data-in. 

RAS-ONl Y REFRESH CYCLE 
(ADDR = AO-A9,OE; WEL and WEH = DON'T CARE) 

_ v," _-----,[1 11~1------J.\ RAS v" _ I}-________ --"~II '---__ _ 

tCRP '_I_~_ 
CAs ~lt ~~ \--.! 

1" tASA ! tRAH -[ 

ADDR ~:t =~---RO-W ----,W//j;lI$/;"//;j'I/#///$//II///I///#//#I#.r---Ro-w --

DO ~gt =;-..-----------OPEN-----------

1-151 

~ DON'T CARE 

Il88! UNDEFINED 

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

MICRON MT4C16260/1 
1-· ",''CO,,,,,,",, 256Kx 16 WIDE DRAM 

MT4C16260/1 
REV. 3193 

DO 

'RP 

-~ 

~ 

~~ 

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

tRAS . 'RP . . tRAS 

1 
tCHR tRPe tCSR ~ . 

'y 

-----------QPEN----------

WEL,WEH ~:t -111 !/II// / 1III!1//!1!//!I!/III!/I11!//!I///!I! //111!//!1!/!///I//////!1!/!/I/I111!//!I! !II1///1! 

~ 
:--' 

I~ 
}-------ADDR ~IH_-I: Il~~ 

HIDDEN REFRESH CYCLE 24 

( WEL, WEH = HIGH; OE=LOW) 

tRCD 

'AR 

(READ) 

tRAS 

~ 

p 
tRSH 

(REFRESH) 

tRAS 

tCHR 

.me. _. _II 'RALL 
lAse I~ tRAH 

y 

'ell ~bc - -'OFF 

VALID DATA ~OPEN-DO ~:gt =,----OPEN = 

DE ~:~ -W't,@t//t/t/t/I!t///$t///d~ I 

1-152 

~t//t/m 
~ DON'T CARE 

~ UNDEFINED 

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

Memory Access Part Access Typical Power Dissipation Package/Number of Pins 
Configuration Cycle Number Time (ns) Standby Active SOJ SOP TSOP ZIP Page 

256Kx4 FP MT42C4256 60,70,80 15mW 275mW 28 28 2-1 

128K x 8 FP MT42C8128 60,70,80 15mW 275mW 40 - 2-37 

256Kx 8 FP,DW MT42C8254 70,80 10mW 300mW 40 40/44 2-75 

256Kx 8 FP MT42C8255 70,80 10mW 300mW 40 40/44 - 2-107 

256K x 8 FP, EDO MT42C8256 60,70,80 10mW 300mW 40 - 40/44 - 2-139 

256K x 8 FP MT42C8257 60,70,80 10mW 300mW 40 - 40/44 - 2-181 

256K x 16 FP, EDO, DW MT 42C256K16A 1 60,70,80 TBD TBD 64 70 - 2-221 

256K x 16 FP,DW MT42C256K16C1 60,70,80 TBD TBD 64 70 - 2-265 

256K x 16 FP, DC MT 42C256K16C2 60,70,80 TBD TBD 64 70 - 2-267 

FP = FAST-PAGE-MODE, EDO = Extended Data-Out, DW = Dual WE, DC = Dual CAS 



VRAM 

FEATURES 
• Industry-standard pinout, timing and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±1O% power supply 
• Inputs and outputs are fully TIL compatible 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh within 16.7ms 
• Optional FAST-PAGE-MODE access cycles 
• Dual-port organization: 256K x 4 DRAM port 

512 x 4 SAM port 
• No refresh required for serial access memory 
• Low power: 15mW standby; 275mW active, typical 
• Fast access times: 70ns random, 22ns serial 

60ns random, 18ns serial* 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASKED WRITE 
• SPLIT READ TRANSFER 
• WRITE TRANSFER/SERIAL INPUT 
• ALTERNATE WRITE TRANSFER 
• BLOCK WRITE 

OPTIONS MARKING 
• Timing (DRAM, SAM [cycle/access]) 

60ns, 18ns/18ns -6* 
70ns, 22ns/22ns -7 
80ns, 25ns/25ns -8 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic ZIP (375 mil) Z 

• Part Number Example: MT42C4256DJ-7 
*60ns (-6) specifications are preliminary; consult factory for availability. 

GENERAL DESCRIPTION 
The MT42C4256 is a high-speed, dual-port CMOS 

dynamic random access memory or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed by a 
4-bit-wide DRAM port or by a 512 x 4-bit serial access 
memory (SAM) port. Data may be transferred bidirection
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is similar to the 
MT4C4256 (256K x 4 DRAM). Four 512-bit data registers 
make up the SAM portion of the VRAM. Data I/O and 
internal data transfer are accomplished using three sepa
rate bidirectional data paths; the 4-bit random access I/O 

MT42C4256 
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256Kx4 DRAM 
WITH512x4SAM. 

SC 
SD01 

SD02 
TRiCE 

D01 
D02 

MEIWE 

NC 

A8 

AS 
AS 
A4 

Vee 

PIN ASSIGNMENT (Top View) 

28-Pin SOJ 
(80B-1 ) 

1 28 b 
2 27 P 
3 26 P 
4 25 P 
5 24 P 
6 23p 
7 22 P 
8 21 P 
9 20 P 
10 19 P 
11 18 P 
12 17P 
13 16 P 
14 15 P 

Vss 
SOO4 
SD03 

SE 
004 
D03 
DSF 

CAS 
OSF 
AD 
A1 

A2 
A3 
A7 

28-Pin ZIP 
(80A-1) 

OSF 1 :, 
2 D03 

004 3 :, 
4 SE 

8003 5 :, 
6 SD04 

Vss 7 :, 
8 SC 

SD01 9 :, 

TRiCE 
10 SOO2 

11 :, 
12 001 

002 13 :, 
14 MEIWE 

NC 15 :, 
16 RAS 

AS 17 :, 
18 AS 

AS 19 :, 
20 A4 

Vee 21 :, 
22 A7 

A3 23 :, 
24 A2 

A1 25 :, 
26 AD 

OSF 27 :, 
28 CAS 

port, the four internal 512-bit-widepaths between the DRAM 
and the SAM, and the 4-bit serial I/ 0 port for the SAM. The 
rest of the circuitry consists of the control, timing and 
address decoding logic. 

Each port may be operated asynchronously and indepen
dently of the other except when data is being transferred 
internally. As with all DRAMs, the VRAM must be re
freshed to maintain data. Refresh cycles must be timed so 
that all 512 combinations of RAS addresses are executed at 
least every 16.7ms (regardless of sequence). Micron recom
mends evenly spaced refresh cycles for maximum data 
integrity. An internal transfer between the DRAM and the 
SAM counts as a refresh cycle. The SAM portion of the 
VRAM is fully static and does not require any refresh. 

The operation and control of the MT42C4256 are opti
mized for high-performance graphics and communication 
designs. The dual-port architecture is well suited to buffer
ing the sequential data used in raster graphics display, 
serial and parallel networking and data communications. 
Special features, such as SPLIT READ TRANSFER and 
BLOCK WRITE allow further enhancements to system 
performance. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL BLOCK DIAGRAM 

001 . 
DQ4 

• ....- RAS 

+- CAS 
+-- TRICE 
+- MEIWE 
+- DSF 
_se 

,.....- SE 

SDQl . 
SDQ4 

L-__________________________________________________ ~_. OSF 
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PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

1 

4 

7 

25 

22 

9 

21 

19,18,17, 
16,13,12, 
11, 15, 1O 

5,6,23,24 

2,3,26,27 

MT42C4256 
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20 

8 

14 

28 

ZIP PIN 
NUMBERS 

8 

11 

14 

4 

1 

16 

28 

26,25,24, 
23,20,19, 
18,22,17 

12,13,2,3 

9,10,5,6 

27 

15 

21 

7 

SYMBOL 

SC 

TRIOE 

MEIWE 

SE 

DSF 

RAS 

CAS 

AO-A8 

D01-D04 

SD01-SD04 

OSF 

NC 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input! 
Output 

Input! 
Output 

Output 

-

Supply 

Supply 

DESCRIPTION 

Serial Clock: Clock input to the serial address counter for the 
SAM registers. 

Transfer Enable: Enables an internal TRANSFER operation 
at RAS (H - L), or 
Output Enable: Enables the DRAM output buffers when 
taken LOW after RAS goes LOW (CAS must also be LOW); 
otherwise, the output buffers are in a High-Z state. 

Mask Enable: If MElWE is LOW at the falling edge of RAS 
a MASKED WRITE cycle is performed, or 
Write Enable: MEIWE is also used to select a READ 
(MElWE = H) or WRITE (MEIWE = L) cycle when accessing the 
DRAM. This includes a READ TRANSFER (MEIWE = H) or 
WRITE TRANSFER (MEIWE = L). 

Serial Port Enable: SE enables the serial 1/0 buffers and 
allows a serial READ or WRITE operation to occur; otherwise, 
the output buffers are in a High-Z state. SE is also 
used during a WRITE TRANSFER operation to indicate 
whether a WRITE TRANSFER or a SERIAL INPUT MODE 
ENABLE cycle is performed. 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE vs. PERSISTENT 
MASKED WRITE, etc.) are used on a particular access cycle. 

Row Address Strobe: RAS is used to clock-in the 9 row-
address bits and strobe the MEIWE, TRIOE, DSF, SE, 
CAS and DO inputs. It also acts as the master chip enable and 
must fall for initiation of any DRAM or TRANSFER cycle. 

Column Address Strobe: CAS is used to clock-in the 9 
column-address bits, enable the DRAM output buffers 
(along with TRlOE), and strobe the DSF input. 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 4-bit 
word out of the 256K available. During TRANSFER operations, 
AO to A8 indicate the DRAM row being accessed (when RAS 
goes LOW) and the SAM start address (when CAS goes LOW). 

DRAM Data 1/0: Data input!output for DRAM cycles; inputs for 
Mask Data Register and Color Register load cycles, and DO and 
Column Mask inputs for BLOCK WRITE. 

Serial Data 1/0: Input, output, or High-Z. 

Split SAM Status: OSF indicates which half of the SAM is being 
accessed: LOW if address is 0-255, HIGH if address is 256-511. 

No Connect: This pin should be left either unconnected or tied 
to ground. 

Power Supply: +5V ±1 0% 

Ground 

2-3 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL DESCRIPTION 
The MT42C4256 may be divided into three functional 

blocks (see Functional Block Diagram): the DRAM, the 
transfer circuitry, and the SAM. All of the operations de
scribed below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 

Note: For dual-function pins, the function not being 
discussed will be surrounded by parentheses. For 
example, the TR/OE pin will be shown as TR/(OE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 
Like any DRAM-based memory, the MT42C4256 VRAM 

must be refreshed to retain data. All 512 row-address com
binations must be accessed within 16.7ms. The MT42C4256 
supports CBR, RAS-ONL Y and HIDDEN types of refresh 
cycles. 

For the CBR REFRESH cycle, the row addresses are 
generated and stored in an internal address counter. The 
user need not supply any address data, but must simply 
perform 512 CBR cycles within the 16.7ms time period. 

The refresh address must be generated externally and 
applied to AO-AS inputs for RAS-ONL Y refresh cycles. The 
DQ pins remain in a High-Z state for both the RAS-ONL Y 
and CBR refresh cycles. 
~DDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CBR cycles but does not disturb the DQ 
lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42C4256 is fully static and does not require any 
refreshing. 

DRAM READ AND WRITE CYCLES 
The DRAM portion of the VRAM is similar to standard 

256K x 4 DRAMs. However, because several of the DRAM 
control pins are used for additional functions on this part, 
several conditions that were undefined or in "don't care" 
states for the DRAM are specified for the VRAM. These 
conditions are highlighted in the following discussion. In 
addition, the VRAM has several special functions that can 
be used when writing to the DRAM. 

MT42C4256 
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The IS address bits that are used to select a 4-bit word 
from the 262,144 available are latched into the chip using 
the AO-AS, RAS and CAS inputs. First, the 9 row-address 
bits are set up on the address inputs and clocked into the 
part when RAS transitions from HIGH-to-LOW. Next, the 
9 column address bits are set up on the address inputs and 
clocked-in when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 
VRAM. If RAS is inactive, HIGH, all other DRAM 
control pins (CAS, TR/OE,ME/WE, etc.) are "don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

For standard single-port DRAMs, the OE pin is a "don't 
care" when RAS goes LOW. However, for the VRAM, when 
RAS goes LOW, TR/ (OE) selects between DRAM access or 
TRANSFER cycles. TR/(OE) must be HIGH at the RAS 
HIGH-to-LOW transition for all DRAM operations (except 
CBR, where it is "don't care"). 

If (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQI-DQ4 port. The (TR) / 
OE input must transition from HIGH-to-LOW some time 
after RAS falls to enable the DRAM output port. 

For standard single-port DRAMs, WE is a "don't care" 
when RAS goes LOW. For the VRAM, ME/(WE) is used, 
when RAS goes LOW, to select between a MASKED WRITE 
cycle and a normal WRITE cycle. If ME/ (WE) is LOW at the 
RAS HIGH-to-LOW transition, a MASKED WRITE opera
tion is selected. For any DRAM access cycle (READ or 
WRITE), ME/(WE) must be HIGH at the RAS HIGH-to
LOW transition. If (ME) /WE is LOW before CAS goes 
LOW, a DRAM EARLY-WRITE operation is performed. If 
(ME) /WE goes LOW after CAS goes LOW, a DRAM LATE
WRITE operation is performed. Refer to the AC timing 
diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, 
READ-MODIFY-WRITE, FAST-PAGE-MODE READ, 
FAST-PAGE-MODE WRITE (Late or Early), and FAST
PAGE-MODE READ-MODIFY-WRITE. Refer to the AC 
timing parameters and diagrams in the data sheet for more 
details on these operations. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



NONPERSISTENT MASKED WRITE 
The MASKED WRITE feature eliminates the need for a 

READ-MODIFY-WRITE cyde when changing only specific 
bits within a 4-bit word. The MT42C4256 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME/(WE) and DSF are LOW at the RAS HIGH-to
LOW transition, a NONPERSISTENT MASKED WRITE is 
performed and the data (mask data) present on the DQ1-
DQ4 inputs will be written into the mask data register. The 
mask data acts as an individual write enable for each of the 
four DQ1-DQ4 pins. If a LOW (logic "0") is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 

allows normal WRITE operation to proceed. Note that CAS 
is still HIGH. When CAS goes LOW, the bits present on the 
DQ1-DQ4 inputs will be either written to the DRAM (if the 
mask data bit is HIGH) or ignored (if the mask data bit is 
LOW). The DRAM contents that correspond to masked 
input bits will not be changed during the WRITE cycle. The 
MASKED WRITE is nonpersistent (must be re-entered at 
every RAS cycle) if DSF is LOW when RAS goes LOW. The 
mask data register is cleared at the end of every NONPER
SISTENT MASKED WRITE. FAST PAGE MODE can be 
used with NONPERSISTENT MASKED WRITE to write 
several column locations in an addressed row. The same 
mask is used during the entire FAST-PAGE-MODE RAS 
cycle. An example NONPERSISTENT MASKED WRITE 
cycle is shown in Figure 1. 

1- NONPERSISTENT MASKED WRITE -1- NONPERSISTENT MASKED WRITE -I 

MT42C4256 
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RAS ~ / \'--____ ---'1 

CAS \ / \ 1 

MElWE \ /lllllh /II II I!I II!A !llIl!!lA &l!ll& 

DSF \ !llIl!!lA fIIlllll! !IA !llIl!!lA &l!ll& 
STORED MASK INPUT STORED STORED MASK STORED STORED 

DATA DATA DATA (RE-WRITE) DATA ; a x 

m ~ 
a x ; a ._----;>- 1 1 ._----;>-

a x a x 
·1 ._----;>- ._----;>-

BEFORE AFTER BEFORE AFTER 

ADDRESS a ~ .. ADDRESS 1 ~ 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 
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PERSISTENT MASKED WRITE 
The PERSISTENT MASKED WRITE feature eliminates 

the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME/(WE) 
and DSF HIGH when RAS goes LOW. The mask data is 
loaded into the internal register when CAS goes LOW. 

PERSISTENT MASKED WRITE cycles may then be per
formed by taking ME/(WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE cycle, the data 
present on the DQ inputs is not loaded into the mask 

register when RAS falls, and the mask data register will not 
be cleared at the end of the cycle. Any number of PERSIS
TENT MASKED WRITE cycles, to any address, may be 
performed without having to reload the mask data register. 
Figure 2 shows the LOAD MASK REGISTER and two 
PERSISTENT MASKED WRITE cycles in operation. The 
LOAD MASK REGISTER and PERSISTENT MASKED 
WRITE cycles allow controllers that cannot provide mask 
data to the DQ pins at RAS time to perform MASKED 
WRITE operations. PERSISTENT MASKED WRITE opera
tions may be performed during FAST PAGE MODE cycles 
and the same mask will apply to all addressed columns in 
the addressed row. 

1- LOAD MASK REGISTER -1- PERSISTENT MASKED WRITE -1-PERSISTENT MASKED WRITE -I 
RAS 

CAS 

MEIWE 

MT42C4256 
REV.51B3 

DSF 

~ ~--------' 

Figure 2 
PERSISTENT MASKED WRITE EXAMPLE 
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ROW 
(AD-AS al RAS) 

COLUMN MASK (AD,A1) 
ON THE DO INPUTS AT CAS 

MASK 
DATA 

REGISTER 

D01 

D02 

D03 

DQ4 

COLUMN 
(A2-AS al CAS) 

LOAD_ 
COLOR L-L....JL-..I---' 

REGISTER COLOR REGISTER 
(must be previously loaded) 

Figure 3 
BLOCK WRITE EXAMPLE 

BLOCK WRITE 
If DSF is HIGH when CAS goes LOW, the MT42C4256 

will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 3). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD 
COLOR REGISTER). Each DQ location of the color register 
is written to the four column locations (or any of the four 
that are enabled) in the corresponding DQ bit plane. 

The row is addressed as in a normal DRAM WRITE cycle. 

MT42C4256 
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However, when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs are then used 
to determine what combination of the four column loca
tions will be changed. DQl acts as a write enable for column 
location AO = 0, Al = 0; DQ2 controls column location 
AO= I,AI =0; DQ3controlsAO=0,AI = 1; and DQ4controis 
AO = 1, Al = 1. The write enable controls are active HIGH; 
the WRITE function is enabled by a logic 1 and disabled by 
a logic O. 
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NONPERSISTENT MASKED BLOCK WRITE 
The MASKED WRITE functions may be used during 

BLOCK WRITE cycles also. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NONPER
SISTENT MASKED WRITE, except that the mask is now 
applied to four column locations instead of just one. 

Like NONPERSISTENT MASKED WRITE, the combina
tion of ME/ (WE) LOW and DSFLOW when RAS goes LOW 
initiates a NONPERSISTENT MASKED cycle. The DSF pin 
must be driven HIGH when CAS goes LOW, to perform the 
NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes or column 
locations may be masked. 

PERSISTENT MASKED BLOCK WRITE 
This cycle is also performed exactly like the normal 

PERSISTENT MASKED WRITE except that DSF is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

LOAD MASK DATA REGISTER 
The LOAD MASK REGISTER operation and timing are 

identical to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combination ofTR/(OE), ME/(WE), and DSFbeing HIGH 
when RAS goes LOW indicates the cycle is a LOAD REGIS-

MT42C4256 
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TER cycle. DSF is used when CAS goes LOW to select the 
register to be loaded and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data register will not be changed unless NON
PERSISTENT MASKED WRITE or LOAD MASK 
REGISTER cycles are performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
four DQ planes. 

LOAD COLOR REGISTER 
A LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 

Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
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TRANSFER OPERATIONS 
TRANSFER operations are initiated when TR/ (OE) is 

LOW then RAS goes LOW. The state of (ME)/WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and AL
TERNA TE WRITE TRANSFER cycles. Each of the TRANS
FER cycles available is described below. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 
If (ME)/WE is HIGH and DSF is LOW when RAS goes 

LOW, a READ TRANSFER cycle is selected. The row ad
dress bits indicate the four 512-bit DRAM row planes to be 
transferred to the four SAM data register planes. The col
umn address bits indicate the start address (or Tap address) 
of the serial output cycle from the SAM data registers. 
CAS must fall for every TRANSFER in order to load a valid 
Tap address. A read transfer may be accomplished in two 

ways. If the transfer is to be synchronized with SC (REAL
TIME READ TRANSFER), TR/(OE) is taken HIGH after 
CAS goes LOW. If the transfer does not have to be synchro
nized withSC (READ TRANSFER), TR/(OE) may go HIGH 
before CAS goes LOW (refer to the AC Timing Diagrams). 
The 2,048 bits of DRAM data are written into the SAM data 
registers and the serial shift start address is stored in an 
internal9-bit register. QSF will be LOW if access is from the 
lower half (addresses 0 through 255), and HIGH if access is 
from the upper half (256 through 511). If SE is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the first SC clock pulse. SE enables the serial outputs 
and may be either HIGH or LOW during this operation. The 
SAM address pointer will increment with the SC LOW-to
HIGH transition, regardless of the state of SE. Performing a 
READ TRANSFER cycle sets the direction of the SAM I/O 
buffers to the output mode. 

I I 
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~~ ______ ~~~$$ffiW$$#g#/~~ ____ ~~== 
I I 
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I I I 

SDO 

Output ROWO I ROW 0 I Rowe I ROWO 

aSF 
-------, II fIf :lJf--------
----------~\--~~f-,----------~1~ 1 

(NORMAL) READ mANSFER 

FROM: ROWQ 
TO: FULL SAM, 
SAM liD IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(QSF GOES LOW) 

SPLIT READ TRANSFER 
(OPTIONAL) 

FROM: Rowa 
TO: UPPER SAM, 
TAP ADDRESS = 4 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 4 

SERIAL OUTPUT 
SWITCHES FROM 
lOWER SAM TO 
UPPER SAM (QSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM, 
TAP ADDRESS = 0 TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(QSF REMAINS HIGH) 

~ DON'T CARE 

~ UNDEFINED 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 

2-9 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1993, Micron Semiconductor, Inc. 

• < 
::D » s: 



II 
< 
::tJ » s: 

SPUT READ TRANSFER (SPUT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles, the REAL-TIME READ TRANSFER cycle has to 
occur immediately after the last bit of "old data" was 
clocked out of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data and 
need not be synchronized with the SC clock. 

The TR/(OE) timing is also relaxed for SPLIT 
TRANSFER cycles. The rising edge of TR/ (OE) is not used 
to complete the TRANSFER cycle and therefore is inde
pendent of the rising edges of RAS or CAS. The transfer 
timing is generated internally for SPLIT TRANSFER cycles. 
An SRT does not change the direction of the SAM port. 

A normal, non-split READ TRANSFER cycle must pre
cede any sequence of SRT cycles to set SAM I/O direction 
and provide a reference to which half of the SAM the access 
will begin. Then SRTs may be initiated by taking DSF 
HIGH when RAS goes LOW during the TRANSFER cycle. 
As in nonsplit transfers, the row address is used to specify 
the DRAM row to be transferred. The column address, AO
A7, is used to input the SAM Tap address. Address pin AS 
is a "don't care" when the Tap address is loaded at the 
HIGH-to-LOW transition of CAS. It is internally generated 
so that the SPLIT TRANSFER will be to the SAM half not 
currently being accessed. 

Figure 4 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is first performed, followed by 

LOWER HALF 

I NOSRT I 
0 TAP 255 

II II II 

1 
t I Start Split 

an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional and need be done only if 
the Tap for the upper half is", O. Serial access continues, and 
when the SAM address counter reaches 255 ("AS" = 0, AO
A7 = 1), the new Tap address is loaded for the next half(" AS" 
= I,AO-A7 = Tap) and theQSF output goes HIGH. Once the 
serial access has switched to the upper SAM, new data may 
be transferred to the lower SAM. The controller must wait 
for the state of QSF to change and then the new data may be 
transferred to the SAM half not being accessed. For 
example, the next step in Figure 4 would be to wait until 
QSF went LOW (indicating that row-I data is shifting out of 
the lower SAM) and then transfer the upper half of row 1 to 
the upper SAM. If the half boundary is reached before an 
SRT is done for the next half a Tap address of "a" will be 
used. Access will start at a if going to the lower half, or 256 
if going to the upper half. See Figure 5. 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 
The operation ofthe WRITE TRANSFER is identical to the 

READ TRANSFER described previously except (ME) /WE 
and SE must be LOW when RAS goes LOW. The row 
address indicates the DRAM row to which the SAM data 
registers will be written. The column address (Tap) indi
cates the starting address of the next SERIAL INPUT cycle 
for the SAM data registers. A WRITE TRANSFER changes 
the direction of the SAM 1/ a buffers to the input mode. QFS 
is LOW if access is to the lower half of the SAM, and HIGH 
if access is to the upper half. 

UPPER HALF 

I NOSRT I 
256 511 

II II 
t I 

Figure 5 

MT42C4256 
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SPLIT SAM TRANSFER 
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PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of the SAM port from output to input without 
performing a WRITE TRANSFER cycle. A PSEUDO WRITE 
TRANSFER cycle is a WRITE TRANSFER cycle with SE 
held HIGH instead of LOW. The DRAM data will not be 
disturbed and the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGH and (ME)/WE is LOW when RAS goes LOW, al
lowing SE to be a "don't care." This allows the outputs to be 
disabled using SE during a WRITE TRANSFER cycle. AL
TERNATE WRITE TRANSFER will change the SAM I/O 
direction to an input condition. 

SERIAL INPUT AND SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT

PUT are SC and SE. The rising edge of SC increments the 
serial address counter and provides access to the next SAM 
location. SE enables or disables the serial input/output 
buffers. 

Serial output bf the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPLIT READ TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the4-bit port. SE is used 
as an output enable during the SAM output operation. The 
serial address is automatically incremented with every SC 
LOW-to-HIGH transition, regardless of whether SE is 
HIGH or LOW. The address progresses through the SAM 

MT42C4256 
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and will wrap around (after count 255 or 511) to the Tap 
address of the next half for split modes. If an SRT was not 
performed before the half boundary is reached, the count 
will progress as illustrated in Figure 5. Address count will 
wrap around (after count 511) to Tap address 0 if in the 
"full" SAM modes. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the SAM address counter (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 4-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi
tion of SC, regardless of the logic level on the SE input. 

POWER-UP AND INITIALIZATION 
After Vcc is at specified operating conditions, for lOOlls 

minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. Micron recommends that 
RAS = (TR)/OE;:> VIH during power up to ensure that the 
DRAM I/O pins (DQs) are in a High-Z state. The DRAM 
array will contain random data. 

The SAM portion of the MT42C4256 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and the I/O pins (SDQs) will be 
High-Z, regardless of the state of SE. The mask and color 
register will contain random data after power-up. QSF 
initializes in the LOW state. 

Micron Semiconductor, Inc., reserves the right to change products or specifications Without notice. 
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TRUTH TABLE 

HAS FALLING EDGE mFALL AD-AS' 001-004' REGISTERS 

CODE FUNCTION CAS TRIO£" ME/WE OSF SE OSF HAS "CAS HAS ClIS,Wf3 MASK COLOR 
DRAM OPERATIONS 

CSR CSR REFRESH 0 X X X X X - X - X X X 

ROR RAS-ONL Y REFRESH 1 1 X X X - ROW - X - X X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 X 0 ROW COLUMN X VAllO X X 

RWNM NONPERSISTENT (LOAD AND USE) MASKED 1 1 0 0 X 0 ROW COLUMN WRITE VALID LOAD & X 
WRITE TO DRAM MASK DATA USE 

RWOM PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X 0 ROW COLUMN X VALID USE X 
WRITE TO DRAM DATA 

SW SLOCK WRITE TO DRAM (NO DATA MASK) 1 1 1 0 X 1 ROW COLUMN X COLUMN X USE 
(A2-AS) MASK 

BWNM NONPERSISTENT (LOAD & USE) MASKED 1 1 0 0 X 1 ROW COLUMN WRITE COLUMN LOAD & USE 
SLOCK WRITE TO DRAM MASK MASK USE 

BWOM PERSISTENT (USE MASK REGISTER) MASKED BLOCK 1 1 0 1 X 1 ROW COLUMN X COLUMN USE USE 
WRITE TO DRAM (A2-AS) MASK 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 X 0 ROW 4 X X WRITE LOAD X 
MASK 

LCR LOAD COLOR REGISTER 1 1 1 1 X 1 ROW 4 X X COLOR X LOAD 
DATA 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 1 0 X X ROW TAps X X X X 

SRT SPLIT READ TRANSFER (SPLIT DRAM·TO·SAM TRANSFER) 1 0 1 1 X X ROW TAps X X X X 

WT WRITE TRANSFER (SAM· TO·DRAM TRANSFER) 1 0 0 0 0 X ROW TAps X X X X 

PWT PSEUDO WAITE TRANSFER (SERIAL-INPUT-MODE ENABLE) 1 0 0 0 1 X ROW4 TApS X X X X 

AWT ALTERNATE WRITE TRANSFER 1 0 0 1 X X ROW TApS X X X X 
(SAM·TO·DRAM TRANSFER) 

NOTE: 1. These columns show what must be present on the AD-A8 inputs when RAS falls and when CAS falls. 

MT42C4256 
REV. 5/93 

2. These columns show what must be present on the DQ1-DQ4 inputs when RAS falls and when CAS falls. 
3. On WRITE cycles (except BLOCK WRITE and LOAD COLOR REGISTER), the input data is latched at the 

falling edge of CAS or MEfWE, whichever is later. Similarly, with READ cycles, the output data is activated at 
the falling edge of CAS or TRIOE, whichever is later. 

4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 
5. This is the SAM location that the first SC cycle will access. For split SAM transfers, the Tap will be the first 

address location accessed of the "new" SAM half after the boundary of the current half is reached (255 for 
the lower half, 511 forthe upper half). 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (ambient) ........... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C ~ TA ~ 70°C; Vcc = 5V ±10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV ~ VIN ~ Vcc); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(DO,SDO disabled, OV ~ VOUT ~ Vcc) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A8 

Input Capacitance: RAS, CAS, MElWE, TRIOE, SC, SE, DSF 

Input/Output Capacitance: DO, SDO 

Output Capacitance: OSF 

MT42C4256 
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'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 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 !lA 

loz -10 10 !lA 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

CI2 7 pF 2 

ClIo 9 pF 2 

Co 9 pF 2 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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MIC:RON MT42C4256 
1-· C" ,ce H 256K x 4 VRAM 

CURRENT DRAIN, SAM IN STANDBY 
(O°C S; TA S; 70°C; Vcc = 5V ±10%) MAX 

PARAMETER/CONDITION SYMBOL -6* -7 -8 UNITS NOTES 
OPERATING CURRENT Icct 105 95 85 rnA 3,4 
(RAS and CAS = Cycling: tRC = tRC [MIN]) 26 

OPERATING CURRENT: FAST-PAGE-MODE ICC2 95 85 75 rnA 3,4 
(RAS = VIL; CAS = Cycling: tpc = tpc [MIN]) 27 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current ICC3 8 8 8 rnA 4 
(RAS = CAS = VIH after 8 RAS cycles [MIN]; other inputs ~ VIH or S; VIL) 

REFRESH CURRENT: RAS-ONL Y ICC5 105 95 85 rnA 3,26 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: Icce 105 95 85 rnA 3,5 
CSR (RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER Icce 115 105 95 rnA 3 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(O°C s; T A S; 70°C; Vcc = 5V ±10%) MAX 

PARAMETER/CONDITION SYMBOL -6* -7 -8 UNITS NOTES 
OPERATING CURRENT Iccs 170 150 130 rnA 3,4, 
(RAS and CAS = Cycling: tRC = IRC [MIN]) 26 

OPERATING CURRENT: FAST-PAGE-MODE ICC10 160 140 120 rnA 3,4, 
(RAS = VIL; CAS = Cycling: tpc = tpc [MIN]) 27 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply ~tandby current Icctt 65 55 45 rnA 3,4 
(RAS = CAS = VIH after 8 RAS cycles [MIN]; other inputs ~ VIH or S; VIL) 

REFRESH CURRENT: RAS-ONL Y Icct2 170 150 130 rnA 3,4, 
(RAS = Cycling; CAS = VI H) 26 

REFRESH CURRENT: CBR ICCt3 170 150 130 rnA 3,4,5 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER Icct4 190 160 130 rnA 3,4 

'60ns (-6) speciflcalions are preliminary; consult factory for availability. 

MT42C4256 
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DRAM TIMING PARAMETERS 
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 

PARAMETER SYM MIN 
Random READ or WRITE cycle time 'RC 110 

READ-MODIFY-WRITE cycle time 'RWC 148 

FAST-PAGE-MODE READ or WRITE tpc 35 
cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE tpRWC 83 
cycle time 

Access time from RAS tRAC 

Access time from CAS 'CAC 

Access time from (TR)/OE toE 

Access time from column-address tAA 

Access time from CAS precharge 'CPA 

RAS pulse width tRAS 60 

RAS pulse width (FAST-PAGE-MODE) 'RASP 60 

RAS hold time tRSH 18 

RAS precharge time tRP 40 

CAS pulse width tCAS 18 

CAS hold time tcSH 60 
CAS precharge time tcp 10 

RAS to CAS delay time 'RCD 20 

CAS to RAS precharge time tcRP 10 

Row-address setup time 'ASR 0 

Row-address hold time 'RAH 10 

RAS to column- 'RAD 15 
address delay time 

Column-address setup time 'ASC 0 

Column-address hold time 'CAH 12 

Column-address hold time tAR 40 
(referenced to RAS) 
Column-address to tRAL 30 
RAS lead time 

Read command setup time 'RCS 0 

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

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

CAS to output in Low-Z tcLZ 3 

Output buffer 'OFF 3 
turn-off delay 

Output disable toD 3 

Output disable hold time from start of WRITE toEH 10 
OE LOW to RAS HIGH delay time 'ROH 0 

"60ns (-6) specifications are preliminary; consult factory for availability. 
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-6" -7 -8 
MAX MIN MAX MIN MAX UNITS NOTES 

130 150 ns 

170 190 ns 

40 45 ns 

90 95 ns 

60 70 80 ns 14 

18 20 25 ns 15 

15 20 20 ns 

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 25 ns 

50 60 ns 

100,000 20 100,000 25 100,000 ns 

70 80 ns 

10 10 ns 

42 20 50 20 55 ns 17 

10 10 ns 

0 0 ns 

10 10 ns 

30 15 35 15 40 ns 18 

0 0 ns 

15 15 ns 

45 55 ns 

35 40 ns 

0 0 ns 

0 .0 ns 19 

0 0 ns 19 

3 ,3 ns 

12 3 12 3 15 ns 20,23 

10 3 10 3 10 ns 20,23 

10 10 ns 25 

0 0 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, g, 10, 11, 12, 13) (O°C ~ TA ~ +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 

PARAMETER SYM MIN 

Write command setup time twcs 0 

Write command hold time twCH 12 

Write command hold time twCR 40 
(referenced to RAS) 

Write command pulse width twp 10 

Write command to RAS lead time tRWL 18 

Write command to CAS lead time tCWL 18 

Data-in setup time tDS 0 

Data-in hold time tDH 12 

Data-in hold time tDHR 40 
(referenced to RAS) 

RAS to WE delay time tRWD 80 

Column-address tAWD 50 
to WE delay time 

CAS to WE delay time tCWD 38 

Transition time (rise or fall) tT 

Refresh period (512 cycles) tREF 

RAS to CAS precharge time tRPC 0 

CAS setup time tCSR 10 
(CBR REFRESH) 

CAS hold time tCHR 10 
(CBR REFRESH) 

MEIWE to RAS setup time twSR 0 
MEIWE to RAS hold time tRWH 12 

Mask Data to RAS setup time tMS 0 

Mask Data to RAS hold time tMH 12 

*60ns (-6) specifications are preliminary; consult factory for availability. 
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-6' 
MAX 

35 

16.7 

-7 -8 

MIN MAX MIN MAX UNITS NOTES 

0 0 ns 21 

15 15 ns 

45 55 ns 

15 15 ns 

20 20 ns 

20 20 ns 

0 0 ns 22 

15 15 ns 22 

45 55 ns 

90 100 ns 21 

55 60 ns 21 

40 45 ns 21 

35 35 ns 9, 10 

16.7 16.7 ms 

0 0 ns 

10 10 ns 5 

10 10 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9, 10) (0° C:5 TA :5 + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -6" -7 
PARAMETER SYM MIN MAX MIN MAX 

TRI(OE) LOW to RAS setup time trLS 0 0 

TRI(OE) LOW to RAS hold time trLH 15 10,000 15 10,000 

TRI(OEj LOW to RAS hold time tRTH 65 10,000 65 10,000 
(REAL-TIME READ TRANSFER only) 

TRI(OE) LOW to CAS hold time tCTH 25 25 
(REAL-TIME READ TRANSFER only) 

TRI(OE) HIGH to SC lead time trSL 5 5 

TRI(OE) to RAS HIGH hold time trRD 15 15 

TRI(OE) HIGH to RAS precharge time trRP 40 50 

TRI(OE) precharQe time trRW 15 20 

First SC edge to TRI(OE) HIGH trSD 15 15 
delay time 

Serial output buffer turn-off tSDZ 7 40 7 40 
delay from RAS 

SC to RAS setup time tSRS 20 25 

Serial data input to SE delay time tSZE 0 0 

Serial data input delay from RAS tSDD 50 50 

Serial data input to RAS delay time tszs 0 0 

Serial-in put-mode enable tESR 0 0 
(SE) to RAS setup time 

Serial-in put-mode enable tREH 15 15 
(SE) to RAS hold time 

iR/(0E) HIGH to RAS setup time tyS 0 0 

TRI(OEj HIGH to RAS hold time tyH 12 15 

DSF to RAS setup time tFSR 0 0 

DSF to RAS hold time tRFH 12 15 

SC to OSF delay time tSOD 30 30 

SPLIT TRANSFER setup time tSTS 20 25 

SPLIT TRANSFER hold time tSTH 0 0 

RAS to OSF delay time tROD 70 75 

DSF to RAS hold time tFHR 40 45 

DSF to CAS setup time tFSC 0 0 

DSF to CAS hold time tCFH 12 15 

TRIOE to OSF delay time trOD 25 25 

CAS to OSF delay time tCOD 30 35 

RAS to first SC delay tRSD 70 80 

CAS to first SC delay tcSD 25 30 

*60ns (-6) specifications are preliminary; consult factory for availability. 

-8 
MIN MAX UNITS NOTES 

0 ns 

15 10,000 ns 

70 10,000 ns 

25 ns 

5 ns 

15 ns 

60 ns 

20 ns 

15 ns 

7 40 ns 

30 ns 

0 ns 

50 ns 

0 ns 

0 ns 

15 ns 

0 ns 

15 ns 

0 ns 

15 ns 

30 ns 

30 ns 

0 ns 

75 ns 

55 ns 

0 ns 

15 ns 

25 ns 

35 ns 

80 ns 

30 ns 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9,10) (0 0 C::; TA ::; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER SYM MIN 
Serial clock-cycle time tsc 18 

Access time from SC tSAC 

SC precharge time (SC LOW time) tsp 7 
SC pulse width (SC HIGH time) tSAS 7 
Access time from SE tSEA 

SE precharge time tSEP 7 
SE pulse width tSE 7 
Serial data-out hold time after tSOH 5 
SC high 

Serial output buffer turn-off tSEZ 3 
delay from SE 

Serial data-in setup time tSDS 0 

Serial data-in hold time tSDH 9 
Serial input (Write) Enable tsws 0 
setup time 

Serial input (Write) Enable tSWH 15 
hold time 

Serial input (Write) disable tSWIS 0 
setup time 

Serial input (Write) disable tSWIH 15 
hold time 

*60ns (-6) specifications are preliminary; consult factory for availability. 
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-6* 

MAX 

18 

12 

10 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
22 25 ns 

22 25 ns 24,28 

8 10 ns 

8 10 ns 

15 15 ns 24 

8 10 ns 

8 10 ns 

5 5 ns 24,28 

3 12 3 12 ns 20,24 

0 0 ns 

10 10 ns 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 
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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 I/O loading. Specified values are 

obtained with minimum cycle time and the I/Os 
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 (O°C ~ T A ~ 70°C) is assured. 

7. 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-up should be repeated any time the lREF 
refresh requirement is exceeded. 

B. AC characteristics assume IT = Sns. 
9. Vm (MIN) and VIL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between Vm and VIL (or between VIL 
and Vm). Input signals transition between OV and 3V 
for AC testing. 

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

11. If CAS = VIH, DRAM data output (DQ1-DQ4) is 
High-Z. 

12. If CAS = VIL, DRAM data output (DQ1-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to 2 TTL gates and 10OpF. Output reference 
levels: VOH = 2.0V; VOL = O.BV. 

14. Assumes that IRCD < 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. 

IS. Assumes that IRCD ;e: tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ 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 tRCD is greater than the 
specified tRCD (MAX) limit, then access time is 
controlled exclusively by tCAC. 

lB. Operation within the lRAD (MAX) limit ensures that 
IRCD (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. 

MT42C4256 
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19. Either IRCH or tRRH must be satisfied for a READ 
cycle. 

20. taD, taFF and tSEZ define the time when the output • 
achieves open circuit (VOH -20OmV, VOL +200mV). 
'This parameter is sampled and not 100 percent tested. 

21. twcs, IRWD, tAWD and tcWD are restrictive < 
operating parameters in LATE-WRITE, READ-WRITE ::D 
and READ-MODIFY -WRITE cycles only. If twcs ;e: ....... 
twcs (MIN), the cycle is an EARLY-WRITE cycle and ~ 
the data output will remain an open circuit through- :s: 
out the entire cycle, regardless of TR/ OE. If twcs ~ 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If IRWD ;e: IRWD 
(MIN), tAWD ;e: tA WD (MIN) and tCWD;e: 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 the 
output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if taD and taEH are met. See the LA TE-WRITE 
AC Timing diagram. 

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

23. During a READ cycle, if TR/ OE is LOW then take~ 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 3OpF. Output reference 
levels: VOH = 2.0V; VOL = O.BV. 

2S. taD and taEH must be met in LATE-WRITE and 
READ-MODIFY-WRITE cycles (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. The 
DQs will provide previously read data if CAS 
remains LOW and OE is taken LOW after taEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

26. Address (AO-AB) may be changed two times or less 
while RAS = VIL. 

27. Address (AO-AB) may be changed once or less while 
CAS = VIH and RAS = VIL. 

2B. tsAC is MAX at 70° C and 4.SV Vec; tSOH is MIN at 
O°C and S.SV Vcc. These limits will not occur 
simultaneously at any given voltage or temperature. 
tSOH = tSAC - output transition time; this is guaran
teed by design. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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DRAM READ CYCLE 

tRAS 'RP I 
I 
"1\ 

tCSH 

tRSH tRRH 

I I 
tCRP tReD tCAS 

- VIH 
CAS VIL--.-! ~ 'AR 

tAAD I I 'RAL I 
tASR tRAH ~II~I :w;l 1-ROW COLUMN ):(/////@'///&&!/~ ROW 

~ 
ADDR ~:~= 

tRCS tRCH 

MEIWE ~:t:W!I$!I!I!$)t/;W//!I!I$;) 1 'FHR I I II II ~$//!I/;II1$;1!1$1h 
'FSR II 'RFH I 'FSC I I 'CFHI 

OSF ~:~::I1$!I/ &1- -W$////;I/ ffd- -l!/;7T7W7TlW/;T77o//;7TTW/;Trr.o//;>7no//;'7"7>% !II / /II! $I 11 /;1/1 
I I tAA 
--,---~-I 

tRAG 

tCAG 'OFF 

DO ~:gt- II OPEN I l' VALlOOA,A OPEN--

~ ~ I. tOE.[ too 

TRIDE ~:t::l1/;1$$) ~$I!1/////;I///////////ff&l-- ;-----------

MT42C4256 
REV. 5193 2-20 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products Dr specifications without notice. 
©1993, Micron Semicoliuuctor, Inc. 



DRAM FAST-PAGE-MODE READ CYCLE 

tRASP 

RAS VIH-
VIL-

tCSH tpc 

ICAP IReD tCAS II 
CAS 

V1H-
VIL-

I~---:----I 
ADDR ~:~_ ROW 

II ~I 
MEIWE ~:~*,I$$IIIIIIIIIII/Il" I 

tFHR 

DO V'OH- VALID 
VIOL- II DATA DATA DATA 

tyS tYH tOE too tOE too tOE too 

TRiCE ~:~_.- -W//$/!III#/d-}~lllld-};;;;;I//J/IIA-I_#I#IIIIIIIIII,0 

OPEN -

~ DON'T CARE 

~ UNDEFINED 

~OTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST-PAGE-MODE. 

I1T42C4256 
~EV. 5/93 2-21 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES 

MSFalling Edge CASFalling Edge 

FUNCTION A B C D E2 

ME/WE DSF DO (Input) DSF DO (Input) 

Normal DRAM WRITE 1 0 X 0 DRAM Data 

NONPERSISTENT (Load and Use) 0 0 Write 0 DRAM 
MASKED WRITE to DRAM Mask Data (Masked) 

PERSISTENT (Use Register) 0 1 X 0 DRAM 
MASKED WRITE to DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Data Mask) 1 0 X 1 Column Mask3 

NONPERSISTENT (Load and Use) 0 0 Write 1 Column 
MASKED BLOCK WRITE to DRAM Mask Mask3 

PERSISTENT (Use Register) 0 1 X 1 Column 
MASKED BLOCK WRITE to DRAM Mask3 

Load Mask Register 1 1 X 0 Write Mask 

Load Color Register 1 1 X 1 Color Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D" and "E" for the WRITE cycle 

MT42C4256 
REV. 5193 

timing diagrams on the following pages. 
2. CAS or MEIWE, whichever occurs later (Except for BLOCK WRITE and LOAD COLOR REGISTER). 
3. WE = "don't care" BLOCK WRITE and LOAD COLOR REGISTER. The DQ column-mask data or color data 

will be latched at the falling edge of CAS, regardless of the state of MEIWE. 

2-22 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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DRAM EARL V-WRITE CVCLE 1 

tRAS 'AP I 
I 

tCSH 

I 

~ 
IRSH 

=0 
teRP tRCo teAs 

f 'AA t I tRAD I I 'AAL 
tASR tRAH ~I I~ I 

AOOA ~:~=~~_---,AO-;-W __ bzJ~_C-;-OLU--;-MN:----J~ffffffffffff/$ff///,0(~ __ AO_W __ 
I_---+I--+I---"'C=WL-__ II 

I I 'AWL 
'WCA I I 

twcs I I tWCH 

'WP 
I I 
NOTE 2 

'FSA II 'AFH 'FH~FSC I I 'CFH [ 

OSF ~:~=f$;//~--B-~;====:L,o--1::===W//;W'/j'/j'///j'j'##j'j';/W'j'lI!ff/$ffi 
'OHA I I 

~ ::lr='$@'j,1/,~r''''-c -"'"--~ '" I E I '"" ~#,0'/$/ff@,@,ff@,ffff/W'ff#,0','l,?, 
tyS II tYH 

TRiO. ~1~-1j'$!/#)- -Wj';//;//UW//$$//U$j'/////$U/j'$/$///;///$//;//#J1ffj'//$;W'!I; 
~ DON'T CARE 

~ UNDEFINED 

IOTE: 1. The logic states of "A", "B", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

T42C4256 
~V.5/93 

Cycle Function Table for a detailed description. 
2. For Block Write, ME/WE = "don't care." For all other EARL V-WRITE cycles, ME/WE = LOW. 

2-23 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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DRAM LATE-WRITE CYCLE 1 

tRAS tRP I 
II I 
tf 'Ii 

tCSH 

f~ 
IRSH 

=3' 
tCRP IRCD tCAS 

tAR 'I 
I tRAD I I tRAL 

tASR tRAH ~I I tCAH I 
ADDR ~:t~~---.-.--Row __ Q~---,---;-C_OLU_MN _---'kw/"//"/"/"$$///"//,?('--__ _ 

J 
t~:~L II 

tWSR 1RWH twp 

MEAVE ~:t=w////;/J-AII} ""' II -kb#/;//;/;//$$;/;/$/$///;/}I/;/$fflh 

tFSR tRFH tFSC I I tCFH II 

DSF ~:t:r@'/;/}IM-8-.- II Y/!!II!/!//$ $$;//////!J/#;/!I!;/;/J/!Ia 

II 
tDHR II 

tMS tMH tDS I EDHI 

DO ~:gt-@j/$~-c-6;/$!I!;/;/#~-~$/#//#/#/W/W/#///"/#//#/#/#/&: 
tyS II tYH 10DI ~H_ ' 

TRlCiE ~:t$!I!$/;)- -~!I!$/J//;)- ~;!/;/$$$;/$;!//$$;!/$$/& 
~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C" and "E" determine the type of WRITE operation performed. See the Write 

MT42C4256 
REV. 5193 

Cycle Function Table for a detailed description. 

2-24 Micron Semiconductor, Inc., reserves the right to change products or specifications without noticE 
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UU::I=ION MT42C4256 
1-· H U' " 256K x 4 VRAM 

tCRP 

AOOR ~:r: 

OS!' ~:~" 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tRWC 

tCSH 

tCAS 

~II~ 
n7Tn7r.~n7n7Tn7n~n+ri7n7n7~ 

COLUMN 

!tRWD ~I 

ROW 

-t=! !-·-~t~AW-D-'t-=C.:.oW::.O-----1 tRWL 

I II r-----

I 

tCAC 

DQ ~:gr:,----r-C:-i-------------itwiUo~~ r-I~--;~--- OPEN ----

_~~~SIIL~H~--~~~ )~_too ____ __ 
TRICE YyIH-I , 

IL-

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A~', "9", "C",and "E" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 

IAT42C4256 
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RAS 

CAS 

ADDR 

DSF 

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRASP 

VIH_ 
VIL-

tCSH IpC 

~ tcp tCAS 'CP tCAS 

VIH-
VIL-

V,H 
V,L 

_'_DS_I 

E E E 

'YS I 'YH 

~:t~- -4w/$/////Jj$///////////#/////#/$/////$////;W$$$//JJ////////////$/////$$$h 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST-PAGE-

MT42C4256 
REV.SI93 

MODE. 
2. The logic states of "A", "B", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 

2-26 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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RAS V,H-
V,L-

ICRP 

CAS V'H-
VIL-

ADDR 

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

tRASP 

ICSH IpRWC 

ICAS ICp 

_IWp 

ICWD 

DSF ~:~_ 

DQ ~:g~= t=ct=}-------1 
~II~ 

VALID 
D,N OPEN--

mOE ~:~-wJ \'-_____ -'-~ 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST·PAGE-MODE. Use 

MT42C4256 
REV. 5193 

the Write Function Table to determine the proper DSF state for the desired WRITE operation. 
2. The logic states of "A", "8" and "C" determine the type of WRITE operation performed. See the Write Cycle 

Function Table for a detailed description. 

2-27 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT42C4256 
1-· '''' 256K x 4 VRAM 

MT42C4256 
REV. 5193 

DRAM ~-ONLY REFRESH CYCLE 
(ADDR = AO-A8) 

MEAVE ~:~~ III! III! II!/! II I $111 I /II II!/!III ///!II I II II!I /II / 111/1 II!/! /II I!/! 11/ II II! III! I /II /II II //II II I /II I //I!I/// 11111& 
II 

DSF ~:~::i/ll II I ///111 //11111 !l///IIII!III //I II l1li/1 /III//! II II II!I!// //II ///II III II!! II I $!II II!/! II/I//!I $1IiI! //111M 

DQ ~ig~ ... _ ill OPEN OPEN---

~ tYH 

TRIo. ~:~ ="/1//11/1/11# -\W II!! /III/! / /III JI/II//! II! II $/11 III /II / /II/! IIII!/! /# 

DRAM CBR REFRESH CYCLE 

ADDR ~:~ !////////II/l!IIII////II////I/III//!II!///I/I/////III!II/II/IIII//II!II/I/II/////!/I//II///II//I/I//I!/////////h 

MEIWE ~:~:'!/!// II //II!II !II!//I!II II /////II!!II II I I I I I I I II /I II II III! /I II /III II!II I I I I I II II II 1/ II II/II!//I/ IIII!I/// 1//11 ~ 

DSF ~:~:J/////!I!//I //III //II!11!////! II /I /I /II/II /1&1///11////// 1111 II III!!//// /1/11/1 //II II /I !l//II///II$/ /1/111 ~ 

oa ~:g~-:----- OPEN -------OPEN ------

rRiOE ~:~!II////////II/////!II!II!///II/IIIIII////II1III1I1I1/II/!II!IIIIIII/l1I11I111I111I//1I!1////IIIIIIII////III/II//2 

2-28 

IZl1 DON'T CARE 

~ UNDEFINED 

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

CAS 

ADDR 

V'H 
V'L-

VIH-
VIL-

VIH
VIL-

DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 

'RAS 'RP 'RAS 

-,~" :~ '~-'CH-----------'" ~,,---}~ 'RCD 

'M iI'M' I II tRAD 

~II~ 
~mnmmnmm%mmnmmW!nmmnmmnm COLUMN 

Ii ~II II~ I ~:~:1u /#/;11 /#/#11/$1 $/;1 ;/'/J II 'o///;I!I/I /I!1/1 !I/III!IJ II $ / ///II 1/1 ///111 /;II / /;III ffi 
I_-i---'-'-"-'-I'FHR~ I 

'FSR 'RFH_1 II~II~I 
DSF ~:~=_--~ Pl!!;;1/$//$I$/;I!I/II///I;/'//;II/;III///I/I////I//////I///& 

I I tAA I 
'RAC I I 

I tCAC I 
--!OFF 

I 
DQ ~:g~=------,-,---- OPEN ------;---1 VALID DOUT 

~I~ I:: 1'------1' ---"OD
I 

OPEN-

- ~:r =J ~~ _____ 1,,---__________ ---,)-----
~ DON'T CARE 

~ UNDEFINED 

NOTE: A HIDDEN-REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 

MT42C4256 
REV. 5/93 

MElWE = LOW (when CAS goes LOW) and TR/OE = HIGH and the DO pins stay High-Z, In the TRANSFER 
case, TR/OE = LOW (when RAS goes LOW) and the DO pins stay High-Z during the refresh period, regardless 
ofTR/OE. 

2-29 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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RAs V,H 
VIL 

CAS V,H 
VIL 

ADDR ~:t 

READ TRANSFER 3 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL INPUT mode or SC idle) 

tRAS 'AP 

II 

- J1 
tCSH I 

tRSH I ~ 'RCD ICAS 

I - ~ / --------.I 
'AA 

tRAD I I tRAL I I I~ tASR ~I I~I I~I ~I-

:"//;?,{ AOW W//l( SAM START (TAP) 

~II~ I I 
MEIWE ~:t=WJ I Wu$$#$/$#$f#//;/U;/U;///#;/$/;/$U;/#;/;//;/$f$$';/;/$ff;/#U;/i/ 

'FSR tRFH I I 
DSF ~:t=wl-I - --Yt////!$$#//;//#I;///;/JI$/!I$/;/$#/JI$JI/;//$JlJI$;/$j//$/$//$/;/$/~ 

I'OFF II I I 
.. '0J<6-4----- J '= •• 

I I 
'TRP 

TRtCE ~:t=LLt..I..<~_-;.;-_,--____ --;--_----, _---"-'TR"'-W -,--I _I 

'se 

I~ I I I 'TOO -I _'s~ 
SE ~:~=_---,l=w/J"fw/;I.LL~I.LLWLLLW;;LLLw;;LLLw;;=w;;=w;;l.LLw/;I.LL1;/LLL!,;j,Lt.fmLLLw/;LLLw;;=w=!'//;l.LLwl.LL~LLLwLLLw;;LUwLLLd~1 ______ _ 

I 1 'ADO 'coo ~ ___ _ 

QSF ~gt- NOTE 2 , . NOTE 2 

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

ml DON'T CARE 

NOTE: 1. There must be no rising edges on the SC input during this time period. 128! UNDEFINED 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

MT42C4256 
AEV.S/93 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
3. If ITLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the ICSD and IRSD times must be 

met. If IRTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
ITSD must be met. 

2-30 Micron Semiconductor, Inc" reserves the right to change products or specifications Without notice. 
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REAL-TIME READ-TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tRAS IRP 

II r 
tCSH IL 

IRSH II tRCD tCAS 

II ~ / 
tAR 

II 
_ tRAD I I 1 tRAL 

IASR IRAH ~l -I __ leAH 

-1-. -
ADDR ~:~: wd ROW ~ SAM START t;$/;l/;l////;l/////;l;l///$//;l///;l;l;l/;l/;l/////;l/$$;l/$///~ 

~II~ I I I 
MEiNE ~:~:wJ I \J////#///;JJj////////j$$$/////;@//;l$///$$$//II!!///$$;l;l/ff////$/;!$;lffffi 

DSF ~:~:WdlT ~W//$;/II!!//~MIff#!$ij///$ff;JJj///~$$ff//;lff/////ffJffff$/$///$fl 
DO ~:gt __ -I--Ior OPEN OPEN _-'--1 ___ _ 

I~I I 
tCTH 'TRP 

~1 _____ ~'~m~H ______ II ____ 'T=RW~ ___ 1 

m~ VIH_ 
V,L - LLlL1L.LL.<"--___________ -1I 

se VIH
Vll-

QSF ~gt-

tSEA--

r~~SI~EP -

_tSEA tTOD 

NOTEiJ//~ 

NOTE 2 

NOTE: 1. The SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 

2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

NOTE 2 

VALID DOUT 

~ DON'T CARE 

~ UNDEFINED 

MT42C4256 
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SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

tRAS 

tCSH ~-
IRSH 

II IRCD teAs 

II 1 / 
IAR 

IRP I 

\ 

II 
I_IRAD I I I lRAL 

tASR lRAH ~l J _leAH 
-I -~oo :rcW?i - ;! _M_,,, ~///,w//,wff,w//ff/ff/ff/ff,wff///ff/ff///,w//////////,w,w,w/ffff 
~II~ I 

MEIWE ~:t-~ II V/$';////#;/$;/$;/////;/$;///;/;/#////$//$/#/////;1///;1;//;/$/$$$//$/#$J 
iFSR tRFH I 

DSF ~:tm~i - --Y;1$I/111;//;1/////!/#/////!//#/;//////// ;1/$';1;1/;1/$/;/;1/;1/;/#;1////// !II/;/;/#/ /;1/J 

00 ,~ ~j 00'" I ~" ___ _ 
'n- '= I,~ 

mOE ~:t::Rl- -~//////////;1////////;/////////////////////#////////////////////////////////////////////////////////,& 
~I I ISTH 

_ I_ISAC I-I SAC 

~ISOH - rlSOH 

: ::'--!Ic----_5
'_1 (25_

5
1 __ AI_256_+AI_~---J;~f-' ___ 253_

1
50_9

1 
_X_254_

1
51_0

1 
t-11_X_25_515_"I_X __ 256_+B_IBI_ 

-1._ 1- f----__ ISQD "1 __ 
OSF ~gt:===>(=_ ===========SA=MM~SB~;f-~ (N_OTE--'.'I _______ ---'X'-___ NE_WM_SB __ 

NOTE: 1. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. ~ DON'T CARE 

I88a UNDEFINED 

MT42C4256 
REV. 5/93 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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NOTE: 

MT42C4256 
REV. 5193 

WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tRAS IRP 

ICSH 

I 

,.d 
IRSH 

tRCD tCAS 1 7 

I 

\ 

==fl I tRAl I ~ I I 
!ASR 1 .-tRAH ~I I~ -1-

AODR ~:r:~ ROW bJ SAM START kXI////i////i////i$/i////i///$$//i/i/i//i///i//i#////$$/;'/ 

MEJWE ~:r:_~II~W/I//$//iJ////$I/i//$#/i////i///i/I//i///iff/i/i/////i$//##$U/I//////I//##/I;j 
L IRFH. I 

DSF ~:r:zI-l- --11//////1/1//1/1/1##/$/1/$/1///1/$$$;/'$$///1'/1//1//1//#/1/1$/11##/$$/#,/;% 
\'OFF II I 

DO VIOH- -! OPEN OPEN - __ 

VIOL - ITLS ITLH I leSD I 

TRiO. ~:r_- -:v///////////////////////////////////////////////////////////////////////////$/////////////////,4; 

~II I 
tSAS I --11 

Ise 

se ~:t: 

II 
NOTE 3 

I tSDD 

~ DDN'TCARE 

1. If SE is LOW, the SAM data will be transferred to the DRAM. 
Il88I UNDEFINED 

If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-IN PUT-MODE ENABLE cycle). 
2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

of SE. 
3. There must be no rising edges on the SC input during this time period. 
4. QSF = 0 when the Lower SAM (bits 0--255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256.,..511) is being .accessed. 

2-33 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 

'RC 

IRAS 'RP 

tCSH 

I tRSH 

tRCD tCAS I 
y/ } 'AR 

I tRAL IRAD I I I I-'RAH ~I I~I 

L 

ADDR ~:t-LlLZlt ROW ~ SAM START W//~t0 ~ 

'WSR II 'RWH I 

1#///dr=-' -~#//M'$#$#/#$$M'$##M#$##$####$$j;@#I#$$W####~ 
'RFH I ~t D8F ~:r= -lw###~$##$#$##/####t:W'$,@'#$#####$##$##//#/& 

se VIH_ V1L _ 

'Sp tSAS 

soo ~:gt VALID DIN 

SE ~:t=WWl_'ESR 1_,"," 1w///#//#/#$1i'/#$###/###/#//#J:~::=--NO-TE1----
I I leaD 

---'RQ-D~~--~:I~ __ __ 
QSF ~gr _ NOTE 3 X NOTE 3 

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

NOTE: 1. SE must be LOW to input new serial data, but the serial address ~ DONTCARE 

~ UNDEFINED 

MT42C4256 
REV. 5/93 

register is incremented by SC regardless of SE. 
2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 

2-34 Micron Semiconductor, Inc., reserves the nght to change products or specifications without notice. 
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IRCD 

ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

'Re 
tRAS 

tCSH 

I lASH 

tCAS 

'RP I 

\ 

- VIH 
CAS VIL-==fl "" d 1 / 

IIRAl I 'AAD I I 
tASR 1 --:;;:; lAse I I~ -1-~"~r~ ~ Q -,,- b'M',@'/'/#ff&'//$,@'~dJJW'.$JffJJd'&Xi 

'WSR II'RWH I 
ME!WE ~:~_-I ---~/,I//,I/,I #/,1/$# ijff$!;I/,I/,I/,I/,I$$/ ;$#/,I/!;///!;/ijl;J/,I//,I/,Iijll$$/ff,J'//I/,I/ ;J!;II#/L 

~II~ I 
DSF ~:r -_ I II ~/ 1/,1/ 1/,1 /,1/ I/!;/ $/$1/,1/ $ijij /,111/,1/ IM// /,I 1/,1 J;W// 1/,1 /,I!;I/,I /,1/ /,1/ /!;/ /,I//IM /,1/// $/4 

'OFF . I 
DO ~:g~_ -~ OPEN OPEN ---

~~ I 'eso I 
fRIO. ~:r=wd b/,l/I$$ff$#mJ!;II$$M/$/II/,Iu/,l/$&I/$/$#/,I/I/,I//,I/,Iij$I/$///,I///ff& 

~II I 'RSD 'se 
'MS I --I 

NOTE 2 

I tSOD 

ISOH tSDZ 

SDa ~:g~ _ VALID oa=--~ VALID 00UT ~ HIGH-Z 

I I 
ISWS 

I: ISWIS 

BE ~:r=W$I/,I/;Jlffla0W$;J;J$#/,Ilff/,l/I/,I/,I$/$ff/,l$/,@'lfffcl==~~-=--Na-TE ,----

I I leOD 

---'-Rao~~---=I~ __ __ 
QSF ~gt _ NOTE 3 X NOTE 3 
------------------~ 

NOTE: 1. SE must be LOW to input new serial data, but the serial address register 
~ DON'T CARE 

~ UNDEFINED 

MT42C4256 
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is incremented by SC regardless of SE. 
2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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SAM SERIAL INPUT 

BE V 1H -
VIL-

____________ ~~------~I~'-----'-S-W-H~---·Jt="l+I-'---'S-W-IH----
'SWS 

sc VIH-
VIL-

SDQ 
VIH-
VIL-

SE 
VIH-
VIL-

sc VIH-
VIL-

SDQ 
VOH-
VOL-
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'SAS 

A-l 

'SAS 

'sc 
l' 

A 

A+2 A+3 

SAM SERIAL OUTPUT 

'SEP 

.~ 

2-36 

'sc 

A+3 

~ DON'T CARE 

~ UNDEFINED 
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VRAM 

FEATURES 
• Industry-standard pinout, timing and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Low power: l5mW standby; 275mW active, typical 
• Inputs and outputs are fully TTL compatible 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 5l2-cycle refresh within 16.7ms 
• No refresh required for serial access memory 
• Optional FAST-PAGE-MODE access cycles 
• Dual-port organization: l28K x 8 DRAM port 

256 x 8 SAM port 
• Fast access times: 70ns random, 22ns serial 

60ns random, l8ns serial* 

SPECIAL FUNCTIONS 
• JEDEC Standard Function set 
• PERSISTENT MASKED WRITE 
• SPLIT READ TRANSFER 
• WRITE TRANSFER/SERIAL INPUT 
• ALTERNATE WRITE TRANSFER 
• BLOCK WRITE 

OPTIONS MARKING 
• Timing (DRAM, SAM [cycle / access]) 

60ns,18ns/18ns -6* 
70ns,22ns/22ns -7 
80ns,25ns/25ns -8 

• Packages 
Plastic SOJ (400 mil) DJ 

• Part Number Example: MT42C8128DJ-7 

*6Ons (-6) specifications are preliminary; consult factory for aVailability. 

GENERAL DESCRIPTION 
The MT42C8l28 is a high-speed, dual-port CMOS dy

namic random access memory or video RAM (VRAM) 
containing 1,048,576 bits. These bits may be accessed either 
by an 8-bit-wide DRAM port or by a 256 x 8-bit serial access 
memory (SAM) port. Data may be transferred bidirection
ally between the DRAM and the SAM. 

The DRAM portion of the VRAM is similar to the 

MT42C8128 
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128Kx8 DRAM 
WITH 256 X 8 SAM _ 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ 
(8D8-3) 

sc [ 1 40 b Vssl 
SDOl [2 39 P SD08 
SD02 3 38 P SD07 
SD03 [ 4 37 P SD06 

~~ [5 36 P SDOS 
TRIOE 6 35 PSE 

DOl [7 34 P D08 
D02 8 33 P D07 
D03 [ 9 32 P D06 
D04 [ 10 31 P DOS 
Veel 11 30 P Vss2 

MElWE [ 12 29 P DSF 
NC [ 13 28 P NC 

RAS 14 27 P CAS 
NC [ 15 26 P OSF 
A8 16 25 P AO 
A6 17 24 P Al 
A5 [ 18 23 P A2 
A4 19 22 P A3 

Vcc2 20 21 P A7 

MT4C4256 (256K x 4 DRAM). Eight 256-bit data registers 
make up the SAM portion of the VRAM. Data I/O and 
internal data transfer are accomplished using three sepa
rate bidirectional data paths: the 8-bit random access 
1/ 0 port, the eight internal 256-bit-wide paths between the 
DRAM and the SAM, and the 8-bit serial I/O port for the 
SAM. The rest of the circuitry consists of the control, timing 
and address decoding logic. 

Each port may be operated asynchronously and 
independently of the other except when data is being trans
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 
addresses are executed at least every 16.7ms (regardless of 
sequence). Micron recommends evenly spaced refresh cycles 
for maximum data integrity. An internal transfer between 
the DRAM and SAM counts as a refresh cycle. The SAM 
portion of the VRAM is fully static and requires no refresh. 

Micron Semiconductor, Inc., reserves the right to cha~ge products or specifications without notice. 
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The operation and control of the MT42C8128 are 
optimized for high-performance graphics and communica
tion designs. The dual-port architecture is well suited to 
buffering the sequential data used in raster graphics dis-

play, serial/ parallel networking and data communications. 
Special features such as SPLIT READ TRANSFER and 
BLOCK WRITE, allow further enhancements to 
system performance. 

FUNCTIONAL BLOCK DIAGRAM 

AO-A8 

MT42C8128 
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DQ8 

SDQ1 
I!1Imb~m!llt.. 

SDQ8 
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PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

1 

6 

12 

35 

29 

14 

27 

25,24,23, 
22,19,18, 
17,21,16 

MT42C8128 
REV. 5/93 

SYMBOL 

SC 

TRiOE 

MEIWE 

SE 

DSF 

RAS 

CAS 

AD-A8 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

DESCRIPTION 

Serial Clock: Clock input to the serial address counter for the SAM 
registers. 

Transfer Enable: Enables an internal TRANSFER operation at RAS 
(H-L),or 

Output Enable: Enables the DRAM output buffers when taken LOW 
after RAS goes LOW (CAS must also be LOW); otherwise, the 
output buffers are in a High-Z state. 

Mask Enable: If MEIWE is LOW at the falling edge of 
RAS, a MASKED WRITE cycle is performed, or 

Write Enable: MEIWE is also used to select a READ (MEIWE = H) 
or WRITE (MElWE = L) cycle when accessing the DRAM. This 
includes a READ TRANSFER (MEIWE = H) or WRITE TRANSFER 
(MEIWE = L). 

Serial Port Enable: SE enables the serial 1/0 buffers and allows a 
serial READ or WRITE operation to occur; otherwise, the output 
buffers are in a High-Z state. SE is also used during a WRITE 
TRANSFER operation to indicate whether a WRITE TRANSFER or 
a SERIAL INPUT MODE ENABLE cycle is performed. 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE vs. PERSISTENT 
MASKED WRITE, etc.) are used for a particular access cycle. 

Row Address Strobe: RAS is used to clock in the 9 row-address bits 
and strobe the MEIWE, TRIOE, DSF, SE, CAS and DQ inputs. It 
acts as master chip enable, and must fall to initiate any DRAM or 
TRANSFER cycle. 

Column Address Strobe: CAS is used to clock-in the 8 column-
address bits, enable the DRAM output buffers (along with TR/OE), 
and strobe the DSF input. 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 
8-bit word out of the 128K available. During TRANSFER operations, 
AD to A8 indicate the DRAM row being accessed (when RAS goes 
LOW) and AD-A7 indicate the SAM start address (when CAS goes 
LOW). A7, A8 = "don't care" for the start address when during SPLIT 
TRANSFER. 

2-39 Micron Semiconductor, Inc., reserves the nght to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 

• < 
lJ 
l> :s: 



• < 
:rJ » s: 

PIN DESCRIPTIONS (continued) 

SOJ PIN 
NUMBERS 

7,8,9,10, 
31,32, 
33,34 

2,3,4, 5, 36, 
37,38,39 

26 

15,28 

11,20 

30, 40 

MT42C8128 
REV. 5193 

SYMBOL TYPE 

D01-D08 Input! 
Output 

SOQ1-S0Q8 Input! 
Output 

OSF Output 

NC -

Vcc Supply 

Vss Supply 

DESCRIPTION 

DRAM Data 1/0: Data input!output for DRAM cycles; 
inputs for Mask Data Register and Color Register load 
cycles, and DO and Column Mask inputs for BLOCK WRITE. 

Serial Data 1/0: Input, output, or High-Z. 

Split SAM Status: OSF indicates which half of the SAM is being 
accessed. LOW if address is 0-127, HIGH if address is 128-255. 

No Connect: This pin should be either left unconnected or tied to 
ground. 

Power Supply: +5V ±1 0% 

Ground 

2-40 Micron Semiconductor, Inc., reserves the right to change products Of specifications without notice. 
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FUNCTIONAL DESCRIPTION 
The MT42C8128 may be divided into three functional 

blocks (see Functional Block Diagram): the DRAM, the 
transfer circuitry, and the SAM. All of the operations de
scribed below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 

Note: For dual-function pins, the function that is not being 
discussed will be surrounded by parentheses. For 
example, the TR/OE pin will be shown as TR/(OE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 
Like any DRAM-based memory, the MT42C8128 VRAM 

must be refreshed to retain data. All 512 row-address com
binations must be accessed within 16.7ms. The MT42C8128 
supports CBR, RAS-ONL Y and HIDDEN types of refresh 
cycles. 

For the CBR REFRESH cycle, the row addresses are 
generated and stored in an internal address counter. The 
user need not supply any address data, but must simply 
perform 512 CBR cycles within the 16.7ms time period. 

The refresh address must be generated externally and 
applied to AO-A8 inputs for RAS-ONLY REFRESH cycles. 
The DQ pins remain in a High-Z state for both the RAS
ONLY and CBR cycles. 
-...!!!DDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CBR cycles but does not disturb the DQ 
lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
portion of the MT42C8128 is fully static and does not 
require any refreshing. 

DRAM READ AND WRITE CYCLES 
The DRAM portion of the VRAM is similar to standard 

256K x 4 DRAMs. However, because several of the DRAM 
control pins are used for additional functions on this part, 
several conditions that were undefined or in "don't care" 
states for the DRAM are specified for the VRAM. These 
conditions are highlighted in the following discussion. In 
addition, the VRAM has several special functions that can 
be used when writing to the DRAM. 

MT42C8128 
AEV.5J93 2-41 

The 17 address bits used to select an 8-bit word from the 
131,072 available are latched into the chip using the AO-A8, 
RAS and CAS inputs. First, the 9 row-address bits are set up 
on the address inputs and clocked into the part when RAS 
transitions from HIGH-to-LOW. Next, the 8 column ad
dress bits are set up on the address inputs and clocked-in 
when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 
VRAM. If RAS is inactive, HIGH; all other DRAM 
control pins (CAS, TR/OE, ME/WE, etc.) are a 
"don't care" and may change state without effect. No 
DRAM or TRANSFER cycles will be initiated with
out RAS falling. 

For standard single-port DRAMS, the OE pin is a "don't 
care" when RAS goes LOW. For the VRAM, when RAS goes 
LOW, TR/(OE) selects between DRAM access or 
TRANSFERcycles. TR/(OE) must be HIGH at the RAS 
HIGH-to-LOW transition for all DRAM operations (except 
CBR, where it is "don't care"). 

If (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ8 port. To enable 
the DRAM output port, the (TR) fOE input must transition 
from HIGH-to-LOW some time after RAS falls. 

For standard single-port DRAMs, WE is a "don't care" 
when RAS goes LOW. For the VRAM, ME/(WE) is used, 
whenRAS goes LOW, to select between a MASKED WRITE 
cycle and a normal WRITE cycle. If ME / (WE) is LOW atthe 
RAS HIGH-to-LOW transition, a MASKED WRITE opera
tion is selected. For any DRAM access cycle (READ or 
WRITE), ME/(WE) must be HIGH at the RAS HIGH-to
LOW transition. If (ME) /WE is LOW before CAS goes 
LOW, a DRAM EARLY-WRITE operation is performed. If 
(ME) /WE goes LOW after CAS goes LOW, a DRAM LATE
WRITE operation is performed. Refer to the AC timing 
diagrams. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, FAST-PAGE-MODE READ, FAST
PAGE-MODE WRITE (Late or Early), and FAST-PAGE
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 

Micron Semiconductor, Inc., reserves the right to change products or specifications wtthout nOlice. 
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NONPERSISTENT MASKED WRITE 
The MASKED WRITE feature eliminates the need for a 

READ-MODIFY-WRITEcyclewhenchangingonlyspecific 
bits within an 8-bit word. The MT42C8128 supports two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME/(WE) and DSF are LOW at the RAS HIGH-to
LOW transition, a NONPERSISTENT MASKED WRITE is 
performed and the data (mask data) present on the DQl
DQ8 inputs will be written into the mask data register. The 
mask data acts as an individual write enable for each of the 
eight DQI-DQ8 pins. If a LOW (logic "0") is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
"1") on a mask data register bit enables the input port and 

allows normal WRITE operation to proceed. Note that CAS 
is still HIGH. When CAS goes LOW, the bits present on the 
DQI-DQ8 inputs will be either written to the DRAM (if the 
mask data bit is HIGH) or ignored (if the mask data bit is 
LOW). The DRAM contents that correspond to masked 
input bits will not be changed during the WRITE cycle. The 
MASKED WRITE is nonpersistent (must be re-entered at 
every RAS cycle) if DSF is LOW when RAS goes LOW. The 
mask data register is cleared at the end of every NONPER
SISTENT MASKED WRITE. FAST PAGE MODE can be 
used with NONPERSISTENT MASKED WRITE to write 
several column locations in an addressed row. The same 
mask is used during the entire FAST-PAGE-MODE RAS 
cycle. An example NONPERSISTENT MASKED WRITE 
cycle is shown in Figure 1. 

I- NONPERSISTENT MASKED WRITE --1."--- NONPERSISTENT MASKED WRITE ---I 

MT42C812B 
REV. 5193 

RAS ~ / \ ;-

CAS \ / \ ;-

MElWE \ Il!!l!A !11/1I//lllA f!ll&A £1///111h, 

DSF \ f!ll&A £//////11/£ Il!!l!A !/1I!////2 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 

0 X 1 0 0 X 0 

1 0 .-----;:. 0 0 1 1 .-----;:. 1 

0 0 X 0 0 0 X 0 

0 1 1 .-----;:. 1 0 .-----;:. 

0 0 X 0 0 0 X 0 

0 .-----;:. 0 0 1 0 .-----;:. 0 

1 0 X 1 0 0 X 0 

0 0 .-----;:. 0 0 0 .-----;:. 0 

.. ADDRESS 0 • .. ADDRESS 1 • 
X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 
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PERSISTENT MASKED WRITE 
The PERSISTENT MASKED WRITE feature eliminates 

the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME/ (WE) 
and DSF HIGH when RAS goes LOW. The mask data is 
loaded into the internal register when CAS goes LOW. 

PERSISTENT MASKED WRITE cycles may then be per
formed by taking ME/(WE) LOW and DSF HIGH when 
RAS goes LOW. The contents of the mask data register will 
then be used as the mask data for the DRAM inputs. Unlike 
the NONPERSISTENT MASKED WRITE cycle, the data 
present on the DQ inputs is not loaded into the mask 

register when RAS falls, and the mask data register will not 
be cleared at the end of the cycle. Any number of PERSIS
TENT MASKED WRITE cycles, to any address, may be 
performed without having to reload the mask data register. 
Figure 2 shows the LOAD MASK REGISTER and two 
PERSISTENT MASKED WRITE cycles in operation. The 
LOAD MASK REGISTER and PERSISTENT MASKED 
WRITE cycles allow controllers that cannot provide mask 
data to the DQ pins at RAS time to perform MASKED 
WRITE operations. PERSISTENT MASKED WRITE opera
tions can be performed during FAST PAGE MODE cycles 
and the same mask will apply to all addressed columns in 
the addressed row. 

1-LOAD MASK REGISTER -1-PERSISTENT MASKED WRITE --1-PERSISTENT MASKED WRITE --I 
RAS 

CAS 

MEIWE 

DSF 

MT42C8128 
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~ I ~ I \ r 
. 

\ I \ I \ I 

\ 

\ I \ I \ 

MASK STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA DATA 

0 X , X 0 

0 ._-» 0 1 ._--» 1 

0 0 
APPLY 

X 0 
APPLY 

X 0 

0 
MASK 

1 ._-» 
MASK 

1 ._--» 1 

0 
REG. 

X 0 
REG. 

X 0 

0 --» 0 0 0 ----» 0 

1 0 1 --» 0 1 ----» 
0 0 x 0 X 

(Stored in BEFORE AFTER BEFORE AFTER 

Mask Data ADDRESS 0 • • ADDRESS 1 
Register) 

X = NOT EFFECTIVE (DON'T CARE) 

Figure 2 
PERSISTENT MASKED WRITE EXAMPLE 
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MIC:I=ION MT42C8128 
1-· , , 128Kx8VRAM 

COLUMN MASK (AO..:61l 
ON THE INPUTS AT CAS 

OQl 

DQ2 

DQ3 

COWMlL 
(A2-A7 at CAS) 

004 o-Ly-++t=H\ 

001 
DQ2 

000 

01 

D2 

~:=J-_. 
RAS' OSF 

/' (oas) 
¥ . (0Q7) 

(006) 
(006) 

0Q6 

DQ7 

DQ8 ~~-+~~OOW~R~Rro~'S~TE~R~ 
REGISTER (must be previously loaded) 

Figure 3 
BLOCK WRITE EXAMPLE 

BLOCK WRITE 
If DSF is mGH when CAS goes LOW, the MT42C8128 

will perform a BLOCK WRITE cycle mstead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 3). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD 
COLOR REGISTER). Each DQ location of the color register 
is written to the four column locations (or any of the four 
that are enabled) in the corresponding DQ bit plane. 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A7 inputs are 
used. A2-A7 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs (DQ1, 2, 3, 
and 4) are then used to determine what combination of the 
four column locations will be changed. The table on this 

MT42C8121! 
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page illustrates how each of the DQ inputs is used to 
selectively enable or disable individual column locations 
within the block. The write enable controls are active HIGH; 
a logic "1" enables the WRITE function and a logic "0" 
disables the WRITE function. 

COLUMN ADDRESS CONTROLLED 
INPUTS AD A1 

DQ1 0 0 

DQ2 1 0 

DQ3 0 1 

DQ4 1 1 

Micron Semiconductor, Inc., reserves the right to change products or speclflCations without notice. 
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NONPERSISTENT MASKED BLOCK WRITE 
The MASKED WRITE functions may be used during 

BLOCK WRITE cycles also. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal 
NONPERSISTENT MASKED WRITE except the mask is 
now applied to four column locations instead of just one. 

Like NONPERSISTENT MASKED WRITE, the combina
tion of ME/(WE) LOW and DSF LOW when RAS goes 
LOW initiates a NONPERSISTENT MASK cycle. The DSF 
pin must be driven HIGH when CAS goes LOW, to perform 
a NONPERSISTENT MASKED BLOCK WRITE. Using the 
column mask input and MASKED WRITE function allows 
any combination of the eight bit planes or four column 
locations to be masked. 

PERSISTENT MASKED BLOCK WRITE 
This cycle is also performed exactly like the normal 

PERSISTENT MASKED WRITE except that DSF is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

LOAD MASK DATA REGISTER 
The LOAD MASK REGISTER operation and timing are 

identical to a normal WRITE cycle except that DSF is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combination of TR/ (OE), ME / (WE), and DSF being HIGH 
when RAS goes LOW indicates the cycle is a LOAD REGIS-

MT42C8128 
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TER cycle. DSF is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOADMASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRiTE cycle, the mask data 
register is disabled but not modified. The mask data 
register contents will not be changed unless NON
PERSISTENT MASKED WRITE or LOAD MASK 
REGISTER cycles are performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable writes to the 
eight DQ planes. 

LOAD COLOR REGISTER 
The LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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TRANSFER OPERATIONS 
TRANSFER operations are initiated when TR/(OE) is 

LOW then RAS goes LOW. The state of (ME)/WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER, SPLIT READ TRANSFER, and AL
TERNATE WRITE TRANSFER cycles. Each of the TRANS
FER cycles available is described below. 

READ TRANSFER (DRAM-TO-SAM TRANSFER) 
If (ME)/WE is HIGH and DSF is LOW when RAS goes 

LOW, a READ TRANSFER cycle is selected. The row ad
dress bits indicate the eight 256-bit DRAM row planes to be 
transferred to the eight SAM data register planes. The 
column address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom-

I 

RAs \ ~ 
I 

CAS \ • \ 

plished two ways. If the transfer is to be synchronized with 
SC (REAL-TIME READ TRANSFER), TR/(OE) is taken 
HIGH after CAS goes LOW. If the transfer does not have to 
be synchronized with SC (READ TRANSFER), TR/(OE) 
may go HIGH before CAS goes LOW (refer to the AC 
Timing Diagrams). The 2,048 bits of DRAM data are written 
into the SAM data registers and the serial shift start address 
is stored in an internal 8-bit register. QSF will be LOW if 
access is from the lower half (addresses 0 through 127), and 
HIGH if access is from the upper half (128 through 255). If 
SE is LOW, the first bits of the new row data will appear at 
the serial outputs with the first SC clock pulse. SE enables 
the serial outputs and may be either HIGH or LOW during 
this operation. The SAM address pointer will increment 
with the SC LOW-to-HIGH transition, regardless of the 
state of SE. Performing a READ TRANSFER cycle sets the 
direction of the SAM I/O buffers to the output mode. 

I I 

.1#$$//$/$#/#/0 /lllli, 
I I 

.'@,f$,f,ftW$,f~ \ Ill1/; 
I I I 
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(NORMAL) READ TRANSFER 

FROM: ROWa 
TO: FULL SAM 
SAM UO IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(QSF GOES LOW) 

SPLIT READ TRANSFER 
(OPTIONAL) 

FROM: ROWa 
TO: UPPER SAM, 
TAP ADDRESS = 4 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 4 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (OSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM. 
TAP ADDRESS = 0 TO 127 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(QSF REMAINS HIGH) 

~ DON'TeARE 

~ UNDEFINED 

TYPICAL SPLIT -READ-TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM 
TRANSFER) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles, the REAL-TIME READ TRANSFER cycle has to 
occur immediately after the last bit of "old data" was 
clocked out of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data, and 
need not be synchronized with the SC clock. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/(OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
rising edges ofRAS or CAS. The transfer timing is generated 
internally for SPLIT TRANSFER cycles. A SPLIT READ 
TRANSFER does not change the direction of the SAM port. 

A normal, non-split READ TRANSFER cycle must pre
cede any sequence of SRT cycles to provide a reference to 
which half of the SAM the access will begin, and to set SAM 
I/O direction. Then SPLIT READ TRANSFERS may be 
initiated by taking DSF HIGH when RAS. goes LOW 
during the TRANSFER cycle. As in nonsplit transfers, the 
row address is used to specify the DRAM row to be trans
ferred. The column address, AO-A6, is used to input the 
SAM Tap address. Address pinA7isa "don'tcare" when the 
Tap address is loaded at the HIGH-to-LOW transition of 
CAS. It is internally generated so that the SPLIT 
TRANSFER will be to the SAM half not currently being 
accessed. 

LOWER HALF 

~NOSRT_ 

0 TAP 127 

II II II 

Figure 4 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is first performed, followed by 
an SRT of the same row to the upper half of the SAM. The • 
SRT to the upper half is optional, it is only needed if the Tap 
for the upper half is '" O. Serial access continues, and when < 
the SAM address counter reaches 127 (" AT' = 0, AO-A6 = 1) 
the new Tap address is loaded for thenexthalf (" AT' = I,AO- lJ 
A6 = Tap) and the QSF output goes HIGH. Once the serial » 
access has switched to the upper SAM, new data may be , 
transferred to the lower SAM. The controller must wait for ::a 
the state of QSF to change and then the new data may be 
transferred to the SAM half not being accessed. For example, 
the next step in Figure 4 would be to wait until QSF went 
LOW (indicating that row-l data is shifting out of the lower 
SAM) and then transfer the upper half of row 1 to the upper 
SAM. If the half boundary is reached, before an SRT is done 
for the half, a Tap address of "0" will be used. Access will 
start at 0 if going to the lower half, and 128 if going to the 
upper half. See Figure 5. 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 
The operation of the WRITE TRANSFER is identical to 

that of the READ TRANSFER described previously except 
(ME) /WE and SE must be LOW when RAS goes LOW. The 
row address indicates the DRAM row to which the SAM 
data registers will be written. The column address (Tap) 
indicates the starting address of the next SERIAL INPUT 
cycle for the SAM data registers. A WRITE TRANSFER 
changes the direction of the SAM II a buffers to the input 
mode. QSF is LOW if access is to the lower half of the SAM, 
and HIGH if to access the upper half. 

UPPER HALF 

I NOSRT I 
128 255 

II II 

1 
t LJ I Start Split 

MT42C8128 
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Figure 5 
SPLIT SAM TRANSFER 
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PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE 
ENABLE) 

The PSEUDO WRITE TRANSFER cycle is used to change 
the direction of the SAM port from output to input without 
performing a WRITE TRANSFER cycle. A PSEUDO WRITE 
TRANSFER cycle is a WRITE TRANSFER cycle with SE held 
HIGH instead of LOW. The DRAM data will not be dis
turbed and the SAM will be ready to accept input data. 

ALTERNATE WRITE TRANSFER (SAM-TO-DRAM 
TRANSFER) 

The operation of the ALTERNATE WRITE TRANSFER is 
identical to the WRITE TRANSFER except that the DSF pin 
is HIGH and (ME)/WE is LOW when RAS goes LOW, 
allowing SE to be a "don't care." This allows the outputs to 
be disabled using SE during a WRITE TRANSFER cycle. 
ALTERNATE WRITE TRANSFER will change the SAM 
I/O direction to an input condition. 

SERIAL INPUT AND SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT

PUT are SC and SE. The rising edge of SC increments the 
serial address counter and provides access to the next SAM 
location. SE enables or disables the serial input/ output 
buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SRT cycle. The SC input increments the 
address counter and presents the contents of the next SAM 
location to the 8-bit port. SE is used as an output enable 
during the SAM output operation. The serial address is 
automatically incremented with every SC LOW-to-HIGH 
transition, regardless of whether SE is HIGH or LOW. The 

MT42C8128 
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address progresses through the SAM and will wrap around 
(after count 127 or 255) to the Tap address of the next half, 
for split modes. If an SRTwas not performed before the half 
boundary is reached, the count will progress as illustrated 
in Figure 5. Address count will wrap around (after count 
255) to Tap address 0 if in the "full" SAM modes. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the SAM address counter (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 8-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi
tion of SC, regardless of the logic level on the SE input. 

POWER-UP AND INITIALIZATION 
After V cc is at specified operating conditions, for lOOlls 

minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. Micron recommends that RAS 
= (TR)/OE :<: VIH during power up to ensure that the DRAM 
I/O pins (DQs) are in a High-Z state. The DRAM array will 
contain random data. 

The SAM portion of the MT42C8128 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the serial input mode 
(WRITE TRANSFER) and the I/O pins (SDQs) will be 
High- Z, regardless of the state of SE. The mask and color 
register will contain random data after power-up. QSF 
initializes in the LOW state. 

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

lIAS FALLING EOGE CAS FALL AO-A8' 001-008' REGISTERS 

COOE FUNCTION m mint [Mr/WE OSF SE OSF lIAS CAS,A8=X lIAS CAS,wt' MASK COLOR 
DRAM OPERATIONS 

CBR CBR REFRESH 0 X X X X X - X - X X X 

ROR AA&ONL Y REFRESH 1 1 X X X - ROW - X - X X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 X 0 ROW COLUMN X VALID X X 

RWNM NONPERSISTENT (LOAD AND USE) MASKED 1 1 0 0 x 0 ROW COLUMN WRITE VAllO LOAD & X 
WRITE TO DRAM MASK DATA USE 

RWOM PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X 0 ROW COLUMN X VALID USE X 
WRITE TO DRAM DATA 

BW BLOCK WRITE TO DRAM (NO DATA MASK) 1 1 1 0 X 1 ROW COLUMN X COLUMN X USE 
(A2·A7) MASK 

BWNM NONPERSISTENT (LOAD & USE) MASKED 1 1 0 0 X 1 ROW COLUMN WRrrE COLUMN LOAD & USE 
BLOCK WRITE TO DRAM MASK MASK USE 

BWOM PERSISTENT (USE MASK REGISTER) MASKED BLOCK 1 1 0 1 X 1 ROW COLUMN X COLUMN USE USE 
WRITE TO DRAM (A2·A7) MASK 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 X 0 ROW4 X X WRITE LOAD X 
MASK 

LCR LOAD COLOR REGISTER 1 1 1 1 X 1 ROw' X X COLOR X LOAD 
DATA 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM·TO-SAM TRANSFER) 1 0 1 0 X X ROW TApS X X X X 

SRT SPLIT READ TRANSFER (SPLIT DRAM·TO·SAM TRANSFER) 1 0 1 1 X X ROW TAP' x x x x 
WT WRITE TRANSFER (SAM·TO·DRAM TRANSFER) 1 0 0 0 0 X ROW TApS X X X X 

PWT PSEUDO WRITE TRANSFER (SERIAL·INPUT·MODE ENABLE) 1 0 0 0 1 X ROw' TAP' x x x X 

AWT ALTERNATE WRITE TRANSFER 1 0 0 1 X X ROW TAP' x x x X 
(SAM· TO·DRAM TRANSFER) 

NOTE: 1. These columns show what must be present on the AD-A8 inputs when RAS falls and AO-A7 when CAS falls. 

MT42C8128 
REV. 5/93 

2. These columns show what must be present on the DQ1-DQ8 inputs when RAS falls and when CAS falls. 
3. On WRITE cycles (except BLOCK WRITE and LOAD COLOR REGISTER), the input data is latched at the 

falling edge of CAS or MEIWE, whichever is later. Similarly, with READ cycles, the output data is activated at 
the falling edge of CAS or TRIOE, whichever is later. 

4. The ROW that is addressed will be refreshed, but no particular ROW address is required. 
5. This is the SAM location that the first SC cycle will access. For split SAM transfers, the Tap will be the first 

address location accessed of the "new" SAM half after the boundary of the current half is reached (127 for 
the lower half, 255 for the upper half). 
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MIC::RON MT42C8128 
1-· "'" 128Kx8VRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (ambient) ........... DOC to +7DoC 
Storage Temperature (plastic) .................... -55°C to + 15DOC 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... 5DmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C :> T A :> 70°C) 

PARAMETER/CONDITION 
Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C :> T A :> 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 
INPUT LEAKAGE CURRENT 
Any input (OV ::;; VIN :> Vcc); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(DO, SOO disabled, OV :> VOUT :> Vcc) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 
Input Capacitance: AO-AS 

Input Capacitance: RAS, CAS, MEIWE, TRlOE, SC, SE, OSF 

Input/Output Capacitance: DO, SOO 

Output Capacitance: OSF 

MT42C8128 
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*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 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 O.S V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 ~ 

loz -10 10 ~ 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 
CI1 5 pF 2 

CI2 7 pF 2 

Clio 9 pF 2 

Co 9 pF 2 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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CURRENT DRAIN, SAM IN STANDBY 
(O°C::; T A::; 70°C; Vcc = 5V ±10%) MAX 

PARAMETER/CONDITION SYMBOL -6* -7 -8 UNITS NOTES 

OPERATING CURRENT Icct 105 95 85 rnA 3,4 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 26 

OPERATING CURRENT: FAST-PAGE-MODE Icc2 95 85 75 rnA 3,4 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIN]) 27 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current Icc3 8 8 8 rnA 4 
(RAS = CAS = VIH after 8 RAS cycles [MIN]; other inputs ~ VIH or::; VIL) 

REFRESH CURRENT: RAS-ONL Y Icc5 105 95 85 rnA 3,26 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: Icc6 105 95 85 rnA 3,5 
CBR (RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER Icca 115 105 95 rnA 3 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(O°C::; TA ::; 70°C; Vcc = 5V ±10%) MAX 

PARAMETER/CONDITION SYMBOL -6* -7 -8 UNITS NOTES 
OPERATING CURRENT Iccg 170 150 130 rnA 3,4, 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 26 

OPERATING CURRENT: FAST-PAGE-MODE Iccto 160 140 120 rnA 3,4, 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIN]) 27 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current Icctt 65 55 45 rnA 3,4 
(RAS = CAS = VIH after 8 RAS cycles [MIN]; other inputs ~ VIH or::; VIL) 

REFRESH CURRENT: RAS-ONL Y Icct2 170 150 130 rnA 3,4, 
(RAS = Cycling; CAS = VIH) 26 

REFRESH CURRENT: CBR Icct3 170 150 130 rnA 3,4,5 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER Icct4 190 160 130 rnA 3,4 

*60ns (-6) specifications are preliminary; consult factory for availability. 
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REV. 5/93 2-51 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 

©1993, Micron Semiconductor, Inc. 

• < 
:D 
l> 
3l: 



II 
< 
:Jl 
l> s: 

DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (oOe ~ TA ~ +70oe; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER SYM MIN 
Random READ or WRITE cycle time 'RC 110 
READ-MODIFY-WRITE cycle time 'RWC 148 
FAST-PAGE-MODE READ or WRITE 'PC 35 
cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE 'PRWC 83 
cycle time 

Access time from RAS 'RAC 

Access time from CAS 'CAC 
Access time from (TR)/OE tOE 

Access time from column-address 'AA 

Access time from CAS precharge 'CPA 

RAS pulse width 'RAS SO 

RAS pulse width (FAST-PAGE-MODE) 'RASP SO 

RAS hold time 'RSH 18 
RAS precharge time 'RP 40 
CAS pulse width 'CAS 18 
CAS hold time 'CSH SO 

CAS precharge time 'CP 10 
RAS to CAS delay time 'RCD 20 
CAS to RAS precharge time 'CRP 10 
Row-address setup time 'ASR 0 
Row-address hold time 'RAH 10 
RAS to column- 'RAD 15 
address delay time 

Column-address setup time 'ASC 0 
Column-address hold time 'CAH 12 
Column-address hold time 'AR 40 
(referenced to RAS) 
Column-address to 'RAl 30 
RAS lead time 

Read command setup time 'RCS 0 
Read command hold time 'RCH 0 
(referenced to CAS) 

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

CAS to output in low-Z 'ClZ 3 
Output buffer 'OFF 3 
turn-off delay 

Output disable 'OD 3 
Output disable hold time from start of WRITE 'OEH 10 
OE LOW to RAS HIGH delay time 'ROH 0 

'SOns (-S) specifications are preliminary; consult factory for availability. 

MT42C8128 
REV. 5/93 2-52 

-6" -7 -8 
MAX MIN MAX MIN MAX UNITS NOTES 

130 150 ns 

170 190 ns 

40 45 ns 

90 95 ns 

SO 70 80 ns 14 
18 20 25 ns 15 
15 20 20 ns 

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 SO ns 

100,000 20 100,000 20 100,000 ns 

70 80 ns 

10 10 ns 

42 20 50 20 55 ns 17 
10 10 ns 

0 0 ns 

10 10 ns 

30 15 35 15 40 ns 18 

0 0 ns 

15 15 ns 

45 55 ns 

35 40 ns 

0 0 ns 

0 0 ns 19 

0 0 ns 19 

3 3 ns 

12 3 12 3 15 ns 20,23 

10 3 10 3 10 ns 20,23 
10 10 ns 25 
0 0 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notICe. 
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DRAM TIMING PARAMETERS (continued) 
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 
PARAMETER SYM MIN 
Write command setup time ¥YCS 0 

Write command hold time tWCH 12 

Write command hold time tWCR 40 
(referenced to RAS) 

Write command pulse width twp 10 

Write command to RAS lead time tRWL 18 

Write command to CAS lead time tCWL 18 

Data-in setup time tDS 0 

Data-in hold time tDH 12 

Data-in hold time tDHR 40 
(referenced to RAS) 

RAS to WE delay time tRWD 80 

Column-address tAWD 50 
to WE delay time 

CAS to WE delay time tCWD 38 

Transition time (rise or fall) tT 

Refresh period (512 cycles) tREF 

RAS to CAS precharge time tRPC 0 

CAS setup time tCSR 10 
(CBR REFRESH) 

CAS hold time tCHR 10 
(CBR REFRESH) 

MEIWE to RAS setup time tWSR 0 

MEIWE to RAS hold time tRWH 12 

Mask Data to RAS setup time tMS 0 

Mask Data to RAS hold time tMH 12 

*60ns (-6) specifications are preliminary; consult factory for availability. 
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-6' 
MAX 

35 

16.7 

-7 ·8 
MIN MAX MIN MAX UNITS NOTES 
0 0 ns 21 

15 15 ns 

45 55 ns 

15 15 ns 

20 20 ns 

20 20 ns 

0 0 ns 22 

15 15 ns 22 

45 55 ns 

90 100 ns 21 

55 60 ns 21 

40 45 ns 21 

35 35 ns 9,10 

16.7 16.7 ms 

0 0 ns 

10 10 ns 5 

10 10 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9,10) (0° C:S; TA:S; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -6' -7 

PARAMETER SYM MIN MAX MIN MAX 

TRI(OE) LOW to RAS setup time lTLS 0 0 

TRI(OJ:) LOW to RAS hold time tTLH 15 10,000 15 10,000 

TRI(OE) LOW to RAS hold time tRTH 65 10,000 65 10,000 
(REAL-TIME READ TRANSFER only) 

TR/(OE) LOW to CAS hold time tCTH 25 25 
(REAL-TIME READ TRANSFER only) 

TR/(OE) HIGH to SC lead time lTSL 5 5 

TRI(OE) to RAS HIGH hold time tTRD 15 15 

TR/(OE) HIGH to RAS precharge time tTRP 40 50 

TR/(OE) precharge time lTRW 15 20 

First SC edge to TR/(OE) HIGH lTSD 15 15 
delay time 

Serial output buffer turn-off tSDZ 7 40 7 40 
delay from RAS 

SC to RAS setup time tSRS 20 25 

Serial data input to SE delay time tSZE 0 0 

Serial data input delay from RAS tSDD 50 50 

Serial data input to RAS delay time tszs 0 0 

Serial-input-mode enable tESR 0 0 
(SE) to RAS setup time 

Serial-input-mode enable tREH 15 15 
(SE) to RAS hold time 

TR/(OE) HIGH to RAS setup time tyS 0 0 

TR/(OE) HIGH to RAS hold time tYH 12 15 

DSF to RAS setup time tFSR 0 0 

DSF to RAS hold time tRFH 12 15 

SC to OSF delay time tSOD 30 30 

SPLIT TRANSFER setup time tSTS 20 25 

SPLIT TRANSFER hold time tSTH 0 0 

RAS to OSF delay time tROD 70 75 

DSF to RAS hold time tFHR 40 45 

DSF to CAS setup time tFSC 0 0 

DSF to CAS hold time tCFH 12 15 

TRIOE to OSF delay time tTOD 25 25 

CAS to OSF delay time tCOD 30 35 

RAS to first SC delay tRSD 70 80 

CAS to first SC delay tCSD 25 30 

'60ns (-6) specifications are preliminary; consult factory for availability_ 

-8 
MIN MAX UNITS NOTES 

0 ns 

15 10,000 ns 

70 10,000 ns 

25 ns 

5 ns 

15 ns 

60 ns 

20 ns 

15 ns 

7 40 ns 

30 ns 

0 ns 

50 ns 

0 ns 

0 ns 

15 ns 
! 

0 ns 

15 ns 

0 ns 

15 ns 

30 ns 

30 ns 

0 ns 

75 ns 

55 ns 

0 ns 

15 ns 

25 ns 

35 ns 

80 ns 

30 ns 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (00 C ::;; T A::;; + 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER SYM MIN 
Serial clock-cycle time tsc 18 

Access time from SC tSAC 

SC precharge time (SC LOW time) tsp 7 
SC pulse width (SC HIGH time) tSAS 7 
Access time from SE tSEA 

SE precharge time tSEP 7 
"ffi: pulse width tSE 7 
Serial data-out hold time after tSOH 5 
SC high 

Serial output buffer turn-off tSEZ 3 
delay from SE 

Serial data-in setup lime tSDS 0 

Serial data-in hold time tSDH 9 
Serial input (Write) Enable tsws 0 
setup time 

Serial input (Write) Enable tSWH 15 
hold time 

Serial input (Write) disable tSWIS 0 
setup time 

Serial input (Write) disable tSWIH 15 
hold time 

'60ns (-6) specifications are preliminary; consult factory for availability. 
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-6' 
MAX 

18 

12 

10 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
22 25 ns 

22 25 ns 24,28 

8 10 ns 

8 10 ns 

15 15 ns 24 

8 10 ns 

8 10 ns 

5 5 ns 24,28 

3 12 3 12 ns 20,24 

0 0 ns 

10 10 ns 

0 0 ns 

15 15 ns 

0 0 ns 

15 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. Iec is dependent on cycle rates. 
4. Iec is dependent on I/O loading. Specified values are 

obtained with minimum cycle time and the I/Os 
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 :os; T A :os; 70°C) is assured. 

7. An initial pause of 100J.ls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 16.7ms 
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). Input signals transition between OV and 3V 
for AC testing. 

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, DRAM data output (DQ1-DQ8) is 
High-Z. 

12. If CAS = VIL, DRAM data output (DQ1-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to 2 TTL gates and 50pF. Output reference levels: 
VOH = 2.0V; VOL = 0.8V. 

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 that IRCD :?: tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ 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 tRAD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if lRAD is greater than the 
specified tRAD (MAX) limit, then access time is 
controlled exclUSively by tAA. 

MT42C8128 
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19. Either tRCH or tRRH must be satisfied for a READ 
cycle. 

20. tOD, toFF and tSEZ define the time when the output 
achieves open circuit (VOH -200mV, VOL +200mV). 
This parameter is sampled and not 100% tested. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE, READ-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 through
out the entire cycle, regardless of TR/OE. If twCS:OS; 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
write to avoid data contention. If IRWD :?: 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 the 
output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if tOD and tOEH are met. See the LA TE-WRITE 
AC Timing diagram. 

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

23. During a READ cycle, if TR/ OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 3OpF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

25. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have 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 previously read data if CAS 
remains LOW and OE is taken LOW after toEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

26. Address (AO-A8) may be changed two times or less 
while RAS = VIL. 

27. Address (AO-A8) may be changed once or less while 
CAS = VIH and RAS = VIL. 

28. tSAC is MAX at 70° C and 4.5V Vcc; tSOH is MIN at 
O°C and 5.5V Vcc. These limits will not occur 
simultaneously at any given voltage or temperature 
tSOH = tSAC - output transition time, this is guaran
teed by design. 

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

'RAS 'RP ,I 
I 

'CSH 

'RSH tRRH 

I I 
'CRP 'RCD teAs 

.~ ~ 'AR 

tRAD I I 'RAL I 
'ASR 'RAH ~I I~ I -ROW COLUMN WjjjjjjlllllllllljjjjjjjjjJA ROW ADDR ~:~= 

'RCS 'RCH 

""" :r=V#/#/#//'##/~$//#/##J I ,~" I I II ~$/',//#//#///$a: 
'FSR II 'RFH I 'FSC I I 'CFHI 

DSF ~:~::l!lllff/!d- -W/!I/!/!fflml- -WII/!I/!//IIII!//I/I/;0. I//I//III/ff/!//Ili 

DO ~:g~-

MT42C8128 
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~II~ 

I 

OPEN 

I 'AA 
'RAC 1 

I 

I 

2-57 

'CAC tOFF -
'ROH 

'OE 

VALID DATA 

r 'OD 

OPEN 

~ DON'TeARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
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III 
< 
::D 
l> 
S 

DRAM FAST-PAGE-MODE READ CYCLE 

RAS VIH-
VIL-

tCSH tpc tRSH 

tCRP tRCD ICp ICp teAs tcp 

II 

CAS 
VIH-

I 
VIL-

I 
ADDR 

I-I~ 
MElWi' 

tRCH 

DSF VIH 
VIL 

tRAC 

I~ tOFF tOFF _tOFF 

DQ VIOH- VALID VALID VALID 
VIOL - II DATA DATA DATA 

OPEN -

tyS tYH tOE too tOE too tOE too 

mOE ~:t-~- -iwlllllllllllll&1- }$$//I//I!d- ;';;;;;IIIIIII;j-}SIIIIIIIIIIIIIIIIh; 

~ DON'T CARE 

~ UNDEFINED 

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST PAGE MODE. 
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WRITE CYCLE FUNCTION TABLE 1 

lOGIC STATES 

"RM"Falling Edge "CMFalling Edge 

FUNCTION A B C D E2 
ME7WE DSF DO (Input) DSF DO (Input) 

Normal DRAM WRITE (or READ) 1 0 X 0 DRAM Data 

NONPERSISTENT (Load and Use) 0 0 Write 0 DRAM 
MASKED WRITE to DRAM Mask Data (Masked) 

PERSISTENT (Use Register) 0 1 X 0 DRAM 
MASKED WRITE to DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Data Mask) 1 0 X 1 Column Mask3 

NONPERSISTENT (Load and Use) 0 0 Write 1 Column 
MASKED BLOCK WRITE to DRAM Mask Mask3 

PERSISTENT (Use Register) 0 1 X 1 Column 
MASKED BLOCK WRITE to DRAM Mask3 

Load Mask Register 1 1 X 0 Write Mask 

Load Color Register 1 1 X 1 Color Data 

NOTE: 1. Refer to tois function table to deten:nine the logic states of "A", "B", "C", "D" and "E" for the WRITE cycle 

MT42C8128 
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timing diagrams on the following pages. 
2. CAS or MElWE, whichever occurs later (except for BLOCK WRITE and LOAD COLOR REGISTER). 
3. WE = "don't care" for BLOCK WRITE and LOAD COLOR REGISTER. The DQ column-mask data or color 

9ata will be latched at the falling edge of CAS, regardless of the, state of MElWE. 

2·59 Micron Semiconductor, Inc" reserves the right 10 change products or specifications without notice. 
@19'93, Micron Semiconductor,lnc:. 

• < 
:xl 
l> s: 



II 
< 
:tJ 
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DRAM EARLY-WRITE CYCLE 1 

tRAS tRP I 
I 
\ 

tCSH 

t 
I 

~ 
tRSH 

-J 
teRP tRCO teAs 

f tAR 

I tRAD I I tRAL 

tASR tRAH ~I I~ I 
COLUMN 

I I tCWL 

I I tRWL 

tWCR I I 
lWCS 

I twpi 

tWCH 

I I 
ME'IWE V'H- A 

v IL -'-LLL.J..LLLLI.LI "-_,-;--------P NOTE 2 

tFSR II tRFH tFH~FSC I I tCFHI 

DSF ~:~=7M;1;1M--B~~====LD~::::::::::::::;WMj;I;1$//$#///$;J/;J;1$#;1M$ffi 
tDHR I I 

00 :::r-W##/,d-"'-c -"'tL..~ ,~ I E I'~ b/$/#/###$/#/$/$/,w#/7##&! 
tyS II tYH 

TR/OE ~:~!/$/$//)-- -~$J/I@##/;J;1;1##///;1j;1j;1$#/$$/#/$##//////;1;1;J//;1m;J/& 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "B", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 

MT42C8128 
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Cycle Function Table for a detailed description. 
2. For BLOCK WRITE, ME/WE = "don't care." For all other EARL V-WRITE cycles, ME/WE = LOW. 
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=J 
'CAP 

tRAD 

'ASA tRAH 

DRAM LATE-WRITE CYCLE 

'RAS 

'CSH 

'AA f~ 
IRSH 

tACO tCAS 

I I I tRAL 

~I I teAH 

'RP 

~ 
I 

I 
I 

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C" and "E" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 
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RAS 
VIH-
VIL-

CAS 
VIH-
VIL-

ADDR ~:t: 

DRAM READ-WRITE CYCLE 
(READ-MODiFY-WRiTE CYCLE) 

tCSH 

tCAS 

tRAD tRAL ~ tAR 

tASR 1-'--:-tR-A-H':":";::~-~I--:---t--+I-tC-A-H-+----''::'':::'''------+1 

nT.ryn~nT.ryn~nT.ryn+.rinT.ryn~ 
COLUMN ROW 

I tRWD 

I tAA 

tRAC I 
I tCAC 

I~ tMH _I I~ t DH _1 
c ;t VALID DOUT E f-

OPEN---

TR/OE ~:r_TTTTT7_-nlr--11 --d-\'-----_-_-_-i--"--------')----
~~ ~ ~I 

~ DON'TeARE 

~ UNDEFINED 

NOTE: The logic states of "A", "B", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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ADDR ~:t 

DSF 

DO V10H-
VIOL 

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRASP 

tpc 'RSH 

E E 

tyS I tYH 

~:~-~- -~;/;/#;/;/m$$$#m;/M$$m//;/$#;/;/$;/##/;/;////$;/$/j';/$$$ff~ 
fZ:il DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in 

MT42C8128 
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FAST-PAGE-MODE. 
2. The logic states of "A", "8", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
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AAS VIH-
VIL-

'CAP 

CAS 
VIH-
VIL-

ADDR 

DSF 

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

tRASP 

'CSH 'PAWC 'ASH 

_twp 

'CWD 

DQ ~:g~= OPEN--

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST-PAGE-MODE. Use 

MT42C8128 
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the Write Function Table to determine the proper DSF state for the desired WRITE operation. 
2. The logic states of "A", "B" and "C" determine the type of WRITE operation performed. See the Write Cycle 

Function Table for a detailed description. 
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DRAM RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A8) 

IRC 

: ::---+-d _ICRP -----H------~II___=____=__=_IRAS _=_-=-~--+IRPC L=:J_
IRP 

---r--t'-----_ -_ 
IASR IRAH 

ADDR ~:t_~------;RO,----W _---'~mlllll#II#M'§I$II#§I$I###I#IIIM<,----R-ow--
II 

DSF ~:t!#IIM'$I$;IM'I#$I#I$#I$;III@jJI;0'#I$##I$$I#III$I$;II$II$I$I#/$11$1$#/& 

DO ~:g~- II OPEN-------OPEN-----

lyS II IYH 

TR/DE ~:t="&$J$)- -~$m/;lM'I@jJI/;I#I/$I$#I;/I#IM';/#II#J 

CBR REFRESH CYCLE 

ADDR ~:t4$1$///;I/;IIIIIIIIIII!!I!!!II!!III!!!!II!/III/;I/lIII!//II/lII/III!I!$////j/I!//I$II!!!/j/IIIIIIII/I;/////, 

ME/WE ~:t _'I/Ijj /IIII!II! I!! /II II!!! II!!! /III /II $//!$ III 111111/111 I!!! I!!!I /1/ I!!! //!I!! I!I! 11/1 /1/ /III/ml!! /;I I I!! I a 
DSF ~:t=ij I /;I /II I!I! ////j/I!!!I 1111 II /II II I 1I!liIl!li /II IiII //$I!! $///jj iii $/$//11 I!!! IiII $$11//1111 II /II I ffi 

DQ ~:gt -----OPEN -------OPEN-----

TR/DE ~:t ill! $1;/ II III/;IIII!II!/l II /III //II!! 1//111 111111 /III /III I//!II!I/Il 1//11/1 II /1/ /11//1 !II! II !lll!1!I!!1 /;I1//!11i 

2-65 

~ DON'TeARE 

~ UNDEFINED 
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ADDR 

MEIWE 

VIH
VIL-

DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 

~II~ 
~~~~~~~~~~~~~~~~~ 

COLUMN 

Ii II~II Illmlli- I ~:~:1/#//#$#////###/$//;JJ II ~$//$#//#/$//$/###/###$/$$///;/ 
1_-;-:..:.::.:-1 tFHR -'-'----,------ I 

tFSR tRFH~1 II~II~I 
DSF ~:~=_- - PlllWlA &///##/#///$/$#//#/##/////##111/11//1/////##//4 

I I tAA I 
tRAC I I 

1 tCAC I 
~OFF 

I 
DQ ~:g~=.-----'-'----OPEN---------:-~ VALID DOUT 

--",--I~ I:: r'--------J ---'ltOD 

OPEN-

'~~:r J ~~ ___ j,----_____ ---,. ---
~ DON'T CARE 

888l UNDEFINED 

NOTE: A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 

MT42C8128 
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MEIWE = LOW (when CAS goes LOW) and TRIOE = HIGH and the DO pins stay High-Z. In the TRANSFER 
case, TRIOE = LOW (when RAS goes LOW) and the DO pins stay High-Z during the refresh period, regardless 
ofTR/OE. 
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READ TRANSFER 3 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL INPUT mode or SC idle) 

lRAS IRP 

II 

,It 
tCSH 1 

tRSH I ~ tRCD lCAS 

I -----./ 1\ / 
IAR 

~ I I tRAL I I IASR ~ ~I I~ -1-
ADDR ~:~~ ROW bl SAM START (TAP) k///I///I/I/I////I//I//I///I/I/$$//////////////$$///$ 

~II~ I - I 
MEiWE ~:~~ I VII!! I!!/ I!/ 1/ I! I! I!///! //////II!! I!I III! I!I!!I!/ I! ///! I!!I!! I!! IIII!/I//! I!! I!! I!! I!! I!!III! 1// I /h 

tPSR tRFH ~ I I 
DSF ~:~=wl-I - --W $ III! I!! II! I!! II! II! //II!! $I!! //II! 1/ I! 1!!/!111// I!! $ 1/ III! I//! I! ///! I!/ II!!/ I!! !///I//11!/12 

~~dL- J ,~ - I 

I 
tTRP 

IRTH Ise 

se ~:r: 

I!Zl DON'T CARE 

~OTE: 1. There must be no rising edges on the SC input during this time period. ~ UNDEFINED 

tT42C8128 
EV_5193 

2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
QSF = 1 when .the Upper SAM (bits 128-255) is being accessed. 

3. If'TLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the tCSD and tRSD times must be 
met. If tRTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
'TSD must be met. 
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----f 

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tRAS 'RP 

!1 
ICSH II 

IRSH 

II tRCD teAs 

II } / 
'AR 

II 
l_tRAD I I I tRAL 

'ASR ~ ~I -I __ leAH -1-
'DDR ~:t: ~ ROW ~ SAM START ~/I//I///I/I/I//I$/I//I//$///////$//I////I////a'/I///I/I//I $/// 

~II~ I I I 
MEmE ~:t:_1 %-$)i/&///////$iW/I)i)i//Mff$$$$$//$;/)i/$$$$//#//$$$$#$;Z 
~~ I I I 

DSF ~:t:!Wl I W)i)i)i/$;/$U;/&/)i/$#/$f/;////$)i$/$$$/#MffiW$/;/$$$$$$i/ 

DO ~:gt_~1 'III ~ O~ ---:--1 -
I 'TRD I 

tCTH --;:;:-1 
~ ____ .....:'R:.;.:.TH'-----_____ I __ .....:'T""RW'-----__ I 

TR!OE VIH-
vIL-LLLLLLLL"'-----___________ ---'[1 

ISEA-

II"S~~S'~EP -

_I SEA tTOO 

kl NOTEii//A 

aSF ~gt- NOTE 2 

NOTE: 1. The SE pulse is shown to illustrate the SERIAL OUTPUT 
ENABLE and DISABLE timing. It is not required. 

2. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 

NOTE 2 

VALID DOUT 

~ DON'T CARE 

1888 UNDEFINED 
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SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

tCSH 

~I __ ~'R=CD _____ I ______ '=CAS~ __ ~I 

- VIH---+--++-------+---.. 
CAS Vll- tAR '--+-------------;-CL-----' 

DSF ~:r~-i - --W/#$/$$$//I///#II/###////$//I/////#//II#///I//////////$#//##//////I////////h 

DO ~:gr- ~!'-++------------OPEN ____ '---I _____ OPEN ---

'TLS I 'TLH 

TAtGE ~:r~- -~/IIIIIII/III//IIIIIIIIIIIIIIII#/I#IIIIIIIIIIIIII#IIII11111111111111111111111;/;/;/1111111111111/;;/ 
~I I 'STH 

-- 1_ tSAC 

_I II 'SOH 
soa ~tOH-==X-255-(12-7) - ~~ 125(253) X 126(254) X 127(255) X 128+B(B) 

• ;~ II ~-~ "'f---------+I-------
-I ,~ I 1--""---1. 

OSF ~gr=~ -------------SA-MM--jSB;~f-(N-OTE-,)--------X====NE=WM=SB=== 

NOTE: 1. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

~ DON'T CARE 

~ UNDEFINED 

MT42C8128 
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QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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NOTE: 
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- V1H_ 
RAS VH.-

- V1H-
CAS V1L-

WRITE TRANSFER and PSEUDO WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tRAS 'RP 

tCSH 

I 

,J~ 
IRSH 

'RCD tCAS 1 7 

I 

\ 

==fl IIRAL I 'RAD I I 

tASR 1 ~ 'Ase I I~ -1- --
ADDR ~:~=~ ROW l:J SAM START ~/uu//UUUU!t1u/UU!t1//!t1!t1///;J////;J/;Ju///!t1U//;J;J,0 

MEIWE ~:~_FII~k'JII//j';J//$lj'//j'////I//Ij'///$$///j'/;Jj'$/j$j'//////$N//$j'/$;J///j'/~ 
L 'RFH I 

DSF ~:~=_~I- --Wj'//j'!I/I/$j'j'///$;J/j'/$j'/////$/;J/j'//j$j'j'/////j'///j'$////$/;J$;J/$/U;) 

I'OFF II I 
DO V'OH- -~ OPEN OPEN __ _ 

V'OL- 'TLS 'TLH I 'eSD I 

TAR,. ~:~_- -kljj////////////////////$/////////////////j'/////$//////////////,1'////#1///////////////////,1; 

~II I 
~ I 

'se 

IlsDO II 
NOTE 3 

'SOH 'soz I 

SOD ~:g~= VALlDDO:-~ VALID DOUT ~H'GHz~~~WJ7&~~~WJ~~~~~ 
II I 'SWS 

Be ~:~= ~j';J/III/;J//j';Jj'//j'///j'j'/$/$//$j'/J-'-sw-'s ---NO-TE2----

I 1-----:---'RQD--='eQD--~~_ 
aSF ~g~: NOTE 4 NOTE 4 

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

~ DON'TeARE 

1, If SE is LOW, the SAM data will be transferred to the DRAM, 
II88l UNDEFINED 

If SE is HIGH, the SAM data will not be transferred to the DRAM (SERIAL-INPUT-MODE ENABLE cycle), 
2. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

ofSE. 
3. There must be no rising edges on the SC input during this time period. 
4. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed, 
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AODR ~:t= 

WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 

tCSH 

~11 ___ ~IRe=D _____ I _______ ~le=~ _______ 1 

SAM START 

'WSR II tRWH I 
MEIWE ~:t=~ -b#$$$$$#//!0',$'/##$!0'##ff/$#$/ff//##$J;0"$$//!0'$/,M'$',f; 

I i'FsR 'RFH I I 
DSF ~:t=~-I- --Jf##I/$$#/$'/#/!0'$!0'/#/$'/##I///#//#/$$#!/$#ff//#/!/!11!//I1!11##//L 

I'OFF II I 
DQ ~:gt= -i OPEN -~----------------OPEN ---

_I~ ~I_ I leSD I 
TRIOE ~:t:wmi W//////////////////////////////////////////////////////////!////////////////////////$U/////////% 

,;::S II i 
Ise 

soa ~:gr VALID DIN 

• ,,,~-'""-I-"'Jru,$£Iff£lff$J$Ea1h'h'ffffh'ffffJ:~:=--NO-TEt----
I i tCOD 

----,RQ-D~-------~I ____ _ 
QSF ~gt_. ________________ NOT_E3 __________________ ~X,,-___ N_QT_E3 __ _ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

MT42C8128 
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of SE. 
2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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ALTERNATE WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

'Re 
tRAS 

leSH 

I 

~ 
IRSH 

tCAS I 'AJ 7 

'RP I 

\ 

I I I tRAL I ~ I I 
tASR 1 _tRAH lAse I I~ ~I-

- ::~~ - ~ ~.- k,($,(,(,(IMI,(,($,(MIIMI,($,(,(I,(,(,(,($$#$,0· 
'WSR II 'RWH I 

.. /WE ~ir_-I - --b$#/##$ff###/$$#/####//$$#///;//$#$##$/$/#///#/ff;/####h 

~II~ I 
DSF ~ir_1 II ~//#!/!;/$#//#ff!/!///#/#//#//#/##$/$I///##$///#/###/ffff#ff$#ffff;//#12 

~ I 
DQ ~:gt---~~ OPEN OPEN ---

1~~1 I teSD I 
TRIO. ~ir:~ S#/##!/!#$/$//#/I/III/!!!IIIII/$#//IIl/IIffl/ll##/i);;#!/!#///#$/!I!!I!I!###12 

~II I 'RSD 'se 
!SAS I --I 

NOTE 2 

I tsoo 
tSOH tSDZ 

SDO ~igr _ VALID DO:-~ VALID DOUT !-- HIGH-Z 

I I 
ISWS 

r tSWIS 

SE ~ir_~;///$//####/I$//#/$!/!$/I##/$!II!/////I$/!/!#$#&1==~~=-NO-TE'----
I I leaD 

---'-ROD~~---~ ____ __ 

OSF ~gr _ NOTE 3 NOTE 3 

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

NOTE: 1. SE must be LOW to input new serial data, but the serial address register 

~ DON'T CARE 

~ UNDEFINED 
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is incremented by SC regardless of SE. 

2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the Lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the Upper SAM (bits 128-255) is being accessed. 
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I' 
tsc 

tSAS tsp 

A- t 

tsc 

tSEZ 

A 

SAM SERIAL INPUT 

tSWH '191
' 

tSWIH 

.~' 
tsws 

'I 
tsc tsc 

tSAS tsp tSAS I tsp tSAS 

tSDH 

A+2 A+3 

SAM SERIAL OUTPUT 

tSEP 

tSAS 

~ \-------7tS-C---------------
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A+3 

~ DON'T CARE 

~ UNDEFINED 
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VRAM 

FEATURES 
• Industry-standard pinout, timing and functions 
• NIBBLE (4-bit) WRITE and MASKED WRITE access 

cycles 
• High-performance, CMOS silicon-gate process 
• Single +5V ±100/0 power supply 
• Inputs and outputs are fully TTL compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh within 16.7ms 
• FAST-PAGE-MODE 
• Dual-port organization: 256K x 8 DRAM port 

512 x 8 SAM port 
• No refresh required for serial access memory 
• Low power: 10mW standby; 300mW active, typical 
• Fast access times: 70ns random, 22ns serial 

SPECIAL FUNCTIONS 
• NONPERSISTENT MASKED WRITE 
• BLOCK WRITE 
• SPUT READ TRANSFER 

OPTIONS MARKING 
• Timing (DRAM, SAM [cycle/access]) 

70ns, 22/22ns -7 
80ns, 25/25ns -8 

• Packages 
Plastic SOJ (400 mil) 
Plastic TSOP (400 mil) 
Plastic TSOP (400 mil) reverse pinout 

DJ 
TG* 
RG* 

• Part Number Example: MT42C8254-7DJ 

GENERAL DESCRIPTION 
The MT42C8254 is a dual ME/WE version of the 

MT42C8255, high-speed, dual-port CMOS dynamic ran
dom access memory or video RAM (VRAM) containing 
2,097,152 bits. These bits may be accessed by an 8-bit-wide 
DRAM port or by a 512 x 8-bit serial access memory (SAM) 
port. Data may be transferred from the DRAM to the SAM. 

The DRAM portion of the VRAM is functionally 
5imilar to the MT4C4256 (256K x 4-bit DRAM), with the 
~ddition of MASKED WRITE and BLOCK WRITE. Eight 
512-bit data registers make up the serial access memory 
portion of the VRAM. Data I/O and internal data transfer 
ire accomplished using three separate data paths: the 8-bit 

oIIT42C8254 
~EV.5193 2-75 

256Kx8DRAM 
WITH 512 x 8 SAM 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ (508-3) 
Vco 40 v" 
SC 39 so. 

S01 3 38 507 
S02 4 37 506 
S03 36 505 
so, 36 SE 

TRiCE 7 34 DO. 
Da1 • 33 D07 
D02 9 32 D06 
D03 10 31 DQ5 

DO' 11 30 v" 
v" 12 29 OSF 

MEUWTL 13 " GND 
RAS 14 " CAS 

AS 15 26 MERNiiER 
A7 16 " AD 
A6 17 " A1 
AJ5 18 23 A2 
A4 19 22 A3 

Vco 20 21 v" 

40/44-Pin TSOP* (SOE-2) 
Voo 
sc 

501 
502 
503 _s.ru: 

TRIOE 
D01 
002 
003 

v" 
SQ' 
507 
50s 
§Q5 
SE 
DO. 
D07 
D06 
DOS 

DQ4 Vss 
_~ DSF 

MELIW~ ~_ 
AS MEHIWEH 
A7 AO 
A6 A1 
AS A2 
A4 A3 

Vco -....:=---__ --'c:...F v" 

40/44-Pin TSOP* (SOE-2) 

v" Vco 
SOB SC 
507 501 
SO, 502 
SQii 503 

SE §.Q4-
DO. TRIOE 
007 001 
DO. 002 
DOS D03 

v" DO' 
DSF Yn.._ 

ME~' 
~UWEl 
RAS 
AS 

AO A7 
A1 A6 
A2 AS 
A3 A' 

v" Vco 

'Cansult factory for availability. 
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random access I/O port, the eight internal 512-bit-wide 
paths between the DRAM and the SAM, and the 8-bit serial 
output port for the SAM. The rest of the circuitry consists of 
the control, timing, and address decoding logic. 

Each port may be operated asynchronously and indepen
dently of the other except when data is being transferred 
internally. As with all DRAMs, the VRAM must be re
freshed to maintain data. The refresh cycles must be timed 
so that a1l512 combinations of RAS addresses are executed 
at least every 16.7ms (regardless of sequence). Micron rec
ommends evenly spaced refresh cycles for maximum data 
integrity. An internal transfer between the DRAM and the 
SAM counts as a refresh cycle. The SAM portion of the 
VRAM is fully static and does not require any refresh. 

The MT42C8254 WE function and timing are determined 
by the first NIBBLE WRITE (WEL or WEH) to transition 
LOW and the last to transition back HIGH. Use of only one 
of the two results in a NIBBLE WRITE cycle: 
WEL transitioning LOW selects a WRITE cycle for the lower 
NIBBLE (DQ1-DQ4) or WEH transitioning LOW selects a 
WRITE cycle for the upper NIBBLE (DQ5-DQ8). 

The operation and control of the MT42C8254 are opti
mized for high performance graphics using off-the-shelf 
Super VGA controllers/ accelerators. NIBBLE WRITE capa
bility simplifies 16-color VGA modes. Special features such 
as SPLIT READ TRANSFER and BLOCK WRITE allow 
further enhancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

AO-AB 

MT42C8254 
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-_ ....................................................................... _-_ .... __ .................... - ................................................................................................. - .......... .. 
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DQ1 . 
DQB 

sc 

SQ1 . 
sa, 

SE 
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MIC:RON MT42C8254 
1-· c " c, 256K x 8 VRAM 

PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

2 

7 

26 
13 

35 

29 

14 

27 

25,24,23, 
22, 19, 18, 
17,16,15 

8,9,10,11, 
31,32,33, 

34 

3, 4, 5, 6, 36, 
37,38,39 

28 

1,20 

12,21, 
30,40 

MT42C8254 
REV. 5193 

TSOPPIN 
NUMBERS 

2 

7 

28 
15 

39 

31 

16 

29 

27,26,25, 
24,21,20, 
19,18,17 

8,9, 10, 13, 
35,36,37, 

38 

3, 4, 5, 6, 40, 
41,42,43 

30 

1,22 

14,23, 
32,44 

SYMBOL TYPE 

SC Input 

TRIOE Input 

MEHIWEH Input 
MELIWEL 

SE Input 

DSF Input 

RAS Input 

CAS Input 

AO-A8 Input 

D01-D08 Input/ 
Output 

SQ1-SQ8 Output 

GND -

Vcc Supply 

Vss Supply 

DESCRIPTION 

Serial Clock: Clock input to the serial address counter for the SAM 
registers. 

Transfer Enable: Enables an internal TRANSFER operation at RAS 
(H -+ L), or 
Output Enable: Enables the DRAM output buffers when taken LOW 
after RAS goes LOW (CAS must also be LOW); otherwise, the output 
buffers are in a High-Z state. 

Mask Enable: If MEHiWEFi or MELIWEL are LOW at the falling edge 
of RAS, a MASKED WRITE cycle is performed, or 
Write Enable: MEH,LlWEH,L are also used to select a READ (MEH,U 
WEH,L = H) or WRITE (MEH,UWEH,L = L) cycle when accessing the 
DRAM and READ TRANSFER (MEH,LlWEH,L = H) to the SAM. 
MELIWEL controls D04-D01. MEHIWEH controls D08-D05. 
When performing BLOCK WRITE, both MEiWE pins must be LOW. 
NIBBLE BLOCK WRITE is not supported. 

Serial Port Enable: SE enables the serial output buffers and allows a 
serial READ operation to occur; otherwise, the output buffers are in a 
High-Z state. The SAM address count will be incremented by the 
rising edge of SC when SE is inactive (HIGH). 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE, SPLIT TRANSFER, 
etc.) are used for a particular access cycle (see Truth Table). 

Row Address Strobe: RAS is used to clock-in the 9 row-address bits 
and strobe the MEiWE, TRlOE, DSF, SE, CAS and DO inputs. It also 
acts as the master chip enable, and must fall for initiation of any 
DRAM or TRANSFER cycle. 

Column Address Strobe: CAS is used to clock-in the 9 column-
address bits and strobe the DSF input (BLOCK WRITE only). 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit word 
out of the 262,144 available. During TRANSFER operations, AO-A8 
indicate the DRAM row being accessed (when RAS goes LOW) and 
the SAM start address (when CAS goes LOW). A8 = "don't care" for 
the start address during SPLIT READ TRANSFER. 

DRAM Data 1/0: Data input/output for DRAM access cycles; these 
pins also act as inputs for Color Register load cycles, DO Mask 
and Column Mask for BLOCK WRITE. 

Serial Data Out: Output or High-Z. 

No ConnectlGND: This pin must be tied to ground to allow for upward 
functional compatibility with future VRAM feature sets. 

Power Supply: +5V ±10% 

Ground 
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MICRON MT42C8254 
1-· "'" 256Kx8VRAM 

FUNCTIONAL DESCRIPTION 
The Mf42CS254 can be divided into three functional 

blocks (see Functional Block Diagram): the DRAM, the 
transfer circuitry, and the SAM. All of the operations de
scribed below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 

Note: For dual-function pins, the function not being dis
cussed will be surrounded by parentheses. For ex
ample, the TR/OE pin will be shown as TR/(OE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 
Like any DRAM-based memory, the MT42CS254 VRAM 

must be refreshed to retain data. All 512 row-address 
combinations must be accessed within 16.7ms. The 
Mf42CS254 supports CBR, RAS-ONLY and HIDDEN types 
of refresh cycles. 

For the CBR cycle, the row addresses are generated and 
stored in an internal address counter. The user need not 
supply any address data, but must simply perform 512 CBR 
cycles within the 16.7ms time period. 

The refresh address must be generated externally and 
applied to AD-AS inputs for RAS-ONL Y REFRESH cycles. 
The DQpins remainina High-Z state forboth the RAS-ONLY 
and CBR cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CBR cycles but does not disturb the DQ 
lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42CS254 is fully static and does not require any 
refreshing. 

DRAM ACCESS CYCLES 
The DRAM portion of the VRAM is similar to standard 

256K x 4 DRAMs. However, because several of the DRAM 
control pins are used for additional functions on this part, 
several conditions that were undefined or in "don't care" 
states for the DRAM are specified for the VRAM. These 
conditions are highlighted in the following discussion. In 
addition, the VRAM has special functions that can be used 
when writing to the DRAM. 

The 1S address bits that are used to select an S-bit word 
from the 262,144 available are latched into the chip using 
the AD-AS, RAS and CAS inputs. First, the nine row-ad
dress bits are set up on the address inputs and clocked into 

MT42C8254 
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the part when RAS transitions from HIGH to LOW. Next, 
the nine column-address bits are set up on the address 
inputs and clocked-in when CAS goes from HIGH to LOW . 

Note: RAS also acts as a "master" chip enable for the 
VRAM. If RAS is inactive, HIGH, all other DRAM 
control pins (CAS, TR/OE,MEH,L/WEH,L,etc.) are 
"don't care" and may change state without effect. No 
DRAM or TRANSFER cycles will be initiated with
out RAS falling. 

For standard single-port DRAMS, the OE pin is a "don't 
care" whenRAS goes LOW. However, for the VRAM, when 
RAS goes LOW, TR/ (OE) selects between DRAM access or 
TRANSFER cycles. TR/ (OE) must be HIGH at the RAS 
HIGH-to-LOW transition for all DRAM operations (except 
CBR, where it is "don't care"). 

A DRAM READ operation is performed if (MEH,L)/ 
WEH,L are HIGH when CAS goes LOW and remain HIGH 
until CAS goes HIGH. The data from the memory cells 
selected will appear at the DQ1-DQS port. The (TR)/OE 
input must transition from HIGH to LOW sometime after 
RAS falls in order to enable the DRAM output port. 

For standard single-port DRAMs, WE is a "don't care" 
when RAS goes LOW. For the VRAM, ME/WE performs 
two functions: write mask enable and data write enable. 
ME/ (WE) is used when RAS goes LOW to select between a 
MASKED WRITE cycle and a normal WRITE cycle. If ME/ 
(WE) is LOW at the RAtS HIGH-to-LOW transition, a 
MASKED WRITE operation is selected. For any non-masked 
DRAM access cycle (READ or WRITE), ME/ (WE) must be 
HIGH at the RASHIGH-to-LOW transition. If (ME)/WE is 
LOW before CAS goes LOW, a DRAM EARLY-WRITE 
operation is performed. If (ME)/WE goes LOW after CAS 
goes LOW, a DRAM LATE-WRITE operation is performed 
(refer to the AC timing diagrams). 

The NIBBLE WRITE signals MEH/WEH and MEL/ 
WEL can be used together or singly to perform a write mask 
enable and data write enable. Using one performs a NIBBLE 
WRITE; using both performs a BYTE WRITE. The WE 
function is determined by the first NIBBLE WRITE signal to 
transition LOW and the last to transition HIGH. 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, FAST-PAGE-MODE READ, FAST
PAGE-MODE WRITE (late or early), and FAST-PAGE
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 

Micron SemiconducllJr, Inc., merve8 the right to change prodLKrts or specifications without notice. 
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MASKED WRITE 
The MASKED WRITE feature eliminates the need for a 

READ-MODIFY-WRITE cycle when changing individual 
bits within the 8-bit word. When MEL/(WEL), MEH/ 
(WEH) and DSF are LOW at the RAS HIGH-to-LOW tran
sition, a MASKED WRITE is performed. MASKED WRITE 
can be executed as a NIBBLE or BYTE MASKED WRITE. 

The MT42C8254 supports the nonpersistent mode of 
MASKED WRITE. In this mode, mask data must be entered 
with every RAS falling edge. The data (mask data) present 
on the DQI-DQ8 inputs will be written into the mask data 
register (see Figure 1). DQI-DQ4 or DQ5-DQ8 may be 
written independently during NIBBLE MODE. The mask 
data acts as an individual write enable for each of the eight 
DQI-DQ8 pins. If a LOW (logic "0") is written to a mask 
data register bit, the input port for that bit is disabled during 

the subsequent WRITE operation and no new data will be 
written to that DRAM cell location. A HIGH (logic "1") on 
a mask data register bit enables the input port and allows 
normal WRITE operation to proceed. Note that CAS is still 
HIGH. When CAS goes LOW, the bits present on the DQl
DQ8 inputs will be written to the DRAM (if the mask data 
bit is HIGH) or ignored (if the mask data bit is LOW). The 
DRAM contents that correspond to masked input bits will 
not be changed during the WRITE cycle. The mask data 
register is cleared at the end of every NONPERSISTENT 
MASKED WRITE. 

FAST PAGE MODE can be used with MASKED WRITE 
to write several column locations in an addressed row. The 
same mask is used during the entire FAST-PAGE-MODE 
RAScycie. 

1- NONPERSISTENT MASKED WRITE -1- NONPERSISTENT MASKED WRITE -I 

RAS ~ '--------~/ \'------~! 

MT42C8254 
REV. 5/93 

, 

CAS 

----- \ MEH,UWEH,L' /I///I/////A 

DSF \ II! II!///// IA 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 

0 X 0 0 X 0 

1 0 ._----» 0 0 1 ._----» 
0 0 X 0 0 0 X 0 

0 1 1 ._----» 1 0 1 1 .-----» 
0 0 X 0 0 0 X 0 

1 0 ._----» 0 0 1 0 ._----» 0 

0 X 1 0 0 X 0 

o o .-----» 0 0 0 ._----» 0 

.-------ADDRESSO ~ • ADDRESS 1 ~ 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

• One or two write enables are active, depending upon whether a NIBBLE or BYTE MASKED WRITE is to be performed. 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 
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MT42C8254 
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ROW 
(AO-A8 at RAS) 

COLUMN MASK (AO,A 1) 
ON THE INPUTS AT CAS 

MASK DATA 

COLUMN 
(A2-A8 at CAS) 

/ 
-~ 

0010- 7""7~ 
002 0- -f-L-7<;--+1\ 
0030-- L ~~ 
0040--/ ~ 

JJ CAS 

(001) 
(002):::--" 
(003), _____ 

(004) -----:::::::: 
r- _______ I" 

001 0-- -Z ~ r----- i" 
002 o--r-I-----t-A 
D030--r- L~ 
D040--r- L~ 

¥ 

D050--r- L~ 
D060--r- L~ 

(008) 
I~(DO?) 
~./ (006) 

~V(D05) 
;V 

DO? 0--1-- L~ 
008 0--t- L .l 

L 

RAS 

LOAD -I'--'-I_IL.......L.......JI'-~ II_..L........J II 
RE~I~~~: COLOR REGISTER 

(must be previously loaded) 

Figure 2 
BLOCK WRITE EXAMPLE 

2-80 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



BLOCK WRITE 
If DSF is HIGH when CAS goes LOW, the MT42C8254 

will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 2). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD 
COLOR REGISTER). Each DQ location of the color register 
is writt~n to the four column locations (or any of the four 
that are enabled) in the corresponding DQ bit plane. 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs (DQl, 2, 3 
and 4) are then used to determine what combination of the 
four column locations will be changed (see Table 1). The DQ 
inputs are"written" at the falling edge of CAS or WE, 
whichever occurs last (see the WRITE cycle waveforms). 
The table on this page illustrates how each of the DQ inputs 
is used to selectively enable or disable individual column 
locations within the block. The write enable controls are 
active HIGH; a logic "1" enables the WRITE function and a 
logic "0" disables the WRITE function. 

BLOCK WRITE can only be executed as a byte BLOCK 
WRITE. Both MEL/WEL and MEH/WEH must be 
"active" for any BLOCK WRITE cycle. 

MASKED BLOCK WRITE 
The MASKED WRITE functions may be used during 

BLOCK WRITE cycles. MASKED BLOCK WRITE operates 
exactly like the normal MASKED WRITE except the mask is 
now applied to the eight bit-planes of four column locations 
instead of just one column location. 

The combination of ME/ (WE) LOW and DSF LOW when 
RAS goes LOW initiates a nonpersistent MASKED WRITE 
cycle. To perform a MASKED BLOCK WRITE, the DSF pin 
must be HIGH when CAS goes LOW. Any combination of 
the eight bit-planes may be masked, along with any combi
nation of the four column locations, by using both the 
column mask input and the MASKED WRITE function of 
BLOCK WRITE. MASKED BLOCK WRITE can only be 
executed on a byte basis; nibble MASKED BLOCK WRITE 
is not allowed. 

LOAD COLOR REGISTER 
A LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except that DSF is HIGH 
when CAS goes LOW. The contents of the 8-bit color 
register are retained until changed by another LOAD 
COLOR REGISTER cycle (or the part loses power) and are 
used as data inputs during BLOCK WRITE cycles. Both ME/ 
WE pins must be in the same state when loading the color 
register; only byte loads are allowed. 

Table 1 

MT42C8254 
REV. 5193 

DQ Masking of Columns (at CAS falling) 

INPUTS 

D01 

D02 

D03 

D04 

COLUMN AODRESS CONTROLLED 

AD 

0 

1 

0 

1 

2-81 

A1 

0 

0 

1 

1 
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TRANSFER OPERATIONS 
The MT42C8254 provides two TRANSFER operations. An RT may be accomplished in two ways. If the transfer is 

to be synchronized with the serial clock, SC, (REAL-TIME 
READ TRANSFER), TR/(OE) is taken HIGH after CAS 
goes LOW. The TRANSFER will be made when TR/(OE) 
goes HIGH. If the transfer does not have to be synchronized 
with SC (READ TRANSFER), TR/(OE) may go HIGH 
before CAS goes LOW and the actual data TRANSFER will 
be timed internally (refer to the AC Timing Diagrams). 
During the TRANSFER, 4,096 bits of DRAM data are writ
ten into the SAM data registers and the Tap address is 
stored in an internal nine-bit register. If SE is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the first SC clock pulse. SE enables the serial outputs 
and may be either HIGH or LOW during this operation. The 
SAM address pointer will increment with the SC LOW-to
HIGH transition, regardless of the state of SE. 

These TRANSFER operations are initiated when TR/ (OE) 
is LOW and both MEH/WEH, and MEL/WEL are HIGH at 
the falling edge of RAS. DSF at the falling edge of RAS 
selects between NORMAL TRANSFER and SPLIT 
TRANSFER cycles. Each of the TRANSFER cycles is de
scribed in this section. 

READ TRANSFER 
A TRANSFER operation with DSF LOW when RAS goes 

LOW is a READ TRANSFER cycle. The row-address bits 
indicate which eight 512-bit DRAM row planes are trans
ferred to the eight SAM data register planes. The colurnn
address bits indicate the start address (or Tap address) of 
the serial output cycle from the SAM data registers. CAS 
must fall for every RT in order to load a valid Tap address. 

I I I 
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Output 

(NORMAL) READ TRANSFER 

FROM: ROWO 
TO: FULL SAM 
SAM 1/0 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 

SPLIT READ TRANSFER 
(optional) 

FROM: ROWO 
TO: UPPER SAM. 
TAP ADDRESS = 6 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 3 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM 

SPLIT READ TRANSFER 

FROM: ROW1 
TO: LOWER SAM. 
TAP ADDRESS = 0 TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 

IZ2l DON'T CARE 

~ UNDEFINED 

TYPICAL SPLIT-REAO-TRANSFER INITIATION SEQUENCE 
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SPLIT READ TRANSFER 
The SPLIT READ TRANSFER (SRT) cycle eliminates the 

critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles to do midline reloads, a REAL-TIME READ TRANS
FER must be done. The REAL-TIME READ TRANSFER 
must occur between the last clock of "old" data and first 
clock of "new" data of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer is not 
synchronized with the serial clock and may occur at any 
time while the other half is outputting data. 

TheTR/(OE) timing is also relaxed for SPLlT TRANSFER 
cycles. The rising edge of TR/ (OE) is not used to complete 
the TRANSFER cycle, making it independent of the falling 
edge of CAS or the rising edge of sc. The transfer timing is 
generated internally for SPLIT TRANSFER cycles. 

A "full" READ TRANSFER cycle must precede any se
quence of SRT cycles to provide a reference as to which half 
of the SAM the access will begin. Then an SRT may be 
initiated by taking DSF HIGH when RAS goes LOW 
during the TRANSFER cycle. As with nonsplit transfers, the 
row address is used to specify the DRAM row to be trans
ferred. The column address, AO-A7, is used to input the 
SAM Tap address (at the HIGH-to-LOW transition of CAS). 
Address pin AS is a "don't care" when the Tap address is 
loaded. AS is generated internally and automatically se
lects the SAM half not being accessed. 

Figure 3 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is performed first, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional and need be done only if 
the Tap for the upper half is;t O. Serial access continues, and 
when the SAM address counter reaches 255 ("AS" = 0, AO
A7 = nand an SRT was done for the upper half, the new Tap 
address is loaded for the next half ("AS" = 1,AO-A7 = Tap). 
Once the serial access has switched to the upper SAM, new 
data may be transferred to the lower SAM. For example, in 
Figure 3, the next step would be to wait until row one data 

LOWER HALF 

I NOSRT I 

shifts out of the lower SAM and executes an SRT of the upper 
half of row one to the upper SAM. If the half boundary is 
reached before an SRT is completed for the next half, the 
device will leave split mode and the access will start 
from address 256 if going to the upper half, or at zero if going 
to the lower half (see Figure 4). 

SERIAL OUTPUT 
The control inputs for serial output are SC and SE. The 

rising edge of SC increments the serial address counter and 
provides access to the next SAM location. SE enables or 
disables the serial output buffers. 

Serial output of the SAM contents will begin at the serial 
start address that was loaded in the SAM address counter 
during a READ or SRT cycle. The SC input increments the 
address counter and presents the contents of the next SAM 
location to the eight-bit port. SE is used as an output enable 
during the SAM output operation. The serial address is 
automatically incremented with every SC LOW-to-HIGH 
transition, regardless of whether SE is HIGH or LOW. The 
address progresses through the SAM and will wrap around 
(after count 255 or 511) to the Tap address of the next half for 
split modes. If an SRT was not performed before the half 
boundary is reached, the count will progress as illustrated 
in Figure 4. The address count will wrap around (after 
count 511) to Tap address zero if in the "full" SAM modes. 

POWER-UP and INITIALIZATION 
After Vee is at specified operating conditions for lOOlls 

minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. Micron recommends that 
RAS = TR/ OE ~ VIH during power-up to ensure that the 
DRAM I/O pins (DQs) are in a High-Z state. The DRAM 
array will contain random data. 

The SAM portion of the MT42CS254 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power up with the output pins (SQs) in 
High- Z regardless of the state of SE. The color register will 
contain random data after power-up. 

UPPER HALF 

r--------NOSRT--------~I I 
0 TAP 255 256 511 
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1 

II 
t 

Start Split 

II II II 
LJ 

Figure 4 
SPLIT SAM TRANSFER 
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TRUTH TABLE 

lUIS FALLING EDGE criS FALL AD-A8' 001-0082 REGISTER 

CODE FUNCTION ~ Tlf(Or "Mf/WE OSF OSF RAS ~ RAS /CAS:wP COLOR 
DRAM OPERATIONS 

CBR CBR REFRESH 0 X 16 l' - X X - X X 

ROR = ONLY REFRESH 1 1 X X - ROW - X - X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 0 ROW COLUMN X VALID X 
DATA 

RWM MASKED WRITE TO DRAM (NEW MASK) 1 1 07 0 0 ROW COLUMN WRITE VALID X 
MASK DATA 

BW BLOCK WRITE TO DRAM 1 1 18 0 1 ROW COLUMN X COLUMN USE 
(A2-AS) MASK 

BWM MASKED BLOCK WRITE TO DRAM (NEW MASK) 1 1 08 0 1 ROW COLUMN WRITE COLUMN USE 
(A2-AS) MASK MASK 

REGISTER OPERATIONS 

LCR LOAD COLOR REGISTER 1 1 18 1 1 ROW 4 X X REG LOAD 
DATA 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 18 I 0 X ROW TAps X X X 

SRT SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 1 0 18 1 X ROW TAps X X X 

NOTE: 1. These columns show what must be present on the AD-A8 inputs when RAS falls and when CAS falls. 

MT42C8254 
REV.S/93 

2. These columns show what must be present on the DQ1-DQ8 inputs when RAS falls and when CAS falls. 
3. During WRITE (including BLOCK WRITE) cycles, the input data is latched at the falling edge of CAS or 

MEIWE, whichever is last. Similarly, with READ cycles, the output data is valid after the falling edge of CAS 
or TRIOE, whichever is last. During a NIBBLE WRITE (no BLOCK WRITE), only one of the two WEs is used. 

4. The ROW that is addressed will be refreshed, but a ROW address is not required. 
5. This is the first SAM address location that the first SC cycle will access. For split SAM transfers, the Tap will 

be the first address location accessed of the "new" SAM half after the boundary of the current half is reached 
(255 for the lower half, 511 for the upper half). 

6. The MT42C8254 does not require a "1" on these pins, but to ensure compatibility with other 2 Meg VRAM 
function sets, it is recommended. 

7. If a NIBBLE MASKED WRITE is to be executed, only one of the two write enables needs to be LOW at the 
RAS falling edge. 

8. Both MEIWEs must be at the same state during these cycles; only byte-wide operations are supported. 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, TA (ambient) ........... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + lS0°C 
Power Dissipation .............................................................. 1 W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C S; T A S; 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C S; T A S; 70°C; Vee = 5V ±10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV S; VIN S; Vce); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(DO, SO disabled, OV S; VOUT S; Vce) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A8 

Input Capacitance: RAS, CAS, MEIWE, TRIOE, SC, SE, DSF 

Input/Output Capacitance: DO, SO 

MT42C8254 
REV. 5193 2-85 

'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 4.5 5.5 V 1 

VIH 2.4 Vce+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 !!A 

loz -10 10 !!A 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

CI2 7 pF 2 

ClIo 9 pF 2 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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z m CURRENT DRAIN, SAM IN STANDBY 

:E • 
(O°C :": T A:": 70°C; Vcc = 5V ±1 0%) MAX 

PARAMETER/CONDITION SYMBOL -7 -8 UNITS NOTES 

OPERATING CURRENT Icc1 125 110 mA 3,4, 
(RAS and CAS = Cycling: 'RC = 'RC [MIN]) 25 

< OPERATING CURRENT: FAST-PAGE-MODE Icc2 115 100 mA 3,4, 

:c (RAS = VIL; CAS = Cycling: 'PC = 'PC [MIN]; other inputs ~ VIH or:": VIL) 26 

» s: 
STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after 8 RAS cycles [MIN]; other inputs ~ VIH or ~ VIL) 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VI H) 

REFRESH CURRENT: CBR 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(O°C :": T A:": 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: tRC = tRC [MIN]) 

OPERATING CURRENT: FAST-PAGE-MODE 
(RAS = VIL; CAS = Cycling: tpc = tpc [MIN]) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after 8 RAS cycles [MIN]; other inputs ~ VIH or :":VIL) 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VI H) 

REFRESH CURRENT: CBR 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER 

MT42C8254 
REV. 5193 2-86 

Icc3 10 10 mA 4 

ICC4 125 110 mA 3,25 

ICC5 125 110 mA 3,5 

Icc6 135 120 mA 3 

MAX 

SYMBOL -7 -8 UNITS NOTES 

Icc? 175 160 mA 3,4, 
25 

Iccs 165 150 mA 3,4, 
26 

ICC9 60 60 mA 3,4 

Icc10 175 160 mA 3,4, 
25 

Icc11 175 160 mA 3,4,5 

ICC12 185 170 mA 3,4 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (ooG S TAs +70oG; Vee = 5V ±10%) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ-MODIFY-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Access time from (TR)/OE 

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 

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 from CAS 

Output disable delay from (TR)/OE 

Output disable hold time from start of WRITE 

Output Enable to RAS delay 

MT42C8254 
REV,5193 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tOE 

tAA 

tePA 
tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

teAH 
tAR 

tRAL 

tRCS 

tRCH 

IRRH 

tCLl 

tOFF 

tOD 

tOEH 

tROH 

2-87 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 

130 150 ns 

170 190 ns 

40 45 ns 

90 95 ns 

70 80 ns 14 
20 25 ns 15 
20 20 ns 

35 40 ns 

40 45 ns 

70 100,000 80 100,000 ns 

70 100,000 80 100,000 ns 

20 25 ns 

50 60 ns 

20 100,000 25 100,000 ns 

70 80 ns 

10 10 ns 16 
20 50 20 55 ns 17 
10 10 ns 

0 0 ns 

10 10 ns 
15 35 15 40 ns 18 

0 0 ns 

15 15 ns 

45 55 ns 

35 40 ns 

0 0 ns 

0 0 ns 19 

0 0 ns 19 

3 3 ns 

3 20 3 20 ns 20,23 
3 10 3 10 ns 20,23 
10 10 ns 27 
0 0 ns 
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Ffi DRAM TIMING PARAMETERS (continued) 
...c:= ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
<; (Notes: 6, 7, 8, 9,10,11,12,13) (O°C :'>TA:'> +70°C; Vee = 5V±10%) 

• < 
:IJ » :s: 

AC CHARACTERISTICS 
PARAMETER 
Write 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 

CAS 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) 

MEIWE to RAS setup time 

MEIWE to RAS hold time 

Mask data to RAS setup time 

Mask data to RAS hold time 

MT42C8254 
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SYM 
twcs 

tWCH 

twCR 

twp 

tRWL 

tCWL 

tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 
tT 

tREF 

tRPC 

tCSR 

tCHR 

tWSR 

tRWH 

tMS 

tMH 

2-88 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 

0 0 ns 21 

15 15 ns 

45 55 ns 

15 15 ns 

20 20 ns 

20 20 ns 

0 0 ns 22 

15 15 ns 22 

45 55 ns 

90 100 ns 21 

55 60 ns 21 

40 45 ns 21 

35 35 ns 9,10 

16.7 16.7 ms 

0 0 ns 

10 10 ns 5 

10 10 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 
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©1993, Micron Semiconductor, Inc 



TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0 0 C $ TA $ + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -7 
PARAMETER SYM MIN MAX 
TR/(OE) LOW to RAS setup time trLS 0 
TR/(OE) LOW to RAS hold time ITLH 15 10,000 
TRI(OE) LOW to RAS hold time IRTH 65 10,000 
(REAL-TIME READ-TRANSFER only) 

TR/(OE) LOW to CAS hold time ICTH 25 
(REAL-TIME READ-TRANSFER only) 

TR/(OE) HIGH to RAS precharge time trRP 50 
TRI(OE) precharge time ITRW 20 
TRI(OE) HIGH to SC lead time trSL 5 
TR/(OE) to RAS HIGH hold time trRD 15 
First SC edge to TR/(OE) HIGH ITSD 15 
delay time 

SC to RAS setup time ISRS 25 
TR/(OE) HIGH to RAS setup time lyS 0 
TR/(OE) HIGH to RAS hold time tYH 15 
DSF to RAS setup time IFSR 0 
DSF to RAS hold time IRFH 15 
SPLIT TRANSFER setup time ISTS 25 
SPLIT TRANSFER hold time ISTH 0 
DSF (at CAS LOW) to RAS hold time IFHR 45 
DSF to CAS setup time IFSC 0 
DSF to CAS hold time ICFH 15 
RAS to first SC delay IRSD 80 
CAS to first SC delay ICSD 30 

-8 
MIN MAX UNITS NOTES 
0 ns 

15 10,000 ns 

70 10,000 ns 

25 ns 

60 ns 

25 ns 

5 ns 

15 ns 

15 ns 

30 ns 

0 ns 

15 ns 

0 ns 

15 ns 

30 ns 

0 ns 

55 ns 

0 ns 

15 ns 

80 ns 

30 ns 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9,10) (0 0 C:o; TA:O; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Serial clock cycle time 

Access time from SC 

SC precharge time (SC LOW time) 

SC pulse width (SC HIGH time) 

Access time from SE 

SE precharge time 

SE pulse width 

Serial data-out hold time after 
SC high 

Serial output buffer turn-off 
delay from SE 

MT42C8254 
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SYM 
tsc 

tSAC 
tsp 

tSAS 

tSEA 

tSEP 

tSE 

tSOH 

tSEZ 

2-90 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
22 25 ns 

22 25 ns 24,28 
8 10 ns 

8 10 ns 

15 15 ns 24 
8 10 ns 

8 10 ns 

5 5 ns 24,28 

3 12 3 12 ns 20,24 
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NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vee = SV ±10%; f = 1 MHz. 
3. Ice is dependent on cycle rates. 
4. Ice is dependent on output loading. Specified values 

are obtained with minimum cycle time and the output 
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 (O°C ::; T A::; 70°C) is assured. 

7. 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-up should be repeated any time the 16.7ms 
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). Input signals transition from zero to 3V for 
AC testing. 

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, DRAM data output (DQ1-DQ8) is 
High-Z. 

12. If CAS = VIL, DRAM data output (DQ1-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing is measured with a load 
equivalent to one TTL gate and SOpF. Output 
reference levels: VOH = 2.0V; VOL = 0.8V. 

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 2 IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

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

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. 

MT42C8254 
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19. Either IRCH or IRRH must be satisfied for a READ 
cycle. 

20. 10D, 10FF and ISEZ define the time when the output 
achieves open circuit (VOH -200mV; VOL +200mV). 
This parameter is sampled and not 100% tested. 

21. twcs, IRWD, IA WD and tcWD are restrictive 
operating parameters in LATE-WRITE, READ-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 through
out the entire cycle, regardless of TR/OE. If IWCS::; 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/ OE must control the output buffers during the 
write to avoid data contention. If IRWD 2 IRWD 
(MIN), IA WD 2 IA WD (MIN) and ICWD 2 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 the 
output buffers (at access time and until CAS goes 
back to VIH) is indeterminate, but the WRITE will be 
valid if 10D and 10EH are met. (See the LATE-WRITE 
AC Timing diagram.) 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and ME/WE leading edge in 
LA TE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW, then taken 
HIGH,DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to one TTL gate and 30pF. Output 
reference levels: VOH = 2.0V; VOL = 0.8V. 

2S. Measured with two address changes while RAS = VIL. 
26. Measured with one address change while CAS = VIH 

and RAS = VIL. 
27. LATE-WRITE and READ-MODIFY-WRITE cycles 

must have 10D 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 previously read data if CAS 
remains LOW and OE is taken LOW after toEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

28. !SAC is MAX at 70° C and 4.5VVcc; ISOH is MIN at 
O°C and S.SV Vcc. These limits will not occur 
simultaneously at any given voltage or temperature. 
(ISOH = ISAC - output transition time); this is 
guaranteed by design. 
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DRAM READ CYCLE 

tCSH 

ICRP tCAS 
IRRH I 

IRAD I I IRAl 

tASR tRAH 

ADDR ~:t: ROW COLUMN ROW 

I IRCS I I II~ 
MEHIWEH ~:t -:.LLLLl..i.LL..LLl.L.LLLl1..L.W-

11 
l.L.LLLl.LLL.LLlLJ ~ I I I~ 'LL.U.Ll.L.LLLl.LLL.LLl.L.LLLl:.LLLI..L. 

MEUWEl ~:t- II I IFHR I I II 
tFSR tRFH I n I" tFSC I I tCFH.1 

DSF ~:t::l,,1I/,/,,1I!d- -WII,,1/!/,,1,,1/J.;l;- -W/,,1/IW/!/,,1/'/,,1/'/£ II /,/ /,/,,1 III /,/ III /// 

MT42C8254 
REV. 5/93 

~II~ 

I 
tRAC 

OPEN 

I lAA 

I 
I 

I 

2-92 

tCAG tOFF -
tRGH 

VALID DATA OPEN 

~r ~ 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, tnc., reserves tile right to change products or specifications without notfce. 
©1993, Micron Semiconductor, Inc. 



MIC:RON MT 42C8254 
1-· C '''H" 256Kx8VRAM 

RAS VIH-
VIL-

'cAP 

CAS VIH-
VIL-

AODR V'H 
V'L-

MEHIW~ 

MElM/EL V'H 
VIL-

DSF V'H 
V'L 

DRAM FAST-PAGE-MODE READ CYCLE 

tCSH 

tRCD 

'RAC I 
I~ 

'RASP 

'PC 

'CP ~ 

'CPA I 
I 'cAC 

'CLZ- -=--

'CP 

tASH 

DO V'OH- VAUD VALID VALID 
VIOL - II DATA DATA DATA 

OPEN -

tyS tYH tOE too tOE too toe too 

'TR!6E ~:~_.- -~§////§/////m1-}_/////d-t;;;///////JJ!-)';;;alfl/////////Ia 
~ DON'TeARE 

~ UNDEFINED 

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST-PAGE-MODE. 

MT42C8254 
REV. 5193 2-93 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT 42C8254 
1-· "'" 256K x 8 VRAM 

WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES 

lfAS"Falling Edge "CRFalling Edge 

FUNCTION A B C D E2 
MEiWE" DSF DO (Input) DSF DO (Input) 

Normal DRAM WRITE 1 0 X 0 DRAM Data 

MASKED WRITE to DRAM 03 0 Write Mask 0 DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Bit-Plane Mask) l' 0 X 1 Column Mask 

MASKED BLOCK WRITE to DRAM 04 0 Write Mask 1 Column Mask 

Load Color Register 14 1 X 1 Color Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "0" and "E" for the WRITE cycle 

MT42CB2S4 
REV. 593 

timing diagrams on the following pages. 
2. CAS or MEliNE falling edge, whichever occurs last. 
3. If a NIBBLE MASKED WRITE is to be performed, only one of the two write enables needs to be LOW at the 

RAS falling edge. 
4. Both MEliNEs must be at the same state during these cycles; only byte-wide operations are supported. 

2-94 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1m,MicronSemiconductor, Inc. 



DRAM EARL V-WRITE CVCLE 1 

tRAS 'AP I 
II I 
ff \ 

tCSH 

I d 
tRSH 

d 
'CRP tRCD tCAS 

'AA t I tRAD I I 'AAL 
'ASR tRAH ~I I~ I 

ADDA ~:t=~~_--;AO-,----w __ b;]~---;-CO_LUM.,..,.--N ________ b/'/'/'/'/'#####/,x'--_A_OW __ 
1 ___ :---+--1 'C"-,,W=--L ___ II 

I 'AWL 
'WCA I I 

twes I I tWCH 

'WP 

I I 
I I 

A I I 
~II~ 'FHA 'FSC I I 'CFHI 

DSF ~:t=W////~ 8 ~~ _ _,___=O:.,__---.J~/II!//!I////$///$///$#///$/$I!JlI/h 
'DHA I I 

00 ::It:ij'ff£0',d-''''-c --"L.bd <00 I E I '," b-$/'/$####/$#$$$/'/0"##,0 

"" :r:ij',@##J~I~//'ff/'/'#,@//#,@/$/'/'$####/'dW'$ff$$ff#,@#/'/$##,0 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

MT42C8254 
REV.5f93 

Cycle Function Table for a detailed description. 
2. WEH and WEL apply to the WEx waveform if the corresponding nibble participates in the WRITE; if not, 

apply the WEy waveform. 

2-95 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993,MicronSemiconductor,lnc. 

z m :e • < 
lJ 
l> s: 



z m 
=E • < 
:::D 
l> 
s: 

DRAM LATE-WRITE CYCLE 

'RAS 'RP I 
II I 

RAS lf 
tCSH 

CAS "J~ 
tRSH 

=J 
tCRP 'RCD tCAS 

ADDR ~:t~_---,-;-Row __ Q_--,------;-CO_LU_MN _~bffffff/ffffffff$ffff'?(,--__ _ 
'CWL II 

t I tRAD I I tRAL 

tASR tRAH ~I I teAH I 
tRWL 

~II~ I __ '=RCS=--_ 

~~ ~II~I 
DSF ~:t:i'/////$M 8 _ D W////////////!//////////////////!///////////////////!/////J 

A II II 'FHR 

II 
'DHR II 

'MS 'MH 'DS II 'DH :1 

DO ~:gt:0"#)!//;J-c-b/!;I///!#)!!;I/!/gJ-E - W!;l!;lIl!/!;I!;I////$//$!////!/!///I//!!;1~ 
'YS I b 'OD} I 'OEH 

TRICE ~:t-w!//!!;I//)- W;//!/!l//I/g- ~/!/////$ff/!/!/!ff/!!;Il#ff/!$/!/!@; 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 

MT42C8254 
REV.SI93 

Cycle Function Table for a detailed description. 
2. WEH and WEL apply to the WEx waveform if the corresponding nibble participates in the WRITE; if not, 

apply the WEy waveform. 

2-96 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
©1993, Micron Semiconductor, Inc. 



RAS 

CAS 

VIH-
VIL-

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tRWC 

'CSH 

'RCD 'CAS 

VIH-=:J 
VIL-

.r: ---+------~------------'-AR--}'~~1~---------------------
I I 'I 
I~ 

ADDR ~:~= 
nnTIT.~TIT.~nT.~rrh~nTI~ 

COLUMN ROW 

I'RWD 

-t-==RCS I I-----,-----.::'C"-,,,-----WD -I 
tAWD 

I I 

MExlWEx' ~:~- II I 'RCS 

~ 'RwHI r 1 

MEyIWEy' ~:r_ A .. --+-1----+-1-;1-----------------++-------------------
'FHR 

I 
'RAC I 

I~ 'MH _I 
I 

-f C '1c 

'" t-

~II~ 

'AA 

'CAC 

VALID DOUT 

~ ~I 

I ,'os 'DH~I 

E '1c 
t- OPEN---

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

MT42C8254 
REV. 5/93 

Cycle Function Table for a detailed description. 
2. WEH and WEL apply to the WEx waveform if the corresponding nibble participates in the WRITE; if not, 

apply the WEy waveform. 

2-97 Micron Semiconductor, !nc" reserves the right to change products or specifications without notice. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRASP 

RAS VIH-
VIL-

'PC 

~ tCAS 'CP tCAS 'CP tCAS 

CAS 
VIH-
VIL-

ADDR V'H 
V'L 

'DHR I 
_'_Ds_1 

DO VIOH
VIOl- E E E 

TR/OE 

'YS I 'YH 

~:r-d- -~///!////I!##l!ff//////!$/////I!$I!I!/M$I!//$//!I/$I!/////////!////!I!III!/M///!a 
fZZl DON'T CARE 

f22il UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST-PAGE-

MT42C8254 
REV. 5193 

MODE. 
2. The logic states of "A", "8", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
3. WEH and WEL apply to the WEx waveform if the corresponding nibble participates in the WRITE; if not, 

apply the WEy waveform. 

2-98 Micron Semiconductor, Inc., reserves the right to change products or speC1fications without notice. 
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RAS VIH-
VIL-

ICRP 

CAS 
VIH-
VIL-

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

tCSH 

1 ___ I.:.;R"'CO'--__ I __ ....:tC"'A"-S __ I ~ tCAS tcp tCAS 

AOOR ~:~_ 

I I tRWO II ~I I tCWL-t 

tWSR tRWH I I I tAWD twp - II tAWD twp_ 

- -- leWD leWD 

tcWI.:-

~]~4-1 II II 

leWD 

tiZJ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST-PAGE-MODE. Use 

MT42C8254 
REV. 5/93 

the Write Function Table to determine the proper DSF state for the desired WRITE operation. 
2. The logic states of "A", "8", "C" and "D" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
3. WEH and WEL apply to the WEx waveform if the corresponding nibble participates in the WRITE; if not, 

apply the WEy waveform. 

2-99 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1993,MicronSemiconductor, Inc. 

z 
m :e 
III 
< 
:Jl 
l> s: 



z m :e 
II 
< 
::D 
l> s: 

DRAM RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A8) 

'"" ~~_'RAS_~~-'RPC l-'~ ----'/ t'----_ 
CAS ~:~-~ II '-

'ASR 'RAH 

'DDR ~:~_ ROW ~;///I/I/I/I///$//I;/;///;/I;/////#/;II$;//Im<~--R-OW--
~ll~ 

MEAHLfWN~EEH ~:~-W/lllffM NOTE' !w1$,&//I/II/;I;@I$/$$!lff!;l/lI;/I!;I$/$$/$$I;/I$#II;/lffll1 
ME L II 

DSF ~:~ !$/;I/ II//j'&I//1 $#1 /I 1 ff///;I;/;// 1 $Iffl/;l ;////;11 1$'&11/;111/// 1 ff;@ /;1/ 1 $1 /Iff $#1/;1;//1///;111/ ff 1 1 II/, 

DQ ~lg~- II OPEN--------OPEN------

'YS II 'YH 

mOE ~:~$$/;i//lJ- -~;@/$/I/I$$##/;i////$II$//I//$$IIII$ W;1!;1I//! 

MT42C8254 
REV. 5193 2-100 

~ DON'T CARE 

!l88l UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications Without nolice. 
©1993, Micron Semiconductor, Inc. 



CBR REFRESH CYCLE 

:lIllI/II/) y 
tRPC 

~ 
',~ ~ ',,, ~t tRPC ~ tCSR tCHR -lw 
I II " 

ADDR ~:~=ijffl$$III!$$$ffff$$lIffffff$$$l/lIff$fflll/$lIlffMl$$l_$_l!$ffl& 

::t-w/##1r~-'=l~w;w;w//#//#~~!~"!!J0'#;W;W//#,0( ,=. Xlli MEHlWEH 
AND 

MEUWEL 

I ~II~ ~II~ 
DSF ~:~-0'$ffffffff&f NOTE! kfffflffffl$$;/M NOTE! W!ffff!l/l$ffffM NOTE! wm 
DO ~:g~_ I~)'----OPEN--------OPEN-------

TRICE ~:~-j'jj$II$_ffl!$$$//I/III!;1$lIffff$$$$ffffl$$//ff$ ffllllffffl!l!l!$fflfflffllffffi 

IZ] DON'T CARE 

~ UNDEFINED 

NOTE: 1. The MT42C8254 operates properly with MEIWE and DSF = "don't care", but to ensure compatibility with all 

MT42C8254 
REV. 5/93 

2 Meg VRAM feature sets, Micron recommends that they be HIGH ("1"). 

2-101 Micron Semiconductor, Inc., reserves the right to change products or speciflca1ions without notice. 
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}~ RAS VIH 
V1L -

CAS 
VIH-
VIL-

ADDR 

DRAM HIDDEN-REFRESH CYCLE 

(READ) 

'RAS 

1 __ '-",cA""c--,;I_1 

(REFRESH) 

'RAS 

I ~~ 
OQ ~lgt=.----;-;-II----OPEN ---,-oEtll:....----~V~A~LlD~D~OU:':T------l OPEN-

I:-'YS ~l 'ROHIT }~'OD ~ 
TRICE ~:~=-.i-----+\-::_-_-_-_-_-_-_-_-_-_~_i_'_-____________ _'. 

~ DON'T CARE 

12221 UNDEFINED 

NOTE: 1. A HIDDEN-REFRESH may also be performed after a WRITE or TRANSFER cycle. In this case, MEIWE = 

MT42C8254 
REV.S/93 

LOW (when CAS goes LOW) and TRiOE = HIGH. In the TRANSFER case, TRIOE = LOW (when RAS goes 
LOW) and the DQ pins stay High-Z during the refresh period, regardless of TRIOE. 

2. The MT42C8254 operates with MEIWE and DSF = "don't care", but to ensure compatibility with all 
2 Meg VRAM feature sets, Micron recommends that they be HIGH ("1"). 

2-102 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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RAS 
VIH_ 
VIL-

~ 

CAS 
VIH-
VIL-

READ TRANSFER 3 

(DRAM-TO-SAM TRANSFER) 
(When serial part was previously High-Z or SC idle) 

tRAS tRP 

ICSH 

IRSH 

tRCD I CAS 

tAR 

I tRAL 1 

I~ 
ADDR ~:~_ ROW SAM START (TAP) 

~II~ I I 
~:tW I W/!/!$/!$!IJ/M$//!l$//!$/!/!J$I/!$!/!/!/!/!//!/!//!/!/$////!$!//$///$/!!h 

tFSR tAFH I I 
DSF ~:t=wl-I - --W////$/$/$/!$/!$I!/!$///!/!//!$/!$I!/!/!$$/!J!I/!$I!/!$/!////I,$///!/!!d 

_I~FII I I 
DO ~:gt -~ OPEN I OPEN -;.-----

leBD 

iTRP 

NOTE 2 

Be ~:r= ------~/ NOTE 1 __ ~ __ ~ __ L-____________ ~ ________ ~I 

I t __ 

~ :::::::::=rl:;;~//JM'ffff$/ff$ff$j',w$J,@ff/!,I,wJ _tSEA 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. There must be no rising edges on the SC input during this time period. 

MT42C8254 
REV. 5193 

2. If tTLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the tCSD and tRSD times must be 
met. If tRTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge, and 
trSD must be met. 

2-103 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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RAS VjH-
VIL-

~ tRCD 

CAS 
V,H 
VIL-----1 

'AR 

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

'RC 

tRAS 

tCSH t 
IRSH 

II 'CAS 

II } / 
I 1 1 tRAL 

'RP 

II 
1:-- 'AAD 

tASR 'RAH ~I -I _leAH -1- -
ADDR ~:t=~ AOW ~ SAM START 

kll~ 
MEHIWEH VIH ~ 1 L 
MEA~EL VIL Ijjjjj/ ~ 

- I'FSA 

j$I!I!/I!;l$I!///!;@I!//!////I!$!/o///;@I!!/I!I/$$!l;@//$I!/!$!I!/$#$I!;/"z 

=!WI-I ~ I I I 
W/!$/!/I!I!//$$////ffi!$I!/$$////;//I!/$#/!//$//!//!$/!/$$/!/I!ffi/!$/!//!#; V,H 

DSF VIL 

I 'OFF 

-~ - OPEN -

I 
~~TLS IRTH 

'SC 

sa ~igt=----{ 

OPEN 

I~ 
I tCTH 

'TRW 

~ ~ 

....!SAC PREVIOUS ROW DATA 

VALID DOUT 

_I SEA 

tTRP 

V/////////////////////////////////;'l 

VALID DOUT 

~ DON'T CARE 

t&iQl UNDEFINED 

NOTE: 1. The SE pulse is shown to illustrate the SERIAL OUTPUT ENABLE and DISABLE timing. It is not required. 

MT42C8254 
REV.SI93 2-104 Micron Semiconductor,lnc., reserves the righllo change products or specifications without notice. 
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SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

tCSH 

~~~'A=CD _____ I ______ ~'~~S ____ ~I 

ADDR ~:~: 
_ _ '-lLilJ';--~I~I~'<L.LLLL/'---------'-----"'XLL1..LlLLLLLlL.:..t..l..I...t.LLLULLI LLL.LLLLL.LLLLL:LL/..LLl..l.L.~ 

~:~:~ ~:t-~ II W#///////#$////#/$///hW/$///#/!/$///#/$//$/#///$/!///$$#/###/1$$,1 
~ I 'FSA 'AFH I 

DSF ~:t=w)-I- -~W///$!$#/$//!hW///$#/!#ff//$$!//$///$$$$$//$//!/I$#$I!hW/,1 
'o~ I 

DO ~:gt------~ I OPEN --------'------- OPEN 

~ ~ I 

TAtOE ~:t=.l--- ---~/I!I!!$$!$j'I!$/$//!I#$/I!/#$$$$$hW////&/$/$#$/;Ijj#/$I!/a; 
~I 'sc I 'STH 

_ I-lSAC I--!SAC 

='-1-rSOH 
- I-rSOH 

sa ~:gr====X 511 (255) it-A (-256+-A) -~~ 253(509) X 254(510) X 255(511) X 256+8(8) 

SE ~:~:--------------------ff:f--------------------------

MT42C8254 
REV. 5/93 2-105 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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sa ~g~= A-1 

MT42C8254 
REV. 5193 

tSEZ 

A 

SAM SERIAL OUTPUT 

tsc 
'l~~_ 
~ tsc 

2-106 

A+2 

tSAC 

A+3 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



VRAM 

FEATURES 
• Industry-standard pinout, timing and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 
• Inputs and outputs are fully TTL compatible 
• Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh within 16.7ms 

FAST-PAGE-MODE 
• Dual-port organization: 256K x 8 DRAM port 

512 x 8 SAM port 
• No refresh required for serial access memory 
• Low power: 10mW standby; 300mW active, typical 
• Fast access times: 70ns random, 22ns serial 

SPECIAL FUNCTIONS 
• NONPERSISTENT MASKED WRITE 
• BLOCK WRITE 
• SPLIT READ TRANSFER 

OPTIONS MARKING 
• Timing (DRAM, SAM [cycle/access]) 

70ns, 22/22ns -7 
80ns,25/25ns -8 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG* 
Plastic TSOP (400 mil) reverse pinout RG* 

• Part Number Example: MT42C8255DJ-7 

GENERAL DESCRIPTION 
The MT42C8255 is a high-speed, dual-port CMOS dy

namic random access memory or video RAM (VRAM) 
containing 2,097,152 bits. These bits may be accessed by an 
8-bit-wide DRAM port or by a 512 x 8 bit serial access 
memory (SAM) port. Data may be transferred from the 
DRAM to the SAM. 

The DRAM portion of the VRAM is functionally 
similar to the MT4C4256 (256K x 4-bit DRAM), with the 
addition of MASKED WRITE and BLOCK WRITE. Eight 
512-bit data registers make up the serial access memory 
portion of the VRAM. Data I/O and internal data transfer 

MT42CB255 
REV.S/93 

256Kx8 DRAM 
WITH512x8SAM. 

2-107 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ (SO B-3) 
Vo< 1 40 Vos 

sc 2 39 sas 
S01 3 38 S07 

S02 , 37 so, 
S03 5 36 S05 

so. 6 35 SE 
ffi!i5E 7 34 D08 

001 8 33 D07 

002 9 32 DO' 
003 10 31 DOS 

DQ4 11 30 Vos 

V" 12 29 DSF 

iiAEIWE 13 28 GND 

AAS 14 27 CAS 
A8 15 26 aSF 

A7 16 25 AD 

A' 17 24 A1 

AS 18 23 A2 

A4 19 22 A3 
Yo, 20 21 Voo 

40/44-Pin TSOP (SOE-2) 
Vo< Yo, 
sc SOO 

S01 S07 
S02 SO, 
so, §Q5 

_Sill: SE 
TRIOE DOS 

D01 D07 
D02 D06 
D03 DOS 

DO' Voo 
V" DSF 

M~ GND 
RAS CAS 

AS OSF 
A7 AD 
A6 A1 
AS A2 
A. A:l 

Vo< V" 

40/44-Pin TSOP* (SOE-2) 

v" Vo< 
so, sc 
S07 S01 
SOO SQ2 
SQ> SQ3 

SE ~Q4-
DOS TRiOE 
D07 001 
006 002 
DOS 003 

Vos DQ4 
DSF ygJ-

~ M£iWE 
RAS 

aSF A8 
AD A7 
A1 A, 
A2 AS 
A3 A4 

Voo Vco 

'Consult factory for availability. 

Micron Semiconductor, Inc" reserves the right to change products or specifications without notice. 
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are accomplished using three separate data paths: the 8-bit 
random access I/O port, the eight internal 512-bit-wide 
paths between the DRAM and the SAM, and the 8-bit serial 
output port for the SAM. The rest of the circuitry consists of 
the control, timing, and address decoding logic. 

Each port may be operated asynchronously and indepen
dently of the other except when data is being transferred 
internally. As with all DRAMs, the VRAM must be re
freshed to maintain data. The refresh cycles must be timed 
so that all 512 combinations of RAS addresses are executed 
at least every 16.7ms (regardless of sequence). Micron rec
ommends evenly spaced refresh cycles for maximum data 

integrity. An internal transfer between the DRAM and the 
SAM counts as a refresh cycle. The SAM portion of the 
VRAM is fully static and does not require any refresh. 

The operation and control of the MT42C8255 are 
optimized for high performance graphics and communica
tion designs. The dual-port architecture is well suited to 
buffering the sequential data used in raster graphics dis
play, seriaI/ parallel networking and data communications. 
Special features such as SPLIT READ TRANSFER and 
BLOCK WRITE allow further enhancements to system 
performance. 

FUNCTIONAL BLOCK DIAGRAM 

AD·A8 

MT42C8255 
AEV.5193 

.......... _----------_ .... _--------------------_ .... _------ ............ --------_ ...................... --------- ........ - ............ -----_ ............ _---

2-108 

COLUMN 
MASK 

D01 ._ .... _ .... 
DOB 

S01 . 
SOB 

L-__ --<?-_ SE 

OSF 

Micron Semiconductor, Inc., reserves the right to change products Of speCifications without notice. 
©1993, Micron Semiconductor, Inc. 



PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

2 

7 

13 

35 

29 

14 

27 

25,24,23, 
22,19,18, 
17, 16, 15 

8,9, 10, 11, 
31,32,33, 

34 

3, 4, 5, 6, 36, 
37,38,39 

26 

28 

1,20 

12,21, 
30,40 

MT42C8255 
REV. 5193 

TSOPPIN 
NUMBERS 

2 

7 

15 

39 

31 

16 

29 

27,26,25, 
24,21,20, 
19,18,17 

8,9,10,13, 
35,36,37, 

38 

3, 4, 5, 6, 40, 
41,42,43 

28 

30 

1,22 

14,23, 
32,44 

SYMBOL 

SC 

TRIOE 

MEIWE 

SE 

DSF 

RAS 

CAS 

AO-A8 

D01-D08 

SQ1-SQ8 

OSF 

GND 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input! 
Output 

Output 

Output 

-

Supply 

Supply 

DESCRIPTION 

Serial Clock: Clock input to the serial address counter for the SAM 
registers. 

Transfer Enable: Enables an internal TRANSFER operation at RAS 
(H - L), or 
Output Enable: Enables the DRAM output buffers when taken LOW 
after RAS goes LOW (CAS must also be LOW); otherwise, the output 
buffers are in a High-Z state. 

Mask Enable: If MElWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 
Write Enable: MEIWE is also used to select a READ (MEIWE = H) or 
WRITE (MEIWE = L) cycle when accessing the DRAM and READ 
TRANSFER (MEIWE = H) to the SAM. 

Serial Port Enable: SE enables the serial output buffers and allows a 
serial READ operation to occur; otherwise, the output buffers are in a 
High-Z state. The SAM address count will be incremented by the 
rising edge of SC when SE is inactive (HIGH). 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE, SPLIT TRANSFER, 
etc.) are used for a particular access cycle (see Truth Table). 

Row Address Strobe: RAS is used to clock-in the 9 row-address bits 
and strobe the MEIWE, TRlOE, DSF, SE, CAS and DO inputs. It also 
acts as the master chip enable, and must fall for initiation of any 
DRAM or TRANSFER cycle. 

Column Address Strobe: CAS is used to clock-in the 9 column-
address bits and strobe the DSF input (BLOCK WRITE only). 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit word 
out of the 262,144 available. During TRANSFER operations, AD to A8 
indicate the DRAM row being accessed (when RAS goes LOW) and 
AO-A8 indicate the SAM start address (when CAS goes LOW). A8 = 
"don't care" for the start address during SPLIT READ TRANSFER. 

DRAM Data 1/0: Data input!output for DRAM access cycles: These 
pins also act as inputs for Color Register load cycles, DO Mask 
and Column Mask for BLOCK WRITE. 

Serial Data Out: Output or High-Z. 

Split SAM Status: OSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if address is 256-511. 

No Connect!GND: This pin must be tied to ground to allow for upward 
functional compatibility with future VRAM feature sets. 

Power Supply: +5V ±1 0% 

Ground 
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FUNCTIONAL DESCRIPTION 
The MT42C8255 can be divided into three functional 

blocks (see Functional Block Diagram); the DRAM, the 
transfer circuitry and the SAM. All of the operations de
scribed below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 

Note: For dual-function pins, the function not being dis
cussed will be surrounded by parentheses. For ex
ample, the TRjOE pin will be shown as TR/(OE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 
Like any DRAM-based memory, the MT42C8255 VRAM 

must be refreshed to retain data. All 512 row-address com
binations must be accessed within 16.7ms. The MT42C8255 
supports CBR, RAS-ONL Y and HIDDEN types of refresh 
cycles. 

For the CBR cycle, the row addresses are generated and 
stored in an internal address counter. The user need not 
supply any address data, but must simply perform 512 CBR 
cycles within the 16.7ms time period. 

The refresh address must be generated externally and 
applied to AD-A8 inputs for RAS-ONLY REFRESH cycles. 
The DQ pins remain in a High-Z state for both the RAS
ONLY and CBR cycles. 
~DDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CBR cycles but does not disturb the DQ 
lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42C8255 is fully static and does not require any 
refreshing. 

DRAM ACCESS CYCLES 
The DRAM portion of the VRAM is similar to standard 

256K x 4 DRAMs. However, because several of the DRAM 
control pins are used for additional functions on this part, 
several conditions that were undefined or in "don't care" 
states for the DRAM are specified for the VRAM. These 
conditions are highlighted in the following discussion. In 
addition, the VRAM has special functions that can be used 
when writing to the DRAM. 

The 18 address bits that are used to select an 8-bit word 

MT42C8255 
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from the 262,144 available are latched into the chip using 
the AD-A8, RAS and CAS inputs. First, the 9 row-address 
bits are set up on the address inputs and clocked into the 
part when RAS transitions from HIGH-to-LOW. Next, the 
9 column-address bits are set up on the address inputs and 
clocked-in when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 
VRAM. If RAS is inactive, HIGH, all other DRAM 
control pins (CAS, TR/OE, ME/WE, etc.) are "don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

For standard single-port DRAMS, the OE pin is a "don't 
care" whenRAS goes LOW. However, for the VRAM, when 
RAS goes LOW, TR/ (OE) selects between DRAM access or 
TRANSFER cycles. TR/(OE) must be HIGH at the RAS 
HIGH-to-LOW transition for all DRAM operations (except 
CBR, where it is "don't care"). 

A DRAM READ operation is performed if (ME)/WE is 
HIGH when CAS goes LOW and remains HIGH until CAS 
goes HIGH. The data from the memory cells selected will 
appear at the DQI-DQ8 port. The (TR)/OE input must 
transition from HIGH-to-LOW some time after RAS falls to 
enable the DRAM output port. 

For standard single-port DRAMs, WE is a "don't care" 
when RAS goes LOW. For the VRAM, ME/WE performs 
two functions; write mask enable and data write enable. 
ME/ (WE) is used, when RAS goes LOW, to select between 
a MASKED WRITE cycle and a normal WRITE cycle. If ME / 
(WE) is LOW at the RAS HIGH-to-LOW transition, a 
MASKED WRITE operation is selected. For anynonmasked 
DRAM access cycle (READ or WRITE), ME/ (WE) must be 
HIGH at the RAS HIGH-to-LOW transition. If (ME)/WE is 
LOW before CAS goes LOW, a DRAM EARLY-WRITE 
operation is performed. If (ME) /WE goes LOW after CAS 
goes LOW, a DRAM LA TE-WRITE operation is performed 
(refer to the AC timing diagrams). 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, FAST-PAGE-MODE READ, FAST
PAGE-MODE WRITE (Late or Early), and FAST-PAGE
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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MASKED WRITE 
The MASKED WRITE (RWM) feature eliminates the 

n.eed for a READ-MODIFY-WRITE cycle when changing 
individual bits within the 8-bit word. When MEl (WE) and 
DSF are LOW at the RAS HIGH-to-LOW transition, a 
MASKED WRITE is performed. 

The MT42C8255 supports the nonpersistent mode of 
MASKED WRITE. In this mode, mask data must be entered 
with every RAS falling edge. The data (mask data) present 
:m the DQ1-DQ8 inputs will be written into the mask data 
register (see Figure 1). The mask data acts as an individual 
write enable for each of the eight DQ1-DQ8 pins. If a LOW 
(logic "0") is written to a mask data register bit, the input 
port for that bit is disabled during the subsequent WRITE 
operation and no new data will be written to that DRAM 

cell location. A HIGH (logic "1") on a mask data register bit 
enables the input port and allows normal WRITE operation 
to proceed. Note that CAS is still HIGH. When CAS goes 
LOW, the bits present on the DQ1-DQ8 inputs will be either 
written to the DRAM (if the mask data bit is HIGH) or 
ignored (if the mask data bit is LOW). The DRAM contents 
that correspond to masked input bits will not be changed 
during the WRITE cycle. The mask data register is cleared 
at the end of every NONPERSISTENT MASKED WRITE. 

FAST-PAGE-MODE can be used with MASKED WRITE 
to write several column locations in an addressed row. The 
same mask is used during the entire FAST-PAGE-MODE 
RAScycle. 

1- NONPERSISTENT MASKED WRITE -1- NONPERSISTENT MASKED WRITE -I 

1AT42C8255 
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RAS ~ __________ ~I \~ __________ ~r-~ 

CAS \ '---_----'I \'---_----'r-
MElWE \ IlllllA I/!/!II! lilA fll!l& II!/ /II///! 

DSF \ fll!l& III/I!! II lilA IlllllA II III! //II; 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 

0 X 1 0 0 X 0 

1 1 0 .-----3> 0 0 1 1 .-----3> 1 

0 0 X 0 0 0 X 0 

0 1 1 .-----3> 0 1 .-----3> 1 

0 0 X 0 0 0 X 0 

0 .-----3> 0 0 1 0 .-----3> 0 

0 X 1 0 0 X 0 

0 0 .-----3> 0 0 0 .-----3> 0 

.. ADDRESS 0 ~ .. ADDRESS 1 ~ 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 
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MII:::RON MT42C8255 
1-· c e,ce c, 256K x 8 VRAM 

COWMN 
(A2-ABatCAS) 

~~w 

~.-~iffiinrl! i 

COLUMN MASK (AO~ 
ON THE INPUTS AT CAS 

MASK DATA 

iii i 

I" 

(DOa) 
~(Da7) 
/~ (006) 

" "/(005) 

~~~ --+ LL-,lCO-LOLR R,LEO...J'S .... TEJ...R ...L...J 
REaISTER (must be previously loaded) 

Figure 2 
BLOCK WRITE EXAMPLE 

BLOCK WRITE 
If DSF is HIGH when CAS goes LOW, the MT42C8255 

will perform a BLOCK WRITE (BW) cycle instead of a 
normal WRITE cycle. In BLOCK WRITE cycles, the contents 
of the color register are directly written to four adjacent 
column locations (see Figure 2). The color register must be 
loaded prior to beginning BLOCKWRITE cycles (see LOAD 
COLOR REGISTER). Each DQ location of the color register 
is written to the four column locations (or any of the four 
that are enabled) in the corresponding DQ bit plane. 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs (DQl, 2, 3, 
and 4) are then used to determine what combination of the 

four column locations will be changed. The DQ inputs are 
"written" at the falling edge of CAS or WE, whichever 
occurs later (see the WRITE cycle waveforms). The table on 
this page illustrates how each of the DQ inputs is used to 
selectively enable or disable individual column locations 

COLUMN ADDRESS CONTROLLED 
INPUTS AD A1 
D01 0 0 

D02 1 0 

D03 0 1 

D04 1 1 

MT42C8:!56 
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MIC:RON MT 42C8255 
1-· "" cc " 256K x 8 VRAM 

within the block. The write enable controls are active HIGH; 
a logic "1" enables the WRITE function and a logic "0" 
disables the WRITE function. 

MASKED BLOCK WRITE 

LOAD COLOR REGISTER 
A LOAD COLOR REGISTER (LCR) cycle is identical to 

the LOAD MASK REGISTER cycle except DSF is HIGH 
when CAS goes LOW. The contents of the 8-bit color 
register are retained until changed. by another LOAD 
COLOR REGISTER cycle (or the part loses power) and are 
used as data inputs during BLOCK WRITE cycles. • < 

The MASKED WRITE functions may be used during 
BLOCK WRITE cycles. MASKED BLOCK WRITE (BWM) 
operates exactly like the normal MASKED WRITE except 
the mask is now applied to the 8 bit-planes of 4 column 
locations instead of just one column location. 

TRANSFER OPERATIONS ::D 
TRANSFER operations are initiated when TR/(OE) is » 

LOW at the falling edge of RAS. The state of (ME) /WE :s:: 
when RAS goes LOW indicates the direction of the 
TRANSFER (to or from the DRAM), and DSF is used to 
select between NORMAL TRANSFER and SPLIT TRANS-

The combination of ME/ (WE) LOW and DSFLOW when 
RASgoes LOW initiates a nonpersistent MASKED WRITE 
cycle. To perform a MASKED BLOCK WRITE, the DSF pin 
must be HIGH when CAS goes LOW. By using both the 
column mask input and the MASKED WRITE function of 
BW, any combination of the eight bit planes may be masked, 
along with any combination of the four column locations. 

FER cycles. Each of the TRANSFER cycles is described in 
this section. 

MT42C8255 
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I I I 

1lJdt1'-------_«=Ij W/i/i//$i/i/i///$i/$1'-______ I!llllr=. 
I I : 

i . \ ~ i \ ./!l$//i///i/i/i/i/I/4:: ~ \ fl11J 
:: I:: I I:: 

~i/i/!II/I/;4f<; ROW. X ~~:l:xAP.i7JJi///i/i/$//$I#i//4t; ROW 1 X ':':l:xAP X 
I I I : 

M~ ~w~~~=~=w~=w=w~mw~mwm~=w=w~=w~m~rw.r.~=n=mmm~~$i/i/i/i/I/i/i/i/i/4rm7:=~=m=%=w=w~=w~=w~mw~m~ 

TRi5E \\..-+-.... /'-____ 7 r-----~~r--------~)~: 1,--------
Jir~ 

Output 

QSF 11' 
--------~~-~J(~------~ 

(NORMAL) READ T.RANSFER 

FROM: ROWO 
TO: FULL SAM 
SAM I/O IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(QSF GOES LOW) 

SPLIT READ TRANSFER 
(optional) 

FROM: ROWO 
TO: UPPER SAM, 
TAP ADDRESS ~ 6 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 3 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (OSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM, 
TAP ADDRESS = 0 TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(OSF REMAINS HIGH) 

~ DON'T CARE 

~ UNDEFINED 

TYPICAL SPLIT-REAO-TRANSFER INITIATION SEQUENCE 
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READ TRANSFER 
If (ME) /WE is HIGH and DSF is LOW when RAS goes 

LOW, a READ TRANSFER (RT) cycle is selected. The row
address bits indicate which eight 512-bit DRAM row planes 
are transferred to the eight SAM data register planes. The 
column-address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every RT in order to load a valid 
Tap address. An RT may be accomplished in two ways. If 
the transfer is to be synchronized with the serial clock, Sc, 
(REAL-TIME READ TRANSFER), TR/ (OE) is taken HIGH 
after CAS goes LOW. The TRANSFER will be made when 
TR/(OE) goes HIGH. If the transfer does not have to be 
synchronized with SC (READ TRANSFER), TR/(OE) may 
go HIGH before CAS goes LOW and the actual data TRANS
FER will be timed internally (refer to the AC Timing Dia
grams). During the TRANSFER, 4,096 bits of DRAM data 
are written into the SAM data registers and the Tap address 
is stored in an internal 9-bit register. The split SAM status 
pin (QSF) will be LOW if the Tap is in the lower half 
(addresses 0 through 255), and HIGH if it is in the upper 
half (256 through 511). If SE is LOW, the first bits of the new 
row data will appear at the serial outputs with the first SC 
clock pulse. SE enables the serial outputs and may be either 
HIGH or LOW during this operation. The SAM address 
pointer will increment with the SC LOW-to-HIGH transi
tion, regardless of the state of SE. 

SPLIT READ TRANSFER 
The SPLIT READ TRANSFER (SRT) cycle eliminates the 

critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles to do midline reloads, a REAL-TIME READ TRANS
FER must be done. The REAL-TIME READ TRANSFER 
has to occur between the last clock of "old" data and first 
clock of the "new" data of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 

LOWER HALF 

I NOSRT I 

data may be transferred to the other half. The transfer is not 
synchronized with the serial clock and may occur at any 
time while the other half is outputing data. 

The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/ (OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
falling edge of CAS or the rising edge of Sc. The transfer 
timing is generated internally for SPLIT TRANSFER cycles. 

A "full" READ TRANSFER cycle must precede any se
quence of SRT cycles to provide a reference to which half 
of the SAM the access will begin (the state of QSF). Then an 
SRT may be initiated by taking DSF HIGH when RAS goes 
LOW during the TRANSFER cycle. As in nonsplit transfers, 
the row address is used to specify the DRAM row to be 
transferred. The column address, AO-A7, is used to input the 
SAM Tap address. Address pin AS is a "don't care" when 
the Tap address is loaded at the HIGH-to-LOW transition 
of CAS. It is internally generated in such a manner that the 
SPLIT TRANSFER will automatically be to the SAM half 
not being accessed. 

Figure 3 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is performed first, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional, and need be done only if 
the Tap for the upper half is * o. Serial access continues, and 
when the SAM address counter reaches 255 (" AS" = 0, AO
A7 = 1) the QSF output goes HIGH, and if an SRT was done 
for the upper half, the new Tap address is loaded for the next 
half ("AS" = 1, AO-A7 = Tap). Once the serial access has 
switched to the upper SAM (QSFhas gone HIGH), new data 
may be transferred to the lower SAM. For example, the next 
step in Figure 3 would be to wait until QSF went LOW 
(indicating that row-l data is shifting out of the lower SAM) 
and execute an SRT of the upper half of row 1 to the upper 
SAM. If the half boundary is reached before an SRT is done 
for the next half, the device will leave split mode and the 
access will start from address 256 if going to the upper half 
or at 0 if going to the lower half (see Figure 4). 

UPPER HALF 

,------ NO SRT I I 
0 TAP 255 256 511 

MT42CB255 
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II 
1 

II 
t 

SlartSplil 

II II II 
LJ 

Figure 4 
SPLIT SAM TRANSFER 
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SERIAL OUTPUT 
The control inputs for serial output are SC and SE. The 

rising edge of SC increments the serial address counter and 
provides access to the next SAM location. SE enables or 
disables the serial output buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SRT cycle. The SC input increments the 
address counter and presents the contents of the next SAM 
location to the 8-bit port. SE is used as an output enable 
during the SAM output operation. The serial address is 
automatically incremented with every SC LOW-to-HIGH 
transition, regardless of whether SE is HIGH or LOW. The 
address progresses through the SAM and will wrap around 
(after count 255 or 511) to the Tap address of the next half for 
split modes. If an SRT was not performed before the half 
boundary is reached, the count will progress as illustrated 

n42C8255 
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in Figure 4. Address count will wrap around (after count 
511) to Tap address 0 if in the "full" SAM modes. 

POWER-UP and INITIALIZATION _ 
After Vee is at specified operating conditions, for lOOl1s 

minimum, eight RAS cycles must be executed to initialize < 
the dynamic memory array. Micron recommends that RAS .... 
= TR/ OE;:: VIH during power up to ensure that the DRAM ~ 
I/O pins (DQs) are in a High-Z state. The DRAM array will l> 
contain random data. , 

The SAM portion of the MT42C8255 is completely static ;::;. 
in operation and does not require refresh or initialization. 
The SAM port will power-up with the Output pins (SQs) in 
High-Z, regardless of the state of SE. QSF initializes in the 
LOW state. The color register will contain random data after 
power-up. 
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TRUTH TABLE 

lIAS "FALLING EDGE mFALL AD-A8' 001-0Q8' REGISTER 

CODE FUNCTION m TR/llt ME/Wt DSF DSF lIAS m lIAS ~,Wf' COLOR 
DRAM OPERATIONS 

CBR CBR REFRESH 0 X l' l' - X X - X X 

ROR RAS ONLY REFRESH 1 1 X X - ROW - X - X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 0 ROW COLUMN X VALID X 
DATA 

RWM MASKED WRITE TO DRAM (NEW MASK) 1 1 0 0 0 ROW COLUMN WRITE VALID X 
MASK DATA 

BW BLOCK WRITE TO DRAM 1 1 1 0 1 ROW COLUMN X COLUMN USE 
(A2-AB) MASK 

BWM MASKED BLOCK WRITE TO DRAM (NEW MASK) 1 1 0 0 1 ROW COLUMN WRITE COLUMN USE 
(A2-AB) MASK MASK 

REGISTER OPERATIONS 

LCR LOAD COLOR REGISTER 1 1 1 1 1 ROW4 X X REG LOAD 
DATA 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) I 1 0 I 1 0 X ROW TApS I X X X 

SRT SPLIT READ TRANSFER (SPLIT DRAM-TO"SAM TRANSFER) I 1 0 I 1 1 X ROW I TAp5 X X X 

NOTE: 1. These columns show what must be present on the AO-AS inputs when RAS falls and when CAS falls. 

MT42G8255 
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2. These columns show what must be present on the DQ1-DQS inputs when RAS falls and when CAS falls. 
3. During WRITE (including BLOCK WRITE) cycles, the input data is latched at the falling edge of CAS or 

MEIWE, whichever is later. Similarly, with READ cycles, the output data is valid after the falling edge of CAS 
or TRIOE, whichever is later. 

4. The ROW that is addressed will be refreshed, but a ROW address is not required. 
5. This is the first SAM address location that the first SC cycle will access. For split SAM transfers, the Tap will 

be the first address location accessed of the "new" SAM half after the boundary of the current half is reached 
(255 for the lower half, 511 for the upper half). 

6. The MT42CS255 does not require a "1" on these pins, but to ensure compatibility with other 2 Meg VRAM 
function sets, it is recommended. 
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MU:::RON MT42C8255 
1-· , en, 256K x 8 VRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc 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 .............................................................. IW 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C S; T A S; 70°C) 

. PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 
(Oo~ S; T A S; 70°C; Vce.= 5V ±1 0%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input(OV S; VIN S; Vcc); all other pins not under test =OV 

OUTPUT LEAKAGE CURRENT 
(DO, SO disabled, OV S; VOUT S; Vcc) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 
Input Capacitance: AO-A8 

Input Capacitance: RAS, CAS, MElWE, TRlOE, SC, SE, DSF 

Input/Output Capacitance: DO, SO 

Output Capacitance: OSF 

*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 4.5 5.5 V 1 

VIH 2.4 Vcc+ 1 V 1 

VIL -1.0 0.8 V . 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 JlA 

loz -10 10 JlA 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 
CI1 5 pF 2 

CI2 7 pF 2 

Clio 9 pF 2 

Co 9 pF 2 

MT42C825S 
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CURRENT DRAIN, SAM IN STANDBY 
(ODC S; T A S; 70DC; VCC = 5V ±1 0%) 

MAX 
PARAMETER/CONDITION SYMBOL -7 -8 UNITS NOTES 
OPERATING CURRENT IccI 125 110 rnA 3,4 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 25 

OPERATING CURRENT: FAST-PAGE-MODE Icc2 115 100 rnA 3,4 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIN]; other inputs :2: VIH or S; VIL) 26 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current ICC3 10 10 rnA 4 
(RAS = CAS = VIH after 8 RAS cycles [MIN]; other inputs :2: VIH or S; VIL) 

REFRESH CURRENT: RAS-ONL Y Icc4 125 110 rnA 3,25 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: CBR Iccs 125 110 rnA 3,5 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER Icc6 135 120 rnA 3 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(ODC ::; T AS; 70DC; Vcc = 5V ±1 0%) 

MAX 
PARAMETER/CONDITION SYMBOL -7 -8 UNITS NOTES 
OPERATING CURRENT Icc? 175 160 rnA 3,4 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 25 

OPERATING CURRENT: FAST-PAGE-MODE Iccs 165 150 rnA 3,4 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIN]) 26 

STANDBY CURRENT: TTL INPUT LEVELS Iccg 60 60 rnA 3,4 
Power supply standby current 
(RAS = CAS = VIH after 8 RAS cycles [MIN]; other inputs :2: VIH or ::;VIL) 

REFRESH CURRENT: RAS-ONL Y Icclo 175 160 rnA 3,4 
(RAS = Cycling; CAS = VIH) 25 

REFRESH CURRENT: CBR ICCl1 175 160 rnA 3,4,5 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER Iccl2 185 170 rnA 3,4 
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DRAM TIMING PARAMETERS 
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 
PARAMETER 
Random READ or WRITE cycle time 

READ-MODIFY-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle lime 

FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Access time from (TR)/OE 

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 

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 from CAS 

Output disable delay from (fR)/OE 
Output disable hold time from start of WRITE 

Output Enable to RAS delay 

MT42C8255 
REV. 5/93 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAL 

tRCS 

tRCH 

tRRH 

tCLZ 

tOFF 

tOD 

tOEH 

tROH 

2-119 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
130 150 ns 

170 190 ns 

40 45 ns 

90 95 ns 

70 80 ns 14 
20 25 ns 15 
20 20 ns 

35 40 ns 

40 45 ns 

70 100,000 80 100,000 ns 

70 100,000 80 100,000 ns 

20 25 ns 

50 60 ns 

20 100,000 25 100,000 ns 

70 80 ns 

10 10 ns 16 
20 50 20 55 ns 17 
10 10 ns 

0 0 ns 

10 10 ns 

15 35 15 40 ns 18 

0 0 ns 

15 15 ns 

45 55 ns 

35 40 ns 

0 0 ns 

0 0 ns 19 

0 0 ns 19 

3 3 ns 

3 20 3 20 ns 20,23 
3 10 3 10 ns 20,23 
10 10 ns 27 
0 0 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT42C8255 
1-· , , 256K x 8 VRAM 

DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C:5 TA:5 +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Write 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) 

RAS to CAS precharge time 

CAS setup time 
(CSR REFRESH) 

CAS hold time 
(CSR REFRESH) 

MEiWE to RAS setup time 

MEiWE to RAS hold time 

Mask data to RAS setup time 

Mask data to RAS hold time 

MT42C8255 
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SYM 
'WCS 

'WCH 

'WCR 

'WP 
IRWL 

'eWL 
IDS 

IDH 

IDHR 

IRWD 

IAWD 

'eWD 
ty 

IREF 

IRPC 

'eSR 

ICHR 

'WSR 
IRWH 

IMS 

IMH 

2-120 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
0 0 ns 21 

15 15 ns 

45 55 ns 

15 15 ns 

20 20 ns 

20 20 ns 

0 0 ns 22 

15 15 ns 22 

45 55 ns 

90 100 ns 21 

55 60 ns 21 

40 45 ns 21 

35 35 ns 9,10 

16.7 16.7 ms 

0 0 ns 

10 10 ns 5 

10 10 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT 42C8255 
1-· '''' 256K x 8 VRAM 

TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C S; T AS; + 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS -7 
PARAMETER SYM MIN MAX 
TRI(OE) LOW to RAS setup time IJLS 0 
TRI(OE) LOW to RAS hold time IJLH 15 10,000 
iR/(OE) LOW to RAS hold time 'RTH 65 10,000 
(REAL-TIME READ-TRANSFER only) 

TRI(OE) LOW to CAS hold time teTH 25 
(REAL-TIME READ-TRANSFER only) 

iR/(0E) HIGH to RAS precharge time IJRP 50 
TRI(OE) precharge time IJRW 20 
TRI(OE) HIGH to SC lead time IJSL 5 
TRI(OE) to RAS HIGH hold.time IJRD 15 
First SC edge to TRI(OE) HIGH IJSD 15 
delay time 

SC to RAS setup time 'SRS 25 
TR/(OE) HIGH to RAS setup time 'YS 0 
iR/(OE) HIGH to RAS hold time tyH 15 
DSF to RAS setup time 'FSR 0 
DSF to RAS hold time 'RFH 15 
SC to OSF delay time 'SOD 25 
SPLIT TRANSFER setup time STS 25 
SPLIT TRANSFER hold time 'STH 0 
DSF (at CAS" LOW) to RAS hold time 'FHR 45 
DSF to CAS" setup time FSC 0 
DSF to CAs- hold time 'CFH 15 
TR/OE to OSF delay time IJOD 25 
RAS to OSF delay time 'ROD 75 
CAs- to OSF delay time teOD 35 
RAS to first SC delay 'RSD 80 
CAS to first SC delay 'CSD 30 

-. 
MIN MAX UNITS. NOTES 
0 ns 
15 10,000 ns 
70 10,000 ns 

25 nS 

60 ns 
25 ns 
5 ns 
15 ns 
15 ns 

30 ns 
0 ns 
15 ns 
0 ns 
15 ns 

30 ns 
30 ns 
0 ns 

55 ns 
0 ns 
15 ns 

25 ns 
75 ns 
35 ns 

80 ns 
30 ns 

MT42C8255 
REV. 5193 

Micron SemiCQnductor. Inc., reserves the right to change products or specifications without notice. 
@1993,MicronSemlconductor,lno. 



• < 
:D » 
S 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C:5 TA :5 + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Serial clock cycle time 
Access time from SC 
SC precharge time (SC LOW time) 
SC pulse width (SC HIGH time) 
Access time from SE 
SE precharge time 
SE pulse width 

Serial data-out hold time after 
SC high 

Serial output buffer turn-off 
delay from SE 

MT42C8255 
REV. 5193 

SYM 
tsc 

tSAC 
tsp 

tSAS 
tSEA 
tSEP 
tSE 

tSOH 

tSEZ 

2-122 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
22 25 r.:: 

22 25 ns 24,28 
8 10 ns 
8 10 ns 

15 15 ns 24 
8 10 ns 
8 10 ns 

5 5 ns 24,28 

3 12 3 12 ns 20,24 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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UIC:I=ION MT 42C8255 
1-· "" 256K x 8 VRAM 

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. 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 any eight RAS cycles before proper 
device operation is assured. 'The eight RAS cycle 
wake-up should be repeated any time the 16.7ms 
refresh requirement is exceeded. 

B. 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). Input signals transition from 0 to 3V for AC 
testing. 

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, DRAM data output (DQI-DQB) is 
High-Z. 

12. If CAS = VIL, DRAM data output (DQI-DQB) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to 1 TTL gate and 5OpF. Output reference levels: 
VOH = 2.0V; VOL = O.BV. 

14. Assumes that tRCD < 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, DQ 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. 

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 tRCD (MAX) limit, then access time is 
controlled exclusively by tcAe. 

lB. Operation within the lRAD (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 lRAD (MAX) limit, then access time is 
controlled exclusively by tAA. 

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

20. tOD, taFF and !SEZ define the time when the output 
achieves open circuit (VoH-200mV, VOL +200mV). 
This parameter is sampled and not 100 percent tested. 

21. twcs, IRWD, tAWD and tcWD are restrictive 
operating parameters in LATE-WRITE, READ-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 through
out the entire cycle, regardless of TR/OE. If twcs ~ 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If tRWD ~ IRWD 
(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 state of the 
output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if taD and taEH are met. See the LATE-WRITE 
AC Timing diagram. 

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

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. 'The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 3OpF. Output reference 
levels: VOH = 2.0V; VOL = O.BV. 

25. Address (AO-AB) may be changed two times or less 
while RAS = VIL. 

26. Address (AO-AB) may be changed once or less while 
CAS = VIH and RAS = VIL. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have taD and taEH met (OE HIGH during 
WRITE cycle) in order to ensure that the output 
buffers will be open during the WRITE cycle. 'The 
DQswill provide previously read data if CAS 
remains LOW and OE is taken LOW after taEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

2B. !SAC is MAX at 70° C and 4.5V Vcc; tSOH is MIN at 
O°C and 5.5V Vcc. 'These limits will not occur 
simultaneously at any given voltage or temperature. 
(tsoH = !SAC - output transition time); this is 
guaranteed by design. 

IotT42CB255 
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DRAM READ CYCLE 

RC 

tRAS tRP 

·1 

tCSH 

tRSH tRRH 

I I 
teRP tRCD tCAS 

- VIH 
CAS VIL-:-./ } tAR 

tRAD I I tRAL I 
tASR tRAH ~II~ I I <T7777> 

ROW JW!/L;) COLUMN '((j / / / / / / / / / / / / / / / / / / / / / / / / /JA ROW ADDR ~:r: 
tACS tRCH 

MEiNE ~:~j'/I$!$/$/I)J@/I/I//I/#) I tFHR I 

tFSR II 'RFH I 'FSC I 
I II II ~$/$/II/I!$I/I//j!h 
I tCFHI 

DSF ~:~:J//I$I&1- -1//1/1$#1&1-

MT42C8255 
REV.5J93 

~II~ 

I 
tRAC 

OPEN 

-l0!7771/1j777Y'jj777Wj"T7T1/;Trr:/1/ji-rnWj'77?lA II 1 /I /1/ # /1/////// 

I 'AA 

I 
I 

I 

2-124 

tCAC tOFF -
tAOH 

VALID DATA OPEN 

~r ~ 

f:Z1 DON'T CARE 

~ UNDEFINED 

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

CAS 

ADDR 

DRAM FAST-PAGE-MODE READ CYCLE 

VIH-
VIL-

VIH-
VIL-

VIH
VIL-

tCSH 

'CAP tACO 

Ii ~I 
~:~=W#&I////##//J///f I 

'FHR 

'RASP 

tcp tCAS 

I~----+-I 

I~ 

tcp 

DO VIOH- VALID 
VIOL - II DATA r--~~JDigAT~AJ---~~ DATA 

OPEN -

tyS tYH tOE too tOE too tOE too 

ffilBE ~:~_.- -!wlllllllllllllml-UWllllllhl-)mllllllm-!$&1111111111111111,0 

~ DON'T CARE 

~ UNDEFINED 

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST-PAGE-MODE. 

MT42C8255 
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WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES 
J{gFalling Edge aHaliing Edge 

FUNCTION A B C D E2 
ME/WE DSF DO (Input) DSF DO (Input) 

Normal DRAM WRITE 1 0 X 0 DRAM Data 

MASKED WRITE to DRAM 0 0 Write Mask 0 DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Bit-Plane Mask) 1 0 X 1 Column Mask 

MASKED BLOCK WRITE to DRAM 0 0 Write Mask 1 Column Mask 

Load Color Register 1 1 X 1 Color Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "0" and "E" for the WRITE cycle 

MT42C8255 
AEV.5193 

timing diagrams on the following pages. 
2. CAS or MEIWE falling edge, whichever occurs later. 
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MU::I=ICN MT42C8255 
1-· "" , 256K x 8 VRAM 

DRAM EARLY-WRITE CYCLE 1 

lRAS lAP 

I 

ICSH 

I ,~ i lASH 

d 
ICAP ICAS 

t ~} I I RAe I I 'AAl 

IASA ' 'RAH ~I I~ I 
AOOA ~ir:~_--;AO.,..-w _----'b;J~_CO.----LU----.MN.,_____~bffffffff$ffffffff,@('----AOW--

I __ -+I-+I~'CW::'='L ___ II 
I I 'AWL 

'WCA I I 
'wcs I I 'WCH 

'WP 

~ir 7'TT7-"TTTTTT7\ Ir-----'::'-A------>I I I -WJb. 

'FSR II'RFH 'FHA , I i ,I . 
DSF ~ir:Wff$M-B -. FSC 0 CFH m&l////$/,i///////ffMff///!/ff/,i///M/ 

'OHR I I 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "B", "CO, "0" and "E" determine the type of WRITE operation performed. See the Write 

MT42C8256 
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Cycle Function Table for a detailed description. 
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@1993, Micron Semiconductor, Inc. 

• < 
JJ » s:: 



II 
< 
:IJ » 
35: 

DRAM LATE-WRITE CYCLE 

'RAS 'RP J 
I 
\ 

'CSH 

- V,H CAS V'L- ~. 
'RSH 

J 
teRP 'RCD 'CAS 

'AR f~ t I tRAD I I tRAL 

'ASR tRAH ~I I teAH I 
ADDR ~:t~~_---;RO.-W __ Q~---.---.--C_OLU_MN_--Jb/ff/$$/ffff/ff/ffh(,--___ _ 

'CWL II 'RWL 
'RCS 

~J,~ ,~~! !--L 
DSF ~:t::7;!///;!/M 8 _ D J/////////////;!//;!///////////////////;!//;!;!//////////~ 

II 
'DHR II 

,~ '"" '00 II ,~ k 
DQ ~:gt-1'ff;!///M--C-}w/ff$!/!,f$1-E -. J$/$I!//I/$$/////,f/$,f/$$!II!!h 

'YS I b 'OD I 'OEH 

TRICE ~:tJP/#ffff;)- lwi/////ff///;)- V/////j//j$/j///j///$/ff,fP///$$/J4 

~ DON'T CARE 

Blllll UNDEFINED 

NOTE: The logic states of "A", "8", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

MT42C8255 
REV.S/93 
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MICRON MT42C8255 
1-· HH ", c" 256K x 8 VRAM 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tCSH 

COLUMN AOOR ~:~---'LJ.'.LLLI/,-__ ~R~OW~_---.:1 ROW 

ItRWO ~I 

I~ ~ 
00 ~:g~ C 

~~ 

tAWO -t=Rcs·1 I_. __ -,---_t.;::cw:.:.:o"--___ , tRWL 

I I ,.-_____ _ 

I tFHR I I 

1 
ItAA 

tRAC I 
I tCAG 

~ 

I. tos t OH '1 
VAllO 0OUT)I; E 

too,1 

OPEN---

~ DON'TeARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C", "D~' .. and "E" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRASP 

AAS VIH-
V1L-

tCSH tpc tRSH 

~ tRCD teAs tcp teAs tcp tCAS 

CAS 
VIH-
VIL-

tAAD 

ADDR 

MElINE 

DSF 

'RWL 

DQ ~:g~ C E E E 

tyS I tYH 

TRICE ~:~~- -~&,@$;/$/#$&$//!i//!i//!I$///$$!I$/!I!I$$jI!I$,@'$!I//;Ijj///&/A 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST-PAGE-

MT42CB255 
REV, 5/93 

MODE. 
2. The logic states of "A", "8", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
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MIC:RON MT 42C8255 
1-· """" c" 256Kx8VRAM 

RAs VIH-
VIL-

leAP 

CAS VIH-
VIL-

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

tRASP 

leSH 

teAs tcp teAs ~ I ___ --"C:::;A::..S __ _ 

AOOR ~:~_ 

'7nJ--JL-J--\--W1 =='CW:::="JJ I II'~ I II ":' 
2.. ~I~ 1l1~ 

-'-------'---~ I D ~II D .b#ffI##/1JC 

II·I'~ ·III'~ II I ,~OH-r:- - . 'CPA! 'o;~l- - 'CPA! 'os-1- -'OH 

'CAG- - :~~I_ - I :~~!_-
r--r.---t.------E VAll ALI Ooor DtN 

DSF 

DO ~:gr: OPEN---

'OEH 0
1 

__ '00 

tOE_ 

----~ -------------
~I~ 

TRIOE ~:~:WJ \'-________ -'--' ~------
~ DON'T CARE 

8881 UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST-PAGE-MODE. Use 

MT42C8255 
REV. 5193 

the Write Function Table to determine the proper DSF state for the desired WRITE operation. 
2. The logic states of "A", "6" , "C" and "0" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
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II 

DRAM RAS-ONL Y REFRESH CYCLE 
(ADDR = AD-A8) 

tRAS 

L, 
tRP t'----_ 

7 

MEfflE ~:~1!1 1/ III! $ $ 111/ $ III II!! 1/1//////////11111 $ $1/1///////$111$ ////!/$$!/$//!// ////!$/I/I!/!/I/ $ //h 
II 

DSF ~:~ -711$// II! 1111/111/111//// $11 $111!/ //II $ / $//111 1I!/1II1I!!$/111 ///11/1/111 1111/1/ $ $ ///1/ /II $1/ ////!12 

II OPEN-------OPEN-----

tyS II tYH 

TR/OE ~:r -W//$$)- -W;;;/I!I!III////;1I/$III!$1II1II1II1II IIIII/$I!I! /# W;11/ /II /II 

MT42C8255 
REV. 5193 2-132 

~ DON'T CARE 

!l88l UNDEFINED 
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CBR REFRESH CYCLE 

tRAS 

"YIIIII///} y 
tRPC 

:q) '," r ~~ tRPC ~ tCSR 
tCHR -lw 

I II II 
ADDR ~:~:JII!!IIII I! I! I!!III!II I! I!I I!I II!II I! III! /II 1II//!11 I! I I!! /$ I I! I!!!III /II I! //II I I!! I! I!!!II! III///II! /II I! IIIJ 

I ~II~·. ~II~ 
MElWE ~:~-WI!I!!IIIIIJ&1. NOTE 1 W!IIII!I/I$iIll$;J NOTE 1 W;1!!//$/II!II!h( NOTE 1 )@ 

I ~II~ ~II~ 
DSF ~:~-l$I/lI!!I/I;M NOTE 1 ~/lI!!II!I!I!I!I!!IIM NOTE 1 W;!III!$I!!I;/fX NOTE 1 )@ 

l·tOFF 

-)f---OPEN--------OPEN------

TRt5E ~:~Jjl!! I! ;/I!$/!! I!! I I! I!I I I!! I! IIIIII/I//I! I! 1/l1!! $I! /II! I! III III $ I I!!I!! I! I! I!!!IIII /1;/111 I! //I//!II! I ~ 

~. DON'T CARE 

~ UNDEFINED 

NOTE: 1. The MT42C8255 operates with MElWE and DSF = "don't care," but to ensure compatibility with all 

MJ42C82S5 
REV. 5193 

2 Meg VRAM feature sets, it is recommended that they be HIGH ("1"). 
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DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 

}~ 
tRAS 'RP 'RAS 

~ RAS V,H 
V,L-

'RCD tRSH tCHR 

CAS V,H-
V,L-

'AR 

1 __ '-",CA::oeC-+I_1 

I ~~ 
00 ~:li':--[-,-ys---il+-L,-'Y-H---OPEN --'R-O-H 1-:'-oE-t-I----l~---\ViAlAL:iiiID~DO~U;T ---)-~~'O~D~_O_P_EN_ 

WCE ~:~:~ \'-______ ~-'--___________ --'. 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. A HIDDEN-REFRESH may also be performed after a WRITE or TRANSFER cycle. In this case, MElWE = 

MT42C8255 
REV. 5193 

LOW (when CAS goes LOW) and TRiOE = HIGH. In the TRANSFER case, TRiOE = LOW (when RAS goes 
LOW) and the DQ pins stay High-Z during the refresh period, regardless of TRiOE. 

2. The MT42C8255 operates with MElWE and DSF = "don't care," but to ensure compatibility with all 
2 Meg VRAM feature sets, it is recommended that they be HIGH ("1"). 
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NOTE: 

MT42C8255 
REV. 5/93 

--

~ 

--.--I 

READ TRANSFER 3 

(DRAM-TO-SAM TRANSFER) 
(When serial part was previously High-Z or SC idle) 

'RAS 
" 

'RP 

II 

-If 
tCSH I 

'ASH I 'ReD ICAS 

I '1\ / 
'AR 

'RAD I I 'RALI I 
1~~11~11~1 
~ ROW i<wl SAM START (TAP) _~~~gw;ff/£0"$JII!!!IIII!I!d~ 
~ ~ 

ME!WE ~:t~ I II ~//"w/////#/$/##//$$$$//#ffil/!/IM'$$/$$##/ffil/$#W/m$,@ 
~~ I I 

DSF ~:t=wl I W#$#$$II/!/"w##$$//!II/I/$$//######&'##!I!!IIIII/!/!$#/I/!&llM; 

l'oFF II I I 
00 ~'OH-~OPEN OP'N-'------

IOl- 1 ___ 'e=sD'--__ 

'RSD 

IlLS 'TRP 

I 
TR/DE ~:~="LU:.L.L.LA_+---1! _____ ,--_---.J1 I 

- _----'-""TR"'-W -;'---1 

'se 

QSF ~gr=--------N-OT-E2---------..Ic-----NO-TE-2 ----

1, There must be no rising edges on the SC input during this time period, 
2, QSF = 0 when the Lower SAM (bits 0-255) is being accessed, 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed, 

~ DON'TeARE 

~ UNDEFINED 

3, If 'TLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the ICSD and IRSD times must be 
met. If IRTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
'TSD must be met. 
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RAS 
VIH-
VIL-

ICRP tACO 

CAS 
V,H 
VIL---f 'AR 

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

RC 
'RAS 

tCSH ! 
tRSH 

II 'CAS 

t II / 

'RP 

I 
II 

:-- 'RAD I I IAAl 

'ASR ~ ~I -I __ leAH -1-
ADDR ~:t=~ ROW ~ SAM START ~////U/////U$U/U/UU$U////U/U$//UUU///UU//U//Uij///& 

MEIWE ~:~=wJ+-I'WSR II~W/$#U$/,1j//1/J;I#/$#/$/$$##$ffitM'////W#ffi1##$J$#/&l$ijM 
~~ I I I 

DSF ~:t~ I W,1j$///$;1j#ij/$$!$/##//,I/$/#/ij///#M'ij$j/$/ij//,1j#/$#/ij;1j//#II!!~ 

'" '.00 JJII .. I I O~ ----;--1 _ 
.~ ",II .~" I·~ .~~ I 

TRlOE ~\~ .Lli.L.L.LL.1-"------____ -----1 

so ~:gt=------1 VALID DOUT VALID DOUT 

'SEA-I. 's~l_ -'~::P J _'SEA 
SE ~:t----~'_-Jll£u,W;/"-L%'~~AT~'A;<LL:0J:LL~U5-.. ______ ----'-I ________ _ 

'TOO 

QSF ~g~==============N=OTE;:'==============4========N=OTE=,======== 
~ DON'T CARE 

!88S UNDEFINED 

NOTE: 1. The SE pulse is shown to illustrate the SERIAL OUTPUT 

MT42C8255 
REV. 5/93 

ENABLE and DISABLE timing. It is not required. 
2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

__ 'RP -l'---__ 
tCSH 

~I __ ~'R=CD _____ I _____ ~'C=AS ____ ~I 

AODR ~:t= 

~II~ I 
MEtWE ~:~-~ II W/M;1/i/;1//////#U//$j'I///iII/I$$/!$$//;1$//!$//////$J/i////;1,@';j//////i,; 
~ I 'FSR 'RFH I 

DSF ~:~=:wJ-I- --W/$/I//!$;J/////I$$;1//$/t/W'$0'///!$$0';J;1$/$/$/$///I;1&/////I#i,; 
'OFF I 

DO V,OH -~ OPEN -------'-------------- OPEN ---'",- ,~I 'n" . 

TRJOE ~:~=~- -ki//////////////////////////////////////////////////////////////////////////////////////////////////,1; 
~I I 'STH 

y: -r: 
254 (510) 

OSF ~g~= - sao --------SAM-MS---iB ~~f-(N-OTE-,)--------------~ -_ -_ -_ -_NE=W M=SB=== 

~ DON'T CARE 

!l88l UNDEFINED 

NOTE: 1. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

MT42C8255 
REV, 5193 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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SE VIH-
VIL-

SC 
VIH-
VIL-

VOH-
sa VOL-

MT42C6255 
REV. 5193 

tsc f 
tSAS 

A-I 

tSEZ 

A 

SAM SERIAL OUTPUT 

tSEP 

tsc 
·~~ts-c --

2-138 

A+2 A+3 

~ DON'T CARE 

~ UNDEFINED 
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VRAM 

FEATURES 
• Industry-standard pinout, timing and functions 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply 

(consult factory regarding 3.3V operation) 
• Fully TTL and CMOS compatible inputs and TTL 

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

and HIDDEN 
• 512-cycle refresh within 16.7ms 
• EXTENDED-DATA-OUT FAST-PAGE-MODE access 
• Dual-port organization: 256K x 8 DRAM port 

512 x 8 SAM port 
• No refresh required for serial access memory 
• Low power: 10mW standby; 300mW active, typical 
• Fast access times: 70ns random, 17ns serial 

60ns random, 15ns serialt 

SPECIAL FUNCTIONS 
• JEDEC-Standard Mandatory Function set 
• PERSISTENT MASKED WRITE 
• MASKED WRITE TRANSFER/SERIAL INPUT 
• MASKED SPLIT WRITE TRANSFER 

BLOCK WRITE (MASK) 
• MASKED FLASH WRITE 
• PROGRAMMABLE SPLIT SAM 

OPTIONS MARKING 
• Timing (DRAM, SAM [cycle/access]) 

60ns,18/15ns _6t 

70ns,20/17ns -7 
80ns,22/20ns -8 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG* 
Plastic TSOP (400 mil) reverse pinout RG* 

t 60ns (-6) specifications are preliminary and are specified for Vee = 5V ±5%. 
Please consult factory for availability. 

GENERAL DESCRIPTION 
The MT42C8256 is a high-speed, dual-port CMOS dy

namic random access memory, or video RAM (VRAM) 
containing 2,097,152 bits. These bits may be accessed by an 
8-bit wide DRAM port or by a 512 x 8-bit serial access 
memory (SAM) port. Data may be transferred bidirection
ally between the DRAM and the SAM. 

MT42C8256 
REV. 5193 2-139 

256Kx8 DRAM 
WITH 512x8SAM • 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ (SDB-3) 
Vco 
sc 

SDQl 

SDQ2 

S003 
SDo. 

TRiCE 
DQ1 
002 

003 

DO' 

v" 
MEIWE 

RAS 

AS 

A7 

A6 

A5 

A4 

Vco 

1 , 
3 

4 
5 

6 

7 

8 

9 
10 
11 

12 
13 

14 
15 

16 

17 

18 

19 
20 

40 
39 
38 
37 

36 

35 P 
34p 
33 
32 
31 

30p 
"P 
" 27 

" 25p 
"P "b 
" 21 

V" 
SODa 
SDQ7 

SOD6 
SODS 

SE 
DOS 

007 

006 

005 

V" 
DSF 

GND 

CAs 
OSF 

AD 

A1 

A2 

A3 

V" 

40/44-Pin TSOP* (SDE-2) 

Vco v" 
SC S008 

5001 SOO? 
SDQ2 SD06 
SOW §.QQ5 
...§P~ SE 
TRICE Doa 

001 007 
002 006 
003 005 

DO' V" 
V" DSF 

M"EIWE GND 
RAS CAS 

AS OSF 
A7 AD 
A6 A1 
A5 A2 
A4 A3 

Vco V" 

40/44-Pin TSOP* (SDE-2) 

v" Vco 
SOOS SC 
SOO? soal 
SOQ6 SDQ2 
SDilli SDQ3 

SE §.Q~ 
DOS TRICE 
007 001 
DQ6 DQ2 
DQ5 DQ3 

V" DQ4 
DSF YJi§_ 

GND MElWE 
CAS RAS 
QSF AS 

AD A7 
A1 A6 
A2 "" A3 A4 

V" Vco 

'CDnsult factory for availability. 
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The DRAM portion of the VRAM is similar to the 
MT4C4256 (256K x 4-bit DRAM), with the addition of 
MASKED WRITE, BLOCK WRITE and FLASH WRITE. 
Eight 512-bit data registers make up the serial access mem
ory portion of the VRAM. Data I/O and internal data 
transfer are accomplished using three separate bidirec
tionaldata paths: the 8-bit random access I/O port, the eight 
internal 512-bit wide paths between the DRAM and the 
SAM, and the 8-bit serial I/ 0 port for the SAM. The rest of 
the circuitry consists of the control, timing and address
decoding logic. 

Each port may be operated asynchronously and 
independently of the other except when data is being trans
ferred internally. As with all DRAMs, the VRAM must be 
refreshed to maintain data. The refresh cycles must be 

timed so that all 512 combinations of RAS addresses are 
executed at least every 16.7ms (regardless of sequence). 
Micron recommends evenly spaced refresh cycles for maxi
mum data integrity. An internal transfer between the DRAM 
and the SAM counts as a refresh cycle. The SAM portion of 
the VRAM is fully static and does not require any refresh. 

The operation and control of the MT42C8256 are 
optimized for high performance graphics and communica
tion designs. The dual port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial/parallel networking and data com
munications. Special features such as SPLIT TRANSFERs, 
extended data-out FAST-PAGE-MODE and BLOCK WRITE 
allow further enhancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

AO-AS 

MT42C8256 
REV. 5193 

." .......... _ ..................................................... __ ............ _ .......................................... _ .......... __ ........................ - ........ _ ...... _ ...... _ .......................... .. . : 

SPUT SAM 
STATUS & CONTROL 

2-140 

D01 .... 
DaB 

'''-RAS 
.....- CAS 
.....-- TRICE 
-MEI'WE 
_OSF 

-sc 

5001 . 
sooa 

Micron Semiconductor, Inc., reserves the nghl to change products or specifications without notice. 
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PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

2 

7 

13 

35 

29 

14 

27 

25,24,23, 
22,19,18, 
17,16,15 

8,9, 10, 11, 
31,32,33, 

34 

3, 4, 5, 6, 36, 
37,38,39 

26 

28 

1,20 

12,21, 
30,40 

MT42C8256 
REV. 5193 

TSOPPIN 
NUMBERS 

2 

7 

15 

39 

31 

16 

29 

27,26,25, 
24,21,20, 
19,18,17 

8,9,10,13, 
35,36,37, 

38 

3,4,5,6,40, 
41,42,43 

28 

30 

1,22 

14,23, 
32,44 

SYMBOL 

SC 

TRIOE 

MEIWE 

SE 

DSF 

RAS 

CAS 

AO-A8 

D01-D08 

SOO1-S008 

OSF 

GND 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

InpuV 
Output 

InpuV 
Output 

Output 

-

Supply 

Supply 

OESCRIPTION 

Serial Clock: Clock input to the serial address counter and data latch 
for the SAM registers. 

Transfer Enable: Enables an internal TRANSFER operation at RAS 
(H .... L), or 
Output Enable: Enables the DRAM output buffers when taken LOW 
after RAS goes LOW (CAS must also be LOW), otherwise the output 
buffers are in a High-Z state. 

Mask Enable: If MElWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 
Write Enable: MEIWE is also used to select a READ (MEIWE = H) or 
WRITE (MEIWE = L) cycle when accessing the DRAM. This includes 
a READ TRANSFER (MElWE = H) or WRITE TRANSFER 
(MElWE = L). 

Serial Port Enable: SE enables the serial I/O buffers and allows a 
serial READ or WRITE operation to occur, otherwise the output 
buffers are in a High-Z state. The SAM address count will be 
incremented by the rising edge of SC when SE is inactive (HIGH). 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, FLASH WRITE, SPLIT TRANSFER, etc.) 
are used for a particular access cycle (see Truth Table). 

Row Address Strobe: RAS is used to clock in the 9 row-address bits 
and strobe for MEIWE, TR/OE, DSF, SE, CAS and DO inputs. It also 
acts as the master chip enable, and must fall for initiation of any 
DRAM or TRANSFER cycles. 

Column Address Strobe: CAS is used to clock in the 9 column-
address bits and as a strobe for the DSF input (BLOCK WRITE only). 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit word 
out of the 262,144 available. During TRANSFER operations, AO to A8 
indicate the DRAM row being accessed (when RAS goes LOW) and 
AO-A8 indicate the SAM start address (when CAS goes LOW). A8 = 
"don't care" for the start address during SPLIT TRANSFERs. 

DRAM Data 110: Data inpuVoutput for DRAM access cycles: These 
pins also act as inputs for Mask and Color Register load cycles, DO 
Mask and Column Mask for BLOCK WRITE. 

Serial Data I/O: Input, output, or High-Z. 

Split SAM Status: OSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if address is 256-511. 

No ConnecVGND: This pin must be tied to ground to allow for upward 
functional compatibility with future VRAM feature sets. 

Power Supply: +5V ±1 0% 

Ground 
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MIC::RON MT 42C8256 
1-· "'''' 256K x 8 VRAM 

FUNCTIONAL DESCRIPTION 
The Mf42C8256 can be divided into three functional 

blocks (see Functional Block Diagram): the DRAM, the 
transfer circuitry and the SAM. All of the operations de
scribed below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 

Note: For dual-function pins, the function not being 
discussed will be surrounded by parentheses. For 
example, the TR/ OE pin will be shown as TR/(OE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 
Like any DRAM-based memory, the Mf42C8256 VRAM 

must be refreshed to retain data. All 512 row-address com
binations must be accessed within 16.7ms. The MT42C8256 
supports CBR, RAS ONLY and HIDDEN types of refresh 
cycles. 

For the CBR cycle, the row addresses are generated and 
stored in an internal address counter. The user need not 
supply any address data, and must simply perform 512 
CBR cycles within the 16.7ms time period. CBR cycles are 
also used to reset MASKED WRITE and PROGRAMMABLE 
SPLIT SAM operating modes. There are three CBR cycles 
defined for the Mf42C8256: CBR No Reset (CBRN), CBR 
Reset Stop Address (CBRS), and CBR Reset All Options 
(CBRR). To perform these functions, two additional pins 
are defined for CBR cycles, ME/WE and DSFI. These 
operations are described in detail in the MASKED WRITE 
and SPLIT READ/WRITE TRANSFER sections of the func
tional description. 

The refresh address must be generated externally and 
applied to AD-A8 inputs for RAS-ONL Y REFRESH cycles. 
The DQ pins remain in a High-Z state for both the RAS
ONLY and CBR cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CBR cycles but does not disturb the DQ 
lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42C8256 is fully static and does not require any 
refreshing. 

DRAM ACCESS CYCLES 
The DRAM portion of the VRAM is similar to standard 

256K x 4 DRAMs. However, because several of the DRAM 
control pins are used for additional functions on this part, 
several conditions that were undefined or in "don't care" 
states for the DRAM are specified for the VRAM. These 

conditions are highlighted in the following discussion. In 
addition, the VRAM has special functions that can be used 
when writing to the DRAM. 

The 18 address bits that are used to select an 8-bit word 
from the 262,144 available are latched into the chip using 
the AD-A8, RAS and CAS inputs. First, the 9 row-address 
bits are set up on the address inputs and clocked into the 
part when RAS transitions from HIGH-to-LOW. Next, the 
9 column address bits are set up on the address inputs and 
clocked-in when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 
VRAM. If RAS is inactive, HIGH, all other DRAM 
control pins (CAS, TR/ OE, ME/ WE, etc.) are a 
"don't care" and may change state without effect. No 
DRAM or TRANSFER cycles or resets will be initi
ated without RAS falling. 

For standard single-port DRAMS, the OE pin is a "don't 
care" whenRAS goes LOW. However, for the VRAM, when 
RAS goes LOW, TR/ (OE) selects between DRAM access or 
TRANSFER cycles. TR/ (OE) must be HIGH at the RAS 
HIGH-to-LOW transition for all DRAM operations (except 
CBR, where it is "don't care"). 

A DRAM READ operation is performed if (ME)/WE is 
HIGH when CAS goes LOW and remains HIGH until CAS 
goes HIGH. The data from the memory cells selected will 
appear at the DQI-DQ8 port. The (TR)/OE input must 
transition from HIGH-to-LOW some time after RAS falls to 
enable the DRAM output port. 

For standard single-port DRAMs, WE is a "don't care" 
when RAS goes LOW. For the VRAM, ME/WE performs 
two functions, write mask enable and data write enable. 
When RAS goes LOW, ME/(WE) is used to select between 
a MASKED WRITE cycle and a normal WRITE cycle. If ME/ 
(WE) is LOW at the RAS HIGH-to-LOW transition, a 
MASKED WRITE operation is selected. For anynon-masked 
DRAM access cycle (READ or WRITE), ME/ (WE) must be 
HIGH at the RAS HIGH-to-LOW transition. If (ME)/WE is 
LOW before CAS goes LOW, a DRAM EARLY-WRITE 
operation is performed. If (ME)/WE goes LOW after CAS 
goes LOW, a DRAM LATE-WRITE operation is performed 
(refer to the AC timing diagrams). 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, FAST-PAGE-MODE READ (with EX
TENDED-DATA-OUT), FAST-PAGE-MODE WRITE (late 
or early), and FAST-PAGE-MODE READ-MODIFY
WRITE. Refer to the AC timing parameters and diagrams 
in the data sheet for more details on these operations. 

MT42C8256 
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EXTENDED DATA OUTPUT 
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 MT42C8256 offers an acceler
ated FAST PAGE MODE (FPM) cycle by eliminating output 
disable from CAS HIGH. This option is called extended 
data-out, and it allows CAS precharge time (tcP) to occur 
without the output data going invalid (see DRAM READ 
and DRAM FAST-PAGE-MODE READ waveforms). 

Extended data-out operates as any DRAM READ or FPM 
READ, except data will be held valid after CAS goes HIGH, 
as long as RAS and (TR)/OE are LOW. If the DQ outputs 
from multiple banks are wired together, (TR)/OE must be 
used to select and deselect the appropriate banks. During 
non-P AGE-MODE READ cycles, the outputs are disabled 
at tOFF time after RAS and CAS are HIGH. The toFF time 
is referenced from the rising edge of RAS or 
CAS, whichever occurs later. 

MASKED WRITE 
The MASKED WRITE feature eliminates the need to do a 

READ-MODIFY-WRITE .cycle when changing individual 

bits within the 8-bit word. The MT42C8256 supports two 
types of MASKED WRITE cycles, nonpersistent MASKED 
WRITE and persistent MASKED WRITE. When MEl (WE) 
and DSF are LOW at the RAS HIGH-to-LOW .transition, a • 
MASKED WRITE is performed. 

The MT42C8256 initializes in the nonpersistent mode. In ~ 
this mode, mask data must be entered with· every . RAS ........ 
falling edge. The data (mask data) present on the DQI-DQ8 3:1 
inputs will be written into the mask data register (see Figure l> 
1). The mask data acts as an individual write enable for each ,. 
of the eight DQI-DQ8 pins. If a LOW (logic "0") is written ::::II 
to a mask data register bit, the input port for that bit is 
disabled during the subseq1J.ent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "I") on a mask data register bit enables the 
input port and allows normal WRITE operation to proceed. 
Note that CAS is still HIGH. When CAS goes LOW, the bits 
present on the DQI-DQ8 inputs will be either written to the 
DRAM(ifthe mask data bit is HIGH) or ignored (if the mask 
data bit is LOW). The DRAM contents that correspond to 
masked input bits will not be changed during the WRITE 
cYcle. 

1- NONPERSISTENT MASKED WRITE -1- NONPERSISTENT MASKED WRITE --I 

MT42C8256 
REV. 5193 

RAS ~ I \ I 

CAS \ I ) I 

MElWE \ Illllllb. I/!/I/!I!l/& /!lllllIA tf!!lllllh 

DSF \ /!lllllIA $111!/!/!!A Illllllb. Ill!lll!!J 
STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE·WRITE) DATA 
0 x 1 0 0 x 0 

1 0 .-----,. 0 0 1 ._----,. 1 
0 0 X 0 0 0 x 0 
0 1 ._----,. 1 0 1 1 .-,---,. 1 
0 0 X 0 0 0 x 0 

1 o .-----,. 0 0 1· 0 ._----,. 0 
0 x 0 () x 0 

o o .-----,. 0 0 0 ._----,. 0 

------ ADDRESS 0 • • ADDRESS 1 

x = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 
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MIC:RON MT42C8256 
1-· """ 256K x 8 VRAM 

The selection of persistent or nonpersistent MASKED 
WRITE is done by performing a LOAD MASK REGISTER 
(LMR) cycle (see LMR description). If an LMR is done, all 
ensuing MASKED WRITEs are persistent and the mask 
data will be provided by the mask data register (see Figure 
2). The mask data is applied in the same manner as in 
nonpersistent mode. 

Toresetthe device back to the nonpersistent mode, a CBR 
RESET All Options (CBRR) cycle must be performed. This 
cycle is defined as a CBR with DSF LOW when RAS falls; 
WE is "don't care." To preserve the persistent mode of 
MASKED WRITE, while using CBR REFRESH, a CBRN 
cycle is used. This cycle will perform a refresh of the 
internally addressed row of DRAM but will not reset the 
MASKED WRITE mode. 

FAST PAGE MODE can be used with MASKED WRITE 
to write several column locations in an addressed row. The 
same mask is used during the entire FAST-PAGE-MODE 
RAScycle. 

BLOCK WRITE 
If DSF is HIGH when CAS goes LOW, the MT42C8256 

will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 3). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD 
COLOR REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs (DQl, 2, 3 
and 4) are then used to determine what combination of the 
four column locations will be changed. The DQ inputs are 
"written" at the falling edge of CAS or WE, whichever 
occurs last (see the WRITE cycle waveforms). The table on 
this page illustrates how each of the DQ inputs is used to 
selectively enable or disable individual column locations 
within the block. The write enable controls are active HIGH; 

1- LOAD MASK REGISTER -1- Persistent MASKED WRITE -1- Persistent MASKED WRITE -I 
RAS 

CAS 

MElWE 

DSF 

MT42C8256 
REV. 5193 

\ 

\ 

t 

MASK 

o 

o 

o 

o 
(Stored in 

MeskData 

Register) 

/ 

/ 

fllI///III/IIIA 

STORED 

DATA 

1 

0 

0 

BEFORE 

x = NOT EFFECTIVE (DON'T CARE) 

\ '------~/ 

'---~/ \ 

I////////////a, 

INPUT STORED STORED 

DATA DATA 

X 0 

0 "Ol> 0 0 

APPLY 
X 0 0 

MASK 
1 ."Ol> 1 0 

REG. 
X 0 

0 ."Ol> 0 

1 ."Ol> 0 

X 0 0 

AFTER BEFORE 

ADDRESS 0 • • 

Figure 2 

\'-____ --'r 

$///!!/I/!h 

INPUT STORED 

DATA 

X 0 

1 ""Ol> 

APPLY 
X 0 

MASK 
1 ----Ol> 

REG. 
X 0 

0 ----;:.. 0 

1 ----Ol> 1 

X 0 

AFTER 

ADDRESS 1 

~ DON'T CARE 

PERSISTENT MASKED WRITE EXAMPLE 
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MU::::I=ION MT42C8256 
1-· , '" c 256K x 8 VRAM 

COlUMN 
(A2-Aa at CAS) 

" ROW ~ 
(AO-AS&tRAS) - --------------.----"'ffl~ 

::: : 

iii i 
i:! i 
: : : : LW'F-+-+-'. 
::: : 

COLUMN MASK (~ 
ON THE INPUTS AT CAS 

::~iL~~ 

DOl 

D02 

DO' 
DO' 

Dj 

DQ3 

DO< 

DO'-"" ........ 

/" (oOel 
¥ _ (007) 

(006) 
(005) 

DO' 
DO? 

Doe ~~~-+LL~CO-L~~Rro~,~-LR~ 
REGISTeR (must be previously loaded) 

Figure 3 
BLOCK WRITE EXAMPLE 

a logic "1" enables the WRITE function and a logic "0" 
disables the WRITE function. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 

MASKED BLOCK WRITE 
The MASKED WRITE functions may also be used during 

BLOCK WRITE cycles. MASKED BLOCK WRITE operates 
exactly like the normal MASKED WRITE except the mask is 
now applied to the 8 bit-planes of four column: locations 
instead of just one column location. 

ThecOrhbination ofME/(WE) LOW and DSFLOW when 
RASgoes LOW initiates a MASKED WRITE cycle, To 
perform a MASKED BLOCK WRITE, the DSF pinmust be 
IDGH when CAS goes LOW. By using both the column 
mask input and the MASKED WRITE function of BLOCK 

WRITE (BW), any combination of the eight bit planes may 
be masked, along with any combination of the four column 
locations. 

The MASKED BLOCK WRITE will be nonpersistent (new 
mask) at device power-up. To enter persistent mode (old 
mask) a LOAD MASK REGISTER cycle is performed. All 
MASKED BLOCK WRITEs will be persistent after the 
LOAD MASK REGISTER (LMR). To reset to nonpersistent 
mode, a CBRR (reset aU) cycle rhust be performed. 

INPUTS 
COLUMN ADDRESS C.DNTROL~D 

AD A1 

D01 0 0 

D02 1 0 

D03 0 1 

DQ4 1 1 

MT42C .... 
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MASKED FLASH WRITE 
The MASKED FLASH WRITE cycle is similar to the 

MASKED BLOCK WRITE cycle in that it uses the color 
register to accelerate the writing of a select color to the 
DRAM memory array. Instead of writing to four adjacent 
column locations in one DRAM cycle (BLOCK WRITE), 
FWM writes the contents of the color register to all column 
locations on an addressed row in one cycle. 

The FWM cycle is selected by taking TR/(OE) and DSF 
HIGH and ME/ (WE) LOW at the falling edge of RAS. DSF 
is "don't care" at the falling edge of CAS. The DQ plane 
mask applies as it does for all masked write cycles; if the 
mask register has been loaded, the mask is persistent; if it 
has not, the mask is nonpersistent. 

LOAD MASK REGISTER 
The LOAD MASK REGISTER (LMR) operation loads the 

data present on the DQ pins into the 8-bit mask data 
Register at the falling edge of CAS or (ME) /WE. As shown 
in the Truth Table, the combination ofTR/ (OE), (ME) /WE, 
and DSF being HIGH when RAS goes LOW indicates the 
cycle is a LOAD REGISTER cycle. DSF is used when CAS 
goes LOW to select the register to be loaded and must be 
LOW for a LOAD MASK REGISTER cycle. 

Note: LOAD MASK REGISTER cycles also enable the 
persistent MASKED WRITE mode. All ensuing 
MASKED WRITEs (including MASKED WRITE 
and MASKED SPLIT WRITE TRANSFER) will be 
masked with data from the mask register. A CBRR has 
to be done to reset back to nonpersistent mode. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

During persistent operation, the mask data register con
tents are used for MASKED WRITE, MASKED BLOCK 
WRITE, MASKED FLASH WRITE, and MASKED WRITE 
and SPLIT WRITE TRANSFER cycles to selectively enable 
writes to the eight DQ planes. 

LOAD COLOR REGISTER 
A LOAD COLOR REGISTER (LCR) cycle is identical to 

the LOAD MASK REGISTER cycle except DSF is HIGH 
when CAS goes LOW. The contents of the 8-bit color 
register are retained until changed by another LOAD 
COLOR REGISTER cycle (or the part loses power) and are 
used as data inputs during BLOCK WRITE and FLASH 
WRITE cycles. 

TRANSFER OPERATIONS 
TRANSFER operations are initiated when TR/(OE) is 

LOW atthe falling edge of RAS. The state of (ME) /WE when 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER and SPLIT TRANSFER cycles. Each 
of the TRANSFER cycles is described in this section. 

READ TRANSFER 
If (ME)/WE is HIGH and DSF is LOW when RAS goes 

LOW, a READ TRANSFER (RT) cycle is selected. The row
address bits indicate which eight 512-bit DRAM row planes 
are transferred to the eight SAM data register planes. The 
column-address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom
plished in two ways. If the transfer is to be synchronized 
with the serial clock, SC (REAL-TIME READ TRANSFER), 
TR/ (OE) is taken HIGH after CAS goes LOW. The TRANS
FER will be made when TR/ (OE) goes HIGH. If the transfer 
does not have to be synchronized with SC (READ TRANS
FER), TR/(OE) may go HIGH before CAS goes LOW and 
the actual data TRANSFER will be timed internally (refer to 
the AC Timing Diagrams). During the TRANSFER, 4,096 
bits of DRAM data are written into the SAM data registers 
and the Tap address is stored in an internal9-bit register. 
The split SAM status pin (QSF) will be LOW if the Tap is in 
the lower half (addresses 0 through 255), and HIGH if it is 
in the upper half (256 through 511). If SE is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the first SC clock pulse. SE enables the serial outputs 
and may be either HIGH or LOW during this operation. The 
SAM address pointer will increment with the SC LOW-to
HIGH transition, regardless of the state of SE. Performing a 
READ TRANSFER cycle sets the direction of the SAM I/O 
buffers to the output mode. 

SPLIT READ TRANSFER 
The SPLIT READ TRANSFER (SRT) cycle eliminates the 

critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles to do midline reloads, a REAL-TIME READ TRANS
FER must be done. The REAL-TIME READ TRANSFER has 
to occur between the last clock of "old" data and first clock 
of the "new" data of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data, and 
is not synchronized with the serial clock. 

MT42C8256 
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The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/ (OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
falling edge of CAS or the rising edge of Sc. The transfer 
timing is generated internally for SPLIT TRANSFER cycles. 
A SPLIT READ TRANSFER does not change the direction 
of the SAM I/O port. 

A "full" READ TRANSFER cycle must precede any se
quence of SRT cycles to provide a reference to which half of 
the SAM the access will begin (the state of QSF), and to set 
SAM I/O direction. Then an SRT may be initiated by 
takingDSF HIGH whenRASgoesLOWduringtheTRANS
FER cycle. As in nonsplit transfers, the row address is used 
to specify the DRAM row to be transferred. The column 
address, AO-A7, is used to input the SAM Tap address. 
Address pin A8 is a "don't care" when the Tap address is 
loaded at the HIGH-to-LOW transition of CAS. It is inter
nallygenerated in such a manner that the SPLIT TRANSFER 
will automatically be to the SAM half not being accessed. 

Figure 4 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is performed first, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional, and need be done only if 
the Tap for the upper half is * O. Serial access continues, and • 
when the SAM address counter reaches 255 (A8= 0, AO-
A7=1) the QSF output goes HIGH and, if an SRTwas done < 
for the upper half, the new Tap address is loaded for the 
next half (A8 = 1, AO-A7 = Tap). Once the serial access has JJ 
switched to the upper SAM (QSF has gone HIGH), new » 
data may be transferred to the lower SAM. For example, the ==
next step in Figure 4 would be to wait until QSF went LOW ;:::;. 
(indicating that Row 1 data is shiftihg out of the lower 
SAM) and execute an SRT of the upper half of Row 1 to the 
upper SAM. If the half-boundary is reached before an SRT 
is done for the next half, the device will leave split mode 
and the access will start from address 256 if going to the 
upper half or at 0 if going to the lower half (see Figure 5). 

I I I 

MT42C8256 
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RAs \ ~ .;Ij,J/ij'I;I/I;Iffi'ij'!I//I;I~ flll2 
I I I 

CAs \ ~ \ @ll$M$$/I;I/I////!;Ii/ ~ \ I11lJ 
I I I 

~'777m777W1/;=1/j;=//j;7rl%tx ROWO X AO:l:iAP -(!tI;l$$/I;II;I//$//4tx ROW' X AO~:iAP C 
I I I 

M~ m@r-~~m~nmm//j;mmm~nm~mmmm~mmm~~~~~~~~I;I!lI;I/$$$I;I$4r~wV/;m~m1#;nm~mm1//;m~m1#;777~ 

"\ j'-----c/r----;j 
TRICE \L __ L ___ --' ftf f~ 

OSF 

Output 

QSF 

(NORMAL) READ TRANSFER 

FROM: ROWQ 
TO: FULL SAM, 
SAM 1/0 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(OSF GOES LOW) 

I 

SPLIT READ TRANSFER 
(OPTIONAL) 

FROM: Rowa 
TO: UPPER SAM. 
TAP ADDRESS = 4 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 4 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (OSF 
GOES HIGH) 

I 

SPLIT READ TRANSFER 

FROM: ROW1 
TO: LOWER SAM, 
TAP ADDRESS = 0 TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(OSF REMAINS HIGH) 

~ DON'TeARE 

~ UNDEFINED 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 
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MIC::RON MT 42C8256 
I-I c,'~, 256K x 8 VRAM 

The stop address of the SAM half (the point at which 
access will change to the next half) is programmable on the 
MT42C8256. This function is described in the PROGRAM· 
MABLE SPLIT SAM section of the functional description. 

MASKED WRITE TRANSFER 
TheoperationoftheMASKEDWRITETRANSFER(MWT) 

is identical to that of the READ TRANSFER described 
previously except (ME) /WE is LOW and a DQ plane mask 
is applied when RAS goes LOW. The row address indicates 
the DRAM row to which the SAM data registers will be 
written. The column address (Tap) indicates the starting 
address of the next SERIAL INPUT cycle for the SAM data 
registers. ADQ mask must be applied to allMWTs as shown 
in Figure 6. This may be done using persistent or nonpersis· 
tent modes. When using persistent mode, the mask will be 
supplied by the mask register. Wheninnonpersistentmode, 
the DQ pins are used to input a bit plane mask at the falling 

LOWER HALF UPPER HALF 
,-- NO SRT ---, 'I ---NOSRT----" 

TAP 255 256 511 

II II 'ir-II -------=nIl 
StaJ Split L-.1 I 

Figure 5 
SPLIT SAM TRANSFER 

edge of RAS. An MWT changes the direction of the SAM 
I/O buffers to the input mode. To change the SAM I/O 
buffers to input mode without SAM data being transferred 
to the DRAM, a mask of all zeros must be presented on the 
DQ pins when RAS falls. QSF is LOW if serial input is to the 
lower half of the SAM, and HIGH if it is to the upper. 

I'--..L..--I---~o ~ 
I P 

............ I _____ ~? 
Ir-'------'--p ~ 

o 
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ROW 
(AO·AS atRAS) -
MASK REGISTER 

-D01 0- 1 r----D02 0- 0 I---
D03 -0- 0 r---
D04 0-1"" 
D05 0-1"" 
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~ 
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Figure 6 
DO MASKED WRITE TRANSFER 
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MASKED SPLIT WRITE TRANSFER PROGRAMMABLE SPLIT SAM 
The MASKED SPLIT WRITE TRANSFER (MSWT) cycle 

allows serial input data to be transferred to the DRAM 
without interrupting the serial clock. Operation of the 
SWT cycle is very similar to the SPLIT READ TRANSFER 
cycle. It will transfer the idle half of the SAM to the DRAM 
and set the Tap address to where the new serial data will be 
loaded in that half. Selection of the MSWT cycle is the same 
as that of the MASKED WRITE TRANSFER with the excep
tionofthe stateofDSF. When DSF is HIGH at the falling edge 
of RAS, an MSWT will occur. The initiation sequence for 
MSWT is shown in Figure 7. An MSWTwill not change the 
direction of the SAM I/O buffers. 

Programmable Split SAM operation is an extension of the 
Split SAM mode. This mode optimizes SAM performance 
by allowing user-programmable stop points to be defined 
in the split SAM. The stop points define a SAM location at • 
which the access will change from one half of the SAM to the 
other half (at the loaded Tap address). The locations of the < 
stop points are programmable in power-of-two increments. 
The stop points and size of the resulting partitions are lJ 
shown in Figure 8, along with an example. l> 

The stop points are set by performing a CBR RESET STOP , 
(CBRS) address cycle. A CBRS cycle is a CBR with ME /WE ::. 
LOW and DSF HIGH at the RAS HIGH-to-LOW transition. 

MT42C8256 
REV.5J93 

, , , , 
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MASKED WRITE TRANSFER 

FROM: Full SAM 
TO: Masked 
SAM 1/0 is set to input 
mode and serial input 
to Lower SAM begins 
(OSF goes LOW) 

, , , , 
SPLIT WRITE TRANSFER 
(optional) 

FROM: Upper SAM 
TO: Row 0 
TAP Address = 4 
Serial input to Lower 
SAM continues 

Figure 7 

Serial input switches 
from Lower SAM to 
Upper SAM 
OSF goes HIGH 

, , , , , , , , , , , , , , 

SPLIT WRITE TRANSFER 

FROM: Lower SAM 
TO: Row 0 
TAP ADDRESS = 0 TO 255 
Serial input to Upper 
SAM continues (OSF 
remains HIGH) 

~ DON'T CARE 

TYPICAL SPLIT -WRITE-TRANSFER INITIATION SEQUENCE 
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This is a special CBR refresh cycle that, in addition to 
refreshing the DRAM, will sample the address pins (A4-A8) 
and set the stop point partition to the addressed value (See 
Figure 8). The programmable stop points will not become 
valid until a Split Transfer (READ or WRITE) is done, 
following the CBRS. Both halves of the SAM will be pro
grammed simultaneously to the same partition lengths and 
stop points. 

Access will progress from the Tap address to the end of 
the programmable partition into which the Tap fell. When 
the end of the "addressed" partition is reached, the access 
will jump to the tap address of the next half, provided that 
a SPLIT TRANSFER (READ or WRITE) was done before the 
partition boundary was reached. If a SPLIT TRANSFER (ST) 
is not done prior to the terminal count of the partition, the 

partition is not recognized and the address count will 
continue in the same half (this is shown Figure 8 at stop 
address 383). The count will continue in the same half until 
a SPLIT TRANSFER (READ or WRITE) occurs or the SAM 
half boundary is reached. In Figure 8, an ST occurs some 
time between addresses 383 and 447 and the boundary is 
recognized at 447. The programmable stop points may be 
reprogrammed at any time by performing another CBRS 
cycle, the new stop points will not be valid until an ST is 
performed. 

Disabling the programmable split SAM requires a CBRR. 
This is as CBR cycle with DSF LOW at the 
RAS HIGH-to-LOW transition. The CBRR will take effect 
immediately; it does not require an ST to become active 
valid. 

Number Slop Address @ ~LOW Number and Size 

MT42C8256 
REV.S/93 

Poinls/Half AS A7 A6 A5 A4 of Parlilion(s) 
1 (Default) X 1 1 1 1 1 x 256 

2 X 0 1 1 1 2 x 128 

4 X 0 0 1 1 4x64 

8 X 0 0 0 1 8 x32 

16 X 0 0 0 0 16 x 16 

AO-A3 = "don't care" 

EXAMPLE 
(four stop points) 

LOWER HALF 

127 191 

:-+-64~: 

Programmed Partition (A4-A8) = 000111111 
MSB .... LSB 

UPPER HALF 

319 X 

I 
--.- 64---'1 

383 447 

(Tap = 0) 

Figure 8 
PROGRAMMABLE SPLIT SAM OPERATION 
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MIC:I=ION MT 42C8256 
1-· > c > 256K x 8 VRAM 

SERIAL INPUT and SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT

PUT are SC and SE. The rising edge of SC increments the 
serial address counter and provides access to the next SAM 
location. SE enables or disables the SERIAL INPUT /OUT
PUT buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPLIT READ TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the 8-bit port. SE is 
used as an output enable during theSAM output operation. 
The serial address is automatically incremented with every 
SC LOW-to-HIGH transition, regardless of whether SE is 
HIGH or LOW. The address progresses through the SAM 
and will wrap around (after count 255 or 511) to the Tap 
address of the next half, for split modes. If an SRT was not 
performed before the half boundary is reached, the count 
will progress as illustrated in Figure .5. Address count will 
wrap around (after count 511) to Tap address zero if in the 
"full" SAM modes. 

SC is also used to clock-in data when the device is in the 
SERIAL INPUT mode. As in the serial output operation, the 
contents of the SAM address counter (loaded when the 

MT42C8256 
REV. 5/93 2-151 

SERIAL INPUT mode was enabled) will determine the 
serial address of the first 8-bit word written. SE acts as a 
write enable for SERIAL INPUT data and must be LOW for 
valid serial input. If SE = HIGH, the data inputs are dis
abled and the SAM contents will not be modified. The serial 
address counter is incremented with every LOW -to-HIGH 
transition ofSC, regardless of the logic level on the SE input. 

POWER-UP and INITIALIZATION 
After Vee is at specified operating conditions, for lOOlls 

minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. Micron recommends that 
RAS = (TR)/OE:2: VIH during power-up to ensure that the 
DRAM I/O pins (DQs) are in a High-Z state. The DRAM 
array will contain random data, and the nonpersistent 
MASKED WRITE mode is enabled. 

The SAM portion of the MT42C8256 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the SERIAL INPUT mode 
(MASKED WRITE TRANSFER) and the I/O pins (SDQs) 
will be High- Z, regardless of the state of SE. QSF initializes 
in the LOW state. The mask and color register will contain 
random data after power-up. 
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TRUTH TABLE 

liAS FALLING EDGE CAS FALL AD-A8' 001-008' REGISTERS 
CODE FUNCTION m TIffllt ME7WEj DSF DSF liAS m liAS m' MASK COLOR 

DRAM OPERATIONS 

CBRR CBR REFRESH (RESET ALL OPTIONS) 0 X X 0 - X X - X X X 

CBRS CBA REFRESH (RESET STOP ADDRESS) 0 X 0 1 - STOp? X - X X X 

CBRN CBR REFRESH (NO RESET) 0 X 1 1 - X X - X X X 

ROR RA8 ONLY REFRESH 1 1 X X - ROW - X - X X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 0 ROW COLUMN X VALID X X 
DATA 

RWM MASKED WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 0 0 ROW COLUMN WRITE VALID USE4 X 
MASK4 DATA 

BW BLOCK WRITE TO DRAM 1 1 1 0 1 ROW COLUMN X COLUMN X USE 
(A2-AB) MASK 

BWM MASKED BLOCK WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 0 1 ROW COLUMN WRITE COLUMN USE4 USE 
(A2-AB) MASK4 MASK 

FWM MASKED FLASH WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 1 X ROW X WRITE X USE4 USE 
MASK4 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 0 ROWS X X REG LOAD X 
DATA 

LCR LOAD COLOR REGISTER 1 1 1 1 1 ROWS X X REG X LOAD 
DATA 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 1 0 X ROW TAp6 X X X X 

SRT SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 1 0 1 1 X ROW TAp6 X X X X 

MWT MASKED WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 1 0 0 0 X ROW TAP" WRITE X USE4 X 
(NEW OR OLD MASK) MASK4 

MSWT MASKED SPUT WRITE TRANSFER 1 0 0 1 X ROW TAp6 WRITE X USE4 X 
(SAM-TO-DRAM TRANSFER, NEW OR OLD MASK) MASK4 

NOTE: 1_ These columns show what must be present on the AO-A8 inputs when RAS falls and when CAS falls, 

MT42C8256 
AEV,5/93 

2_ These columns show what must be present on the D01-D08 inputs when RAS falls and when CAS falls_ 
3, During WRITE (including BLOCK WRITE) cycles, the input data is latched at the falling edge of CAS or 

MEfWE, whichever is last Similarly, with READ cycles, the output data is valid after the falling edge of CAS 
or 
TRIOE, whichever is last 

4_ After an LMR cycle, all masked WRITEs use the mask register (old mask)_ Data on the DOs at RAS falling 
edge will be ignored_ A CBRR will reset to new mask state and mask data must be presented on the DOs at 
every RAS falling edge_ 

S_ The ROW that is addressed will be refreshed, but a ROW address is not required_ 
6_ This is the first SAM address location that the first SC cycle will access_ For split SAM transfers, the Tap will 

be the first address location accessed of the "new" SAM half after the boundary of the current half is reached 
(255 for the lower half, 511 for the upper half or programmable stop address boundary)_ 

7_ Defines the column addresses where access moves to the next half; see Programmable Split SAM functional 
description_ 
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MIC::I=ION MT42C8256 
1-· "'CO, 256K x 8 VRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc Supply Relative to Vss .............. -1V to +7V 
Operating Temperature, T A (ambient) ........... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + 1S0°C 
Power Dissipation ........................................................... 1.3W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C S; T A S; 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C s; T A S; 70°C; Vee'" 5V ±1 0%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV S; VIN S; Vee); all other pins not undertest = OV 

OUTPUT LEAKAGE CURRENT 
(~O, SOO disabled, OV S; VOUT S; Vee) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT '= 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-AS 

Input Capacitance: RAS, CAS, MElWE, TRlOE, SC, SE, OSF 

Input/Output Capacitance: DO, SOO 

Output Capacitance: OSF 

"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 4.5 5.5 V 1 

VIH 2A Vee+1 V 1 

VIL -1.0 O.S V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 !lA 
.... 

loz -10 10 !lA 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

Cil 5 pF 2 

CI2 S pF 2 

Clio 9 pF 2 

Co 9 pF 2 

MT42C8256 
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CURRENT DRAIN, SAM IN STANDBY 
(O°C :> T A :s:; 70°C; Vcc = 5V ±1 0%) MAX 

PARAMETER/CONDITION SYMBOL -6" -7 -8 UNITS NOTES 

OPERATING CURRENT Icc1 165 155 145 mA 3,4, 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 25 

OPERATING CURRENT: FAST-PAGE-MODE Icc2 110 100 90 mA 3,4, 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIN]) 26 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current Icc3 10 10 10 mA 
(RAS = CAS = VIH after eight RAS cycles [MIN]) 

REFRESH CURRENT: RAS-ONL Y Icc4 165 155 145 mA 3,25 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: Icc5 165 155 145 mA 3,5 
CBR (RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER Icc6 185 175 165 mA 3 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(O°C:> TA:S:; 70°C; Vcc = 5V ±10%) MAX 

PARAMETER/CONDITION SYMBOL -6" -7 -8 UNITS NOTES 

OPERATING CURRENT Icc? 215 205 190 mA 3,4, 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 25 

OPERATING CURRENT: FAST-PAGE-MODE Icca 160 150 135 mA 3,4, 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIN]) 26 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current Iccg 50 50 45 mA 3,4 
(RAS = CAS = VIH after eight RAS cycles [MIN]) 

REFRESH CURRENT: RAS-ONL Y ICC10 215 205 190 mA 3,4, 
(RAS = Cycling; CAS = VI H) 25 

REFRESH CURRENT: Icc11 215 205 190 mA 3,4,5 
CBR (RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER ICC12 220 210 195 mA 3,4 

'60ns (-6) specifications are preliminary and are specified for Vcc = 5V ±5%. Please consull factory for availability. 

MT42C8256 
REV. 5/93 2-154 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 

©1993, Micron Semiconductor, Inc. 



DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 12, 13) (O°C :s; T A :s; +70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS -6' -7 
PARAMETER SYM MIN MAX MIN MAX 
Random REf-D or WRITE cycle time tRC 110 130 

READ-MODIFY-WRITE cvcle time tRWC 148 170 

FAST-PAGE-MODE READ or EARLY WRITE tpc 24 27 
cycle time (Extended Data Out (READ)) 

FAST-PAGE-MODE LATE WRITE, MASKED tpc 30 35 
WRITE or BLOCK WRITE cycle time. 

FAST-PAGE-MODE READ-MODIFY-WRITE tpRWC 83 90 
cycle time 

Access time from RAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from (fR)/OE tOE 15 20 

Access time from column-address tM 30 35 
Access time from CAS precharge tCPA 35 40 

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

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

RAS hold time tRSH 15 20 

RAS precharge lime tRP 40 50 
CAS pulse width (FAST-PAGE-MODE READ tCAS 10 100,000 10 100,000 

or EARLY WRITE cycles only) 

CAS pulse width (All other cycles) tCAS 15 100,000 20 100,000 

CAS hold time tCSH 60 70 

CAS precharge time teP 10 10 

RAS to CAS delay time tRCD 20 45 20 50 

CAS to RAS prech<lrge time tCRP 5 5 
Row-address setup time tASR 0 0 

Row-address hold time , tRAH 10 10 

RAS to column-address delay time tRAD 15 30 15 35 
Column-address setup time tASC 0 0 

Column-address hold time tCAH 12 12 

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

Column-address to RAS lead time tRAl 30 35 

Read command setup time tRCS 0 0 

Read command hold time (referenced to CAS) tRCH 0 0 
Read command hold time (referenced to RAS) tRRH 0 0 
CAS to output in low-Z tClZ 3 3 
CAS HIGH to RAS HIGH lead time teRl 0 0 
RAS HIGH to CAS HIGH lead time tRCl 0 0 
Output buffer turn-off delay from CAS or RAS toFF 3 20 3 20 

Output disable delay from (TR)/OE toD 3 10 3 10 

Output enable delay from (TR)/OE" toELZ 3 3 
Output disable delay from (ME)IWE twHZ 3 10 3 10 

Output disable hold time from start of WRITE tOEH 10 10 

Output Enable to RAS delay tORD 0 0 

Data output hold after CAS lOW tCOH 5 5 

-8 
MIN MAX 
150 

190 

30 

40 

95 

80 

20 

20 
40 

45 

80 100,000 

80 100,000 

20 

60 

12 100,000 

20 100,000 

80 

10 

20 60 

5 

0 

10 

15 40 

0 

15 

60 

40 

0 

0 

0 

3 

0 

0 

3 20 

3 10 

3 

3 10 

10 

0 

5 

'60ns (-6) specifications are preliminary and are specified for Vcc = 5V ±5%. Please consult factory for availability. 

UNITS NOTES 
ns 

ns 

ns 

ns 

ns 

ns 14 

ns 15,28 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 16 

ns 17. 
ns 

ns 

ns 

ns' 18 

ns 

ns 

ns 

ns 

ns 

ns 19 

ns 19 

ns 

ns 

ns 

ns 20,23 

ns 20,23 

ns 

ns 

ns 27 

ns 

ns 28 
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DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,12, 13) (O°C ~ TA ~ +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -6" -7 
PARAMETER SYM MIN MAX MIN MAX 
Write command setup time twcs a 0 

Write command hold time twCH 12 15 

Write command hold time tWCR 45 55 
(referenced to RAS) 

Write command pulse width twp 12 15 

Write command to RAS lead time tRWL 18 20 
Write command to CAS lead time tCWL 18 20 

Data-in setup time tDS 0 0 

Data-in hold time tDH 12 12 

Data-in hold time tDHR 45 55 
(referenced to RAS) 

RAS to WE delay time tRWD 80 90 

Column-address tAWD 50 55 
to WE delay time 

CAS to WE delay time tCWD 35 40 

Transition time (rise or fall) I,- 35 35 

Refresh period (512 cycles) tREF 16.7 16.7 
RAS to CAS precharge time tRPC a a 
CAS setup time tCSR 10 10 
(CBR REFRESH) 

CAS hold time tCHR 10 10 
(CBR REFRESH) 

MEIWE to RAS setup time twSR a a 
MEIWE to RAS hold time lRWH 15 15 

Mask data to RAS setup time tMS a a 
Mask data to RAS hold time tMH 15 15 

-8 
MIN 
a 
15 

60 

15 

20 

20 

a 
15 

60 

100 

60 

40 

a 
10 

10 

a 
15 

a 
15 

'60ns (-6) specifications are preliminary and are specified for Vce = 5V ±5%. Please consult factory for availability. 

MAX UNITS NOTES 
ns 21 

ns 

ns 

ns 

ns 

ns 

ns 22 

ns 22 

ns 

ns 21 

ns 21 

ns 21 

35 ns 9, 10 

16.7 ms 

ns 

ns 5 

ns 5 

ns 

ns 

ns 

ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9, 10) (0° C:S; T A:S; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -6" -7 
PARAMETER SYM MIN MAX MIN MAX 

TRI(OE) LOW to RAS setup time 'TLS 0 0 

TRI(OE) LOW to RAS hold time 'TLH 15 10,000 15 10,000 

TRI(OE) LOW to RAS hold time tRTH 60 10,000 70 10,000 
(REAL-TIME READ-TRANSFER only) 

'i"FiI(ITE) LOW to CAS hold time tCTH 15 20 
(REAL-TIME READ-TRANSFER only) 

TRI(OE) HIGH to RAS precharge time 'TRP 50 50 

'i"FiI(OE) precharge time 'TRW 15 20 

TRI(OE) LOW to last SC hold time 'TSL 5 5 

TRI(OE) HIGH to first SC setup time 'TSD 50 50 

Serial output buffer tum-off tSDZ 7 40 7 40 
delay from RAS 

SC to RAS setup time tSRS 20 25 

Serial data input to SE delay time tSZE 0 0 

Serial data input delay from RAS tSDD 50 50 

Serial data input to RAS delay time tszs 0 0 

'i"FilIOE] HIGH to RAS setup time tyS 0 0 
TRI(OE) HIGH to RAShold time tYH 15 15 

DSF to RAS setup time tFSR 0 0 

DSF to RAS hold time tRFH 15 15 

SC to OSF delay time tSOD 20 25 

SPLIT TRANSFER setup time tSTS 20 25 

SPLIT TRANSFER hold time tSTH 10 10 

DSF (at CAS LOW) to RAS hold time tFHR 45 55 

DSF to CAS setup time tFSC 0 0 

DSF to CAS hold time tCFH 15 15 

TRIOE to OSF delay time 'TOD 30 30 

RAS to OSF delay time tROD 70 75 

CAS to OSF delay time leOD 35 40 

RAS to first SC delay tRSD 95 105 

CAS to first SC delay tCSD 50 55 

-8 
MIN 

0 

15 

80 

20 

50 

25 

5 

50 

7 

30 

0 

50 

0 

0 

15 

0 

15 

30 

10 

60 

0 

15 

115 

55 

"60ns (-6) specifications are preliminary and are specified for Vee = 5V ±5%. Please consult factory for availability. 

MAX UNITS NOTES 

ns 

10,000 ns 

10,000 ns 

ns 

ns 

ns 

ns 11 

ns 11 

40 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

30 ns 

ns 

ns 

ns 

ns 

ns 

30 ns 

75 ns 

45 ns 

ns 

ns 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C ~ T A ~ + 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS -6' -7 
PARAMETER SYM MIN MAX MIN MAX 

Serial clock cycle time tsc 18 20 

Access time from SC tSAC 15 17 

SC precharge time (SC LOW time) tsp 7 8 

SC pulse width (SC HIGH time) tSAS 7 8 

Access time from SE tSEA 12 12 

SE precharge time tSEP 7 8 

Serial data-out hold time after tSOH 3 3 
SC high 

Serial output buffer turn-off tSEZ 3 12 3 12 
delay from SE 

Serial output buffer turn-on tsoo 3 3 
delay from SE 

Serial data-in setup time SDS 0 0 

Serial data-in hold time tSDH 10 10 

Serial input (Write) Enable tsws 0 0 
setup time 

Serial input (Write) Enable SWH 15 15 
hold time 

Serial input (Write) disable tSWIS 0 0 
setup time 

Serial input (Write) disable tSWIH 15 15 
hold time 

-8 
MIN 

22 

9 
9 

9 

3 

3 

3 

0 

10 

0 

15 

0 

15 

'60ns (-6) specifications are preliminary and are specified for Vcc = 5V ±5%. Please consult factory for availability. 

MAX UNITS NOTES 

ns 

20 ns 24,28 

ns 

ns 

15 ns 24 

ns 

ns 24,28 

12 ns 20,24 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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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. 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 lO011s is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up 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). Input signals transition from 0 to 3V for AC 
testing. 

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. The "last" SC edge causes the last data from the 
previous row to appear on the SDQ pins. The "first" 
SC causes the first data from the new row to appear. 

12. If CAS = VIL, DRAM data output (DQI-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to one TTL gate and 50pF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

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 t:RCD 
exceeds the value shown. 

15. Assumes that tRCD ~ tRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ 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. 

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 tRAD (MAX) limit ensures that 
t:RCD (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. tOD, tOFF and tSEZ define the time when the output 
achieves open circuit (VOH -200mV, VOL +200mV). 
This parameter is sampled and not 100 percent tested. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE, READ-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 through
out the entire cycle, regardless of TR/OE. If twcs :'> 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If tRWD ~ t:RWD 
(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 the 
output buffers (at access time and until tOD is met) is 
indeterminate, but the WRITE will be valid if tOD and 
tOEH are met. See the LATE-WRITE AC Timing 
diagram. 

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

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
HIGH or when RAS and CAS go HIGH, whichever 
occurs first. 

24. SAM output timing is measured with a load 
equivalent to one TTL gate and 30pF. Output 
reference levels: VOH = 2.0V; VOL = 0.8V. 

25. Address (AO-A8) may be changed two times or less 
while RAS = VIL. 

26. Address (AO-A8) may be changed once or less while 
CAS = VIH and RAS = VIL. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have 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 previously read data if CAS 
remains LOW and OE is taken LOW after tOEH is 
met. If CAS and RAS go HIGH prior to OE going back 
LOW, the DQs will remain open. 

28. tSAC/tCAC are MAX at 70° C and 4.5V Vcc; tSOH/ 
tCOH are MIN at 0° C and 5.5V Vcc. These limits will 
not occur simultaneously at any given voltage or 
temperature. This is guaranteed by design (tSOH = 
tSAC - output transition time; tCOH = tCAC - output 
transition time). 
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teRP I 

tASR 

ADDR ~:~: 
I 

ROW 

DRAM READ CYCLE 1 

(Outputs controlled by RAS) 

RC 

tRAS 

tCSH 

tRSH 

tRCD ~ d ,~ 
tAR 

(NOTE 1) tCRl I tRAD tASC I I~I 1-tRAH tRAl 

1 I I I J 

tRP 

tRRH 

.I rrrrTn 

Y!!!!!!) COLUMN W////, II, II//I////////////!)A 
I 

ROW 

tACS I tRCH 

""" :r:!1/##/$###J1######) I '- I I 'I 

tFSR II tRFH I tFSC I I tCFHI 

DSF ~:~:V/§,1#d- -V//,1§,1/;m- -W$§,1//,1/§,1//,1/A fII ////!// § / ,1/~ 

I I tAA 
-tRAc---+--"'-1 '------I 

~ DON'T CARE 

!8l2l UNDEFINED 

NOTE: 1. tCRl is a reference parameter. If CAS = HIGH tCRl before RAS, tOFF is referenced from the rising edge of 
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RAS. 
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ADDR 

I 
.~ 

VIH
VIL-

teRP 

tASA tRAH 

I 
ROW 

DRAM READ CYCLE 1 

(Outputs controlled by CAS) 

tRAS 

tCSH 

tASH 

tRCD tCAS 

tAR 1 \ 
I tAAD I I tAAL 

~II~ 

tRP 

II tRCL I~) 

II 

II tRRH 

I I ~ COLUMN ~/////////////////////~ ROW 

tRGS 

~:~:ij'#$0'M#/ffY$#//M$) 1,,<, I 

tFSR II tRFH I tFSC I 

tRCH __ -
I I JwJffff/'/#M$#/#; 
IteFH~jI//////////ji/!I/////A I fI!I/jI!ljI///jI~ DSF ~:~:'#jI////l0l- -v//////$M-

I I tM 

tRAG I 

DO ~:g~-

teu J tCAG 

1-
OPEN I 

~II~ 
r:xxxxxx~ 

tOELZ_ 

tOE 

tOFF -(NOTE 1) 

tOAD 

VALID DATA l 
tOD 

OPEN--

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. tRCL is a reference parameter. If RAS = HIGH tRCL before CAS, tOFF is referenced from the rising edge of 
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RAS VIH-
VIL-

'CRP 

CAS 
VIH-
VIL-

ADDR 

DSF 

DRAM FAST-PAGE-MODE READ CYCLE 
(Extended Data-Out) 

'RASP 

'CSH 

'PC 'PC 'RSH 

'AAI I I, I'AA I I I'AA I~ 
'RAC I CPA I 'CPA I 

~ ~ 

�--------~---+I~'C-A-C-I I~ I~ ~ 

DQ ~:g~= OPEN VAUD DATA (A) Ir---VA-U-DD-AT-A-(C-) -----I 

r-'YS II~I 'OE 

TR/DE ~:~~ ~<.LLljLLLW;;LLLI';0LLLW;;LLLW;;,-,-",01,------____ "------------,,---____ _ 

~ DON'TeARE 

~ UNDEFINED 

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST-PAGE-MODE. 
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AOOR ~:t 

OSF ~:t 

MT42C8256 
REV. 5193 

-
-

I" teRP 

::.---' 

DRAM FAST-PAGE-MODE READ/WRITE CYCLE 
(Extended Data-Out) 

tRASP 

tCSH 

I 
'pc 'pc 

'RCO 'CAS 'CP 

~1 
'CP 

'RSH 

teAs 

b ''" '-
I.'ASR 'RA~ ~I I~ ~ 'CAH 'I ~II 'CAH'I 

A-
'CP 

Y
1 

-I 

r777n ffTTn _ 

~ ROW ~ COLUMN (A) COLUMN (B) W/////////;,1. COLUMN(N) Y/////////Ij//2 ROW 

II ,'RCsl I I II 'RCH-I 1- ~II~ 
='/////////////t'i, (I, (I, (//11 I I I I \ 

'FSR II 'RFH I 'FSC 'CFH 'FSC 'CFH 'FSC II 'CFH 

:w;d- -WIII;/M- -~///$#~- -WrfP$!III&A- -W1/$#$/$I#~1 
I tAAI I I I 'AA 

tRAC I 
tCPA I 

I~ I 'CAC 

tCOH'1 

- OPEN VALID DATA (A) ) 
~II~ tOE 

2-163 

'WHz~1 

VALID 
DATA (B) 

-
ItOS tOH'1 

t--{ VALID DATA 
IN 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES 

l{){S" Falling Edge W"Falling Edge 

FUNCTION A B C D E2 
NIt/WE" DSF DO (Input) DSF DO (Input) 

Normal DRAM WRITE 1 0 X 0 DRAM Data 

MASKED WRITE to DRAM 0 0 Write Mask3 0 DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Bit-Plane Mask) 1 0 X 1 Column Mask 

MASKED BLOCK WRITE to DRAM 0 0 Write Mask3 1 Column Mask 

MASKED FLASH WRITE to DRAM 0 1 Write Mask3 X X 

Load Mask Data Register 1 1 X 0 Write Mask Data 

Load Color Register 1 1 X 1 Color Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D" and "E" for the WRITE cycle 

MT42C8256 
REV. 5/93 

timing diagrams on the following pages. 
2. CAS or MEIWE falling edge, whichever occurs last. 
3. Mask Data is loaded at RAS falling if nonpersistent mode is active. If persistent mode is active, mask data is 

supplied by the Mask Data Register and the DOs are "don't care" at the RAS falling edge. 

2-164 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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DRAM EARLY-WRITE CYCLE 1 

tRAS 'RP I 
II I 
~ 

tCSH 

I 

~ 
tRSH 

-J 
ICRP tACO tCAS 

f 'AR t I IRAO I I 'RAL 
'ASR tRAH ~I I~ I 

ADDR ~:~:~~_-.RO.-W _~b;]~--;-CO_LUM..-:-N _b#/$ffffffff/$//ff;,X~_R_OW __ 
1_---+-1 --+-,1 'C=wL=--__ 11 

I I 'RWL 
'WCR I I 

twes I I tWCH 

'WP 

~:~- A I I '---;1"1--" I I 
'FSR tRFH tFHR tFSC I I tCFHI 

DSF ~:~:ij'$//#M-B-w. __ -.-=D'--;--------1W!;J/I//j//$!I////////!!$ffIl!//$////////i/ 
tDHR I I 

00 ::8tl$$ffd-""-c --""--~ '00 I E I ,~ ~/ff/$ff/0"/ff,M'$'@/,M"W1;,'l'/ffj! 
r_ ::t=1ff/$ff/)~I~/$//$/'@ff$$ffff$ffff$ff/$//$'@ff,0!ffffff/$'@ff//,@/$); 

~ DON'T CARE 

~ UNDEFINED 

IOTE: 1. The logic states of "A", "B", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 

"42C8256 
:V.5!93 

Cycle Function Table for a detailed description. 
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DRAM LATE-WRITE CYCLE 

tRAS tAP I 
II I 
tf 

tCSH 

t ~: 
'ASH 

=J 
tCAP tACO tCAS 

tAA f-
tAAO I I tRAL I 

tASA tAAH ~I I tCAH I 

MEtWE ~:t:'L.LLf.L.,UL.LL./J''-t-FSA---'':'-i;-I~-FH~1 ~~II~I 
OSF ~:t-W//////hf 8 ~ D W/////////////////////////////////////////////////////////J 

II 
tOHA II 

tMS tMH tos II tOH :1 

00 ~:gt4$////M--C-~;1//JJ//$/$//J~ E --W~rTT:WrTTW77T1!~77T7~7771!~77711~7T711~7T7W~777~77711~'7TlW'7T.1!~rTT:1I~77TW77T1!~77T;12 
tyS II tYH tOO] " I tOEH • 

TR/OE ~:t-f$/,@'J- --W////$//lIg- W///II!J////$/IIIIII!I!lIII!I$/III//a 

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

MT42C8256 
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UIC:F=lON MT42C8256 
1-· "'''' 256K x 8 VRAM 

RAS VIH 
VIL 

CAS 
VIH 
VIL 

AOOR VIH 
VIL 

-

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

:=:J ~I: 
I' tASR 

tRAH 
1---="::'::":""'-11 ~II~ I 
~ COLUMN W/jllllllllllj//////jlllllll, /III/i/JA ROW ROW 

'-1-l---WS-R-A"_-tR-wH-L-/I..J"/IIJ.--t=ltRcs Ii i
l

'- .,=- Dr'-'------
tFHR 

~~ I~II~I 
OSF ~:~=- 8 ~/////////~ D ~Wff///////ff/ff/////ff////ff///ffff$////A 

I ItM 

. tRAC I 
I 

tCAC 

I~ tMH~1 I~. tOH~1 
.j. c '" VALlOOOUT E 'It t- OPEN---

~ !!:t!. ~ ~I 
TRICE ~:~_rrTTT7_77T--I---.l1 \---1 )r------

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

~ .DON'T CARE 

~ UNDEFINED 

IOTE: The logic states of "A", "8", ''C'', "D" and "E" determine. the type of WRITE operation performed. 

-42C825& 
:V.5l93 

See the Write Cycle Function Table for a detaited description. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1,2 

ADDR ~:r 

DSF 

_'0_8 __ '_OH_ 

DQ ~:gr- C E E E 

'Y8 I 'YH 

TRiOE ~:r~- -~!I/§§§§$/$/////§//§$//§/M§!I/§/$!I/§$§//!I///#$/§§#$///$§/$#; 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST-PAGE-

MT42C8256 
REV. 5/93 

MODE. 
2. The logic states of "A", "B", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
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MIC:RON MT42C8256 
1-· "'" 256K x 8 VRAM 

RAS VIH-
VIL-

ICRP 

CAS 
VIH-
VIL-

ADDR 

DRAM FAST~PAGE-MODE READ-WRITE CYCLE 1,2 

(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 

I RASP 

tCSH IpRWC 

tcp tCAS tcp tCAS 

DSF ~i~-

DO ~igr: OPEN--

~I~ 
TRKlE ~ir:WJ \'--____ -'---' 

~ DON'T CARE 

~ UNDEFINED 

IOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST-PAGE-MODE. Use 

r42C8256 
:V. 5193 

the Write Function Table to determine the proper OSF state for the desired WRITE operation. 
2. The logic states of "A", "S", "C" and "0" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
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@1993,MicronSemiconductor,lnc. 

-< ::a 
:.> •. 
~ 



-< 
:D » s:: 

DRAM RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-AS) 

-t'----_ 
CAS ~:t_-=0--+-----H-----------+------'-----

t ASR t RAH '--------' 

ADDR ~:t __ ------.RO;--W _----'~///#II#/ffi'II!$/#/#////lIffllll/#II;/////;?(r---RO-W --

II 
MElWE ~:t:'!/ I II # III! ff I!II! ff I I I I II II II II I II II!! II /# I I II I I I II I!// /II //!/I I II I/! #/ ffi'1!// I I I III/II 11111 // /////!/!/ I/! I!///II ffi 

II 
QSF ~:t !!l/////I!!!!I!I!# 1111 ////jll II //IIIIII/!III/! /# /# 11// #/ !I!!/#II I!!!/ II III # III!IIIIII!/III! II II II!! /# /# /# II///, 

DO ~:gt II OPEN--------OPEN------

tyS II tYH 

TRICE ~:t :'$//I/#ff)- -~/III/!#III#I$///IIIIIII#IIIIIIII//////I//i//////!$ WIII/#j$ 

MT42C1J256 
REV. 5/93 2-170 

~ DON'T CARE 

~ UNDEFINED 
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~BR CYCLE FUNCTION TABLE 

LOGIC STATES 

~Falling Edge ("CAS" = LOW) 

FUNCTION CODE A B C 
ME/wt DSF AD-AB 

CBR REFRESH (Reset All Options) CBRR X 0 X 
CBR REFRESH (Set/Reset Stop Address) CBRS 0 1 STOP ADDRESS1 

CBR REFRESH (No Reset) CBRN 1 1 X 

CBR REFRESH CYCLE 2 

TRiCE ~:~ ill /1$// 1111 JII/!!lI!!//$$// !II/III! /11 /I/II!II/ /I/III!!II$/// /I &'!II /I/Iffllff//II!II/IJ/I/I/II I///I/A 

I2Zl DON'T CARE 

~ UNDEFINED 

IOTE: 1. Programmable Stop Point column addresses: 

r42C8256 
:V.5193 

Number Stop Address @ RAS""LOW Number and Size 

Points/Half AB A7 A6 AS A4 of Partilion(s) 

1 (Default) X 1 1 1 1 1 x 256 

2 X 0 1 1 1 2 x 128 

4 X 0 0 1 1 4x64 

8 X 0 0 0 1 8x 32 

16 X 0 0 0 0 16 x 16 
AD-A3 = don t care" 

2. The logic states of "A", "B" and "c" determine the type of CBR operation performed. 
See the CBR Cycle Function Table for a detailed description. 
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ADDR 

DRAM HIDDEN-REFRESH CYCLE 1,2 

(READ) 

tRAS 

(REFRESH) 

tRAS 

~~ ____ ~tR~CD~ ____ ~I __ t~R~SH~ 
~----*-------~----------------~ 

II tRAL 1 

I tCAC 

~OFF 

DO ~:g~= I~OPEN 

tyS tYH 1----'.2L-1:-- t tORD 1:_toD _ 

VALID DOUT OPEN-

TRICE ~:~ =~ \'---________ --!_'--________________ ~if 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. A HIDDEN-REFRESH may also be performed after a WRITE or TRANSFER cycle. In this case MEIWE = 

MT42C8256 
REV. 5193 

LOW (when CAS goes LOW) and TRIOE = HIGH. In the TRANSFER case, TRIOE = LOW (when RAS goes 
LOW) and the DQ pins stay High-Z during the refresh period, regardless of TRIOE. 

2. The logic states of "A", "8" and "C" determine the type of C8R operation performed. See the C8R Cycle 
Function Table for a detailed description. 
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IOTE: 

"42C8256 
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RAs VIH-
Vll-

CAs VIH-
VIL-

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode, or SC idle) 

tRC 
'RAS tRP 

'CSH 

'RSH 

~ tRCD tCAS 

tAR 

MEiNE ~:~~ I II W/'$lI/';/$/$$/';//'$$;/M'/'/'//'/'/$$!I/'$/,;1$!1/';/$$/'ff§ff/'$,0 
'FSR 'RFH I I 

DSF ~:~=wl.-I - --W/'/';/$$$$//'/'/'$/'/$/'/'/$/$!I/;//,////!//I//'//$/'/'$/$/II//II!IW/'!Il2 

ItDFF II I I 
DQ ~IOH-~ OPEN OPEN - ___ -'-___ _ 

IOL- 1 __ ---'tCS=D'--__ 

'ASO 

'TRP 

I 

TRICE ~i~:"-LLU.:LLLl!.--++------'------;------'I_--"tTR"'-W-:-I_1 
tsc 

~ DON'T CARE 

1. There must be no rising edges on the SC input during this time period. ~ UNDEFINED 

2. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the upper SAM (bits 256-511) is being accessed. 

3. If ITLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the ICSD and IRSD times must be 
met. If IRTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
ITSD must be met. 
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-----f 

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tRAS _II tRP 

II 

:;-
tCSH 1 

lASH 

I 

~ tRCD tCAS 

} / 
tAR 

I 1-:-- tRAD I I I IAAL 

tASR ~ ~I -I __ leAH -1-
ADDR ~:~= ~ ROW ~ SAM START ~j'/////U'lj'/////j'//j'j'j'lffj'/j'j'j'//j'/j'/j'/j'///j'//j'////j'j'///j 

~II~ I I 
MEfflE ~:~=w$1 tw/#//;!$///$;1//;!M$$$/;!/#/;!/#.MJ&I#$/;!#/;!////;!///;!$$##/;!$/;!////;!#ffffi 

tFSR tAFH 1 \ 

DSF ~:~=WdlT -Y;&$$$/;!#$$////j'/;!$)W$$I$//;!//$$#//////;!j'/f//$/;!ff$///;!ff$ff/lm 

_12FII I I 
DO ~ :g~= ! OPEN I OPEN I 

tCTH tTRP 

tATH 

I 
-lSAC PREVIOUS ROW DATA 

soa VtOH----------t~VA~ID~D~Tjl ~--::--\Ir___:_:__,r___,_:_::__ _____ r--VA-LID-D -
V10L - OUT 

I 
QSF ~g~_-------N-OT-E'----------~~----ND-TE-' ---

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

MT42C8256 
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QSF = 1 when the upper SAM (bits 256-511) is being accessed. 
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~ 

----1 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

tRAS 

-t 
tCSH II 

tASH 

II tRCD tCAS 

tAR }- II / 

tRP I 

\ 

- tRAD I I I tRAl 

I[ tASR ~ ~I -I 
_leAH 

-, -
AOOR ~:~:~ ROW ~ SAM START(") ~////I///I///////I// 1/1//1//1/1/1//1// 1/ 1//1// 1/1/ 1//1//1/#/11/////1/;% 

~II~ I 
;;;EM ~:t-~ II iw//$I/I$$$I/$I/$//I/I/P'I//$II/$I/I/P',,1I/P',,1!$I/$I//I/II$$$I//I/I$$,,'i 
~ ItFsR tRFH I 

DSF ~:t:qJ-i to-FF rr-WII/II!$$I//////!I/ $1//1//$!1!111!///!$!/J
1

W!1// !$III/!$ $1//$1//////1/ III/I//m 

V'OH- -I ____ ---;-____ _ 
00 .~- ,~ I,~ ~ I ~. 

TRIO. ~:~:.l- -W$II/II/II$///$/$$/!/$I/I/I/////$I/I/!/$$P'I//!/I//P'I/!$//$/I///$I/I/$!Ih 
~I I tSTH 

- I....! SAC fl--;_SAsoC~_-, -I IrSOH 

soa ~IOH-==X-P=RG=MST=OP- A (256+ A) ~ 

• :: I ,=. 
PRGMSTOP 

NOTE 2 

_ :~:~-"--------SAM-M-:!.:JF-~ (N_OTE_') __________ I-_tSQ~D ~ 
~ DON'T CARE 

~ UNDEFINED 

mTE: 1. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

T42C8256 
EV.5J93 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. 
2. Programmable stop address or SAM half boundary (255 or 511). See the Programmable Split SAM functional 

description for detail. 
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.~ 

MASKED WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tRAS 'RP 

tCSH 

I IRSH 

leAP tRCD teAs I 

'AJ ¥I 

I 

\ 

I~ I I I I tRAl 

_ _tRAH 

~I l~ ~I 
ADDR ~:t~ ROW ~ SAM START iw/////////////////##/~/#/#//#//I;I///////$/$$/#/$///;'; 

I 'WSR II 'RWH I 
MEIWE ~:t*- -b/#$/I/$/;@/;@/#ff#/##////$$$J#/$/J$/##//////IJ##/#//$$ff#/////J 

I '- '- I 
DSF ~:t=_- -,kr/$//#//#/$/$/#/////#//$/$#/##$##/$//$/$//J///#//$$//#/#//#/M; 

_II~F~~II~ I 
DO ~:gt= ~ MASK DATA) OPEN OPEN ---

'TLS II 'RH I 'eSD I 
TRICE ~:t=~- -k#/#$J$J$$J/////IJ$#/$#/$//$/#//#$//////IJ/I/$/ffI!/$J$$//I/M"/J; 

~II I 
'SAS I --I 

'se 

NOTE 2 

I 'SOD I 
tSOH tSDZ I 

SOC ~:gt _ VALID Do~k VALID DOUT 1 ~ HIGH-Z 

I I I :::: 

SE ~:t-W!/////////$#////#I#//#//#ff/#/#/#//$///##!I$/#/##/&1~-_-_-_-_-_-_-_N--or=E1======== 
I I leaD 

--'-RQD--~----~~ __ __ 

aSF ~gt- NOTE 3 . NOTE 3 

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

NOTE: 1. SE must be LOW to input new serial data, but the serial address register is 

~ DON'T CARE 

~ UNDEFINED 

MT42C8256 
REV. 5/93 

incremented by SC regardless of SE. 
2. There must be no rising edges on the SC input during this time period. 
3, QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. 
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MASKED WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 

tCSH 

tASH I 

" ~'t'~ --"""- '"" '., 'M t I I ,_ '- -~I / 

I 

\'--------

~~I~II~I 
ADDR ~:~:~ ROW ~ SAM START W//jI#jI///ff////jI///jI///#/jI///I/#///#///##jI#/ff/jI//#/1!iL 

I 'WSR \\ 'RWH I 
MEJWE ~:~~- -~/;/j!$!I$I$/;/j!#/$I$1$$$!I/$"$!I/#aWff#$//$i/$&;/j!#/$jlffi 

I '- '- I DSF ~:~:*- -j/$jI$$II$I//$#/$$#/$jI/#;/ffI;o//$1#$$!I$$$"$//#//$I$$!I;% 

Jr~I~II~, I 
OO~~,~ ~.,. j I 0_ -

,'" r~-""-II-""'-W'lIff,1,1/,1/,1///,1,1$,1$//,1ff;:,1///,1/,1/,1/////,1,1h,1///,1/,1///,1/,1/,1/,1/$ff/& 
,:::S '\ : 

NOTE 2 

soa ~:gr VALID DIN 

• ~'0'$ffff/$/Jff//$$$ff//$$lff//&.0Wff/ff$.0!$ff,J~~:-~---NO-TE-' --
aSF ~g~_----I-----I==N=OT=E3=======~:~-~=-~==~-·~~---N-OTE-3---

NOTE: 1. SE must be LOW to input new serial data, but the serial address register 

~ DON'T CARE 

~ UNDEFINED 

MT42C8256 
REV.5J93 

is incremented by SC regardless of SE. 
2. There must be no riSing edges on the SC input during this time period. 
3. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the upper SAM (bits 255-511) is being accessed. 
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MIC:RON MT42C8256 
1-· , "~, 256Kx8VRAM 

~ 

MASKED SPLIT WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

'RC 

'RAS 

leSH 

tRSH 

II 'ACD 'CAS 

I 
'RP I 

- VIH_ 
CAS VtL- J } II / 

'AR 

I _'RAD I I I tRAL 

~ ~ ~I J _leAH - :t:bJ ~ ~ --~ ~/,w'llllllllff,w'';lllfffflllll,w,w'IIIIII,w'IIIIII,qff,w4 
I 'WSR II'RWH I 

MEJWE ~:~.- -}/////$/!7&M/////$$#$//ff##//#ff#//#/M/#$//#$/#$////IW#M$//4 

1I~11~ I 
DSF ~:~. ~//////!7///#M//$#$/I11//#II!/##1I!! /////////!MIII#!I!//#/IIII!//#//##//////12 

kF~ 'MH I· 
DO ~:g~: MASK OPEN OPEN ----

'TLS 'Tl.H I 

T"RIOE ~:~_- -0;#//II!!//#/////#////!#///IW/IW#//I!//##/$#/////////IW////////!II!I/I//###/111/& 

~I I 'STH 

'so 

8(8+256) ~ 

~ DON'T CARE 

NOTE: 1. QSF = 0 when the lower SAM (bits 0-255) is being accessed. E88l UNDEFINED 

MT42C8256 
REV. 5193 

QSF = 1 when the upper SAM (bits 256:-511) is being accessed. 
2. Programmable stop address or SAM half boundary (255 or 511). See the Programmable Split SAM functional 

description for detail. 
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SE VIH-
V1L-

SC 
VIH-
VIL-

SDO 
VIH-
V1L -

SE VIH-
VIL-

SC 
VIH-
VIL-

SDO 
VOH-
VOL-

MT42C8256 
REV. 5/93 

tSAS tsp 

A-1 

tsc l' 
tSAS 

A 

I' 

SAM SERIAL INPUT 

tSWH 'ry tSWIH 

tSAS 

SAM SERIAL OUTPUT 

tsws 

'I 
tsp 

tsc 

tSAS 

A+3 

~ DON'TeARE 

~ UNDEFINED 
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VRAM 

FEATURES 
• Industry-standard pinout, timing and functions 
• High-performance CMOS silicon-gate process 
• Single +5V ±10% power supply 

(consult factory regarding 3.3V operation) 
• Fully TIL and CMOS compatible inputs and TTL 

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

and HIDDEN 
• 512-cycle refresh within 16.7ms 
• Dual port organization: 256K x 8 DRAM port 

512 x 8 SAM port 
• No refresh required for serial access memory 
• Low power: 10mW standby; 300mW active, typical 
• Fast access times: 70ns random, 17ns serial 

60ns random, 15ns serialt 

SPECIAL FUNCTIONS 
• JEDEC-Standard Mandatory Function set 
• PERSISTENT MASKED WRITE 
• MASKED WRITE TRANSFER/SERIAL INPUT 
• MASKED SPLIT WRITE TRANSFER 
• BLOCK WRITE (MASK) 
• MASKED FLASH WRITE 
• PROGRAMMABLE SPLIT SAM 

OPTIONS MARKING 
• Timing (DRAM, SAM [cycle/access]) 

60ns, 18/ 15ns _6t 

70ns,20/17ns -7 
80ns, 22/2Ons -8 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG* 
Plastic TSOP (400 mil) reverse pinout RG* 

t60ns (-6) specifications are preliminary andare specified for Vee = 5V ±5%. 
Please consult factory for availability. 

GENERAL DESCRIPTION 
The MT42C8257 is a high-speed, dual-port CMOS dy

namic random access memory, or video RAM (VRAM) 
containing 2,097; 152 bits. These bits may be accessed by an 
8-bit wide DRAM port or by a 512 x 8-bit serial access 
memory (SAM) port. Data may be transferred bidirection
ally between the DRAM and the SAM. 

MT42CB257 
REV. 5/93 2-181 

256K X 8 DRAM ~ 
WITH 512 X 8 SAM :. 

PIN ASSIGNMENT (Top View) 

40-Pin SOJ (SDB-3) 
Veo 
SC 

SDQ1 

80Q2 
SDQ3 

SOQ4 
TRICE 

D01 

DQ2 

D03 

DO' 

v" 
MEtWE 

A. 
A7 

A6 

AS 

A4 
Veo 

1 
2 
3 
4 
5 , 
7 
8 
9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
2B 
27 
26 
25 
24 
23 
22 
21 

v" 
SOOS 
SDQ7 

S006 
soos 
So 
DO. 

D07 

DO' 
DOS 

V" 
DSF 

GND 

CAS 

OSF 

AO 

A1 

A2 

A3 

V" 

40/44-Pin TSOP* (SDE-2) 

Vo< v" sc 500B 
SOQ1 S007 
8002 SOO6 
SOQ3 soos 

..§P£M So 
TRICE DO' 

D01 D07 
D02 D06 
D03 DOS 

DQ4 V" 
V" DSF 

MElWE GND 
AAS CAS 

A8 OSF 
A7 AO 
A6 A1 
AS A2 
A' A3 

Vo< V" 

40/44-Pin TSOP' (SDE-2) 

v" Vee 
sooa sc 
SOO? SDQ1 
SOO6 SOQ2 

SD~ SOO3 

D08 ~~ 
D07 D01 
D06 002 
DOS D03 

V" DQ4 
DSF ~~ 
GND ME/WE 
CAS AAS 
OSF A. 

AO A7 
A1 A6 
A2 AS 
A3 A4 

V" Vee 

'Consult factory for availability. 
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The DRAM portion of the VRAM is similar to the 
MT4C4256 (256K x 4-bit DRAM), with the addition of 
MASKED WRITE, BLOCK WRITE and FLASH WRITE. 
Eight 512-bit data registers make up the serial access mem
ory portion of the VRAM. Data I/O and internal data 
transfer are accomplished using three separate bidirec
tional data paths: the 8-bit random access 1/ 0 port, the eight 
internal 512-bit wide paths between the DRAM and the 
SAM, and the 8-bit serial I/O port for the SAM. The rest of 
the circuitry consists of the control, timing and address 
decoding logic. 

Each port may be operated asynchronously and 
independently of the other except when data is being trans
ferred internally. As with all DRAMs, the VRAM must be 
refreshed to maintain data. The refresh cycles must be 

timed so that all 512 combinations of RAS addresses are 
executed at least every 16.7ms (regardless of sequence). 
Micron recommends evenly spaced refresh cycles for maxi
mum data integrity. An internal transfer between the DRAM 
and the SAM counts as a refresh cycle. The SAM portion of 
the VRAM is fully static and does not require any refresh. 

The operation and control of the MT42C8257 are 
optimized for high performance graphics and communica
tion designs. The dual port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial/parallel networking and data com
munications. Special features such as SPLIT TRANSFERs 
and BLOCK WRITE allow further enhancements to system 
performance. 

FUNCTIONAL BLOCK DIAGRAM 

AD-AS 

MT42C8257 
REV. 5/93 

.. -_ ............................................ -_ ...................................... - ...... -- ...................... _ .................................................................................. _ ...... __ .. 

SPLIT SAM 
STATUS & CONTROL 

COLUMN 
MASK 

DOl _ ..... """'" . 
DO' 

. -
........- RAS 
'.-- CAS 
_fRJ6E 
_KiiEiWE 

SDQ1 . 
SDQ8 

' ............................................................................................................................................................................................................................... ~ 
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PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

2 

7 

13 

35 

29 

14 

27 

25,24,23, 
22,19,18, 
17,16,15 

8, 9, 10, 11, 
31,32,33, 

34 

3, 4, 5, 6, 36, 
37,38,39 

26 

28 

1,20 

12,21, 
30,40 

MT42CB257 
REV. 5/93 

TSOP PIN 
NUMBERS 

2 

7 

15 

39 

31 

16 

29 

27,26,25, 
24,21,20, 
19, 18, 17 

8,9,10,13, 
35,36,37, 

38 

3, 4, 5, 6, 40, 
41,42,43 

28 

30 

1,22 

14,23, 
32,44 

SYMBOL 

SC 

TRIOE 

MEIWE 

SE 

DSF 

RAS 

CAS 

AO-A8 

D01-D08 

SDQ1-SDQB 

OSF 

GND 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input! 
Output 

Input! 
Output 

Output 

-

Supply 

Supply 

DESCRIPTION 

Serial Clock: Clock input to the serial address counter and data latch 
for the SAM registers. 

Transfer Enable: Enables an internal TRANSFER operation at RAS 
(H-L), or 
Output Enable: Enables the DRAM output buffers when taken LOW 
after RAS goes LOW (CAS must also be LOW), otherwise the output 
buffers are in a High-Z state. 

Mask Enable: If MEIWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 
Write Enable: MEIWE is also used to select a READ (MEIWE = H) or 
WRITE (MEIWE = L) cycle when accessing the DRAM. This includes 
a READ TRANSFER (MEIWE = H) or WRITE TRANSFER 
(MEIWE = L). 

Serial Port Enable: SE enables the serial 1/0 buffers and allows a 
serial READ or WRITE operation to occur, otherwise the output 
buffers are in a High-Z state. The SAM address count will be 
incremented by the rising edge of SC when SE is inactive (HIGH). 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, FLASH WRITE, SPLIT TRANSFER, etc.) 
are used for a particular access cycle (see Truth Table). 

Row Address Strobe: RAS is used to clock in the 9 row-address bits 
and strobe for MEIWE, TRlOE, DSF, SE, CAS and DO inputs. It also 
acts as the master chip enable, and must fall for initiation of any 
DRAM or TRANSFER cycles. 

Column Address Strobe: CAS is used to clock in the 9 column-
address bits and as a strobe for the DSF input (BLOCK WRITE only). 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit word 
out of the 262,144 available. During TRANSFER operations, AO to A8 
indicate the DRAM row being accessed (when RAS goes LOW), and 
AO-A8 indicate the SAM start address (when CAS goes LOW). A8 = 
"don't care" for the start address during SPLIT TRANSFERs. 

DRAM Data 1/0: Data input!output for DRAM access cycles: These 
pins also act as inputs for Mask and Color Register load cycles, DO 
Mask and Column Mask for BLOCK WRITE. 

Serial Data 1/0: Input, output, or High-Z. 

Split SAM Status: OSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if address is 256-511. 

No Connect!GND: This pin must be tied to ground to allow for upward 
functional compatibility with future VRAM feature sets. 

Power Supply: +5V ±1 0% 

Ground 
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FUNCTIONAL DESCRIPTION 
The MT42C8257 can be divided into three functional 

blocks (see Functional Block Diagram): the DRAM, the 
transfer circuitry and the SAM. All of the operations de
scribed below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 

Note: For dual-function pins, the function not being 
discussed will be surrounded by parentheses. For 
example, the 'TR/ OE pin will be shown as TR/ (OE) 
in references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 
Like any DRAM-based memory, the MT42C8257 VRAM 

must be refreshed to retain data. All 512 row-address com
binations must be accessed within 16.7ms. The MT42C8257 
supports CBR, RAS ONLY and HIDDEN types of refresh 
cycles. 

For the CBR cycle, the row addresses are generated and 
stored in an internal address counter. The user need not 
supply any address data, and must simply perform 512 
CBR cycles within the 16.7ms time period. CBR cycles are 
also used to reset MASKED WRITE and PROGRAMMABLE 
SPLIT SAM operating modes. There are three CBR cycles 
defined for the MT42C8257: CBR No Reset (CBRN), CBR 
Reset Stop Address (CBRS), and CBR Reset All Options 
(CBRR). To perform these functions, two additional pins 
are defined for CBR cycles, ME/WE and DSFl. These 
operations are described in detail in the MASKED WRITE 
and SPLIT READ /WRITE TRANSFER sections of the func
tional description. 

The refresh address must be generated externally and 
applied to AD-A8 inputs for RAS-ONLY REFRESH cycles. 
The DQ pins remain in a High-Z state for both the RAS
ONLY and CBR cycles. 
--..!:!!DDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CBR cycles but does not disturb the DQ 
lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42C8257 is fully static and does not require any 
refreshing. 

DRAM ACCESS CYCLES 
The DRAM portion of the VRAM is similar to standard 

256K x 4 DRAMs. However, because several of the DRAM 
control pins are used for additional functions on this part, 
several conditions that were undefined or in "don't care" 
states for the DRAM are specified for the VRAM. These 

conditions are highlighted in the following discussion. In 
addition, the VRAM has special functions that can be used 
when writing to the DRAM . 

The 18 address bits that are used to select an 8-bit word 
from the 262,144 available are latched into the chip using 
the AD-A8, RAS and CAS inputs. First, the nine row-ad
dress bits are set up on the address inputs and clocked into 
the part when RAS transitions from HIGH-to-LOW. Next, 
the nine column-address bits are set up on the address 
inputs and clocked-in when CAS goes from HIGH-to
LOW. 

Note: RAS also acts as a "master" chip enable for the 
VRAM.lf RAS is inactive, HIGH, all other DRAM 
control pins (CAS, TR/OE,ME/WE,etc.) area "don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles or resets will be initiated with
out RAS falling. 

For standard single-port DRAMS, the OE pin is a "don't 
care" whenRAS goes LOW. However, for the VRAM, when 
RAS goes LOW, TR/ (OE) selects between DRAM access or 
TRANSFER cycles. TR/(OE) must be HIGH at the RAS 
HIGH -to-LOW transition for all DRAM operations (except 
CBR, where it is "don't care"). 

A DRAM READ operation is performed if (ME)/WE is 
HIGH when CAS goes LOW and remains HIGH until CAS 
goes HIGH. The data from the memory cells selected will 
appear at the DQI-DQ8 port. The (TR)/OE input must 
transition from HIGH-to-LOW some time after RAS falls to 
enable the DRAM output port. 

For standard single-port DRAMs, WE is a "don't care" 
when RAS goes LOW. For the VRAM, ME/WE performs 
two functions, write mask enable and data write enable. 
When RAS goes LOW, ME/ (WE) is used to select between 
a MASKED WRITE cycle and a normal WRITE cycle. If ME/ 
(WE) is LOW at the RAS HIGH-to-LOW transition, a 
MASKED WRITE operation is selected. For anynon-masked 
DRAM access cycle (READ or WRITE), ME/(WE) must be 
HIGH at the RAS HIGH-to-LOW transition. If (ME) /WE is 
LOW before CAS goes LOW, a DRAM EARLY-WRITE 
operation is performed. If (ME)/WE goes LOW after CAS 
goes LOW, a DRAM LA TE-WRITE operation is performed 
(refer to the AC timing diagrams). 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, FAST-PAGE-MODE READ, FAST
PAGE-MODE WRITE (late or early), and FAST-PAGE
MODE READ-MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 
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MASKED WRITE 
The MASKED WRITE feature eliminates the need to do a 

READ-MODIFY-WRITE cycle when changing individual 
bits within the 8-bit word. The MT42C8257 supports two 
types of MASKED WRITE cycles, nonpersistent MASKED 
WRITE and persistent MASKED WRITE. When MEl (WE) 
and DSF are LOW at the RAS HIGH-to-LOW transition, a 
MASKED WRITE is performed. 

The MT42C8257 initializes in the nonpersistent mode. In 
this mode, mask data must be entered with every RAS 
falling edge. The data (mask data) present on the DQI-DQ8 
inputs will be written into the mask data register (see Figure 
1). The mask data acts as an individual write enable for each 

of the eight DQI-DQ8 pins. If a LOW (logic "0") is written 
to a mask data register bit, the input port for that bit is 
disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operation to proceed. 
Note that CAS is still HIGH. When CAS goes LOW, the bits 
present on the DQI-DQ8 inputs will be either written to the 
DRAM (if the mask data bit is HIGH) or ignored (ifthe mask 
data bit is LOW). The DRAM contents that correspond to 
masked input bits will not be changed during the WRITE 
cycle. 

1- NONPERSISTENT MASKED WRITE -1 ...... 1---- NONPERSISTENT MASKED WRITE -I 

RAS 

CAS 

MElWE 

DSF 

STORED 

DATA 

1 

o 
o 
o 

1 

o 

\'-------_/ \~ _______ r-

MASK 

o 
1 

o 

o 
1 

o 

\:-----/ 

INPUT STORED STORED MASK 

DATA DATA (RE-WRITE) 

x 
o .-----3> 0 

X 0 
1 .-----3> 

X 0 
o .-----3> 0 

X 1 
o .-----3> 0 

o 
o 
o 
o 
o 
o 
o 
o 

o 
1 

o 

o 
1 

o 

INPUT 

x 
1 ------3> 

X 
1 ------3> 

X 
o ------3> 

X 
o ------3> 

STORED 

DATA 

o 
1 

o 
1 

o 
o 
o 
o 

...... 1-------- ADDRESS 0 ------___ ...... ------- ADDRESS 1 -------~.I 
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X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 
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The selection of persistent or nonpersistent MASKED 
WRITE is done by performing a LOAD MASK REGISTER 
(LMR) cycle (see LMR description). If an LMR is done, all 
ensuing MASKED WRITEs are persistent and the mask 
data will be provided by the Mask Data Register (see Figure 
2). The mask data is applied in the same manner as in 
nonpersistent mode. 

To reset the device back to the nonpersistent mode, a 
CBR RESET All Options (CBRR) cycle must be performed. 
This cycle is defined as a CBR with DSF LOW when RAS 
falls; WE is "don't care." To preserve the persistent mode of 
MASKED WRITE, while using CBR REFRESH, a CBRN 
cycle is used. This cycle will perform a refresh of the 
internally addressed row of DRAM but will not reset the 
MASKED WRITE mode. 

FAST PAGE MODE can be used with MASKED WRITE 
to write several column locations in an addressed row. The 
same mask is used during the entire FAST-PAGE-MODE 
RAS cycle. 

BLOCK WRITE 
If DSF is HIGH when CAS goes LOW, the MT42C8257 

will perform a BLOCK WRITE cycle instead of a normal 
WRITE cycle. In BLOCK WRITE cycles, the contents of the 
color register are directly written to four adjacent column 
locations (see Figure 3). The color register must be loaded 
prior to beginning BLOCK WRITE cycles (see LOAD 
COLOR REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQ inputs (DQ1, 2, 3 
and 4) are then used to determine what combination of the 
four column locations will be changed. The DQ inputs are 
"written" at the falling edge of CAS or WE, whichever 
occurs last (see the WRITE cycle waveforms). The table on 
this page illustrates how each of the DQ inputs is used to 
selectively enable or disable individual column locations 
within the block. The write enable controls are active HIGH; 

1- LOAD MASK REGISTER -1- Persistent MASKED WRITE ----1- Persistent MASKED WRITE ----I 
RAS 

CAS 

MElWE 

DSF 

MT42C8257 
REV. 5/93 

~ / \ / \ r 

\ / \ / \ ;-

\ 

\ #!;I$i#I!;IIA I$!I$//$A #ill II 1111 II; 

MASK STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA DATA 

X 0 X 

0 ~-3> 1 ----3>- 1 

APPLY 
X 0 

APPLY 
X 0 

1 0 
MASK 

1 --3>-
MASK 

.---:J> 

0 
REG. 

X 
REG. 

X 0 

1 0 --:J> 0 0 0 ----;:.. 0 

1 1 --3>- 0 .---:J> 

0 0 X 0 X 

(Stored in BEFORE AFTER BEFORE AFTER 

Mask Data ADDRESS 0 • • ADDRESS 1 
Register) 

X = NOT EFFECTIVE (DON'T CARE) 

tzJ DON'T CARE 

Figure 2 
PERSISTENT MASKED WRITE EXAMPLE 
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COLUMN 
(A2-A8 at CAs) 

< 
ROW ~ 

(AO-A8at RAs} - ----- -------------~~~9 

COLUMN MASK (AO~ 
ONTHE INPUTS AT CAS 

D01 

DO' 

DO' 

DO' 

DOS 

D07 

DOS 

COLOR REGISTER 
{must be previousJyJoadod} 

........- (008) 
¥ . (007) 

(006) 
(005) 

Figure 3 
BLOCK WRITE EXAMPLE 

a logic "I" enables the WRITE function and a logic "0" 
disables the WRITE function. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
registeris written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 

MASKED BLOCK WRITE 
The MASKED WRITE functions may also be used during 

BLOCK WRITE cycles. MASKED BLOCK WRITE operates 
exactly like the normal MASKED WRITE exceptthemask is 
now applied to the 8 bit-planes of four column locations 
instead of just one column location. 

The combination of MEl (WE) LOW and DSF LOW when 
RAS goes LOW initiates a MASKED WRITE cycle. To 
perform a MASKED BLOCK WRITE, the DSF pin must be 
HIGH when CAS goes LOW. By using both the column 
mask input and the MASKED WRITE function of BLOCK 

WRITE (BW), any combination of the eight bit planes may 
be masked, along with any combination of the four column 
locations. 

The MASKED BLOCK WRITE will be nonpersistent (new 
mask) at device power-up. To enter persistent mode (old 
mask) a LOAD MASK REGISTER cycle is performed. All 
MASKED BLOCK WRITEs will be persistent after the 
LOAD MASK REGISTER (LMR). To reset to nonpersistent 
mode, a CBRR (reset all) cycle must be performed. 

INPUTS 
COLUMN ADDRESS CONTROLLED 

AD A1 

DQ1 0 0 

DQ2 1 0 

DQ3 0 1 

DQ4 1 1 
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MASKED FLASH WRITE 
The MASKED FLASH WRITE cycle is similar to the 

MASKED BLOCK WRITE cycle in that it uses the color 
register to accelerate the writing of a select color to the 
DRAM memory array. Instead of writing to four adjacent 
column locations in one DRAM cycle (BLOCK WRITE), 
FWM writes the contents of the color register to all column 
locations on an addressed row in one cycle. 

The FWM cycle is selected by taking TR/(OE) and DSF 
HIGH and ME/ (WE) LOW at the falling edge of RAS. DSF 
is "don't care" at the falling edge of CAS. The DQ plane 
mask applies as it does for all masked write cycles; if the 
mask register has been loaded, the mask is persistent; if it 
has not, the mask is nonpersistent. 

LOAD MASK REGISTER 
The LOAD MASK REGISTER (LMR) operation loads the 

data present on the DQ pins into the 8-bit mask data register 
at the falling edge of CAS or (ME)/WE. As shown in the 
Truth Table, the combination of TR/(OE), (ME)/WE, and 
DSF being HIGH when RAS goes LOW indicates the cycle 
is a LOAD REGISTER cycle. DSF is used when CAS goes 
LOW to select the register to be loaded and must be LOW 
for a LOAD MASK REGISTER cycle. 

Note: LOAD MASK REGISTER cycles also enable the 
persistent MASKED WRITE mode. All ensuing 
MASKED WRITEs (including MASKED WRITE 
and MASKED SPLIT WRITE TRANSFER) will be 
masked with data from the maskregister. A CBRR has 
to be done to reset back to nonpersistent mode. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

During persistent operation, the mask data register con
tents are used for MASKED WRITE, MASKED BLOCK 
WRITE, MASKED FLASH WRITE, and MASKED WRITE 
and SPLIT WRITE TRANSFER cycles to selectively enable 
writes to the eight DQ planes. 

LOAD COLOR REGISTER 
A LOAD COLOR REGISTER (LCR) cycle is identical to 

the LOAD MASK REGISTER cycle except DSF is HIGH 
when CAS goes LOW. The contents of the 8-bit color 
register are retained until changed by another LOAD 
COLOR REGISTER cycle (or the part loses power) and are 
used as data inputs during BLOCK WRITE and FLASH 
WRITE cycles. 

TRANSFER OPERATIONS 
TRANSFER operations are initiated when TR/(OE) is 

LOW at the falling edge ofRAS. The state of (ME)/WEwhen 
RAS goes LOW indicates the direction of the TRANSFER 
(to or from the DRAM), and DSF is used to select between 
NORMAL TRANSFER and SPLIT TRANSFER cycles. Each 
of the TRANSFER cycles is described in this section. 

READ TRANSFER 
If (ME)/WE is HIGH and DSF is LOW when RAS goes 

LOW, a READ TRANSFER (RT) cycle is selected. The row
address bits indicate which eight 512-bit DRAM row planes 
are transferred to the eight SAM data register planes. The 
column-address bits indicate the start address (or Tap 
address) of the serial output cycle from the SAM data 
registers. CAS must fall for every TRANSFER in order to 
load a valid Tap address. A read transfer may be accom
plished in two ways. If the transfer is to be synchronized 
with the serial clock, SC (REAL-TIME READ TRANSFER), 
TR/ (OE) is taken HIGH after CAS goes LOW. The TRANS
FER will be made when TR/ (OE) goes HIGH. If the transfer 
does not have to be synchronized with SC (READ TRANS
FER), TR/(OE) may go HIGH before CAS goes LOW and 
the actual dataTRANSFER will be timed internally (refer to 
the AC Timing Diagrams). During the TRANSFER, 4,096 
bits of DRAM data are written into the SAM data registers 
and the Tap address is stored in an internal 9-bit register. 
The split SAM status pin (QSF) will be LOW if the Tap is in 
the lower half (addresses 0 through 255), and HIGH if it is 
in the upper half (256 through 511). If SE is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the first SC clock pulse. SE enables the serial outputs 
and may be either HIGH or LOW during this operation. The 
SAM address pointer will increment with the SC LOW-to
HIGH transition, regardless of the state of SE. Performing a 
READ TRANSFER cycle sets the direction of the SAM 1/ a 
buffers to the output mode. 

SPLIT READ TRANSFER 
The SPLIT READ TRANSFER (SRI) cycle eliminates the 

critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles to do midline reloads, a REAL-TIME READ TRANS
FER must be done. The REAL-TIME READ TRANSFER has 
to occur between the last clock of "old" data and first clock 
of the "new" data of the SAM port. 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data, and 
is not synchronized with the serial clock. 

MT42C8257 
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The TR/ (OE) timing is also relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/ (OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
falling edge of CAS or the rising edge of sc. The transfer 
timing is generated internally for SPLIT TRANSFER cycles. 
A SPLIT READ TRANSFER does not change the direction 
of the SAM I/O port. 

A "full" READ TRANSFER cycle must precede any se
quence of SRT cycles to provide a reference to which half of 
the SAM the access will begin (the state of QSF), and to set 
SAM I/O direction. Then an SRT may be initiated by 
takingDSFHIGH when RASgoes LOW during the TRANS
FER cycle. As in nonsplit transfers, the row address is used 
to specify the DRAM row to be transferred. The column 
address, AO-A7, is used to input the SAM Tap address. 
Address pin A8 is a "don't care" when the Tap address is 
loaded at the HIGH-to-LOW transition of CAS. It is inter
nally generated in such a manner that the SPLIT TRANSFER 
will automatically be to the SAM half not being accessed. 

I 

RAS \ ~ 
I 

CAS \ ~ \ 

Figure 4 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is performed first, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional, and need be done only if 
the Tap for the upper half is #- O. Serial access continues, and 
when the SAM address counter reaches 255 (A8= 0, AO
A7=1) the QSF output goes HIGH and, if an SRTwas done 
for the upper half, the new Tap address is loaded for the 
next half (A8 = 1, AO-A7 = Tap). Once the serial access has 
switched to the upper SAM (QSF has gone HIGH), new 
data may be transferred to the lower SAM. For example, the 
next step in Figure 4 would be to wait until QSF went LOW 
(indicating that Row 1 data is shifting out of the lower 
SAM) and execute an SRT of the upper half of Row 1 to the 
upper SAM. If the half-boundary is reached before an SRT 
is done for the next half, the device will leave split mode 
and the access will start from address 256 if going to the 
upper half or at 0 if going to the lower half (see Figure 5). 

I I 

~~/#$&$$/,f/$~ /lllll, 
I I 

./#/;//##$##$/~ \ /llll; 

I I I 
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mOE \ ____ L/ __ --1! f~ 
DSF 

I 

sc~~ 

Output 

I I I 

~~~~ 
ROW 0 I ROWD I ROW a 1 ROW a 

-----------~ ff N ~~-------------
-----------\~--~'(~--------~1~ 1 

(NORMAL) READ TRANSFER 

FROM: ROWO 
TO: FULL SAM. 
SAM 110 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(OSF GOES LOW) 

SPLIT READ TRANSFER 
(OPTIONAL) 

FROM: ROW a 
TO: UPPER SAM, 
TAP ADDRESS = 4 
SERIAL OUTPUT FROM 
LOWER SAM CONTINUES 

Figure 4 

SERIAL OUTPUT 
SWITCHES FROM 
LQWERSAMTO 
UPPER SAM (QSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW 1 
TO: LOWER SAM, 
TAP ADDRESS = 0 TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(QSF REMAINS HIGH) 

~ DON'T CARE 

~ UNDEFINED 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 

2-189 Micron Semiconductor, Inc., reserves the right to change products or specifications withoUt notice. 
©1993, Micron Semiconductor; Inc 

z 
m :e • < 
lJ » s: 



z 
m :e • < 
:D » s: 

The stop address of the SAM half (the point at which 
access will change to the next half) is programmable on the 
MT42C8257. This function is described in the PROGRAM
MABLE SPLIT SAM section of the functional description . 

MASKED WRITE TRANSFER 
TheoperationoftheMASKEDWRITE TRANSFER (MWT) 

is identical to that of the READ TRANSFER described 
previously except (ME) /WE is LOW and a DQ plane mask 
is applied when RAS goes LOW. The row address indicates 
the DRAM row to which the SAM data registers will be 
written. The column address (Tap) indicates the starting 
address of the next SERIAL INPUT cycle for the SAM data 
registers. A DQ mask must be applied to all MWTs as shown 
in Figure 6. This may be done using persistent or nonpersis
tent modes. When using persistent mode, the mask will be 
supplied by the mask register. Wheninnonpersistentmode, 
the DQ pins are used to input a bit plane mask at the falling 

ROW 

LOWER HALF UPPER HALF 
~ NOSRT-, r, ---NOSRT------" 

TAP 255 256 511 

II II Iir-I ------=nIl 
I 

Start Split LJ I 

Figure 5 
SPLIT SAM TRANSFER 

edge of RAS. An MWT changes the direction of the SAM 
I/O buffers to the input mode. To change the SAM I/O 
buffers to input mode without SAM data being transferred 
to the DRAM, a mask of all zeros must be presented on the 
DQ pins when RAS falls. QSF is LOW if serial input is to the 
lower half of the SAM, and HIGH if it is to the upper. 

(AO-AS at RAS) - ~~~ .--------------~~~ 
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MASK REGISTER 

D01 

D02 

D03 

D04 

D05 

D06 

D07 

DOS 

I I I I , , , , , 

, 
01:::1[:14- --512 ~'TS' - - ->C1CI0 

Figure 6 
DQ MASKED WRITE TRANSFER 
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MASKED SPLIT WRITE TRANSFER PROGRAMMABLE SPLIT SAM 
The MASKED SPLIT WRITE TRANSFER (MSWT) cycle 

allows serial input data to be transferred to the DRAM 
without interrupting the serial clock. Operation of the 
SWT cycle is very similar to the SPLIT READ TRANSFER 
cycle. It will transfer the idle half of the SAM to the DRAM 
and set the Tap address to where the new serial data will be 
loaded in that half. Selection of the MSWT cycle is the same 
as that ofthe MASKED WRITE TRANSFER with the excep
tionofthe stateofDSF. WhenDSF is HIGH at the falling edge 
of RAS, an MSWT will occur. The initiation sequence for 
MSWT is shown in Figure 7. An MSWT will not change the 
direction of the SAM I/O buffers. 

Programmable Split SAM operation is an extension of the 
Split SAM mode. This mode optimizes SAM performance 
by allowing user-programmable stop points to be defined 
in the split SAM. The stop points define a SAM location at 
which the access will change from one half ofthe SAM to the 
other half (at the loaded Tap address). The locations of the 
stop points are programmable in power-of-two increments. 
The stop points and size of the resulting partitions are 
shown in Figure 8, along with an example. 

The stop points are set by performing a CBR RESET STOP 
(CBRS) address cycle. A CBRS cycle is a CBR with ME/WE 
LOW and DSF HIGH at the RAS HIGH-to-LOW transition. 

MT42C8257 
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, , , , 

RAS ~ .~ .r##I#/##;/P1I1$.#4~ m :f • , , . , , , 
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MASKED WRITE TRANSFER 

FROM: Full SAM 
TO: Masked 
SAM I/O is set to input 
mode and serial input 
to Lower SAM begins 
(QSF goes LOW) 

, , , , , , , , 
SPLIT WRITE TRANSFER 
(optional) 

Serial input switches 
from Lower SAM to 
Upper SAM 

: SPLIT WRITE TRANSFER 

FROM: Upper SAM 
TO: Raw 0 
TAP Address; 4 
Serial input to Lower 
SAM continues 

Figure 7 

QSF goes HIGH 

, , , , , , , , , , , 

FROM: Lower SAM 
TO: Row 0 
TAP ADDRESS; 0 TO 255 
Senal input to Upper 
SAM continues (QSF 
remains HIGH) 

~ DON'TeARE 

TYPICAL SPLIT-WRITE-TRANSFER INITIATION SEQUENCE 
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This is a special CBR refresh cycle that, in addition to 
refreshing the DRAM, will sample the address pins (A4-A8) 
and set the stop point partition to the addressed value (See 
Figure 8). The programmable stop points will not become 
valid until a Split Transfer (READ or WRITE) is done, 
following the CBRS. Both halves of the SAM will be pro
grammed simultaneously to the same partition lengths and 
stop points. 

Access will progress from the Tap address to the end of 
the programmable partition into which the Tap fell. When 
the end of the "addressed" partition is reached, the access 
will jump to the tap address of the next half, provided that 
a SPUT TRANSFER (READ or WRITE) was done before the 
partition boundary was reached. If a SPUT TRANSFER (ST) 
is not done prior to the terminal count of the partition, the 

partition is not recognized and the address count will 
continue in the same half (this is shown Figure 8 at stop 
address 383). The count will continue in the same half until 
a SPUT TRANSFER (READ or WRITE) occurs or the SAM 
half boundary is reached. In Figure 8, an ST occurs some 
time between addresses 383 and 447 and the boundary is 
recognized at 447. The programmable stop points may be 
reprogrammed at any time by performing another CBRS 
cycle, the new stop points will not be valid until an ST is 
performed. 

Disabling the programmable split SAM requires a CBRR. 
This is a CBR cycle with DSF LOW at the RAS HIGH-to
LOW transition. The CBRR will take effect immediately; it 
does not require an ST to become active valid. 

Number Stop Address @ ~LOW Number and Size 

MT42C8257 
REV.Sf93 

Start Split 

Points/Half A8 A7 A6 A5 A4 

1 (Default) X 1 1 1 1 

2 X 0 1 1 1 

4 X 0 0 1 1 

8 X 0 0 0 1 

16 X 0 0 0 0 

AO-A3 = "don't care" 

LOWER HALF 

EXAMPLE 
(four stop points) 

of Partition(s) 

1 x 256 

2 x 128 

4 x64 

8x32 

16 x 16 

UPPER HALF 

o TAP 63 127 191 255 256 319 X 383 447 

ij--j I I 

II 1"""- 64----'1 
I I 

LST JI (Tap = X) 

Programmed Partition (A4-AS) = 000111111 
MSB .... LSB 

11-64-: 

I 
I 
I 

LNOSTJLsT-

(Tap = 0) 

Figure 8 
PROGRAMMABLE SPLIT SAM OPERATION 

I 

511 

II 
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SERIAL INPUT and SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT

PUT are SC and SE. The rising edge of SC increments the 
serial address counter and provides access to the next SAM 
location. SE enables or disables the SERIAL INPUT 10UT
PUT buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPLIT READ TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the 8-bit port. SE is 
used as an output enable during the SAM output operation. 
The serial address is automatically incremented with every 
SC LOW-to-HIGH transition, regardless of whether SE is 
HIGH or LOW. The address progresses through the SAM 
and will wrap around (after count 255 or 511) to the Tap 
address of the next half, for split modes. If an SRT was not 
performed before the half boundary is reached, the count 
will progress as illustrated in Figure 5. Address count will 
wrap around (after count 511) to Tap address zero if in the 
"full" SAM modes. 

SC is also used to clock-in data when the device is in the 
SERIALINPUT mode. As in the serial output operation, the 
contents of the SAM address counter (loaded when the 

SERIAL INPUT mode was enabled) will determine the 
serial address of the first 8-bit word written. SE acts as a 
write enable for SERIAL INPUT data and must be LOW for 
valid serial input. If SE = HIGH, the data inputs are dis
abled and the SAM contents will not be modified. The serial 
address counter is incremented with every LOWcto-HIGH 
transition ofSC, regardless of the logic level on the SE input. 

POWER-UP and INITIALIZATION 
After Vcc is at specified operating conditions, for lOOlls 

minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. Micron recommends that 
RAS = (TR)/OE ~ VIH during power-up to ensure that the 
DRAM I/O pins (DQs) are in a High-Z state. The DRAM 
array will contain random data, and the nonpersistent 
MASKED WRITE mode is enabled. 

The SAM portion of the MT42C8257 is completely static 
in operation and does not require refresh or initialization. 
The SAM port will power-up in the SERIAL INPUT mode 
(MASKED WRITE TRANSFER) and the I/O pins (SDQs) 
will be High- Z, regardless of the state of SE. QSF initializes 
in the LOW state. The mask and color register will contain 
random data after power-up. 

MT42C8257 
REV. 5/93 2-193 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 

©1993, Micron Semiconductor, Inc. 

z 
~ 
II 
< 
:D » s: 



z 
m :e 
II 
< 
:D » s: 

TRUTH TABLE 

HAS FALLING EDGE ~FALL AD-AS' 001-008' REGISTERS 

CODE FUNCTION "CAS TRiOE" MElWEJ DSF DSF HAS "CAS HAS "CAS' MASK COLOR 
DRAM OPERATIONS 

CBRR CSR REFRESH (RESET ALL OPTIONS) 0 X X 0 - X X - X X X 

CBRS CSR REFRESH (RESET STOP ADDRESS) 0 X 0 , - STOP7 X - X X X 

CBRN CSR REFRESH (NO RESET) 0 X 1 1 - X X - X X X 

ROR RAS ONLY REFRESH 1 1 X X - ROW - X - X X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 0 ROW COLUMN X VALID X X 
DATA 

RWM MASKED WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 0 0 ROW COLUMN WRITE VALID USE4 X 
MASK4 DATA 

BW BLOCK WRITE TO DRAM 1 1 1 0 1 ROW COLUMN X COLUMN X USE 
(A2-AB) MASK 

BWM MASKED BLOCK WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 0 1 ROW COLUMN WRITE COLUMN USE4 USE 
(A2-AB) MASK4 MASK 

FWM MASKED FLASH WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 1 X ROW X WRITE X USE4 USE 
MASK4 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 1 1 1 1 0 ROWS X X REG LOAD X 
DATA 

LCR LOAD COLOR REGISTER 1 1 1 1 1 ROWS X X REG X LOAD 
DATA 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 1 0 X ROW TApS X X X X 

SRT SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 1 0 1 1 X ROW TAp6 X X X X 

MWT MASKED WRITE TRANSFER (SAM-TD-DRAM TRANSFER) 1 0 0 0 X ROW TAl" WRITE X USE4 X 
(NEW OR OLD MASK) MASK4 

MSWT MASKED SPLIT WRITE TRANSFER 1 0 0 1 X ROW TAp6 WRITE X USE4 X 
(SAM-TO-DRAM TRANSFER, NEW OR OLD MASK) MASK4 

NOTE: 1. These columns show what must be present on the AO-Aa inputs when RAS falls and when CAS falls. 

MT42C8257 
REV. 5193 

2. These columns show what must be present on the D01-DOa inputs when RAS falls and when CAS falls, 
3. During WRITE (including BLOCK WRITE) cycles, the input data is latched at the falling edge of CAS or 

MEIWE, whichever is last. Similarly, with READ cycles, the output data is valid after the falling edge of CAS 
or TRIOE, whichever is last. 

4. After an LMR cycle, all masked WRITEs use the mask register (old mask). Data on the DOs at RAS falling 
edge will be ignored, A CBRR will reset to new mask state and mask data must be presented on the DOs at 
every RAS falling edge. 

5. The ROW that is addressed will be refreshed, but a ROW address is not required. 
6. This is the first SAM address location that the first SC cycle will access. For split SAM transfers, the Tap will 

be the first address location accessed of the "new" SAM half after the boundary of the current half is reached 
(255 for the lower half, 511 for the upper half or programmable stop address boundary). 

7. Defines the column addresses where access moves to the next half; see Programmable Split SAM functional 
description, 
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ABSOLUTE MAXIMUM RATlNGS* 
Voltage on Vcc Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (ambient) ........... O°C to +70°C 
Storage Temperature (plastic) .................... -SSoC to +lSO°C 
Power Dissipation ........................................................... 1.3W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

InputLow (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C ~ T A S; 70°C; Vcc = 5V ±10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV ~ VIN ~ Vcc); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(DO, SDO disabled, OV ~ VOUT ~ Vcc) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-A8 

Input Capacitance: RAS, CAS, MEIWE, TRlOE, SC, SE, DSF 

Input/Output Capacitance: DO, SDO 

Output Capacitance: OSF 

'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 

Vec 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 ~ 

loz -10 10 ~ 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

CI2 8 pF 2 

Clio 9 pF 2 

Co 9 pF 2 
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z m CURRENT DRAIN, SAM IN STANDBY 
(O°C S; T A S; 70°C; Vcc = 5V ±1 0%) 

== II 
< 
:::D 
l> 
3: 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: IRC = IRC [MIND 

OPERATING CURRENT: FAST-PAGE-MODE 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIND 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after eight RAS cycles [MIND 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: 
CBR (RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(O°C S; T A S; 70°C; Vcc = 5V ±1 0%) 

PARAMETER/CONDITION 

OPERATING CURRENT 
(RAS and CAS = Cycling: IRC = IRC [MIND 

OPERATING CURRENT: FAST-PAGE-MODE 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIND 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after eight RAS cycles [MIND 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VI H) 

REFRESH CURRENT: 
CBR (RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER 

SYMBOL -6" 

ICCl 165 

Icc2 110 

Icc3 10 

Icc4 165 

Iccs 165 

ICC6 185 

SYMBOL -6" 

Icc7 215 

Icca 160 

Iccg 50 

ICClO 215 

ICCll 215 

ICC12 220 

MAX 

-7 -8 UNITS NOTES 

155 145 mA 3,4, 
25 

100 90 mA 3,4, 
26 

10 10 mA 

155 145 mA 3,25 

155 145 mA 3,5 

175 165 mA 3 

MAX 

-7 -8 UNITS NOTES 

205 190 mA 3,4, 
25 

150 135 mA 3,4, 
26 

50 45 mA 3,4 

205 190 mA 3,4, 
25 

205 190 mA 3,4,5 

210 195 mA 3,4 

'60ns (-6) specifications are preliminary and are specified for Vcc = 5V ±5%. Please consult factory for availability. 
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DRAM TIMING PARAMETERS 
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' -7 
PARAMETER SYM MIN MAX MIN MAX 

Random READ or WRITE cycle time tRC 110 130 

READ-MODIFY-WRITE cycle time tRWC 148 170 

FAST-PAGE-MODE READ, WRITE, MASKED tpc 35 40 
WRITE or BLOCK WRITE cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE tpRWC 83 90 
cycle time 

Access time from RAS tRAC 60 70 

Access time from CAS tCAC 15 20 

Access time from (TR)/OE tOE 15 20 

Access time from column-address tAA 30 35 

Access time from CAS precharge tCPA 35 40 

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

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

RAS hold time tRSH 15 20 

RAS precharge time tRP 40 50 

CAS pulse width tCAS 15 100,000 20 100,000 

CAS hold time tCSH 60 70 

CAS precharge time tcp 10 10 

RAS to CAS delay time tRCD 20 45 20 50 

CAS to RAS precharge time tCRP 5 5 

Row-address setup time tASR a a 
Row-address hold time tRAH 10 10 

RAS to column-address delay time tRAD 15 30 15 35 

Column-address setup time tASC a a 
Column-address hold time tCAH 12 12 

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

Column-address to RAS lead time tRAl 30 35 

Read command setup time tRCS a a 
Read command hold time (referenced to CAS) tRCH a a 
Read command hold time (referenced to RAS) tRRH a a 
CAS to output in low-Z tClZ 3 3 

Output buffer turn-off delay from CAS or RAS tOFF 3 20 3 20 

Output disable delay from (TR)/OE tOD 3 10 3 10 

Output enable delay from (TR)/OE tOELZ 3 3 

Output disable delay from (ME)/wE twHZ 3 10 3 10 

Output disable hold time from start of WRITE tOEH 10 10 

Output Enable to RAS delay tORD a a 
Data output hold after CAS lOW tCOH 5 5 

-8 
MIN MAX 

150 

190 

45 

95 

80 

20 

20 

40 

45 

80 100,000 

80 100,000 

20 

60 

20 100,000 

80 

10 

20 60 

5 

a 
10 

15 40 

a 
15 

60 

40 

a 
a 
a 
3 

3 20 

3 10 

3 

3 10 

10 

a 
5 

'60ns (-6) specifications are preliminary and are specified for Vee = 5V ±5%. Please consult factory for availability. 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 14 

ns 15,28 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 16 

ns 17 

ns 

ns 

ns 

ns 18 

ns 

ns 

ns 

ns 

ns 

ns 19 

ns 19 

ns 

ns 20,23 

ns 20,23 

ns 

ns 

ns 27 

ns 

ns 28 
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DRAM TIMING PARAMETERS (continued) 
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' -7 
PARAMETER SYM MIN MAX MIN MAX 
Write command setup time twcs 0 0 

Write command hold time tWCH 12 15 

Write command hold time tWCR 45 55 
(referenced to RAS) 

Write command pulse width twp 12 15 

Write command to RAS lead time tRWL 18 20 
Write command to CAS lead time tCWL 18 20 

Data-in setup time tDS 0 0 
Data-in hold time tDH 12 12 
Data-in hold time tDHR 45 55 
(referenced to RAS) 

RAS to WE delay time tRWD 80 90 
Column-address tAWD 50 55 
to WE delay time 

CAS to WE delay time tCWD 35 40 

Transition time (rise or fall) IT 35 35 

Refresh period (512 cycles) tREF 16.7 16.7 
RAS to CAS precharge time tRPC 0 0 
CAS setup time tCSR 10 10 
(CBR REFRESH) 

CAS hold time tCHR 10 10 
(CBR REFRESH) 

ME/WE to RAS setup time twSR 0 0 
MElWEto RAS hold time tRWH 15 15 
Mask data to RAS setup time tMS 0 0 
Mask data to RAS hold time tMH 15 15 

-8 
MIN 
0 

15 

60 

15 

20 

20 

0 

15 

60 

100 

60 

40 

0 

10 

10 

0 
15 

0 

15 

'60ns (-6) specifications are preliminary and are specified for Vee = 5V ±5%. Please consult factory for availability. 

MAX UNITS NOTES 
ns 21 

ns 

ns 

ns 

ns 

ns 

ns 22 

ns 22 

ns 

ns 21 

ns 21 

ns 21 

35 ns 9,10 

16.7 ms 

ns 

ns 5 

ns 5 

ns 

ns 

ns 

ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C :::; T A:::; + 70°C; Vee = 5V ±1 0%) 

AC CHARACTERISTICS -6' -7 
PARAMETER SYM MIN MAX MIN MAX 
TRI(OE) LOW to RAS setup time tTLS 0 0 
TRI(OE) LOW to RAS hold time tTLH 15 10,000 15 10,000 
TRI(OE) LOW to RAS hold time tRTH SO 10,000 70 10,000 
(REAL-TIME READ-TRANSFER only) 

TRI(OE} LOW to CAS hold time tCTH 15 20 
(REAL-TIME READ-TRANSFER only) 

TRI(OE) HIGH to RAS precharge time trRP 50 50 
TR/(OE) precharge time 'TRW 15 20 
TRI(OE) LOW to last SC hold time trSL 5 5 
TR/(O"E) HIGH to first SC setup time trSD 50 50 

Serial output buffer turn-off tSDZ 7 40 7 40 
delay from RAS 

SC to RAS setup time tSRS 20 25 
Serial data input to SE delay time tSZE 0 0 
Serial data input delay from RAS tSDD 50 50 
Serial data input to RAS delay time tszs 0 0 
TR/(OE) HIGH to RAS setup time tyS 0 0 
TRI(OE} HIGH to RAS hold time tYH 15 15 
DSF to RAS setup time tFSR 0 0 
DSF to RAS hold time tRFH 15 15 
SC to OSF delay time tSOD 20 25 
SPLIT TRANSFER setup time tSTS 20 25 
SPLIT TRANSFER hold time STH 10 10 
DSF (at CAS LOW) to RAS hold time tFHR 45 55 
DSF to CAS setup time tFSC 0 0 
DSF to CAS hold time tCFH 15 15 
rRIOE to OSF delay time trOD 30 30 
RAS to OSF delay time tROD 70 75 
CAS to OSF delay time tCOD 35 40 
RAS to first SC delay tRSD 95 105 
CAS to first SC delay tCSD 50 55 

-8 
MIN 
0 
15 
80 

20 

50 
25 
5 
50 

7 

30 
0 
50 
0 
0 
15 
0 
15 

30 
10 
SO 

0 
15 

115 
55 

"SOns (-S) specifications are preliminary and are specified for Vee = 5V ±5%. Please consult factory for availability. 

MAX UNITS NOTES 
ns 

10,000 ns 

10,000 ns 

ns 

ns 

ns 

ns 29 
ns 29 

40 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

30 ns 

ns 

ns 

ns 

ns 

ns 

30 ns 

75 ns 

45 ns 

ns 

ns 
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SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9,10) (0° C:S; TA:S; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS -6' -7 
PARAMETER SYM MIN MAX MIN MAX 

Serial clock cycle time tsc 18 20 

Access time from SC tSAC 15 17 

SC precharge time (SC LOW time) tsp 7 8 

SC pulse width (SC HIGH time) tSAS 7 8 

Access time from SE tSEA 12 12 

SE precharge time tSEP 7 8 

Serial data-out hold time after tSOH 3 3 
SC high 

Serial output buffer turn-off tSEZ 3 12 3 12 
delay from SE 

Serial output buffer turn-on tsoo 3 3 
delay from SE 

Serial data-in setup time tSDS 0 0 

Serial data-in hold time tSDH 10 10 

Serial input (Write) Enable tsws 0 0 
setup time 

Serial input (Write) Enable tSWH 15 15 
hold time 

Serial input (Write) disable tSWIS 0 0 
setup time 

Serial input (Write) disable tSWIH 15 15 
hold time 

-8 
MIN 

22 

9 
9 

9 

3 

3 

3 

0 

10 

0 

15 

0 

15 

'60ns (-6) specifications are preliminary and are specified for Vee = 5V ±5%. Please consult factory for availability. 

MAX UNITS NOTES 

ns 

20 ns 24.28 

ns 

ns 

15 ns 24 

ns 

ns 24,28 

12 ns 20,24 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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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. Specified values 

are obtained with minimum cycle time and the output 
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 (O°C :0; T A :0; 70°C) 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-up should be repeated any time the lREF 
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). Input signals transition from 0 to 3V for AC 
testing. 

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, DRAM data output (DQI-DQ8) is 
High-Z. 

12. If CAS = VIL, DRAM data output (DQI-DQ8) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to one TTL gate and SOpF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

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, DQ will be 

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

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 lCAe. 

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 lAA. 

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

MT42C8257 
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20. 10D, 10FF and ISEZ define the time when the output 
achieves open circuit (VOH -200mV, VOL +200mV). 
This parameter is sampled and not 100 percent tested. 

21. twcs, IRWD, lA WD and tcWD are restrictive 
operating parameters in LATE-WRITE, READ-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 through
out the entire cycle, regardless of TR/OE. If twCS:O; 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/ OE must control the output buffers during the 
WRITE to avoid data contention. If IRWD 2 lRWD 
(MIN), lAWD ~ IAWD (MIN) and lCWD 2 lCWD 
(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 the 
output buffers (at access time and until CAS goes 
back to VIH) is indeterminate, but the WRITE will be 
valid if 10D and 10EH are met. See the LATE-WRITE 
AC Timing diagram. 

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

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to one TTL gate and 30pF. Output 
reference levels: VOH = 2.0V; VOL = 0.8V. 

2S. Address (AO-A8) may be changed two times or less 
while RAS = VIL. 

26. Address (AO-A8) may be changed once or less while 
CAS = VIH and RAS = VIL. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have 10D 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 previously read data if CAS 
remains LOW and OE is taken LOW after 10EH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

28. lSAC/ICAC are MAX at 70° C and 4.5V Vec; lSOH/ 
tcOH are MIN at 0° C and S.SV V cc. These limits will 
not occur simultaneously at any given voltage or 
temperature. This is guaranteed by design (ISOH = 
lSAC - output transition time; ICOH = lCAC - output 
transition time). 

29.The "last" SC edge causes the last data from the 
previous row to appear on the SDQ pins. The "first" 
SC causes the first data from the new row to appear. 

Micron Semicondu('1.or, Inc., reselVes the right to cMnge products or specifications without notice. 
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DRAM READ CYCLE 

tRAS 'RP 

tCSH I IRSH II 
tCRP 

II 
tRCD d tCAS II j =3 II 

'AR 
I II 'RAD I I tAAL 

I 
tASR tRAH ~II~ I I -ROW COLUMN ~ ROW ADDR ~~t: 

tRCS 

MEiNE ~:~=i1I$###j'##l#j'j'j'j'/#) I 'FHR I 

'FSR II 'RFH I 'Fse I 

tRCH_ 
~ 

i I tu]$,f,7$,f,f,7$!i 

l'eFH~##///$//#///##A I jj'///#///##ffi 

MT42C8257 
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DSF ~:~::W//#/ffi?1- -v##//$M-

I I 'AA 
tRAC I 

'ell -I 
'CAG tOFF -

I~ 

I 
tORD 

DQ ~:g~- OPEN OPEN--

~II~ r:'XXXXxX>OO? VALID DATA r 
tOELZ-

'OE 

2-202 

'00 

~ DON'T CARE 

!ll8a UNDEFINED 

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

tRASP 

RAS VIH-
VIL-

tCSH 'RSH 

'PC 

'CRP 

CAS 
VIH-
VIL-

ADDR 

DO ~:g~='------'-'-------------1l1()()()Q1f OPEN -

TR/OE ~:~-

~ DON'T CARE 

!88ll UNDEFINED 

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixedwith READ cycles while in FAST-PAGE-MODE. 
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DRAM FAST-PAGE-MODE READ/WRITE CYCLE 

'RASP 

RAS VIH-
V'L-

tCSH 

'CAP 
I--

II 

tcp tcp I tCAS 
I~----~l ~, 

tpc 

II 
CAS 

V,H-
V,L-

I~-+-l 
ADDR 

MENVE VIH-
VIL 

DSF VIH 
V,L-

DQ vloH-,--------It---------------1R22~----'Q;~J l---=::E=..F----------~229t VALID 

VIOL- II t OELZJ _ DATA tOELZJ _ DATA 

OPEN -

tyS tYH tOE 100 tOE too 

~:~-~- -!wlllllllllllll;'; .--PM//IIII$///IIIIIIIIIIII//lllj '--p$/illllllllllllllliffi 

~ DON'T CARE 

~ UNDEFINED 

NOTE: Anyone of the following signals: (TR)/OE, (ME)/wE or CAS, can be used to disable the data outputs before 
presenting input data. The controlling parameter would then be 100, twHZ or 10FF, respectively, or the first to 
be met when more than one parameter is applicable. 
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WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES 

RAS Falling Edge CAS Falling Edge 

FUNCTION A B C 0 E2 
ME/WE DSF DO (Inpul) DSF DO (Inpul) 

Normal DRAM WRITE 1 0 X 0 DRAM Data 

MASKED WRITE to DRAM 0 0 Write Mask3 0 DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Bit-Plane Mask) 1 0 X 1 Column Mask 

MASKED BLOCK WRITE to DRAM 0 0 Write Mask3 1 Column Mask 

MASKED FLASH WRITE to DRAM 0 1 Write Mask3 X X 

Load Mask Data Register 1 1 X 0 Write Mask Data 

Load Color Register 1 1 X 1 Color Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D" and "E" for the WRITE cycle 

MT42C8257 
REV. 5193 

timing diagrams on the following pages. 
2. CAS or MElWE falling edge, whichever occurs last. 
3. Mask Data is loaded at RAS falling if nonpersistent mode is active. If persistent mode is active, mask data is 

supplied by the Mask Data Register and the DOs are "don't care" at the RAS falling edge. 
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MICRON MT42C8257 
1-· "cc, 256K x 8 VRAM 

RAS 

CAS 

VIH 
VIL_ 

d 
'CRP 

DRAM EARLY-WRITE CYCLE 1 

'RAS 'RP I 
I 
\ 

'CSH 
I 'ASH 

I '= i 'CAS 

f ~f I 'RAO I I 'RAL 

'ASR I 'RAH ~I I~ I 
AOOR ~:t:~~------;RO.----W __ ~_-,-CO_LUM;-:-N -----'~ff,wl/fflffffffffi'/4('__ __ ROW __ 

I __ --+I--+I--"C'CW=L ___ II 
I I 'RWL 

'WCR I I 
'wcs I I 'WCH 

'WP 

~:t A I I 
'FSR II 'RFH 'FHR 'FSC I I 'CFHI 

OSF ~:t:'////##d-B - __ ---,--::O--,--------'WJl/lII#/I///$////#///////#/I#/J/j/#/I11J 
'OHR I I 

00 ::::t'-Wffff/,d-"'-c --""--~ '00 I E I ,~ ~ffff/#ff/$,fff!##/$ff/#,fffffff/#ffa 
,-... :t'1ff$$$-"'-I~ffffffff/$ffI$$ff/,fffffff/ffffff/ff#ff;W$##$$ff/ffff/#ff$#ff,0l 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "B", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

MT42CB257 
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Cycle Function Table for a detailed description. 
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DRAM LATE-WRITE CYCLE 

tRAS 'RP I 
I 

'CSH 

f J~ 
'RSH 

=3 
'CRP 'RCO 'CAS 

I 'RAO I I tRAL 

'ASR IRAH ~I I leAH I 
'RCS 

All 'FHR I I 
~~ ~II~I 

OSF ~:r=1I1IIIIIIM 8 _ 0 WIIIIIIIIIIIIIIIIIIIIIIIIIII/;I/$IIIIIIIIIIIIIIIIIIIIIPffi 
II 

'OHR II 
'MS 'MH 'OS II 'OH :1 

DO ~:gr -W $I ffM--C-WI/#!III/! /;I ###J- E-W/;'777W'7771 #/;777W777J//;7771!/;777l1/;7T7l1j;7T71!/;~W~lIj;~lI/;~1!j;rrr;Wrrr;J//;rrrrlh 
'YS I~ 'ool I 'OEH 

WOE ~:r=0"$/#J- iw;;@/#lffJ- ~;!jj$II!/$$ffiWI/;@/I/////!#14 
~ DON'T CARE 

B88l UNDEFINED 

~OTE: The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

n42C8257 
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DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

CAS ~:~==J tCRP • tRCD \1: 
1 ____ ~------~tA~R~I-\~~~+~------~--------~-------

tRAD I I 

teAS 

tRAL 

ADDR ~:~-

I~ 
nT.~/J7nr,7nn7.~/J7nTI7nnn 

COLUMN 

I tRWD 

tCWD i=RCS I I 
tAWD 

TI~I~---------------I 

ROW 

t FSR tRFH I tFSC I I tCFHI 

DSF ~:~~-B -W/$//////~- D -W///////////////////////////////////////////,0, 
\. I tAA 

tRAC 1 

I tCAC 

I~ tMH _I I tDS tDH:1 

-I- C 't< VALID DOUT)k E 'k i" 
OPEN---

tys I tYH ~ tOD_1 ----
TR!OE ~:~_'7TTTTT_nr--t---\ --i )~--

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

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8","C", "D" and "E" determine the type of WRITE operation performed. 

MT42C8257 
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See the Write Cycle Function Table for a detailed description. 
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DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1,2 

tRASP 

RAS VIH-
VIL-

tpc 

~ tCAS tcp tcp tCAS 

CAS 
VIH-
V!L-

ADDR ~:~= 

MElWE ~:r= A I I II II A 

~II~ II II II I 
OSF ~:t=wf B k$$//$!01/i$//M$;J;J$M/;/$/I)Iff$/I/I)Iff/l/)Iff$/lffiW/lJ;I!01~ 

tWCR I I I I II tRWL I 
-=-1 i~ _to_s ___ to_H _ __t OS_I l_tO_H _ 

DQ VIOH
v tOL -LLLLU '-----';"--------" D D D 

tyS tYH ~ 

TRiCE ~:t-zzJ-- /I////!!!II!!$I/111///$1! II/!///III!I! M$$/I!M/$!lI!/I/I!II!/!II///!! $/1/1 $/$//// 

~ DON'T CARE 

!82ll UNDEFINED 

mTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST-PAGE
MODE. 

IT42C8257 
EV.S/93 

2. The logic states of "A", "B", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 
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MIC:RON MT42C8257 
1-· '"'' 256Kx8VRAM 

AOOR 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 1,2 

{READ-MODIFY-WRITE OR LATE-WRITE CYCLES} 

tRASP 

VIH .7JlJM Y1lh ./llllllJ/I" V7777l71 ~ VIL-lLLU,- ROW J'V.Lff COLUMN 0(11111111/ COLUMN -FV/IIII/iJ COLUMN ~ 

1----+--+-1 -+----,,1 tR"",-----WO 711 ~II - II-tRWL 
tRCS 1 I I tCWL, I tCwe- T - -tCWL 

I---'~+--- twp - +- twp_ - _ _twp 

Fl--tw_, S_R.llt_RW_H~_--1I __ .J:1 =:~~w~~::::J I 1 :~:~ II_-+I_:~:'::w:,:::~_ 
MEIWE ~i~: A 

VVIILH_ ,. ""'-I~I 
OSF ~ B WO'7T.W ~r+r.W~77TW ~777W ~-mW ~TT7W ~TT7~7TlW ~..d,W ~hT.W ~n-fW ~mW ~777W ~mW ~7Tl'l' ~'7T.W ~'77':W ~m'W ~777W ~mW~-mWTT7'l' ~+nW /;)'7T.'l'~'77':W~77TW fn7-WT77T>7/h:'--__ 

I ::c I toJI _ I~ toJI _ I~ JI -tOH 
. I tos_ 1- tCPA 1 tos_ 1_ tCPA 1 tos_ 1-

tCAC>- :~~I_ I :~~I_-
00 VVIIOOLH-_ r-~c~---1--------lx ALiD ALI 

00UT ~N OPEN--

"'" ::r_dl~,---_tOE-,,---,1 J~tOEtJ~-tOO _ 

~ DON'T CARE 

I2§lI UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST-RAGE-MODE. Use 

MT«s2;7 
REV.5J93 

the Write Function Table to determine the proper DSF state for the desired WRITE operation. 
2: The logic states of "A", "9" , "c" and "D" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
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DRAM RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-AS) 

-t~_ 
CAS ~:~-=0-+------++-----------'/-------,------

'ASR 'RAH '-----------' 

ADDR ~:~ __ --------.RO;--W _---Jb,1/1I@',1/1@'ffi/'I,1I/1I;1II/1IIII1)1II$IIj<r---R- oW--

II 
MEIWE ~:~11 /I /I 11;// /1,$$11 /II! I! /11;111 I I I /$!II $ I /11;1 I I /I /11;1 /I!II $I /1111 $I!II 1;11,$ /II/! /I I I ff I!I! I /I /I )1111 /11;1 I ffi 

II 
DSF ~:~:1,1 I /II 1;1 /I /II /I /I//! I I $)11/1)1111 I! $1 /11$1 /II I I!//!I§ $ $1;111 /III I I I! /11$111;0111 I I ff ff# 1;01 I I I I /I /1)1 fa 

II OPEN-------OPEN-----

'YS II 'YH 

TRIO;; ~:~ -Wl/J'l;Ilg- -W;W/I/lI$I!///i$/lff$llll$ffll/l,1I/1)1I/11/!# Willi /II 

T42C8257 
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~ DON'T CARE 

~ UNDEFINED 
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~ CBR CYCLE FUNCTION TABLE 
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LOGIC STATES 

"RASFalling Edge (CAS = LOW) 

FUNCTION CODE A B C 
lV1£7WE DSF AD-A8 

CBR REFRESH (Reset All Options) CBRR X 0 X 

CBR REFRESH (Set/Reset Stop Address) CBRS 0 1 STOP ADDRESS1 

CBR REFRESH (No Reset) CBRN 1 1 X 

CBR REFRESH CYCLE 2 

RAs ~i~-
tAPe 

',CP ~I: 'CSR ~ 'RPC .I~ 
CAs ~:t=!J ~ k~----\( 

ADDR ~:t:W$JjI/&1~~~kw/jljlff/!/jljI)t;M~~~~jI/jljI;/jM&~-C-~ 
ME;WE ~:t-W/Ml$Mr~~~k1j1$/$jljlff$!?l~~~khW$/$jI;0<~-A------'>fLZ 

I ~!I~ ~II~ 
DS' ~:t:W)t/I!/Wl/mf B w;;;)t$$$J!Id B W$jI)t)tl/#jI;0<~~B~>fLZ 

I 'OFF:
1 

DO ~lg~=-------'-}--- OPEN OPEN-------
------' 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1, Programmable Stop Point column addresses: 

MT42C8257 
REV. 5193 

Number Stop Address @ "RASLOW Number and Size 

Points/Half A8 A7 A6 A5 A4 of Partition(s) 

1 (Default) X 1 1 1 1 1 x 256 

2 X 0 1 1 1 2 x 128 

4 X 0 0 1 1 4x64 

8 X 0 0 0 1 8x32 

16 X 0 0 0 0 16 x 16 
" AO-A3 = don t care" 

2. The logic states of "A", "B" and "c" determine the type of CBR operation performed. 
See the CBR Cycle Function Table for a detailed description, 
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DRAM HIDDEN-REFRESH CYCLE 1,2 

(READ) (REFRESH) 

tRAS t RP tRAS 

j ___ ~-------"': '~=---D ~I-------'=----'"'" ~ ~===tC----'H=---' }I= 
tAR I 1~~~ ___ I ___ -+II~t~RA=L-+I_ 

ADDR 

tFHR I II I 
DSF ~:~= 

'c~ '"~ I '~II'~"k 'coc 'C~ 
1IffA- ~tJf';JM- - -.W/$ffmA-B-./;/@"///;!/II;/'$/;i/;!$$I& 

I I tAA 

tRAC I 

I tCAC 

- -'OFF 

VALID DOUT t-OPEN--

~ ~I~~ 
I tORD ~ 

TFtlOE VVIH _ t 
IL ---' 

~ DON'TeARE 

12221 UNDEFINED 

NOTE: 1. A HIDDEN-REFRESH may also be performed after a WRITE or TRANSFER cycle. In this case MEIWE = 

MT42C8257 
REV. 5193 

LOW (when CAS goes LOW) and TRIOE = HIGH. In the TRANSFER case, TRIOE = LOW (when RAS goes 
LOW) and the DQ pins stay High-Z during the refresh period, regardless of TR/OE. 

2. The logic states of "A", "B" and "C" determine the type of CBR operation performed. See the CBR Cycle 
Function Table for a detailed description. 
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RAs V,H 
v" 

CAS V,H 
V" 

ADDR ~\t 

READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode, or SC idle) 

tRAS 'RP 

- ~ 
ICSH I 

IRSH 

I ~ IRCD tCAS 

I -----1 ~ / IAR 

lRAD I I 'RAL I I 
I--r- ~I I~I l~! 
~ ROW ___ SAM START (TAP) N1~IIIl!Ii!!!llili!!ljl!!!!!!!!!I!lJ!!III!i!I/lIl!!/lj/!!///b 
~ ~ 

~II~ I I 
MENTE: ~:t::m;! I II W/I///////////$I1111!/!$/!/!!1/////////$/!/$$//!/!/!/!$//$$/!/$!11!///!/!I1111!~ 

IFSR tRFH I I 
DSF ~:t:wl-I - --W//!//!//!$/!//$/!$/!//!$//!//!/!/$/$!I/$!II!I/I!!I/!/!/!$I/1/111////!/!/I!!//!/!112 

I'OFF II I I 
DO ~IOH-~ OPEN OPEN -------'---__ 

IOL- I ___ IC=SD'---__ 

!RSD 

I 

TRICE ~it:LL.L"-''-'-'"-''---ii------''------;-----.J'_---''ITR'''-W--:--I_1 
ISC 

~ DON'TeARE 

NOTE: 1, There must be no rising edges on the SC input during this time period, ~ UNDEFINED 

2, QSF = 0 when the lower SAM (bits 0--255) is being accessed, 

MT42C8257 
REV. 5/93 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. 
3. If tTLH is timing for the TR/(OE) rising edge, the transfer is self·timed and the tCSD and tRSD times must be 

met. If tRTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
tTSD must be met. 
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MIC:RON MT42C8257 
1-· """" , 256K x 8 VRAM 

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

lAC 

'RAS 'RP 

~ 
IOSH I 

'RSH 

I 
teRP tRCO ICAS 

----f } / 
'AR 

I C- 'RAD I I I I RAe 

'ABA ~ ~ -I __ leAH -1-
ADDR ~:r:~ ROW ~ SAMSTART b//$///$/////////////////////$///////////////////$//$/////$//;/ 

!WSRII~ I.. . I 
M8WE ~:r_1 Wff/!/!/!#/ff/$/II//!//!//$//!/;/!/!//!/!!$//$//!/;/!$$//!///!#ff;/!/!ff/!//;/!$/& 

- - I I os, ~:r:Wd~I- --W$#/!;/!////!///!//!//!;/!///;/!;/!ff/!;/!$/II//!//!/ff/!/!//$//$$/////II!!III!///I//!h 

oo"_~II· _ I _ I 
VIOL":~ I I 

tCTH tTRP 

TR!Oe VIH-
VIL--lLLLl.LLLl"--________ ------11 

sc VIH
VIL_ 

I 
...JSAC PREVIOUS ROW OATA 

BOO ~:gr::---------DV~AUD~DO~l1T~1 ,------------,.11,--------'---------,. ,---------.. T--VAU-D-OOUT-

I 
QSF ~g~_-------NO-TE-, -------~-----NO-TE--, ---

~·DON'TCARE 

~ UNDEFINED 

NOTE: 1. QSF = 0 when the lower SAM (bits 0-256) is being accessed. 

MT42C8257 
REV, 5/93 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. 
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SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

tRAS 

tCSH i1 
IRSH 

II tACO tCAS 

'AR ~ II / 

'RP .1 

\ 

I 

II - IRAD I I IRAL 

IASR ~ ~ -I __ leAH 
-I -

ADDR ~:~:~ ROW ~ SAM START!") ~//////$/////////;//////////////$///////////$////$///////$h 
~II~ I 

MEfNE ~:~-~ II ~//////!/!////!/!I/I//!/!i1///I /1/1/// !/!/I/I/I11!/!!!////////I/I/I/////I/I$j/////!!// !///jJ 
~ I'FSR 'RFH I 

DSF ~:~=WJ~I' -11-W//////////////I/!/!////jI////////jI//////I/I/I/I///////////////1/// ///1/$/$1//// $/I///////jJ 
~ I 

DO ~Ig~-·------'~ I OPEN -------,:------ OPEN 

'TLS 'TLH I 
TRICE ~:~:.l- -~/l///I/I/I/I//$///I!/!I/I//I///////////////!/!/I/!!/I/I////!!// !/!//$$////// ///I///////////ffi: 

_'STS_I I~ 

se VIH-
VIL-

:1 It:~~ I~:~ 
SDa ~IOH-~~PRG=MST=OP-X A (256+A) . ~;-I ~"' 

PRGMSTOP 
NOTE 2 

= ~gt.~~-------SAM-MS--J';Jf-~ (N_OTE_') __________ I-_,SQ~D ~ 
~ DON'T CARE 

Il88l UNDEFINED 

NOTE: 1. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

MT42C8257 
REV. 5193 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. 
2. Programmable stop address or SAM half boundary (255 or 511). See the Programmable Split SAM functional 

description for detail. 
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ICRP 

"-1 

MASKED WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

IRC 

IRAS IRP 

tCSH 

I IRSH 

tRCD tCAS J 

IARl 

}J 

.1 

I~ I 'RAl I 1 1 
__ __IRAH 

~I I~ ~I 
ADDR ~:t~ ROW l:l SAM START k/ffi'#ffi'ffi'####ffi'#/#//;/,,#/###ffi'#M'M'##ffi',1//#f 

I IWSR II IRWH I 
;;;Em. ~:t~- -~§#/$!$ff$!/§$/////§$/§$/$§ffi0'$$§$$§/§§;W§,1$$$§$§ffi 

I 1_ I~H I 
DSF ~:t=_- -11//§,1##$$;/§§/ff#§$$,1§§/"$,1,1/;////$#$$ff$,1/$/$;I$§$§§a 

-II~F~~~.J~ I 
DQ ~:g~:~ MASK DATA ~ OPEN OPEN ---

ITlS II ITlH I ICSD I 

m6E ~:t=_- -11J/////##///////////////////////////////////////////$////$////////////////////$////§/////~ 
I tRSO Ise 

I 
NOTE 2 

tSOD I 
lSOH tSDZ I 

SDa ~:g~ _ VALID DD:-k VALID DOUT I ~ HIGH.Z 

I I tsws 

I: 'SWIS 

SE ~:t-W',1/$/$$;/,1/,1,1/$/§ff#$$§$W'$$hW,1$/;/~-----"-'-'-"'-----NO-TE1----

I I tCOD 

--~IRaD--~----:I~----

aSF ~g~ _ NOTE 3 ;( NOTE 3 

-------------------------------------

NOTE: 1. SE must be LOW to input new serial data, but the serial address register is 

IZ1l DON'T CARE 

~ UNDEFINED 

MT42C8257 
REV. 5/93 

incremented by SC regardless of SE. 
2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the lower SAM (bits (}-255) is being accessed. 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. 
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MIC:RON MT42C8257 
1-' "" 256Kx8VRAM 

MASKED WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 

CAS ~Ir: ~ tAR I I I 'RAe I 
~~I'~I~I 

ADDR ~Ir:~ ROW _ SAM START W$/$$/////##$/$//$$//!I$/$f///§$$/$///& 

I ~I 'RWH I 
MEIWE ~lrJd 1-1$/##/$/$f$////##///#///#III//$#$////$///////////////////III$!I!lIII////!I~ 

I~~ I 
OSF ~Ir_ . 1////$;///////$//$////////_/$_$//$111/$////////$_#$111/##////!h 

~~'£FF ~II~ I 
VIOH- ) 

DO V'OL _ MASK DATA I OFEN OPEN 

.... ~-""-II"''''!.lfjffl/lllI!llll/lllI!lllllI!lI!l/I$;Il!II!I/II!II!II/I/I/)U'I/I//I$1I/I/I/I/I/!/III!/IIII/!h 
,~:S II : Isp 

NOTE 2 

800 ~lg~ 
~~ __ ~7¥=U=U=U=U~=U=U=U=U=U=UUUW 

• ~r'1lIl!$I/I//I/J(lIl!II!Il!I///!/II/II/J,f,f/,f,f/$!$dW!I//,f/,J""'-------'NO-TE1----
1._. ____ I _____ :~:~---~~ __ _ 

QSF ~gt _ NOTE 3 NOTE 3 

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

VAUDDIN 

NOTE: 1. SE must be LOW to input new serial data, but the serial address register 

~ DON'T CARE 

~ UNDEFINED 

MT42C8257 
REV. 5193 

is incremented by SC regardless of SE. 
2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the upper SAM (bits 255-511) is being accessed. 
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teAP 

MASKED SPLIT WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

'RC 
tRAS 

tCSH 

IRSH 

II IRCD teAs 

I 
'RP I 

\ 

- VIH 
CAS V1L - ~ II / J 

'AR 

I I_'RAD I I I tRAL 

~ tRAH ~I J _leAH .~ ~:t'~ ~ ~ ~~~~ ~//##/$//###////W/##/,00//#//0'/#/0'#/0'/#$/&iW 
I 'WSR [['RWH I 

MEANE ~i~=Wi- --$#//;/,/#;/,#//$///#//#///#$$/;/,#/$/$//!/!///$//$/$!/!/$/$/;/,//!/!///$I/J 

JJ~II~ I 
DSF ~i~=@ff lw;;/ /////////j/$//!/! #111/;/' # j/j///j!/!//$/;/' I/!/! I/I//I/$//I!I!I!/ 11////$/1 #!I!III!! 112 

kF~ 'MH I 
DO ~:gt: MASK OPEN OPEN ----

'TLS 'TLH I 
TRiCE ~i~_- -W$$,@';/'/;/'////#$/$$////;/,I$/;/'/$/$I/!/!$#//!/!/$I;/'/;/'#$/jl;/,!/!////;/,/~ 

~I I 'STH 
'sc 

soa ~:gr=PR~~T~~OP '---_>®< P{~~T~~?P)@< 6(6+256) ~ 

BE V'H- I I V,L --;.-________________ ---' ______ _ 

_ I,sall-______ ~~-----I'~SaD·I----
aSF ~g~===x SAMMSB~;f_jNO-TE-') _______ ~XL_. __ NE_WM_SB __ 

NOTE: 

MT42C8257 
REV. 5/93 

1. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

~ DO NT CARE 

B88l UNDEFINED 
QSF = 1 when the upper SAM (bits 256-511) is being accessed. 

2. Programmable stop address or SAM half boundary (255 or 511). See the Programmable Split SAM functional 
description for detail. 
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SE VIH-
VIL-

sc 
VIH-
VIL-

soa 
VIH-
VIL-

VOH 
soa VOL -

MT42C8257 
REV.5f93 

I' 
tsc 

tSAS tsp 

A-1 

tsc 

tSAS tspi 

I 
I ---.I 

tSAC 

~ 
"""" A-1 ~ A 

SAM SERIAL INPUT 

tSWH 191' 

tSWIH tsws 

'~' 'I 
tsc tsc 

tSAS tsp tSAS I tsp tSAS 

! 
tSEZ 

tSOH 

A+2 A+3 

SAM SERIAL OUTPUT 

I 
\ 

tsc 

tSAS tspi 

I 
I 

tSAC I 

tSEA_ 

tsoo_ 

2-220 

tsc 

tSAS 

! I 

tSAC 

~ ,~-' =-= 
I~ A+1 ~ 

tsp 

1 

A+2 

tSAC 

~ 
~ A+3 

~ DON'T CARE 

~ UNDEFINED 
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VRAM 

FEATURES 
• Industry-standard pinout, timing and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 

(consult factory regarding 3.3V operation) 
• Fully TTL and CMOS compatible inputs and TTL 

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

and HIDDEN 
• 512-cycle refresh within 16.7ms 
• FAST-PAGE-MODE access with Extended Data-Out 
• Upper and lower byte WE control 
• Dual-port organization: 256K x 16 DRAM port 

512 x 16 SAM port 
• No refresh required for serial access memory 
• Fast access times: 70ns random, 17ns serial 

60ns random, 15ns serial* 

SPECIAL FUNCTIONS 
• JEDEC Basic Feature Set, plus: 
• PERSISTENT MASKED WRITE 
• EIGHT COLUMN BLOCK WRITE (MASK) 
• MASKED FLASH WRITE 
• MASKED WRITE TRANSFER/SERIAL INPUT 
• MASKED SPLIT WRITE TRANSFER 
• PROGRAMMABLE SPLIT SAM 

OPTIONS MARKING 
• Timing (DRAM, SAM [cycle/access]) 

60ns, 18/15ns -6* 
70ns,20/17ns -7 
80ns,22/20ns -8 

• Packages 
Plastic SOP (12 mm) 
Plastic TSOP (400 mil) 

SG 
TG* 

• Part Number Example: MT42C256K16A1SG-7 

GENERAL DESCRIPTION 
The MT42C256K16A1 is a high-speed, dual-port CMOS 

dynamic random access memory, or video RAM (VRAM) 
containing 4,194,304 bits. These bits may be accessed by a 
16-bit-wide DRAM port or by a 512 x 16 bit serial access 
memory (SAM) port. Data may be transferred bidirection
ally between the DRAM and the SAM. 

MT42C256K16A1 
REV.5J93 2-221 

ADVANCE 

256K X 16 DRAM 
WITH 512 x16 SAM_ 

PIN ASSIGNMENT (Top View) 

64-Pin SOP (SDC-1) 

64 SC 
63 SE 
62 v" 
61 SOOlS 
60 0016 
59 SOO15 
58 0015 

" v~ 

56 SOO14 
55 0014 
54 S0013 
53 DQ13 
52 v" 
51 SDQ12 
50 OQ12 
49 SOOtt 
48 0011 
47 Veo 
48 SOOtO 

45 0010 
44 SDQ9 
43 DQ9 
42 v" 
41 DSF 
40 NC 
39 CAs 
38 OSF 
37 AO 
36 A1 

35 A2 
34 A3 
33 v" 

70-Pin TSOP* (SDE-4) 

'Consult factory for availability. 

SC 
SE 
v" 
S0016 
0016 
S0015 
0015 
Voo 
SDQ14 
D014 
SDQ13 
0013 

v" 
SDQ12 
D012 
SOO11 
NC 
NC 
NC 
0011 
Voo 
80010 

DO" 
SDOO 
oa9 

NC 
CAS 
aSF 
M, 
A1 
A2 
AS 
v" 

Micron Semiconductor, Inc., reserves the right to ctlange products or specifications without notice. 
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The DRAM portion of the VRAM is similar to the 
MT4C16256 (256K x 16-bit DRAM), with the addition of 
BLOCK WRITE and FLASH WRITE. Sixteen 512-bit data 
registers make up the serial access memory portion of the 
VRAM. Data I/O and internal data transfer are accom
plished using three separate bidirectional data paths: the 
16-bit random access I/O port, the 16 internal 512-bit-wide 
paths between the DRAM and the SAM, and the 16-bit 
serial II a port for the SAM. The rest of the circuitry consists 
of the control, timing, and address decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 

ADVANCE 

addresses are executed at least every 16.7ms (regardless of 
sequence). Micron recommends evenly spaced refresh 
cycles for maximum data integrity. An internal transfer 
between the DRAM and the SAM counts as a refresh cycle. 
The SAM portion of the VRAM is fully static and does not 
require any refresh. 

The operation and control of the MT42C256K16Al are 
optimized for high-performance graphics and communica
tion designs. The dual-port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial, parallel networking and data communica
tions. Special features such as SPUT READ TRANSFER, 
extended data-out and BLOCK WRITE allow further en
hancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

AO-AS 

MT42C256K16Al 
REV. 5/93 

SPLIT SAM 
STATUS & CONTROL 

2-222 

DQl 

0016 

TIMING :::::i::: ~~~ 
GENERATOR ~ ....... wOE: 

& ~ ........ MEUIWEU 
CONTROL ........0_ MEUWEL 

LOGIC ~ ....... DSF 
~_sc 

'----' 

SDQ1 
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PIN DESCRIPTIONS 

SOP PIN 
NUMBERS 

64 

2 

24,25 

63 

41 

26 

39 

37,36,35 
34,31,30 
29,28,27 

5,7,10,12, 
15,17,20,22, 
43,45,48,50, 
53,55,58,60 

4,6,9,11,14,16 
19,21,44,46,49 
51,54,56,59,61 

38 

40 

1 ,8,18,32,47,57 

3,13,23,33 
42,52,62 

MT42C256K16A1 
REV. 5193 

TSOPPIN 
NUMBERS 

70 

2 

27,28 

69 

44 

29 

42 

40,39,38 
37,34,33 
32,31,30 

5,7,10,12, 
15,20,23,25, 
46,48,51,56, 
59,61,64,67 

4,6,9,11,14,16 
22,24,47,49,55 
57,60,62,65,67 

41 

17,18,19,43, 
52,53,54 

1,8,21,35,50,63 

3,13,26,36, 
45,58,68 

SYMBOL TYPE 

SC Input 

TRiOE Input 

MEU Input 
WEL, 
MEu/ 
WEU 

SE Input 

DSF Input 

RAS Input 

CAS Input 

AO-A8 Input 

D01- Input! 
D016 Output 

SOO1- Input! 
SOO16 Output 

OSF Output 

NC -

Vcc Supply 

Vss Supply 

ADVANCE 

OESCRIPTION 

Serial Clock: Clock input to the serial address counter and data latch 
for the SAM registers. 

Transfer Enable: Enables an internal TRANSFER operation at RAS 
(H .... L), or 
Output Enable: Enables the DRAM output buffers when taken LOW 
after RAS goes LOW (CAS must also be LOW); otherwise, the output 
buffers are in a High-Z state. 

Mask Enable: If MEUIWEU or MEUWEL are LOW at the falling edge 
of RAS, a MASKED WRITE cycle is performed, or 
Write Enable: MEL,UIWEL,U are also used to select a READ or 
READ TRANSFER CYCLE (MEL,UIWEL,U = H) or WRITE or WRITE 
TRANSFER CYCLE (MEL,UIWEL,U = L). MELIWEL controls writes 
on D01-D08. MEUIWEU controls writes on DQ9-D016. 

Serial Port Enable: SE enables the serial 1/0 buffers and allows a 
serial READ or WRITE operation to occur; otherwise, the output 
buffers are in a High-Z state. The SAM address count will be 
incremented by the rising edge of SC, regardless of the state of SE. 

Special Function Select: DSF is used to indicate which special 
functions (BLOCK WRITE, FLASH WRITE, SPLIT TRANSFER, etc.) 
are used for a particular access cycle (see Truth Table). 

Row Address Strobe: RAS is used to clock in the nine row-address 
bits and strobe for MEL,UIWEL,U, TRIOE, DSF, SE, CAS and DO 
inputs. It also acts as the master chip enable, and must fall for 
initiation of any DRAM or TRANSFER cycles. 

Column Address Strobe: CAS is used to clock in the nine column-
address bits and as a strobe for the DSF input. 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 16-bit word 
out of the 262,144 available. During TRANSFER operations, AO to A8 
indicate the DRAM row being accessed (when RAS goes LOW) and 
AO-A8 indicate the SAM start address (when CAS goes LOW). A8 = 
"don't care" for the start address during SPLIT TRANSFERs. 

DRAM Data 1/0: Data input!output for DRAM access cycles: These 
pins also act as inputs for Mask and Color Register load cycles, DO 
Mask and Column Mask for BLOCK WRITE. 

Serial Data 1/0: Input, output, or High-Z. 

Split SAM Status: OSF indicates which half of the SAM is being 
accessed. LOW if address is 0-255, HIGH if address is 256-511. 

No Connects. SOP pin 401 TSOP pin 43 should be tied LOW to allow 
for upward functional compatibility with future VRAM feature sets. 

Power Supply: +5V ±1 0% 

Ground 
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FUNCTIONAL DESCRIPTION 
The MT42C256K16Al can be divided into three func

tional blocks (see Functional Block Diagram): the DRAM, 
the transfer circuitry, and the SAM. All of the operations 
described below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 

Note: For dual-function pins, the function not being 
discussed will be surrounded /Jy parentheses. For 
example, the TR/ OE pin will be shown as TR/( 0 E) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 
Like any DRAM based memory, the MT42C256K16Al 

VRAM must be refreshed to retain data. All 512 row
address combinations must be accessed within 16.7ms. The 
MT42C256K16A1 supportsCBR, RASONLY and HIDDEN 
types of refresh cycles. 

For the CBR cycle, the row addresses are generated and 
stored in an internal address counter. The user need not 
supply any address data, and simply must perform 512 
CBR cycles within the 16.7ms time period. CBR cycles are 
also used to reset MASKED WRITE and PROGRAMMABLE 
SPLIT SAM operating modes. There are three CBR cycles 
defined for the MT42C256K16Al; CBR No Reset (CBRN), 
~BR Reset Stop Address (CBRS), and CBR Reset All Op
tions (CBRR). To perform these functions, three additional 
pins are defined for CBR cycles, MEL/WEL, MEU /WEU 
and DSF. These operations are described in detail in the 
MASKED WRITE ancfS-FLIT READ/WRITE TRANSFER 
sections of the functional description. 

The refresh address must be generated externally and 
applied to AD-AS inputs for RAS-ONLY REFRESH cycles. 
The DQ pins remain in a High-Z state for both the RAS
ONLY and CBR cycles. 
--.!::!!DDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CBR cycles but does not disturb the DQ 
lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT42C256KI6Al is fully static and does not require 
any refreshing. 

MT42C256K16A1 
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DRAM ACCESS CYCLES (RW) 
The DRAM portion of the VRAM is similar to standard 

256K x 16 DRAMs. However, because several of the DRAM 
control pins are used for additional functions on this part, 
several conditions that were undefined or in "don't care" 
states for the DRAM are specified for the VRAM. These 
conditions are highlighted in the following discussion. In 
addition, the VRAM has special functions that can be used 
when writing to the DRAM. 

The IS address bits that are used to select a 16-bit word 
from the 262,144 available are latched into the chip using 
the AD-AS, RAS and CAS inputs. First, the nine row-ad
dress bits are set up on the address inputs and clocked into 
the part when RAS transitions from HIGH-to-LOW. Next, 
the 9 column address bits are set up on the address inputs 
and clocked-in when CAS goes from HIGH-to-LOW. 

Note: RAS also acts as a "master" chip enable for the 
VRAM.lf RAS is inactive, HIGH, all other DRAM 
control pins (CAS, TR/ OE, MEL! WEL, etc.) are a 
"don't care" and may change state without effect. No 
DRAM or TRANSFER cycles or resets will be initi
ated without RAS falling. 

For standard single-port DRAMS, the OE pin is a "don't 
care" whenRAS goes LOW. However, for the VRAM when 
RAS goes LOW, TR/ (OE) selects between DRAM ac~ess or 
TRANSFER cycles. TR/(OE) must be HIGH at the RAS 
HIGH-to-LOW transition for all DRAM operations (except 
CBR, where it is "don't care"). 
~ DRAM READ operation is performed if MEL/ 
WEL and MEU /WEU are HIGH when CAS goes LOW and 
remain HIGH until CAS goes HIGH. The data from the 
memory cells selected will appear at the DQ1-DQ16 port. 
The (TR)/OE input must transition from HIGH-to-LOW 
some time after RAS falls to enable the DRAM output port. 

For standard single-port DRAMs, WE is a "don't care" 
when RAS goes LOW. For the VRAM, MEL/WEL and 
MEU /WEU perform two functions; write mask enable and 
data write enable. MEL/WEL and MEU /WEU are used 
whenRAS goes LOW, to select between a MASKED WRITE 
cycle and a normal WRITE cycle. If either MEL/WEL or 
MEU /WEU is LOW at the RAS HIGH-to-LOW transition, 
a MASKED WRITE operation is selected. For any non
masked DRAM access cycle (READ or WRITE), MEL/ 
WEL and MEU /WEU must be HIGH at the RAS HIGH-to
LOW transition. If either MEL/WEL or MEU/WEU is 
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DW before CAS goes LOW, a DRAM EARLY-WRITE 
'peration is performed. If either MEL/WEL or MEU/ 
<VEU goes LOW after CAS go LOW, a DRAM LATE WRITE 
'peration is performed (refer to the AC timing diagrams). 

The BYTE WRITE signals MEU /WEU and MEL! 
<VEL are used together to perform a write mask enable and 
. eparately for data write enable. For write maske enables, 
he WE function is determined by the first BYTE WRITE 
:ignal to transition LOW and the last to transition HIGH. 
Jsing one for data writes performs a BYTE WRITE; using 
,oth performs a WORD WRITE. 

The VRAM can perform all the normal DRAM cycles 
ncluding READ, EARLY-WRITE, LATE-WRITE, READ
v10DIFY-WRITE, FAST-PAGE-MODE READ (with Ex
ended Data Out), FAST-PAGE-MODE WRITE (Late or 
~arly), and FAST -PAGE- MODE READ-MODIFY -WRITE. 
~efer to the AC timing parameters and diagrams in the data 
;heet for more details on these operations. 

~XTENDED DATA OUTPUT 
DRAM READ cycles have traditionally turned the out

Jut buffers off (High-Z) with the rising edge of CAS. The 
vIT42C256K16AloffersanacceleratedFASTPAGEMODE 
:FPM) cycle by eliminating output disable from CAS HIGH. 
rhis option is called Extended Data Out, and it allows 
:AS precharge time (ICP) to occur without the output data 
;oing invalid (see DRAM READ and DRAM FAST-PAGE
.\JODE READ waveforms). 

Extended Data Out operates as any DRAM READ or 
FPM READ, except data will be held valid after CAS goes 
HIGH, as long as (TR)/OE and RAS are LOW. If the DQ 
Jutputs from multiple banks are wired together, (TR)/OE 
must be used in conjunction with CAS to select and deselect 
:he appropriate banks. During non-PAGE-MODE READ 
:ycles, the outputs are disabled at IOFF time after RAS and 
:AS are HIGH. The IOFF time is referenced from the rising 
~dge of RAS or CAS, whichever occurs later. 

MASKED WRITE (RWM) 
The MASKED WRITE feature eliminates the need to do a 

READ-MODIFY-WRITE cycle when changing individual 

MT42C256K16A1 
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bits within the 16-bitword. The MT42C256K16A1 supports 
two types of MASKED WRITE cycles, nonpersistent 
MASKED WRITE and persistent MASKED WRITE. When 
DSF and either MEL!WEL or MEU /WEU are LOW at the 
RAS HIGH-to-LOW transition, a MASKED WRITE is per- _ 
formed . 

The MT42C256K16A1 initializes in the nonpersistent < 
mode. In this mode, mask data must be entered with every 
RAS falling edge. The data (mask data) present on the DQ1- JJ 
DQ16 inputs will be written into the mask data register (see l> 
Figure 1). The mask data acts as an individual write enable , 
for each ofthe sixteen DQI-DQ16 pins. If a LOW (logic "0") ::::. 
is written to a mask data register bit, the input port for that 
bit is disabled during the subsequent WRITE operation and 
no new data will be written to that DRAM cell location. A 
HIGH (logic "1") on a mask data register bit enables the 
input port and allows normal WRITE operation to proceed. 
Note that CAS is still HIGH. When CAS goes LOW, the bits 
present on the DQI-DQI6 inputs will be either written to 
the DRAM (if the mask data bit is HIGH) or ignored (if the 
mask data bit is LOW). The DRAM contents that corre
spond to masked input bits will not be changed during the 
WRITE cycle. 

The selection of persistent or nonpersistent MASKED 
WRITE is done by performing a LOAD MASK REGISTER 
(LMR) cycle (see LMR description). If an LMR is done, all 
ensuing MASKED WRITEs are persistent and the mask 
data will be provided by the Mask Data Register (see Figure 
2). The mask data is applied in the same manner as in 
nonpersistent mode. 

To reset the device back to the nonpersistent mode, a 
CBR, Reset All Options (CBRR) cycle must be performed. 
This cycle is defined as a CBR with DSF LOW when RAS 
falls, MEL,U/WEL,U are "don't care." To preserve the 
persistent mode of MASKED WRITE, while using CBR 
REFRESH, a CBRN cycle is used. This cycle will perform a 
refresh of the internally addressed row of DRAM but will 
not reset the MASKED WRITE mode. 

FAST-PAGE-MODE can be used with MASKED WRITE 
to write several column locations in an addressed row. The 
same mask is used during the entire FAST-PAGE-MODE 
RAScycie. 
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1- NONPERSISTENT MASKED WRITE -I .. NONPERSISTENT MASKED WRITE -I 
RAS \ / \ ! 

CAS \ / \ ! 

---- \ !lllllA l/i///l//IIA fllllllA $/////m. MEL,UIWEL,U' 

DSF \ fllllllA //II! /II 1// IA !lllllA II /1/ /II /l; 
STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 

0 X 0 0 X 0 
1 o .-----» 0 0 1 ._----» 

0 0 X 0 0 0 X 0 

0 1 ._----» 0 1 1 ._----» 1 

0 0 X 0 0 0 X 0 

1 o .-----» 0 0 0 ._----» 0 
1 0 X 1 0 0 X 0 

0 1 0 ._----» 0 0 1 0 . - - ---» 0 

0 X 0 0 X 0 

1 1 o .-----» 0 0 1 1 ._----» 1 

0 0 X 0 0 0 X 0 

0 1 1 ._----» 1 0 1 1 ._----» 1 

0 0 X 0 0 0 X 0 
0-----» 0 0 1 0 ._----» 0 

1 0 X 0 0 X 0 

0 o .-----» 0 0 0 ._----» 0 

... ------ ADDRESS 0 ------~ ... ------ ADDRESS 1 -------l~.1 

MT42C256K16A 1 
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X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

• One or two write enables are active, depending upon whether a BYTE or WORD MASKED WRITE is to be performed. 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 
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CAS 

----
MEL,UIWEL,U' 
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1- LOAD MASK REGISTER -1- Persistent MASKED WRITE --1-- Persistent MASKED WRITE --I 
~ / \ / \ r 

, 

\ / t / \ ( 

\ 

\ $$/$/##4 /!/////!/I/I/£ $/I/I///I/h 

MASK STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA DATA 

0 X 0 X 0 

0 --~ 0 1 ----;> 

0 X 0 X 

1 0 1 --~ 1 ----3;> 1 

0 X X 0 

0 --!i> ----;;::.. 

0 APPLY 1 --!i> APPLY ----;;:.. 1 

0 0 MASK X 0 MASK X 0 

0 REG. X 1 REG. X 

1 1 0 --!i> 0 1 ----3>-

0 0 X 0 X 

0 1 --!i> 1 ----;:.. 

0 X X 

0 --!i> 0 0 ----3>-

0 1 --,. 1 ----»-
0 0 X 0 X 

(Stored in BEFORE AFTER BEFORE AFTER 

Mask Data 

Register) 

ADDRESS 0 -----. 1·· ........ ---- ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) 

EIZ1 DON'T CARE 

* One or two write enables are active, depending upon whether a BYTE or WORD MASKED WRITE is to be performed. 

Figure 2 
PERSISTENT MASKED WRITE EXAMPLE 
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BLOCK WRITE (BW) 
If DSF is HIGH when CAS goes LOW, the MT42C256KI6AI 

will perform a BLOCK WRITE cycle instead of a normal WRITE 
cycle. In BLOCKWRITE cycles, the contents of the color register 
are directly written to eight adjacent colunm locations (see 
Figure 3). The color register must be loaded prior to beginning 
BLOCK WRITE cycles (see LOAD COLOR REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However when CAS goes LOW, only the A3-A8 inputs are 
used. A3-A8 specify the "block" of eight adjacent column 
locations that will be accessed. The DQinputs are then used 
to determine what combination of the eight column loca
tions will be changed. Two separate 8-bit column masks are 
provided on the DQ inputs, one for the lower byte portion 
(DQI-8) of the block, and one for the upper byte portion 
(DQ9-16). The DQinputs are "written" atthe falling edge of 
CAS or MEL,U /WEL,U , whichever occurs later (see the 
WRITE cycle waveforms). Table 1 on this page illustrates 

how each of the DQ inputs is used to selectively enable or 
disable individual column/byte locations within the block. 
The write enable controls are active HIGH; a logic "1" 
enables the WRITE function and a logic "0" disables the 
WRITE function. 

The contents of the color register will then be written to 
the enabled column/byte locations; each DQ location of the 
color register is written to the corresponding DQ bit plane. 

MASKED BLOCK WRITE (BWM) 
The MASKED WRITE functions may also be used during 

BLOCK WRITE cycles. MASKED BLOCK WRITE operates 
exactly like the normal MASKED WRITE except the mask is 
now applied to the 16 bit-planes of eight column locations 
instead of just one column location. 

The combination of DSF and either MEL/ WEL or MEU / 
WEU LOW when RAS goes LOW initiates a MASKED 
WRITE cycle. To perform a MASKED BLOCK WRITE, the 
DSF pin must be HIGH when CAS goes LOW. By using both 
the column mask input and the MASKED WRITE function 
of BW, any combination of the sixteen bit planes may be 
masked, along with any combination of the eight column 
locations for each byte portion of the block. 

The MASKED BLOCK WRITE will be nonpersistent (new 
mask) at device power-up. To enter persistent mode (old 
mask) a LOAD MASK REGISTER cycle is performed. All 
MASKED BLOCK WRITEs will be persistent after the LMR. 
To reset to nonpersistent mode, a CBRR (reset all) cycle 
must be performed. 

MASKED FLASH WRITE (FWM) 
The MASKED FLASH WRITE cycle is similar to the 

MASKED BLOCK WRITE cycle in that it uses the color 
register to accelerate the writing of a select color to the 
DRAM memory array. Instead of writing to eight adjacent 

MT42C256K16Al 
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Table 1 
DQ Masking of Columns (at CAS falling) 

COLUMN 
ADDRESS 

CONTROLLED DO PLANES 
DO INPUTS A2 Al AD CONTROLLED 

DOl 0 0 0 1-8 

D02 0 0 1 1-8 

D03 0 1 0 1-8 

D04 0 1 1 1-8 

D05 1 0 0 1-8 

D06 1 0 1 1-8 

DO? 1 1 0 1-8 

D08 1 1 1 1-8 

D09 0 0 0 9-16 

DOlO 0 0 1 9-16 

DOll 0 1 0 9-16 

D012 0 1 1 9-16 

D013 1 0 0 9-16 

D014 1 0 1 9-16 

D015 1 1 0 9-16 

D016 1 1 1 9-16 

column locations in one DRAM cycle (BLOCK WRITE), 
FWM writes the contents of the color register to all column 
locations on an addressed row in one cycle_ 

The FWM cycle is selected by taking TR/(OE) and DSF 
HIGH and either MEL/ WEL or MEU /WEU LOW at the 
falling edge of RAS. DSF is "don't care" at the falling edge 
of CAS. The DQ plane mask applies as it does for all 
MASKED WRITE cycles; if the mask register has been 
loaded, the mask is persistent; if it has not, the mask is 
nonpersistent. 

LOAD MASK REGISTER (LMR) 
The LOAD MASK REGISTER operation loads the data 

present on the DQ pins into the 16-bit mask data register at 
the falling edge of CAS or (MEL,U)/WEL,U. As shown in 
the Truth Table, the combination of TR/(OE), MEL/WEL, 
MEU /WEU and DSF being HIGH when RAS goes LOW 
indicates the cycle is a LOAD REGISTER cycle. DSF is used 
when CAS goes LOW to select the register to be loaded and 
must be LOW for a LOAD MASK REGISTER cycle_ 

2-228 

Note: LOAD MASK REGISTER cycles also enable the 
persistent MASKED WRITE mode. All ensuing 
MASKED WRITEs (including MASKED WRITE 
and MASKED SPLIT WRITE TRANSFER) will be 
masked with data from the mask register. A CBRR is 
required to reset back to nonpersistent mode. 
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The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle . 

During persistent operation, the mask data register con
tents are used for MASKED WRITE, MASKED BLOCK 
WRITE, MASKED FLASH WRITE, MASKED WRITE 
TRANSFER and SPUT WRITE TRANSFER cycles to selec
tively enable writes to the sixteen DQ planes. 

LOAD COLOR REGISTER (LCR) 
A LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except DSF is HIGH when 
CAS goes LOW. The contents of the 16-bit color register are 
retained until changed by another LOAD COLOR REGIS
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE and FLASH WRITE cycles. 

TRANSFER OPERA nONS 
TRANSFER operations are initiated when TR/(OE) is 

LOW at the falling edge of RAS. The state of (MEL,U)/ 
WEL,Uwhen RAS goes LOW indicates the direction of the 
TRANSFER (to or from the DRAM), and DSF is used to 
select between NORMAL TRANSFER and SPUT TRANS
FER cycles. Each of the TRANSFER cycles is described in 
this section. 

READ TRANSFER (RT) 
If MEL/WEL and MEU/WEU are HIGH and DSF is 

LOW when RAS goes LOW, a READ TRANSFER cycle is 
selected. The row-address bits indicate which sixteen 512-
bit DRAM row planes are transferred to the sixteen SAM 
data register planes. The column-address bits indicate the 
start address (or Tap address) of the serial output cycle from 
the SAM data registers. CAS must fall for every TRANSFER 
in order to load a valid Tap address. A read transfer may be 
accomplished in two ways. If the transfer is to be synchro
nized with the serial clock, SC (REAL-TIME READ TRANS
FER), TR/(OE) is taken HIGH after CAS goes LOW. The 
TRANSFER will be made when TR/ (OE) goes HIGH. If the 
transfer does not have to be synchronized with SC (READ 
TRANSFER), TR/(OE) may go HIGH before CAS goes 
LOW and the actual data TRANSFER will be timed inter
nally (refer to 
the AC Timing Diagrams). During the TRANSFER, S,192 
bits of DRAM data are written into the SAM data registers 
and the Tap address is stored in an internal 9-bit register. 
The split SAM status pin (QSF) will be LOW if the Tap is in 
the lower half (addresses 0 through 255), and HIGH if it is 
in the upper half (256 through 511). If SE is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the first SC clock pulse. SE enables the serial outputs 
and may be either HIGH or LOW during this operation. The 
SAM address pointer will increment with the SC LOW-to-

MT42C256K16A1 
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HIGH transition, regardless of the state of SE. Performing a 
READ TRANSFER cycle sets the direction of the SAM I/ 0 
buffers to the output mode. 

SPLIT READ TRANSFER 
The SPUT READ TRANSFER (SRT) cycle eliminates the 

critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles to do midline reloads, a REAL-TIME READ TRANS
FER must be done. The REAL-TIME READ TRANSFER has 
to occur between the last clock of "old" data and first clock 
of the "new" data of the SAM port. 

When using the SPUT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data lIlay be transferred to the otller half. TIle transfer illay 
occur at any time while the other half is sending data, and 
is not synchronized with the serial clock. 

The TR/ (OE) timing is also relaxed for SPUTTRANSFER 
cycles. The rising edge of TR/ (OE) is not used to complete 
the TRANSFER cycle and therefore is independent of the 
falling edge of CAS or the rising edge of Sc. The transfer 
timing is generated internally for SPUT TRANSFER cycles. 
An SRT does not change the direction of the SAM I/ 0 port. 

A "full" READ TRANSFER cycle must precede any se
quence of SRT cycles to provide a reference to which half of 
the SAM the access will begin (the state of QSF), and to set 
SAM I/O direction. Then an SRT may be initiated by 
taking DSF HIGH when RASgoes LOW during the TRANS
FER cycle. As in nonsplit transfers, the row address is used 
to specify the DRAM row to be transferred. The column 
address, AO-A7, is used to input the SAM Tap address. 
Address pin AS is a "don't care" when the Tap address is 
loaded at the HIGH-to-LOW transition of CAS. It is inter
nally generated in such a manner thatthe SPUTTRANSFER 
will automatically be to the SAM half not being accessed. 

Figure 4 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is performed first, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional, and need be done only if 
the Tap for the upper half is'" O. Serial access continues, and 
when the SAM address counter reaches 255 (" AS"= 0, AO
A7=1), the QSF output goes HIGH; if an SRTwas done for 
the upper half, the new Tap address is loaded for the next 
half ("AS" = 1, AO-A7 = Tap). Once the serial access has 
switched to the upper SAM (QSF has gone HIGH), new data 
may be transferred to the lower SAM. For example, the next 
step in Figure 4 would be to wait until QSF went LOW 
(indicating that row-1 data is shifting out of the lower SAM) 
and execute an SRT of the upper half of row 1 to the upper 
SAM. If the half boundary is reached before an SRT is done 
for the next half, the device will leave split mode and the 
access will start from address 256 if going to the upper half 
or at 0 if going to the lower half (see Figure 5). 
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(NORMAL) READ TRANSFER 

FROM: RQWQ 
TO: FULL SAM 
SAM 110 IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(QSF GOES LOW) 

SPLIT READ TRANSFER 
(optional) 

FROM: ROWO 
TO: UPPER SAM, 
TAP ADDRESS = 6 
SERIAL OUTPUT FROM 
lOWER SAM CONTINUES 

Figure 4 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (QSF 
GOES HIGH) 

SPLIT READTRANSFEA 

FADM: ROW 1 
TO: LOWER SAM, 
TAP ADDRESS = 0 TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(QSF REMAINS HIGH) 

~ DON'T CARE 

~ UNDEFINED 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 

0 

II 
1 

LOWER HALF 

1 NOSRT 
TAP 

II 
I 

Start Split 

1 

255 

II 
I 

UPPER HALF 
r--------- NO SRT ----------,1 
1 

256 511 

II II 
I 

Figure 5 
SPLIT SAM TRANSFER 

2-231 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



• < 
lJ » 
3: 

ADVANCE 

The stop address of the SAM half (the point at which 
access will change to the next half) is programmable on the 
MT42C256K16Al. This function is described in the PRO
GRAMMABLE SPLIT SAM section of the Functional De
scription. 

indicates the starting address of the next SERIAL INPUT 
cycle for the SAM data registers. A DQ mask must be 
applied to all MWTs as shown in Figure 6. This may be done 
using persistent or nonpersistent modes. When using per
sistentmode, themaskwill be supplied by the mask register. 
When in nonpersistent mode, the DQ pins are used to input 
a bit plane mask atthe falling edge ofRAS. AnMWT changes 
the direction bf the SAM I/O buffers to the input mode. To 
change the SAM I/O buffers to input mode without SAM 
data being transferred to the DRAM, a mask of all D's must 
be presented on the DQ pins when RAS falls. QSF is LOW 
if serial input is to the lower half of the SAM, and HIGH if 
it is to the upper half. 

MASKED WRITE TRANSFER (MWT) 
TheoperationoftheMASKEDWRITETRANSFER(MWT) 

is identical to that of the READ TRANSFER described 
previously except either MEL/WELor MEU /WEU isLOW 
and a DQ plane mask is applied when RAS goes LOW. The 
row address indicates the DRAM row to which the SAM 
data registers will be written. The column address (Tap) 

ROW 
(AO·A8 at RAS) 

MT42C256K16A1 
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I 

,----1-1_1 __ -----, ~ ~ 
I rr I 

I 
I 

1 

99
1

! Ii 
99 ! ! I! I! 

I I ~ iii j 

001 1 I R ~ IT i: ~~H--, 
MASK REGISTER 

002 ~ I ~ ! i ! ~j.#.j..-~£::,;~;-
003 ~ Itt j ~b -
004 ~ 9 ; ~p ~ 
DOS 1 ~----~ -

-rii)Rfnt:=~OOO.--------------OOO ; j __ 0 r-
006 ~ A A A A A A : ; ~O r-
OO? ~I.-----j : ' , : : ' : ; j ~O --

008 ~' " :; --=.0 --

DOg ~ : --=.0 --

~O~ ~O-
~1~ ~b-
0012 ~ Illl,ll,l L __ -_~ _: - ~ f-

0013 + I), ItA ____ . ___ : _ _ _ ~p f-

0014 ~ J ________ : ____ __ f-p ~ 
0015 ~ : ~p~ 
0016 ~f-----..!I-i -;>., -------->------- ~h f-

_--.1 
RAS 

Figure 6 
DQ MASKED WRITE TRANSFER 
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MASKED SPLIT WRITE TRANSFER (MSWT) 
The MASKED SPLIT WRITE TRANSFER (MSWT) cycle 

allows serial input data to be transferred to the DRAM 
without interrupting the serial clock. Operation of the 
SWT cycle is very similar to the SPLIT READ TRANSFER 
cycle. It will transfer the idle half of the SAM to the DRAM 
and set the Tap address to where the new serial data will be 
loaded in that half. Selection of the MSWT cycle is the same 
as that of the MASKED WRITE TRANSFER with the excep
tionofthe state of DSF. When DSFis HIGH atthe falling edge 
of RAS, an MSWT will occur. The initiation sequence for 
MSWT is shown in Figure 7. An MSWT will not change the 
direction of the SAM I/O buffers. 

ADVANCE 

PROGRAMMABLE SPLIT SAM 
Programmable split SAM operation is an extension of the 

split SAM mode. This mode optimizes SAM performance 
by allowing user-programmable stop points to be defined 
in the split SAM. The stop points define a SAM location at • 
which the access will change from one half of the SAM to the 
other half (at the loaded Tap address). The locations of the < 
stop points are programmable in power-of-two increments. 
The stop points and size of the resulting partitions are JJ 
shown in Figure 8, along with an example. » 

The stop points are set by performing a CBR (Reset Stop , 
Addrs) cycle (CBRS). A CBRS cycle is a CBR with either :::. 
MEL/WEL or MEV/WEV LOW and DSF HIGH at the 

, , 
RAS \----./LLL~ll.Ljn ~~frr;0/777Wj;77T,1Ij;77711/j;7TT1Ij;TT7711j;7771/;1j;TTTi~~~--=$&= 

, , , 

\ ~~ \ ffIll4~#////#$$I/!$//4~ \~...JL/.4I!l/l;:uL 

~~ROWO XAO-~~XTAP~f###;1/#/#/;i/$I/#t~ROWO XAO~~:rC 
, , , , 

::U~!~ =;;>''--------i----.LLI/;IT77/1=I'/;777/i=1J;777/1=1j;77T/lLLLI'/;T77C/lLLLI'/;''''/i,"-,--,1J;'7n/l,"-,--,~=/i,"-,--,1J;=/i'"-'--'W:;~'f-A-'-LLLLLL=~{!-L1il1r#/ # #/# /;1# $ #;1 ~ ~ • MY ;1//$ $I $ $J 
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I I : 

LJ; fl~ . J1 . J1 

DO ~/;I#;1$$/#/$/#/#/;I~~Wj;~lIj;~;;t0~lI#;~W/;~~~t:~~~~~~$;1#;1!$/,1J;; 
. I : I 

DSF I0A @,W$$,1/;1$,1,1$#$4~ ~$/#/#,1$#~,p=~===~ '<1#//#//$#$/,1;/ , . , , , 
sc ----~f\J~~~ , . 

~~ W$$/##/;1#$////~ 18 

OS, 

, , 
, ~ ~v~'----------

----------------\L----f+~(--------------~f:J----1 /:J 

MASKED WRITE TRANSFER 

FROM: Full SAM 
TO: Masked 
SAM 110 is set to input 
mode and serial input 
to Lower SAM begins 
(OSF goes LOW) 

, , , , , , , , , SPLIT WRITE TRANSFER 
(optional) 

FROM: Upper SAM 
TO: Row a 
TAP Address = 4 
Serial input to Lower 
SAM continues 

Figure 7 

Serial input switches 
from Lower SAM to 
Upper SAM 
OSF goes HIGH 

SPLIT WRITE TRANSFER 

FROM: Lower SAM 
TO: Row a 
TAP ADDRESS = a TO 255 
Serial input to Upper 
SAM continues (OSF 
remains HIGH) 

~ DON'T CARE 

TYPICAL SPLIT-WRITE-TRANSFER INITIATION SEQUENCE 
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RAS HIGH-to-LOW transition. This is a special CBRrefresh 
cycle that, in addition to refreshing the DRAM, will sample 
the address pins (A4-A8) and set the stop point partition to 
the addressed value (See Figure 8). The programmable stop 
points will not become valid until a SPLIT TRANSFER 
(READ or WRITE) is done, following the CBRS. Both halves 
of the SAM will be programmed simultaneously to the same 
partition lengths and stop points. 

Access will progress from the Tap address to the end of 
the programmable partition into which the Tap fell. When 
the end of the "addressed" partition is reached, the access 
will jump to the Tap address of the next half, provided that 
a SPLIT TRANSFER (READ or WRITE) was done before the 
partition boundary was reached. If a SPLIT TRANSFER (ST) 
is not done prior to the terminal count of the partition, the 

ADVANCE 

partition is not recognized and the address count will 
continue in the same half (this is shown Figure 8 at stop 
address 383). The count will continue in the same half until 
a SPLIT TRANSFER (READ or WRITE) occurs or the SAM 
half boundary is reached. In Figure 8, an ST occurs some 
time between addresses 383 and 447 and the boundary is 
recognized at 447. The programmable stop points may be 
reprogrammed at any time by performing another CBRS 
cycle, the new stop points will not be valid until an ST is 
performed. 

Disabling the programmable split SAM requires a CBRR. 
This is a CBR cycle with DSF LOW at the RAS HIGH-to
LOW transition. The CBRR will take effect immediately; it 
does not require an ST to become active valid. 

Number Stop Address @ ~LOW Number and Size 

MT42C256K16A1 
REV. 5/93 

Points/Half A8 A7 A6 A5 A4 of Partilion(s) 

1 (Default) X 1 1 1 1 1 x 256 

2 X 0 1 1 1 2 x 128 

4 X 0 0 1 1 4x64 

8 X 0 0 0 1 8x32 

16 X 0 0 0 0 16 x 16 

AO-A3 = "don't care" 

EXAMPLE 
(4 stop points) 

LOWER HALF UPPER HALF 
Start Split 

o TAP 63 127 191 255 256 319 X 383 447 

~i 
I I 

II 1...- 64 ----.., 
I I 

LST~ (Tap=X) 

Programmed Partition (A4-A8) = 000111111 
MSB .... LSB 

11_ 64 _: 
I 
I 
I 

LNOSTJLsT-

(Tap = 0) 

Figure 8 
PROGRAMMABLE SPLIT SAM OPERATION 

I 

511 

II 
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SERIAL INPUT AND SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT

PUT are SC and SE. The rising edge of SC increments the 
serial address counter and provides access to the next SAM 
location. SE enables or disables the serial input/output 
buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SPLIT READ TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the 16-bit port. SE is 
used as an output enable during the SAM output operation. 
The serial address is automatically incremented with every 
SC LOW-to-HIGH transition, regardless of whether SE is 
HIGH or LOW. The address progresses through the SAM 
and will wrap around (after count 255 or 511) to the Tap 
address of the next half, for split modes. If an SRT was not 
performed before the half boundary is reached, the count 
will progress as illustrated in Figure 5. Address count will 
wrap around (after count 511) to Tap address 0 if in the 
"full" SAM modes. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the SAM address counter (loaded when the 

MT42C256K16Al 
REV. 5/93 

ADVANCE 

serial input mode was enabled) will determine the serial 
address of the first 16-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi
tion of SC, regardless of the logic level on the SE input. 

POWER-UP AND INITIALIZATION 
After V cc is at specified operating conditions, for lOOl1s 

minimum, eight RAS cycles must be executed to initialize 
the dynamic memory array. Micron recommends that 
RAS = (TR)/OE e: VIH during power-up to ensure that the 
DRAM I/O pins (DQs) are in a High-Z state. The DRAM 
array will contain random data, and the nonpersistent 
MASKED WRITE mode is enabled. 

The SAM portion of the MT42C256K16A1 is completely 
static in operation and does not require refresh or initializa
tion. The SAM port will power-up in the serial input mode 
(MASKED WRITE TRANSFER) and the I/O pins (SDQs) 
will be High- Z, regardless of the state of SE. QSF initializes 
in the LOW state. The mask and color register will contain 
random data after power-up. 
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TRUTH TABLE 

lIAS FALLING EDGE WFALL AD-A8' DQ1-DQ8' REGISTERS 

CODE FUNCTION CAS Tlf/ll[ MElWE' DSF DSF lIAS CAS lIAS CAS' MASK COLOR 
DRAM OPERATIONS 

CBRR CBR REFRESH (RESET ALL OPTIONS) 0 X X 0 - X X - X X X 

CBRS CBR REFRESH (RESET STOP ADDRESS) 0 X 0 1 - STOP7 X - X X X 

CBRN CBR REFRESH (NO RESET) 0 X 1 1 - X X - X X X 

ROR RAS ONLY REFRESH 1 1 X X - ROW - X - X X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 0 ROW COLUMN X VALID X X 
DATA 

RWM MASKED WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 0 0 ROW COLUMN WRITE VALID USE4 X 
MASK4 DATA 

BW BLOCK WRITE TO DRAM 1 1 1 0 1 ROW COLUMN X COLUMN X USE 
(AO-A8) MASK 

BWM MASKED BLOCK WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 0 1 ROW COLUMN WRITE COLUMN USE4 USE 
(A3-A8) MASK4 MASK 

FWM MASKED FLASH WRITE TO DRAM (OLD OR NEW MASK) 1 1 0 1 X ROW X WRITE X USE4 USE 
MASK4 

REG!STER OPERAT!ONS 

LMR LOAD MASK REGISTER 1 1 1 1 0 ROW' X X REG LOAD X 
DATA 

LCR LOAD COLOR REGISTER 1 1 1 1 1 ROW' X X REG X LOAD 
DATA 

TRANSFER OPERATIONS 

RT READ TRANSFER (DRAM-TO-SAM TRANSFER) 1 0 1 0 X ROW TAP" X X X X 

SRT SPLIT READ TRANSFER (SPLIT DRAM-TQ-SAM TRANSFER) 1 0 1 1 X ROW TAP" X X X X 

MWT MASKED WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 1 0 0 0 X ROW TAp6 WRITE X USE4 X 
(NEW OR OLD MASK) MASK4 

MSWT MASKED SPLIT WRITE TRANSFER 1 0 0 1 X ROW TAP" WRITE X USE4 X 
(SAM-TO-DRAM TRANSFER, NEW OR OLD MASK) MASK4 

NOTE: 1. These columns show what must be present on the AD-A8 inputs when RAS falls and when CAS falls. 

MT42C256K16A1 
REV.5J93 

2. These columns show what must be present on the D01-D016 inputs when RAS falls and when CAS falls. 
3. During WRITE (including BLOCK WRITE) cycles, the input data is latched at the falling edge of CAS or 

MEL,UIWEL,U; whichever is later. Similarly, with READ cycles, the output data is valid after the falling edge 
of CAS or TR/OE, whichever is later. 

4. After an LMR cycle, all masked WRITEs use the mask register (old mask). Data on the DOs at RAS falling 
edge will be ignored. A CBRR will reset to new mask state and mask data must be presented on the DOs at 
every RAS falling edge. 

5. The ROW that is addressed will be refreshed, but a ROW address is not required. 
6. This is the first SAM address location that the first SC cycle will access. For split SAM transfers, the Tap will 

be the first address location accessed of the "new" SAM half after the boundary of the current half is reached 
(255 for the lower half, 511 for the upper half or Programmable Stop Address boundary). 

7. Defines the column addresses where access moves to the next half, see Programmable Split SAM functional 
description. 

8. ME/WE = 1 if both MEUWEL and MEU/WEU are HIGH at the falling edge of RAS. ME/WE = D if either or 
both of those signals is LOW at that time. 

2-236 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



ABSOLUTE MAXIMUM RA TlNGS* 
Voltage on Vcc Supply Relative to Vss .............. -IV to +7V 
Operating Temperature, T A (ambient) ........... O°C to +70°C 
Storage Temperature (plastic) .................... -SSoC to + lS0°C 
Power Dissipation ........................................................... 1.3W 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C s T A S 70DC) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logie 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C s T AS 70DC; Vee = 5V ±1 0%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV S VIN S Vee); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(00, SOO disabled, OV S VOUT S Vee) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-AS 

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. 

SYMBOL MIN MAX UNITS NOTES 

Vee 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 O.S V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 flA 

loz -10 10 flA 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

CI1 5 pF 2 

Input Capacitance: RAS, CAS, MEL,UjWEL,U, TRIOE, SC, SE, OSF CI2 S pF 2 

Input/Output Capacitance: 00, SOO 

Output Capacitance: OSF 

MT42C256K16A1 
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ClIo 9 pF 2 

Co 9 pF 2 
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CURRENT DRAIN, SAM IN STANDBY 
(OCC ~ T A ~ 70cC; VCC = 5V ±1 0%) 

PARAMETER/CONDITION 
OPERATING CURRENT 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST-PAGE-MODE 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIN]) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after eight RAS cycles [MIN]) 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: 
CBR (RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER 

CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(OCC:5 T A:5 70c C; Vcc = 5V ±10%) 

PARAMETER/CONDITION 
OPERATING CURRENT 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST-PAGE-MODE 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIN]) 

STANDBY CURRENT: TTL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after eight RAS cycles [MIN]) 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: 
CSR (RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER 

MT42C2S6K16A1 
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ADVANCE 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 
Icc1 180 170 160 rnA 3,4, 

25 

Icc2 130 120 110 rnA 3,4, 
26 

Icc3 10 10 10 rnA 

Icc4 180 170 160 rnA 3,25 

ICC5 180 170 160 rnA 3,5 

Icc6 180 170 160 rnA 3 

MAX 

SYMBOL -6 -7 -8 UNITS NOTES 
Icc? 220 210 195 rnA 3,4, 

25 

Iccs 170 160 145 rnA 3,4, 
26 

Iccg 50 50 45 rnA 3,4 

ICC10 220 210 195 rnA 3,4, 
25 

Icc11 220 210 195 rnA 3,4,5 

Icc12 220 210 195 rnA 3,4 
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DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,12,13) (O°C:S; TA :s; +70°C; Vcc = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-MODIFY-WRITE cycle time 

FAST-PAGE-MODE READ or EARLY WRITE 
cycle time (Extended Data-Out (READ)) 

FAST-PAGE-MODE LATE WRITE, MASKED 

WRITE or BLOCK WRITE cycle time. 

FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Access time from (TR)/OE 

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 (FAST-PAGE-MODE, 
READ or EARLY WRITE cycles only) 
CAS pulse width (All other cycles) 

CAS hold time 

CAS precharge time 

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 

CAS HIGH to RAS HIGH lead time 

RAS HIGH to CAS HIGH lead time 

'Consult factory for availability. 

MT42C256K16A1 
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SYM MIN 
IRC 110 

tRWC 150 
IpC 24 

tpc 30 

tpRWC 85 

IRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 60 
IRASP 60 
IRSH 15 
IRP 40 

tCAS 10 

tCAS 15 
tCSH 60 
tcp 10 

tRCD 20 
tCRP 5 
tASR a 
tRAH 10 
IRAD 15 
IASC a 
tCAH 12 
IAR 45 

IRAL 30 
IRCS 0 
tRCH a 
tRRH a 
tCLZ 3 
tCRL a 
tRCL a 

2-239 

-6' -7 ·8 
MAX MIN MAX MIN MAX UNITS NOTES 

130 150 ns 

175 195 ns 

27 30 ns 

35 40 ns 

90 100 ns 

60 70 80 ns 14 
15 18 20 ns 11,15 
15 20 20 ns 

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 

18 20 ns 

50 60 ns 

100,000 10 100,000 12 100,000 ns 

100,000 20 100,000 20 100,000 ns 

70 80 ns 

10 10 ns 16 
45 20 52 20 60 ns 17 

5 5 ns 

0 0 ns 

10 10 ns 

30 15 35 15 40 ns 18 
a a ns 

12 15 ns 

55 60 ns 

35 40 ns 

a a ns 

a a ns 19 
a a ns 19 
3 3 ns 

a a ns 

a a ns 
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DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,12,13) (ODC ~ TA ~ +70DC; Vcc = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Output buffer turn-off delay from CAS or RAS 

Output disable delay from (TR)/OE 

Output enable delay from (fR)/OE 

(TR)/OE HIGH hold time from CAS HIGH 

(fR)/OE HIGH pulse width 

Output disable delay from (ME)/wE 

Output disable hold time from start of WRITE 

Output Enable to RAS delay 

Data output hold after CAS" LOW 

Write 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) 

RAS to CAS precharge time 

CAS setup time 
(CSR REFRESH) 

CAS hold time 
(CSR REFRESH) 

MEIWE to RAS setup time 

MEIWE to RAS hold time 

Mask data to RAS setup time 

Mask data to RAS hold time 

'Consul' factory for availability. 

MT42C256K16A1 
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-6' 
SYM MIN 
'OFF 3 

'00 3 

'OELZ 3 

'OEHC 10 

'OEP 10 

'WHZ 3 

'OEH 10 

'ORO 0 

'COH 5 
twcs 0 

'WCH 12 

'WCR 45 

'WP 12 

'RWL 18 

'CWL 18 

'OS 0 

'DH 12 

'DHR 45 

'RWD 85 

'AWD 55 

'CWO 40 

IT 
'REF 

'RPC 0 

'CSR 10 

'CHR 10 

'WSR 0 

'RWH 15 

'MS 0 

'MH 15 

2-240 

MAX 
20 

15 

10 

35 

16.7 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 

3 20 3 20 ns 20,23 

3 15 3 15 ns 20,23 

3 3 ns 

10 10 ns 

10 10 ns 

3 10 3 10 ns 

10 10 ns 27 

0 0 ns 

5 5 ns 11 

0 0 ns 21 

15 15 ns 

55 60 ns 

12 15 ns 

18 20 ns 

18 20 ns 

0 0 ns 22 

12 15 ns 22 

55 60 ns 

95 105 ns 21 

60 65 ns 21 

43 45 ns 21 

35 35 ns 9, 10 

16.7 16.7 ms 

0 0 ns 

10 10 ns 5 

10 10 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 
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TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C :;; T A:;; + 70°C; Vcc = 5V ±1 0%) 

AC CHARACTERISTICS -6' -7 
PARAMETER SYM MIN MAX MIN MAX 
TR/(OE) LOW to RAS setup time ITLS 0 0 
TR/(OE) LOW to RAS hold time ITLH 15 10,000 15 10,000 
TR/(OE) LOW to RAS hold time 'RTH 60 10,000 70 10,000 
(REAL-TIME READ-TRANSFER only) 

TRI(OE) LOW to CAS hold time 'CTH 15 20 
(REAL-TIME READ-TRANSFER only) 

TR/(OE) HIGH to RAS precharge time ITRP 50 50 
TR/(OE) precharge time 'TRW 15 20 
TR/(OE) LOW to last SC hold time 'TSL 5 5 
TRI(OE) HIGH to first SC setup time ITSD 50 50 

Serial output buffer turn-off 'SDl 7 40 7 40 
delay from RAS 

SC to RAS setup time 'SRS 20 25 
Serial data input to SE delay time ISlE 0 0 
Serial data input delay from RAS 'SDD 50 50 
Serial data input to RAS delay time 'SlS 0 0 
Serial-input-mode Enable 'ESR 0 0 
(SE) to RAS setup time 

Serial-input-mode Enable 'REH 15 15 
(SE) to RAS hold time 

TR/(OE) HIGH to RAS setup time 'YS 0 0 
TR/(OE) HIGH to RAS hold time tyH 15 15 
DSF to RAS setup time 'FSR 0 0 
DSF to RAS hold time 'RFH 15 15 
SC to OSF delay time 'SOD 20 25 
SPLIT TRANSFER setup time 'STS 20 25 
SPLIT TRANSFER hold time 'STH 10 10 
DSF (at CAS LOW) to RAS hold time 'FHR 45 55 
DSF to CAS setup time 'FSC 0 0 
DSF to CAS hold time 'CFH 15 15 
TRiOE to OSF delay time 'TOD 30 30 
RAS to OSF delay time 'ROD 70 75 
CAS to OSF delay time 'COD 35 40 
RAS to first SC delay 'RSD 95 105 
CAS to first SC delay 'CSD 50 55 

'Consult factory for availability. 

ADVANCE 

-8 
MIN MAX UNITS NOTES 
0 ns 

15 10,000 ns 

80 10,000 ns 

20 ns 

50 ns 

25 ns 

5 ns 28 
50 ns 28 

7 40 ns 

30 ns 

0 ns 

50 ns 

0 ns 

0 ns 

15 ns 

0 ns 

15 ns 

0 ns 

15 ns 

30 ns 

30 ns 

10 ns 

60 ns 

0 ns 

15 ns 

30 ns 

75 ns 

45 ns 

115 ns 

55 ns 
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ADVANCE 

MIC::RON MT 42C256K 16A 1 
1-· "'" 256K x 16 VRAM 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C :;; T A:;; + 70°C; Vcc = 5V ±1 0%) 

AC CHARACTERISTICS 
PARAMETER 
Serial clock cycle time 
Access time from SC 
SC precharge time (SC LOW time) 
SC pulse width (SC HIGH time) 
Access time from SE 
SE precharge time 
Serial data-out hold time after 
SC high 

Serial output buffer tum-off 
deiay from SE 
Serial output buffer tum-on 
delay from SE 
Serial data-in setup time 

Serial data-in hold time 
Serial input (Write) Enable 
setup time 

Serial input (Write) Enable 
hold time 

Serial input (Write) disable 
setuD time 

Serial input (Write) disable 
hold time 

'Consult factory for availability. 

MT42C256K16A1 
REV. 5193 

-6" 
SYM MIN 
ISC 18 

ISAC 
ISp 7 

ISAS 7 
ISEA 
ISEP 7 
ISOH 3 

tSEZ 3 

ISOO 3 

ISDS 0 
ISDH 10 
tsws 3 

SWH 15 

tSWIS 3 

tSWIH 15 

2-242 

MAX 

15 

12 

12 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
20 22 ns 

17 20 ns 11,24 
8 9 ns 
8 9 ns 

12 15 ns 24 
8 9 ns 
3 3 ns 11,24 

3 12 3 12 ns 20,24 

3 3 ns 

0 0 ns 

10 10 ns 
3 3 ns 

15 15 ns 

3 3 ns 

15 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 = SV ±lO%,f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading. 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 AS; 700 q 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-up should be repeated any time the tREF 
refresh requirement is exceeded. 

S. AC characteristics assume IT = Sns. 
9. VIH (MIN) and VlL (MAX) are reference levels for 

measuring timing of input signals. Transition times 
are measured between VIH and VIL (or between VlL 
and VIH). Input signals transition from 0 to 3V for AC 
testing. 

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. tSAC/tCAC are MAX at 70° C and 4.5V Vcc; tSOH/ 
ICOH are MIN at 0° C and S.SV V cc. These limits will 
not occur simultaneously at any given voltage or 
temperature. This is guaranteed by design (tSOH/ 
tCOH = ISAC/lCAC - output transition time). 

12. If CAS = VlL, DRAM data output (DQ1-DQ16) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to 1 TTL gates and 50pF. Output reference levels: 
VOH = 2.0V; VOL = O.SV. 

14. Assumes that IRCD < tRCD (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, DQ will be 

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

17. Operation within the tRCD (MAX) limit ensures that 
!RAC (MAX) can be met. IRCD (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 ICAe. 

IS. Operation within the lRAD (MAX) limit ensures that 
IRCD (MAX) can be met. IRAD (MAX) is specified as 

ADVANCE 

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. too, toFF and tsEZ define the time when the output 
achieves open circuit (VOH -200mV, VOL +200mV). 
This parameter is sampled and not 100 percent tested. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE, READ-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 through
out the entire cycle, regardless of TR/ OE. If twcs S; 

twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If IRWD ;:>: IRWD 
(MIN), tAWD;:>: 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 state of the 
output buffers (at access time and until too is met) is 
indeterminate, but the WRITE will be valid if too and 
tOEH are met. See the LATE-WRITE AC Timing 
diagram. 

22. These parameters are referenced to CAS leading edge 
in EARLY-WRITE cycles and MEL, U /WEL, U leading 
edge in LATE-WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
HIGH or when RAS and CAS go HIGH, whichever 
occurs first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: VOH = 2.0V; VOL = O.SV. 

25. Address (AO-AS) may be changed two times or less 
while RAS = VIL. 

26. Address (AO-AS) may be changed once or less while 
CAS = VIH and RAS = VlL. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have too 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 previously read data if CAS 
remains LOW and OE is taken LOW after tOEH is 
met. If CAS and RAS go HIGH prior to OE going back 
LOW, the DQs will remain open. 

2S.The "last" SC edge causes the last data from the 
previous row to appear on the SDQ pins. The "first" 
SC, the first data from the new row. 
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ICAP I 

tASR 

DRAM READ CYCLE 1 

(Outputs controlled by RAS) 

AC 

tRAS 

tCSH 

lASH 

tRCO d '= 
tAA 

tRAD I~I I~I tRAH . tRAI. 

ADVANCE 

tAP 

~ 
(NOTE 1) tCAl I 
I~ tRRH 

I 

A~W ll7777nl LlUM1N b/_~M<~-,------;A_OW __ 

__ II ~ tACS I I I I tACH ~ I 
MEUWEl I- I I 

ME~~EU ~:t::7U/////////////////P////////////JJ I tFHA I I I W/P////J///////; 

ADDA Vv,H-wzA 
Il-

tFSA II tAFH I IFSC I It CFH1 I 
DSF ~:t:l"jlj////§d- -V/P///P/&A:- -VP//ff//////////P//PA ff//////P///P/& 

I I tAA 

tAAC I 

tClZ J tCAC 

1-
I I I 

OPEN 

~II~ 
r~AAAAAAAA] 

tOELZ-

tOE 

tORD 

VALID DATA 

tOFF 

(~I 

tOD 

OPEN--

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. tCRL is a reference parameter. If CAS = HIGH tCRL before RAS, 10FF is referenced from the rising edge of 

MT42C256K16A1 
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RAS. 
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AODR 

MEUWEL 
and 

MEUIWEU 

teRP 

I 

-' 
tASR tRAH 

I 

DRAM READ CYCLE 1 

(Outputs controlled by CAS) 

tRAS 

tCSH 

tASH 

tRCD teAs 

~ tAR 

tRAD I I tAAL I 
~II~ 

tRP 

II tRCL I~ 

II 
II tRRH 

I I 
VIH
VIL- ROW - COLUMN (1/////////////////////////,1;( 

tRCS tRCH_ -:~:7$#/##/ffff/'Jl#$////$#) I ,~" i 

ADVANCE 

ROW 

tFSR II tRFH I IFSC I 
DSF ~:t=W/$//J?l- -w#//////)d-

I I ~J/$#/'$/'$#a 
ItCFH~////////////!I/#////1A I $//////!/#////J) 

I I tAA 

tRAC I 

tCLZ -I tCAC 

,-
OPEN I 

2-11~ r:x¥x¥x'xYxW 
tOELZ --

tOE 

tOFF -(NOTEt) 

taRo 

VALID DATA r 
tOD 

OPEN--

~ DON'T CARE 

!888 UNDEFINED 

NOTE: 1. tRCL is a reference parameter. If RAS = HIGH tRCL before CAS, tOFF is referenced from the rising edge of 

MT42C256K16A1 
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CAS. 
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DRAM FAST-PAGE-MODE READ CYCLE 
(Extended Data-Out) 

ADVANCE 

tAASP tRP 

RAS ~:~_ r--------,-----------1~ 
tCSH 

IpC 1PC tRSH 

CAS ~i~=J~ ~'RCD I 'CAS 'CP 'CAS ~ ~y III 'CP 

- 'AR 'RAL 

'777nl~ 'RA~;~ ~I I~ ~l~ ~J I~II~,I""" l,,,,,,,,,,,~-
:I ROW ~ COLUMN (A) ~ COLUMN (8) ~ COLUMN (C) (jllllllllllllll;! ROW ADDR ViH 

V,L 

MEUWEL 
V,H and 

MEUIWEU 
V,L 

DSF V,H 
V,L 

II ,'RCsl I I I II I II IA _'RRH 

:§IIIII::::/I/I/,/R/F/HIIIIIIII Iff 'Fsci 'CFH I I 'Fsci 'CFH II 'Fsci 'CFH I ~ 
:;wl--.- -WII!////Ad- -W!$$M- -lwll!/!!$/!$!$/!/!//'l 

I 'AA II I I 'CPA I'AA I II 'AA I~ 
tRAC I 1 __ '-=:CP-,-,A+--c __ 1 

I~ tCAG I~ 
'COH., 

DO ~ig~:-----:-:--- OPEN -----t=~VA~LlD~D~AT~A (~A)==j )t~VA~LlD~D~AT~A (~B)}----t=~VA~LlD~D~AT~A (~C)=jt--
~II~ ~ ~I 

TRICE ~i~~ ~\L1.L<~//;c..L.LL1#;;!..LLLWLLLLW;;L.L..ll.cl ____ -"-J~lt}~ __ -

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST-PAGE-

MT42C256K16A1 
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MODE. 
2. If tOEHC and tOEP are met, the DOs will remain in High-Z (even if TRIOE goes LOW again) until the next 

CAS cycle. 
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RAS 
V[H_ 
VIL_ 

ICRP 

CAS 
VIH-
VIL-

DRAM FAST-PAGE-MODE READ/WRITE CYCLE 
(Extended Data-Out) 

tRASP 

tCSH 

tpc tpc IRSH 

'RCD ~ I_---"C:::.P~_I ~ I_--'.:::CP ___ II----='C::..:AS::........- I 

MEIWE ~lt
!LLLL..L.LL.L..LL.ifLLLLL.LLLLI.~ 

DSF 

I~ 

DO ~:gt= OPEN ------1~=V~A~LlD~D~AT~A~(A=) =jt~~j 

ADVANCE 

r-'YS 11_'YH
1 

'DE 

TRICE ~:r=- ~'lLLI!J:LL1.1I!J:LL1.1I!J'_I..L1ffi!.LL1ffiLLL~:-_____________ _ 

~ DON'TeARE 

l&i1\l UNDEFINED 

NOTE: MEUWEL and MEU/WEU are both HIGH for READs; either or both are LOW for WRITEs, 

MT42C256K16A1 
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ADVANCE 

WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES 

RASFalling Edge ~Falling Edge 

FUNCTION A B C D E2 
ME/WE 4 DSF DO (Inpul) DSF DO (Inpul) 

Normal DRAM WRITE 1 0 X 0 DRAM Data 

MASKED WRITE to DRAM 0 0 Write Mask3 0 DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Bit-Plane Mask) 1 0 X 1 Column Mask 

MASKED BLOCK WRITE to DRAM 0 0 Write Mask3 1 Column Mask 

MASKED FLASH WRITE to DRAM 0 1 Write Mask3 X X 

Load Mask Data Register 1 1 X 0 Write Mask Data 

Load Color Renister 1 1 X 1 Color Data 

NOTE: 1. Refer to this function table to determine the logic states of "A". "B", "C", "D" and "E" for the WRITE cycle 

MT42C256K16A1 
REV, 5/93 

timing diagrams on the following pages. 
2. CAS or MEL, UIWEL,U falling edge, whichever occurs last. 
3. Mask data is loaded at RAS falling if nonpersistent mode is active. If persistent mode is active, mask data is 

supplied by the mask data register and the DOs are "don't care" at the RAS falling edge. 
4. ME/WE = 1 if both MEUWEL and MEU/WEU are HIGH at the falling edge of RAS. ME/WE = 0 if either or 

both of those signals is LOW at that time. 
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ADVANCE 

DRAM EARLY-WRITE CYCLE 1 

tRAS 'RP I 
1 

'\ 
tCSH 

I ~: 
tRSH 

d 
teRP tRCD 'CAS 

f / tAR t tRAD I I tRAL 1 

tASR tRAH ~I I~ I 
ADDR ~:r=~~_--,RO,.--W __ ~~_C,,-OLU--,.MN.,---~kffff/ffffff$ffff////h<'---__ RO_W __ 

1 ___ +--+-1 '::::-CW",-L ___ II 
I 'RWL 

'WCR I I 
'wcs I I 'WCH 

'WP 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "B", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

MT42C256K16A1 
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Cycle Function Table for a detailed description. 
2. Either or both of MEUWEL and MEU/WEU may be LOW at the CAS falling edge. If one is LOW a BYTE 

WRITE is performed; if both are LOW a WORD WRITE is performed. 
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ADVANCE 

DRAM LATE-WRITE CYCLE 

tRAS tRP I 
I 
\ 

tCSH 

t ,J~ 
tRSH 

=3 
tCRP tRCO tCAS 

I tRAO I I tAAL 

I 
tASR tRAH tCAH 

I I I~I I I, 
" ~:t~_------;-c-ROW_~~_-;--;--COL_UMN __ Wff////////////////////m<,--__ _ 

tCWL II 
tRCS 

~~~I_'~==-! !~I 
OSF ~:t:ij///////M B ~ D W///////////////////////////////ffff//////////$////ff///;0 

II 
tOHR II 

tMS tMH tos II tOHI 

OQ ~:gt-W'//ff/ M-C-~$/ $//ff//ff$/Af-E-W/;""W""1//;""W/;7T71 /j7T71/!/;7"T71//;7"T71//;TTT1//;TTT1/;jTTTW;jTTTW/;TTT1/;/TTT1//;rTT":W/;'T7T1a 

tyS II tYH too J I tOEH 

TRICE ~:t-1//;1/$;)- --WJ//!!$ffuJ- '4W//)i/$;1$/I//I//I//I//I//$/I$///j; 

~ DON'T CARE 

!l88l UNDEFINED 

NOTE: 1. The logic states of "A", "B", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 

MT42C256K16Al 
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Cycle Function Table for a detailed description. 
2. Either or both of MEUWEL and MEU/WEU may go LOW while CAS is LOW. If one goes LOW, a BYTE 

WRITE is performed; if both go LOW, a WORD WRITE is performed. 
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DRAM READ-WRITE CYCLE 
(READ-MODiFY-WRiTE CYCLE) 

ADVANCE 

RAS VIH-
VIL-

VIH-=:J' 

ICRP 

CAS VIL-

IRAD 

~ IRAH 

ICSH 

IRSH 

IRCD 

~: 
ICAS 

~ 'AR 

'I I I IRAL 

I~ 
COLUMN 

IIRWD 

ICWD -i=RCS I I 
'AWD 

TI~I----~~---------I 

ROW 

IFSR IRFH I 'FSC I I ICFHI 

DSF ~:~=--B -~//////I#~- D -kM'//////////////////////#fl!§///////////A 
I, I'AA 

tRAC I 
I 'CAC 

I~ ,IMH _I Ik IDH'_I 
-1 C 'Ie VALID DOUT E 

,. 
"t t- t- OPEN---

~~ ~ ~l 
TRICE ~:r_TTTTTJ_7T>lr--I----d1 \---i }~---

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

I1Z1 DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "B", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 

MT42C256K16A1 
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Cycle Function Table for a detailed description. 
2. Either or both of MEUWEL and MEU/WEU may go LOW while CAS is LOW. If one goes LOW, a BYTE 

WRITE is performed; if both go LOW, a WORD WRITE is performed. 
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ADVANCE 

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1,2 

tRASP 

RAS 
VIH_ 
VIL-

tCSH tpc 

~ ��--------'-tR::::CO'-------.�--t..:::cA""S-~II---'tC:::..p-1 teAs tcp 

CAS 
VIH-
VIL-

ADDR V,H 
VIL 

DSF ~:~_ 

TR/OE 

tOHR I 
_to_s_1 

E E E 

tyS I tYH 

~:r~- -~$$Uff#/#/$#Uff#/##/$##$$!I!$$$#$$f/.1$$$###ff/!I!$$l; 
~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST-PAGE-

MT42C256K16A1 
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MODE. 
2. The logic states of "A", "8", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
3. Either or both of MEUWEL and MEU/WEU may be LOW at the CAS falling edge. If one is LOW a 8YTE 

WRITE is performed; if both are LOW a WORD WRITE is performed. 
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DRAM FAST-PAGE-MODE READ-WRITE CYCLE 1,2 

(READ-MODIFY-WRITE OR LATE-WRITE CYCLES) 

tRASP 

ADVANCE 

RAS 
VIH_ 
VIL-

ICRP IRCD 

CAS 
VIH-
VIL-

lAR 

tAAD 

ADDR VIH 
VIL 

tWSR tRWH ----

tCSH tpRWC 

tCAS tcp tCAS 

tOE_ tOE_ 

ICp teAs 

OPEN--

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1, READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST-PAGE-MODE, Use 

MT42C256K16Al 
REV.5J93 

the Write Function Table to determine the proper DSF state for the desired WRITE operation, 
2, The logic states of "A", "B" , "c" and "D" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
3. Either or both of MEUWEL and MEU/WEU may be LOW while CAS is LOW. If one goes LOW, a BYTE 

WRITE is performed; if both go LOW, a WORD WRITE is performed. 
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RAS ~:r-

DRAM RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-A8) 

ADVANCE 

_ ~ __ tRAS __ ~-tRPC l-'"" ~/ t'-------_ 
CAS ~:t_-----+-d---++---II------.J-\_-.'--------

tASR tRAH 

ADDR ~:t __ --.-RO,-----w _-----'kl!/!/;/'//;/'/l/JI//$#$JI//$;/'/;/'//$;/'JI/Xr---RO-W--

II 
MEiWE ~:t:/;/' / JI/;/'/JI/;/'/$/;/'/;/'//$/;/'$/;/'$;/'/;/'/II !/!I/$;/' !/!I//$/JI$/$$ !/IJI/$/;/,/JlJI/ !/!//;/'/;/'/;/'/!///; 

II 
DSF ~:t ill! / $!/!I/ $/ $/;/,//1// / /II/!/ JI/II!IIII JI/ /lI/!II! ///!!II/ $;/' / / II! $/;/'/;/'/;/' $ $ $/ $ /II/! II / JIll!;/' 11/12 

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

tyS II tYH 

TIl/DE ~:t =W;/';/$!/)- -WI/$;/';/'/;/'////;/'/;/'/$/!/!!/$$$/I!/!/I$;/'!/I# W///;/,/I# 

MT42C256K16A1 
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~ DON'T CARE 

~ UNDEFINED 
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ADVANCE 

CBR CYCLE FUNCTION TABLE 

LOGIC STATES 

RASFaliing Edge (CAS = LOW) 

FUNCTION CODE A1 B C 
Nit/wr DSF AD-AS 

CBR REFRESH (Reset All Options) CBRR X 0 X 

CBR REFRESH (SeVReset Stop Address) CBRS 0 1 STOP ADDRESS2 

CBR REFRESH (No Reset) CBRN 1 1 X 

CBR REFRESH CYCLE 3 

RAs ~:~-
tRPe 

'c, ~I. 'CSR 'CHR ~I-"""-
CAs ~:~:ij'J-'-~ -}~---~'{ 

ADDR ~:~-w£'/$1$11~~~~$!I$/!I;/$$mt~~~W!l!l!l$$$J<~-C~>w. 
"EM ~:~-W$!I)$/M~~~kw$;/$$;/;/d~~~k1!1!1$$$~~-A~~ 

I ~I!~ ~II~ 
~:~ W$/@$JJf B ~!I$!I/!I!I!I/!ld B kJ!I!I$/;/!I/~~--=-B-~ 

I~I 
DO ~lg~------'-;t---OPEN--------

-----' 

TR,O' ~:~!!I/$/$!I$/!I;//@///!I//!I!I$!I!I!I/!lI$#$$/$!I/!I/!I!I$/!I/!I!I!I!I$!lj,@'!I/I!@!I/Ia 

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. ME/WE = 1 if both MEUWEL and MEU/WEU are HIGH at the falling edge of RAS. ME/WE = 0 if either or 

MT42C256K16A1 
REV. 5/93 

both of those signals is LOW at that time. 
2. Programmable Stop Point column addresses: 

Number Stop Address @"RASLOW Number and Size 

Points/Half AS A7 A6 A5 A4 of Partilion(s) 

1 (Default) X 1 1 1 1 1 x 256 

2 X 0 1 1 1 2 x 128 

4 X 0 0 1 1 4x64 

8 X 0 0 0 1 8 x32 

16 X 0 0 0 0 16 x 16 
AO-A3 ; "don'! care" 

3. The logic states of "A", "8" and "C" determine the type of CBR operation performed. 
See the CBR Cycle Function Table for a detailed description. 

2-255 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ADVANCE 

DRAM HIDDEN-REFRESH CYCLE 1,2 

(READ) (REFRESH) 

tRAS tRP tRAS 

} ___ ~--==-tRCD _I~'M" ~ ~===tC-H=-------' ~Iv----
tAR I 

1~~tR~A~D ___ I~ __ ~II~t=RA=L-+I_ 

ADDR ~:~= 

I tCAC 

--"OFF 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. A HIDDEN-REFRESH may also be performed after a WRITE or TRANSFER cycle. In this case, 

MT42C256K16Al 
REV, 5/93 

MEL,UIWEL,LT = LOW (when CAS goes LOW) and TRiOE = HIGH. In the TRANSFER case, TRiOE = LOW 
(when RAS goes LOW) and the DO pins stay High-Z during the refresh period, regardless of TRiOE. 

2. The logic states of "A", "S" and "C" determine the type of CSR operation performed. See the CSR Cycle 
Function Table for a detailed description. 

2-256 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode, or SC idle) 

'RC 

tRAS 'RP 

II 
fi 

tCSH 1 
IRSH 

I ~ tRCD ICAS 

I ---' 1 / 
'AR 

I :~ I I 'RAL I 
'ASR ~I I~ -1-~ 

ADDR ~:~d ROW kJ SAM START (TAP) k///#///#/#////////#/////#////&'/////////////#&'#&'rlL 

ADVANCE 

-l-I'WSR II~ I I 
MEuWEL ~ L 
~~EU ~:~W I 'II ,,'WI!!#I/I/I!I!!I$I!I!/§$I!!I/$/I!I!II!II!/!!I/I!/!!!III!!I//$/§$II!I!!/////l/I!1/!!//i 

tFSR tRFH I I 
os, ~:~=wl-I - --WI/#/II!!#////$$/$U$//$,1'$$#/$$/I//I/$//$//I/II!$J/I$u,1'J/I!I//I/!2 

DO ~laH-~ OPEN I OPEN I 
IOL- 1 __ -",'cS"'-D __ 

'RSD 

sc VIH_ 
VIL-

I I I I -I - ISEA 

~ 'TOO 

SE ~:~=-_~1ULW/;Ufo//;lLL1/;lLLo//;LLLO/j;LLLWLLl;J/;LLlO/j;:Lho//;,"-,-,1/j;ULt'/j;!LLo//;'Lf~lLL//;jLLLo//;LLLO/j;LLlW/;LLlW:LhO//;'"-'-'W!LLWLl.L~f..LLd,--,I _______ _ 

I 1 I ROD 'COD ~ ___ _ 

QSF ~g~ _ NOTE 2 NOTE 2 

-------~~--------
~ DON'T CARE 

!88! UNDEFINED 

NOTE: 1. There must be no rising edges on the SC input during this time period. 

MT42C256K16At 
REV. 5193 

2. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the upper SAM (bits 256-511) is being accessed. 

3. If tTLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the tCSD and tRSD times must be 
met. If tRTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
tTSD must be met. 

2-257 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

'RAS IRP 

~ 
tCSH I 

IRSH 

I 
~ 'RCD tCAS 

J / 
IAR 

I IRAD I I I tRAL 

-I 

ADVANCE 

IASR IRAH [lAse I j:I~~H"",,,,,,,, '"'''''' " 7777Al-1 -] = -
ii} Ii 

AUOR ~:~=L'!i!b1 ROW W!l!lIh. SAM START W//I/J/I/I/I//I/I//////I/II/JI/II//I//I//II/J//I/I///II////II//I//I//I/////; 

-- ~II~ I I 
::~'S:~ ~:t-wJ I II WI//##/j'#II/t/###/#$I#I/$$/#/###II$#$/$$#$$I#$$$I#II$/A 

tFSA IAFH I I 
oSF ~:t:WJl-I- --VI !/!I/N Nil/I $/#/ ##$/ # //1/ #/ /# U/$# $ /$11 /11/$ # # /$/#///j'#j'!!I1 #/ $/;% 

IIOFF II I I 
~~~-" ,_I "" ~~ ,-

TRICE ~:~:LLU.LL.L.La-------------'1 

I 
-lSAC PREVIOUS ROW DATA 

soa VVIIOOHl------------1~~~1 r-~-,Ir-----::-"--____ r-----:-_,r---. VALID DOUT VALID DOUT 

_'SEA 

I 
QSF ~gt_--------NO-TE-I -------~-----N-OTE-I ----

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

MT42C256K16A1 
REV. 5193 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. 
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SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

'RC 

tCSH 

~ 1 ___ '-"ORc:::..o ___ I ___ -"c=As'--_--*1 

ADVANCE 

OSF ~it=w1-I' - --W//#//##/##$!I//#;/#/#/##/!I//$//ff//////##/////$/;I'$;/$//!$;/#/##$;/h 
,~ I 

DO V,OH -~ OPEN -----c------- OPEN ---

~- ~I~ I 

TRiOE ~it=_- -~///////////////////////////////////////#/////////////////////////////////////////$//////////////~ 
~I I ISTH 

-- I-.J:SAC I--!SAC 

-I IrSOH 
- IrSOH 

soa ~IOH-=::::x PRGM STOP It A 1256 + AI ~ PRGM STOP 

· ::~II __ 'N_mE_21 ______ ~f)~, ___________ -+ __ Na_TE_2 __ 

-,I' 'ssaaoo I-~'-----------f 1--=--1 ,~ 
aSF ~gt===X SAMMSB~;f-~ (N_OT_E'-,---I ___________ ~~ 

IZ21 DON'T CARE 

Il88! UNDEFINED 

NOTE: 1, QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

MT42G256K16A1 
REV. 5/93 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. 
2. Programmable stop address or SAM half boundary (255 or 511). See the programmable split SAM functional 

description for detail. 

2-259 Micron Semiconductor, Inc., reserves the right to change products or specifica1ions without notice 
©1993, Micron Semiconductor, Inc. 

-< 
::D 
l> 
3: 



-< 
lJ 
l> s: 

--f 

MASKED WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL OUTPUT mode) 

tRe 
tRAS tRP 

tCSH 

I 'RSH 

'CAP tRCD tCAS J 

Y / 
I t tAR I 

I tRAL I ~ I I 
I leAH I 

ADVANCE 

I 

\ 

,~1 l __ tRAH 1~ __ ~A3E ~I 
--~ 

ADDR ~:r=~ ROW II ~ SAM START ~ff///##$;I#$$ff#ff$/###$$#$!/$###$$ff;/ 
-- I ~II~ I ::U%::~ ~:r~ b#$$/#/###ffff$!$ffff###/$ff$ff/#/ffff///#/JIffiW##ff/ff$a"/#$#/iJ 

I tFSR tRFH I 
DSF ~:r=_- -~###ffff/#$ffM$$#//@'$!##ff$#/#$#$#$/$aw/#$a"ffff$ffi 

_112F~~II~ I 
DQ ~:g~=~ MASKDATA ) OPEN OPEN ---

tTLS II tTLH I tesD I 

TRICE ~:r=~- -b///////////////////////////////////////////////////////////////I#ff/////////#/////##I///////~ 
~II I 'RBO 'se 

tSAS I --I 

I tSDD I 
NOTE 2 

'SOH 'SDZ I 

SDa ~:gr _ VALID Do~k VALID DOUT I ~ HtGH-Z 

I I I :::: 
SE ~:r-W$//$!#$$#$!//##$#/##$$#/#ffff$$/;/W~:::=~~=-N-OTE-t ----

I I ICOD 

---tRaD--~----J~ __ __ 
aSF ~gt _ NOTE 3 _ NOTE 3 

-------------------------------------
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. SE must be LOW to input new serial data, but the serial address register is 

MT42C256K16A1 
REV. 5/93 

incremented by SC regardless of SE. 
2. There must be no rising edges on the SC input during this time period. 
3. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. 

2-260 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



MASKED WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

(When part was previously in the SERIAL INPUT mode) 

tCSH 
I---------'~----;-'R-SH---I 

~ tRCD tCAS.! 

- VIH ---j,----*-----+----t\ I, / 
~~~ ~II' ¥I 

IRAQ ! I tRAL 

'RP 

ADVANCE 

I 

\'-------

~ ~I 'Ase I I~I 
ADDR ~:t=~ ROW ~ SAMST.RT W!I/I/I////////I///I////I/////////I////I//I////I/I/I//I//I/I////I//I//; 

I ~II~ I ::£:~ ~:t=wJd k$#$/$////##$$§#$M$/$J/##//$J/#$//$ff//M§$I/$$J$$ffi 
I 'FSR 'RFH I 

DSF ~:t=dd- -}//ff$/$ff///$/$##$#$$$//####$#$//##/M&#/f"$/$$J$ff,,'i 
~'QFF~II~ I 

~'~,:::J0! -"" I I ,," .. 

- ~~-""-II-""-klllllllff/'Wlfffflffffl/'WlffM;:lllfflffffllllffIIIIIJII$1fffffflfffffflfflfflffffiff/'\ 
~II I 
~ I 'SP 

NOTE 2 

SOQ ~lgr VALID DIN 

NOTE: 1. SE must be LOW to input new serial data, but the serial address register 

~ DON'T CARE 

~ UNDEFINED 

MT 42C256K lSA 1 
REV. 5/93 

is incremented by se regardless of SE. 
2. There must be no rising edges on the se input during this time period. 
3. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the upper SAM (bits 255-511) is being accessed. 

2-261 Micron Semiconductor, Inc., reselVes the right to change products or specifications without notice. 
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J 
IAR 

tRAD 

MASKED SPLIT WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

IRC 

tRAS 

tCSH 

IRSH 

II tRCD leAS 

II } / 

II 
I I I tRAL 

I~IJ 1 __ leAH 

ADVANCE 

I 
IRP I 

\ 

I~,,~I 
I 

ADDR ~:t:~ ROW ~ SAM START (B) W!/$§//§§//§§/////§§////§/$///§§§§////§//§/§////§$//4 

I~II~ I ME~EL ~:t:W1 }##/##$lI$;W#,J#//,J#$$/#/#$//$#$I,J#$,J/#/###$/#I$##//$~ 
MEumEU II~II~ I 

DSF ~:t:W/ V##/$lI//#//#///$#///§§§M'##/##//##/$/###$//$#####/,J#§##/#4 

bF~ IMH I 
DQ ~:gt= MASK OPEN OPEN ----

ITLS ITLH I 
miD< ~:t_- -1w/////////////////////§///////§/////§//////§/////////////////§////1///////////#////1!!//##4 

~I I ISTH 

~ PS-1 >@< PRGM STOP )@< 
(NOTE 2) 8(8+256) ~ 

_llsall_~ ______ ~~ ______ I_ISQD·I __ __ 

aSF ~gt:==::X SAMMSB~;f-~(NO_TE_') _______ ~X,--. __ NEW-=MSB,--_ 

~ DON'T CARE 

Il88l UNDEFINED 

NOTE: 1. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

MT42C256K10A1 
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QSF = 1 when the upper SAM (bits 256-511) is being accessed. 
2. Programmable stop address or SAM half boundary (255 or 511). See the programmable split SAM functional 

description for detail. 
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ADVANCE 

MIC:RON MT42C256K16A1 
1-· ",m" cw~" 256Kx 16 VRAM 

SAM SERIAL INPUT 

SE VIH-
VIL-

_____ -,--___ ...:...I' __ ts_w-,H ,---_'P1I' 
tsc tsc 

'it' tsws 'I 
tsc1 

tSWIH 

sc VIH-
VIL-

SOO 
VIH-
VIL-

SE VIH-
VIL-

sc VIH-
VIL-

SOO 
VOH-
VOL-

MT42C256K16A1 
REV.5J93 

SAM SERIAL OUTPUT 

tSEP 

~c '~------------~ts-c---------------------------

2-263 

A+3 

~ DON'T CARE 

~ UNDEFINED 

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

MIC:F=lON MT 42C256K16A 1 
1-· '''' 256Kx16VRAM 

MT42C256K16A1 
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VRAM 

FEATURES 
• Industry-standard pinout, timing and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 

(consult factory regarding 3.3V operation) 
• Fully TTL and CMOS compatible inputs and TTL 

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

and HIDDEN 
• 512-cycle refresh within 16.7ms 
• FAST-PAGE-MODE access 
• Upper and lower byte WE control 
• Dual-port organization: 256K x 16 DRAM port 

512 x 16 SAM port 
• No refresh required for serial access memory 
• Fast access times: 70ns random, 17ns serial 

60ns random, 15ns serial* 

SPECIAL FUNCTIONS 
• JEDEC Basic Feature Set, plus: 
• PERSISTENT MASKED WRITE 
• EIGHT COLUMN BLOCK WRITE (MASK) 
• MASKED FLASH WRITE 
• MASKED WRITE TRANSFER/SERIAL INPUT 
• MASKED SPLIT WRITE TRANSFER 
• PROGRAMMABLE SPLIT SAM 

OPTIONS MARKING 
• Timing (DRAM, SAM [cycle/access]) 

60ns, 18/15ns -6* 
70ns,20/17ns -7 
80ns, 22/20ns -8 

• Packages 
Plastic SOP (12 mm) SG 
PLASTIC TSOP (400mil) TG* 

• Part Number Example: MT42C256K16C1SG-7 

GENERAL DESCRIPTION 
The MT42C256K16C1 is a high-speed, dual-port CMOS 

dynamic random access memory, or video RAM (VRAM) 
containing 4,194,304 bits. These bits may be accessed by a 
16-bit-wide DRAM port or by a 512 x 16 bit serial access 
memory (SAM) port. Data may be transferred bidirection
ally between the DRAM and the SAM. 

MT42C256K16Cl 
REV. 5/93 

ADVANCE 

256K X 16 DRAM ;ii 
WITH 512 X16SAM:' 

2-265 

PIN ASSIGNMENT (Top View) 

64-Pin SOP (SDC-1) 

64 SC 
63 BE 

" v~ 

61 SOOt6 
60 0016 

" SOOlS 
58 0015 
57 V" 
56 SDQ14 

55 0014 
54 SOOt3 
53 0013 
52 V" 
51 SDQ12 

50 0012 
49 
48 0011 
47 V" 
46 SOQ10 
45 0010 
44 
43 009 
42 V" 
41 DSF 
40 NC 
39 CAs 
38 aSF 
37 AD 
36 
35 
34 A3 

33 V~ 

70-Pin TSOP* (SDE-4) 

v" sc 
WOE BE 

v" V" 
SOCl SOOlS 
Dal 0016 

SDQ2 SOO15 

0015 
y" V" 

SOO, SOQ14 
003 0014 

SOO4 SOQt3 
DOA 0013 
y" V" 

soas SOQ12 
DOO 0012 

SDas SD011 
NC 
NC 
NC NC 

DOO 0011 

V" y" 
SOQ7 SDQ10 

Da7 DQ10 
SDOS 

DOO 009 

", y" 
MEuWEL DSF 
MEUIWEU t!f. 

RAs 
AS aSF 
A7 AD 
AS A1 

A2 
A4 A3 

V" y" 

'Consult factory for availability. 

Micron Semiconductor, Inc., reserves the right to change products or specifications wtthout notice 
©1993, Micron Semiconductor, Inc. 

< 
:D » s: 



z m :e 
• < 

::rJ » :s: 

ADVANCE 

MIC:RON MT42C256K16C1 
1-· '" "H' 256K X 16 VRAM 

The DRAM portion of the VRAM is similar to standard 
256K x 16-bit DRAMs, with the addition of BLOCK 
WRITEand FLASH WRITE. Sixteen 512-bit data registers 
make up the serial access memory portion of the VRAM . 
Data I/O and internal data transfer are accomplished using 
three separate bidirectional data paths: the 16-bit random 
access I/O port, the 16 internal 512-bit-wide paths between 
the DRAM and the SAM, and the 16-bit serial I/O port for 
the SAM. The rest of the circuitry consists of the control, 
timing, and address decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 

addresses are executed at least every 16.7ms (regardless of 
sequence). Micron recommends evenly spaced refresh 
cycles for maximum data integrity. An internal transfer 
between the DRAM and the SAM counts as a refresh cycle. 
The SAM portion of the VRAM is fully static and does not 
require any refresh. 

The operation and control of the MT42C256Kl6C1 are 
optimized for high-performance graphics and communica
tion designs. The dual-port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial, parallel networking and data communica
tions. Special features such as SPLIT READ TRANSFER, 
extended data-out and BLOCK WRITE allow further en
hancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

MT42C25BK16C1 
REV. 5193 

....................................... -_ .............................................................................................................................................................. . 
COLUMN 

MASK 

001 

001. 

, , 

, , 
, , 

TIMING ::::::x::: 
GENERATOR ~ . ---CONTROL ~ MELlWEl 

LOGIC ~DSF --,-80 
L...-_.....I 

~~. __ ...r.n~s':" 
SDQ16 

L----O-_ .. 

SPUTSAM 
STATUS & CONTROl 

~IIIIIIIIII~~~~====~-------------------+: __ QSF 

.................................................................................... _oO ............................................ _ ........ _ .......................... _ ................ _ ................................ J 
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VRAM 

FEATURES 
• Industry-standard pinout, timing and functions 
• High-performance, CMOS silicon-gate process 
• Single +5V ±10% power supply 

(consult factory regarding 3.3V operation) 
• Fully TTL and CMOS compatible inputs and TTL 

compatible outputs 
• Refresh modes: RAS ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• 512-cycle refresh within 16.7ms 
• FAST-PAGE-MODE access 
• Upper and lower byte CAS control 
• Dual-port organization: 256K x 16 DRAM port 

512 x 16 SAM port 
• No refresh required for serial access memory 
• Fast access times: 70ns random, 17ns serial 

60ns random, 15ns serial* 

SPECIAL FUNCTIONS 
• JEDEC Basic Feature Set, plus: 
• PERSISTENT MASKED WRITE 
• EIGHT COLUMN BLOCK WRITE (MASK) 
• MASKED FLASH WRITE 
• MASKED WRITE TRANSFER/SERIAL INPUT 
• MASKED SPLIT WRITE TRANSFER 
• PROGRAMMABLE SPLIT SAM 

OPTIONS MARKING 
• Timing (DRAM, SAM [cycle/access]) 

60ns, 18/15ns -6* 
70ns,20/17ns -7 
8Ons,22/20ns -8 

• Packages 
Plastic SOP (12 mm) SG 
Plastic TSOP(400mil) TG* 

• Part Number Example: MT42C256K16C2SG-7 

GENERAL DESCRIPTION 
The MT42C256K16C2 is a high-speed, dual-port CMOS 

dynamic random access memory, or video RAM (VRAM) 
containing 4,194,304 bits. These bits may be accessed by a 
16-bit-wide DRAM port or by a 512 x 16 bit serial access 
memory (SAM) port. Data may be transferred bidirection
ally between the DRAM and the SAM. 

ADVANCE 

256Kx 16 DRAM ~ 
WITH 512 x16 SAM:' 

PIN ASSIGNMENT (Top View) 

64-Pin SOP (SDC-1) 

V~ 6. se 
"TR!OE 63 SE 

V" 62 V" 
SDQl 61 SD01S 

DQ1 60 0016 
SDQ2 5. SOQ1S 

002 5. OQ15 

Voo 57 V" 
SDOS " 50014 

DOO 55 0014 
SDQ.< 5. SOOlS 

DQ4 53 0013 

V" 52 V" 
soos 51 SOQ12 

DQ' 50 0012 
SOOS 49 SOOll 

DQ. 48 DQH 
V~ 47 V~ 

8DO? 46 SDQlO 
DQ7 45 DQ10 

SOOS 44 SDQ9 

oos 43 Doo 
V" 42 V" 

CAs[ 41 DSF 
MEIWE 40 Ne 

RAS 39 CASU 
38 QSF 

A7 37 AO 
A6 36 A1 

35 
A. 34 A3 
V~ 33 v" 

70-Pin TSOP* (SDE-4) 

v~ 70 se 
mOE 69 SE 

V" .. V" 
S001 67 SOQ1S 

001 66 0016 
8002 65 SOQIS 

D02 64 DQ1S 
VOO 63 V~ 

SDOO 62 80014 
DOO 61 OQ14 

SDQ4 60 6DQ13 

DQ4 59 0013 

V" 58 V" 
soos 57 SOQ12 

DOS 66 OQ12 

SDas 55 SOQll 
Ne 54 Ne 
Ne 53 Ne 
Ne 52 

DO. 51 OQ11 
V~ 50 V~ 

SOO7 49 8DQ10 
DQ7 48 0010 

SDQ8 47 SDQ9 
DQ8 46 DQ. 
V" 45 V" 

CAsL 44 DSF 

~ 43 !if... 
RAS 42 CASU 

AS 41 QSF 
A7 40 AO 
AS 39 A1 
AS 38 
A. 37 A3 
V~ 36 V" 

'Consult factory for availability. 
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The DRAM portion of the VRAM is similar to standard 
256K x 16-bit DRAMs, with the addition of BLOCK WRITE 
and FLASH WRITE. Sixteen 512-bit data registers make up 
the serial access memory portion of the VRAM. Data I/O 
and internal data transfer are accomplished using three 
separate bidirectional data paths: the 16-bit random access 
I/O port, the 16 internal 512-bit-wide paths between the 
DRAM and the SAM, and the 16-bit serial I/O port for the 
SAM. The rest of the circuitry consists of the control, timing, 
and address decoding logic. 

Each of the ports may be operated asynchronously and 
independently of the other except when data is being trans
ferred internally between them. As with all DRAMs, the 
VRAM must be refreshed to maintain data. The refresh 
cycles must be timed so that all 512 combinations of RAS 

ADVANCE 

addresses are executed at least every 16.7ms (regardless of 
sequence). Micron recommends evenly spaced refresh 
cycles for maximum data integrity. An internal transfer 
between the DRAM and the SAM counts as a refresh cycle . 
The SAM portion of the VRAM is fully static and does not 
require any refresh. 

The operation and control of the MT42C256K16C2 are 
optimized for high-performance graphics and communica
tion designs. The dual-port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial, parallel networking and data communica
tions. Special features such as SPLIT READ TRANSFER, 
extended data-out and BLOCK WRITE allow further en
hancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

AO-AS 

MT42C256K16C2 
REV. 5193 

.......................... __ ........................... _------ .................... _------ ............ __ .... _-----_ .... __ ......... _-------------_ ........ _------------ .. 

SPLIT SAM 

Da1 . . 
0016 

~- RAS 
TIMING .-6_ CASU 

GENERATOR ~_ CASL 
& ......0_ mOE 

CONTROL ~_ MEIWE 
LOGIC ~_ OSF 

~_sc 

L...-_-l 

- SDQl 

S0016 

'------<.-- SE 
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TRIPLE-PORT DRAM SELECTION GUIDE 

Memory Access Part Access Power Dissipation Package/Number of Pins 
Configuration Cycle Number Time (ns) Standby Active SOJ SOG TSOP PLCC Page 

256Kx 4 FP, BW, QSF pin MT43C4257 80, 100 15mW 500mW 40 - 40/44 - 3-1 

256Kx4 FP, BW, SSF pin MT43C4258 80, 100 15mW 500mW 40 - 40/44 - 3-1 

256Kx 4 FP, BW, QSF pin MT43C4257A 70,80 15mW 500mW 40 - 40/44 - 3-3 

256Kx 4 FP, BW, SSF pin MT43C4258A 70,80 15mW 500mW 40 - 40/44 - 3-3 

128K x 8 FP, BW, QSF pin MT43C8128 80, 100 15mW 550mW - - - 52 3-49 

128K x 8 FP, BW, SSF pin MT43C8129 80,100 15mW 550mW - - - 52 3-49 

128K x 8 FP, BW, QSF pin MT43C8128A 70,80 15mW 550mW - - - 52 3-51 

128K x 8 FP, BW, SSF pin MT43C8129A 70,80 15mW 550mW - - - 52 3-51 

256Kx 8 FP, BW MT 43C256K8A 1 60.70.80 15mW 400mW 
I 

64 
I 

-
I 

-
I 

3-97 , , I I I I 

FP = FAST-PAGE-MODE, BW = BLOCK WRITE 



(SUPERSEDED BY MT43C4257A18A) 

UIC:F=lON MT43C4257/8 
1-· ~'"'',","'m~''' 256K X 4 TRIPLE-PORT DRAM 

TRIPLE-PORT 
DRAM 
FEATURES 
• Three asynchronous, independent, data-access ports 
• Fast access times: 80ns random, 25ns serial 
• Operation and control compatible with 1 Meg VRAM 
• High-performance, CMOS silicon-gate process 
• Inputs and outputs are fully TTL compatible 
• Low power: 15mW standby; 500mW active, typical 
• 512-cycle refresh within 8ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST-PAGE-MODE access cycles 
• Two bidirectional serial access memories (SAMs) 
• Fully static SAM and Mask Register, no refresh 

required 
• 2,048-bit Bit Mask Register 
• SERIALMASKDATAINPUTmode 

SPECIAL FUNCTIONS 
• MASKED WRITE (Write-Per-Bit) 
• PERSISTENT MASKED WRITE 
• SPLIT READ and WRITE TRANSFERs 
• BLOCK WRITE 
• BIT MASKED TRANSFERs 

OPTIONS MARKING 
• Timing (DRAM, SAMs [cycle/access]) 

80ns,28ns/25ns - 8 
100ns,3Ons/27ns -10 

• Packages 
Plastic SOJ (400 mil) DJ 
Plastic TSOP (400 mil) TG 

• Functionality 
QSF output MT43C4257 
(indicates SAM-half accessed) 
SSF input MT43C4258 
(Split SAM special function, stop count) 

• Part Number Example: MT43C4257DJ-8 

GENERAL DESCRIPTION 
The MT43C4257/8 are high-speed, triple-port CMOS 

dynamic random access memories (TPDRAMs) containing 
1,048,576 bits. Data may be accessed by a 4-bit-wide DRAM 
port or by either of two independently clocked 512 x 4-bit 
serial access memory (SAM) ports. Data may be transferred 
bidirectionally between the DRAM and either SAM. 

MT43C4257/8 
REV. 5193 3-1 

256K x 4 DRAM WITH 
DUAL 512 x 4 SAMS 

PIN ASSIGNMENT (Top View) 

SCb 

SDQb1 

SOQb2 

TRM 

SCa 

SDQal 

SDQa2 

WCE 
DQ1 

DQ2 

Vrx; 

MEiWE 
STS 

RAS 

DSF2 

AS 

A6 

A5 

A4 

Vcc 

40-Pin SOJ 
(8DB-3) 

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 

SDQb4 

SDQb3 

SEb 
MKD 

SDQa4 

SDQa3 

SEa 
DO< 
DQ3 

Vss 

DSF1 

QSFblSSFb~ 

CAS 

QSFalS$Fa* 

AO 

A1 

A2 

A3 

A7 

40/44-Pin TSOP** 
(8DE-2) 

SCb 
SOQb1 
SOQb2 

TRM 
SC. 

SOQa1 
so"", 
TRiCE 

DQ1 

DQ2 

Yoc 
MEIWE 

STS 
RAs 

DSF2 
A8 
At; 

Af5 
A4 

Yoc 

"MT 43C4257/MT 43C4258 
"Consull factory for TSOP availability. 

Y" 
SDQb4 
SDQb3 

SEb 
MKD 
SDQa4 

SOQaS 
SEa 
004 
DQS 

y" 
DSF1 
QSFblSSFb* 
CAs 
QSFalSSFa" 
NJ 
A1 

" AS 
A7 

The DRAM portion of the TPDRAM is functionally iden
tical to the MT4C4256 (256K x 4 DRAM). Eight 512-bit data 
registers make up the serial access memory portions of the 
TPDRAM. Data I/O and internal data transfer are accom
plished using five separate bidirectional data paths; the 
4-bit random access I/O port, the pair of internaI2,048-bit-

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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(SUPERSEDED BY MT43C4257A18A) 

UU::RCN MT43C4257/8 
1-· """co","n""" 256K X 4 TRIPLE-PORT DRAM 

wide paths between the DRAM and the SAMs, and the pair 
of 4-bit serial I/O ports for the SAMs, The rest of the 
circuitry consists of the control, timing and address decod
ing logic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2,048 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 512 x 4-bit bit mask data register 
can be parallel loaded from the DRAM or either SAM, or 
serial loaded through the MKD serial input. 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 

512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require refresh. 

The operation and control of the MT43C4257/8 are 
optimized for high performance graphics and communica
tion designs. The triple-port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial/parallel networking and data communica
tions. Special features such as SPLIT READ TRANSFER, 
BIT MASKED TRANSFERs and BLOCK WRITE allow fur
ther enhancements to system performance. 

FUNCTiONAL BLOCK DiAGRAM 

MT43C4257/8 
REV. 5193 

-----------------------------------------------------.- ---------------------------------------- - - - - - - - - - -------
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PRELIMINARY 

MIC:RON MT43C4257 Al8A 
1-· """",,"om,,,, 256K X 4 TRIPLE-PORT DRAM 

TRIPLE-PORT 
DRAM 
FEATURES 
• Three asynchronous, independent, data-access ports 
• Fast access times: 70ns random, 22ns serial 
• Operation and control compatible with 1 Meg VRAM 
• High-performance, CMOS silicon-gate process 
• Inputs and outputs are fully TTL compatible 
• Low power: 15m W standby; 500m W active, typical 
• 512-cycle refresh within 16.7ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST-PAGE-MODE access cycles 
• Two bidirectional serial access memories (SAMs) 
• Fully static SAM and Mask Register, no refresh 

required 
• 2,04S-bit Bit Mask Register 
• SERIAL MASK DATA INPUT mode 

SPECIAL FUNCTIONS 
• MASKED WRITE (Write-Per-Bit) 
• PERSISTENT MASKED WRITE 
• SPLIT READ and WRITE TRANSFERs 
• BLOCK WRITE 
• BIT MASKED TRANSFERs 

OPTIONS MARKING 
• Timing (DRAM, SAMs [read cycle/write cycleD 

70ns, 22ns/20ns -7 
SOns, 25ns/2Ons -S 

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

• Functionality 

DJ 
TG 

QSF output MT43C4257 A 
(indicates SAM-half accessed) 
SSF input MT43C425SA 
(Split SAM special function, stop count) 

• Part Number Example: MT43C4257 ADJ-7 

GENERAL DESCRIPTION 
The MT43C4257 A/SA are high-speed, triple-port CMOS 

dynamic random access memories (TPDRAMs) containing 
1,04S,576 bits. Data may be accessed by a 4-bit-wide DRAM 
port or by either of two independently clocked 512 x 4-bit 
serial access memory (SAM) ports. Data may be transferred 
bidirectionally between the DRAM and either SAM. 

MT 43C4257 A18A 
REV. 5193 3-3 

256K x 4 DRAM WITH 
DUAL 512 x 4 SAMS 

PIN ASSIGNMENT (Top View) 

SCb 

40-Pin SOJ 
(SDB-3) 

1 40 Vss 

SOQb1 2 39 P SDOb4 
SOQb2 3 38 SOQb3 

TRM 4 37 SEb 
SCa 5 36 MKD 

SDQa1 6 35 SDQa4 

SOQa2 34 SOQa3 

TRIBE 33 SEa 
D01 9 32 D04 
D02 10 31 D03 
Vee 11 30 Vss 

M8WE 12 29 DSF1 

STS 13 28 QSFb/SSFb* 

RAS 14 27 CAS 
DSF2 15 26 QSFaiSSFa* 

AS 16 25 AO 
A6 17 24 A1 
A5 18 23 A2 

A4 19 22 A3 
Vee 20 21 A7 

40/44-Pin TSOP** 
(SDE-2) 

seb 
SDQb1 

SDQb2 

TRM 

se, 
SDQai 
SD0a2 
mOE 

DQ1 

v~ 

MEIWE 
g§ 

DSF2 

A6 

A5 

V~ 

'MT43C4257A1MT43C4258A 
"Consult factory for TSOP availability. 

v~ 

SDQb4 

SDObS 

SEb 

SDQa4 

SDQa3 

SEa 
DQ4 

V~ 

DSFI 
~blSSFb' 

CAS 

QSFa}SSFa* 

A1 

A2 

The DRAM portion of the TPDRAM is functionally iden
tical to the MT4C4256 (256K x 4 DRAM). Eight 512-bit data 
registers make up the serial access memory portions of the 
TPDRAM. Data I/O and internal data transfer are accom
plished using five separate bidirectional data paths; the 
4-bit random access I/O port, the pair of internaI2,04S-bit-

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

MIC:RON MT43C4257 AlBA 
1-· ",,,,,","cwe',, 256K x 4 TRIPLE-PORT DRAM 

wide paths between the DRAM and the SAMs, and the pair 
of 4-bit serial I/O ports for the SAMs. The rest of the 
circuitry consists of the control, timing and address decod
inglogic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2,048 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 512 x 4-bit bit mask data register 
may be parallel loaded from the DRAM or either SAM, or 
serial loaded through the MKD serial input. 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 

512 combinations of RAS addresses are executed at least 
every 16.7ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require refresh. 

The operation and control of the MT43C4257 A/8A are 
optimized for high-performance graphics and communica
tion designs. The triple-port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, serial/parallel networking and data communica
tions. Special features such as SPLIT READ TRANSFER, 
BIT MASKED TRANSFERs and BLOCK WRITE allow fur
ther enhancements to system performance. 

FUNCTiONAL BLOCK DiAGRAM 

MT43C4257A18A 
REV. 5/93 3-4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C4257A18A 
1-· "'''',""o,m<", 256K X 4 TRIPLE-PORT DRAM 

PIN DESCRIPTIONS 

SOJ PIN 
NUMBERS 

5 

1 

8 

12 

33 

37 

29 

15 

14 

27 

MT 43C4257 AlBA 
REV. 5/93 

TSOP PIN 
NUMBERS 

5 

1 

8 

14 

37 

41 

31 

17 

16 

29 

SYMBOL 

SCa 

SCb 

TRiOE 

MEIWE 

SEa 

SEb 

DSF1 

DSF2 

RAS 

CAS 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

DESCRIPTION 

Serial Clock, SAMa: Clock input to the serial address counter 
for the SAMa registers and strobe for SAM a control and data 
inputs. 

Serial Clock, SAMb: Clock input to the serial address counter 
for the SAMb registers and strobe for SAMb control and data 
inputs. 

Transfer Enable: Enables an internal TRANSFER operation at 
the falling edge of RAS, or 

Output Enable: Enables the DRAM output buffers when taken 
LOW after RAS goes LOW (CAS must also be LOW); otherwise, 
the output buffers are in a High-Z state. 

Mask Enable: If MElWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 

Write Enable: MEIWE is also used to select a READ (MEIWE = 
H) or WRITE (MEIWE = L) cycle when accessing the DRAM. 
This includes a READ TRANSFER (MEIWE = H) or WRITE 
TRANSFER (MEIWE = L). 

Serial Port Enable SAMa: SEa enables Port A serial 1/0 buffers 
and allows a serial READ or WRITE operation to occur; 
otherwise, the output buffers are in a High-Z state. SEa is also 
used during a TRANSFER operation to indicate whether a 
WRITE TRANSFER or a SERIAL-INPUT-MODE ENABLE 
(PSEUDO WRITE TRANSFER) cycle is performed. 

Serial Port Enable, SAMb: SEb enables Port B serial 1/0 buffers 
and allows a serial READ or WRITE operation to occur; 
otherwise, the output buffers are in a High-Z state. SEb is also 
used during a TRANSFER operation to indicate whether a 
WRITE TRANSFER or a SERIAL-IN PUT-MODE ENABLE 
(PSEUDO WRITE TRANSFER) cycle is performed. 

Special Function (Control) 1: DSF1 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. See the Functional Truth Table for a detailed description. 

Special Function (Control) 2: DSF2 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. See the Functional Truth Table for a detailed description. 

Row Address Strobe: RAS is used to clock-in the 9 row-address 
bits and strobe the control and data inputs. 

Column Address Strobe: CAS is used to clock-in the 9 column-
address bits, enable the DRAM output buffers (along with 
TR/OE), and strobe control inputs and data inputs. 

3-5 Micron Semk;onduclor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C4257A/8A 
1-· ,,,,,,,",,cm,,,, 256K X 4 TRIPLE-PORT DRAM 

PIN DESCRIPTIONS (continued) 

SOJ PIN 
NUMBERS 

25,24,23, 
22,19,18, 
17,21,16 

13 

36 

4 

9,10,31,32 

6,7,34,35 

2,3,38,39 

26 

28 

11,20 

30,40 

MT 43C4257 AlBA 
REV. 5193 

TSOP PIN 
NUMBERS SYMBOL 

27,26,25, AO-A8 
24,21,20, 
19,23,18 

15 STS 

40 MKD 

4 TRM 

9,10,35,36 DQ1-DQ4 

6,7,38,39 SOQa1-S0Qa4 

2,3,42,43 SOQb1-S0Qb4 

28 QSFaiSSFa 

30 QSFb/SSFb 

13,22 Vee 

32,44 Vss 

TYPE 

Input 

Input 

Input 

Input 

InpuV 
Output 

InpuV 
Output 

InpuV 
Output 

Output 

Input 

Output 

Input 

Supply 

Supply 

DESCRIPTION 

Address Inputs: For DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 4-bit 
word out of the 256K available. During TRANSFER operations, 
AO to A8 indicate the DRAM row being accessed (when RAS 
goes LOW) and the SAM start address (when CAS goes LOW). 

SAM Transfer Select: The state of STS at RAS time determines 
which SAM is involved in a transfer (SAMa = LOW, SAMb = 
HIGH). 

Mask Data Input: MKD is used during BIT MASK REGISTER 
LOAD cycles to enable or disable the serial mask input mode 
(SMI). If SMI is enabled (MKD = HIGH at RAS), then MKD is 
used as mask data input and is clocked by SCb into the mask 
data register. 

Transfer Mask Select: TRM is used to select between NORMAL 
TRANSFER cycles and BIT MASKED TRANSFER or BIT 
MASK REGISTER LOAD cycles. 

DRAM Data 1/0: Data inputs and outputs for the DRAM memory 
array; inputs for the MASK and COLOR REGISTER load 
cycles; address mask inputs for BLOCK WRITE cyeles. 

Serial Data 1/0, SAMa: Input, Output, or High-Z. 

Serial Data 1/0, SAMb: Input, Output, or High-Z. 

Split SAM Status, SAMa (MT43C4257A): QSFa indicates which 
half of SAMa is being accessed (Lower = LOW, Upper = HIGH). 

Split SAM Special Function, SAM a (MT43C4258A): SSFa = 
HIGH stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFa is 
synchronized with SCa. 

Split SAM Status, SAMb (MT43C4257A): QSFb indicates which 
half of SAMb is being accessed (Lower = LOW, Upper = HIGH). 

Split SAM Special Function, SAMb (MT43C4258A): SSFb = 
HIGH stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFb is 
synchronized with SCb. 

Power Supply: +5V ±5% 

Ground 

3-6 Micron Semiconductor, Inc., reselV9S the righllo change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT43C4257A18A 
1-· "',"cc'"ccw,,'''' 256K X 4 TRIPLE-PORT DRAM 

FUNCTIONAL DESCRIPTION 
The MT43C4257 A/SA may be divided into four func

tional blocks: the DRAM and its special functions, the bit 
mask register (BMR), the two serial access memories (SAMs), 
and the DRAM/SAM/BMR transfer circuitry. All the op
erations described below are also shown in the AC Timing 
Diagrams section of this data sheet and are summarized in 
the Functional Truth Table. 

Note: For dual function pins, the junction that is not being 
discussed will be surrounded by parentheses. For 
example, the TR/OE pin will be shown as TR/( OE) in 
references to transfer operations. 

DRAM OPERATION 
This section describes the operation of the random access 

port and the special functions associated with the DRAM. 

DRAM REFRESH (ROR, CBR, and HR) 
Like any DRAM-based memory, the MT43C4257A/SA 

TPDRAM must be refreshed to retain data. All 512 row
address combinations must be accessed within 16.7ms. The 
MT43C4257 A/SA support CBR, RAS ONLY and HIDDEN 
types of refresh cycles. 

For the CBR REFRESH cycle, the row-addresses are 
generated and stored in an internal address counter. The 
user need not supply any address data but must simply 
perform 512 CBR cycles within the 16.7ms time period. 

For RAS-ONL Y REFRESH cycles, the refresh address 
must be generated externally and applied to the AO-AS 
inputs. The DQ pins remain in a High-Z state for both the 
RAS-ONL Y and CBR cycles. 

HIDDEN REFRESH (HR) cycles are performed by tog
gling RAS (while keeping CAS LOW) after a READ or 
WRITE cycle. This performs CBR REFRESH cycles but does 
not disturb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
and BMR portions of the MT43C4257 A/SA are fully static 
and do not require any refreshing. 

DRAM READ AND WRITE CYCLES (RW) 
The DRAM portion of the TPDRAM is nearly identical to 

standard 256K x 4 DRAMs. However, because several ofthe 
DRAM control pins are used for additional functions on 
this device, several conditions that were undefined or "don't 
care" states for the DRAM are specified for the TPDRAM. 

MT43C4257A18A 
REV.5J93 3-7 

These conditions are highlighted in the following discus-
sion. In addition, the TPDRAM has several special func- Z 
tions that may be used when writing to the DRAM. 

The IS address bits used to select a 4-bit word from the m 
262,144 available are latched into the chip using the AO-AS, ~ 
RAS, and CAS inputs. First, the 9 row-address bits are setup < 
on the address inputs and clocked into the part when RAS • 
transitions from HIGH to LOW. Next, the 9 column-ad-
dress bits are set up on the address inputs and clocked-in 
when CAS goes from HIGH to LOW. ..... 

Note: RAS also acts as a "master" chip enable for the 2:! 
TPDRAM.lfRASisinactive,HIGH,allotherDRAM '"tJ 
controipins(CAS, TR/OE,ME/WE,etc.)area "don't I 
care" and may change state without effect. No DRAM m 
or TRANSFER cycles will be initiated without RAS I 

falling. '"tJ 
For single-port DRAMS, the OE pin is a "don't care" 

when RAS goes LOW. For the TPDRAM, TR/ (OE) is used 
whenRASgoes LOW to select between DRAM and TRANS
FER cycles. TR/ (OE) must be HIGH at the RAS HIGH to 
LOW transition for all DRAM operations. 

If (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQ1-DQ4 port. The (TR)/ 
OE input must transition from HIGH to LOW some time 
after RAS falls to enable the DRAM output port. 

For single-port DRAMs, WE is a" don't care" when RAS 
goes LOW. For the TPDRAM, ME/(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
or a normal WRITE cycle. If ME/ (WE) is LOW at the RAS 
HIGH-to-LOW transition, a MASKED WRITE operation is 
selected. For anyTPDRAMnon-maskedaccess cycle (READ 
or WRITE), ME/ (WE) must be HIGH at the RAS HIGH-to
LOW transition. If (ME) /WE is LOW when CAS goes LOW, 
a DRAM WRITE operation is performed and the data 
present on the DQI-DQ4 data port will be written into the 
selected memory cells. 

The TPDRAM can perform all the normal DRAM cycles: 
READ, EARLY-WRITE, LATE-WRITE, READ-MODIFY
WRITE, FAST-PAGE-MODE READ, FAST-PAGE-MODE 
WRlTE,andFAST-PAGE-MODEREAD-MODIFY-WRITE. 
Refer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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PRELIMINARY 

MICRON MT43C4257 AlBA 
1-· ",,,,,","n,,,,, 256K x 4 TRIPLE-PORT DRAM 

1- NONPERSISTENT MASKED WRITE -1- NONPERSISTENT MASKED WRITE -I 
RAS~ / \ ;-

CAS \ / \'----~;-

MElWE \ !lllllA I/I/I///!/& fllll& //!1//1//;2 

DSF1 \ fllll& $l1/1//I//A!lllllA I!I/I////~ 

DSF2 \ 
STORED LOAD LOAD STORED STORED LOAD LOAD STORED 

DATA MASK DATA DATA DATA MASK DATA DATA ; 0 

0 

1 1 .-----3>-

~ 0 X 

0 X 
1-----3>-

~-----3>- ~1 ~o 
X 0 0 

1·-----3>- 1 0 

BEFORE AFTER BEFORE AFTER 

ADDRESS 0 -----------.. .~----------- ADDRESS 1 

0= LOW 

1 =HIGH 

X = NOT EFFECTIVE (DON'T CARE) 

~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 

NONPERSISTENT MASKED WRITE (RWNM) 
The MASKED WRITE feature eliminates the need to do a 

READ-MODIFY -WRITE cycle when changing only certain 
bits within a 4-bit word. The MT43C4257 A/ SA support two 
types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

If ME/(WE), DSFI and DSF2 are LOW at the RAS 
HIGH- to-LOW transition, the data (mask data) present on 
the DQI-DQ4 inputs will be written into the mask data 
register. The mask data acts as an individual write enable 
for each of the four DQI-DQ4 pins. If a LOW (logic 0) is 
written to a mask data register bit, the input port for that bit 
is disabled during the subsequent WRITE operation and no 
new data will be written to that DRAM cell location. A 
HIGH (logic 1) on a mask data register bit enables the input 
port and allows normal WRITE operations to proceed. This 
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convention is used for all masks on the MT43C4257 A/SA. 
Note that CAS is still HIGH. When CAS or (ME)/WE go 
LOW, the bits present on the DQI-DQ4 inputs will be 
written to the DRAM (if the mask data bit was HIGH) or 
ignored (if the mask data bit was LOW). The DRAM con
tents that correspond to the masked bits will not be changed 
during the WRITE cycle. When using NONPERSISTENT 
MASKED WRITE, the data present on the DQ inputs is 
loaded into the mask data register at every falling edge of 
RAS. FAST-PAGE-MODE can be used in tandem with 
NONPERSISTENT MASKED WRITE to write several col
umn locations using the same mask during one RAS cycle. 
An example of NONPERSISTENT MASKED WRITE cycle 
is shown in Figure 1. 
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Figure 2 
PERSISTENT MASKED WRITE EXAMPLE 

PERSISTENT MASKED WRITE (RWOM) 
The PERSISTENT MASKED WRITE feature eliminates 

the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME/ (WE) 
and DSF1 HIGH, and DSF2 LOW, when RAS goes LOW. 
The mask data is loaded into the internal register when 
CAS goes LOW, provided DSF1 is LOW (see the LOAD 
MASK REGISTER description). PERSISTENT MASKED 
WRITE cycles may then be performed by taking ME/ (WE) 
and DSF2 LOW, and DSF1 HIGH when RAS goes LOW. 
The contents of the mask data register will then be used as 
the mask data for the DRAM inputs. 

Unlike the NONPERSISTENT MASKED WRITE cycle, 
the data present at the DQ inputs is not loaded into the mask 
register when RAS falls. Another PERSISTENT MASKED 
WRITE cycle may be performed without reloading the 
register. Figure 2 shows the LOAD MASK REGISTER and 
PERSISTENT MASKED WRITE cycle operations. The LOAD 
MASK REGISTER and PERSISTENT MASKED WRITE 
cycles allow systems that cannot output data at RAS time to 
perform MASKED WRITE cycles. PERSISTENT MASKED 
WRITE can also operate in FAST-PAGE-MODE. 

MT43C4257A18A 
REV. 5/93 3-9 

BLOCK WRITE (BW) 
The MT43C4257A/8A will perform a BLOCK WRITE 

cycle if DSF1 is HIGH when CAS goes LOW. In BLOCK 
WRITE cycles, the contents of the color register (instead of 
the DQ inputs) are directly written to four adjacent column 
locations (see Figure 3). A total of 16 bits will be written 
simultaneously, improving the normal DRAM fill rate by 
four times. The color register must be loaded prior to 
beginning BLOCK WRITE cycles (see LOAD COLOR 
REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" (out of the 128 possible) of 
four adjacent column locations that will be accessed. When 
the latter of ME/WE and CAS go LOW, the DQ inputs are 
latched and used to determine which of the four column 
locations will be written. DQ1 acts as a write enable for 
column location AO = 0, Al = 0; DQ2 controls column 
locationAO= 1,Al =0; DQ3controlsAO =O,Al = l;and DQ4 
controls AO = 1, Al = 1. The write enable controls are active 
HIGH; the WRITE function is enabled by a logic 1 and 
disabled by a logic O. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 
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Figure 3 

COLOR REGISTER 
(must be previously loaded) 

BLOCK WRITE EXAMPLE 

register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 
The DQ mask is not used in this mode. 

NONPERSISTENT MASKED BLOCK WRITE (BWNM) 
The MASKED WRITE functions may be used during 

BLOCK WRITE cycles also. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NONPER
SISTENT MASKED WRITE except the mask is now applied 
to four column locations instead of just one column location. 

Like NONPERSISTENT MASKED WRITE, the combina
tion of ME/(WE) LOW and DSFI LOW when RAS goes 
LOW, initiates a NONPERSISTENT MASK cycle. The DSF 
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pin must be driven HIGH when CAS goes LOW to perform 
a NONPERSISTENT MASKED BLOCK WRITE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the four column locations 
may be masked. 

PERSISTENT MASKED BLOCK WRITE (BWOM) 
This cycle is also performed exactly like the normal 

PERSISTENT MASKED WRITE except that DSFI is HIGH 
when CAS goes LOW to indicate the BLOCK WRITE func
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

DRAM REGISTER OPERA TrONS 
The MT43C4257 A/8A contain two 4-bit registers that are 

used as data registers for special functions. This section 
describes how to load these registers. 

LOAD MASK REGISTER (LMR) 
The LOAD MASK REGISTER operation and timing are 

identical to a normal WRITE cycle except that DSFI is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combination ofTR/(OE),ME/(WE),and DSFI being HIGH 
when RAS goes LOW indicates the cycle is a REGISTER 
load cycle. DSFI is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data register will not be changed unless NON
PERSISTENT MASKED WRITE LOAD MASK 
REGISTER cycles are performed. 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable WRITEs to the 
four DQ planes. 

LOAD COLOR REGISTER (LCR) 
A LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except DSFI is HIGH when 
CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 

Micron Semiconductor, Inc., reserves the nghl to change products or specifications without notice. 
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TRANSFER OPERATIONS 
This section describes transfer operations between the 

DRAM and either SAM. The direction of the transfer is 
specified with respect to the DRAM portion of the device. A 
WRITE is referenced to the DRAM array and a READ is 
referenced from the array. 

Note: The three ports of the TPDRAM are independent of 
and asynchronous to, one another. Any or all of the 
ports may be accessed simultaneously at the maxi
mum allowable frequencies. The only time the ports 
are synchronized is during transfers to or from the 
DRAM and SAM portions of the device. A transfer 
involving a SAM does not affect access from the other 
SAM port. Both SAMs may be accessed during a 
DRAM/BMR transfer operation or any other DRAM 
access cycle other than a SAM transfer. 

TRANSFER operations are initiated when TR/(OE) is 
LOW at the falling edge of RAS. The state of STS when 
RAS goes LOW indicates which SAM the TRANSFER will 
address. The state of (ME) /WE when RAS goes LOW indi
cates the direction of the TRANSFER. At the same time, 
DSFI is used to select between normal TRANSFER cycles 
and SPLIT TRANSFER cycles and DSF2 is used to select 
between normal TRANSFER cycles and MASKED TRANS
FER cycles. A TRANSFER cycle can be performed without 
dropping CAS. In this case, the previously loaded Tap 
address will be used. 

The MT43C4257 A/8A include a feature called BIT 
MASKED TRANSFER, which uses a third 2,048-bit data 
register to individually mask every bit involved in a trans
fer operation. The BIT MASKED TRANSFER may be ap
plied to either READ or WRITE TRANSFERs. The TRM pin 
is used to select between NORMAL and BIT MASKED 
TRANSFER (or BIT MASK REGISTER LOAD) cycles. The 
type of transfer operation is always selected on the falling 
edgeofRAS. 

NORMAL TRANSFERS 
The MT43C4257 A/8A support all of the popular transfer 

cycles available on Micron's 1 Meg Video RAMs. Each of 
these is described in the following section. 

READ TRANSFER (RT) 
A READ TRANSFER cycle is selected if (ME) /WE is 

HIGH, DSFl, DSF2 and TR/ (OE) are LOW when RAS goes 
LOW. When RAS goes LOW, the READ TRANSFER is to 
SAMa if STS = LOW, or to SAMb if STS = HIGH. The row
address bits indicate the four 512-bit DRAM rows that are 
to be transferred to the four SAM data registers. The col
umn-address bits indicate the start address (or Tap point) of 
the next serial output cycle from the designated SAM data 
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registers. QSF indicates the SAM half being accessed: LOW 
if the lower half, HIGH if the upper half. Performing a 
READ TRANSFER cycle sets the direction of the selected 
SAM's I/O buffers to the output mode. 

To complete a REAL-TIME READ-TRANSFER, TR/ (OE) 
is taken HIGH while RAS and CAS are LOW. In order to 
synchronize the REAL-TIME READ TRANSFER to the 
serial clock, the rising edge of TR/ (OE) must occur between 
the rising edges of successive clocks on the SC input (refer 
to the AC timing diagrams). A "regular" READ TRANSFER 
is not sychronized with the SC pin of the addressed SAM. 
This type of RT is performed when TR/ (OE) is taken HIGH 
"early," without regard to the falling edge of CAS. The 
transfer will be completed internally by the device. The first 
serial clock must meet the tRSD and tCSD delays (see READ 
TRANSFER AC timing diagram). The 2,048 bits of DRAM 
data are then written into the SAM data registers, and the 
selected SAM's Tap address that was stored in the internal, 
9-bitTap address register is loaded into the address counter. 
If SE for the SAM selected (SEa for SAMa) is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the next SC clock pulse. SE enables the serial outputs, 
and may be either HIGH or LOW during this operation. 

SPLIT READ TRANSFER (SRT) 
The SPLIT READ TRANSFER cycle eliminates the critical 

transfer timing required to maintain a continuous serial 
output data stream (the "full" READ TRANSFER cycle has 
to occur immediately after the final bit of "old data," and 
before the first bit of "new data" is clocked out of the SAM 
port). 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data, and 
need not be svnchronized with the SC clock. 

The TR/ (OE) timing is relaxed for SRT cycles. The rising 
edge of TR/(OE) is not used to complete the TRANSFER 
cycle, and therefore is independent of the rising edges of 
RAS and CAS. The transfer timing is generated internally 
for SPLIT TRANSFER cycles. 

SPLIT TRANSFERs do not change the SAM I/O direc
tion. A normal (non-split) READ TRANSFER cycle must 
precede any sequence of SRT cycles to put the SAM I/ 0 in 
the output mode and provide the initial SAM Tap address 
(which half). Then an SRT can be initiated by taking DSFI 
HIGH and selecting the desired SAM (using STS) when 
RAS goes LOW during the TRANSFER cycle. As in non
split transfers, the row address is used to specify the DRAM 
row to be transferred. When an SRT cycle is initiated, the 
half of the SAM not actively being accessed will be the half 
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that receives the transfer. When CAS falls, address pins AO
A7determinetheTapaddressfortheSAM-halfselected;A8 
= "don't care." If CAS does not fall, the previously loaded 
Tap address will be reused and the TRANSFER will be to 
the idle half. 

LOW (indicating that row-1 data is shifting out the lower 
SAM) and then transfer the upper half of row 1 to the upper 
SAM. CAS is used to load the Tap address. If CAS does not 
fall, the last Tap address load for the addressed SAM will 
be reused. 

Figure 4 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is first performed, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional and need only be done if 
the Tap for the upper half ~ O. For the MT43C4257 A, serial 
access continues,and when the SAM address counterreaches 
255 ("A8" = 1,AO-A7 =0), theQSF output for that SAM goes 
HIGH. Then the Tap address for the upper half is automati
cally loaded. Since the serial access has switched to the 
upper half of the SAM, new data may be transferred to the 
lower half. This sequence of waiting for the state of QSF to 
change and then transferring new data to the SAM half that 
is not being accessed may now be repeated. For example, 
the next step in Figure 4 would be to wait until QSF went 

The split SAM operation is slightly different for the 
MT43C4258A. Instead of having a QSF, this device has a 
Split SAM Special Function (SSF) input. With this input the 
serial access may be switched at will from one half of the 
SAM to the other. In other words, the address count may be 
stopped on the current half and the Tap address of the next 
half may be loaded, without waiting for the maximum 
address count of the current half (255; lower, 511; upper). If 
no SSF pulse is applied, the Tap address of the next half will 
be automatically loaded when the maximum count of the 
current Si\l\1-half is reached. QSF = 0 .... vhcn the Lovv"erSA}v1 
(bits 0-255) is being accessed. QSF = 1 when the Upper SAM 
(bits 256-511) is being accessed. 
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WRITE TRANSFER (WT) 
The operation of the WRITE TRANSFER is identical to the 

READ TRANSFER described previously, except (ME) /WE 
and SE must be LOW when RAS goes LOW. The DSF2 input 
is used to select between the WT and DQ MASKED WRITE 
TRANSFER cycles, and must be LOW for the WT cycle. The 
STSpinis also taken LOW or HIGH to selectSAMaorSAMb, 
respectively, when RAS goes LOW. The row address indi
cates the DRAM row to which the SAM data register will be 
written, and the Tap address indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
QSF indicates the SAM half being accessed; LOW if the 
lower half, HIGH ifthe upper half. Performing a WI sets the 
direction of the SAM I/ a buffers to the input mode. 

PSEUDO WRITE TRANSFER (PWT) 
The PSEUDO WRITE TRANSFER cycle may be used to 

change the direction of a SAM port from output to input 
without disturbing the DRAM data in the selected row. A 
PSEUDO WRITE TRANSFER cycle is a WRITE TRANSFER 
cycle with theSE of the appropriate SAM held HIGH instead 
of LOW. The addressed row will be refreshed. A DQ 
MASKED WRITE TRANSFER (with all bits masked) is an 
alternate method for changing the direction of the SAM port 
without disturbing the addressed row data. 

DQ MASKED WRITE TRANSFER (MWT) 
The data being transferred from either SAM to the DRAM 

may be masked by performing a DQ MASKED WRITE 
TRANSFER cycle. The transfer of data may be selectively 
enabled for each of the four DQ planes (see Figure 5). The 
MWT cycle is identical to the WRITE TRANSFER cycle 
except DSF2 is HIGH and mask data must be on the DQ 
inputs at the falling edge of RAS. 

The complete SAM register will be transferred to the 
selected row in each DQ plane if the mask data input is 
HIGH, and the SAM register will not be transferred if the 
mask data input for that DQ plane is LOW. DRAM data is 
not disturbed in masked DQ planes. 

DQ MASKED SPLIT WRITE TRANSFER (MSWT) 
The DQ MASKED SPLIT WRITE TRANSFER feature 

makes it possible to input and transfer uninterrupted bit 
streams. Figure 6 shows a typical initiation sequence for 
SWIcycles. 

Like the SRT, the DQ MASKED SPLIT WRITE TRANS
FER cycle does not change the state of the SAM I/O 
buffers. A normal, DQ MASKED or PSEUDO WRITE 
TRANSFER cycle is required to set the Tap address and set 
the SAM I/O direction to input mode. 

After the WT, an MSWT is performed to enter the split 
SAM operating mode. This sets the Tap for the next half of 
the SAM. The addressed half of the SAM is immediately 

MT 43G4257 AlBA 
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Figure 5 
DO MASKED WRITE TRANSFER 

transferred to the first destination row. This half of the SAM 
may not yet contain valid data. However, another MSWT to 
the same row will normally occur after this is loaded, so the 
initial invalid data will be overwritten. Another approach 
would be to initiate an MSWT addressed to any DRAM 
row, but mask (disable) all four of the DQ planes. This 
method can be used to initiate the MSWT sequence without 
disturbing any DRAM data. The MSWT to the upper half is 
optional, it is only needed if the Tap for the upper half 
is oF O. 

Write mask data must be supplied to the DQ inputs 
during every MSWI cycle at RAS time. The mask data acts 
as an individual write enable for each of the four DRAM DQ 
planes. For example, DQl, at RAS time, during a MASKED 
WRITE enables or disables the transfer of the SAM SDQl 
register to the DQl plane of the DRAM row selected (see the 
DQ MASKED WRITE TRANSFER description). As in all 
other MASKED WRITE operations, a HIGH enables the 
WRITE TRANSFER and a LOW disables the WRITE TRANS
FER. As with SPLIT READ TRANSFER, the half of the SAM 
not receiving data will be the half transferred and the Tap 
address (AO-A7) for the other half is loaded when CAS falls 
(A8 is a "don't care"). If CAS does not fall, the previously 
loaded Tap address, AO-A7, will be reused. The TRANSFER 
will be to the idle half. When the serial clock crosses the half
SAM boundary, the new Tap address for that half is auto
matically loaded. 
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The QSFa and QSFb outputs (MT43C4257 A) indicate 
which half of SAMa or SAMb, respectively, is currently 
accepting data. After QSF goes HIGH, indicating that serial 
input has now switched to the upper SAM, the contents of 
the lower half of the SAM may be transferred to any DRAM 
row. The cycle of checking for a change in QSF and then 
transferring the half of the SAM just filled may now be 
repeated. The next step on Figure 6 is to wait for QSF to go 
LOW and then SWT the contents of the upper half of the 
SAM to row O. If the terminal count of the SAM half is 
reached before an SWT is performed for the next half, the 
access will be repeated from the same half and previously 
loaded Tap address (access will not move to the next half). 

at the corresponding rising edge of Sc. The next SC rising 
edge will input data into the Tap location of the next half of 
the SAM. If SSF is not applied, the Tap address will be 
automatically loaded when the maximum Tap address 
count is reached for the current half (255 or 511). If SSF is 
HIGH at SC before an MSWT is performed for the next half, 
the access will jump to the old Tap address of the same half. 
Access will not proceed to the next half. If terminal count is 
reached before art MSWT, the access will proceed as it does 
for the MT43C4257 A. 

SERIAL INPUT and SERIAL OUTPUT 
The control inputs for SERIAL INPUT and SERIAL OUT

PUT are SCa,b, SEa,b and SSFa,b (MT43C4258A). The rising 
edge of SC increments the serial address counter and pro
vides access to the .next SA~11ocation. SE enables or disables 
the serial input/ output buffers. 

When operating the MT43C4258A in the MSWT mode, 
the address pointer may be changed to the new Tap address 
of the next half v:hcn the final desired input data is clocked 
in. When the final data is input, the SSF input is taken HIGH 
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NOTE: 1) MT43C4257A 
2) MT43C4258A 
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Serial input switches 
from Lower SAM to 
Upper SAM 
1) QSF goes HIGH I 

2) ~;i a~ ~~~~~;~~~~~,~ : 
new Tap address : 
loaded 

FROM; Lower SAM 
TO: Row 0 
Serial input to Upper 
SAM continues (QSF 
remains HIGH) 

~ DON'T CARE 

TYPICAL SPLIT-WRITE-TRANSFER INITIATION SEQUENCE 
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Figure 7 
BIT MASKED TRANSFER BLOCK DIAGRAM 

Serial output of the SAM contents will start at the serial 
Tap address that was loaded in the SAMa,b address counter 
during the DRAM-TO-SAM TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents ofthe next SAM location to the4-bit port. SE is used 
as an output enable during the SAM output operation. The 
serial address is automatically incremented with every SC 
LOW -to-HIGH transition, regardless of whetherSE is HIGH 
or LOW. For the MT43C4257 A, the address progresses 
through the SAM and will wrap around (after count 255 or 
511) to the Tap address of the next half, for split modes. The 
address count will wrap around (after count 511) to Tap 
address a if in the "full" SAM modes. 

For the MT43C4258A, the address count will wrap as it 
does for the MT43C4257 A, or it may be triggered,at will, to 
the next half by the SSF input (split SAM modes). If SSF is 
HIGH at a LOW-to-HIGH transition of SC, the Tap address 
of the next half will be loaded into the address pointer. The 
subsequent LOW -to-HIGH transition of SC will clock data 
from the Tap address of the new half. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the serial address counter (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 4-bit word written. SE acts as a write 
enable for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every LOW-to-HIGH transi
tion of Sc, regardless of the logic level on the SE input. The 

MT43C4257A18A 
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operation ofSSF (MT43C4258A) is the same as described for 
serial output. 

BIT MASKED TRANSFERS 
This section describes transfers between the DRAM and 

either of the two SAMs using the BIT MASKED TRANSFER 
capability. Before performing these BIT MASKED 
TRANSFERs, the bit mask register must be loaded with the 
mask data. See the next section, BIT MASK REGISTER 
OPERA nONS, for instructions on how to load the bit mask 
register (BMR). 

The BMR is a 2,048-bit register that individually controls 
each of the 2,048 transfer gates on the internal 512 x 4 
transfer bus (see Figure 7). These bus transfer gates reside 
between the DRAM array and the three data registers and 
are set to the "pass-thru"mode for nonmasked transfers. 
For BIT MASKED TRANSFERs, the data in the BMR is 
coupled to the control inputs of the bus transfer gates. A 
logic "1" in the BMR will select the pass-thru (unmasked) 
mode for the corresponding SAM data bit, while a logic "0" 
will select the masked mode for that bit. 

BIT MASKED TRANSFERs may be incorporated when 
doing READ, WRITE, SPLIT READ and SPLIT WRITE 
TRANSFERs. The timing and control required for any 
particular BIT MASKED TRANSFER cycle is identical to 
the corresponding normal TRANSFER cycle, except that 
TRM and DSF2 are HIGH instead of LOW. BIT MASKED 
TRANSFERs between the DRAM and either of the two 
SAM registers are possible. Figure 8 illustrates the BIT 
MASKED TRANSFER functions. 

Micron Semiconductor, Inc., reseIVes the right to change products or specifications without notice. 
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(AO·A8 at RAS) -

BUS TRANSFER 
GATES (512 x 4) 

BIT MASK REGISTER 
(512x4) 

SAMaorSAMb 
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dJ dJ ~ 
- - - - - 256 bits -- - - --1- - - - - -256 bits- - - - --

Figure 8 
BIT MASK TRANSFER BLOCK DIAGRAM 

BIT MASKED READ TRANSFER (BMRT) 
BIT MASKED READ TRANSFER may be used to transfer 

any combination of the 2,048 bits contained in any DRAM 
row address to either of the two SAMs. The logic conditions 
and timing for the BMRT function are identical to the 
normal READ TRANSFER function except that TRM and 
DSF2 are HIGH to select the BIT MASKED feature. If a bit 
in the BMR is a logic "1", the bus connection between the 
corresponding DRAM bit and the selected SAM bit is 
enabled and the data at the destination (one of the SAMs for 
BMRT) will be changed to the source data (the DRAM row 
forBMRT). 

BIT MASKED SPLIT READ TRANSFER (BMSRT) 
The BIT MASKED SPUT READ TRANSFER operation is 

identical to the normal SPUT READ TRANSFER except 
that the bit mask (stored in the bit mask register) is applied 
to the transfer data by taking TRM and DSF2 HIGH when 
RAS falls. The remaining control timing is identical to the 
requirements for a normal SPLIT READ TRANSFER. 

BIT MASKED WRITE TRANSFER (BMWT) 
Like WRITE TRANSFER, the BIT MASKED WRITE 

TRANSFER function may be used to transfer data to any 
DRAM row address from either of the two SAM registers. 
In this case, the SAM data will be masked by the contents of 
the bit mask register before the data is written to the 
DRAM. 

MT43C4257A.i8A 
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BIT MASKED SPLIT WRITE TRANSFER (BMSWT) 
Like the other BIT MASKED TRANSFER cycles, the 

BMSWT is nearly identical to the SPUT WRITE TRANS
FER, except TRM and DSF2 are HIGH when RAS falls. Two 
masks are applied during a BMSWT operation. Each of the 
individual bits are masked by the bit mask register and each 
of the DQ planes are masked by the DQ inputs at RAS time. 
If a DQ input is LOW at RAS time, none of the 256 SAM bits 
for that DQ plane will be transferred to the DRAM row-half 
selected. If a DQ input is HIGH, the 256 SAM bits for that 
row half will be masked by the corresponding 256 mask 
register bits when written to the selected DRAM row-half. 
The remaining control timing is identical to the require
ments for a normal SPUT WRITE TRANSFER. 

DQ MASKED BiT MASKED WRITE TRANSFER 
(BMWT-DQM) 

The BMWT-DQM cycle is nearly identical to the BIT 
MASKED WRITE TRANSFER, except TRM is LOW and 
DSF1 is HIGH when RAS falls. Two masks are applied 
during a BMWT-DQM operation. Each of the individual 
bits are masked by the bit mask register and each of the DQ 
planes are masked by the DQ inputs at RAS time. If a 
DQ input is LOW at RAS time, none of the 512 SAM bits 
for that DQ plane will be transferred to the DRAM row 
selected. If a DQ input is HIGH, the 512 SAM bits for that 
row will be masked by the corresponding 512 mask register 
bits when written to the selected DRAM row. The remain
ing control timing is identical to the requirements for a 
normal WRITE TRANSFER. 

BIT MASK REGISTER OPERATIONS 
This section describes how to transfer data to or from the 

Bit Mask Register (BMR) and how to clear the BMR con
tents. Data may be inverted when being transferred be
tween the BMR and DRAM also. 

BMR READ TRANSFER (BMR-RT) 
Any DRAM row may be transferred to the BMR by using 

the BMR READ TRANSFER function. When RAS falls, TR/ 
(OE) is LOW to select a transfer cycle. TRM is HIGH to 
indicate that the BMR is involved in the TRANSFER cycle, 
and DSF2 is LOW to indicate that the data is to be trans
ferred to the BMR (as opposed to using the contents of the 
BMR as bit mask data). The remainder of the timing and 
control required is identical to a normal READ TRANSFER 
cycle. No Tap address is loaded in this TRANSFER 

Note that the SAM transfer select (STS) pin is used to 
select whether non-inverted (STS = LOW) or inverted (STS 
= HIGH) data is transferred to the bit mask register. For all 
transfers to or from the bit mask register, the state of the 
MKD pin when RAS falls selects whether the serial mask 
input (SMI) feature is enabled (see the Functional Truth 

Micron Semiconductor, Inc., reserves the rfght to change products or specifications without notice. 
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Table). SMI is a special serial input mode that allows mask 
information to be clocked into the BMR at the same address 
location as the data clocked into SAMb (see the SMI mode 
description). When RAS falls, MKD is LOW to disable SMI, 
or HIGH to enable SM!. After the transfer is completed, the 
MKD pin then acts either as a mask data input to the BMR 
(SM! enabled) or is "don't care" (SMI disabled). The MKD 
input is tied to the four bit-planes, the data on the MKD pin 
is written to each bit plane simultaneously. 

BMR INVERTED READ TRANSFER (BMR-IRT) 
If the STS pin is HIGH at RAS time the DRAM data will 

be inverted before being written to the BMR. All 2,048 bits 
involved in the transfer will be complemented. The func
tionality and logic levels for the other control inputs are 
identical to the BMR READ TRANSFER cycle. Note that 
MKD is still used to enable or disable the SMI mode. There 
is no added cycle time delay for either the BMR INVERTED 
READ or BMR INVERTED WRITE TRANSFER cycles. 

BMR WRITE TRANSFER (BMR-WT) 
The contents of theBMR may also be transferred to any 

DRAM row by using the BMR WRITE TRANSFER cycltl. 
To select a write transfer from the BMR, (ME) /WE and 
DSF2 are LOW and TRM is HIGH when RAS falls. The DQ 
inputs are used to input a DQ bit-plane mask whenRAS 
falls. This allows each of the four DQ planes tobe write 
enabled or disabled during the BMR-WT. The MKD input 
is used to enable or disable the SMI mode. STSmust be LOW 
at RAS time to transfer non-inverted BMR data to the 
DRAM row selected. 

BMR INVERTED WRITE TRANSFER (BMR-IWT) 
As with the BMR INVERTED READ TRANSFER, the 

2,048 bits involved in the transfer may be inverted. while 
being transferred. Taking STS HIGH atRAS time will cause 
the BMR data to be inverted before it is stored in the selected 
DRAM row. The other control and DQ (mask) inputs are the 
same as the BMR-WT. 

SAM-TO-BMR TRANSFER (SAM-BMR) 
The contents of either SAM maybe transferred to the 

BMR in the same mann~r that a DRAM row is transferred. 
In this caSe, DSFl is HIGH to indicate that the SAM, instead 
ofthe DRAM, is the source ofthe data. (ME) /WE is used to 
indicate. the direction of the transfer, and must be LOW 
when RAS falls for a SAM-TO-BMR TRANSFER. STS is no 
longer used to select between normal and inverted data, it 
now indicates which SAM is involved in the transfer. Since 
a SAM-TO-BMR TRANSFER "reads" data fro:m the SAM, 
the SAM will 1:Je placed into input mode by this transfer 
cycle. The MKD input is still used to determine if the SMI 
mode will be enabled after the transfer is completed. Since 

MT43C4257A18A 
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no DRAM access is involved, it is not necessary to provide 
any particular ROW address at RAS time. However, 
the ROW-address present at RAS time will be used as the 
address for a RAS-ONL Y REFRESH. Since a SAM is in
volved in the transfer, a new SAM starting address (or Tap) 
will be loaded at CAS time. This address will be loaded into 
the serial address counter of the SAM selected by STS at 
RAStime. 

z 
m :e 

Note: • Any SAM/BMR TRANSFER will take the SAM 
involved in the transfer out of the split SAM mode, if .... 
it was in that mode before the transfer. lJ 

BMR-TO-SAM TRANSFER (BMR-SAM) 
The contents of the BMR may also be transferred to one of 

. the SAM registers. The (ME) /WE input is used to indicate 
the direction of the transfer and must be HIGH for a BMR
TO-SAM TRANSFER. STSis LOW to select SAMaor HIGH 
to select SAMb as the destination for the BMR data. The 
remaining inputs and functionality are identical to the 
SAM-TO-BMR TRANSFER. Since a BMR-TO-SAM 

3-17 

TRANSFER writes new data to the selected SAM register, 
the I/O for the SAM involved will be placed in the output 
mode and a new Tap address will be loaded when CAS falls. 

CLEAR BIT MASK REGISTER (CLR-BMR) 
The entire contents oUhe BMR can be cleared (set all bits 

LOW) within a single transfer cycle by performing a CLEAR 
BMR cycle. Unlike the other cycles that access the BMR, 
TRM is LOW at RAS time for the CLEAR BIT MASK REG
ISTER function. TR/ (OE) is LOW to indicate that the cycle 
is a transfer cycle (although there is really no data transfer 
involved). The CLR-BMR function is selected when 
ME/(WE), DSFl and DSF2 are HIGH when RAS falls. 

When the BMR is clepred, all data will be masked when 
a BIT MASKED TRANSFERcycle is performed. 

The BMR INVERTED WRITE and BMR WRITE TRANS
FERS may be used with the CLR-BMR function to set or 
clear, respectively, any DRAM row. The CLR-BMR func
tion is used to clear the BMR then the BMR TRANSFERS are 
performed to the addressed DRAM row. 

The CLEAR BIT MASK REGISTER function is useful 
when using the SERIAL MASK INPUT mode. It is auto
matically performed (when in the SMI mode) when data is 
transferred from SAMb to the DRAM (see SERIAL MASK 
INPUT section). 

SERIAL MASK INPUT (SM!) 
Whenever the BMR is accessed, the MKD input is sensed 

and latched into the BMR control logic. If the MKD pin is 
LOW at RAS time the serial mask input (SMI) mode is 
disabled and the BMR may only be loaded via' internal 
transfer cycles. If MKD is HIGH when RAS falls, during a 
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Figure 9 
SERIAL-MASK-INPUT MODE BLOCK DIAGRAM 

BMR access, then the BMR control logic enables the SMI 
mode and the BMR may be serially loaded via the MKD 
input. 

When SMI is enabled, the MKD input is coupled to all 
four of the bit mask register's DQ planes (see Figure 9). The 
SCb clock input and SAMb's address counter are used to 
input data to SAMb and the BMR. SEbwill enable (LOW) or 
disable (HIGH) input data to SAMb and the BMR; the 
address count will increment regardless of the state of SEb. 

The most common application of the SMI mode is to 
automatically load a transfer mask with the new data 
written to SAMb. To initialize the sequence, the BMR is 
cleared (CLR-BMR) with MKD = HIGH at RAS time to 
enable the SMI mode. Then SAMb is prepared to accept 
input data by performing PSEUDO WRITE TRANSFER. 
The SAM starting address loaded will also apply to the 
BMR. For every address location to which data is written in 
SAMb, the corresponding address location in the BMR will 
be written to the value present on MKD (all four planes of 

MT43C4257Af8A 
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the BMR will be written). After the input of data to SAMb 
is complete, a BIT MASKED WRITE TRANSFER or DQ
MASKED BIT -MASKED-WRITE TRANSFER may be per
formed and only the unmasked data from SAMb will be 
transferred to the DRAM. The BMR will be cleared auto
matically after a BIT MASKED WRITE TRANSFER or DQ
MASKED BIT-MASKED-WRITE TRANSFER from SAMb, 
if the device is in the SMI mode. A BMSWT from SAMb will 
clear only half of the BMR. This allows a new mask to be 
loaded during the next fill of SAMb, without performing a 
CLR-BMR cycle. If data is to be masked during the BMWT, 
then MKD is held LOW when the corresponding SAMb 
data is written. If the data is to be written (unmasked) to the 
DRAM during the BMWT, then MKD is held HIGH when 
the corresponding SAMb location is written. The function 
of the MKD pin is dependent on the II 0 direction of SAMb. 
MKD is an input only, if SMI is enabled and SAMb is in 
input mode. If SMI is enabled and SAMb is in output mode, 
the MKD input is a "don't care," and no new data may be 
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©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

UU:::I=ION MT 43C4257 AlBA 
1-· oW",""""", 256K x 4 TRIPLE-PORT DRAM 

written to the BMR via MKD. MKD is also" don't care" if the 
SMI mode is disabled. Note that the mask data loaded via 
SAMb may also be applied to a SAMa TRANSFER cycle, if 
the mask has not been cleared by a SAMb TRANSFER or a 
CLR-BMR cycle. The BMR will not be cleared after a TRANS
FER involving SAMa. 

POWER UP INITIALIZATION 
When Vcc is initially supplied or when refresh is inter

rupted for more than 16.7ms, the device must be initialized. 
After V cc is at specified operating conditions, for lOOlls 

(MIN), eight RAS cycles must be executed to initialize the 
dynamic memory array. When the device is initialized the 

TRUTH TABLE 1 

IOOi FALLING EDGE 

DRAM I/O pins (DQs) are in a High-Z state, regardless of 
the state of (TR) / OE. The DRAM array will contain random 
data. 

The SAM portion of the device is completely static and 
does not require an initialization cycle. Both SAM ports will 
power-up in the serial input mode (WRITE TRANSFERs) 
and the SAM I/O pins (SDQs) are ina High-Z state,regard
less of the state of SE abo Also, SPLIT TRANSFER and SMI 
modes are disabled. Both QSF (MT43C4257A) outputs power 
up in a LOW state. The SAMs, as well as the bit mask, color, 
and DRAM mask registers all contain random data after 
power-up. 

CAHALL AO-AS' 001-004' REGISTERS 

CODE FUNCTION CAS 'fliillt ME)Wt" OSFl OSF2 Sl:a,m:b TRM MKO STS OSFl l!AS ClIS R7iS ClIS,wt' MASK COLOR 
DRAM OPERATIONS 

CBR =·BEFORE·RASREFRESH 

ROR RAS-ONL Y REFFl.ESH 

RW NORMAL DRAM READ OR WRITE 

RWNM NONPERSISTENT (LOAD AND USE) 
MASKED WRITE TO DRAM 

RWOM PERSISTENT (.uSE REGISTER) 
MASKED WRITE TO DRAM 

BW BLOCK WRITE TO DRAM 
(NO DATA MASK) 

BWNM NONPERSISTENT (LOAD & USE) 
MASKED BLOCK WRITE TO DRAM 

SWOM PERSISTENT (USE MASK REGISTER) 
MASKED BLOCK WRITE TO DRAM 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 

LCR LOAD COLOR REGISTER 

TRANSFER OPERATIONS 

RT READ TRANSFER 
(DRAM·TO·SAM TRANSFER) 

SRT9 SPLIT READ TRANSFER 
(SPLIT DRAM· TO·SAM TRANSFER) 

WT WRITE TRANSFER 
(SAM·TO·DRAM TRANSFER) 

PWT PSEUDO WRITE TRANSFER 
(SERIAL INPUT MODE ENABLE) 

MSWT' SPLIT WRITE TRANSFER (SPLIT SAM-
TO·DRAM TRANSFER WITH DO MASK) 

MWT DO MASKED WAITE TRANSFER 

MT 43C4257 AlBA 
REV. 5/93 

0 X 1" X X X 

1 1 X X X X 

1 1 1 0 0" x 

1 1 0 0 0" x 

1 1 0 1 0" X 

1 1 1 0 0'11 X 

1 1 0 0 0" x 

1 1 0 1 0" X 

1 1 1 1 0" X 

1 1 1 1 0" X 

1 0 1 0 0 X 

1 0 1 1 0 X 

1 0 0 0 0 0 

1 0 0 0 0 1 

1 0 0 1 0 X 

1 0 0 0 1 X 

3-19 

X X 

X X 

x x 

x x 

X X 

X X 

x X 

X X 

X X 

X X 

0 X 

0 X 

0 X 

0 X 

0 X 

0 X 

X X X X X X - -
X - ROW - X - -
x 0 ROW COLUMN X VALID - -

DATA 

x 0 ROW COLUMN WRITE VALID LQAD& -
MASK DATA .uSE 

X 0 ROW COLUMN X VALID .uSE 
DATA 

X 1 ROW COLUMN X COLUMN - USE 
(A2·A8) MASK 

X 1 ROW COLUMN WRITE COLUMN LOAD & USE 
(A2·A8) MASK MASK .uSE 

X 1 ROW COLUMN X COLUMN USE USE 
(A2·A8) MASK 

X 0 x' x X WRITE LOAD -
MASK 

X 1 x' X x COLOR - LOAD 
DATA 

O_SAMa x ROW TApS X X -
1=SAMb 

O=SAMa x ROW TAp6 X X - -
1=SAMb 

(}::SAMa X ROW TAp6 X X - -
1=SAMb 

O-SAMa X x' TAp6 X X 
1=SAMb 

(}::SAMa X ROW TAp6 DO X -
1=SAMb MASK 

Q=SAMa X ROW TAp6 DO X - -
1=SAMb MASK 
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TRUTH TABLE 1 

m FALLING EDGE CAS FALL AD-AS' 001-004' REGISTERS 

CODE FUNCTION CAS" iIf(OF jME7WE" DSF1 DSF2 Ua,Ub TRM MKD STS DSF1 1m CAS lIAS CAS,WE"' MASK CDLDR 

BIT MASK REGISTER OPERATIONS 

BMR- BMR READ TRANSFER 1 0 1 0 0 X 1 0/1 7 0 X ROW X X X - -
RT (DRAM-BMR TRANSFER) 

BMR- BMR"READ TRANSFER 1 0 1 0 0 X 1 0/1 7 1 X ROW X X X - -
IRT (DRAM-INVERT -BMR TRANSFER) 

BMR- BMR WRITE TRANSFER 1 0 0 0 0 X 1 0/1 7 0 X ROW X DO X - -
WT (BMR-DRAM TRANSFER) MASK 

BMR- BMR WAifETRANSFER 1 0 0 0 0 X 1 0/17 1 X ROW X DO X - -
IWT (BMR-INVERT-DRAM TRANSFER) MASK 

SAM- SAM-BMR TRANSFER 1 0 0 1 0 X 1 0/17 O=SAMa X X' TAp6 X X - -
BMR l=SAMb 

SMR- BMR-SAM TRANSFER 1 0 1 1 0 X 1 0/17 O=SAMa X X' TAp6 X X - -
SAM l=SAMb 

CLR- CLEAR BIT MASK REGISTER 1 0 1 1 1 X 0 0/17 X X X' X X X - -
BMR (SETS BMR TO ALL "O'.J 

BIT MASKED TRANSFER OPERATIONS 

BMRT BIT MASKED READ TRANSFER 1 0 1 0 1 X 1 X O=SAMa X ROW TApS X X - -
(BM DRAM-SAM TRANSFER) l=SAMb 

BMSRY" BIT MASKED SPLIT READ TRANSFER 1 0 1 1 1 X 1 X O=SAMa X ROW TAp6 X X - -
(8M SPLIT DRAM-SAM TRANSFER) 1=SAMb 

BMWT BIT MASKED WRITE TRANSFER 1 0 0 0 1 X 1 X' O=SAMa X ROW TAp6 X X - -
(BM SAM-DRAM TRANSFER) l=SAMb 

BMSWT" BIT MASKED SPLIT WRITE TRANSFER 1 0 0 1 1 X 1 X' O=SAMa X ROW TAp6 DO X - -
(BM SPLIT SAM-DRAM TRANSFER) l=SAMb MASK 

BMWT- DQ/BIT MASKED WRITE TRANSFER 1 0 0 1 1 X 0 X' O=SAMa X ROW TAp6 DO X - -
DOM (BM SAM-DRAM TRANSFER) 1=SAMb MASK 

NOTE: 1. 0 = LOW (VIL); 1 = HIGH (VIH); X = "don't care;" - = "not applicable." 

MT 43C4257 AlBA 
REV. 5/93 

2. These columns show what must be present on the AO-A8 inputs when RAS falls and when CAS falls. 
3. These columns show what must be present on the D01-D04 inputs when RAS falls and when CAS falls. 
4. With WRITE cycles, the input data is latched at the falling edge of CAS or MEIWE, whichever is later. 

Similarly, with READ cycles, the output data is enabled on the falling edge of CAS or TRIOE, whichever is 
later. 

5. The ROW that is addressed will be refreshed, but no particular row address is required. 
6. Tap address; this is the SAM location that the first SC cycle will access. For SPLIT TRANSFERs, the half 

receiving the transfer is determined by the MSB of the internal address counter. The SAM half not currently 
being accessed will be the half receiving the transfer. Column address A8 is a "don't care" for SPLIT 
TRANSFERs. 

7. The serial mask input mode (SMI) is enabled ("1") or disabled ("0") when the BMR is accessed (see BMR 
OPERATIONS). If SMI is enabled (MKD = "1"), mask data is serially clocked into the BMR with SCb and the 
BMR is automatically cleared after a BIT MASKED WRITE, DO MASKED BIT MASKED WRITE TRANSFER 
or BIT MASKED SPLIT WRITE TRANSFER cycle from SAMb. For BIT MASKED READ TRANSFERs to any 
SAM and DO MASKED BIT MASKED WRITE TRANSFERs or BIT MASKED WRITE TRANSFERs from 
SAMa, the BMR is not cleared automatically. 

8. If the SMI mode is enabled, mask data is clocked into the BMR with SCb. 
9. SPLIT TRANSFERs do not change SAM 1/0 direction. 

10. SAM 1/0 direction is a function of the state of MElWE at RAS time. If MEIWE is LOW, then the selected SAM 
is an input; if MEIWE is HIGH, then the SAM is an output (except for SPLIT TRANSFERs). 

11. The MT43C4257A18A operates properly if this state is "X", but to allow for future functional enhancements it 
is recommended that they be driven as shown in the Truth Table. 

3-20 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor,lnc. 



PRELIMINARY 

MIC:F=lON MT43C4257 AlBA 
1-· " "pm" 256K X 4 TRIPLE-PORT DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vcc 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 ........................................................... I.SW 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ~ T A ~ 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C ~ T A ~ 70°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV ~ VIN ~ Vcc); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, OV ~ VOUT ~ Vee). 

OUTPUT LEVELS 

"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 4.75 5.25 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 0.8 V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 IJA 

loz -10 10 IJA 

VOH 2.4 V 
Output High Voltage (lOUT = -2.5mA, SDOs; -5mA all other outputs) 1 
Output Low Voltage (lOUT = 2.5mA, SDOs; 5mA all other outputs) 

CAPACITANCE 
(TA = 25°C) 

PARAMETER 

Input Capacitance: AO-A8, TRM, MKD, SEa,b, DSF1,2, STS 

Input Capacitance: RAS, CAS, MElWE, TRlOE, SCa,b 
SSFa,b 

Input/Output Capacitance: DO, SDOa,b 

Output Capacitance: OSFa,b 

TSOP THERMAL CONSIDERATIONS (preliminary) 

DESCRIPTION 

Thermal resistance - Junction to Ambient 

Thermal resistance - Junction to Case 

Maximum Case Temperature 

MT43C4257A18A. 
AEV.5193 3-21 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

Cll 5 pF 2 

CI2 7 pF 2 

Clio 9 pF 2 

Co 9 pF 2 

SYMBOL MAX UNITS NOTES 

0JA 85 oCIW 

0JC 15 °CIW 

TC 110 °C 

Micron Semiconductor, Inc., reserves the right to charlge products or specifications without notice. 
@1993,MlcronSemiconductor,lnc. 
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PRELIMINARY 

MIC:RON MT43C4257A18A 
1-· ooM"",",oo",,, 256K X 4 TRIPLE-PORT DRAM 

DRAM CURRENT DRAIN; SAMa, SAMb and SERIAL MASK INPUT (SMI) INACTIVE 
(O°C :s; T A :s; 70°C; Vcc = 5V ±5"10) 

MAX 
PARAMETER/CONDITION SYMBOL -7 -8 UNITS NOTES 
OPERATING CURRENT Icct 100 90 mA 3,4 
(RAS and CAS = Cycling; IRC = IRC [MIN]) 25 

OPERATING CURRENT: PAGE MODE Icc2 95 85 mA 3,4 
(RAS = VIL CAS = Cycling; IpC = IpC [MIN]) 26 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 8 8 mA 
Power supply standby current (RAS = CAS = VIH, after 8 RAS cycles [MIND 

STANDBY CURRENT: CMOS INPUT LEVELS Icc4 2 2 mA 
Power supply standby current (RAS = CAS = Vcc-0.2V, 
after 8 RAS cycles min). All other inputs ~ Vcc -0.2V or :s; Vss +0.2V 
r-.r-r-r"'U-("'\1 I ,...... 1r'1r-U-~I"T". n A '"" "11.11 ,\1 

ICGS 105 90 m,L\ q ?<; McrnC0n vUnnCI'4 I . n/"'\v~\JI'IIL.1 ..... , .... '" 
(RAS = Cycling; CAS = VI H) 

REFRESH CURRENT: CBR Iccs 105 90 mA 3, 5 
(RAS and CAS = Cycling) 25 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER Icc? 100 90 mA 3 

-t SERIAL PORT CURRENT DRAIN; SAMa, SAMb and/or SMI MODE 

C 
::D » s: 

(Notes 3, 4) (O°C :s; T A :s; 70°C; Vcc = 5V ±5"10) MAX 

PARAMETER/CONDITION SYMBOL -7 -8 UNITS 
OPERATING CURRENT: SERIAL PORT (SAMa/SAMb) Iccs 40 35 mA 
(SCa/SCb = Cycling; ISC = ISC [MIN]; SEa/SEb = VIL) 

OPERATING CURRENT: SMI MODE (SAMb) Icce 20 20 mA 
(SCb = Cycling; ISC = ISC [MIN]; SEb = VIL) 

STANDBY CURRENT: SERIAL PORT (SAMa/SAMb) Iccto 0 0 mA 
Power supply standby current (SCa/SCb = VIH or VIL; SEa/SEb = VI H) 

STANDBY CURRENT: SMI MODE (SAM b) Icctt 0 0 mA 
Power supply standby current (SCb = VIH or VIL; SEb = VIH) 

TOTAL CURRENT DRAIN 
(Notes 3, 4) (O°C :s; T A :s; 70°C; Vcc = 5V ±5"10) 

= DRAM CURRENT (Icct-?) + SAM a CURRENT (Iccs or Iccto) + SAMb CURRENT (Iccs or Iccto) + 
SMI CURRENT (Icce or Icc11) (+ 10mA [If DRAM CURRENT = Icc3 or Icc4]) 

Example 1: 
Operating current (-8) with DRAM operating in FAST-PAGE-MODE, SAMa active, SAMb and SMI inactive: 

ICC(TOTAL) = DRAM CURRENT (lcc2) + SAM a CURRENT (Iccs) + SAMb CURRENT (lcc1O) + 
SMI CURRENT (lcc11) [+ 0] 

= 85 + 35 + 0 + 0 = 120mA (MAX) 

Example 2: 
Operating current (-7) with DRAM operating in CMOS Standby, SAMa and SAMb active, SMI active: 

Icc(TOTAL) = DRAM CURRENT (lcc4) + SAMa CURRENT (lccs) + SAMb CURRENT (Iccs) + 
SMI CURRENT (Icce) [+ 10] 

= 2 + 40 + 40 + 20 + 10 = 112mA (MAX) 

NOTES 

MT 43C4257 AlBA 
REV. 5/93 3-22 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C4257A18A 
1-· "M',"'''<O'''' 256K X 4 TRIPLE-PORT DRAM 

DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (DoC::; TA::; +70°C; Vee = SV ±S%) 

AC CHARACTERISTICS -7 
PARAMETER SYM MIN MAX 

Random READ or WRITE cycle time tRC 130 
READ-MODIFY-WRITE cycle time tRWC 170 
FAST-PAGE-MODE READ orWRITE tpc 40 
cycle time 

FAST-PAGE-MODE READ-MODIFY- tpRWC 90 
WRITE cycle time 

Access time from f'!Alj tRAC 70 
Access time from CAS 'CAC 17 
Access time from (TR)/OE tOE 20 
Access time from column address tAA 35 
Access time from CAS precharge tCPA 40 
RAS pulse width tRAS 70 20,000 
RAS pulse width (FAST-PAGE-MODE) tRASP 70 100,000 
RAS hold time tRSH 20 
RAS precharge time tRP 50 
CAS pulse width tCAS 15 10,000 
CAS hold time tCSH 70 
CAS precharge time tcp 10 
RAS to CAS delay time tRCD 20 50 
CAS to f'!Alj precharge time tCRP 10 
Row address setup time tASR 0 
Row address hold time tRAH 10 
RAS to column tRAD 15 35 
address delay time 

Column address setup time tASC 0 
Column address hold time 'CAH 12 
Column address hold time tAR 55 
(referenced to RAS) 

Column address to tRAL 35 
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 
Output buffer turn-off delay tOFF 3 20 
Output disable too 3 10 
Output disable hold time from start of WRITE tOEH 10 
Output Enable to RAS delay tORD 0 

-8 
MIN MAX UNITS NOTES 

150 ns 

190 ns 

45 ns 

95 ns 

80 ns 14, 17 
20 ns 15 
20 ns 

40 ns 

45 ns 

80 20,000 ns 

80 100,000 ns 

20 ns 

60 ns 

20 10,000 ns 

80 ns 

10 ns 16 
20 60 ns 17 
10 ns 

0 ns 

12 ns 

17 40 ns 18 

0 ns 

15 ns 

60 ns 

40 ns 

0 ns 

0 ns 19 

0 ns 19 

3 ns 

3 20 ns 20,23 
3 10 ns 20,23 
15 ns 27 
0 ns 

MT 43C4257 Ai8A 
REV.5J93 3-23 Micron Semiconductor, Inc., reserves the right to change products or specifica1ions without notice. 
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PRELIMINARY 

UIc:r=aCN MT43C4257 Al8A 
1-· '''''co",,,,""',,, 256K X 4 TRIPLE-PORT DRAM 

DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12,13) (O°C S TAs +70°C; Vee = SV ±S%) 

AC CHARACTERISTICS 
PARAMETER 
Write 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 ~ 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) 

RAS to CAS precharge lime 

CAS setup lime 
(CBR refresh) 

CAS hold time 
(CBR refresh) 

MEiWE to RAS setup time 

MEiWE to RAS hold time 

Mask data to RAS setup lime 

Mask dala to RAS hold lime 

MT43C4Z57A18A 
AEV.S/93 

SYM 
twcs 

tWCH 

tWCR 

twp 

tRWL 

tCWL 

tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 

tr 
tREF 

tRPC 

tCSR 

tCHR 

tWSR 

tRWH 

tMS 

tMH 

3-24 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 

0 0 ns 21 

15 15 ns 

45 60 ns 

15 15 ns 

20 20 ns 

20 20 ns 

0 0 ns 22 

15 15 ns 22 

55 60 ns 

90 100 ns 21 

55 60 ns 21 

40 40 ns 21 

3 35 3 35 ns 9, 10 

16.7 16.7 ms 

0 0 ns 

10 10 ns 5 

10 30 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

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

MIC:RON MT43C4257 AlBA 
1-· ,"''CO,"",,,,,,, 256K x 4 TRIPLE-PORT DRAM 

TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9,10) (OD C ~ TA ~ + 70De; Vee = SV ±S%) 

AC CHARACTERISTICS -7 
PARAMETER SYM MIN MAX 

TRI(OE) LOW to RAS setup time trLS 0 
TR/(OE) LOW to RAS hold time trLH 15 10,000 
TR/(OE) LOW to RAS hold time IRTH 65 10,000 
(REAL-TIME READ TRANSFER only) 

TR/(OE) LOW to CAS hold time ICTH 20 
(REAL-TIME READ TRANSFER only) 

TR/(OE) HIGH to SC lead time trSL 5 
TRI(OE) HIGH to RAS precharge time ITRP 60 
TR/(OE) precharge time ITRW 20 
First SC edge to TRI(OE) HIGH delay time trSD 15 
RAS to first SC edge delay time IRSD 80 
CAS to first SC edge delay time tCSD 25 
Serial output buffer turn-off delay from F'iAS" tSDZ 7 40 
SC to RAS setup time tSRS 25 
Serial data input to SE delay time tSZE 0 
RAS to SD buffer turn on time tSRO 10 
Serial data input delay from F'iAS" tSDD 50 
Serial data input to RAS delay time tszs 0 
Serial-Input-Mode enable tESR 0 
(SE) to F'iAS" setup time 

Serial-Input-Mode enable (SE) to RAS hold time tREH 15 
TRI(OE) HIGH to F'iAS" setup time tyS 0 
TRI(OE) HIGH to F'iAS" hold time IYH 15 
DSF, TRM, STS, MKD to RAS setup time tFSR 0 
DSF, TRM, STS, MKD to F'iAS" hold time tRFH 15 
DSF to RAS hold time tFHR 55 
DSF to CAS setup time tFSC 0 
DSF to CAS hold time tCFH 15 
SC 10 OSF delay lime tSOD 20 
RAS to OSF delay time tROD 65 
CAS to OSF delay time ICOD 35 
TRiOE to OSF delay time trOD 25 
SPLIT TRANSFER setup time ISTS 25 
SPLIT TRANSFER hold time ISTH 0 

-8 
MIN MAX UNITS NOTES 

0 ns 

15 10,000 ns 

70 10,000 ns 

20 ns 

5 ns 

70 ns 

25 ns 

15 ns 

80 ns 

25 ns 

10 50 ns 

30 ns 

0 ns 

10 ns 

60 ns 

0 ns 

0 ns 

15 ns 

0 ns 

15 ns 
0 ns 
15 ns 

60 ns 

0 ns 

15 ns 

20 ns 28 
65 ns 28 
35 ns 28 
25 ns 28 

30 ns 28 
0 ns 28 

MT43C4257A18A 
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PRELIMINARY 

MIC:RON MT43C4257A18A 
1-· ",,""""",,0.,," 256K X 4 TRIPLE-PORT DRAM 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9,10) (0° C s TA S + 70°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Serial clock cycle time (Read) 

Serial clock cycle time (Write) 

Access time from SC 

SC precharge time (SC LOW time) 

SC pulse width (SC HIGH time) 

Access time from SE 

SE precharge time 

Serial data out hold time after 
SCHIGH 

Serial output buffer turn off 
delay from SE 

Serial data in setup time 

Serial data in hold time 

Serial mask data in setup time 

Serial mask data in hold time 

SERIAL INPUT (Write) Enable 
setup time 

SERIAL INPUT (Write) Enable 
hold time 

SERIAL INPUT (Write) disable 
setup time 

SERIAL INPUT (Write) disable 
hold time 

SSF to SC setup time 

SSF to SC hold time 

SSF LOW to SC HIGH delay 

MT43C4257A18A 
REV. 5/93 

SYM 
tSCR 

tscw 

tSAC 
tsp 

tSAS 

tSEA 

tSEP 

tSOH 

tSEZ 

tsos 

tSOH 

tMOS 

tMOH 

tsws 

tSWH 

tSWIS 

tSWIH 

tSFS 

tSFH 

tSFD 

3-26 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
22 25 ns 

20 20 ns 

22 25 ns 24,30 
7 7 ns 

7 7 ns 

12 15 ns 24 
10 10 ns 

5 5 ns 24,30 

3 12 3 12 ns 20,24 

0 0 ns 24 
10 10 ns 24 
0 0 ns 

10 10 ns 

0 0 ns 

10 15 ns 

0 0 ns 

10 15 ns 

0 0 ns 29 
10 15 ns 29 
5 5 ns 29 

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

UU:::I=ION MT43C4257 AlBA 
1-· ",",co,""n"',, 256K x 4 TRIPLE-PORT DRAM 

NOTES 
1. All voltages referenced to V 55. 

2. This parameter is sampled. Vee = 5V ±5%;f = 1 MHz. 
3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading. 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 lO011s is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is assured. The 8 RAS cycle wake-up should 
be repeated any time the tREF refresh requirement is 
exceeded. 

8. AC characteristics assume IT = 3 to 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). Input signals transition between OV and 3V 
for AC testing. 

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, DRAM data outputs (DQI-DQ4) are 
High-Z. 

12. If CAS = VIL, DRAM data outputs (DQI-DQ4) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to 2 TTL gates and 100pF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

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. 

15. Assumes that tRCD ;::: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ 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. 

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 tRAD (MAX) limit ensures that 
tRCD (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. 

MT43C4257A18A 
REV. 5193 3-27 

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

20. tOD, toFF and tSEZ define the time when the output 
achieves open circuit (VOH -200m V, VOL +200m V). 
This parameter is sampled and not 100 percent tested. 

21. twcs, tRWD, tA WD and tCWD are restrictive 
operating parameters in LATE-WRITE, READ-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 through
out the entire cycle, regardless of TR/OE. If twcs $; 

twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If IRWD ;::: 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 the 
output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if tOD and tOEH are met. See the LATE-WRITE 
AC Timing diagram. 

22. These parameters are referenced to CAS leading edge 
in early WRITE cycles and ME/WE leading edge in 
late WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 5OpF. Output reference 
levels: VOH = 2.0V; VOL = 0.8V. 

25. Addresses (AO-A8) change two times or less while 
RAS=VIL. 

26. Addresses (AO-A8) change once or less while 
CAS = VIH and RAS = VIL. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have 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 previously read data if CAS 
remains LOW and OE is taken LOW after toEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

28. Applies to the MT43C4257 A only. 
29. Applies to the MT43C4258A only. 
30. tSAC is MAX at 70° C and 4.75V V cc; tSOH is MIN at 

O°C and 5.25V Vee. These limits will not oceur 
simultaneously at any given voltage or temperature. 
tSOH = tSAC - output transition time, this is guaran
teed by design. 

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

MIC:RON MT43C4257 Al8A 
1-· ,,'''co,,"ccwe", 256K X 4 TRI PLE-PORT DRAM 

DRAM READ CYCLE 

tRAS tRP 

::e RAS ~:t= 
tCSH • -t 

:rJ -'"tJ .-

I 
- VIH CAS VIL-.~ 

teRP 

tASR 

tRCD 

tAR ~ 
tRAO I 

tRAH 

I tRSH tRRH 

I 
teAs 

I tRAL I I 
~I I~I I~j ,I~, , m AOOR ~:t=WlA ROW WI/JIM COLUMN W#@l///#/#/#/#/&X<-;---_RO_W_ 

I II' ~ I' tRCS .1 I I tRCHI I 
~ ME!WE ~:t:1M'////j'/$////j'iI//////////J I tFHR I I I ~//$//////$iI/////;0 
:rJ tFSR II tRFH I tFSC I It CFHI I 
-t OSFt ~:t=W'////&l~ -W!/////!lh1~ -17///#$//#11/$//$/£ III////ii//IM 

~ OSF2 ~:t7////////d~ll~w////ii//)f//////////)//////////#///////"wl////////A I ff/////$///&' » 
3: 

I I tAA 
tRAC I 

I tCAC tOFF 

tORo-1 

DQ ~:gt- t II t J fJ ~UT! 
_YS_ ~ tOE J too 

TARlE ~:t-~ 1w///JII/////II//II/#ilM'1 ;----=------
I OPEN OPEN VALID DATA 

MT 43C4257 AlBA 
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~ DON'T CARE 

~ UNDEFINED 
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PRELlMIN).RY 

MIC:RON MT43C4257A18A 
1-· '''''''"'"ow"'"' 256K x 4 TRIPLE-PORT DRAM 

DRAM FAST-PAGE-MODE READ CYCLE 

tRASP 

RAS V'H-
VIL_ 

'CSH 'pc tRSH 

tCRP tRCD 'CP ~ 'CP ~ tcp 

II 

CAS 
V'H-
V'L-

I~'--=-------i--I I 
ADDR 

ME/WE 
I~~ 

i-----1'--'-'-"'+-t--

I~ 
DSFl ~:t 

~~~--~~~---+~~~~--~~~~~--7--=~~~~~~= 

DSF2 ~:t_~II~W/#/#/#/#/d!l!/#!I!)/#/###!I}!I!#/~$$#b$/##/}##$//& 
I 'AA I I II'AA I I'AA 

II ____ -""RA=C--+I-,---_I tCPAI 'CPA I 

I~ ~ I~ ~ I~ __ 'OFF 
tCLZ- - tCLZ-' --

DQ V'OH- VALID VALID VALID _ 
VIOL - II DATA OUT DATA OUT DATA OUT OPEN 

~ ~ tOE too tOE taD tOE too 

TRICE ~:t-wJ ~//!1!#///#/d-_/#/d-_/##A-_I!I!III!!I!/!/1h 

MT 43C4257 Ai8A 
REV. 5193 3-29 

~ DON'T CARE 

~ UNDEFINED 

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

U .. ::F=lCN MT43C4257 Al8A 
1-· """0'"00"''''' 256K X 4 TRIPLE-PORT DRAM 

WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES2 

RASFalling Edge CASFalling Edge 

CODE FUNCTION A B C D E F 
ME/WE DSF1 DO (Input) ME/WE DSF1 DO (Input) 

RW Normal DRAM WRITE 1 0 X 0 0 DRAM 

RWNM NONPERSISTENT (Load and Use) 0 0 Write 0/13 0 DRAM 
MASKED WRITE to DRAM Mask (Masked) 

RWOM PERSISTENT (Use Register) 0 1 X 0/13 0 DRAM 
MASKED WRITE to DRAM (Masked) 

BW BLOCK WRITE to DRAM 1 0 X 0/13 1 Column 
(No DQ Mask) Mask 

BWNM NONPERSISTENT (Load and Use) 0 0 v'Vr"ite 0/1 3 1 Column 
MASKED BLOCK WRITE to DRAM Mask Mask 

BWOM PERSISTENT (Use Register) 0 1 X 0/13 1 Column 
MASKED BLOCK WRITE to DRAM Mask 

LMR Load Mask Data Register 1 1 X 0/13 0 Write 
Mask 

LCR Load Color Register 1 1 X 0/13 1 Color 
Mask 

J> NOTE: 1. Refer to this function table to determine the logic states of "A", "8", "C", "0", "E" and "F" for the WRITE cycle 
timing diagrams on the following pages. s: 

MT43C4257A18A 
REV. 5193 

2. TRM, MKD and STS are "don't care" for all WRITE cycles. 
3. If MEIWE is LOW, an EARLY-WRITE is performed; if it is HIGH, a LATE-WRITE is performed if MEIWE falls 

after CAS. 

3-30 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT 43C4257 Al8A 
1-· "'"00"'"'00''''' 256K X 4 TRIPLE-PORT DRAM 

=J - V'H 
CAS VIL-

'CRP I 

DRAM EARLY-WRITE CYCLE 

tRAS 

'CSH 

~ 
tRSH 

tRCD teAS 

f 'AR 

'AP I 
I 
\ 

z 
m 
=E --I 
::D -

ADDR VV',HL-_ : ~I I ~rp ~ ROW _~. _C.,----oLU---,--MN_-----'W/$//#/$#/////$/J(~ __ AO_W __ 

--..,-;---~ _------l-I---+-I-='cW=-L ---II '"D 

r I tRAD I I tRAL 

'ASR 'RAH ~I I~ I 
I I I 'RWL 0 

'WCR I I bJ 'wcs I I 'WCH k ::D ~~ : 'WP -I 
MEIWE ~:~:V/$#/J A I D IW///#I/III!!///#///////I/I//#I11!/#/////; C 

~rll-"'"-J~I'"':= 1 I. 'c~1 ~ 
DSF1 ~:~:;';TTTW;/rrr;w'7T7W/;X B Wi!Lwt E W////$//////$#///##//1/Uffi'/#$#/#4;:::' 

DSF2 ~:~:1///II!&JA~II~w////$!III!!//#dljj)$&//$/M//II!III#/////A 1///$#/////1; 
'DHA I I 

~ DON'T CARE 

~ UNDEFINED 

",OTE: The logic states of "A", "B", "C", "E" and "F" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

IT 43C4257 AlBA 
lEV. 5/93 3-31 Micron Semiconductor, tnc., reserves the right to change products or specifications without nolice. 
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PRELIMINARY 

UII::::I=ION MT43C4257 Al8A 
1-· ,,,,,ooo,"no",,,, 256K X 4 TRIPLE-PORT DRAM 

DRAM LATE-WRITE CYCLE 1 

tRAS tRP I 

:e RAS ~:~-
I 
\ 

• -I 
::D -"'C r-

=J CAS ~it-

teRP 

I 
tASR 

tRCD 

: 
tRAD 

tRAH 

I 

tCSH 

t ~. 
tRSH 

tCAS 

tAR f~ 
I I I tRAL 

I~[ teAH 

~ ADDR 

[ I I 

"'C 
o 
~ 
C 
::D » s: 

tWSR tRWH I I ., I t wp [ 

MEIWE ~:r:l$ffffd-A-~ ,_ II n-V;///////////////////$//$/////////////JIId 

~II~ ~I I tCFHll1 

DSFl ~:r:l@/&J1 8 _ E II )7//////////////////////!///////////////////////,0 

tFSR II tRFH II 
DSF2 ~:~=W//!$d- -WP/$/IIIff$///$///!/!I//II!$//I/j/P/P/!$P/!I/IIP$!////$//!IIff$J 

II 
tDHR II 

tMS tMH 'DS II tDHI 

DO ~:gr:1ullll!/;M-c-k;;;p!IIIII/j//I!&1-F-W/Pu/$#$/u/P//!$III!PIIII!/IIff& 
tyslk ~r I~ 

TRiCE ~:r-W/IPI!/)- W//lu//llg) ~$///$ffl/$!I!!//!I/////$!$$/#& 
~ DONTCARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "E", and "F" determine the type of WRITE operation performed. See the Write 

MT43C4257A1SA 
REV. 5/93 

Cycle Function Table for a detailed description. 

3-32 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

UIC:~ON MT43C4257A/8A 
1-· '" ,mwee' 256K X 4 TRIPLE-PORT DRAM 

RAS VIH -
VIL -

CAS 
VIH 
VIL -=3 

ADDR VIH -
VIL -

tCRP 

I~ 

DRAM READ-WRITE CYCLE 
(READ-MODIFY-WRITE CYCLE) 

tRWC 

~--------------~t~-H------------------~~ 
tRSH I 

. 
tRAH 

1-':"::"::":'-11 /TTTT7\ ~I I~ I 
ROW WIIIII; COLUMN rtlllllllllll, rlllili/ii//III/; ROW 

-'<LL.LLU 1 I tRWD ~I I '-----=--"""- ':=1 I--f==+--! -+-! ___ t.:..:..:AW=D_t_CW_D _____ ID-____ _ 
MEmE ~:~-~ A JWM I tFHR I I 

tFSR tRFH .. I tFSC I tCFHI . 

DSFI ~:~=--B-W;;J$#;b1- ~W;///ffffff#//$/$I$$fflM/$IffA 
DSF2 ~:~=~~II~f#/////j'J,////////$~//////$///////§j'///&JJ§///j'//$#/j',@j'£ 

I ItAA 

tRAC 1 

1 
tCAC 

I~ tMH ~I 
-I' c 
~II~ ~ 

I" tDS 

VALIDDOUT 

~I 

tDH~1 

F it 

I~ 
OPEN 

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C" and "F" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 

MT43C4257A18A 
REV.5J93 3-33 Micron Semiconductor, 100., reserves the right to change producIB or speclfictu.:..::lS without notice. 
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PRELIMINARY 

MIC::RON MT 43C4257 AlBA 
1-· '"'''0'"''''"''' 256K x 4 TRIPLE-PORT DRAM 

- VIH
CAS VIL-

ADDR ~:t 

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1,2 

tRASP 

tCSH 'PC 

~ I __ ---"R""CO'-----____ '.:::cCA",--s _11 __ 'C",--P_1 teAs tcp teAs 

OSFI ~:t _ BEE E B 

DSF2 ~:t=w1~II~W$/j'j'//)j'/)/!I///!I/)$/j'/!I///!I)~//$/$//j'j')/j'$j'J//#$!lj'##kA 
,::"1 1 I I II ,~ I 

~~ ~I I~I 1~_to_H_ __to_S ___ tD_H_ 

00 ~:gt_ c ~ F ~ F ~ F bj'///I!!$/iZ 

~ll~ 
TRIO. ~:t~ W!I///!////j'/$///$$j'/$$$I!!I!IIj'I!!$!$j'$$///j'I!!//$/I!/I$!I//$j'$j'/A 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles may be mixed with WRITE cycles while in FAST-PAGE-

MT43C4257A/8A 
REV.5J93 

MODE. 
2. The logic states of "A", "8", "C", "0", "E" and "F" determine the type of WRITE operation performed. See the 

Write Cycle Function Table for a detailed description. 

3-34 Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT 43C4257 AlBA 
1-· '" ",c'"" 256K x 4 TRIPLE-PORT DRAM 

RAS VIH-
VIL-

'CRP 

CAS VIH-
VIL-

ADDR 

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

'RASP 

'CSH 'PRWC 

'RCD 'CP 'CAS 'CP 'CAS 

~II~ 
HTTT77777r.rTT>. 

COLUMN 

'CWL- 1- II 
'AWD 'WP - 'AWD -twp 

'CWD II 'CWD 

All Lc I 'CFH 'FSC 'CFH .lsc I 'CFH 

'FSR 'RFH 1 1-- -I 11-1 II 1- --I 
DSF1 ~:r~~-~I )$§$Jj!. ~I Iff//Iff~ 
DSF2 

~II~ I k II I I II I I II 
~:r=7& W/!I!!/§//!!/£5111!§//!§!II!/I!I!!$II!//$$$//////!I!!/!ff//////!/!//!/!I!!I!!A 

L .L 'M I ,,;~~l ,~, I ,o:~Jl- I~ !l-,~ 
'MS 'MH 'cAc-1 'cAc-1 - I 'CAC-_ tcLZ __ 

OPEN-

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles may be mixed with READ-MODIFY-WRITE cycles while in FAST-PAGE-MODE. Use 

MT43C4257A18A 
REV. 5193 

the Write Function Table to determine the proper DSF1 state for the desired WRITE operation. 
2. The logic states of "A", "8", "C" and "F" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 

3-35 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
Cl1993, Mk:ron Semiconductor, Inc. 

z 
m :e • -I 
J::J -"tJ rm 
I 

"tJ 
o 
J::J 
-I 
C 

~ 
3: 



z m :e 
• -I 

:xJ -." 
rm 

I 

." o 
~ 
C 
:xJ 
l> s: 

PRELIMINARY 

MIC:RON MT 43C4257 AlBA 
1-· ",,,co,"ccwe,,, 256K x 4 TRIPLE-PORT DRAM 

DRAM RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-AS) 

"'!WE ~:~4/W///III##I#!IJI#/I$///III#$/#/I#I#////!I/#II##/II#JW$I##II/I$/I,II$#/I,I/$/ffl#m 
II 

DS" ~[~J 11//// 1111/11//;/// iI//Ijil/l//iliiJ ilJ////;l;))l;//;/lllll$//;/,;J///! $;//l////0Wffi/W/;iJlJ/';ZW'ml 
II 

DSF2 ~:rJff#l#$I!I$I,I,&/$/!;W/!,lI#IIIIII#I$//#lllff$/I$II#$/I#II/I!/II$,@$$J///i/!!1#111/2 

V'OH II 
DO V'OL II OPEN OPEN 

TR/OE ~:r _~~ ~_/I!/III#//$/I!I)I/I!//I!##!II$II#I//I1$$ 

CBR REFRESH CYCLE 

ADDR ~:~:1,& !IIIII!II ///$11111 IIIIIII$III!III!IIIII ///$/I'&!IIII II! # /II II I$$II$////I!II//! II II!II $ !II~ 
tWSR 11 'RWH 

M,;WE ~:~=wzZZ~r---:TE~' -iwlll$!III#!II'&III'&!IIIII$IIt$j/j!ll!ll/ NOTE 1 ~ 

DSF1 ~:~::1 //$1111 /II II//II!II II 1111 /II /II!II 1111/11 1111$$/#1#11l1/li# II! 11,&/11/11 II! IIIII,@ II $11#/11$4 

DSF2 ~:t=W/II/IIII/$)I/)I)I//IIII$II/IIIIIIII)I$!I/II$IIJ!$///$M$)lI/J1/)I$//Jj//$II!I!;!$/II,$ 

DO ~:g~ '-------OPEN --------OPEN ------

TRtOE ~:r ="/////;1II)1III#)lI!II!II $////!II $! II //$ I //$1 1$/11 $/11 II!!I/// $11 II! //$//11)1$1111 J//////!I 112 

I:!2l DON'T CARE 

~ UNDEFINED 

NOTE: 1. The MT 43C4257 N8A operates with this state as "don't care," but to allow for future functional enhance-

MT43C4257Ai8A 
REV. 5193 

ments, it is recommended that they be driven as illustrated for system upgradability. 

3-36 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

UIC:::I=ICN MT43C4257 AlBA 
1-· '''''''"''''w, " 256K x 4 TRIPLE-PORT DRAM 

DRAM HIDDEN-REFRESH CYCLE 

(REFRESH) 

tRAS 

ADDR 

~:~:I;//$#I #a@1/11//l/lff!;,; II NDTE 2 W/I//I/$$I/$/I/ //!/I/II/III//I!//I/ II! 

~~~~II~I I I 
DSF1 ~:~=w1 Wdzzz! );1/1// ///$1111/11/1/1/1/$1$ ///1I/1/l/ffll!/!/lIl/lllU/& 

DSF2 ~:~_~II~ VII/I//JI/I//II JIII/I//I/I/II/ 1I/11)11/ll/l/l/l/l/lffll//lffll/l/$P/;)I//I/I/I//I/,1, 
I I tAA 

tRAC I 
I tCAC 

~II~ 
OPEN VALID DOUT 

~ 
I tORD ~,----_--,,-i ___ -----» 

- -!OFF 

f--OPEN -

~ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 

MT 43C4257 AlBA 
REV. 5193 

MEIWE = LOW (when CAS goes LOW) and TRIOE = HIGH and the DO pins stay High-Z. In the TRANSFER 
case, TRIOE = LOW (when RAS goes LOW) and the DO pins stay High-Z during the refresh period, 
regardless of TRIOE. 

2. The MT43C4257A18A operates with this state as "don't care," but to allow for future functional enhance
ments, it is recommended that they be driven as illustrated for system upgradability. 

3-37 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

UU:::I=ION MT43C4257 AlBA 
1-· oo"","oocw,", 256K x 4 TRIPLE-PORT DRAM 

DRAM/BMR TRANSFER CYCLE FUNCTION TABLE 1 

lOGIC STATES 

"RKSFalling Edge 

CODE FUNCTION A B C D E F G 
ME/WE DSF1 DSF2 TRM STS MKD DQ(lnput) 

BMR-RT BMR READ TRANSFER 1 0 0 1 0 0/1 1 X 
(DRAM-BMR TRANSFER) 

BMR-IRT BMR READ TRANSFER 1 0 0 1 1 0/1 1 X 
(DRAM-invert-BMR TRANSFER) 

BMR-WT BMR WRITE TRANSFER 0 0 0 1 0 0/1 1 Mask 
(BMR-DRAM TRANSFER) 

BMR-IWT BMR WRITE TRANSFER 0 0 0 1 1 0/1 1 Mask 
(BMR-invert-DRAM TRANSFER) 

~ I CLR-BMR I CLEAR BMR (CLR-BMR) 

"tJ 
o X 0/1 1 I X 

o 
~ 
C 
:0 

DRAM/BMR TRANSFERS 

'RAS tRP I 

):It RAS ~:r- \ s: 
CAs ~:t-==:J II \ J NOTE 2 } 

tASR tAAH 

ADDR ~:t=~--Row--kw;W$$/$/$//$//$$//;Jff;/;/$//;//$/&~--RO-W--

tCSH 

I 
I 

'ASH 

'CRP 'RCD tCAS 

tWSR II tRWH 
MEIWE ~:~=_-A-kwu//$;//;/;/$;/;/$/$//;J$//;//;//#U////$!;I!;I//$;/ffff//!;I/,f$#a 

tFSR II tRFH 
OSFt.Dfi~~~~ ~:t=_~ ~kJ;////ff$;/;//$/$;/$//,f;/$j';//;////;/////ff/;/$$$;///ff/M/ff$,j 

. tMS II tMH 

DO ~:g~=--G-kJ;//;/;///ff//ff/;/;///j//;/JW$!ff$;/ff/;//;/$/$ff///!;I;/$;//////iJ@llJ 
tyS II tYH 

TRiCE ~:~=_- -./;//;//;//$$;/;//;///Wff$$/;/;////$/;///;//;/$/ff/,f/;/,f/;/;/ff,j 

IZZI DDN'T CARE 

Il88! UNDEFINED 

NOTE: 1. Serial mask input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 
2. It is not necessary to drop CAS during a DRAM/BMR TRANSFER. 

MT43C4257A18A 
AEV.5/93 3-38 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C4257 AlBA 
1-· """CO""""',, 256K x 4 TRIPLE-PORT DRAM 

READ TRANSFER CYCLE FUNCTION TABLE 1 

LOGIC STATES 

"RASFalling Edge 

CODE FUNCTION A B C D E 
DSF1 OSF2 TRM STS MKO 

RW READ TRANSFER 0 0 0 0/1 2 X 

SRT SPLIT READ TRANSFER (DRAM----SAM) 1 0 0 0/1 2 X 

BMRT BIT MASKED READ TRANSFER 0 1 1 0/1 2 X 

BMSRT BIT MASKED SPLIT READ TRANSFER 1 1 1 0/1 2 X 

BMR-SAM BMR----SAM TRANSFER 1 0 1 0/1 2 0/13 

z 
m :e • -I 
l:J -"tJ 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D" and "E" for READ TRANSFER r 

MT43C4257A1SA 
REV.S/93 

cycle timing diagrams on the following pages. m 
2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, I 

the transfer is to SAMa; when STS = HIGH, the transfer is to SAMb. "tJ 
3. Serial mask input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 0 

3-39 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C4257 AlBA 
1-· """0",,00"''' 256K x 4 TRIPLE-PORT DRAM 

Sea, b ~:~= 

READ TRANSFER 1,4 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL INPUT mode) 

tRAB tRP 

~ 
ICSH I 

IRSH 

I ICRP tRCD teAs 

,~ ~ 

fZ;l DON'T CARE 

NOTE: 1. SSFa, b = "don't care" (MT43C4258A). ~ UNDEFINED 

MT 43C4257 AlBA 
REV. 5/93 

2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed SAM will be reused. 

3. There must be no rising edges on the SC input during this time period. 
4. The logic states of "A", "8", "C", "D" and "E" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 
5. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. 

3-40 Micron Semiconductor, Inc., reserves the right to change products or specifications wflhout notice. 
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PRELIMINARY 

MIC:RON MT43C4257A18A 
1-· "'"cc'""'W~''' 256K X 4 TRIPLE-PORT DRAM 

AAs V,H 
VIL-

CAS V,H V1L _ 

ADDR V,H 
VIL 

REAL-TIME READ TRANSFER 1,5 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL OUTPUT mode) 

tRAS tRP 

II 

f 
tCSH 1 

IRSH 

I 'CRP IRCD teAs 

------.J ~ NOTE 2 / 
tAR 

I IRAQ I I tRAL 

I"" 'ABR 
lRAH __ 

1 I~I-I _leAH -1-
ij'11/.X ROW WIIIM SAM START 

DSF1,DSF2, 
TAM, 8T8, MKD 

::-1.,il,-== VIL-w( AB,?,D,E _. 

V,OH- 12F I I 
00 'n~11 '"" I '- -, '- I -,-

ffilOE 

SCa,b 

SDQa,b 

SEa, b 

QSFa,b 

V1H _ 

VIL -

ISCA 

V1H_ 

V1L-

V1OH-
V1OL-

I i 
VALID Dour 

V,H 
VIL_ 

prVlOUS ROW -:- NEW ROW 

VOH 

I ITOo 

--------------------------===~~~I------------------)( NOTE 4 VOL- NOTE 4 

1m DON'T CARE 

~ UNDEFINED 

NOTE: 1. SSFa, b = "don't care" (MT43C4258A). 

MT43C4257A18A 
REV. 5193 

2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed. 

3. The SE pulse is shown to illustrate the serial output enable and disable timing. It is not required. 
4. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. 
5. The logic states of "A", "8", "C", "D" and "E" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 

3·41 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

UU::::I=ION MT43C4257 AlBA 
1-· ""'",,,,"uo< m 256K x 4 TRIPLE-PORT DRAM 

~ 

---J 

SPLIT READ TRANSFER 3 

(SPLIT DRAM-TO-SAM TRANSFER) 

'RC 

tRAS 

tCSH ~ 
'ASH 

II 'RCD tCAS 

II 

} NOTE 1 / 
'AR 

'RP 

\ 

I 
II 

l_tRAD I I 'RAl 

IASR 'RAH ~I -I __ leAH 
-1- -

AooR ~:r=wf ROW ~ TAP AooR (B) ~/ffllff$lllffllff$fflllllllffllllfffffflll$$fflllllllffffffffllla 
I II I 
:'WSRII~ I 

MEIWE ~:r-~ I II Wff//$/lI/"JII/ff$/"J/I$/////$I"J"JI,1//,.@lff//"J/ff$$f/,.@#"J,1#"J,1ffff"J/ff/M 
~~ I 

TR~~i1S~~~H ~:r=~' A, S, C, D, E W!/I,1ff"J/lII/III/!/$/$III!!II,1$$///"J//I///"J/I,1/$/!I////I//"J//"J//lI#"J/I/#//li/~ 
I'OFF II I 

DO ~IOH-=3 OPEN ------'------OPEN ---

10L- 'TLS IIITLH I 
TRiCE ~:r=~- -Vu"J"JI"J$,1$/,1/"J,1/W$I"JI$$/$I,1/$IIII/!/////"J,1/$/I"J$$/I/$//$1I;2 

~l I~ 
Sea, b ~:r: 

SEa. b V1H-

r~.;;;,~;;;·'~~I------I~-:~~------+-~------~~-:~~-------------------1:'111i 
i SoOa b ~:gt=~ 511(255) ~ A (256+A) ~;:::==x 253(509) X 254(510) X 255(511) X 256+B(B) i 
i ~I- I II~I, I i 
l QSFa, b ~gr= ------>( SAM MSB;; (NOTE 2) )( NEW MSB i 
t-MT43C4258A-------------:j----I~:~~----J--i~-:~~---------------------------------------------------------It-------------r-----------------1 

: SoOa b ~:gr=~ 511(255) ~ A (256+A) ~;:::==x X 2 X X 1 X X 256+B(B) : 

: tSFS II ISFH tSFD I : 
i: ,,)--H- i, 

SSFa, b ~:r= , , 
~. _________________________ -___ - __ -__ -___ -__ -___ -__ -__ ---------------------------------------1--)-'------- ______________________________________________________________________ : 

~ DON'T CARE 

NOTE: 1, CAS is used to load the Tap address. If CAS does not fall, the last Tap address ~ UNDEFINED 

loaded for the addressed SAM will be reused for the idle half. 

MT 43C4257 A/SA 
REV. 5193 

2. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the upper SAM (bits 256-511) is being accessed. 

3. The logic states of "A", "B", "C", "D" and "E" determine the type of TRANSFER operation performed, See the 
Read Transfer Cycle Function Table. 

3-42 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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PRELIMINARY 

IUIIIC:RON MT 43C4257 AlBA 
1-· ",,,,,",on,,,,,, 256K x 4 TRIPLE-PORT DRAM 

WRITE TRANSFER CYCLE FUNCTION TABLE 1 

LOGIC STATES 

RAS Falling Edge SC 

CODE FUNCTION A B C D E F G H 
DSF1 DSF2 DQ TRM STS Sf MKD MKD 

WT WRITE TRANSFER 0 0 X 0 0/1 2 0 X -
(SAM--+DRAM) 

PWT PSEUDO WRITE 0 0 X 0 Of12 1 X -
TRANSFER 

MSWT DO MASKED SPLIT WRITE 1 0 Mask 0 0/12 X X -
TRANSFER (SAM--+DRAM) 

MWT DO MASKED WRITE 0 1 Mask 0 0/1 2 X X -
TRANSFER (SAM--+DRAM) 

BMWT BIT MASKED WRITE 0 1 X 1 0/1 2 X X 0/1 4 

TRANSFER (SAM--+DRAM) 

BMSWT BIT MASKED SPLIT WRITE 1 1 Mask 1 0/1 2 X X 0/1 4 

TRANSFER (SAM--+DRAM) 

SAM-BMR (SAM--+BMR) TRANSFER 1 0 X 1 0/1 2 X 0/1 3 

BMWT- DO/BIT MASKED WRITE TRAN- 1 1 Mask 0 0f12 X X 0/1 4 

DOM SFER (SAM--+DRAM) 

z 
m :e • -f 
::D -""tJ r m 
I 

""tJ o 
::D 
-f 
C 
::D 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "G", "D", "E" , "F", "G", and "H" for WRITE » 
TRANSFER cycle timing diagrams on the following pages. , 

MT43C4257A18A 
REV. 5193 

2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, ;:::a 
the transfer is to SAMa; when SAM = HIGH, the transfer is to SAMb. 

3. Serial mask input (SMI) mode is enabled if MKD = HIGH and disabled if MKD = LOW. 
4. When in the SMI mode (see BMR transfer waveforms) MKD is the SMI data input. MKD data is clocked into 

all bit planes of the bit mask register with SGb. A logic "1" on MKD will allow data to pass through the mask; a 
logic "0" will mask the corresponding location of the SAM during a BIT MASKED TRANSFER. BIT MASKED 
TRANSFERs to or from SAMa must not take place while mask data is being serially input via SGb and MKD. 

3-43 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1993, Micron Semiconductor, Inc 
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PRELIMINARY 

MIC:RON MT 43C4257 Al8A 
1-· "'''''''""CC,,'' 256K x 4 TRIPLE-PORT DRAM 

WRITE TRANSFER 4 

(When part was previously in the SERIAL OUTPUT mode) 

tRAS tRP 

~ 
ICSH 

I IRSH 

ICRP tRCO teAs I 

J 
tAR ~ NOTEt r / 

I ~D I I I tRAl 

~ ~ ~I I~ 
ADDR ~:t=_ ROW ~ SAM START k//##/#//////////#//#/#/#///#/##/&///J1#/###//#//#/! 

I IW<l.R II tRW!" I 

M~ ~:t=~-=-II-··· W/$////W///$$#//#$/$#$$#//$/$//M'$$/$///$##$////$/Wff& 

I ~II~ I 
DS~~~~~~ ~:t_ A, B, D, E b$/////I!!/$$'/$/$#/W/$/$ff$/$/$/#/$/#////#;/ff//$"/$#$/$#m 

I~~I~ I 
DO ~:8t'= =3 c ~ OPEN OPEN ---

tTLS II tTLH I tesD I 

TRIO. ~:t=wwl- -W;#/#$/$#/$;;;;;;/J1###;l$J1#/$/J1/$I1!1111/I!/!//////$#$/I/!!/$/I//!!/112 
I tRSO 

Sea, b ~:~= NOTE 2 

I !SDD 

ISOZ I 

SDQa,b ~:g~_ VAliD DOUT Xr---VAL-,D-DOU-T-''-----~~HIGHZ--l~~~Wb~~~~~~~WlJ 
II I tsws 

So.b ~:t=~r~~ F ~b_/#/$$/I!/!I/!!$$$/I!/!/$/#//f~~-tSW_'S -'-----'---

~II~ I ~I I~ 
~:t_ G iw/l!/!/M'/#$/$////f$/f$/f/,@'/$$/i1!!$;1~ 

I \ leaD 

-tR-aD -------=-=-----I~ ____ -
QSFa,b ~gr_. ________ N_OTE_5 ________ ;{c--. ____ NOT_E5 ___ _ 

~ DON'T CARE 

NOTE: 1. CAS is used to load the Tap address. If CAS does not fall, the last I8lIll UNDEFINED 

Tap address loaded for the addressed SAM will be reused. 

MT 43C4257 AiSA 
REV.5f93 

2. There must be no rising edges on the SC input during this time period. 
3. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 

of SE. 
4. The logic states of "A", "8", "C", "0", "E", "F", "G" and "H" determine the type of TRANSFER operation 

performed. See the Write Transfer Cycle Function Table. 
5. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the upper SAM (bits 256-511) is being accessed. SSFa,b = "don't care" (MT43C4258A). 

3-44 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT 43C4257 Al8A 
I-a ,mco,,",,,,,,,, 256K X 4 TRIPLE-PORT DRAM 

NOTE: 

MT 43C4257 AlBA 
REV. 5193 

WRITE TRANSFER 4 

(When part was previously in the SERIAL INPUT mode) 

'RAS 'RP 

\ 
tCSH 

I IRSH 

~ tRCO tCAS I 

.-f 1\ 
'ARI 

NOTE 1 ,V / 

tRAL I ~D I I I 
~ ~ ~I I~ 

ADDR ~:~=_ ROW ~ SAM START b/ff/////ff/ff//ff/ffff/ffffff/$!ff/$ff/ff$ff$/$//ffffff~ 
MEIWE ~:~=Jwl~II~Yt//I/$$/'J$/'/$$////$/'//'/'$/$$/I/$/j'//'/'/'//'/$/$$/ff$#//#$,1L 

I ~II~ I 
DS;~M':~ ~:~=_ A. B. D. E k-/j'$$/'$$$$//'$/$///$/J/'//,@'$$/$/'/'/'//'/$/#//$//'//'$$//& 

I~~II~ I 
DO ~:g~==:3 c ~ OPEN I OPEN ----

'TlS II 'TLH 'eSD I 
TRJ6E ~:~=-- -W$$$//$!/!//'/'/!/!/'/'/'/'/'//'///j'$/'$$$!/!j'$//'/I"$/J/'$I!/'/'/'/'$/!h 

'sew ~II I ~ I I_---"S""-P_.II~ I_--""SP'------_II 

SCa,b NOTE 2 

1. CAS is used to load the Tap address. If CAS does not fall. 
the last Tap address loaded for the addressed SAM will be reused. 

2. SE must be LOW to input new serial data, but the serial address register 
is incremented by SC regardless of SE. 

3. There must be no rising edges on the SC input during this time period. 

~ DON'T CARE 

~ UNDEFINED 

4. The logic states of "A", "8", "C", "0", "E", "F", "G" and "H" determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the upper SAM (bits 256-511) is being accessed. SSFa,b = "don't care" (MT 43C4258A). 

3-45 Micron Semiconductor, Inc., reserves the right 10 change products or specifications without notice. 
©t993, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:RON MT43C4257 AlBA 
1-· "'"''''"''' """" 256K x 4 TRIPLE-PORT DRAM 

~ 

.I 

SPLIT WRITE TRANSFER 3 

(SPLIT SAM-TO-DRAM TRANSFER) 

'RAS 

---*f 
tCSH II 

IRSH 

II 'RCD 'CAS 

II 

} NOTE! J 
'AR 

'RP 

"\ 

II 
I~RAD I I I tRAL 

~ ~ ~I J _leAH 

ADDR ~:t=~ ROW ~ TAPADDR (81 ~//!§#////#;/,///#///!§//#////#//////#/#/#/////#//#//j'#///a 
I 'WSR II 'RWH I 

MEiNE ~:t=1Zcl-II-w///!/j'/M'/$//i/!////$$///i/!/!/!/!//U/I/i)/$//!///!/M'$//!////!//$/ff//!u/l///!h 
I ~II~ I 

D~dMD~i~ ~:t=~ A, S, D, E !w///!/ff//!/!;/'//I,@//$/!/,@'/I;@//ff/;1"@;1;1"J$/$/$;1/!j'//!/lM'j'//!///"J$j 

. bF~II~ I 
DO ~:gt==3! c i OPEN ------;---------- OPEN ---

'TLS II 'TLH I 
TRlOE ~:t::WDl- -lw//////I/lU;/'/;/'/////!//M'/!/I$ff//I&///$/iff//I&/!/j'///,@'/$//!#//ff//////i///!& 

~I 'sew I 
~ 

SCa,b ~:~: 

SEa. b 

~ DON'T CARE 

NOTE: 1. CAS is used to load the Tap address. If CAS does not fall, the last fQ2i.l UNDEFINED 

Tap address loaded for the addressed SAM will be reused. 

MT 43C4257 Al8A 
REV. 5/93 

2. QSF = 0 when the lower SAM (bits 0-255) is being accessed. 
QSF = 1 when the upper SAM (bits 256-511) is being accessed. 

3. The logic states of "A", "8", "C", "D", "E" and "H" determine the type of TRANSFER operation performed. See 
the Write Transfer Cycle Function Table. 

3-46 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT 43C4257 AlBA 
1-· '''''',""'''0< '" 256K x 4 TRIPLE-PORT DRAM 

SEa,b 
VIH-
VIL-

tscw 

SCa, b 
VIH-
VIL-

tSDH 

SDOa, b 
VIH-
VIL-

A-l 

1 SEa,b 
VIH-
VIL-

tSCR 

SCa, b 
VIH-
VIL-

SDOa, b VOH-
VOL-

SAMa or SAMb SERIAL INPUT 

tSWH tsws 

tscw tscw 

tSAS 

1-="*f-....:tS:::.DS:;'1 tSDH 

A+2 

SAMa or SAMb SERIAL OUTPUT 

tSEP 

\ tSCR tSCR 

~ DON'T CARE 

~ UNDEFINED 

NOTE: SEa, SGa and SDOa are used when accessing SAMa and SEb; SGb and SDOb are used when access 
in SAMb, 

MT43C4257Ai8A 
REV. 5193 3-47 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT 43C4257 AlBA 
1.-· w''''"''cw~" 256K x 4 TRIPLE-PORT DRAM 

MT43C4257A/8A 
REV. 5/93 3-48 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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(SUPERSEDED BY MT4C8128A19A) 

MICRON MT 43C8128/9 
1-· " " c, 128K x 8 TRIPLE-PORT DRAM 

TRIPLE-PORT 
DRAM 
FEATURES 
• Three asynchronous, independent, data-access ports 
• Fast access times: 80ns random, 25ns serial 
• Operation and control compatible with 1 Meg VRAMs 
• High-performance, CMOS silicon-gate process 
• Inputs and outputs are fully TTL compatible 
• Low power: 15mW standby; 550mW active, typical 
• 512-cycle refresh within 8ms 
• Refresh modes: RAS-ONL Y, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST-PAGE-MODE access cycles 
• Two bidirectional serial access memories (SAMs) 
• Fully static SAMs and Mask Register, no refresh 

required 
• 2,048-bit Bit Mask Register 
• SERlAL MASK DATA INPUT mode 

SPECIAL FUNCTIONS 
• MA$KED WRITE (Write-Per-Bit) 
• PERSISTENT MASKED WRITE 
• SPLIT READ and WRITE TRANSFERs 
• BLOCK WRITE 
• BIT MASKED TRANSFERs 

OPTIONS MARKING 
• Timing (DRAM, SAMs [cycle/access]) 

80ns,28ns/25ns - 8 
100ns,30ns/27ns -10 

• Packages 
Plastic LCC (750 mil) EJ 

• Functionality 
QSF output MT43C8128 
(indicates SAM half accessed) 
SSF input MT43C8129 
(Split SAM special function, stop count) 

• Part Number Example: MT43C8128EJ-8 

GENERAL DESCRIPTION 
The MT43C8128/9 are high-speed, triple-port CMOS 

dynamic random access memories (TPDRAM) containing 
1,048,576bits.Datamaybeaccessedbyan8bitwideDRAM 
port or by either of two independently-clocked 256 x 8-bit 
serial access memory (SAM) ports. Data may be transferred 
bidirectionally between the DRAM and the SAMs. 

MT43C812819 
REV. 5193 3-49 

128K x 8 DRAM WITH 
DUAL 256 x 8 SAMS 

PIN ASSIGNMENT (Top View) 

52-PIN PLCC 
(SDD-1) 

7 6 5 4 3 2 525150494847 
SD01. ~ 8 1 46~ MKD 
SD02a [ 9 45 P SDQ8. 
SD03a [ 10 44 P SD07. 
SDQ4a [ 11 43 ~ SDQ6. 
i'Ril'iE [ 12 42 P SDOS. 

DOl,; 13 41 ~ SEa 
DQ2, 14 40P DOS 
DQ3 [ 15 39~ DO? 
DQ4 [ 16 3S~ DQ6 

Vcc1, [ 17 37 ~ DOS 
MElWE [ 18 36 P Vss2 

STS ~ 19 35 ~ DSF1 
RAS [ 20 34 P OSFb/SSFb* 

21 22 23 24 25 26 27 28 29 30 31 32 33 
~~~~~~~~~~~~~ 

~l(:i! ~ ~ '1J ~ l;I:l!;;: ~ ~I~ 
Q > CIl 0 

*MT43C812B/MT43CB129 

~ 
~ 

The DRAM portion of the TPDRAM is functionally iden
tical to the MT4C4256 (256K x 4) DRAM. Sixteen 256-bit 
data registers make up the serial access memory portions of 
the TPDRAM. Data I/O and internal data transfer are 
accomplished using five separate bidirectional data paths; 
the B-bitrandom access I/Oport, a pair of internal2,048-bit
wide paths between the DRAM and the SAMs, and the pair 
of 8-bit serial I/O ports for the SAMs. The rest of the 
circuitry consists of the control, timing, and address decod
inglogic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2,048 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 256 x B-bit bit mask data register 
may be parallel loaded from the DRAM or either SAM, 
or it may be serial loaded through the MKD serial input. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1993,MicronSemiconductor, Inc. 
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(SUPERSEDED BY MT4C8128A19A) 

MIC:RON MT43C8128/9 
1-· ""'''"000'''''' 128K X 8 TRIPLE-PORT DRAM 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 
512 combinations of RAS addresses are executed at least 
every 8ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions ofthe TPDRAM 
are fully static and do not require any refresh. 

The operation and control of the MT43C8128/9 are opti
mized for high performance graphics and communication 
designs. The triple-port architecture is well suited to buff
ering the sequential data types used in raster graphics 
display, video windowing, serial/parallel networking and 
data communications. Special features, such as SPLIT 
TRANSFER, BIT MASKED TRANSFERs and BLOCK 
WRITE allow further enhancements to system performance . 

FUNCTIONAL BLOCK DIAGRAM 

AD-A8 

MT43C8128/9 
REV. 5/93 

J ••••••••••••••••••••• COLUMN ••••••• MASK f!i 

3-50 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C8128A/9A 
1-· '" "" 128K x 8 TRIPLE-PORT DRAM 

TRIPLE-PORT 
DRAM 
FEATURES 
• Three asynchronous, independent, data access ports 
• Fast access times: 70ns random, 22ns serial 
• Operation and control compatible with 1 Meg VRAMs 
• High-performance, CMOS silicon-gate process 
• Inputs and outputs are fully TTL compatible 
• Low power: 15mW standby; 550mW active, typical 
• 512-cycle refresh within 16.7ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST-PAGE-MODE access cycles 
• Two bidirectional. serial access memories (SAMs) 
• Fully static SAMs and Mask Register, no refresh 

required 
• 2,048-bitBit Mask Register 
• SERIAL MASK DATA INPUT mode 

SPECIAL FUNCTIONS 
• MASKED WRITE (Write-Per-Bit) 
• PERSISTENT MASKED WRITE 
• SPLIT READ and WRITE TRANSFERs 
• BLOCK WRITE 
• BIT MASKED TRANSFERs 

OPTIONS MARKING 
• Timing (DRAM, SAMs [read cycle/write cycle]) 

7Ons,22ns/2Ons -7 
8Ons,25ns/2Ons -8 

• Packages 
Plastic LCC (750 mil) EJ 

• Functionality 
QSF output MT43C8128A 
(indicates SAM half accessed) 
SSF input MT43C8129A 
(Split SAM special function, stop count) 

• Part Number Example: MT43C8128AEJ-7 

GENERAL DESCRIPTION 
The MT43C8128A/9A are high-speed, triple-port CMOS 

dynamic random access memories (TPDRAM) containing 
1,048,576 bits. Data may be accessed by an8 bit wide DRAM 
port or by either of two independently-clocked 256 x 8-bit 
serial access memory (SAM) ports. Data may be transferred 
bidirectionally between the DRAM and the SAMs. 

MT43C8128A19A 
REV. 5193 3-51 

128K x 8 DRAM WITH 
DUAL 256 x 8 SAMS 

PIN ASSIGNMENT (Top VieW) 

SD01. 
SDQ2a 
SDQ3a 
SD04a woe 

001 
002 
003 
DQ4 
Vcc1 

M"EIWE 
srs 
RAS 

52-PIN PLCC 
(500-1) 

'MT43C8128A1MT43C812SA 

MKD 
SOOB. 
SD07. 
SDOB. 
SDOS. 
§Ea 
DOB 
D07 
D06 
DOS 
Vss2 
DSF1 
OSFbtSSFb' 

The DRAM portion of theTPDRAM is functionally iden
tical to. the MT4C4256 (256K x 4) DRAM. Sixteen 256-bit 
data registers make up the seriafiu::cess mertiorypbrtions of 
the TPDRAM. Data I/O and intemal data transfer are 
accomplished using five separate bidirectional data paths; 
the 8-bit random access 1/ 0 port, a pair of internal 2,048 bit 
wide paths between theDRAM and the SAMs, and the pair 
of8-bit serial I/O ports for the SAMs.The rest of the 
circuitry consists of the control, timing, and address decod
ing logic. 

Al! three ports may be operatedasynchrortously and 
indepehdently of the others except .when .data is being 
internally transferred between the DRAM and either SAM. 

Each of the 2,048 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 256 x 8-bit bit mask data register 
may be parallel loaded from the DRAM or either SAM, 
or it may be serial loaded through the MKD serial input. 

Micron Semiconductor, Inc., reserves the right to change products or speciflcallons without notice. 
@1993,MicronSemiconductor,lnc. 
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PRELIMINARY 

MICRON MT 43C8128A/9A 
1-· ,,,,,,we< 128K X 8 TRIPLE-PORT DRAM 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 
512 combinations of RAS addresses are executed at least 
every 16.7ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require any refresh. 

The operation and control of the MT43C8128A/9A are 
optimized for high-performance graphics and communica
tion designs. The triple-port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, video windowing, serial! parallel networking and 
data communications. Special features, such as SPLIT 
TRANSFER, BIT MASKED TRANSFERs and BLOCK 
WRiTE allow further enhancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

MT43C8128Af9A 
REV. 5193 3-52 Micron Semiconductor, Inc., reserves the rigtJtto change products or specifications without notice. 
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PRELIMINARY 

UU::F=lON MT43C8128Af9A 
1-· "'" c 'w 128K X 8 TRIPLE-PORT DRAM 

PIN DESCRIPTIONS 

MT43CB128A19A 
REV. 5193 

PLCC PIN 
NUMBER 

7 

1 

12 

18 

41 

47 

,35 

21 

20 

33 

, 

SYMBOL TYPE 

SCa Input 
" 

SCb Input 

TRIOE ,Input 

MElWE Input 

SEa Input 

SEb Input 

DSF1 Input 

DSF2 Input 

RAS Input 

CAS Input 

DESCRIPTION 

Serial Clock, SAM a: Clock input to the serial address counter for 
the SAMa registers and strobe for SAMa control and data inputs. 

Serial Clock, SAMb: Clock input to the serial address counter for 
the SAMb registers and strobe for SAMb control and data inputs. 

Transfer. Enable: Enables an internal TRANSFER operation at 
the falling edge of RAS, or 

Output Enable: Enables the PRAM output buffers when taken 
LOW after RAS goes LOW (CAS must also be LOW); otherwise, 
the output buffers are in a High-Z state. 

MaskEnable: If MElWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 

Write Enable: MElWE is also used to select a READ (MElWE = 
H) or WRITE (MEIWE = L) cycle when accessing the DRAM. 
ThiS includes a READ TRANSFER (MElWE = H) or WRITE 
TRANSFER (MElWE = L). 

Serial Port Enable SAMa: SEa enables Port A serial I/O buffers 
and allows a serial READ or WRITE operation to occur; 
otherwise, the output buffers are in a High-Z state. SEa is also 
used during a TRANSFER operation to indicate whether a 
WRITE TRANSFER or a SERIAL INPUT MODE ENABLE 
(PSEUDO WRITE TRANSFER) cycle is performed. 

Serial Port Enable, SAMt:l: SEb enables Port B serial I/O buffers 
and allows a serial READ or WRITE operation to occur; 
otherWise, the output buffers are ina High-Z state. SEb is also 
used during a TRANS,FER operation to indicate whether a 
WRITE TRANSFER or aSERIAL-INPUT-MODE ENABLE 
(PSEUDO WRITE TRANSFER) cycle is performed. 

Special Function (Control) 1: DSF1 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. See the Functional Truth Table for a detailed description. 

Special Function (Control) 2: DSF2 is used to indicate which 
special functions are used on a particular access or transfer 
cycle. See the Functional Truth Table for a detailed description. 

Row Address Strobe: RAS is used to clock-in the 9 row-address 
bits and strobe the control and data inputs. 

Column Address Strobe: CAS is used to clock-in the 8 column-
address bits, enable the DRAM output buffers (along with 
TRlOE), and strobe control inputs and data inputs. 

3-53 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MICRON MT43C8128Af9A 
1-· " 'CH'K 128K X 8 TRIPLE-PORT DRAM 

PIN DESCRIPTIONS (continued) 

PlCC PIN 
NUMBER(S) 

31, 30, 29, 28, 
25, 24, 27, 22, 

23 

19 

46 

6 

13, 14, 15, 16, 
37,38,39,40 

8,9,10,11, 
42,43,44,45 

2,3,4,5, 
48,49,50,51 

MT43C8128A19A 
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32 

34 

17,26 

52,36 

SYMBOL 

AO-A8 

STS 

MKD 

TRM 

DQ1-DQ8 

SDQa1-SDQa8 

SDQb1-SDQb8 

QSFalSSFa 

QSFb/SSFb 

Vcc 

Vss 

TYPE 

Input 

Input 

Innllt " .t"' ... ~ 

Input 

InpuV 
Output 

InpuV 
Output 

InpuV 
Output 

Output 

Input 

Output 

Input 

Supply 

Supply 

DESCRIPTION 

Address Inputs: For DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 8-bit 
word out of the 128K available. During TRANSFER operations, 
AO to A8 indicate the DRAM row being accessed (when RAS 
goes LOW) and AO-A7 indicate the SAM start address (when 
CAS goes LOW). A7, A8 = "don't care" for the start address 
when doing SPLIT TRANSFER. 

SAM Transfer Select: The state of STS at RAS time determines 
which SAM is involved in a transfer (SAMa = LOW, 
SAMb = HIGH). 

Mask Data Input: MKD is used during B!T MASK REG!STER 
LOAD cycles to enable or disable the serial mask input mode 
(SMI). If SMI is enabled (MKD = HIGH at RAS), then MKD is 
used as mask data input and is clocked by SCb into the mask 
data register. 

Transfer Mask Select: TRM is used to select between NORMAL 
TRANSFER cycles and BIT MASKED TRANSFER or BIT MASK 
REGISTER LOAD cycles. 

DRAM Data 110: Data inputs and outputs for the DRAM memory 
array; inputs for the MASK and COLOR REGISTER load cycles; 
address mask inputs for BLOCK WRITE cycles. 

Serial Data 1/0, SAMa: Input, Output, or High-Z. 

Serial Data 110, SAMb: Input, Output, or High-Z. 

Split SAM Status, SAM a (MT43C8128A): QSFa indicates which 
half of SAMa is being accessed (Lower = LOW, Upper = HIGH). 

Split SAM Special Function, SAMa (MT43C8129A): SSFa = 
HIGH stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFa is 
synchronized with SCa. 

Split SAM Status, SAMb (MT43C8128A): QSFb indicates which 
half of SAMb is being accessed (Lower = LOW, Upper = HIGH). 

Split SAM Special Function, SAMb (MT43C8129A): SSFb = 
HIGH stops access to current half of SAM and will load the Tap 
address of the next half into the address pointer. SSFb is 
synchronized with SCb. 

Power Supply: +5V ±5% 

Ground 

3-54 Micron Semiconductor, Inc., reserves the rightto change products or specifications without notice. 
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FUNCTIONAL DESCRIPTION 
The MT43C8128A/9A may be divided into four func

tional blocks: the DRAM and its special functions, the bit 
mask register (BMR), the two serial access memories (SAMs), 
and the DRAM/SAM/BMR transfer circuitry. All the op
erations described below are also shown in the AC Timing 
Diagrams section of this data sheet and are summarized in 
the Functional Truth Table. 

Note: For dual junction pins, the junction that is not being 
discussed will be surrounded by parentheses. For 
example, when discussing transfer operations the 
TR/OE pin will be shown as TR/(OE). 

DRAM OPERATION 
This section describes the operation of the random access 

port and the special functions associated with the DRAM. 

DRAM REFRESH (ROR, CBR, and HR) 
Like any DRAM-based memory, the MT43CS128A/9A 

TPDRAM must be refreshed to retain data. All 512 row
address combinations must be accessed within 16.7ms. The 
MT43CS128A/9A support CBR, RA5-0NL Y and HIDDEN 
types of refresh cycles. 

For the CBR REFRESH cycle, the row addresses are 
generated and stored in an internal address counter. The 
user need not supply any address data but must simply 
perform 512 CBR cycles within the 16.7ms time period. 

For RA5-0NL Y REFRESH cycles, the refresh address 
must be generated externalJy and applied to the AO-AS 
inputs. The DQ pins remain in a High-Z state for both the 
RAS ONLY and CBR cycles. 

HIDDEN REFRESH (HR) cycles are performed by tog
gling RAS (while keeping CAS LOW) after a READ or 
WRITE cycle. This performs CBR cycles but does not dis
turb the DQ lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row that is being accessed. The SAM 
and BMR portions of the MT43CS12SA/9A are fully static 
and do not require any refreshing. 

DRAM READ AND WRITE CYCLES (RW) 
The DRAM portion of the TPDRAM is nearly identical to 

standard 256K x 4 DRAMs. However, because several ofthe 
DRAM control pins are used for additional functions on 
this device, several conditions that were undefined or" don't 
care" states for the DRAM are specified for the TPDRAM. 

MT43CB128A19A 
REV.S/93 3-55 

These conditions are highlighted in the following discus-
sion. In addition, the TPDRAM has several special func- Z 
tions that may be used when writing to the DRAM. 

The 17 address bits used to select an S-bit word from the m 
131,072 available are latched into the chip using the AO-AS, < 
RAS, and CAS inputs. First, the 9 row-address bits are set up < 
on the address inputs and clocked into the part when RAS III 
transitions from HIGH to LOW. Next, the S column-ad-
dress bits (AO-A7) are set up on the address inputs and 
clocked-in when CAS goes from HIGH to LOW. -I 
Note: RAS also acts as a "master" chip enable for the 

TPDRAM. IfRAS is inactive, HIGH, all other DRAM 
control pins (CAS, TR/OE, ME/WE, etc.) are a 
"don't care" and may change state without effect. No 
DRAM or TRANSFER cycles will be initiated with
out RAS falling. 

For single-port DRAMS, the OE pin is a "don't carl''' 
when RAS goes LOW. For the TPDRAM, TRI (OE) is lISt'd 

whenRASgoes LOW to select between DRAM and TRANS
FER cycles. TR/(OE) must be HIGH at the RAS HIGH-to
LOW transition for all DRAM operations. 

If (ME)/WE is HIGH when CAS goes LOW, a DRAM 
READ operation is performed and the data from the memory 
cells selected will appear at the DQI-DQ8 port. The (TR)I 
OE input must transition from HIGH to LOW some time 
after RAS falJs to enable the DRAM output port. 

For single-port DRAMs, WE is a "don't care" when RAS 
goes LOW. For the TPDRAM, ME/(WE) is used, when 
RAS goes LOW, to select between a MASKED WRITE cycle 
or a normal WRITE cycle. If MEl (WE) is LOW at the RAS 
HIGH-to-LOW transition, a MASKED WRITE operation is 
selected. For any TPDRAM non-masked access cycle (READ 
or WRITE), MEl (WE) must be HIGH at the RAS HIGH-to
LOW transition. If (ME) /WE is LOW when CAS goes LOW, 
a DRAM WRITE operation is performed and the data 
present on the DQ1-DQS data port will be written into the 
selected memory cells. 

The TPDRAM can perform alJ the normal DRAM cycles: 
READ, EARLY-WRITE, LATE-WRITE, READ-MODIFY
WRITE, FAST-PAGE-MODE READ, FAST-PAGE-MODE 
WRITE,andFAST-PAGE-MODEREAD-MODIFY-WRlTE. 
Refer to the AC timing parameters and diagrams in the data 
sheet for more details on these operations. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT43C8128A/9A 
1-· "',' " 128K X 8 TRIPLE-PORT DRAM 

1- NONPERSISTENT MASKED WRITE -1- NONPERSISTENT MASKED WRITE -I 
RAS ~ I \ I 

CAS 
\f---_______ I 

MElWE \ II! I!! //Ii II!c. 
DSF1 \ tflll!lA tllill II lilA 
DSF2 \ III II!!!! II IIl/I///i III/II II!! II II /J 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 
1 ----)J> 1 0 ------)J> X 1 0 1 ------)J> 

1 ------)J> 0 ----)J> 0 0 0 ------)J> X 0 

0 0 ------)J> X 0 

0 1 ------)J> 1 .---)J> 

0 0 ------)J> X 0 

------)J> 0 .---)J> 0 

0 ------)J> X 1 

0 ------)J> 0 .---)J> 0 

o 
o 
o 
o 
o 
o 

o ------)J> 

1 ------)J> 

o ------)J> 

------)J> 

1 ------)J> 

o ------)J> 

X 0 
1 ----)J> 1 

X 0 
1 ----)J> 1 
1 ----)J> 1 

X 0 

BEFORE AFTER BEFORE AFTER 

------ ADDRESSO -----.~ .~----- ADDRESS 1 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 

NONPERSISTENT MASKED WRITE (RWNM) 
The MASKED WRITE feature eliminates the need to do a 

READ-MODIFY-WRITE cycle when changing only certain 
bits within an 8-bit word. The MT43C8128A/9A support 
two types of MASKED WRITE cycles, NONPERSISTENT 
MASKED WRITE and PERSISTENT MASKED WRITE. 

HME/{WE), DSFI and DSF2 are LOW attheRASHIGH
to-LOW transition, the data (mask data) present on the 
DQI-DQ8 inputs will be written into the mask data register. 
The mask data acts as an individual write enable for each of 
the eight DQI-DQ8 pins. If a LOW (logic 0) is written to a 
mask data register bit, the input port for that bit is disabled 
during the subsequent WRITE operation and no new data 
will be written to that DRAM cell location. A HIGH (logic 
1) on a mask data register bit enables the input port and 
allows normal WRITE operations to proceed. This conven-

MT43CB128A19A 
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tionis used for all masks on the MT43C8128A/9A.Notethat 
CAS is still HIGH. When CAS or (ME) /WE go LOW, the 
bits present on the DQI-DQ8 inputs will be either written to 
the DRAM (if the mask data bit was HIGH) or ignored (if 
the mask data bit was LOW). The DRAM contents that 
correspond to the masked bits will not be changed during 
the WRITE cycle. When using NONPERSISTENT MASKED 
WRITE, the data present on the DQ inputs is loaded into the 
mask data register at every falling edge of RAS. FAST
PAGE-MODE may be used in tandem with NONPERSIS
TENT MASKED WRITE to write several column locations 
using the same mask during one RAS cycle. An example of 
NONPERSISTENT MASKED WRITE cycle is shown in 
Figure 2. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1993, Micron Semiconductor, Inc. 
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I +- LOAD MASK REGISTER ......... 1 +-- PEASISTENT MASKED WRITE --------I +----- PERSISTENT MASKED WAITE -----+-1 

RAS __________ ~~~ ________ ~;____\~ ________ ~r ~ 

CAS 

MElWE 

DSF1 

\~~--------~\----~~--------------~----

\~--~----~~~--~----~;----\~~------

DSF2 " II !II /I /II !III 1I//II//1I/1/!!0. III 11/1 II!!I!III! II!I II! /1// I1t. !ll/!III!$/$/I!I!/!!/lj, 

MASK STORED INPUT STORED STORED INPUT STORED 

DATA DATA DATA 

~ ~ E: ::~ ~ APPLY 

MASK 
REG. 

(Stored in BEFORE AFTER BEFORE AFTEA 

Mask Data 

Register) 
+--- ADDRESS 0 -----------+ •• ---- ADDRESS 1 

x = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 2 
PERSISTENT MASKED WRITE EXAMPLE 

PERSISTENT MASKED WRITE (RWOM) 
The PERSISTENT MASKED WRITE feature eliminates 

the need to rewrite the mask data before each MASKED 
WRITE cycle if the same mask data is being used repeat
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD 
MASK REGISTER cycle is performed by taking ME/(WE) 
and DSFI HIGH, and DSF2 LOW, when RAS goes LOW. 
The mask data is loaded into the internal register when 
CAS goes LOW, provided DSFI is LOW (see the LOAD 
MASK REGISTER description). PERSISTENT MASKED 
WRITE cycles may then be performed by taking ME / (WE) 
and DSF2 LOW and DSFI HIGH when RAS goes LOW. The 
contents of the mask data register will then be used as the 
mask data for the DRAM inputs. 

Unlike the NONPERSISTENT MASKED WRITE cycle, 
the data present at the DQ inputs is not loaded into the mask 
register when RAS falls. Another PERSISTENT MASKED 
WRITE cycle may be performed without reloading the 
register. Figure 2 shows the LOAD MASK REGISTER and 
PERSISTENT MASKED WRITE cycle operations. The LOAD 
MASK REGISTER and PERSISTENT MASKED WRITE 
cycles allow systems that cannot output data at RAS time to 
perform MASKED WRITE cycles. PERSISTENT MASKED 
WRITE can also operate in FAST-PAGE-MODE. 

MT43C8128A19A 
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BLOCK WRITE (BW) 
If DSFI is HIGH when CAS goes LOW, the 

MT43C8I28A/9A will perform a BLOCK WRITE cycle 
instead of a normal WRITE cycle. In BLOCK WRITE cycles, 
the contents of the color register (instead of the DQ inputs) 
are directly written to four adjacent column locations (see 
Figure 3). A total of 32 bits will be written simultaneously, 
improving the normal DRAM fill rate by four times. The 
color register must be loaded prior to beginning BLOCK 
WRITE cycles (see LOAD COLOR REGISTER). 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A7 inputs are 
used. A2-A7 specify the "block" (out of the 64 possible) of 
four adjacent column locations that will be accessed. When 
the latter of ME/WE and CAS go LOW, the DQ inputs 
latched and used to determine which of the four column 
locations will be written. DQI acts as a write enable for 
column location AO = 0, Al = 0; DQ2 controls column 
locationAO= I,AI =0;DQ3controlsAO=0,AI = I; and DQ4 
controls AO = 1, Al = 1. The write enable controls are active 
HIGH; the WRITE function is enabled by a logic 1 and 
disabled by a logic o. 

The contents of the color register will then be written to 
the column locations enabled. Each DQ location of the color 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice, 
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COI..UML 
(A2-A7 at CAS) 

W 
ROW ,-"-" 

(AO-A,,,iiAsl - ----- -----'"i't~t 

COLUMN MASK {AO~ 
ON THE iNPUTS AT CAS 

MASK 
DATA 

REGISTER 

(MASKED WRITE IS OPTIONAL, 
AND MAYBE EITHER PERSISTENT 

OR NONPERSISTENT.) 

DQ2 -DQ1.~-Z 
~~! f-'/'-I-+-+=Ff\ 

CAs 
"--+-r---.' 

~~~: "" 
(DQ3:::--:-c-. 
(DQ4)---::::C -t"-

DQl 0--'- -----j ,.. 

OR DQ2 o--~
DQ30--

DQ4 o--r-I--H-=F'" 
DQS <>--Lr-.J--+-H-hf\ 
DOS <>--r-f--+-++-I--=t=-I\ 
DQ? <>--Lr-J--hH-t-+-I----!\ 
DQ' <>--t:f--+-++-I--++=F:1 t,-'" 

RAs~ 
LOAD 

RE~I~~~~ - '-'---:CO=-L=OR:-::R':-:'G='ST='=--R .LJ 
(must be previously loaded) 

Figure 3 
BLOCK WRITE EXAMPLE 

register is written to the four column locations (or any of the 
four that are enabled) in the corresponding DQ bit plane. 
The DQ mask is not used in this mode. 

NONPERSISTENT MASKED BLOCK WRITE (BWNM) 
The MASKED WRlTE functions may be used during 

BLOCK WRlTE cycles also. NONPERSISTENT MASKED 
BLOCK WRITE operates exactly like the normal NONPER
SISTENT MASKED WRITE except the mask is now applied 
to four column locations instead of just one column 
location. 

Like NONPERSISTENT MASKED WRlTE, the combina
tion of ME/(WE) LOW and DSFI LOW when RAS goes 
LOW, initiates a NONPERSISTENT MASK cycle. The DSF 

MT43C8126A19A 
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pin must be driven HIGH when CAS goes LOW to perform 
a NONPERSISTENT MASKED BLOCK WRlTE. By using 
both the column mask input and the MASKED WRITE 
function, any combination of the four bit planes may be 
masked and any combination of the eight column locations 
may be masked. 

3-58 

PERSISTENT MASKED BLOCK WRITE (BWOM) 
This cycle is also performed exactly like the normal 

PERSISTENT MASKED WRITE except that DSFI is HIGH 
when CAS goes LOW to indicate the BLOCK WRlTE func
tion. Both the mask data register and the color register must 
be loaded with the appropriate data prior to starting a 
PERSISTENT MASKED BLOCK WRITE. 

DRAM REGiSTER OPERATiONS 
The MT43C8128A/9A contain two 8-bitregisters that are 

used as data registers for special functions. This section 
describes how to load these registers. 

LOAD MASK REGISTER (LMR) 
The LOAD MASK REGISTER operation and timing are 

identical to a normal WRITE cycle except that DSFI is HIGH 
when RAS goes LOW. As shown in the Truth Table, the 
combinationofTR/(OE),ME/(WE),and DSFI being HIGH 
when RAS goes LOW indicates the cycle is a REGISTER 
load cycle. DSFI is used when CAS goes LOW to select the 
register to be loaded, and must be LOW for a LOAD MASK 
REGISTER cycle. The data present on the DQ lines will then 
be written to the mask data register. 

Note: For a normal DRAM WRITE cycle, the mask data 
register is disabled but not modified. The contents of 
mask data register will not be changed unless a NON
PERSISTENT MASKED WRITE cycle or a LOAD 
MASK REGISTER cycle is performed 

The row address supplied will be refreshed, but it is not 
necessary to provide any particular row address. The col
umn address inputs are ignored during a LOAD MASK 
REGISTER cycle. 

The mask data register contents are used during PERSIS
TENT MASKED WRITE and PERSISTENT MASKED 
BLOCK WRITE cycles to selectively enable WRITEs to the 
eight DQ planes. 

LOAD COLOR REGISTER (LCR) 
A LOAD COLOR REGISTER cycle is identical to the 

LOAD MASK REGISTER cycle except DSFI is HIGH 
when CAS goes LOW. The contents of the color register are 
retained until changed by another LOAD COLOR REGIS
TER cycle (or the part loses power) and are used as data 
inputs during BLOCK WRITE cycles. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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TRANSFER OPERATIONS 
This section describes transfer operations between the 

DRAM and either SAM. The direction of the transfer is 
specified with respect to the DRAM portion of the device. A 
WRITE is referenced to the DRAM array and a READ is 
referenced from the array. 

Note: The three ports of the TPDRAM are independent of 
and asynchronous to, one another. Any or all of the 
ports may be accessed simultaneously at the maxi
mum allowable frequencies. The only time the ports 
are synchronized is during transfers to or from the 
DRAM and SAM portions of the device. A transfer 
involving a SAM does not affect access from the other 
SAM port. Both SAMs may be accessed during a 
D RAM/BMR transfer operation or any other DRAM 
access cycle other than a SAM transfer. 

TRANSFER operations are initiated when TR/(OE) is 
LOW at the falling edge of RAS. The state of STS when 
RAS goes LOW indicates which SAM the TRANSFER will 
address. The state of (ME) /WE when RAS goes LOW indi
cates the direction of the TRANSFER. At the same time, 
DSFI is used to select between normal TRANSFER cycles 
and SPUT TRANSFER cycles and DSF2 is used to select 
between normal TRANSFER cycles and MASKED TRANS
FER cycles. A TRANSFER cycle can be performed without 
dropping CAS. In this case, the previously loaded Tap 
address will be used. 

The MT43C8128A/9A include a feature called BIT 
MASKED TRANSFER, which uses a third 2,048-bit data 
register to individually mask every bit involved ina TRANS
FER operation. The BIT MASKED TRANSFER may be 
applied to either READ or WRITE TRANSFERs. The TRM 
pin is used to select between NORMAL and BIT MASKED 
TRANSFER (or BIT MASK REGISTER LOAD) cycles. The 
type of transfer operation is always selected on the falling 
edge ofRAS. 

NORMAL TRANSFERS 
The MT43C8128A/9A support all of the popular transfer 

cycles available on Micron's 1 Meg Video RAMs. Each of 
these is described in the following section. 

READ TRANSFER (RT) 
A READ TRANSFER cycle is selected if (ME) /WE is 

HIGH, and DSFl, DSF2 and TR/ (OE) are LOW when RAS 
goes LOW. When RAS goes LOW, the READ TRANSFER is 
to SAMa ifSTS = LOW, orto SAMb ifSTS = HIGH. The row
address bits indicate the eight 2S6-bit DRAM rows that are 
to be transferred to the eight SAM data registers. The 
column-address bits indicate the start address (or Tap 
point) of the next serial output cycle from the designated 

MT43C8128Ai9A 
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SAM data registers. QSF indicates the SAM half being 
accessed: LOW if the lower half; HIGH if the upper half. 
Performing a READ TRANSFER cycle sets the direction of 
the selected SAMs I/O buffers to the output mode. 

To complete aREAL-TIME READ-TRANSFER, TR/ (OE) 
is taken HIGH while RAS and CAS are LOW. In order to 
synchronize the REAL-TIME READ-TRANSFER to the se
rial clock, the rising edge of TR/ (OE) must occur between 
the rising edges of successive clocks on the SC input (refer 
to the AC timing diagrams). A "regular" READ TRANSFER 
is not sychronized with the SC pin of the addressed SAM. 
This type of RT is performed when TR/ (OE) is taken HIGH 
"early," without regard to the falling edge of CAS. The 
transfer will be completed internally by the device. The first 
serial clock must meetthe tRSD and tCSD delays (see READ 
TRANSFER AC timing diagram). The 2,048 bits of DRAM 
data are then written into the SAM data registers, and the 
selected SAM's Tap address that was stored in the internal, 
8-bit Tap address register is loaded into the address counter. 
If SE for the SAM selected (SEa for SAMa) is LOW, the first 
bits of the new row data will appear at the serial outputs 
with the next SC clock pulse. SE enables the serial outputs, 
and may be either HIGH or LOW during this operation. 

SPUT READ TRANSFER (SRT) 
The SPUT READ TRANSFER cycle eliminates the critical 

transfer timing required to maintain a continuous serial 
output data stream (the "full" READ TRANSFER cycle has 
to occur immediately after the final bit of "old data," and 
before the first bit of "new data" is clocked out of the SAM 
port). 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer may 
occur at any time while the other half is sending data, and 
need not be synchronized with the SC clock. 

The TR/(OE) timing is relaxed for SRTcycles. The rising 
edge of TR/(OE) is not used to complete the TRANSFER 
cycle, and therefore is independent of the rising edges of 
RAS and CAS. The transfer timing is generated internally 
for SPUT TRANSFER cycles. 

SPUT TRANSFERs do not change the SAM I/O direc
tion. A normal (nonsplit) READ TRANSFER cycle must 
precede any sequence of SRT cycles to put the SAM I/O in 
the output mode and provide the initial SAM Tap address 
(which half). Then an SRT may be initiated by taking DSFI 
HIGH and selecting the desired SAM (using STS) when 
RAS goes LOW during the TRANSFER cycle. As in nonsplit 
transfers, the row address is used to specify the DRAM row 
to be transferred. When an SRT cycle is initiated, the half of 
the SAM not actively being accessed will be the half that 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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receives the transfer. When CAS falls, address pins AO-A6 
determine the Tap address for the SAM-half selected; A7 = 
"don't care." If CAS does notfall, the previously loaded Tap 
address will be reused and the TRANSFER will be to the 
idle half. 

LOW (indicating that row-1 data is shifting out the lower 
SAM) and then transfer the upper half of row 1 to the upper 
SAM. CAS is used to load the Tap address. If 
CAS does not fall, the last Tap address load for the ad
dressed SAM will be reused. 

Figure 4 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is first performed, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional, and need only be done if 
the Tap for the upper halfis * o. For the MT43C8128A, serial 
access continues, and when the SAM address counter reaches 
127 ("A7" = 1,AO-A6=0), the QSF outputfor that SAM goes 
HIGH. Then the Tap address for the upper half is automati
cally loaded. Since the serial access has now switched to the 
upper half of the SAM, new data may be transferred to the 
lovver half. This sequence of vvaiting for the state of QSF to 
change and then transferring new data to the SAM half that 
is not being accessed may now be repeated. For example, 
the next step in Figure 4 would be to wait until QSF went 

The split SAM operation is slightly different for the 
MT43C8129A. Instead of having a QSF, this device has a 
Split SAM Special Function (SSF) input. With this input the 
serial access may be switched at will from one half of the 
SAM to the other. In other words, the address count may be 
stopped on the current half and the Tap address of the next 
half may be loaded, without waiting for the maximum 
address count of the current half (127; lower, 255; upper). If 
no SSFpulse is applied, the Tap address of the next half will 
be automatically loaded when the maximum count of the 

• ("I A 11. K 1 1(,! _ _ _ _1 1 ............. T1 ", .,...- ...." ..... ". 

CUl'ren( 2).C\.lVl-naU 1::) reacneo.\.l~.t" = u wnen tne Lower ~f\lVl 

(bits 0-127) is being accessed. QSF = 1 when the Upper SAM 
(bits 128-255) is being accessed. 
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READ TRANSFER 
(NORMAL) 

FROM: RowO 
TO: Full SAM 
SAM 1/0 is set to Output 
Mode and serial output 
from Lower SAM begins 
(QSF goes LOW) 

NOTE: 1) MT43C8128A 
2) MT43C8129A 

, , , 

: SPLIT READ TRANSFER : 
: (OpnONAL) : 

: FROM: RowO : 
I TO: Upper SAM I 

: Serial output from : 
: LoWer SAM continues : 

Figure 4 

Serial output switches 
from Lower SAM to 
Upper SAM 
1) QSF goes HIGH I 

2) SSF "" HIGH switches I 

half at data count "X", : 
new Tap address loaded: 

SPLIT READ TRANSFER 

FROM: Row 1 
TO: Lower SAM 
Serial output from 
Upper SAM continues 
(QSF remains HIGH) 

~ DON'T CARE 

~ UNDEFINED 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 
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WRITE TRANSFER (WT) 
The operation of the WRITE TRANSFER is identical to the 

READ TRANSFER described previously, except (ME) /WE 
and SE must be LOW when RAS goes LOW. The DSF2 input 
is used to select between the WT and DQ MASKED WRITE 
TRANSFER cycles, and must be LOW for the WT cycle. The 
STSpinis also taken LOW or HIGH to selectSAMa or SAMb, 
respectively, when RAS goes LOW. The row address indi
cates the DRAM row to which the SAM data register will be 
written, and the Tap address indicates the starting address 
of the next SERIAL INPUT cycle for the SAM data registers. 
QSF indicates the SAM half being accessed; LOW if the 
lower half, HIGH if the upper half. Performing a WTsets the 
direction of the SAM I/O buffers to the input mode. 

PSEUDO WRITE TRANSFER (PWT) 
The PSEUDO WRITE TRANSFER cycle may be used to 

change the direction of a SAM port from output to input 
without disturbing the DRAM data in the selected row. A 
PSEUDO WRITE TRANSFER cycle is a WRITE TRANSFER 
cycle with theSE of the appropriate SAM held HIGH instead 
of LOW. The addressed row will be refreshed. A DQ 
MASKED WRITE TRANSFER (with all bits masked) is an 
alternate method for changing the direction of the SAM port 
without disturbing the addressed row data. 

DQ MASKED WRITE TRANSFER (MWT) 
The data being transferred from either SAM to the DRAM 

may be masked by performing a DQ MASKED WRITE 
TRANSFER cycle. The transfer of data may be selectively 
enabled for each of the eight DQ planes (see Figure 5). The 
DMWT cycle is identical to the WRITE TRANSFER cycle 
except DSF2 is HIGH and mask data must be on the DQ 
inputs at the falling edge of RAS. 

The complete SAM register will be transferred to the 
selected row in each DQ plane if the mask data input is 
HIGH, and the SAM register will not be transferred if the 
mask data input for that DQ plane is LOW. DRAM data is 
not disturbed in masked DQ planes. 

DQ MASKED SPUT WRITE TRANSFER (MSWT) 
The SPUT WRITE TRANSFER feature makes it possible 

to input and transfer uninterrupted bit streams. Figure 6 
shows a typical initiation sequence for SWT cycles. 

Like the SRT, the DQ MASKED SPUT WRITE TRANS
FER cycle does not change the state of the SAM I/O buffers. 
A normal, DQ MASKED or PSEUDO WRITE TRANSFER 
cycle is required to set the Tap address and set the SAM 
I/O direction to input mode. 

After the WT, an MSWT is performed to enter the split 
SAM operating mode. This sets the Tap for the next half of 
the SAM. The addressed half of the SAM is immediately 
transferred to the first destination row. This half of the SAM 
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SAMaor SAMb 

Figure 5 
DQ MASKED WRITE TRANSFER 

may not yet contain valid data. However, another MSWT to 
the same row will normally occur after this is loaded, so the 
initial invalid data will be overwritten. Another approach 
would be to initiate an MSWT addressed to any DRAM 
row, but mask (disable) all eight of the DQ planes. This 
method can be used to initiate the MSWT sequence without 
disturbing any DRAM data. The MSWT to the upper half is 
optional, and it is only needed if the Tap for the upper half 
is'" O. 

Write mask data must be supplied to the DQ inputs 
during every SWT cycle at RAS time. The mask data acts as 
an individual write enable for each of the eight DRAM DQ 
planes. For example, DQl, at RAS time, during a DQl 
MASKED WRITE, enables or disables the transfer of the 
SAM SDQl register to the DQl plane of the DRAM row 
selected (see the DQ MASKED WRITE TRANSFER descrip
tion). As in all other MASKED WRITE operations, a HIGH 
enables the WRITE TRANSFER and a LOW disables the 
WRITE TRANSFER. As with SPLIT READ TRANSFER, the 
half of the SAM not receiving data will be the half trans
ferred and the Tap address (AO-A6) for the other half is 
loaded when CAS falls (A7 is a "don't care"). If CAS does 
not fall, the previously loaded Tap address, AO-A6, will be 
reused. The TRANSFER will be to the idle half. When the 
serial clock crosses the half-SAM boundary, the new Tap 
address for that half is automatically loaded. 

TheQSFa andQSFb outputs (MT43C8128A) indicate which 
half of SAMa or SAMb, respectively, is currently accepting 
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data, After QSF goes HIGH, indicating that serial input has 
now switched to the upper SAM, the contents of the lower 
half of the SAM may be transferred to any DRAM row, The 
cycle of checking for a change in QSF and then transferring 
the half of the SAM just filled may now be repeated. The 
next step on Figure 6 is to wait for QSF to go LOW and then 
SWT the contents of the upper half of the SAM to row O. If 
the terminal count of the SAM half is reached before an SWT 
is performed for the next half, the access will be repeated 
from the same half and previously loaded Tap address 
(access will not move to the next half). 

edge will input data into the Tap location of the next half of 
the SAM. If SSF is not applied, the Tap address will be 
automatically loaded when the maximum Tap address 
count is reached for the current half (127 or 255), If SSF is 
HIGH at SC before an MSWT is performed for the next half, 
the access will jump to the old Tap address of the same half. 
Access will not preceed to the next half. If terminal count is 
reached before an MSWT, the access will proceed as it does 
for the MT43C8128A. 

SERIAL INPUT and SERIAL OUTPUT 
When operating the MT43C8129A in the MSWT mode, 

the address pointer may be changed to the new Tap address 
of the next half when the final desired input data is clocked
in. When the final data is input, the SSF input is taken HIGH 
at the corresponding rising edge of SC. The next SC rising 

The control inputs for SERIAL INPUT and SERIAL OUT
PUT areSCa,b, SEa,b and SSFa,b (MT43C8128A). The rising 
edge of SC increments the serial address counter and pro
vides access to the next SAM location. SE enables or disables 
the serial input/ output buffers. 
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Serial input to Lower Upper SAM I 

SAM continues 1) QSF goes HIGH : 
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new Tap address : 
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Figure 6 

FROM: Lower SAM 
TO: Row 0 
Serial input to Upper 
SAM continues (OSF 
remains HIGH) 

~DON'TCARE 

18!§1 UNDEFINED 

TYPICAL SPLIT-WRITE-TRANSFER INITIATION SEQUENCE 
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TRfOE(LOW) 

Figure 7 
BIT MASKED TRANSFER BLOCK DIAGRAM 

Serial output of the SAM contents will start at the serial 
Tap address that was loaded in the SAMa,b address counter 
during the DRAM-TO-SAM TRANSFER cycle. The SC 
input increments the address counter and presents the 
contents of the next SAM location to the8-bit port. SE is used 
as an output enable during the SAM output operation. The 
serial address is automatically incremented with every SC 
LOW-to-HIGH transition, regardless of whether SE is 
HIGH or LOW. For the MT43C8128A, the address progresses 
through the SAM and will wrap around (after count 127 or 
255) to the Tap address of the next half, for split modes. 
Address count will wrap around (after count 255) to Tap 
address 0 if in the "full" SAM modes. For the MT43C8129A, 
the address count will wrap as it does for the MT 43C8128A 
or it may be triggered, at will, to the next half by the SSF 
input (split SAM modes). IfSSF is HIGH at a LOW -to-HIGH 
transition of SC, the Tap address of the next half will be 
loaded into the address pointer. The subsequent LOW-to
HIGH transition of SC will clock data from the Tap address 
of the new half. 

SC is also used to clock-in data when the device is in the 
serial input mode. As in the serial output operation, the 
contents of the serial address counter (loaded when the 
serial input mode was enabled) will determine the serial 
address of the first 8-bit word written. SE acts as a WRITE 
ENABLE for serial input data and must be LOW for valid 
serial input. If SE = HIGH, the data inputs are disabled and 
the SAM contents will not be modified. The serial address 
counter is incremented with every.LOW-to-HIGH transi
tion of Sc, regardless of the logic level on the SE input. The 

MT43C8128A19A 
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operation of SSF (MT43C8129 A) is the same as described for 
serial output. 

BIT MASKED TRANSFERS 
This section describes transfers between the DRAM and 

either of the two SAMs using the BIT MASKED TRANSFER 
capability. Before performing these BIT MASKED 
TRANSFERs, the bit mask register must be loaded with the 
mask data. See the next section, BIT MASK REGISTER 
OPERATIONs, for instructions on how to load the bit mask 
register (BMR). 

The BMR is a 2,048-bit register that individually controls 
each of the 2,048 transfer gates on the internal 256 x 8 
transfer bus (see Figure 7). These bus transfer gates reside 
between the DRAM array and the three data registers and 
are set to the "pass-thru" mode for nonmasked transfers. 
For BIT MASKED TRANSFERs, the data in the BMR is 
coupled to the control inputs of the bus transfer gates. A 
logic "1" in the BMR will select the pass-thru (unmasked) 
mode for the corresponding SAM data bit, while a logic "0" 
will select the masked mode for that bit. 

BIT MASKED TRANSFERs may be incorporated when 
doing READ, WRITE, SPLIT READ and SPLIT WRITE 
TRANSFERs. The timing and control required for any 
particular BIT MASKED TRANSFER cycle is identical to 
the corresponding normal TRANSFER cycle, except that 
TRM and DSF2 are HIGH instead of LOW. BIT MASKED 
TRANSFERs between the DRAM and either of the two 
SAM registers are possible. Figure 8 illustrates the BIT 
MASKED TRANSFER functions. 
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GATES (256 x 8) 

BIT MASK REGISTER 
(256 x 8) 
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Figure 8 
BIT MASK TRANSFER BLOCK DIAGRAM 

BIT MASKED READ TRANSFER (BMRT) 
BIT MASKED READ TRANSFER may be used to transfer 

any combination of the 2,048 bits contained in any DRAM 
row address to either of the two SAMs. The logic conditions 
and timing for the BMRT function are identical to the 
normal READ TRANSFER function except that TRM and 
DSF2 are HIGH select the BIT MASKED feature. If a bit in 
the BMR is a logic "1", the bus connection between the 
corresponding DRAM bit and the selected SAM bit is 
enabled and the data at the destination (one of theSAMs for 
BMRT) will be changed to the source data (the DRAM row 
forBMRT). 

BIT MASKED SPLIT READ TRANSFER (BMSRT) 
The BIT MASKED SPLIT READ TRANSFER operation is 

identical to the normal SPLIT READ TRANSFER except 
that the bit mask (stored in the bit mask register) is applied 
to the transfer data by taking TRM and DSF2 HIGH when 
RAS falls. The remaining control timing is identical to the 
requirements for a normal SPLIT READ TRANSFER. 

BIT MASKED WRITE TRANSFER (BMWT) 
Like WRITE TRANSFER, the BIT MASKED WRITE 

TRANSFER function may be used to transfer data to any 
DRAM row address from either of the two SAM registers. 
In this case, the SAM data will be masked by the contents of 
the bit mask register before the data is written to the DRAM. 

MT43C8128Ai'9A 
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BIT MASKED SPLIT WRITE TRANSFER (BMSWT) 
Like the other BIT MASKED TRANSFER cycles, the 

BMSWT is nearly identical to the SPLIT WRITE TRANS
FER, except TRM and DSF2 are HIGH when RAS falls. Two 
masks are applied during a BMSWT operation. Each of the 
individual bits are masked by the bit mask register and each 
of the DQ planes are masked by the DQ inputs at RAS time. 
If a DQ input is LOW at RAS time, none of the 128 SAM bits 
for that DQ plane will be transferred to the DRAM row-half 
selected. If a DQ input is HIGH, the 128 SAM bits for that 
row-half will be masked by the corresponding 128 mask 
register bits when written to the selected DRAM row-half. 
The remaining control timing is identical to the require
ments for a normal SPLIT WRITE TRANSFER. 

DQ MASKED Bit MASKED WRitE TRANSFER 
(BMWT-DQM) 

The BMWT-DQM cycle is nearly identical to the BIT 
MASKED WRITE TRANSFER, except TRM is LOW and 
DSFI is HIGH when RAS falls. Two masks are applied 
during a BMWT-DQM operation. Each of the individual 
bits are masked by the bit mask register and each of the DQ 
planes are masked by the DQ inputs at RAS time. If a DQ 
input is LOW at RAS time, none of the 256 SAM bits for that 
DQ plane will be transferred to the DRAM row selected. If 
a DQ input is HIGH, the 256 SAM bits for that row will be 
masked by the corresponding 256 mask register bits when 
written to the selected DRAM row. The remaining control 
timing is identical to the requirements for a normal WRITE 
TRANSFER. 

BIT MASK REGISTER OPERATIONS 
This section describes how to transfer data to or from the 

Bit Mask Register (BMR) and how to clear the BMR's 
contents. Data may be inverted when being transferred 
between the BMR and DRAM also. 

BMR READ TRANSFER (BMR-RT) 
Any DRAM row may be transferred to the bit mask 

register by using the BMR READ TRANSFER function. 
When RAS falls, TR/ (OE) is LOW to select a transfer cycle. 
TRM is HIGH to indicate that the BMR is involved in the 
TRANSFER cycle, and DSF2 is LOW to indicate that the 
data is to be transferred to the BMR (as opposed to using the 
contents ofthe BMR as bit mask data). The remainder ofthe 
timing and control required is identical to a normal READ 
TRANSFER cycle. No Tap address is loaded in this TRANS
FER. 

Note that the SAM transfer select (STS) pin is used to 
select whether non-inverted (SIS = LOW) or inverted (SIS 
= HIGH) data is transferred to the bit mask register. For all 
transfers to or from the bit mask register, the state of the 
MKD pin when RAS falls selects whether the Serial Mask 
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Input (SMI) feature is enabled (see the Functional Truth 
Table), SMI is a special serial input mode that allows mask 
information to be clocked into the BMR at the same address 
location as the data clocked into SAMb (see the SMI mode 
description). MKD is LOW when RAS falls to disable SMI, 
or HIGH to enable SMI. After the transfer is completed, the 
MKD pin then acts either as a mask data input to the BMR 
(SMI enabled) or is "don't care" (SMI disabled). The MKD 
input is tied to the eight bit-planes, the data on the MKD pin 
is written to each bit-plane simultaneously. 

BMR INVERTED READ TRANSFER (BMR-IRT) 
If the STS pin is HIGH at RAS time the DRAM data will 

be inverted before being written to the BMR. All 2,048 bits 
involved in the transfer will be complemented. The func
tionality and logic levels for the other control inputs are 
identical to the BMR READ TRANSFER cycle. Note that 
MKD is still used to enable or disable the SMI mode. There 
is no added cycle time delay for either the BMR INVERTED 
READ or BMR INVERTED WRITE TRANSFER cycles. 

BMR WRITE TRANSFER (BMR-WT) 
The contents of the BMR may also be transferred to any 

DRAM row by using the BMR WRITE TRANSFER cycle. 
To select a write transfer from the BMR, (ME)/WE and 
DSF2 are LOW and TRM is HIGH when RAS falls. The DQ 
inputs are used to input a DQ bit-plane mask when RAS 
falls. This allows each of the four DQ planes to be write 
enabled or disabled during the BMR-WT. The MKD input 
is used to enable or disable theSMI mode. STS must be LOW 
at RAS time to transfer non-inverted BMR data to the 
DRAM row selected. 

BMR INVERTED WRITE TRANSFER (BMR-IWT) 
As with the BMR INVERTED READ TRANSFER, the 

2,048 bits involved in the transfer may be inverted while 
being transferred. TakingSTS HIGH at RAStimewillcause 
the BMRdata to be inverted before it is stored in the selected 
DRAM row. The other control and DQ (mask) inputs are the 
same as the BMR-WT. 

SAM-TO-BMR TRANSFER (SAM-BMR) 
The contents of either SAM may be transferred to the 

BMR in the same manner that a DRAM row is transferred. 
In this case, DSFI is HIGH to indicate that the SAM is the 
source of the data instead of the DRAM. (ME) /WE is used 
to indicate the direction of the transfer, and must be LOW 
when RAS falls for a SAM-TO-BMR TRANSFER. STS is no 
longer used to select between normal and inverted data, it 
now indicates which SAM is involved in the transfer. Since 
a SAM-TO-BMR TRANSFER "reads" data from the SAM, 
the SAM will be placed into input mode by this transfer 
cycle. The MKD input is still used to determine if the SMI 
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mode will be enabled after the transfer is completed. Since 
no DRAM access is involved, it is not necessary to provide 
any particular ROW address at RAS time. However, the 
ROW address present at RAS time will be used as the 
address for a RAS-ONL Y REFRESH. Since a SAM is in
volved in the transfer, a new SAM starting address (or Tap) 
will be loaded at CAS time. This address will be loaded into 
the serial address counter of the SAM selected by STS at 
RAStime. 

Note: Any SAM/BMR TRANSFER will take the SAM 
involved in the transfer out of the split SAM mode, if 
it was in that mode before the transfer. 

BMR-TO-SAM TRANSFER (BMR-SAM) 
The contents of the BMRmay also be transferred to one of 

the SAM registers. The (ME) /WE input is used to indicate 
the direction of the transfer and must be HIGH for a BMR
TO-SAM TRANSFER. STSis LOW to selectSAMa or HIGH 
to select SAMb as the destination for the BMR data. The 
remaining inputs imd functionality are identical to the 
SAM-TO-BMRTRANSFER.Sincea BMR-TO-SAM TRANS
FER writes new data to the selected SAM register, the I/O 
for the SAM involved will be placed in the output mode and 
a new Tap address will be loaded when CAS falls. 

CLEAR BIT MASK REGISTER (CLR-BMR) 
The entire contentsoi th~ BMR can be cleared (set all bits 

LOW) within a single transfer cycle by performing a CLEAR 
BMR cycle. Unlike the other cycles that access the BMR, 
TRM is LOW at RAS time for the CLEAR BIT MASK REG
ISTER function. TR/ (OE) is LOW to indicate that the cycle 
is a transfer cycle (although there is really no data transfer 
involved). The CLR-BMR function is selected when 
ME/ (WE), DSFI and DSF2 are HIGH when RAS falls. 

When the BMR is cleared, all data will be masked when 
a BIT MASKED TRANSFER cycle is performed. 

The BMR INVERTED WRITE and BMRWRITE TRANS
FERS may be used with the CLR-BMR functi()n to set or 
clear, respectively, any DRAM row. The CLR-BMR func
tion is used to dear the BMR then the BMR TRANSFERS are 
performed to the addressed DRAM row. 

The CLEAR BIT MASK REGISTER function is usefUl 
when using the SERIAL MASK INPUT mode. It is auto
matically performed (when in the SMI mode) when data is 
transferred from SAMb to the DRAM (see SERIAL MASK 
INPUT section). 

SERIAL MASK INPUT (SMI) 
Whenever the BMR is accessed, the MKD input is sensed 

and latched into the BMR control logic. If the MKD pin is 
LOW at RAS time the Serial Mask Input (SMI) mode is 
disabled and the BMR may only be loaded via internal 
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PRELIMINARY 

MIC:RON MT43C8128A/9A 
1-· , " , 128Kx 8 TRIPLE-PORT DRAM 

MKO 

sco 

Seb 
SDQb1 

SOQb2 

S00b3 

SOOb4 

soabS 
SOQb6 

SCOb7 

SOOb6 

DRAM Memory 
Array 

BMR 

SAMb 

Figure 9 
SERIAL-MASK-INPUT MODE BLOCK DIAGRAM 

transfer cycles. H MKD is HIGH when RAS falls, during a 
BMR access, then the BMR control logic enables the SMI 
mode and the BMR may be serially loaded via the MKD 
input. 

When SMI is enabled, the MKD input is coupled to all 
eight ofthe bit mask register's DQ planes (see Figure 9). The 
SCb clock input and SAMb's address counter are used to 
input data to SAMb and the BMR. SEb will enable (LOW) or 
disable (HIGH) input data to SAMb and the BMR; the 
address count will increment regardless of the state of SEb. 

The most common application of the SMI mode is to 
automatically load a transfer mask with the new data 
written to SAMb. To initialize the sequence, the BMR is 
cleared (CLR-BMR) with MKD = HIGH at RAS time to 
enable the SMI mode. Then SAMb is prepared to accept 
input data by· performing PSEUDO WRITE TRANSFER. 
The SAM starting address loaded will also apply to the 
BMR. For every address location to which data is written in 
SAMb, the corresponding address location in the BMR will 
be written to the value present on MKD (all eight planes of 
the BMR will be written). After the input of data to SAMb 
is complete, a BIT MASKED WRITE TRANSFER or DQ 
MASKED BIT MASKED WRITE TRANSFER may be per-

MT43C8128A19A 
AEV.5193 

formed and only the unmasked data from SAMb will be 
transferred to the DRAM. The BMR will be cleared auto
matically after a BIT MASKED WRITE TRANSFER or DQ
MASKED BIT -MASKED-WRITE TRANSFER from SAMb, 
if the device is in the SMI mode. A BMSWT from SAMb will 
clear on half of the BMR. This allows a new mask to be 
loaded during the next fill of SAMb, without performing a 
CLR-BMR cycle. If data is to be masked during the BMWT, 
then MKD is held LOW when the corresponding SAMb 
data is written. If the data is to be written (unmasked) to the 
DRAM during the BMWT, then MKD is held HIGH when 
the corresponding SAMb location is written. The function 
of the MKD pin is dependent on the 1/ a direction of SAMb. 
MKD is an input only, if SMI is enabled and SAMb is in 
input mode. HSMI is enabled and SAMb is in output mode, 
the MKD input is a "don't care," and no new data may be 
written to the BMR via MKD. MKDis also "don't care" if the 
SMI mode is diSabled. Note that the mask data loaded via 
SAMb may also be applied to a SAMa TRANSFER cycle, if 
the mask has not been cleared by a SAMb TRANSFER or a 
CLR-BMRcycie. The BMR will not be cleared after a TRANS
FER involving SAMa. 

Micron Semiconductor, Inc., reserves the rightto change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT43C8128A19A 
1-· "."co",,,o.o,,,,, 128K X 8 TRIPLE-PORT DRAM 

POWER UP INITIALIZATION 
When Vcc is initially supplied or when refresh is 

interupted for more than 16.7ms, the device must be initial
ized. 

After V cc is at specified operating conditions, for lOOlls 
(minimum), eight RAS cycles must be executed to initalize 
the dynamic memory array. When the device is 
initialized,the DRAM I/O pins (DQs) are in a High-Z state, 
regardless of the state of (TR)/OE. The DRAM array will 
contain random data. 

TRUTH TABLE 1 

RlIS FALLING EDGE 

The SAM portion of the device is completely static and 
does not require an initialization cycle. Both SAM ports will 
power up in the serial input mode (WRITE TRANSFERs) 
and the SAM I/O pins (SDQ's) are in a High-Z state, 
regardless of the state of SE abo Also, SPLIT TRANSFER and 
SMI modes are disabled. Both QSF (MT43C8128A) outputs 
power up in a LOW state. Both SAMs as well as bit mask, 
color, and DRAM mask registers all contain random data 
after power-up. 

\CAS FAll AU-AU' D01-DQ8' I REGISTERS 

CODE FUNCTION CAS TR/OE lIlE)W£" DSFI DSF2 SEa,Ub TRM MKD STS OSFI RlIS CAS,AII=X RlIS CAS,WE' MASK COLOR 
DRAM OPERATIONS 

CBR CSR REFRESH 

ROR l'iAS-ONLY REFRESH 

RW NORMAL DRAM READ OR WRITE 

RWNM NONPERSISTENT (LOAD AND USE) 
MASKED WAITE TO DRAM 

RWOM PERSISTENT (USE REGISTER) 
MASKED WRITE TO DRAM 

BW BLOCK WRITE TO DRAM 
(NO DATA MASK) 

BWNM NONPERSISTENT (LOAD & USE) 
MASKED BLOCK WRITE TO DRAM 

BWOM PERSISTENT (USE MASK REGISTER) 
MASKED BLOCK WRITE TO DRAM 

REGISTER OPERATIONS 

LMR LOAD MASK REGISTER 

LCR LOAD COLOR REGISTER 

TRANSFER OPERATIONS 

RT READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

SRT9 SPLIT READ TRANSFER 
(SPLIT DRAM·TO-SAM TRANSFER) 

WT WRITE TRANSFER 
(SAM-TO-DRAM TRANSFER) 

PWT PSEUDO WRITE TRANSFER 
(SERIAL INPUT MODE ENABLE) 

MSWT' SPLIT WRITE TRANSFER (SPLIT SAM-
TO-DRAM TRANSFER DO WITH MASK) 

MWT DQ MASKED WRITE TRANSFER 

MT43CB128A19A 
REV. 5193 

0 X 1" X X X 

1 1 X X X X 

1 1 1 0 0" x 

1 1 0 0 0" x 

1 1 0 1 0" X 

1 1 1 0 0" x 

1 1 0 0 0" x 

1 1 0 1 0" X 

1 1 1 1 0" X 

1 1 1 1 0" X 

1 0 1 0 0 x 

1 0 1 1 0 X 

1 0 0 0 0 0 

1 0 0 0 0 1 

1 0 0 1 0 X 

1 0 0 0 1 X 

3-67 

X X 

X X 

x x 

x x 

X X 

x x 

x x 

X X 

X X 

X X 

0 X 

0 X 

0 X 

0 X 

0 X 

0 X 

X X X X X X - -
X - ROW - X - - -
x 0 ROW COLUMN X VALID - -

DATA 

x 0 ROW COLUMN WRITE VALID LOAD & -
MASK DATA USE 

X 0 ROW COLUMN X VALID USE -
DATA 

X 1 ROW COLUMN X COLUMN - USE 
(A2-A7) MASK 

X 1 ROW COLUMN WRITE COLUMN LOAD & USE 
(A2-A7) MASK MASK USE 

X 1 ROW COLUMN x COLUMN USE USE 
(A2-A7) MASK 

X 0 X5 X X WRITE LOAD -
MASK 

X 1 X5 X X COLOR - LOAD 
DATA 

O=SAMa X ROW TAp6 X X - -
1=SAMb 

O=SAMa X ROW TApe X X - -
1=SAMb 

O=SAMa X ROW TAp6 X X - -
1=SAMb 

O=SAMa X X5 TAp6 X X - -
1=SAMb 

O=SAMa X ROW TAp6 DO X - -
1=SAMb MASK 

O=SAMa X ROW TAp6 DO X - -
1=SAMb MASK 

Micron Semiconductor, tnc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC::RON MT43C8128A19A 
1-· """""'""""" 128K X 8 TRIPLE-PORT DRAM 

TRUTH TABLE 1 

m FALLING EDGE l:lIS FALL AD-AS' 001-008' REGISTERS 
CODE FUNCTION 1m- TRiO. lfilEIWt'o DSFl DSF2 "SEa,"SEb TRM MKD STS OSFl m iCAS,A8=X m l:lIS,wt'MASK COLOR 

BIT MASK REGISTER OPERATIONS 

BMR· BMR READ TRANSFER 1 0 1 0 0 X 1 0/17 0 X ROW X X X - -
RT (DRAM-BMR TRANSFER) 

BMR· BMR l'lEl\D TRANSFER 1 0 1 0 0 X 1 0/1' 1 X ROW X X X - -
IRT (DRAM-INVERT -BMR TRANSFER) 

BMR· BMR WRITE TRANSFER 1 0 0 0 0 X 1 0/17 0 X ROW X 00 X - -
WT (BMR-DRAM TRANSFER) MASK 

BMR· BMRWRri'ETRANSFER 1 0 0 0 0 X 1 0/17 1 X ROW X DO X - -
IWT (BMA-INVERT -DRAM TRANSFER) MASK 

SAM· SAM-BMR TRANSFER 1 0 0 1 0 X 1 0/1 7 O=SAMa X X' TApS X X - -
BMR 1=SAMb 

SMR· BMR-SAM TRANSFER 1 0 1 1 0 X 1 0/17 O=SAMa X X' TApS X X - -
SAM 1=SAMb 

CLR· CLEAR BIT MASK REGISTER 1 0 1 1 1 X 0 0/1 7 X X X' X X X - -
BMR (SETS BMR TO ALL "O's") 

BiT MASKED TRANSFER uFeRA iiONS 

BMRT BIT MASKED READ TRANSFER 1 0 1 0 1 X 1 X O=SAMa X ROW TAps X X - -
(BM DRAM-SAM TRANSFER) l=SAMb 

BMSRT9 BIT MASKED SPLIT READ TRANSFER 1 0 1 1 1 X 1 X O=SAMa X ROW TApS X X - -
(BM SPLIT DRAM-SAM TRANSFER) 1=SAMb 

BMWT BIT MASKED WRITE TRANSFER 1 0 0 0 1 X 1 X' O=SAMa X ROW TApB X X - -
(BM SAM-DRAM TRANSFER) 1=SAMb 

BMSWT" BIT MASKED SPLIT WRITE TRANSFER 1 0 0 1 1 X 1 X' O=SAMa X ROW TAps 00 X - -
(BM SPLIT SAM-DRAM TRANSFER) l=SAMb MASK 

BMWT· OOIBIT MASKED WRITE TRANSFER 1 0 0 1 1 X 0 X' O=SAMa X ROW TAp6 DO X - -
DOM (BM SAM-DRAM TRANSFER) l=SAMb MASK 

:::rJ NOTE: 1. 0 = LOW (VIL); 1 = HIGH (VIH); X = "don't care;" - = "not applicable." 

l> 
s: 

MT43C8128A19A 
REV. 5/93 

2. These columns show what must be present on the AO-AS inputs when RAS falls and AO-A7 when CAS falls. 
3. These columns show what must be present on the D01-DOS inputs when RAS falls and when CAS falls. 
4. With WRITE cycles, the input data is latched at the falling edge of CAS or MEIWE, whichever is later. 

Similarly, with READ cycles, the output data is enabled on the falling edge of CAS or TRIOE, whichever is 
later. 

5. The row that is addressed will be refreshed, but no particular row address is required. 
6. Tap address; this is the SAM location that the first SC cycle will access. For SPLIT TRANSFERs, the half 

receiving the transfer is determined by the MSB of the internal address counter. The SAM half not currently 
being accessed will be the half receiving the transfer. Column address A7 is a "don't care" for SPLIT 
TRANSFERs. 

7. The Serial Mask Input mode (SMI) is enabled ("1") or disabled ("0") when the BMR is accessed (see BMR 
OPERATIONS). If SMI is enabled (MKD = "1"), mask data is serially clocked into the BMR with SCb and the 
BMR is automatically cleared after a BIT MASKED WRITE, DO MASKED BIT MASKED WRITE TRANSFER 
or BIT MASKED SPLIT WRITE TRANSFER cycle from SAMb. For BIT MASKED READ TRANSFERs to any 
SAM and BIT MASKED WRITE TRANSFERs or DO MASKED BIT MASKED WRITE TRANSFERs from 
SAMa, the BMR is not cleared automatically. 

S. If the SMI mode is enabled, mask data is clocked into the BMR with SCb. 
9. SPLIT TRANSFERs do not change SAM 1/0 direction. 

10. SAM 1/0 direction is a function of the state of MElWE at RAS time. If MEiWE is LOW, then the selected SAM 
is an input; if MElWE is HIGH, then the SAM is an output (except for SPLIT TRANSFERs). 

11. The MT43CS12SAl9A operates properly if this state is "X", but to allow for future functional enhancements it 
is recommended that they be driven as shown in the Truth Table. 

3-68 Micron Semiconductor, Inc .. reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C8128A19A 
1-- '''''0",0',""", 128K X 8 TRIPLE-PORT DRAM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on Vec Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (ambient) ........... O°C to +70°C 
Storage Temperature (plastic) .................... -SsoC to + lS0°C 
Power Dissipation ........................................................... 1.SW 
Short Circuit Output Current ...................................... SOmA 

RECOMMENDED DC OPERATING CONDITIONS 
(O°C ::; T A ::; 70°C) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 
(O°C ::; T A::; 70°C; Vcc = 5V ±5%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV ::; VIN ::; Vcc); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, OV ::; VOUT::; Vcc). 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 
(TA = 25°C) 

PARAMETER 

Input Capacitance: AO-AB, TRM, MKD, SEa,b, DSF1,2, STS 

Input Capacitance: RAS, CAS, MEIWE, TRIOE, SCa,b 
SSFa,b 

Input/Output Capacitance: DQ, SDQa,b 

Output Capacitance: QSFa,b 

MT 43ca 12BAI9A 
REV. 5/93 3-69 

'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 4.75 5.25 V 1 

VIH 2.4 Vcc+l V 1 

VIL -1.0 O.B V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -10 10 J.LA 

102 -10 10 J.LA 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

Cll 5 pF 2 

CI2 7 pF 2 

Clio 9 pF 2 

Co 9 pF 2 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:RON MT43C8128Af9A 
1-· ,,,,,,,we,,oe,, 128K X 8 TRIPLE-PORT DRAM 

DRAM CURRENT DRAIN; SAMa, SAMb and SERIAL MASK INPUT (SMI) INACTIVE 
(O°C 0; TAO; 70°C; Vcc = 5V ±5%) 

MAX 

PARAMETER/CONDITION SYMBOL -7 -8 UNITS NOTES 
OPERATING CURRENT ICCl 105 95 mA 3,4 
(RAS and CAS = Cycling; tRC = tRC [MIN]) 25 

OPERATING CURRENT: PAGE MODE Icc2 100 90 mA 3,4 
(RAS = VIL CAS = Cycling; tpc = tpc [MIN]) 26 

STANDBY CURRENT: TTL INPUT LEVELS Icc3 8 8 mA 
Power supply standby current (RAS = CAS = VIH, after 8 RAS cycles [MIN]) 

STANDBY CURRENT: CMOS INPUT LEVELS Icc4 2 2 mA 
Power supply standby current (RAS = CAS = Vcc-0.2V, 
after 8 RAS cycles min). All other inputs ~ Vcc -0.2V or:s; Vss +0.2V 

REFRESH CURRENT: RAS-ONL Y Iccs 110 95 mA 3,25 
(RAS = Cycling; CAS = VI H) 

REFRESH CURRENT: CBR Icc6 110 95 mA 3,5 
(RAS and CAS = Cycling) 25 

TRANSFER CURRENT: SAM/DRAM DATA TRANSFER Icc? 105 95 mA 3 

-I SERIAL PORT CURRENT DRAIN; SAMa, SAMb and/or SMI MODE 

C ::a 
l> s: 

(Notes 3, 4) (O°C :s; T A :s; 70°C; Vcc = 5V ±5%) MAX 

PARAMETER/CONDITION SYMBOL -7 -8 UNITS 

OPERATING CURRENT: SERIAL PORT (SAMa/SAMb) Icca 45 40 mA 
(SCa/SCb = Cycling; tsc = tsc [MIN]; SEa/SEb = VIL) 

OPERATING CURRENT: SMI MODE (SAMb) Iccg 20 20 mA 
(SCb = Cycling; tsc = tsc [MIN]; SEb = VIL) 

STANDBY CURRENT: SERIAL PORT (SAMa/SAMb) ICClO 0 0 mA 
Power supply standby current (SCa/SCb = VIH or VIL; SEa/SEb = VIH) 

STANDBY CURRENT: SMI MODE (SAMb) ICCll 0 0 mA 
Power supply standby current (SCb = VIH or VIL; SEb = VI H) 

TOTAL CURRENT DRAIN 
(Notes 3, 4) (O°C :s; T A :s; 70°C; Vcc = 5V ±5%) 

= DRAM CURRENT (lcc1-7) + SAMa CURRENT (Icca or ICClO) + SAMb CURRENT (Icca or ICClO) + 
SMI CURRENT (Iccg or ICCll) (+ 10mA [If DRAM CURRENT = Icc3 or Icc4]) 

Example 1: 
Operating current (-8) with DRAM operating in FAST-PAGE-MODE, SAMa active, SAMb and SMI inactive: 

Icc(TOTAL) = DRAM CURRENT (lcc2) + SAM a CURRENT (Icca) + SAMb CURRENT (ICC10) + 
SMI CURRENT (ICCl1) [+ 0] 

= 90 + 40 + 0 + 0 = 130mA (MAX) 

Example 2: 
Operating current (-7) with DRAM operating in CMOS Standby, SAMa and SAMb active, SMI active: 

ICC(TOTAL) = DRAM CURRENT (lcc4) + SAM a CURRENT (Icca) + SAMb CURRENT (Icca) + 
SMI CURRENT (Iccg) [+ 10] 

= 2 + 45 + 45 + 20 + 10 = 122mA (MAX) 

NOTES 

MT43C8128A19A 
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PRELIMINARY 

MIC:RON MT43C8128A19A 
1-· """,""ccme,", 128K X 8 TRIPLE-PORT DRAM 

I 

DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ::; T A::; +70°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Random READ or WRITE cycle time 

READ-MODIFY-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-MODIFY-
WRITE cycle time 

Access time from RAS 

Access time from CAS 

Access time from (TR)/OE 

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 

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 

Output disable 

Output disable hold time from start of WRITE 

Output Enable to RAS delay 

MT43C8128A19A 
REV. 5193 

SYM 
tRC 

tRWC 
tpc 

tpRWC 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAl 

tRCS 

tRCH 

tRRH 

tClZ 

tOFF 

tOD 

tOEH 

tORD 

3-71 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
130 150 ns 

170 190 ns 

40 45 ns 

90 95 ns 

70 80 ns 14,17 
17 20 ns 15 
20 20 ns 

35 40 ns 

40 45 ns 

70 20,000 80 20,000 ns 

70 100,000 80 100,000 ns 

20 20 ns 

50 60 ns 

15 10,000 20 10,000 ns 

70 80 ns 

10 10 ns 16 
20 50 20 60 ns 17 
10 10 ns 

0 0 ns 

10 12 ns 

15 35 17 40 ns 18 

0 0 ns 

12 15 ns 

55 60 ns 

35 40 ns 

0 0 ns 

0 0 ns 19 

0 0 ns 19 

3 3 ns 

3 20 3 20 ns 20,23 
3 10 3 10 ns 20,23 
10 15 ns 27 
0 0 ns 

Micron SemIConductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C8128A/9A 
1-· '" 'cc,~, 128K x 8 TRIPLE-PORT DRAM 

DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9,10,11,12, 13) (0°C~TA~+70°C; Vee = 5V±5%) 

AC CHARACTERISTICS 
PARAMETER 
Write 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) 

RAS to CAS precharge time 

CAS setup time 
(CSR refresh) 

CAS hold time 
(CSR refresh) 

MEiWE to RAS setup time 

MEiWE to RAS hold time 

Mask data to RAS setup time 

Mask data to RAS hold time 

MT43C8128A19A 
AEV.5193 

SYM 
IWCS 

twCH 

twCR 

twP 
IRWL 

ICWL 

IDS 

IDH 

IDHR 

IRWD 

IAWD 

tcWD 

IT 
IREF 

IRPC 

ICSR 

tCHR 

twSR 
tRWH 

tMS 

tMH 

3-72 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
0 0 ns 21 

15 15 ns 

45 60 ns 

15 15 ns 

20 20 ns 

20 20 ns 

0 0 ns 22 

15 15 ns 22 

55 60 ns 

90 100 ns 21 

55 60 ns 21 

40 40 ns 21 

3 35 3 35 ns 9, 10 

16.7 16.7 ms 

0 0 ns 

10 10 ns 5 

10 30 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

Micron SemicondLKltor, Inc., reS81V6S the right to change products or specifications without notice. 
@1993, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT43C8128A19A 
1-· ' ''' 128K x 8 TRIPLE-PORT DRAM 

TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C ~ T A ~ + 70°C; Vee = 5V ±5%) 

AC CHARACTERISTICS -7 
PARAMETER SYM MIN MAX 
TRI(OE) LOW to RAS" setup time 'TLS 0 
TRI(OE} LOW to RAS" hold time 'TLH 15 10,000 
TRI(OE) LOW to ltliS hold time IRTH 65 10,000 
(REAL-TIME READ TRANSFER only) 

TRI(OE) LOW to CAS hold time ICTH 20 
(REAL-TIME READ TRANSFER only) 

TRI(OE) HIGH to SC lead time 'TSL 5 
TRI(OE) HIGH to RAS precharge time 'TRP 60 
w(OE) precharge time 'TRW 20 
First SC edge to TRI(OE} HIGH delay time 'TSD 15 
~ to first SC edge delay time IRSD 80 
CAS to first SC edge delay time teSD 25 
Serial output buffer turn-off delay from ltliS ISDl 7 40 
SC to ltliS setup time ISRS 25 
Serial data input to SE delay time ISlE 0 
ltliS to SD buffer turn-on time ISRO 10 
Serial data input delay from RAS" ISDD 50 
Serial data input to RAS delay time ISlS 0 
Serial Input Mode enable IESR 0 
(SE) to RAS" setup time 

Serial Input Mode enable (SE) to RAS" hold time IREH 15 
TRI(OE) HIGH to RAS" setup time tyS 0 
TRI(OE) HIGH to RAS" hold time tyH 15 
DSF, TRM, STS, MKD to RAS" setup time IFSR 0 
DSF, TRM, STS, MKD to ltliS hold time IRFH 15 
DSF to RAS" hold time IFHR 55 
DSF to CAS" setup time IFSC 0 
DSF to CAS" hold time teFH 15 
SC to OSF delay time ISOD 20 
RAS" to OSF delay time IROD 65 
CAS to OSF delay time teOD 35 
TRIOE to OSF delay time 'TOD 25 
SPUT TRANSFER setup time ISTS 25 
SPUT TRANSFER hold time ISTH 0 

-8 
MIN MAX UNITS NOTES 
0 ns 
15 10,000 ns 
70 10,000 ns 

20 ns 

5 ns 
70 ns 
25 ns 
15 ns 
80 ns 
25 ns 
10 50 ns 
30 ns 
0 ns 
10 ns 
60 ns 
0 ns 
0 ns 

15 ns 
0 ns 
15 ns 
0 ns 
15 ns 
60 ns 
0 ns 
15 ns 

20 ns 28 
65 ns 28 
35 ns 28 
25 ns 28 

30 ns 28 
0 ns 28 

MT43C8128Ai9A 
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PRELIMINARY 

MIC:RON MT43C8128A/9A 
1-· oeM""""O"'" ' 128K X 8 TRIPLE-PORT DRAM 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9, 10) (0° C ::; T A::; + 70°C; Vee = 5V ±5%) 

AC CHARACTERISTICS 
PARAMETER 
Serial clock cycle time (Read) 

Serial clock cycle time (Write) 

Access time from SC 

SC precharge time (SC LOW time) 

SC pulse width (SC HIGH time) 

Access time from SE 

SE precharge time 

SE pulse width 

Serial data out hold time after 
SCHIGH 

Serial output buffer turn-off 
delay from SE 

Serial data in setup time 

Serial data in hold time 

Serial mask data in setup time 

Serial mask data in hold time 

SERIAL INPUT (Write) Enable 
setup time 

SERIAL INPUT (Write) Enable 
hold time 

SERIAL INPUT (Write) disable 
setup time 

SERIAL INPUT (Write) disable 
hold time 

SSF to SC setup time 

SSF to SC hold time 

SSF LOW to SC HIGH delay 

MT43C8128Ai9A 
REV. 5/93 

SYM 
tSCR 

tscw 

tSAC 
tsp 

tSAS 

tSEA 

tSEP 

tSE 

tSOH 

tSEZ 

tsos 

tSOH 

tMOS 

tMOH 

tsws 

tSWH 

tSWIS 

tSWIH 

tSFS 

tSFH 

tSFD 

3-74 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
22 25 ns 

20 20 ns 

22 25 ns 24,30 
7 7 ns 

7 7 ns 

12 15 ns 24 
10 10 ns 

10 10 ns 

5 5 ns 24,30 

3 12 3 12 ns 20,24 

0 0 ns 24 
10 10 ns 24 
0 0 ns 

10 10 ns 

0 0 ns 

10 15 ns 

0 0 ns 

10 15 ns 

0 0 ns 29 
10 15 ns 29 
5 5 ns 29 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notics. 
©1993, Micron Semiconductor, Inc. 



PRELIMINARY 

MIC:RON MT43C8128A/9A 
1-· '" " ;" 128K x 8 TRIPLE-PORT DRAM 

NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±S%;f = 1 MHz. 

-3. Icc is dependent on cycle rates. 
4. Icc is dependent on output loading. 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 100~s is required after power-up 
followed by any S RAS cycles before proper device 
operation is assured. The S RAS cycle wake-up should 
be repeated any time the IImF refresh requirement is 
exceeded. 

S. AC characteristics assume t'[ = 3 to 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). Input signals transition between OV and 3V 
for AC testing. 

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, DRAM data outputs (DQI-DQS) is 
High-Z. 

12. If CAS = VIL, DRAM data outputs (DQI-DQS) may 
contain data from the last valid READ cycle. 

13. DRAM output timirig measured with a load equiva
lent to 1 TTL gate and SOpF. Output reference levels: 
VOH = 2.0V; VOL = O.SV. 

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

15. Assumes that 'RCD ;?: 'RCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ will be 

maintained from the previous cycle. To initiate a new 
cycle and clear the data-out buffer, CAS must be 
pulsed HIGH for l(:P. 

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

IS. Operation within the !&AD (MAX) limit ensures that 
tRCD (MAX) can be met. tRAD (MAX) is specified as 
a reference point only; if !&AD is greater than the 
specified 'RAD (MAX) limit, then access time is con
trolled exclusively by tAA. 

MT43C8128AJ9A 
REV. 5193 3-75 

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

20. taD, taFF and tSEZ define the time when the output 
achieves open circuit (VOH -200mV, VOL +20OmV). 
This parameter is sampled and not 100 percent tested. 

21. twcs, 'RWD, tA WD and !CWD are restrictive 
operating parameters in LATE-WRITE, READ-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 through
out the entire cycle, regardless of TR/OE. If twcs ~ 
twcs (MIN), the cycle is a LATE-WRITE and 
TR/OE must control the output buffers during the 
WRITE to avoid data contention. If 'RWD ;?: 'RWD 
(MIN), tAWD ;?: tAWD (MIN) and !CWD ;?: !CWD 
(MIN), the cycle is a READ-WRITE and the data 
output will contain data read from the selected cell. If 
neither of the above conditions is met,the state of the 
output buffers (at access time and until CAS goes 
back to VIH) is indeterminate but the WRITE will be 
valid, if tOD and taEH are met. See the LATE-WRITE 
AC Timing diagram. 

22, These parameters are referenced to CAS leading edge 
inearly WRITE cycles and ME/WE leading edge in 
late WRITE or READ-WRITE cycles. 

23. During a READ cycle, if TR/OE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: VOH = 2.0V; VOL = O.SV. 

25. Addresses (AO-AS) change two times or less while 
RAS=VIL. 

26. Addresses (AO-AS) change once or less while 
CAS = VIH and RAS = VIL. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have taD and taEH 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 previously read data if CAS 
remains LOW and OE is taken LOW after taEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

2S. Applies to the MT43CS12SA only. 
29. Applies to the MT43CSI29A only. 
30. tsAC is MAX at 70° C and 4.7SV Vcc; tsoH is MIN at 

O°C and S.2SV V cc. These limits will not occur 
simultaneously at any given voltage or temperature 
tSOH = tsAC - output transition time; this is guaran
teed by design. 

Micron Semiconductor, Inc., reserves the right 10 change products or specifications without 1'I(Itice. 
@1993, Micron Semiconductor, Inc. 
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PRELIMINARY 

MICRON MT43C8128A19A 
1-· oeM"O",O",""' 128K X 8 TRIPLE-PORT DRAM 

MT43C8128A19A 
REV. 5/93 

I 
~ 

leAP 

tAAD 

tASR tRAH 

DRAM READ CYCLE 

tRAS tRP 

tCSH 

I tRSH tRRH 

I 
tRCD teAs 

~ tAR 

I I tRAL I 
~I I~ 

I 

I I tM 

tRAC I 

I 

OPEN 

3-76 

tCAC 

I 
tORD~1 

VALID DATAOUT OPEN 

12] DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
©1993,MicronSemiconductor,lnc. 



PRELIMINARY 

MIC:RON MT43C8128A19A 
1-· "M"'",OOO",,, 128K X 8 TRIPLE-PORT DRAM 

DRAM FAST-PAGE-MODE READ CYCLE 

tRAS? 

tCSH tpc 

tCRP I ___ t-",RC",-D __ I~ tcp ~ tcp tCAS 

_ VrH_--jr----c-;-----~ 
CAS VrL- ,---+_--' 

DO VrOH- VALID VALID VALID OPEN-
VIOL - II DATA OUT DATA OUT DATA OUT 

~~ tYH ~ tOE too tOE too tOE too 

TIl/DE ~:~-JM'/Iff/#//d-_/#ffd-_$ffh21-~$///I$ffm 

H43CB128A19A 
lEV. 5/93 3-77 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc., reserves the right to change products or specflications without notice. 
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PRELIMINARY 

MIC:RON MT43C8128AJ9A 
1-· c '" , 128K x 8 TRIPLE-PORT DRAM 

WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES2 

RAS"Faliing Edge "CRFaliing Edge 

CODE FUNCTION A B C D E F 
"ME7Wt DSF1 DO (Input) ME7Wt DSF1 DO (Input) 

RW Normal DRAM WRITE 1 0 X 0 0 DRAM 

RWNM NONPERSISTENT (Load and Use) 0 0 Write 0/13 0 DRAM 
MASKED WRITE to DRAM Mask (Masked) 

RWOM PERSISTENT (Use Register) 0 1 X 0/13 0 DRAM 
MASKED WRITE to DRAM (Masked) 

BW BLOCK WRITE to DRAM 1 0 X 0/13 1 Column 
(No DO Mask) Mask 

BWNM NONPERSISTENT (Load and Use) 0 0 Write 0/13 1 Column 
MASKED BLOCK WRITE to DRAM Mask Mask 

BWOM PERSISTENT (Use Register) 0 1 X 0/13 1 Column 
MASKED BLOCK WRITE to DRAM Mask 

LMR Load Mask Data Register 1 1 X 0/13 0 Write 
Mask 

LCR Load Color Register 1 1 X 0/13 1 Color 
Mask 

l> NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D", "E" and "F" for the WRITE cycle 
timing diagrams on the following pages. s: 

MT43CS12BA19A 
REV. 5193 

2. TRM, MKD and STS are "don't care" for all WRITE cycles. 
3. If MElWE is LOW, an EARLY-WRITE is performed; if it is HIGH, a LATE-WRITE is performed if MEIWE falls 

after CAS. 

3-78 Micron Semiconductor, Inc., reserves the rightto change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C8128Af9A 
1-· ~eMCO",""OUC 128K X 8 TRIPLE-PORT DRAM 

DRAM EARLY-WRITE CYCLE 

tRAS 'RP J 
II J 
If \ 

tCSH 

t 
I 

~ 
tRSH 

d 
tCRP tRCO tCAS 

f 'AR 

I tRAD I I tRAL 

z 
m :e --f 
J:J -

~II ROW· ~m 
ADDR ~:~:~ ROW _ COLUMN }wt//@;l/$////f///;X'--___ _ 

'-----;-;---- I I 'CWL II I 

tASR tRAH ~I I~ I 
I I I 'RWL "tJ 

'WCR I I 0 bJ ·WCS I I 'WCH k J:J ~~ : twp - -f 
ME,WE ~:~:1/;1//;1;ld A I D I W/;1/II/;l/ll/;1///////!III!III!II!III!//Z C 

'FSR II'RFH tFH~FSC i i 'CFH I . ~ 
DSF1 ~:~:rM/!I/&l--B-~ E W;;;;;$/I//I/Wffjljl//;/$////$$I//I/ffi s: 
DSF2 ~:~:1I1!//ff&1~II~V;1//;l#/$/;/'/IIff)r$;$II!////;W;/';/'/II/$II11!/A II//$/$$/; 

'DHR I I 

~ DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "B", "C", "D", "E" and "F" determine the type of WRITE operation performed. See the 
WRITE Cycle Function Table for a detailed description. 

MT43C8128Ai9A 
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PRELIMINARY 

MIC:RON MT43C8128A/9A 
1-· ""cc,wcnc, 128K x 8 TRIPLE-PORT DRAM 

DRAM LATE-WRITE CYCLE 1 

'RAS 

'CSH 

~. 
'RSH 

--J 
'CRP 'RCD 'CAS 

'AR f~ 
I 'RAD I I 'RAL 

777777\[ 
'ASR 'RAH 

j l~1 I 
ICAH 

j 

'RP 

r 
I 

I 

I 
I 
\ 

~ DON'TeARE 

Ill8S UNDEFINED 

NOTE: 1. The logic states of."A", "8", "C", "E" and .oF" determine the type of WRITE operation performed. See the Write 

MT43C8128Af9A 
REV. 5193 

Cycle Function Table for a detailed description. 

3-80 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C8128A19A 
1-· """o'''no",,, 128K X 8 TRIPLE-PORT DRAM 

RAS ~:~ 

ADDR ~:~ 

MElWE ~:~ 

DSFt ~:t 

-

==3 
'CRP 

: 
I~ 'RAH 

DRAM READ-WRITE CYCLE 
(READ-MODI FY -WRITE CYCLE) 

tRAS 

'CSH 

d: 'RSH 

'RCD 'CAS 

'AR 

I 'RAD I I 'RAL 

~II~ 

'RP 

II 
It 

t 
I .1.1J7777), 

-
i/ / / / / / / Ij / / / / / / / / II / / / / / / / / II / 1111 / / /iX - ROW Mil!} COLUMN 

I I 'RWD ~II 
IT-I I 'CWD 'RWL 

I ,'WSR, 'RWH:I I 'AWD 

~ I 

~ A ..t@&ff 
I'FHR I I 

ROW 

'FSR :RFH I tFSC I =--B-W;$/////hl-
,~" k 

- Y!//!////////!l!////////I//!l$!I//////!/l!A 

DSF2 ~:t=WlmJr~~II~v////////#j///////////);#&,/////////////////////JJ'##ffi'&'$$//////A 
I I'AA 

'RAC I 

l~ 'MH _I 
I 

-f C 
,. 

-t * 
~II~ 

'CAC 

I_ 'DS 

VALID DOUT)( 

~ 'OD_I 

"DH'J 

F 
,. 
* I~ 

OPEN 

[Zj DON'T CARE 

~ UNDEFINED 

NOTE: The logic states of "A", "B", "C" and "F" determine the type of WRITE operation performed. See the Write Cycle 
Function Table for a detailed description. 

MT 43C8128A19A 
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PRELIMINARY 

MICRON MT43C8128A/9A 
1-- >oM","O"""'" 128K X 8 TRIPLE-PORT DRAM 

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 1,2 

tRASP 

tCSH 'PC 

~ 1 ___ -"'Rc""D ___ 1_->::'cA::::.s_1 

;,2 ADDR ~:eCLLU'---_,,_~,'..LLL/ '-------;,-----,-----.J''<LL<r.Lf'-'UJI '-_,,_-" ULLLLl..LLD '--_,,-----1' '<L.Ll.<'fLfLilLL/ 

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles may be mixed with WRITE cycles while in FAST-PAGE-

MT43C8128A/9A 
REV. 5/93 

MODE. 
2. The logic states of "A", "8", "C", "0", "E" and "F" determine the type of WRITE operation performed. See the 

Write Cycle Function Table for a detailed description. 

3-82 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C8128A19A 
1-· """o,"",we", 128K X 8 TRIPLE-PORT DRAM 

RAS VIH-
VIL-

CAS 
V1H-
VIL-

tCRP 

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

~ DON'TeARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles may be mixed with READ-MODI FY-WRITE cycles while in FAST-PAGE-MODE. Use 

MT43C8128A19A 
REV.S/93 

the Write Function Table to determine the proper DSF1 state for the desired WRITE operation. 
2: The logic states of "A", "8", "c" and "F" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 

3-83 Micron Semiconductor, Inc., reserves the right to change products or specifICations without notice. 
©1993, Micron Semiconductor, Inc. 

z 
m 
=e 

• -I 
::D -"'C .... 
m 
I 

"'C o 
::D 
-I 
C 
::D 
l> 
s: 



z 
m 
::e • -I 
:c -." .m 

I 

." o 
:c 
-I 
c 
:c » s: 

PRELIMINARY 

MIC:RON MT43C8128A19A 
1-· """,""On,,'" 128K x 8 TRIPLE-PORT DRAM 

DRAM RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-AS) 

It 'RAS ~'R~P t~ 
,. ~--~'RPcb 

CAS ~:~:---J,-=0 --------+!--II --------------±--,----
'ASR 'RAH 

AOOR ~:~ ___ R .... ow_------,b#/,$'#JI$$#/0'/#$#MI$I//I"//,0(~--ROw--
II 

ME!WE ~:~-WI/J///j///$#/###$//###$//##/#$##$##/#//###$$/0'##//$///#####/0'//#;0 
II 

___ , V IH- 777171//711111/ 1111111111711111111111111/1/111111111111111111711 II / III 1/1171/ 111111111 11111) II I; II 11111 11111111 /III 
"", Vil-' /I /lflJ /lfl/ /lJflfl II /I I /IJ /lP /lP /lJfl I /lJJ /lIIJ IIJI I I /I /I /lflP/II /I I I /II IIJ II /IIJ II /III /I I /II II II/lJ IIffiPII II. 

II 
OSF2 ~:~J,$'//$/#####$#JI$#/JI$###/$#JI$#/0'///##;W///#M#/0'$#///#$!$#/0'/,@ 

v'OH- II 00 V'OL II OPEN OPEN 

TRiO, ~:~ -WZIZlUlJ~ ~W/0'$!$$$#;W/####M##!!$##ff$J' 

CBR REFRESH CYCLE 

AOOR ~:~:1###//#$JI$$$/#/#/////$/$##/I"/$/#//////#ff$$#////$/$/#;W$////#/JI$,1h 

~II~ 
MEIWE ~:~~ NOTE 1 Wi##/ff###;!/#$$ff$###$#$,@'$ NOTE 1 WlIlIIII& 

OSF1 ~:~:1#//$$I"/#/0'#/$/#/0'$/$/#///#$$/#/$$//#/$#$/#/$###ff!l//#/$,$'/a 

OSF2 ~:~4'///$/$$ffl//#/#/#/$#!111!/$##$/////l#ff/I/11$#$$$/#Il!ll/!#I//I"///$$j////!h 

DQ ~:gr------OPEN-------- OPEN ------

I:iZl DON'T CARE 

B8llI UNDEFINED 

NOTE: 1. The MT43C8128A19A operates with this state as "don't care," but to allow for future functional enhance-

MT43C812BAI9A 
REV. 5193 

ments, it is recommended that they be driven as illustrated for system upgradability. 

3-S4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

UU:::RON MT43C8128A/9A 
1-· c, ,mC"c 128K X 8 TRIPLE-PORT DRAM 

DRAM HIDDEN-REFRESH CYCLE 

(READ) (REFRESH) 

tRAS 

~ 
tRP 

~. 
tRAS 

~ RAS VIH 
VIL-

tRCD tASH tCHR 

CAS 
VIH-
VIL-

tAR 

II I 
ADDR 

~:~:I/)I//)I)I /$)1 /)lff $/)1//)1 k II \ NOTE2 W )lI!!!)I/!II II! /I/////! II!! ///1/)1$)1 M 

'm, I~;;,r-II~I I I 
DSFI ~:~:_I i ~ $;)I)I/lII!I!II!)I$//////ff)l//$)I/!IIII!!I////Iff$)I/IllJ 

DSF2 ~:~:W&1~11 tRFH W/////;)//ffi'p)/I)I///////I///)I)I/)///////////////$/!//$////!/!Iffi');////)I/$~ , 
I I tM 

tRAC I 
I tCAC 

OPEN 

~I~ tOE 

.~RD 
\ l 

VALID DOUT 

I 

- --!OFF 

t-OPEN-

I~ , 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case, 

MT43C8128A19A 
REV. 5193 

1iiiEIWE = LOW (when CAS goes LOW) and TRiOE = HIGH and the DO pins stay HIGH-Z. In the 
TRANSFER case, TRiOE = LOW (when RAS goes LOW) and the DO pins stay High-Z during the refresh 
period, regardless of TRiOE. 

2. The MT 43C8128AJ9A operates with this state as "don't care," but to allow for future functional enhance
ments, it is recommended that they be driven as illustrated for system upgradability. 
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PRELIMINARY 

MIC:RON MT43C8128A/9A 
1-· "'''''"C"ow,,"' 128K X 8 TRIPLE-PORT DRAM 

DRAM/BMR TRANSFER CYCLE FUNCTION TABLE 1 

LOGIC STATES 

l(J{S""Falling Edge 

CODE FUNCTION A B C D E F G 
ME/WE DSF1 DSF2 TRM STS MKD DQ(lnpul) 

BMR-RT BMR READ TRANSFER 1 0 0 1 0 0/11 X 
(DRAM-+BMR TRANSFER) 

BMR-IRT BMR READ TRANSFER 1 0 0 1 1 0/11 X 
(DRAM-+invert-+BMR TRANSFER) 

BMR-WT BMR WRITE TRANSFER 0 0 0 1 0 0/11 Mask 
(BMR-+DRAM TRANSFER) 

BMR-IWT BMR WRITE TRANSFER 0 0 0 1 1 0/11 Mask 
(BMR-+invert-+DRAM TRANSFER) r:n 1 CLR-BMR 1 CLEAR BMR (CLR-BMR) 

""0 
o X X 

o 
~ 
C 
::D » s:: 

DRAM/BMR TRANSFERS 

tRAS tRP J 

CAS ~:t-=7 II 
tASR tRAH 

ADDR ~:t=~--ROW ~/$;1/;1;1/$;1/ff#$;//;1$//#/$;1$//01M~--RO-W--

tCSH 

I IRSH 

leRP tRCD tCAS 

\ -I NOTE 2 I '------'-------~ _f 

tWSR II tRWH 

M.mE ~:t=_--A-~///;1##$#/###/;1$$$$/!I/////$///01#//////M///I#/$#$/,,0; 

DSF1,D~i~:~~~ ~:t=~~I~k1/$$'!;0'01/;W$/!I//01///$01$&1$///#;1;1$#/$/$'$//M 
tMS II tMH 

DO ~:gt~--G-_##$/###$$/!I$$/$'/01/$/$ff/#;1/#01/;W/$$//#!Ih 
tyS II tYH 

TR/OE ~:r=_- -lw/$ff/;W$ff/#/$$I;W//$ff#$#/$/#/#$/$#;1;W;1;1/;1&//m 

IZ!;1 DON'T CARE 

~ UNDEFINED 

NOTE: 1, Serial Mask Input mode is enabled if MKD = HIGH; disabled if MKD = LOW, 
2, It is not necessary to drop CAS during a DRAM/BMR TRANSFER, 

MT43C8128A19A 
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PRELIMINARY 

UII:::I=ICN MT43C8128A19A 
1-· ",,,w'm"m~,"c 128K X 8 TRIPLE-PORT DRAM 

READ TRANSFER CYCLE FUNCTION TABLE 1 

LOGIC STATES 

RAS Falling Edge 

CODE FUNCTION A B C D E 
DSF1 DSF2 TRM STS MKD 

RW READ TRANSFER 0 0 0 0/1 2 X 

SRT SPLIT READ TRANSFER (DRAM-+SAM) 1 0 0 0/1 2 X 

BMRT BIT MASKED READ TRANSFER 0 1 1 0/1 2 X 

BMSRT BIT MASKED SPLIT READ TRANSFER 1 1 1 0/1 2 X 

BMR-SAM BMR-+SAM TRANSFER 1 0 1 0/1 2 0/1 3 

z 
m :e 
• -I ::c -"tJ 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "e", "D" and "E" for READ TRANSFER r 

MT43C8128A19A 
REV. 5/93 

cycle timing diagrams on the following pages. m 
2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, I 

the transfer is to SAMa; when STS = HIGH, the transfer is to SAMb. "tJ 
3. Serial mask input mode is enabled if MKD = HIGH; disabled if MKD = LOW. 0 

3-87 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

UU::F=lCN MT43C8128Af9A 
1-· "M","OCnOe", 128K X 8 TRIPLE-PORT DRAM 

READ TRANSFER 1, 4 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL INPUT mode) 

IRC 

tRAS IRP 

1 
tCSH I 

'ASH 

I ~ tRCD tCAS 

----.J ~ NOTE 2 / 
IAR 

I IRAD I I I IRALI 

tASR ~I_~I _1-1- I~I 
ADDR ~:t::'Mt ROW ~ SAM START WlII/I//I//I//I/I/////I/I///I//I/I/I////I/I//I/I//I//I//I//I/I//i 

~II~ I I 
MEiNE ~:tW I II "b I! III I!II!/ I! III JI/ I!!I!III!II!! /lII/II/!II! 1!/111////II/!III!II/I!JI/!/l I! III!/ I! I! II/!II I!Ii. 

~l~~~ I I 
TR~~:is~~~~ ~:t='!!!A A, S, C, D, E W///"w///I!///II/I/$II!$!!II!I!I!$///$II/I!II/II/III/I!II////!II!$I/II$$I!Jl/I!4 

VIOH- I~F II I I 
DO VIOL-~II OPEN I OPEN-i---I -

'TLS 'TLH i tTRP 

TRiOE ~:t~ --I ITRW f«!/III////!III!/lJI//I!I!II$!fIllI!JI//j 

I 
teso 
'rSD 

IRSD 

SGa, b ~i~: 

QSFa,b 

troD 

fZ2 DON'T CARE 

~ UNDEFINED 

NOTE: 1. SSFa, b = "don't care" (MT 43C8129A) 

MT43C812BAl9A 
REV,5193 

2. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed SAM will be reused. 

3. There must be no rising edges on the SC input during this time period. 
4. The logic states of "A", "8", "C", "D" and "E" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 
5. QSF = 0 when the lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the upper SAM (bits 128-255) is being accessed. 

3-88 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MICRON MT43C8128A19A 
1-· """co"",m~,"c 128K x 8 TRIPLE-PORT DRAM 

AAs 

CAs 

ADDR 

VIH-
VIL-

VIH-
VIL_ 

REAL-TIME READ TRANSFER 1, 4 

(DRAM-TO-SAM TRANSFER) 
(When part was previously in the SERIAL OUTPUT mode) 

'RC 

tRAS 'RP 

tCSH 

lASH 

~ tRCO tCAS 

NOTE 2 

lAR 

'RAL 

V'H_7777:7A}-'----'"--W7Th}----'---,[R77777777777777777777777)777)777)777)777)777)'77T,'77T,'77T,,mrrTT.777)'77T,T7"T7: 
VIL-

~II~ I I 
DSF1, DSF2, 

TRM, STS, MKD 

TR/OE 

SCa,b 

SDQa,b 

SEa,b 

QSFa,b 

VIH-
VIL_ 

VIH-
VIL-

VIOH-
VIOL- VAUDDOUT 

I i 
VIH-V1L _ 

prv'OUS ROW -:- NEW ROW 

VOH 

I tTOD 

--------------------------===~~~I------------------~ NOTE 4 VOL- NOTE 4 

~ DON'T CARE 

!2l8l UNDEFINED 

NOTE: 1, SSFa, b = "don't care" (MT43C8129A) 

MT43C8128Ai9A 
REV, 5/93 

2. CAS is used to load the Tap address. If CAS does not fali, the last Tap address 
loaded for the addressed. 

3. The SE pulse is shown to illustrate the serial output enable and disable timing. It is not required. 
4. The logic states of "A", "8", "C", "D" and "E" determine the type of TRANSFER operation performed. See the 

Read Transfer Cycle Function Table. 
5. QSF = 0 when the lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the upper SAM (bits 128-255) is being accessed. 

3-89 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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PRELIMINARY 

MIC:RON MT 43C8128A/9A 
1-· '''''''"'''''''' '" 128K X 8 TRIPLE-PORT DRAM 

~ 

--f 

SPLIT READ TRANSFER 3 

(SPLIT DRAM-TO-SAM TRANSFER) 

tRC 

tRAS 

Ii 
leSH Jl 

lASH 

II tRCD teAs 

II 

k NOTE 1 J 
tAR 

tRP 

\ 

II 
I~RAD I I I IRAL 

'ASR 'RAH ~l J __ leAH 
-1- -

ADDR ~:~=wf ROW ~ TAP ADDR (B) ~/////;j///;j/;j/;j;j//////;j/ ;j/////;j/;j/;j;j;j/;j/;j/;j///;j/ ;j/// &/fi: 
I II I 

~II~ I 
MEiWE ~:~~ I II \w§$§$/$§$/;j/;j$/$"@#$//;/II!!§/§§$$$#)'U/#$/$////$##$/J 

~~ I 
TRW.~h~~d ~:~=~ A, B, C, D, E XJ$$&/$U/§/#),#),/!;I$$§;j§$/k'/;j§$#/k'#/$/$ff§;jlff§uam;;j/~ 

DO ~:g~=~ II OPEN I OPEN __ _ 

'TLS II 'TLH I 
TRICE ~:~=~- -lfj'$§$§/,/#/§II/I/,I/j/§$$$//;1#)'$!I#)'/§$$$/$§§/#/,I$///§$;1'@h2 

~I I 
~ 

SEa b VIH-

liii"';;;;;A~:--+:t------I~:--~~------~-+-------I_--::~-~---------------------:···ifnn ......... nn ..... mm ...... jjnnnjnmn··
i 

i soa.,b ~:g~=~ 255(127) r A(128.A) X==;~ 125(253) X 126(254) X 127(255) X 128.B(B) i 
: +SOD- II~I I : 
! QSFa,b ~g~: SAMMSS ; (NOTE2) )( NEWMSB i 

rMT43C8i29A"------------:1----I~:~~----~ ----i~-:~--------------------------------------------------------11""--------------(--------------------: 

i SDca b ~:g~=~ 255(127) r A (128.A) X==;~ (X 2) X (X 1) X X 128.B(B) i 
: 'SFS II 'SFH ISFD I : 
i: ,,)--JI- i, 

SSFa,b ~:r: , '\ 
l ___________________________ '-__ -__ -___ -__ -___ -__ -___ -__ -__ -___ -__ -___ -__ -___ -__ -__ -___ -__ -___ -J_~~ ____________________________________________________________________________ : 

NOTE: 

MT43C8128A19A 
REV. 5193 

1. CAS is used to load the Tap address. If CAS does not fall, the last Tap address 
loaded for the addressed SAM will be reused for the idle half. 

2. QSF = 0 when the lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the upper SAM (bits 128-255) is being accessed. 

IZ:iI DON'T CARE 

~ UNDEFINED 

3. The logic states of "A", "B", "C", "D" and "E" determine the type of TRANSFER operation performed. See the 
Read Transfer Cycle Function Table. 

3-90 Micron Semiconductor, Inc., reseIV9S the right to change products or speclflcations without notice. 
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PRELIMINARY 

MIC:RON MT43C8128A19A 
1-· "'''c'"cccwc,'' 128K X 8 TRIPLE-PORT DRAM 

WRITE TRANSFER CYCLE FUNCTION TABLE 1 

LOGIC STATES 

~Falling Edge SC 

COOE FUNCTION A B C D E F G H 
DSF1 DSF2 DO TRM STS SF MKD MKD 

WT WRITE TRANSFER 0 0 X 0 0/1 2 0 X -
(SAM .... DRAM) 

PWT PSEUDO WRITE 0 0 X 0 0/1 2 1 X -
TRANSFER 

MSWT DO MASKED SPLIT WRITE 1 0 Mask 0 0/1 2 X X -
TRANSFER (SAM .... DRAM) 

MWT DO MASKED WRITE 0 1 Mask 0 0/1 2 X X -
TRANSFER (SAM .... DRAM) 

BMWT BIT MASKED WRITE 0 1 X 1 0/1 2 X X 0/1 4 

TRANSFER (SAM .... DRAM) 

BMSWT BIT MASKED SPLIT WRITE 1 1 Mask 1 0/1 2 X X 0/1 4 

TRANSFER (SAM .... DRAM) 

SAM-BMR (SAM .... BMR) TRANSFER 1 0 X 1 0/1 2 X O/P -
BMWT- DO/BIT MASKED WRITE TRAN- 1 1 Mask 0 0/1 2 X X 0/1 4 

DOM SFER (SAM .... DRAM) 

z 
m 
~ • -I 
:D -'"tJ r m 

I 

'"tJ o 
~ 
C 
:D 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "0", "E", "F", "G" and "H" for WRITE ))-

MT43C8128A/9A 
REV. 5193 

TRANSFER cycle timing diagrams on the following pages. , 
2. The state of STS at the falling edge of RAS determines the SAM involved in the transfer. When STS = LOW, =

the transfer is to SAMa; when SAM = HIGH, the transfer is to SAMb. 
3. Serial mask input (SMI) mode is enabled if MKD = HIGH and disabled if MKD = LOW. 
4. When in the SMI mode (see BMR transfer waveforms) MKD is the SMI data input. MKD data is clocked into 

all bit planes of the bit mask register with SCb. A logic "1" on MKD will allow data to pass through all the 
mask; a logic "0" will mask the corresponding location of the SAM during a BIT MASKED TRANSFER. BIT 
MASKED TRANSFERs to or from SAMa must not take place while mask data is being serially input via SCb 
and MKD. 

3-91 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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PRELIMINARY 

MICRON MT43C8128A/9A 
1-· "'"co"'"'w<''' 128K X 8 TRIPLE-PORT DRAM 

NOTE: 

MT43C8128A/9A 
REV,5193 

WRITE TRANSFER 4 

(When part was previously in the SERIAL OUTPUT mode) 

'RP 

IL--.J -LJ CAs ~IH 1 NOTE 1 V / 

~D tAR I I I tRAL I 
'ASR 'RAH ~I' 'Ase 1 I 'eAHI 

ADDR ~:~=_--RO-W -~- SAM::-WJ#/#//#JI//Jl/I/II/&$####/#//#//////#/#/II/JI/##/4 
I 'WSR 1'1' 'RWH I 

MWE ~:~=~- -brJl///t/#//#//I/II/#/IIJI//####///#JI//JI///#//f/f/&#///JI/#ffJl////JI/####/#A 

I ~II~ I 
os;~M':~~ ~:~_ A. B. D. E b/'//#/JI//I/IIJI//#/##/JI///#/!$$JI!/#/'/##/&#I/II##/#/I/II#/#/#/JI!/JI!ffi 

I~~I~ I 
00 ~:g~==::3 c 1 Of'EN OPEN--

'TLS II 'TLH I 'eso I 
mOE ~:~=_- -1f;##//lI/I!l!I!l//!I!!I!IIII!!!I!JI!JI! ##/ffl/llll//#JI//JI!##II/I!!l/if//##/#JI!#/##& 

I tRSD 

sea, b ~:~: NOTE 2 

I tSOD 

tsoz 

1. CAS is used to load the Tap address. If CAS does not fall, the last 
Tap address loaded for the addressed SAM will be reused. 

2. There must be no rising edges on the SC input during this time period. 

~ DON'T CARE 

~ UNDEFINED 

3. SE must be LOW to input new serial data, but the serial address register is incremented by SC regardless 
ofSE. 

4. The logic states of "A", "8", "C", "D", "E", "F", "G" and "H" determine the type of TRANSFER operation 
performed. See the Write Transfer Cycle Function Table. 

5. QSF = 0 when the lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the upper SAM (bits 128-255) is being accessed. SSFa,b = "don't care" (MT43C8129A). 

3-92 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C8128A/9A 
1-· ~""o"ocw"'" 128K X 8 TRIPLE-PORT DRAM 

WRITE TRANSFER 4 

(When part was previously in the SERIAL INPUT mode) 

IRAS IRP 

\ 
tCSH 

I tRSH 

~ 'RCD teAs J 

.J IAR~ NOTE! ¥ / 
I I~D I I I tRAl 

~ ~ ~I I~ 

I~ 
VALID DIN VALID DIN 

~DON'TCARE 

NOTE: 1. CAS is used to load the Tap address. If CAS does not fall, !&ill] UNDEFINED 

MT43C8128Af9A 
REV. 5/93 

the last Tap address loaded for the addressed SAM will be reused. 
2. SE must be LOW to input new serial data, but the serial address register 

is incremented by SC regardless of SE. 
3. There must be no rising edges on the SC input during this time period. 
4. The logic states of "A", "8", "C", "D", "E", "F", "G" and "H" determine the type of TRANSFER operation 

performed. See the Write Transfer Cycle Function Table. 
5. QSF = 0 when the lower SAM (bits 0-127) is being accessed. 

QSF = 1 when the upper SAM (bits 128-255) is being accessed. SSFa,b = "don't care" (MT43C8129A). 

3-93 MiCron Semiconductor, Inc., reserves the right to change products or specifICations without nolice. 
©1993, Micron Semiconductor, Inc. 
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PRELIMINARY 

MIC:RON MT43C8128A19A 
1-· "MC",,,,","" " 128K X 8 TRIPLE-PORT DRAM 

~ 

J 

SPLIT WRITE TRANSFER 3 

(SPLIT SAM-TO-DRAM TRANSFER) 

RC 

tRAS 

leSH ~-
'RSH 

II 'RCO teAs 
II 

} NOTE! / 
IAR 

IRP 

\ 

I 
II 

I---'-RAD I I tRAL 

~ ~ ~I J _leAH 

ADDR ~:r:~ ROW bJ TAP ADDR (., ~/$/$§§//§/§$/$/§/§/$/§§///§///$$/§//////$/§/,'l 
I IWS.' II lew" I 

MEIWE ~:r:&;A-II-};;//$§$/§//§/j$!t'I/j//§§/$/////$/k/$//$////$//$!$/IIII/////jiji////I/h 
I ~II~ I 

D~dM~~f~ ~:r:~ A, B, D, E W$//IW///!$$;lj///!$§///j/$//////jij//j/§/$§/////j/$ji$l§/////§//$m 

b, IMS II IMH I 
DO ~:g~:~c3 OPEN ----'------ OPEN ---

ITLS II ITLH I 
TARjE ~:r=ml- -Yj//jiji///§!//////////jji/j////j///$///j$/////§//j/ji//$//$!/////////$//$////& 

~I Isew I~ 
sea, b ~:~: 

SEa, b ~:~: II 

I ~II~ ~II~ "f--------++-----+---

MKD~:~:~H H H H H 

r -MT43Ciii 2M --------------r ;;~~ -------;~~~rl-;;~~ ------ -;;~; lr ;;~~ ----------------------------------------------Ir --------------r ----;: -I-(~-: ;;;, - - - - - ---r 

'VIO~ , , :::iI- 'Or "T" __ ::_, ,.~ 'T'~* .. "'~"' i 

r-~~~;~~;;~~--------------t~------;~~~ -'~~~-------~l~---------------------------------------------11----------------~-----~:-1-(~-:;;9;-------1 

';:::~""..I 
~ DON'TeARE 

NOTE: 1. CAS is used to load the Tap address. If CAS does not fall, the last ~ UNDEFINED 

Tap address loaded for the addressed SAM will be reused. 

MT43C812BA/9A 
REV. 5/93 

2. QSF = 0 when the lower SAM (bits 0-127) is being accessed. 
QSF = 1 when the upper SAM (bits 128-255) is being accessed. 

3. The logic states of "A", "8", "C", "D", "E" and "H" determine the type of TRANSFER operation performed. See 
the Write Transfer Cycle Function Table. 

3-94 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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PRELIMINARY 

MIC:RON MT43C8128A19A 
1-· """CO"'"CW"'"' 128K X 8 TRIPLE-PORT DRAM 

SEa,b 
VIH-
VIL-

'scw 

SCa, b 
VIH-
VIL-

'SDH 

SDQa, b 
VIH-
V1L-

A-1 

SEa,b 
VIH-
VIL-________ _ 

SCa,b 

SDQa, b 

SAMa or SAMb SERIAL INPUT 

'SWIH 

'scw 'scw 

SAMa or SAMb SERIAL OUTPUT 

'SWS 

A+3 

~ DON'T CARE 

~ UNDEFINED 

NOTE: SEa, SCa and SDOa are used when accessing SAM a and SEb; SCb and SDOb are used when access 
in SAMb, 

MT43C8128A19A 
REV. 5193 3-95 Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice. 
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PRELIMINARY 

MIC:RON MT43C8128Af9A 
1-· "'''w,,''''w,,"' 128K X 8 TRIPLE-PORT DRAM 

MT43C8128A19A 
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ADVANCE 

MIC:RON MT43C256K8A 1 
1-· ''''''0''00'"''"' 256K x 8 TRIPLE-PORT DRAM 

TRIPLE-PORT 
DRAM 
FEATURES 
• Three asynchronous, independent, data-access ports 
• Fast access times: 60ns random, 15ns serial 
• Operation and control compatible with 2 Meg VRAMs 
• High-performance, CMOS silicon-gate process 
• Low power: 15m W standby; 450m W active, typical 
• 512-cycle refresh within 16.7ms 
• Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) 

and HIDDEN 
• FAST-PAGE-MODE with Extended Data-Out 

(trc =30ns) 
• Two bidirectional serial access memories (SAMs) 
• Fully static SAMs and Mask Register, no refresh 

required 
• 4,096-bit Transfer Mask Register 

SPECIAL FUNCTIONS 
• MASKED WRITE (Write-Per-Bit) 
• BLOCK WRITE 
• SPLIT READ and SPLIT WRITE TRANSFERs 
• PROGRAMMABLE SPLIT SAMs 
• BIT MASKED TRANSFERs 
• SERIAL MASK DATA INPUT mode 

OPTIONS MARKING 
• Timing (DRAM, SAMs [cycle/access]) 

60ns,20ns/15ns -6 
70ns,25ns/20ns -7 
80ns,28ns/25ns -8 

• Packages 
Plastic SOP (12mm) SG 

• Part Number Example: MT43C256K8AISG-7 

GENERAL DESCRIPTION 
The MT43C256K8Al is a high-speed, triple-port CMOS 

dynamic random access memory (TPDRAM) containing 
2,097,152 bits. Data may be accessed by an 8-bit-wide DRAM 
port or by either of two independently clocked 512 x 8-bit 
serial access memory (SAM) ports. Data may be transferred 
bidirectionally between the DRAM and the SAMs. 

The DRAM portion of the TPDRAM is functionally iden
tical to the MT4C4256 (256K x 4) DRAM. Sixteen 256-bit 
data registers make up the serial access memory portions of 
the TPDRAM. Data I/O and internal data transfer are 
accomplished using five separate bidirectional data paths; 
the 8-bit random access 1/ 0 port, a pair of internaI2,048-bit-

MT43C256K8Al 
REV. 5193 3-97 

256K x 8 DRAM WITH 
DUAL 512 x 8 SAMS 

PIN ASSIGNMENT (Top View) 

64-Pin SOP* 
(SDC-1) 

*Pinouts to be determined 

wide paths between the DRAM and the SAMs, and the pair 
of 8-bit serial I/O ports for the SAMs. The rest of the 
circuitry consists of the control, timing, and address decod
ing logic. 

All three ports may be operated asynchronously and 
independently of the others except when data is being 
internally transferred between the DRAM and either SAM. 

Each of the 4,096 bits involved in an internal transfer may 
be individually masked by performing a BIT MASKED 
TRANSFER operation. The 512 x 8-bit, bit mask data regis
ter may be parallel loaded from the DRAM or either SAM, 
or it may be serial loaded through the MKD serial input. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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ADVANCE 

UIC:I=ICN MT43C256K8A 1 
1-· oeM"'OOOO"","' 256K X 8 TRIPLE-PORT DRAM 

As with all DRAMs, the TPDRAM must be refreshed to 
maintain data. The refresh cycles must be timed so that all 
512 combinations of RAS addresses are executed at least 
every 16.7ms (regardless of sequence). Micron recommends 
evenly spaced refresh cycles for maximum data integrity. 
An internal transfer between the DRAM and either SAM 
counts as a refresh cycle. The SAM portions of the TPDRAM 
are fully static and do not require any refresh . 

The operation and control of the MT43C256K8A1 are 
optimized for high-performance graphics and communica
tion designs. The triple-port architecture is well suited to 
buffering the sequential data types used in raster graphics 
display, video windowing, serial and parallel networking 
and data communications. Special features, such as SPLIT 
TRANSFER, BIT MASKED TRANSFERS and BLOCK 
WRITE allow further enhancements to system performance. 

FUNCTIONAL BLOCK DIAGRAM 

AD-AS 

MT 43C256K8A 1 
REV. 5/93 

L---____________________ --6--... aSFb 

L.... _______________________ --O_ aSFa 

3-98 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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VRAM MODULES ............................................ . 



VRAM MODULE PRODUCT SELECTION GUIDE 

Memory Access Part Access Power Dissipation Package/Number of Pins 
Configuration Cycle Number Time (ns) Standby 1 Active SIMM Page 

256Kx 32 FP, BW MT4V25632 70,80 40mW I 1,200mW 104 4-1 

FP = FAST-PAGE-MODE, BW = BLOCK WRITE 



ADVANCE 

MIC:RON MT4V25632 
1-· "",m '" 256K X 32 VRAM MODULE 

VRAM 
MODULE 
FEATURES 
• Proposed industry-standard pinout in a 104-pin single-

in-line package 
• High-performance, CMOS silicon-gate process 
• Single 5V ±10% power supply 
• Inputs and outputs are fully TTL compatible 
• Low power, 40mW standby; 1,200mW active, typical 
• Refresh modes: RAS-ONLY, CA5-BEFORE-RAS (CBR) 

and HIDDEN 
• Dual-port organization: 256K x 32 DRAM port 

512 x 32 SAM port 
• 512-cyclerefresh distributed across 16.7ms 
• FAST-PAGE~MODE access cycle 
• No refresh required for serial access memory 

SPECIAL FUNCTIONS 
• NONPERSISTENT MASKED WRiTE 
• BLOCk WRiTE 
• SPLIT READ TRANSFER 

OPTIONS MARKING 
• Tiining (DRAM, SAM [cycle/access]) 

70ns,22/22ns -7 
80ns,25/25ns -8 

• Packages 
Leadless 104-pin SIMM M 

• Part Number Example: MT4V25632M-7 

GENERAL DESCRIPTION 
The MT4V25632 is a high-speed, multiport CMOS dy

namic random access memory module containing 262,144. 
words organized in a x32 configuration. The module may 
be accessed either by a 32-bit wide DRAM port OJ; by a 512 
x 32-bit serial access memory (SAM) port. Data may be 
transferred from the DRAM to the SAM. The module con~ 
sists of four 256K x 8, dual-port dynamic RAMs mounted on 
a l04-pin SIMM, FR4 printed circuit board. 

The DRAM portion of the VRAM components is func
tionally similar to the MT4C4256 (256Kx 4-bit DRAM), with 
the addition of MASKED WRITE and BLOCK WRITE. 
Thirty two 512-bit data registers make up the serial access 
memory portion on the VRAM module. Data I/O and 
internal data transfer are accomplished using three sepa-

MT4V25632 
REV. 5193 4-1 

256K x 32 DRAM 
WITH 512 x 32 SAM 

PIN ASSIGNMENT (Top View) 
104-Pin SIMM 

(SDF-1) 

PIN # SYMBOL PINt SYMBOL PIN # SYMBOL PIN# SYMBOL 
1 Vss 27 S08 53 0018 79 A7 
2 aSFO 28 Vss 54 0019 80 A8 
3 RJ\SO 29 NC 55 0020 81 NC 
4 PROO 30 .' NC 56 0021 82 Vss 
5 "C1iS1 31 ~. 57 0022 83 0025 
6 PROl 32 009 58 0023 84 0026 
7 OSF 33 0010 59 0024 85 0027 
8 001 34 Don 60 Vee 86 0028 
9 002 35 0012 61 S017 87 0029 
10 003 36 0013 62 S018 88 0030 
11 004 37 0014 63 S019 89 0031 
12 005 38 0015 84 S020 90 0032 
13 006 39 0016 65 S021 91 Vee 
14 D07 40 Vee·· 66 S022 92 S025 
15 008 41 S09 67 S023 93 S026 
16 TRi'Ot 42 SOlO 68 S024 94 S027 
17 'SElf 43 SOll 69 NC 95 S028 
18 SC 44 S012 70 96 S029 
19 Vee 45 S013 71 Vss 97 S030 
20 SOl 46 S014 72 AO 98 S031 
21 S02 47 S015 73 Al 99 S032 
22 S03 48 S016 74 A2 100 Vss 
23 S04 49 Vss 75 A3 101 PR02 
24 S05 50 l\IDWr 76 A4 102 PR03 
25 S0651 ~ 77 A5 103 PR04 
26 S07 52 0017 78 104 PR05 

rate data paths for each component on the module: the 32-
bit random access I/O port, the eight internal 512-bit-wide 
paths between the DRAM and the SAM, and the 32-bit 
serial output port for the SAM. 

Each port may be operated asynchronously and indepen
dently of the other except when data is being transferred 
internally to each component. As with all DRAM modules, 
the VRAM module must be refreshed to maintain data. The 
refresh cycles must be timed so that all 512 combinations of 
RAS addresses are executed at least every 16.7ms (regard
less of sequence). Micron recommends evenly spaced re
fresh cycles for maximum data integrity. An internal trans
fer between the DRAM and the SAM counts as a refresh 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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cycle. The SAM portion of the VRAM is fully static and does 
not require any refresh. 

The operation and control of the MT4V25632 are opti
mized for high-performance graphics and communication 
designs. The dual-port architecture is well suited to buffer-

ing the sequential data types used in raster graphics dis
play, serial! parallel networking and data communications. 
Special features such as SPUT READ TRANSFER and 
BLOCK WRITE allow further enchancements to system 
performance. 

FUNCTIONAL BLOCK DIAGRAM 

AO-A8 

RAS 
MEHIWEH 

TR/OE 
DSF 

CAS1 
MEUWEL 

MT4V25632 
REV. 5/93 

SC 
SE 

DQ1 ••••••••••••••••••••••••• DQ16 DQ17 ·························DQ32 

----ITR/OE U1 U4 

-----I CAS CAS2 CAS3 
MEUWEL MEUWEL MEUWEL 

I~so,-a ----II~ SO, - a I"'" ----II~ SO, - a "'"1------1 I~S01-8 
!!!!!!!! !!!!!!!! 

SQ1 .••••••••••••••••••••••••• SQ16 

PRESENCE DETECT 

SYMBOL -7 

PRDO Vss 

PRD1 Vss 

PRD2 NC 
PRD3 Vss 

PRD4 NC 
PRDS NC 

4-2 

tt!!tttt tttttttt 
SQ17,························· SQ32 

U1 - U4 = MT42C8255DJ 

-8 
Vss 

Vss 

NC 
NC 
NC 
NC 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nollce. 
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PIN DESCRIPTIONS 

MT4V25632 
REV. 5193 

MODULE PIN 
NUMBERS 

lS 

16 

50 

17 

7 

3 

5,31,51,70 

72-S0 

S-15,32-39, 
52-59,S3-90 

20-27,41-4S, 
61-6S, 92-99 

2 

19,40,60,91 

1, 2S, 49, 
71,S2,100 

. 

SYMBOL 

SC 

TR/OE 

MElWE 

SEO 

DSF 
~ 

RASO 

CAS1-4 

AO-AS 

D01-D032 

SOl-S032 

OSFO 

Vcc 

Vss 

TYPE 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input 

Input/ 
Output 

OutPut 

Output 

Supply 

Supply 

DESCRIPTION 

Serial Clock: Clock input to the serial address counter for the SAM 
registers. 

Transfer Enable: Enables an internal TRANSFER operation at RAS 
(H .... L), or 
Output Enable: Enables the DRAM output buffers when taken LOW 
after RAS goes LOW (CAS must also be LOW); otherwise, the output 
buffers are in a High-Z state. 

Mask Enable: If MElWE is LOW at the falling edge of RAS, a 
MASKED WRITE cycle is performed, or 
Write Enable: MElWE is also used to select a READ (MEIWE = 1-/) or 
WRITE (MElWE = L) cycle when accessing the DRAM iind READ 
TRANSFER (MEIWE = H) to the SAM. 

Serial Port Enable:. SEenables the serial output buffers and allows a 
serial READ operation to occur; otherwise, the output buffers are in a 
High-Z state. The SAM address count win be incremented by the 
rising edge of SC when SE is inactive (HIGH). 

Special Function Select: DSFis used to indicate which special 
functions (BLOCK WRITE, MASKED WRITE, SPLET TRANSFER, 
etc.) are used 'for a particulataccess cycle {see Truth'Table). 

Row Address Strobe: RAS is used taclock-in the 9 row-address bits 
and strobe the MEJ\I'VE; TRlOE, DSF, SE, CAS and DO inputs. It also 
acts as the master chip enable, and must fall for initiation of any 
DRAM or TRANSFER cycle. 

Column Address Strobe: CAS i$ used to clock-in the 9 column-
address bits and strobe the DSF input (BLOCK WRITE only). 

Address Inputs: For the DRAM operation, these inputs are 
multiplexed and clocked by RAS and CAS to select one 32-bit word 
out of the 262,144 available. During TRANSFER operations, AO to AS 
indicate the DRAM row being accessed (when RAS goes LOW) and 
AD-AS indicate the SAM start address {when CAS goes LOW). AS = 
"don't care" for the start address during SPLIT READ TRANSFER. 

DRAM Data 1/0: Data input/output for DRAM access cycles: These 
pins also act as inputs for Color Register load cycles, DO Mask 
and Column Masl< for BLOCK WRITE. 

Serial Data Out: Output or High-Z. 

Split SAM Status: OSF.indioates which half of 'the SAM is,being .. 
accessed. LOW; it address is 0-255, HIGH if address is 256-511. 

Power Supply: +5V ±10% : . 
Ground 

.', 

4-3 Micron SemiOOl1ductor, Inc., reserves the right to change products or specifications without notice. 
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FUNCTIONAL DESCRIPTION 
The MT4V25632 can be divided into three functional 

blocks (see Functional Block Diagram): the DRAM, the 
transfer circuitry, and the SAM. All of the operations de
scribed below are shown in the AC Timing Diagrams 
section of this data sheet and summarized in the Truth 
Table. 

Note: For dual-function pins, the function not being dis
cussed will be surrounded by parentheses. For ex
ample, the TRiOE pin will be shown as TRI(OE) in 
references to transfer operations. 

DRAM OPERATION 

DRAM REFRESH 
Like any DRAM-based memory module, the MT4V25632 

VRAM module must be refreshed to retain data. All 512 
row-address combinations must be accessed within 16.7ms. 
The MT4V25632 supports CBR, RAS-ONLY and HIDDEN 
types of refresh cycles. 

For the CBR cycle, the row addresses are generated and 
stored in an internal address counter. The user need not 
supply any address data, but must simply perform 512 
CBR cycles within the 16.7ms time period. 

The refresh address must be generated externally and 
applied to AD-A8 inputs for RAS-ONLY REFRESH cycles. 
The DQ pins remain in a High-Z state for both the RAS
ONLY and CBR cycles. 

HIDDEN REFRESH cycles are performed by toggling 
RAS (and keeping CAS LOW) after a READ or WRITE 
cycle. This performs CBRcycles but does not disturb the DQ 
lines. 

Any DRAM READ, WRITE, or TRANSFER cycle also 
refreshes the DRAM row being accessed. The SAM portion 
of the MT4V25632 is fully static and does not require any 
refreshing. 

DRAM ACCESS CYCLES 
The DRAM portion of the VRAM module is similar to 

, standard 256Kx 4 DRAMs. However, because several of the 
DRAM control pins are used for additional functions on 
this part, several conditions that were undefined or in 
"don't care" states for the DRAM are specified for the 
VRAM. These conditions are highlighted in the following 
discussion. In addition, the VRAM has special functions 
that can be used when writing to the DRAM. 

The 18 address bits used to select an 32-bit word from the 
262,144 available are latched into the chip using the AD-A8, 

MT4V25632 
REV,5193 4-4 

RAS and CAS inputs. First, the 9 row-address bits are set up 
on the address inputs and clocked into the part when RAS 
transitions from HIGH to LOW. Next, the 9 column-ad
dress bits are set up on the address inputs and clocked-in 
when CAS goes from HIGH to LOW. 

Note: RAS also acts as a "master" chip enable for the 
VRAM. If RAS is inactive, HIGH, all other DRAM 
control pins (CAS, TRlOE, ME/WE, etc.) are "don't 
care" and may change state without effect. No DRAM 
or TRANSFER cycles will be initiated without RAS 
falling. 

For standard single-port DRAMS, the OE pin is a "don't 
care" when RAS goes LOVv. However, for the VRAivl, when 
RAS goes LOW, TR/(OE) selects between DRAM access or 
TRANSFER cycles. TR/(OE) must be HIGH at the RAS 
HIGH-to-LOW transition for all DRAM operations (except 
CBR, where it is "don't care"). 

A DRAM READ operation is performed if (ME)/WE is 
HIGH when CAS goes LOW and remains HIGH until CAS 
goes HIGH. The data from the memory cells selected will 
appear at the DQI-DQ32 port. The (TR)/OE input must 
transition from HIGH-to-LOW some time after RAS falls to 
enable the DRAM output port. 

For standard single-port DRAMs, WE is a "don't care" 
when RAS goes LOW. For the VRAM, ME/WE performs 
two functions; write mask enable and data write enable. 
ME/ (WE) is used, when RAS goes LOW, to select between 
a MASKED WRITE cycle and a normal WRITE cycle. If ME/ 
(WE) is LOW at the RAS HIGH-to-LOW transition, a 
MASKED WRITE operation is selected. For anynon-masked 
DRAM access cycle (READ or WRITE), ME/ (WE) must be 
HIGH at the RAS HIGH-to-LOW transition. If (ME) /WE is 
LOW before CAS goes LOW, a DRAM EARLY-WRITE 
operation is performed. If (ME)/WE goes LOW after CAS 
goes LOW, a DRAM LATE-WRITE operation is performed 
(refer to the AC timing diagrams). 

The VRAM can perform all the normal DRAM cycles 
including READ, EARLY-WRITE, LATE-WRITE, READ
MODIFY-WRITE, FAST-PAGE-MODE READ, FAST
PAGE-MODE WRITE (Late or Early), and FAST-PAGE
MODE READ~MODIFY-WRITE. Refer to the AC timing 
parameters and diagrams in the data sheet for more details 
on these operations. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
@1993, Micron Semiconductor, Inc. 
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MASKED WRITE 
The MASKED WRITE (RWM) feature eliminates the 

need for a READ-MODIFY-WRITE cycle when changing 
individual bits within a 32-bit word. When ME/(WE) and 
DSF are LOW at the RAS HIGH-to-LOW transition, a 
MASKED WRITE is performed. 

The MT4V25632 supports the nonpersistent mode of 
MASKED WRITE. In this mode, mask data must be entered 
with every RAS falling edge. The data (mask data) present 
on the DQI-DQ32 inputs will be written into the mask data 
register (see Figure 1). The mask data acts as an individual 
write enable for e,ach of the eight DQI-DQ32 pins. If a LOW 
(logic "0") is written to a mask data register bit, the input 
port for that bit is disabled during the subsequent WRITE 
operation and no new data will be written to that DRAM 

cell location. A HIGH (logic "1") on a mask data register bit 
enables the input port and allows normal WRITE operation 
to proceed. Note that CAS is still HIGH. When CAS goes 
LOW, the bits present on the DQI-DQ32 inputs will be 
either written to the DRAM (if the mask data bit is HIGH) 
orignored (if the mask data bit is LOW). The DRAM contents 
that correspond to masked input bits will not be changed 
during the WRITE cycle. The mask data register is cleared 
at the end of every NONPERSISTENT MASKED WRITE. 

FAST PAGE MODE can be used with MASKED WRITE 
to write several column locations in an addressed row. The 
same mask is used during the entire FAST-PAGE-MODE 
RAScycle. 

1-- NONPERSISTENT MASKED WRITE ~ 1."--- NONPERSISTENT MASKED WRITE -I 

MT4V25632 
REV. 5/93 

RAS ~ / \ ;-

CAS \ / \ ;-

MEIWE \ I1l!!llb, !//I!//////A f!lll;A II! ////!//I 

DSF 

STORED MASK INPUT STORED STORED MASK INPUT STORED 

DATA DATA DATA (RE-WRITE) DATA 

0 X 1 0 0 X 0 

1 1 0 ,-----3> 0 0 1 1 .---- -7 

0 0 X 0 0 0 X 0 

0 1 1 .-----3> 0 1 1 . -----7 

0 0 X 0 0 0 X 0 

0 .-----3> 0 0 0 .- ----7 0 

0 X 0 0 X 0 

0 0 .-----3> 0 0 0 .- ----7 0 

.. ADDRESS 0 ~ .. ADDRESS 1 ~ 

X = NOT EFFECTIVE (DON'T CARE) ~ DON'T CARE 

Figure 1 
NONPERSISTENT MASKED WRITE EXAMPLE 

(PER VRAM COMPONENT) 

4-5 Micron Semiconductor, Inc., reserves the nghllo change products or specifications without notice. 
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ROW 
(AO-AS at RAS) 

COLUMN MASK (AO,A 1) 
ON THE INPUTS AT CAS 

MASK 
DATA 

REGISTER 

01 

02 

COLUMN 
(A2-A8 at CAs) 

___ IDa8) 
¥ (007) 

(DQ6) 
(005) 

BLOCK WRITE 
If DSF is HIGH when CAS goes LOW, the MT4V25632 

will perform a BLOCK WRITE (BW) cycle instead of a 
normal WRITE cycle. In BLOCK WRITE cycles, the contents 
of the color register are directly written to four adjacent 
column locations (see Figure 2). The color register must be 
loaded prior to beginning BLOCK WRITE cycles (see LOAD 
COLOR REGISTER). Each DQ location of the color register 
is written to the four column locations (or any of the four 
that are enabled) in the corresponding DQ bit plane. 

The row is addressed as in a normal DRAM WRITE cycle. 
However, when CAS goes LOW, only the A2-A8 inputs are 
used. A2-A8 specify the "block" of four adjacent column 
locations that will be accessed. The DQinputs are then used 
to determine what combination of the four column loca-
tions 'Nil! be changed. The DQ inputs are "~"lritten" at the 
falling edge of CAS or WE, whichever occurs later (see the 
WRITE cycle waveforms). The table on this page illustrates 
how each of the DQ inputs is used to selectively enable or 
disable individual column locations within the block. The 
write enable controls are active HIGH; a logic "1" enables 
the WRITE function and a logic "0" disables the WRITE 
function. 

MASKED BLOCK WRITE 
The MASKED WRITE functions may be used during 

BLOCK WRITE cycles. MASKED BLOCK WRITE (BWM) 
operates exactly like the normal MASKED WRITE except 
the mask is now applied to the 32 bit-planes of four column 
locations instead of just one column location. 

Da1 

Da2 

Da3 

Da4 

DaS 

DaS 

Da? 

Da8 LOAD-+-

REgl~~~= '-'--C.L.OL--'OR-R-'-EG--"S'-T-'-ER---'---' 
(must be previously loaded) 

The combination of ME/ (WE) LOW and DSFLOW when 
RAS goes LOW initiates a nonpersistent MASKED WRITE 
cycle. To perform a MASKED BLOCK WRITE, the DSF pin 
must be HIGH when CAS goes LOW. By using both the 
column mask input and the MASKED WRITE function of 
BLOCK WRITE, any combination of the 32 bit-planes may 
be masked, along with any combination of the four column 
locations. 

MT4V25632 
REV. 5193 

Figure 2 
BLOCK WRITE EXAMPLE 

(PER VRAM COMPONENT) 

INPUTS 

DQ1 

DQ2 

DQ3 

DQ4 

COLUMN ADDRESS CONTROLLED 

AD 

0 

1 

0 

1 

4-6 

A1 

0 

0 

1 

1 
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LOAD COLOR REGISTER READ TRANSFER 
A LOAD COLOR REGISTER (LCR) cycle is identical to 

the LOAD MASK REGISTER cycle except DSF is HIGH 
when CAS goes LOW. The contents of the 32-bit color 
register are retained until changed by another LOAD 
COLOR REGISTER cycle (or the part loses power) and are 
used as data inputs during BLOCK WRITE cycles. 

If (ME) /WE is HIGH and DSF is LOW when RAS goes 
LOW, a READ TRANSFER (RT) cycle is selected. The row
address bits indicate which 32 of the 512-bit DRAM row 
planes are transferred to the eight SAM data register planes. 
The column-address bits indicate the start address (or Tap 
address) of the serial output cycle· from the SAM data 
registers. CAS must fall for every RT in order to load a valid 
Tap address. An RT may be accomplished in two ways. If 
the transfer is to be synchronized with the serial clock, SC, 
(REAL-TIME READ TRANSFER), TR/ (OE) is taken HIGH 
after CAS goes LOW. The TRANSFER will be made when 
TR/(OE) goes HIGH. If the transfer does not have to be 
synchronized with SC (READ TRANSFER), TR/ (OE) may 
go HIGH before CAS goes LOW and the actual data 

TRANSFER OPERATIONS 
TRANSFER operations are initiated when TR/(OE) is 

LOW at the falling edge of RAS. The state of (ME) /WE 
when RAS goes LOW indicates the direction of 
theTRANSFER (to or from the DRAM), and DSF is used to 
select between NORMAL TRANSFER and SPLIT TRANS
FER cycles. Each of the TRANSFER cycles is described in 
this section. 

MT4V25632 
REV. 5/93 

I I 

m1t)~ ____ ~~~~#$/$$~$~L ______ &W~ 
I I .. 

. \ ~ . \ .fr,.,r!J'"'w"""w!J""""W/!J""""w!J"""'w/!J""""r!J=W,..,.,(~. \~~Illll~ 
:: I:: I I:: 

~/$/##!I//4fx; ROW' X ~:::~AP.iW$l-$/#1I//l4fx; ROW1 X ~::AP C 
• I • I I • 

M'"EIWE 1fII 'W!$IJ!/j$#/$/#II////~ f'!!#/$$/$$$#4r;,........: ..,.,'W.,...,%.,..,11fi~w=r;!J~w.,...,w.,...,~.,..,..,M 

TRtOE \ ,--+--,,1 __ -,7 ~----~~~--------~~: 1--------
fif~ 

OSF 

I I 

sc~~ 
I I: I 

00 W#$II/$II//II//I~~~~ 
0uIput ROW 0 I ROW 0 I ROW 0 I ROW 0 

aSF -------------\~---1~ ~~ 
(NORMAL) READ TRANSFER 

FROM: Rowa 
TO: FULL SAM 
SAM I/O IS SET TO OUTPUT 
MODE AND SERIAL OUTPUT 
FROM LOWER SAM BEGINS 
(OSF GOES LOW) 

SPLIT READ TRANSFER : . 
(optional) I 

FROM: Rowa I 
TO: UPPER SAM. I 
TAP ADDRESS = 6 I 
SERIAL OUTPUT FROM I 
LOWER SAM CONTINUES I 

Figure 3 

SERIAL OUTPUT 
SWITCHES FROM 
LOWER SAM TO 
UPPER SAM (OSF 
GOES HIGH) 

SPLIT READ TRANSFER 

FROM: ROW1 
TO: LOWER SAM. 
TAP ADDRESS = a TO 255 
SERIAL OUTPUT FROM 
UPPER SAM CONTINUES 
(OSF REMAINS HIGH) 

~ OON'TCARE 

~UNDEFINED 

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE 

4-7 Micron Semiconductor, Inc., reserves the right to change products Of specifications without notice. 
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TRANSFER will be timed internally (refer to the AC Timing 
Diagrams). During the TRANSFER, 4,096 bits of DRAM 
data are written into the SAM data registers, and the Tap 
address is stored in an internal9-bit register. The split SAM 
status pin (QSF) will be LOW if the Tap is in the lower half 
(addressesOthrough255),andHIGHifitisintheupperhalf 
(256 through 511). If SE is LOW, the first bits of the new row 
data will appear at the serial outputs with the first SC clock 
pulse. SE enables the serial outputs and may be either 
HIGH or LOW during this operation. The SAM address 
pointer will increment with the SC LOW-ta-HIGH transi
tion, regardless of the state of SE. 

SPLIT READ TRANSFER (SRT) 

The SPLIT READ TRANSFER (SRT) cycle eliminates the 
critical transfer timing required to maintain a continuous 
serial output data stream. When using normal TRANSFER 
cycles to do midline reloads, a REAL-TIME READ TRANS
FER must be done. The REAL-TIME READ TRANSFER 
must occur between the last clock of "old" data and first 
clock of the "new" data of the SAM port. _ 

When using the SPLIT TRANSFER mode, the SAM is 
divided into an upper half and a lower half. While data is 
being serially read from one half of the SAM, new DRAM 
data may be transferred to the other half. The transfer is not 
synchronized with the serial clock and may occur at any 
time while the other half is outputting data. 

The TR/ (OE) timing is alsO relaxed for SPLIT TRANSFER 
cycles. The rising edge of TR/(OE) is not used to complete 
the TRANSFER cycle and, therefore, is independent of the 
falling edge of CAS or the rising edge of Sc. The transfer 
timing is generated internally for SPLIT TRANSFER cycles. 

A "full" READ TRANSFER cycle must precede any se
quence of SRT cycles to provide a reference to which half of 
the SAM the access will begin (the state ofQSF). Then anSRT 
may be initiated by taking DSF HIGH when RAS goes 
LOW during the TRANSFER cycle. As in non split 
transfers, the row address is used to specify the DRAM row 
to be transferred. The column address, AO-A7, is used to 
input the SAM Tap address. Address pinAB is a "don't care" 
when the Tap address is loaded at the HIGH-to-LOW 
transition of CAS. It is internally generated in such a 
manner that the SPLIT TRANSFER will automatically be 
to the SAM half not being accessed. 

Figure 3 shows a typical SRT initiation sequence. The 
normal READ TRANSFER is performed first, followed by 
an SRT of the same row to the upper half of the SAM. The 
SRT to the upper half is optional, and need be done only if 
the Tap for the upper half is'" o. Serial access continues, and 
when the SAM address counter reaches 255 (" AB" = 0, AO
A7 = 1) the QSF output goes HIGH. If an SRT was done for 
the upper half, the new Tap address is loaded for the next 
half ("AB" = 1, AO-A7 = Tap). Once the serial access has 
switched to the upper SAM (QSFhas gone HIGH), new data 
may be transferred to the lower SAM. For example, the next 
step in Figure 3 would be to wait until QSF went LOW 
(indicating that row-1 data is shifting out of the lower SAM) 
and execute an SRT of the upper half of row 1 to the upper 
SAM. If the half boundary is reached before an SRT is done 
for the next half, the device will leave split mode. The access 
will start from address 256 if going to the upper half or at 0 
if going to the lower half (see Figure 4). 

LOWER HALF UPPER HALF 

MT4V2563:2 
REV.5J93 

,-NO SRT ------, 'I ---- NO SRT-----,I 
o TAP 255 256 511 

II II II n-=--II ~~-----;;II 
I slaJsPlil ~ I 

Figure 4 
SPLIT SAM TRANSFER 

4-8 Micron Semiconductor, Inc., reserves the right to change products or specifications wHl"Iout notice. 
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SERIAL OUTPUT 
The control inputs for serial output are SC and SE. The 

rising edge of SC increments the serial address counter and 
provides access to the next SAM location. SE enables or 
disables the serial output buffers. 

Serial output of the SAM contents will start at the serial 
start address that was loaded in the SAM address counter 
during a READ or SRT cycle. The SC input increments the 
address counter and presents the contents of the next SAM 
location to the 32-bit port. SE is used as an output enable 
during the SAM output operation. The serial address is 
automatically incremented with every SC LOW-to-HIGH 
transition, regardless of whether SE is HIGH or LOW. The 
address progresses through the SAM and will wrap around 
(after count 255 or 511) to the Tap address of the next half for 
split modes. If an SRT was not performed before the half 
boundary is reached, the count will progress as illustrated 

MT4V25632 
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in Figure 4. Address count will wrap around (after count 
511) to Tap address 0 if in the "full" SAM modes. 

POWER·UP and INITIALIZATION 
After Vee is at specified operating conditions, for lOOl1s 

minimum, eight RAS cycles must be executed to initialize Z 
the dynamic memory array. Micron recommends that RAS 
= TR/ OE;e: VIH during power up to ensure that the DRAM m 
1/ 0 pins (DQs) are in a High-Z state. The DRAM array will ~ 
contain random data. < 

The SAM portion of the MT4V25632 module is com- • 
pletely static in operation and does not require refresh or 
initialization. The SAM port will power-up with the output 
pins (SQs) in High- Z, regardless of the state of SE. QSF < 
initializes in the LOW state. The color register will contain :xJ 
random data after power-up. l> 

Micron Semiconductor, Inc., reserves the right to change products or specifications without n0tic9. 
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ADVANCE 

MIC:RON MT 4V25632 
1-· """ ,c, 256K x 32 VRAM MODULE 

TRUTH TABLE 

1W! FALLING EDGE WFALL AU-A8' 001-0032' REGISTER 
CODE FUNCTION CXlI TlfIOf l\'£/Wf OSF OSF 1W! CXlI 1W! iCAS;wEl COLOR 

DRAM OPERA11ONS 

CBR =BEFORE-RASREFRESH 0 X ,. ,. - X X - X X 

ROR ~ONLYREFRESH 1 1 X X - ROW - X - X 

RW NORMAL DRAM READ OR WRITE 1 1 1 0 0 ROW COLUMN X VALID X 
DATA 

RWM MASKED WRITE TO DRAM (NEW MASK) 1 1 0 0 0 ROW COLUMN WRITE VALID X 
MASK DATA 

BW BLOCK WRITE TO DRAM 1 1 1 0 1 ROW COLUMN X COLUMN USE 
(A2-AS) MASK 

BWM MASKED BLOCK WRITE TO DRAM (NEW MASK) 1 1 0 0 1 ROW COLUMN WRITE COLUMN USE 
(I\2-AS) MASK MASK 

ReGISTER OPERAnONS 

LCR LOAD COLOR REGISTER 1 1 1 1 1 ROW' X X REG LOAD 
DATA 

TRANSFER OPERAnONS 

AT I READ TRANSFER (DRAM-Ta-SAM TRANSFER) I 1 I 0 1 0 X ROW TApS X X I X 

I SRT I SPLIT READ TRANSFER (SPLIT DAAM-TQ-SAM TRANSFER) X I ROW I TAP' I X X X 

NOTE: 1. These columns show what must be present on the AO-A8 inputs when RAS falls and when CAS falls. 

MT4V25632 
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2. These columns show what must be present on the DQ1-DQ32 inputs when RAS falls and when CAS falls. 
3. During WRITE (including BLOCK WRITE) cycles, the input data is latched at the falling edge of CAS or 

MElWE, whichever is later. Similarly, with READ cycles, the output data is valid after the falling edge of CAS 
or TRlOE, whichever is later. 

4. The ROW that is addressed will be refreshed, but a ROW address is not required. 
5. This is the first SAM address location that the first SC cycle will access. For split SAM transfers, the Tap will 

be the first address location accessed of the "new" SAM half after the boundary of the current half is reached 
(255 for the lower half, 511 for the upper half). 

6. The MT4V25632 does not require a "1" on these pins, but to ensure compatibility with other 2 Meg VRAM 
function sets, it is recommended. 

Micron SemioondUCklr. Inc., reserves the right to change products orspecificatione without notice. 
Cl1993, Micron Semiconductor, Inc. 
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MIC:RON MT4V25632 
1-· ",''CO,,""',,""' 256K X 32 VRAM MODULE 

ABSOLUTE MAXIMUM RA TINGS* 
Voltage on Vcc Supply Relative to Vss .............. -lV to +7V 
Operating Temperature, T A (ambient) ........... ODC to +70DC 
Storage Temperature (plastic) .................... -55DC to + 125DC 
Power Dissipation .............................................................. 4W 
Short Circuit Output Current ...................................... 50mA 

RECOMMENDED DC OPERATING CONDITIONS 
(ODC ~ T A ~ 70DC) 

PARAMETER/CONDITION 

Supply Voltage 

Input High (Logic 1) Voltage, all inputs 

Input Low (Logic 0) Voltage, all inputs 

DC ELECTRICAL CHARACTERISTICS 
(ODC ~ TA ~ 70DC; Vcc = 5V ±10%) 

PARAMETER/CONDITION 

INPUT LEAKAGE CURRENT 
Any input (OV ~ VIN ~ Vcc); all other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
(~O, SO disabled, OV ~ VOUT ~ Vcc) 

OUTPUT LEVELS 
Output High Voltage (lOUT = -2.5mA) 
Output Low Voltage (lOUT = 2.5mA) 

CAPACITANCE 

PARAMETER 

Input Capacitance: AO-AS 

Input Capacitance: RAS, MEIWE, TRIOE, SC, SE, OSF 

Input Capacitance: CAS1-4 

Input/Output Capacitance: 001-32, S01-32 

Output Capacitance: OSF 

MT4V25632 
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*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 4.5 5.5 V 1 

VIH 2.4 Vcc+1 V 1 

VIL -1.0 O.S V 1 

SYMBOL MIN MAX UNITS NOTES 

IL -40 40 J.LA. 

loz -10 10 IlA 

VOH 2.4 V 
1 

VOL 0.4 V 

SYMBOL MIN MAX UNITS NOTES 

CI1 24 pF 2 

CI2 32 pF 2 

Cl3 S pF 2 

Clio 10 pF 2 

Co 10 pF 2 

Micron Semiconductor, [nc" reserves the right to change products or specif1cations without notice. 
©1993, Micron Semiconductor, Inc. 
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MIC:RON MT4V25632 
1-· """'"'ccwc"' 256K X 32 VRAM MODULE 

CURRENT DRAIN, SAM IN STANDBY 
(O°C s: T A s: 70°C; Vcc = 5V ±10%) MAX 

PARAMETER/CONDITION SYMBOL -7 -8 UNITS NOTES 
OPERATING CURRENT IccI 500 440 rnA 3,4 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 25 

OPERATING CURRENT: FAST PAGE MODE Icc2 460 400 rnA 3,4 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIN], other inputs ~ VIH or s: VIL) 26 

STANDBY CURRENT: TIL INPUT LEVELS 
Power supply standby current ICC3 40 40 rnA 4 
(RAS = CAS = VIH after 8 RAS cycles [MIN]; other inputs ~ VIH or s: VIL) 

REFRESH CURRENT: RAS-ONL Y Icc4 500 440 rnA 3,25 
(RAS = Cycling; CAS = VIH) 

REFRESH CURRENT: CAS-BEFORE-RAS Iccs 500 440 rnA 3,5 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER Icce 135 120 rnA 3 

g CURRENT DRAIN, SAM ACTIVE (tsc = MIN) 
(O°C s: T A s: 70°C; Vcc = 5V ±1 0%) MAX c: 

rm 
PARAMETER/CONDITION 
OPERATING CURRENT 
(RAS and CAS = Cycling: IRC = IRC [MIN]) 

OPERATING CURRENT: FAST PAGE MODE 
(RAS = VIL; CAS = Cycling: IpC = IpC [MIN]) 

STANDBY CURRENT: TIL INPUT LEVELS 
Power supply standby current 
(RAS = CAS = VIH after 8 RAS cycles [MIN]; other inputs ~ VIH or S:VIL) 

REFRESH CURRENT: RAS-ONL Y 
(RAS = Cycling; CAS = VI H) 

REFRESH CURRENT: CAS-BEFORE-RAS 
(RAS and CAS = Cycling) 

SAM/DRAM DATA TRANSFER 

MT4V25632 
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SYMBOL -7 -8 UNITS NOTES 
Icc? 700 640 rnA 3,4 

25 

Icca 660 600 rnA 3,4 
26 

Iccg 240 240 rnA 3,4 

Icclo 700 640 rnA 3,4 
25 

ICCl1 700 640 rnA 3,4,5 

Iccl2 185 170 rnA 3,4 

Micron Semiconductor, Inc., reserves the righllo change products or specifICations without notice. 
©1993, Micron Semiconductor, Inc. 
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MICRON MT4V25632 
1-· "'''co,'"coo"" 256K x 32 VRAM MODULE 

DRAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C $; T A$; +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 

PARAMETER 

Random READ or WRITE cycle time 

READ-MODIFY-WRITE cycle time 

FAST-PAGE-MODE READ or WRITE 
cycle time 

FAST-PAGE-MODE READ-MODIFY-WRITE 
cycle time 

Access time from RAS 

Access time from CAS 

Access time from (TR)/OE 

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 

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 from CAS 

Output disable delay from (TR)/OE 

Output disable hold time from start of WRITE 

Output Enable to RAS delay 

MT4V25632 
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SYM 
tRC 

tRWC 

tpc 

tpRWC 

tRAC 

tCAC 

tOE 

tAA 

tCPA 

tRAS 

tRASP 

tRSH 

tRP 

tCAS 

tCSH 
tcp 

tRCD 

tCRP 

tASR 

tRAH 

tRAD 

tASC 

tCAH 

tAR 

tRAl 

tRCS 

tRCH 

tRRH 

tClZ 

tOFF 

tOD 

tOEH 

tROH 

4-13 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 

130 150 ns 

175 190 ns 

40 45 ns 

90 95 ns 

70 80 ns 14 
20 25 ns 15 
20 20 ns 

35 40 ns 

40 45 ns 

70 100,000 80 100,000 ns 

70 100,000 80 100,000 ns 

20 25 ns 

50 60 ns 

20 100,000 25 100,000 ns 

70 80 ns 

10 10 ns 16 
20 50 20 55 ns 17 
10 10 ns 

0 0 ns 

10 10 ns 

15 35 15 40 ns 18 

0 0 ns 

15 15 ns 

45 55 ns 

35 40 ns 

0 0 ns 

0 0 ns 19 

0 0 ns 19 

3 3 ns 

3 20 3 20 ns 20,23 
3 10 3 10 ns 20,23 
10 10 ns 27 
0 0 ns 

Micron Semiconductor, Inc., reserves the right to change products or specifICations without notice. 
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MIC:RON MT4V25632 
1-· "M''',"'W",", 256K X 32 VRAM MODULE 

DRAM TIMING PARAMETERS (continued) 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes: 6, 7, 8, 9, 10, 11, 12, 13) (O°C ::; T A::; +70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Write 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) 

RAS to CAS precharge time 

CAS setup time 
(CBR REFRESH) 

CAS hold time 
(CBR REFRESH) 

MElWE to RAS setup time 

MElWE to"RAS hold time 

Mask data to RAS setup time 

Mask data to RAS hold time 

MT4V25632 
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SYM 
twcs 

twCH 

twCR 

twp 

tRWL 

tCWL 

tDS 

tDH 

tDHR 

tRWD 

tAWD 

tCWD 

If 
tREF 

tRPC 

tCSR 

tCHR 

twSR 
tRWH 

tMS 

tMH 

4-14 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
0 0 ns 21 
15 15 ns 

45 55 ns 

15 15 ns 

20 20 ns 

20 20 ns 

0 0 ns 22 
15 15 ns 22 
45 55 ns 

90 100 ns 21 
55 60 ns 21 

40 45 ns 21 
35 35 ns 9, 10 
8 8 ms 

0 0 ns 

10 10 ns 5 

10 10 ns 5 

0 0 ns 

15 15 ns 

0 0 ns 

15 15 ns 

Micron Semiconductor, Inc., reserves the right to change products or specificatlons without notice. 
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MIC:RON MT4V25632 
1-· """,,"c,o,,,,,, 256K X 32 VRAM MODULE 

TRANSFER AND MODE CONTROL TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6, 7, 8, 9,10) (0° C S:TAS: + 70°C; Vee = 5V±10%) 

AC CHARACTERISTICS -7 
PARAMETER SYM MIN MAX 
TA/(OE) lOW to RAS setup time tTlS 0 
TA/(OE) lOW to RAS hold time tTlH 15 10,000 
TA/(OE) lOW to RAS hold time tRTH 65 10,000 
(REAL-TIME READ-TRANSFER only) 

TA/(OE) lOW to CAS" hold time tCTH 25 
(REAL-TIME READ-TRANSFER only) 

TA/(OE) HIGH to RAS precharge time trRP 50 
TA/(OE) precharge time tTRW 20 
TA/(OE) HIGH to SC lead time trSl 5 
First SC edge to TA/(OE) HIGH trSD 15 
delay time 

SC to RAS setup time tSRS 25 
TRf(OE) HIGH to RAS setup time tyS 0 
TRf(OE) HIGH to RAS hold time tYH 15 
DSF to RAS setup time tFSR 0 
DSF to RAS hold time tRFH 15 
SC to OSF delay time tSOD 25 
SPLIT TRANSFER setup time tSTS 25 
SPLIT TRANSFER hold time tSTH 0 
DSF (at CAS" lOW) to RAS hold time tFHR 45 
DSF to CAS" setup time tFSC 0 
DSF to CAS" hold time tCFH 15 
TA/OE to OSF delay time trOD 25 
RAS to OSF delay time tROD 75 
CAS to OSF delay time tCOD 35 
RAS to first SC delay tRSD 80 
CAS to first SC delay tCSD 30 

-8 
MIN MAX UNITS NOTES 
0 ns 

15 10,000 ns 

70 10,000 ns 

25 ns 

60 ns 

25 ns 

5 ns 

15 ns 

30 ns 

0 ns 

15 ns 

0 ns 

15 ns 

30 ns 

30 ns 

0 ns 

55 ns 

0 ns 

15 ns 

25 ns 

75 ns 

35 ns 

80 ns 

30 ns 

MT4V25632 
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ADVANCE 

MIC:RON MT 4V25632 
1-· "M'CO',"CW<'" 256K X 32 VRAM MODULE 

SAM TIMING PARAMETERS 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Notes 6,7,8,9, 10) (0 0 C::; T A::; + 70°C; Vee = 5V ±10%) 

AC CHARACTERISTICS 
PARAMETER 
Serial clock cycle time 

Access time from SC 

SC precharge time (SC LOW time) 

SC pulse width (SC HIGH time) 

Access time from SE 

SE precharge time 

SE pulse width 

Serial data-out hold time after 
SChigh 

Serial output buffer turn-off 
delay from SE 

MT4V25632 
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SYM 
'sc 

'SAC 

'SP 

'SAS 

'SEA 

'SEP 

'SE 

'SOH 

'SEZ 

4-16 

-7 -8 
MIN MAX MIN MAX UNITS NOTES 
22 25 ns 

22 25 ns 24,28 
8 10 ns 

8 10 ns 

15 15 ns 24 
8 10 ns 

8 10 ns 

5 5 ns 24,28 

3 12 3 12 ns 20,24 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



NOTES 
1. All voltages referenced to Vss. 
2. This parameter is sampled. Vee = SV ±10%;f = 1 MHz. 
3. Icc is dependent ort cycle rates. 
4. Icc is dependent on output loading. 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 lOOl-Ls is required after power-up 
followed by any eight RAS cycles before proper 
device operation is assured. The eight RAS cycle 
wake-up should be repeated any time the 16.7ms 
refresh requirement is exceeded. 

B. 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). Input signals transition from 0 to 3V for AC 
testing. 

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, DRAM data output (DQ1-DQ32) is 
High-Z. 

12. If CAS = VIL, DRAM data output (DQ1-DQ32) may 
contain data from the last valid READ cycle. 

13. DRAM output timing measured with a load equiva
lent to 1 TTL gate and SOpF. Output reference levels: 
VOH = 2.0V; VOL = O.BV. 

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 IRCD 2: IRCD (MAX). 
16. If CAS is LOW at the falling edge of RAS, DQ 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. 

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 IRCD (MAX) limit, then access time is 
controlled exclusively by !CAe. 

lB. Operation within the lRAD (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. 

MT4V25632 
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ADVANCE 

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

20. tOD, toFF and tSEZ define the time when the output 
achieves open circuit (VOH -200mV, VOL +200mV). 
This parameter is sampled and not 100 percent tested. 

21. twcs, tRWD, tAWD and tCWD are restrictive 
operating parameters in LATE-WRITE, READ-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 through
out the entire cycle, regardless of TRjOE. If twcs S; 

twcs (MIN), the cycle is a LATE-WRITE and TRjOE 
must control the output buffers during the WRITE to 
avoid data contention. If tRWD 2: tRWD (MIN), tA WD 
2: tAWD (MIN) and tCWD 2: 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 the output buffers (at 
access time and until CAS goes back to VIH) is 
indeterminate but the WRITE will be valid, if tOD and 
tOEH are met. See the LATE-WRITE AC Timing 
diagram. 

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

23. During a READ cycle, if TRjOE is LOW then taken 
HIGH, DQ goes open. The DQs will go open with OE 
or CAS, whichever goes HIGH first. 

24. SAM output timing is measured with a load 
equivalent to 1 TTL gate and 30pF. Output reference 
levels: VOH = 2.0V; VOL = O.BV. 

25. Address (AO-AB) may be changed two times or less 
while RAS = VIL. 

26. Address (AO-AB) may be changed once or less while 
CAS = VIH and RAS = VIL. 

27. LATE-WRITE and READ-MODIFY-WRITE cycles 
must have 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 previously read data if CAS 
remains LOW and OE is taken LOW after tOEH is 
met. If CAS goes HIGH prior to OE going back LOW, 
the DQs will remain open. 

2B. tSAC is MAX at 70° C and 4.5V Vcc; tSOH is MIN at 
O°C and S.SV Vcc. These limits will not occur 
simultaneously at any given voltage or temperature. 
(tSOH = tSAC - output transition time); this is 
guaranteed by design. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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MIC:RON MT4V25632 
1-· "MCO","'WnOC 256K X 32 VRAM MODULE 

RAS VIH-
VIL-

tCRP 

CAS 
V1H-
VIL-

tASR tRAH I 
ADDR 

DO ~:g~:,---___ ---;-;--__ _ 

MT4V25632 
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DRAM READ CYCLE 

tCSH 

tRSH tRRH 

teAs 

I I I tRAl I 
~II~I 

17777TT7-rrTrTTn777777777-rn.. 
ROW 

il!! /III /III II I!!! 

I tCAC 
tOFF 

-----r--l~~~_1--- OPEN ---

4-18 

~ DON'T CARE 

~ UNDEFINED 

Micron Semiconductor, Inc" reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc 



ADVANCE 

MIC:RON MT4V25632 
1-· ",''co,",,,,,,,,, 256K X 32 VRAM MODULE 

DRAM FAST-PAGE-MODE READ CYCLE 

tRASP 

tCSH tpc 

ADDR 

DO V,OH- VALID }----W,1'x'\lI 
V,OL - II DATA DATA DATA 

OPEN -

tyS tYH tOE too tOE too tOE too 

TR/OE ~:~_.- -!w;IIIIIIII///d-.IIIIII;d-.lllllld-P;;I$IIIII$//IIIJ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST-PAGE-MODE. 

MT4V25632 
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ADVANCE 

UU::I=ICN MT4V25632 
1-· OCMCC","CO'C'" 256K X 32 VRAM MODULE 

WRITE CYCLE FUNCTION TABLE 1 

LOGIC STATES 

~Falling Edge "CASFalling Edge 

FUNCTION A B C D E2 
ME/WE DSF DO (Input) OSF DO (Input) 

Normal DRAM WRITE 1 0 X 0 DRAM Data 

MASKED WRITE to DRAM 0 0 Write Mask 0 DRAM Data (Masked) 

BLOCK WRITE to DRAM (No Bit-Plane Mask) 1 0 X 1 Column Mask 

MASKED BLOCK WRITE to DRAM 0 0 Write Mask 1 Column Mask 

Load Color Register 1 1 X 1 Color Data 

NOTE: 1. Refer to this function table to determine the logic states of "A", "B", "C", "D" and "E" for the WRITE cycle 
timing diagrams on the following pages. 

MT4V25632 
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2. CAS or MEIWE falling edge, whichever occurs later. 

4-20 Micron SemiCOl'lductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON MT4V25632 
1-· oc .. "",",w"" 256K X 32 VRAM MODULE 

DRAM EARLY-WRITE CYCLE 1 

tAAS 'AP _I 

\ 
'CSH 

d 
tRSH 

=0 
'CAP 'ACD 'CAS 

'AA t I 'RAD I I 'RAL 

tASR 'RAH ~I I~ I 
ADDA ~:~=~~--;AO.-W __ b;]_---.C°_LUM".-N --'~/$J/'//'§/'§/#/h<'___ __ AOW __ 

1 __ --+1 -+-1 'C=WL"--__ II 
1 1 'AWL 

'WCA I I 
'wcs I I 'WCH 

'WP 

VIH- I I 
VIL -'-.LLL.L/..L.LLLL/ '------,;---" Y..L.LLL.Ll.C>-_-+-+-_.LLL..LLL..CLLLL..LL.I..LLLLLLLLLLLLLLLLLLLLLLLLLLL..L.LLLLLLL 

'FSA II 'AFH 'FHA 'FSC I I 'CFH I 
DSF ~:~:tj'//$ff~~-8 -w.'---_.--=O'-.----'W/#$///II!/##/$#ff/#/I/$#!I!#/////J 

'DHA I I 

00 :::It':'£M/~-'''-c-""-~ '00 I E I ,~ k$/#$$//'$/';W0'§/'#/W$/$4! 

"'" :r-Z/§lwl"'--I~§/#j,13'§/,/'l'§//§/j,1,/'l'$/,W'§)@/§§,/'l'/§§§§/"WW$#§//t; 
t(Zl DON'T CARE 

~ UNDEFINED 

NOTE: 1. The logic states of "A", "8", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 

MT4V25632 
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Cycle Function Table for a detailed description. 
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ADVANCE 

AJIIIC:F=lCN MT4V25632 
1-· ,,"'00"'""0""' 256K X 32 VRAM MODULE 

DRAM LATE-WRITE CYCLE 

'RAS 

'CSH 

"J~ 
'RSH 

=J 
teRP tRCD 'CAS 

I 'RAD I I tRAL 

I - tASR tRAH I~I I teAH I 

'RCS 

II 'FHR 

'RP 

~ 
I 

·1 

~ DON'TeARE 

~ UNDEFINED 

NOTE: The logic states of "A", "B", "C", "0" and "E" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

MT4V25632 
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ADVANCE 

MIC:RON MT4V25632 
1-· eo"",""',"""C 256K X 32 VRAM MODULE 

tCRP 

CAS ~:~= 
.' 

ADDR 

DRAM READ-WRITE CYCLE 
(READ-MODI FY -WRITE CYCLE) 

tCSH 

tCAS 

'I 

I~ 
nr,7nnT.~7nnT-7nn7nn~n7A 

ROW 

= ~:~~-""'-B "'"-kYIIIIIIIIl1E1 ~~~/'/IIIIIIIIIIIIIII$IIIIIIII$IIIIIIIII& 
I tM 

tRAC I 

I~ tMH~1 
I 

l- e 'IL 
.;1" 

---.!IL ~ 

tCAC 

VALID DOUT 

~ too.1 

I~ t
OH

:
1 

E 'IL 
.. J> 

OPEN---

~ DON'TeARE 

~ UNDEFINED 

NOTE: The logic states of "A", "8", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 
Cycle Function Table for a detailed description. 

MT4V25632 
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ADVANCE 

MIC:RON MT4V25632 
1-· """0""',""'", 256K X 32 VRAM MODULE 

RAS 

CAS 

ADDR 

MEIWE 

OSF 

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE 

tRASP 

VIH-
VIL-

tpc 

~ 

V1H-
VIL-

tOHR I _to_s_1 ~_t_OH_ 

E E E 

tyS I tYH 

~:~~- --~$/;/'#$/$/$###;/,;W'j';J###&wj'####/j'$###/#//#;/'$a0'$##/;/'~ 
~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ cycles or READ-MODI FY-WRITE cycles can be mixed with WRITE cycles while in FAST-PAGE-

MT4V25632 
REV. 5193 

MODE. 
2. The logic states of "A", "8", "C", "D" and "E" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
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ADVANCE 

MIC:RON MT4V25632 
1-· ",,,,o,""'me,", 256K X 32 VRAM MODULE 

DRAM FAST-PAGE-MODE READ-WRITE CYCLE 
(READ-MODiFY-WRITE OR LATE-WRITE CYCLES) 

__ ~, ________________________ ~~'RP~ 
RAS ~i~- I_ 

t GSH t PRWC t RSH 

1< leRP IReD teAs tcp teAs tcp tCASj~1 

v IH - if J ,-----, ,---., ! CAS V --.J' 

IL- 'AR I 

~~~O ~II~ ~~I ~II~I I 
--rrn 1- _I r7"T'. ~rTT ~77T.~_jr---,-,---~IITT77TT.I-r'n777\ 

AOOR ~:t.!~ ROW W/~ COLUMN WIIIIII/, COLUMN ~/IIIIJ COLUMN WIIIIIIIIIII;) ROW 

~i i ":~T1 II ::0 II :: 11
-::: 

I~ ~ I I I'AW~CWO I II'A~:wo I II'A~:wo 
MEPNE ~:t= A I I '--- II I I----" II I '--- ~ 

~II~ 'iSC 'CFHI II Il'iSC 'CFHI II II'IFSC 'CFHI 
OSF ~:td 8 !J D ~ D ~ D }wMP//;1/mc= 

,L 'AA ,oJI-II~1 ,oJI_II2L1 JI-'OH 
I 'OS- 1- 'CPA 'OS- 1- 'CPA 'OS- 1-

'CAG- - :~~I_ - I :~~:I_-
VAll All 
DOUT: DIN DO ~:g~= OPEN--

~II~ 
TRiCE ~:t-wJ \ 

'-------------"-----' 

'OEH 0
1 

__ '00 0-_'00 tOE__ __ IOE__ __ 

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

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST-PAGE-MODE. Use 

I.1T4V25632 
~EV.5/93 

the Write Function Table to determine the proper DSF state for the desired WRITE operation. 
2. The logic states of "A", "8" , "C" and "D" determine the type of WRITE operation performed. See the Write 

Cycle Function Table for a detailed description. 
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ADVANCE 

MICRON MT4V25632 
1-· "M'oo,""W"", 256K X 32 VRAM MODULE 

DRAM RAS-ONL Y REFRESH CYCLE 
(ADDR = AO-AS) 

~ ~" ::t- ~ ~ ___ IRAS_~~-IRPC-l,----'"-P~-/ t~_ 
• 

CAS ~:r--d-+----++II-----------+\-_--.-'-----
IASR tRAH 

< ADDR ~:~ __ ---;-RO.-----W _---1k//JjJ/II////$/////JJ////JJ/////J/J////$///lfXr----R- oW--

::D II 
~ MEmE ~:~-!/j//JjJ///////II////II//$/I!!// /11///1 I/!!///////////II//I!!/ // /III ////JjJ/I//II /1// /11//11// /I ///////j/I!!// //II a 

II 5 DSF ~:r l//JjJ///j ///III!! //// II!!! /I II!!!/ ///111!/////////////!/////// !I////// IIII/////j/////I!! //I!!/I!!////II/j/I!!/II/ 11112 

C DO ~:gr II OPEN--------OPEN------

c: tyS II tYH 

hi TRICE ~:r -W/$//$- -V&/MW/II///II////II//$/////////I!!///I,t'///////$ V////////$ 

MT4V25632 
REV. 5/93 4-26 

~ DON'T CARE 

~ UNDEFINED 

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

MIC::RON MT4V25632 
1-· oc"",",",we", 256K X 32 VRAM MODULE 

CBR REFRESH CYCLE 

JIIIIIIII} ! r 
'RPC 

'" ~.~, 'c~ 'RPC ~ 'CSR 
tCHR 

=wJ -Va I --l 
I II II 

ADDR ~:~1I/!I!/// I!I!//II!I!I!/I!/I!//II!II!I!/I!I!I!////!/I!I!/I/!///!/I!/I!!III !l1!/1! II 1II1!1I!/!//I1!/I!//I!//I/! 113 

z m 
:E -

'"" ~:t-wJ$~-""'-J:=~$,@_,@d~~,~~!/"////,@#//x ,=. x;:z ~ 
I ~II~ ~II~ s: 

DSF ~:~-WI!II!I!///Mf NOTE' W!/lffIl!III!I//I!/!/M NOTE' ~1!1I!/////!lI!J< NOTE' )@ s: 
DQ ~:g~ __ ------,I_'O~FF ~ OPEN OPEN 9 

TIi/i5E ~:~:'/j////II!I! 1II1I!1I!1I!/1!//!/I1!/1l 1II1I!1!/1!1!1!1I!!l1!////I/////I!II!!I/ II!//!///!/ III ///!///I!I!/!lI!//1! IJ 

~ DON'T CARE 

~ UNDEFINED 

IIOTE: 1. The MT4V25632 operates with MEIWE and DSF= "don't care," but to ensure compatibility with all 

IT4V25632 
lEV. 5193 

2 Meg VRAM feature sets, it is recommended that they be HIGH ("1"). 
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ADVANCE 

MICRON MT4V25632 
1-· >eM""'''W'''' 256K x 32 VRAM MODULE 

DRAM HIDDEN~REFRESH CYCLE 

(READ) (REFRESH) 

IRAS tRP tRAS 

: ::_ )~~ ':< {<~ ~ ~==-~'CHR --------'-~I= 
~ ~~RAD ~ii~111 II 

ADDR ~:~=~ ROW COLUMN ~//////////////////////$/////////////////////I////#$////~ 
II ,c~c II II 'RRH. II. I 

~~:7$/$$#J//##$/#//rii "-lwr.,~:"W/#/##/#//#$#,@,b/,W'i0 
'FHR I II I 

'FSR tRFH I tFSC II t CFHk 'FSC 'CFH 

WllffiI- -W//llff&1- -Y//;J;J/~-:T;:-~//$$ffi//III/////i/////; 
I I tM I 

tRAC I I 
I 'CAC I 

I 
OPEN 

~II~ ~ 
tROH -

DO ~:g~- VALID DOUT 

111////0 

- -!OFF 

~ OPEN-

~ 

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1. A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In this case, MEIWE = 

MT4V25632 
REV. 5/93 

LOW (when CAS goes LOW) and TRIOE = HIGH. In the TRANSFER case, TRIOE = LOW (when RAS goes 
LOW) and the DO pins stay High-Z during the refresh period, regardless of TR/OE. 

2. The MT4V25632 operates with MEIWE and DSF = "don't care," but to ensure compatibility with all 
2 Meg VRAM feature sets, it is recommended that they be HIGH ("1"). 
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ADVANCE 

MIC:RON MT4V25632 
1-· oo""o",ocwe", 256K X 32 VRAM MODULE 

-

'CRP 

----f 

READ TRANSFER 3 

(DRAM-TO-SAM TRANSFER) 
(When serial part was previously High-Z or SC idle) 

tRAS 'RP 

jt 
leSH I 

tRSH 

I 'RCD 'CAS 

I t / 
'AR 

'RAD I I tRALI 

I~ ~I I~I I~I 
I 

:'~ ROW J'@lt SAM START (TAP) WI///////; 

"'!WE ~:~~ I II W/,,,ww;JWf//;@!#@$"$/'//';/;/$///;!f///'/'$/,;/;/;/i01$#//'$P';/$ffi 
'FSR 'RFH I I 

DSF ~:~=wl-I - --W/!/';/!/'!/$"i01$";/;/;/;//$;//$$";/!II/$/$/';/f///'/$/,;/f////'/'I!!!IJ!$/,1I2 

DO ~IDH-dJl- OPEN 1 OPEN ---;----1 _ 

IOL- 1 ___ ,=cSD'-----__ 

tRSO 

'rso 

se ~:t= ------~,' 
--~-~~-----,-~-~-~I 

NOTE 1 

'SAC - --

_'SEA 

SE ~:t:. ___ --'LL1LfLLLLLLLLLLLI.:LLLL.<L.LLLLLLLLLLLLLfLLL'~<LLLLLLLLLLLLLI.:LLLL.=--t __________ _ 

QSF ~gt: __________ N_OT_E2 _______ -'7C _____ NO_TE_2 ____ _ 

I:!Zl DON'TeARE 

~ UNDEFINED 

NOTE: 1. There must be no rising edges on the SC input during this time period. 
2, QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

MT4V25632 
REV. 5/93 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed, 
3. If tTLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the tCSD and tRSD times must be 

met. If tRTH is timing for the TR/(OE) rising edge, the transfer is done off of the TR/(OE) rising edge and 
tTSD must be met. 
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ADVANCE 

MIC:RON MT4V25632 
1-· ,,,,,,,,,on,,,,, 256K X 32 VRAM MODULE 

'CAP 'RCD 

REAL-TIME READ TRANSFER 
(DRAM-TO-SAM TRANSFER) 

II 

'CSH I 
'CAS 

'ASH I 

mOE ~:t -.LL.LL.LLLJ.:lj--------------1l 

VALID Dour VALIDOOUT 

SE ~:~_--t-sEA~-~L_tS:JL~LLl.Wj;'_LL;~~,:~~;".LL'0'j;ULJ1E__-_t_SEA ____ tTQ_D ----+-1 ________ _ 

QSF ~gt_-------N-OT-E2-------~r------N-OT-E2----

~ DON'T CARE 

~ UNDEFINED 

NOTE: 1, The SE pulse is shown to illustrate the SERIAL OUTPUT 

MT4V25£32 
REV. 5193 

ENABLE and DISABLE timing, It is not required, 
2. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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ADVANCE 

MICRON MT4V25632 
1-· ,,,''co,,,,,,,,,", 256K X 32 VRAM MODULE 

~ IReD 

- V!H 
CAS VIL- -------.I 

SPLIT READ TRANSFER 
(SPLIT DRAM-TO-SAM TRANSFER) 

tRAS 

tCSH 

tRSH 

II teAs 

II } / 
tAR 

tRP I 

\ 

II 
l_tRAD I I 1 IRAL 

tASR tRAH ~! J __ leAH 

I 

=" ::t:zw/ - ~ ~""-'" ~ff$/ff///ff$/////ff/ff!0'ff///$0'//!0'//ff/ffY$$0'ff/ff$m 
""" ::J

1 
tWSR IIII '-W$ff//!0'ffffff!0'!0'!0',o/$0',o//,o/ff////1#JW'ffff#JW'ffffffffffffff,0i1,o/ff/l 
iFSR IRFH I 

DSF ~:~=~-I- --W/$ff#$$/;@#$$$ffiJff##$$/,@'$/$$§$//ff##$#fffflfffflfflffiJJ 

V'OH __ t_OF:1 I 

DO V'OL- tTL: I tTLH OPEN --------'-1----- OPEN 

mOo ~:~=~- -W//////ff#!;i//$/$ff/$///$$#////ffff$ff$$#///ffiJff/#$$$##;@/$/$$;2 
~I I tSTH 

=1 I~:~~ - I~:~~ 
so ~:g~===X 511 (255) ~ A (256+A) ~~ 

8E ~:~=-:--II ----1;;1--' _------;---11 --
X 255 (511) X 256+8 (8) 253 (509) X 254 (510) 

-Itsool~-_~f----__ tsoo _1 __ 

OSF ~g~==:J{ SAMMSB;~f-(N_OTE_') _______ -J){~. __ NEW_MS_B _ 

IZZI DON'T CARE 

!l88l UNDEFINED 

NOTE: 1. QSF = 0 when the Lower SAM (bits 0-255) is being accessed. 

MT4V25632 
REV. 5/93 

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. 
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ADVANCE 

MIC:RON MT4V25632 
1-· ""","m>em",,, 256K X 32 VRAM MODULE 

SE 
VIH-
V1L -

sc VIH-
VIL-

VOH-so VOL-

MT4V25632 
REV.5J93 

'sc 

SAM SERIAL OUTPUT 

4-32 

~ DON'TeARE 

~ UNDEFINED 
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MIC::RON TN-OO-01 
1-· CHcwwnw MOISTURE ABSORPTION 

TECHNICAL 
NOTE 
INTRODUCTION 

All plastic integrated-circuit packages have a tendency to 
absorb moisture. During surface-mount assembly, this 
moisture can vaporize when subjected to the heat associated 
with solder reflow operations. Vaporization creates internal 
stresses that can cause the plastic molding compound to 
crack. Cracks in the package allow contamination to 
penetrate to the die and potentially reduce the reliability of 
the semiconductor device. The cracking process associated 
with surface-mountable devices is commonly referred to as 
the "popcorn effect." 

Cracks in the plastic pose several reliability concerns. The 
moisture path to the die is shortened, allowing ion migration 
or corrosion to occur more readily. Minor cracks which 
might not be harmful initially could propagate with time, 
resulting in a longer-term functional failure. 

Since plastic packages absorb moisture, care must be 
taken to prevent exposure for any long period prior to 
surface-mounting the devices on the printed circuit board. 
If exposed to excessive moisture, the devices should be 
baked to remove moisture prior to solderreflow operations. 

This technical note describes the shipping procedures 
that ensure Micron's customers will receive memory devices 
that do not exhibit the popcorn effect. It also discusses 
Micron's recommendations for baking the devices if they 
are exposed to excessive moisture. 

ABSORPTION CHARACTERISTICS 
Micron's extensive testing empirically characterizes the 

moisture absorption characteristics of plastic packages. As 
the plastic takes on moisture, the weight of the device 
increases. Micron employs a standard procedure for 
weighing the device before and after it is exposed to 
moisture. We calculate the percentage of weight gain to 
determine the relative efficiency of different packaging 
techniques used for shipping devices. 

MICRON PROCEDURES 
Micron has eliminated any chance of having popcorn 

failures with surface-mount packages by shipping all 
surface-mount devices in sealed bags containing a desiccant. 
Devices stored in these bags show no measurable weight 
gain when subjected to a high-humidity environment for 
long time periods. 

TN-QO-01 
REV. 5193 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 400 C. Any moisture is driven out of the devices during 
the exposure to the heat. 

Moisture may be removed faster by baking at 1000 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 Induced PackageCrackinginPIastic Encapsulated Surface 
Mounted Components During Solder Reflow Process": Lin, R., et 
al.: 26th Annual Proceeding, Reliability Physics, 1988. 
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MICRON TN-OO-02 
1-· "'''''''"0.0"'"' TAPE-AND-REEL 

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-AN D-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. 5193 

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 
52 Pin 32 16 500 

SOJ (300 mil) 
20/26 Pin 24 12 1,000 
24 Pin 24 12 1,000 
28 Pin 24 12 1,000 

SOJ (400 mil) 
28 Pin 32 16 500 
32 Pin 44 16 500 
40 Pin 44 16 500 

'These are examples of tape-and-reel sizes available. Please contact Micron for ali 
available options. 

5-3 Micron SemicondLKltor, Inc., reserves the right to cha~ge products or specifications without notice. 
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MIC:RON TN-OO-02 
1-· ''"co"'"'''"'"' TAPE-AND-REEL 

TN-OO-02 
REV. 5/93 

Top cover 

/ 
tape thickness (t1) 
0.10 
(0.004) MAX 

Embossed ---~~ 
carrier 

Figure 1 
REEL 

100mm 
1------ (3.937) ------1 

1mm 
(0.039) MAX 

See Table 2 
NOTE 2 

Figure 2 
BENDING RADIUS 

R MIN 

Round Holes 

1 __ --------------250mm--------------.1 
(9.843) 

Allowable camber to be 1 mm/1 OOmm nonaccumulative over 250mm. 

Figure 3 
CAMBER 
(top view) 
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I I- K USER DIRECTION OF FEED 
-[

10 Pitches 
cumulative rpO-1 tolerance on tape 
±O.2 

---;--I - t 

~ 

TI 
81 

-1-
__ Top cover 

tape 

KO 

See Note 1 
Table 2 

For machine reference 
only, include draft and radii 
concentric around 80. 

P2- (±O.008) 

Embossment 

Figure 4 
EMBOSSED CARRIER DIMENSIONS 

(24mm tape only) 

Table 2 

Center 
lines of 
cavity 

24mm EMBOSSED TAPE DIMENSIONS 3 

TAPE SIZE 0 E PO I (MAX) 

24mm 1.5 ~6g 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 

AO,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±O.10 8±O.10 12±O.10 16±O.10 20±O.10 24±D.10 

(O.157±D.DD4) (O.315±0.004) (0.472 ±0.004) (0.630±0.004) (0.787 ±0.004) (0.945±D.004) 

24mm x x x x 

NOTE: 1. AG, BO and KO are determined by component size. The clearance between the component and the cavity 

TN..()Q·Q2 
REV.5f93 

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 URn 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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REV. 5193 

B1 is for machine reference 
only. including draft and radii 
concentric around BO. 

Top cover 
tape 

KO 

t 

K 

D1 

D-Round 
holes this side 

PO 10 pitches cumulative 
tolerance on tape ±0.2 (±0.008) 

NOTE 1 
See Table 3 

USER DIRECTION OF FEED 

Figure 5 
EMBOSSED CARRIER DIMENSIONS 

(32 and 44mm tape only) 

0.20 ±0.05 

Figure 6 
DETAIL ELONGATED HOLE 

5-6 Micron Semiconductor, Inc., reserves the righllo change products or specifications without nolice. 
©1993, Micron Semiconductor, Inc. 
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Table 3 
32 AND 44mm EMBOSSED TAPE 3 

TAPE SIZE 0 01 (MIN) E K (MAX) PO I (MAX) AO,BO,KO 

32 and 44mm 1.5 :2Jg 2 1.75±0.10 10 4±0.10 0.500 NOTE 1 
(0.059) :~ggg (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 ±O.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±O.10 20±O.10 24±O.10 28±O.10 32±O.10 36±O.10 40±O.10 44±O.10 

(O.630±O.OO4) (D.787 ±O.OO4) (O.945±O.OO4) (1.102±O.OO4) (1.26±O.OO4) (1.417±O.OO4) (1.575±O.OO4) (1.732±O.OO4) 

32mm x x x x x 

44mm x x x x x x 

NOTE: 1. AO, BO and KO are determined by component size. The clearance between the component and the cavity 

TN-OO-02 
REV. 5193 

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 ctlange products or specifications without nolice. 
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TECHNICAL 
NOTE 
INTRODUCTION 
As system speeds increase, DRAM manufacturers are devel
oping methods to decrease the cycle times of DRAMs. The 
most common versions of DRAMs are FAST-PAGE (FP) and 
STATIC-COLUMN (SC) but the additionofa feature known 
as extended data-out (EDO) may become more common 
because it allows shorter page cycle times with only a minor 
functional change from Fl'. Because the device with EDO 
doesn't tum off the output drivers when CAS goes HIGH, it 
can have a shorter cycle time than FP. 

EDO OFFERS 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 EDO device has the same PAGE READ cycle 

time as a 40ns DRAM. 

ADDR 

WE ~t ~$!//I/I#$// 

I 

REDUCE DRAM CYCLE TIMES 
WITH EXTENDED DATA-OUT 

• Implementing EDO in place of Fl' devices in a sys
tem can be as easy as knowing when the bus needs 
to be deactivated and using OE instead of CAS to 
accomplish it. 

This article first covers some basic differences between FP, 
SC, and EDO during a PAGE READ cycle. Then a compari
son of cycle times between Fl' and EDO is done, followed by 
a few examples under different address setup conditions. 
When moving from a PAGE READ into a PAGE WRITE, the 
timing differs slightly between FP and EDO; this difference 
is discussed. Finally, the issues involved when replacing an 
FP device with an EDO device are addressed. 

BASIC DESCRIPTION 
Fl', SC and EDO all allow fast data operations within a 

row. The differences are in the latching of the column-

DQ ~gt-~--------OPEN--------~~&f~~~----~~\§~t-----~~~~ 

TN-04-21 
REV.5J93 

DE ~t ~~Uli~Uli~~liil~Uli~L-________________ ~ 

Figure 1 
FP READ CYCLE 
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1-- '>""0,""""'" EXTENDED DATA-OUT 

address and deactivating data-out when CAS goes HIGH. 
The following section highlights differences between the FP, 
SC and EDO when reading within a page. 

FPMODE 
Characteristics: 

o The column-address is latched when CAS falls. 
The output drivers are turned off when CAS goes 
HIGH. 

o Minimum FP READ cycle time is IpC = ICP A + IT, 
(ICPA = IAA + IT) 

The cycle begins with RAS strobing-in a row address, 
followed by CAS strobing-in a column-address. To continue 
to access columns within that row, CAS is toggled as ad
dresses 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 IOFF; this specification tells you that 
CAS going HIGH turns off the output drivers. 

SCMODE 
Characteristics: 

o The column-address is not latched when CAS falls. 
o The output drivers are turned off when CAS goes 

HIGH. 
o Minimum SC READ cycle time is ISC = IAA + IT. 

The cycle begins the same as FP, but to continue accessing 
columns within a row, CAS may be left LOW with only the 
addresses changing. The address is not latched when CAS 
falls. Instead, CAS acts as a transparent latch that is enabled 
when CAS is LOW. As long as CAS is LOW, the column
address will flow through into the device and the part will 
start retrieving that address. For this reason, the address 
must be held valid throughout the cycle. If the address is 
changed before data-out becomes valid, the device will start 
retrieving the new address and not put out data for the 
previous address. 

Figure 2 shows a typical SC read cycle. Notice that there 
are no address setup and hold times, because addresses are 
not latched. The address can be changed once IAA has been 
met and the device will hold data valid for 5ns from the 
address change (IAOH). As you can see, the SC READ cycle 
time would be ISC = IAA + IT. The benefit of SC over the FP 
is that the cycle time is shorter by one transition (generally 
5ns). The disadvantage is that the user must hold the col
umn-address valid throughout the entire cycle. 

EDO 
Characteristics: 

o The column-address is latched when CAS falls. 
o The output drivers are not turned off when CAS goes 

HIGH. 
o Minimum FP read cycle time is IpC = IAA. 

--,----,--------,------1r-
tsc tRAL ~I 

TN-04-21 
REV. 5193 

ADDR 

DO 

Figure 2 
SC Cycle 

5-10 
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Eoo 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 Eoo 
to cycle faster than either FP or SC, 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 transi
tions LOW again (teOH), as shown in Figure 3. Notice that 
there is no tOFF in the PAGE READ of the EDO diagram. The 
output will deactivate when both RAS and CAS are HIGH, 
so tOFF will now be referenced from the rising edge of RAS 
or CAS, whichever occurs last. 

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, because tcp A includes 
CAS precharge. Now tAA is the longest access time, so 
tpCEDO = tAA. This is the shortest cycle time of the three 
modes. 

EXAMPLES: EDO AND FP 

PAGE READ CYCLE TIMES 
This section examines the different cycle times of FP and 

EDO and 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 tcp A, or data-out will not fire. Add a transition time 
to pull CAS HIGH and you have the cycle time tpCpPM = 
tCPA+ IT. 

The table below compares page READ cycles of FP and 
EDO under two different conditions: minimum column
address setup and maximum column-address setup time. 
The timing diagrams for the following examples assume 
that RAS is already LOW, WE is HIGH and OE is LOW. A 
70ns DRAM is used with the following timing: 

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 

DESCRIPTION 
tpc (MIN) 

tCAS (MIN) 

telz (MIN) 

tOFF 

IT 

FP 

45 

20 

0 

0-20 

5 

I column-add~~esses I Data is not disabled , 
are latched. after CAS goes HIGH., 

I~~ ,,~, 
~---'I-·-----1 IRASP L .11, ~ 

RAS ~~= :~~~~~~~~;;~~~-1-JlWI-""1 
'CSH it.. IpC II IRSH II 

,o'CRP 'RCD ICAS ~ 'CAS lL'cp ICAS} II ICp 
_t:='I=tt==~~~--=="" ~ II 

CAS ~~=J ~ \ ,. 1 I 
IAR'I I ~ tRAl 

I~SR b~AD IASC I IlteAH' ~ ICAf,I, ~I ICAf,I, I 
v ~l.-L.:J~I= F'~~ I ~ J 

ADDR v:~=IJIIM: ROW Will,) CO!..UMr/(A) WIIIII/;, COLUMN (B) WIIII/,l COLUMN (C) 

'IRC~n 1 1 I IRC~ - 'RRH 

WE ~:~~Wllllllll!41 r--'::tMJI, Illl-rtA~A Til rtM -'--rW!!$L~wHz 
'RAC tePAI "';teC:Cp:C:A+1 ""--I 

I~ I~ ----''''-'''1-
1 

'-lcccAcc:-1 ~ 
~ tCOH 

DO ~g~ =-. ------;;--OPEN-----i~V~A:L!iLlD~D~A~TA~(A~) =t:~V~AL~ID~D~AT~A~(BL) =JC~VA~LI~D D~A~TA~(C~)=Jf--
~II~ ~ 

6E ~I~~ 4=W/;=W/;LLLWLLLWLLLIJM1='---___________ _ 

Figure 3 
FP READ WITH EDO 

~ DON'T CARE 

~ UNDEFINED 

EDO 

35 

15 

0 

0-20 

5 
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Figures 4 and S show FP and EDO cycles with plenty of 
address setup time. On an FP device with plenty of address 
setup time, we can operate at tpC = 4Sns (the minimum 
allowed), and data is valid for Sns. 

EDO under the same address setup time looks different 
(see Figure S). Now the minimum cycle time is 3Sns. Notice 
that data doesn't appear on the bus until you are already 
into the second access (Sns of CAS precharge for the next 
cycle is already completed when data appears). This is the 
overlap that allows the shorter cycle time. tpc is 3Sns and 
data is valid for ISns. 

Under these conditions, EDO cuts the cycle time over an 
FP device by 22 percent (4Sns to 3Sns). In addition, even 
with the shorter cycle time, data-out is valid for ISns on the 
EDO as opposed to only Sns on the FP device. 

Figures 6 and 7 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 6). Since the minimum CAS HIGH time is IOns, the 
cycle time is Sans (tAA + tcp + IT). Data-out is valid for Sns. 

Looking at EDO under the same conditions, (Figure 7) 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, before 
Data I appears on the bus. As 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 IpC = 3Sns, and data-out is valid for IOns. 

In this case, EDO cycle time (3Sns) is 30 percent less than 
the FP cycle time (Sans); EDO data is valid Sns longer. 

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. 

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 l{EAD 
cycle time is 3Sns, which is the same page READ cycle time 
as that of a 70ns EDO device. 

EASY TO IMPLEMENT 
An additional benefit of EDO is the ease of implementa

tion. PAGE READ or WRITE cycle time is cut by IOns, but 
the only difference between FP and FP with EOO is that the 
FP device will stop driving data-out when CAS goes HIGH 

RAS VIH - .r-;====;::='--------i-VIL - ---r------.=-;;;-:-:----;----\ " 

TN-04-21 
REV. 5/93 

CAS VIH-
VIL -

5 5 , 
'---_~2=0_-1 : 

ADDR VIH - I7TTTA~---~==~A,.:r---\---::C~2--:f--., ITr.Jr---C- 3-----, 
VIL -

, , 

tCPA= 40 .:, tCPA= 0 

--.
' tOFF=O 

DQ VOH - ----+--OPEN ' -------<OOOXXV ,')------~6Mo<! 
VOL 

DATA1 : DATA2 : DATA3: 
FIRST ACCESS SECOND ACCESS THIRD ACCESS 

Figure 4 

(:z:J DON'T CARE 

~ UNDEFINED 

FP PAGE READ CYCLE WITH MAXIMUM ADDRESS SETUP 
tpc = 45ns; DATA VALID FOR 5ns 

5-12 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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and the EDO device must have both CAS and RAS HIGH to 
deactivate the output. This means that any time the de
signer is counting on CAS by itself to turn off the 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 

WRITE (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 instead of CAS when turning off the output 
drivers; then EDO can be used in place of FP DRAMS. 

RAS VIH -
VIL -

CAS VIH -
VIL -

ADDR VIH -
VIL -

READ TO WRITE CYCLES 
Since CAS doesn't turn off the output devices on an EDO 

device, caution should be used when turning the bus around 
on a shared I/O device. To demonstrate the difference, 
Figure 8 shows the transition from a PAGE READ to a 
PAGE EARLY WRITE on the same page. When using the FP 
version, OE can be tied LOW and CAS can be used to 
deactivate the output. When using the EDO version, OE 
must be used to deactivate the output. 

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. 

10 

: 'CPA=40: !fQH=5: 'COH=5: 

----ci::·====--O-P-E-N~-=-~~-=-~':.-=--=:~ DATA 1 ~-DA-T-A-~-~ 

TN-04-21 
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DQ VOH-
VOL 

I 

: FIRST ACCESS THIRD ACCESS 
I 
I 

Figure 5 
EDO-PAGE READ CYCLE WITH MAXIMUM ADDRESS SETUP 

tpc = 45ns; DATA VALID FOR 15ns 

IZ1 DON'T CARE 

~ UNDEFINED 
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RAS VIH
VIL - --;-----r:c-=---=c-----t----Ih.~_;:;;_---+---------

ADDR VIH - 177"rT"n'777'" .... ---{. n77777Tl+'+T7"T:~ .jc-r-, 1T777777T.f-r77n ..,---___, rTn'7T7TTr. 

VIL - 'LLLLLL<.L-f.,!.LI4f-----'f 'LL.1.L/..L,'-'.Lf.Lf.L':"-!'''I:>'~--.J "-'-''"-LL.Uficu..u ~_-:---J,,-"-"-.i..LL1..L.LL 

DQ VOH - __ 1--_ 

VOL -

RAS VIH -
VIL -

CAS VIH -
VIL -

ADDR VIH-
VIL -

Figure 6 
PAGE READ WITH MINIMUM ADDRESS SETUP 

tpc = SOns; DATA VALID FOR 5ns 

_____ :--,---=C:::::o::lu::m:=::n:::-a::d=dr::e=ss=\is latched when CAS falls. 

DQ ~ow ---OPEN-------VOL -

Figure 7 

~ DON'T CARE 

~ UNDEFINED 

EDO-PAGE READ CYCLE WITH MINIMUM ADDRESS SETUP 
tpc = 35ns; DATA VALID FOR 10ns 

5-14 Micron SemiCQnduclor, Inc., reserves the right to change products or specifications without notice. 
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FP 

EDO 

RAS 

CAS 

ADDR 

WE 

DO 

CAS 

ADDR 

WE 

OE 

DO 

~H -
IL -

VIH -
VIL -

~H -
IL -

~H -
IL -

VOH -
VOL -

~H -
IL -

VIH -
VIL -

~H -
IL -

~H -
IL -

VOH-
VOL -

CAS deactivates output. 
IPC=45ns 

15 

5 20 

C3 

IWCS=O 

DATA OUT 1 
I 

PAGE READ I FIRST 
CYCLE I EARLY WRITE 

CYCLE 

30 

20 

IODmax=20 

DATA OUT 1 

PAGE READ FIRST SECOND 
CYCLE EARLY WRITE EARLY WRITE 

CYCLE CYCLE 

OE deactivates output. 

~ DON'TCAAE 

~ UNDEFINED 

Figure 8 
EXAMPLE FP AND EDO READ TO WRITE CYCLES 

tpc = 45n5 
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TECHNICAL 
NOTE 
INTRODUCTION 

Designers of VRAM-based graphics systems are now 
being presented with the opportunity to switch from 1 Meg 
to 2 Meg VRAMs. As with any move to higher density 
memory devices, this allows a system to be modified to 
either provide the same amount of total memory while using 
fewer devices, or to provide additional memory without 
increasing the number of devices used. When the total 
memory size remains the same, benefits include decreased 
board space due to fewer components, increased reliability 
due to fewer connections, and lower component cost when 
the cost-per-bit of the higher density components falls below 
that of the lower density components. An additional benefit 
of switching from 1 Meg to 2 Meg VRAMs is the availability 
of a more advanced feature set at the 2 Meg leveL 

Micron offers four versions of the 2 Meg VRAM; each 
addresses different user needs and each has different de
sign requirements. When switching from 1 Meg VRAMs, 
the memory configuration, the required feature set and the 
board layout determine which version of the 2 Meg to 
switch to and the design effort involved. This article covers 

DRAM Data Bus 

BYTED 

UPGRADING FROM 
1 MEG TO 2 MEG VRAMs 

each of these three major areas of concern. In the area of 
memory configuration, the effects of specific factors on the 
design of the graphics memory controller are discussed. 
These factors include whether the 1 Meg VRAMs currently 
used are organized as x4 or as x8, the number of VRAM 
banks and whether or not the total memory size will be 
increased. In the area of feature sets, the different sets of 
functions available at the 2 Meg level are compared to the 
functions available at the 1 Meg leveL Finally, in the area of 
physical layout, the different packages offered at the 1 Meg 
and 2 Meg levels are described. 

MEMORY CONFIGURATION 
Based on the memory configuration factors mentioned 

above, there are several possible scenarios when switching 
to 2 Meg VRAMs, ranging from straightforward intrabank 
replacement transparent to the graphics memory control
ler, to more involved memory expansion or interbank re
placement; the latter two have controller implications. The 
following examples illustrate the different scenarios. 

BYTE 1 ----_ ....... _-_ ........ _ ......... _-_ ...... - , .................... -....... ---- ------------
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0.5 MB MEMORY ARRAY WITH A 16-BIT INTERFACE 
USING 1 MEG VRAMs 
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CASE 1: x4, 1 MEG VRAMS VS x8, 2 MEG VRAMs 
Replacement of 4-bit-wide 1 Meg VRAMs with 8-bit-wide 
2 Meg VRAMs is the most straightforward case when 
upgrading. This is illustrated in Examples 1 and 2. 

Example 1 
A 0.5 MB memory array implemented with a single bank 

of 4-bit-wide 1 Meg VRAMs (Micron's MT42C4256) is 
shown in Figure 1. The DRAM portion of the MT42C4256 is 
organized as 256K x 4, or 512 rows by 512 columns by 4 bits 
wide. The DRAM portion of 2 Meg VRAMs is organized as 
256K x 8, or 512 rows by 512 columns by 8 bits wide. When 
the data bus interface to the DRAM side of the memory 
array is 16 bits wide, four 4-bit-wide 1 Meg VRAMs are 
required, each corresponding to one nibble of the 16-bit bus. 
1\. 16-bit data bus also exists on the SA~v1 side. 

When using 2 Meg VRAMs, only two devices are re
quired (see Figure 2). The first corresponds to the byte 
formed by nibbles 0 and 1; the second, to nibbles 2 and 3. 
Similarly, on the SAM side, each pair of512 x4SAMs (1 Meg 
VRAM) isreplacedbya single512x8 SAM (2 MegVRAMs). 
Assuming that there is no need for NIBBLE READ accesses, 
this two-for-one replacement is transparent to the control
ler (NIBBLE WRITE accesses are available with the 
MT42C8254, if necessary, and will be covered under Fea
ture Sets). 

The examples depicted in figures 1 and 2 can be extended 
to wider controller-to-memory interfaces as well. (For ex
ample, in a 32-bit interface, four 2 Meg VRAMs would 
replace eight 1 Meg VRAMs.) 

DRAM Data Bus 16 

8 
BYTE 0 

256Kx 8 
DRAM 

MT42C825X 
,-----------------

Example 2 
Example 1 can also be extended to more than one bank of 

VRAMs simply by performing the two-for-one replace
ments within each bank. For example, a memory array 
configured as two banks of eight 1 Meg VRAMs would be 
replaced with two banks of four 2 Meg VRAMs (see Figures 
3 and 4). In either case, the controller must include the 
necessary bank-select logic. 

CASE 2: x8, 1 MEG VRAMs VS x8, 2 MEG VRAMs 
Moving from 8-bit-wide 1 Meg VRAMs to 8-bit-wide 2 Meg 
VRAMs is somewhat more involved. This is shown in 
Examples 3 and 4. 

Example 3 
figure 5 shows a 0.5 ~vlB Inernory array based on 8-bit

wide 1 Meg VRAMs (Micron's MT 42C8128). An equivalent 
memory array cannot be implemented with 2 Meg VRAMs 
due to the fact that four 2 Meg VRAMs are needed to form 
a 32-bit bus, and the resulting total memory array size then 
equals 1 MB. To move to 2 Meg VRAMs in this example 
requires a controller designed to support such memory 
expansion. 

Example 4 
On the other hand, a 1 MB memory array implemented 

with 8-bit-wide 1 Meg VRAMs would contain two banks 
(see Figure 6). Bank select logic determines which DRAMs 
and SAMs drive the respective busses at any given time. 

8 
BYTE 1 

256Kx8 
DRAM 

SAM Data Bus 

Figure 2 
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0.5 MB MEMORY ARRAY WITH A 16-BIT INTERFACE 
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In this case, a memory array of equal size can be imple
mented with 2 Meg VRAMs; however, the array will consist 
of one bank instead of two (see Figure 7). This can be 
pictured as two-for-one replacements across the banks 
rather than within the banks. In this example, moving to 2 
Meg VRAMs requires a controller that can address a second 
megabyte of memory through an additional column-ad
dress line rather than the bank-select logic used for the 1 
Meg VRAM based implementation. 

FEATURE SETS 
When deciding upon the appropriate 2 Meg VRAM, 

there are three feature sets to consider. The first set is the one 
currently implemented in the 1 Meg VRAM-based design, 
the second and third sets are those offered by the two 
different categories of 2 Meg VRAMs. The first category, 
consisting of the Micron MT42C8254 and MT42C8255, pro
vides standard features; the second, consisting of the 
MT42C8256 and MT42C8257, offers an extended feature set 
(see Table 1). In general, the standard features satisfy the 
requirements of PC graphics systems such as VGA/GUI 
accelerator designs, and the extended feature set addresses 
the needs of workstation graphics systems and communi
cations systems. 

BANKO U1 U2 

4 4 
4 4 

~4 ~4 ~4 ~4 

BANK 1 

4 

~4 

When switching from 1 Meg VRAMs, designers will need 
to select an extended feature 2 Meg VRAM under any of the 
following conditions: 1) PERSISTENT WRITE functions 
were used at the 1 Meg level, 2) serial input or write 
transfers are required, 3) any of the functions introduced at 
the 2 Meg level will be supported. These additional features 
include the FLASH WRITE cycles, the MASKED WRITE 
TRANSFER cycles and the programmable split SAM. If an 
extended feature set 2 Meg VRAM is selected, the designer 
needs to be. aware of some instruction decode changes 
between 1 Meg and 2 Meg VRAMs. Specifically, the input 
states which select a PERSISTENT MASKED WRITE to 
DRAM at the 1 Meg level are now used to select a MASKED 
FLASH WRITE to DRAM at the 2 Meg level. In order to 
support both features on one device, PERSISTENT WRITE 
functions are now selected automatically upon the loading 
of the mask register (and deselected with special 
CAS BEFORE RAS (CBR) cycles). Similarly, the input states 
that select an ALTERNATE WRITE TRANSFER at the 1 
Meg level are now used to select a SPLIT WRITE TRANS
FER at the 2 Meg level. The ALTERNATE WRITE TRANS
FER is not offered at the 2 Meg level. 

The above guidelines should be used to select the appro
priate category of 2 Meg VRAMs. The next step is to 
determine which of the two devices within each category 
matches the needs of the specific application. 

;'4 ;'4 ~4 

32 

32 

Data 
Bus 

U1-U16: MT42C4256 VRAM (256K x 4 DRAM plus 512 x 4 SAM) 
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REV. 5193 

Figure 3 
A 2 MB MEMORY ARRAY, WITH A 32-BIT INTERFACE, 

IMPLEMENTED WITH 1 MEG VRAMs 
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STANDARD FEATURE SET 2 MEG VRAMs: 
MT42C8254 VS MT42C8255 

Once it is determined that a standard feature set 2 Meg 
VRAM is appropriate, the designer has a choice of either the 
MT42C8254 or the MT42C8255. The difference between the 
two is that the MT42C8254 provides a second WRITE 
ENABLE input in place of the QSF output. The second 
WRITE ENABLE provides NIBBLE WRITE capability. The 
QSF output available on the MT42C8255 indicates which 
half of the SAM is currently active (the half from which 
serial data is being read). The controller can use this infor
mation to initiate SPLIT READ TRANSFERS; however, 
many controllers keep track of this internally and do not 
require the QSF signal from the VRAM. If NIBBLE WRITE 
capability is required, the MT 42C8254 must be used and the 
controller Blust ITlonitor the SAivi address intemaUy. if 
NIBBLE WRITE capability is not required, the MT42C8255 
is the appropriate choice. 

DRAM Data Bus 

S 

BANKO 
U1 U2 

S 
S 

, , 

~8 +8 
BANK 1 

U5 U6 

S 
S 

EXTENDED FEATURE SET 2 MEG VRAMs: MT428256 
VS MT42C8257 

Similarly, once the need for an extended feature 2 Meg 
VRAM is established, the designer may choose either the 
MT42C8256 or the MT42C8257. The difference between 
these is that the MT42C8256 offers EXTENDED DATA
OUT on FAST-PAGE-MODE READ cycles, whereas the 
MT42C8257offersstandardFAST-PAGE-MODEoperation. 
In FAST-PAGE-MODE operation with EXTENDED DATA
OUT, data being read out of the DRAM port is not disabled 
with the rising edge of CAS as it is in standard FAST -P AGE
MODE operation. This provides a psuedo-pipelined effect 
and achieves faster page mode cycle times. However, OE 
instead of CAS must be used to select banks in an inter
leaved configuration. 

S 

U3 U4 

S 

, , 

18 +8 
32 

U7 US 

SAM 
S Data 

S Bus 

32 

U1-US: MT42CS25X VRAM (256K x S DRAM plus 512 x S SAM) 
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Figure 4 
A 2 MB MEMORY ARRAY, WITH A 32-BIT INTERFACE, 

IMPLEMENTED WITH 2 MEG VRAMs 
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PHYSICAL LAYOUT 
There are no 2 Meg VRAM packages that are drop-in 

compatible with 1 Meg VRAM footprints. A board de
signed to accommodate both would have to include two 
sets of footprints, or a new board could be designed specifi
cally for 2 Meg VRAM packages. 

The 4-bit-wide 1 Meg VRAMs are offered in 28-lead ZIP 
or SOJ packages, while 2 Meg VRAMs are supplied in 40-
lead SOJ or 40/ 44-lead TSOP packages. The 28 pins of the 1 
Meg VRAM SOJ do not align with a subset of the 40 pins of 
the 2 Meg SOJ. 

The 8-bit-wide 1 Meg VRAMs are available in 40-lead SOJ 
packages; however, the pin assignments do not align with 
those of the 2 Meg VRAM. 

SUMMARY 
Designers can increase system performance and reliabil

ity, while reducing board size and system costs by moving 
from 1 Meg VRAMs to 2 Meg VRAMs. The effort required to 
make this switch depends on memory configuration, re
quired features, and physical layout. The effort might in
volve controller redesign, board layout redesign, or neither, 
if it was planned for in advance. In most cases, the added 
performance and reduced system costs will outweigh any 
forethought or redesign required. 

Table 1 
FEATURE SETS OF1 MEG AND 2 MEG VRAMs 

Feature 
DRAM OPERATIONS 

CBR REFRESH (RESET ALL OPTIONS) 

CBR REFRESH (RESET STOP ADDRESS) 

CBR REFRESH (NO RESET) 

l1ASONLY REFRESH 

NORMAL DRAM READ OR WRITE 

NON PERSISTENT MASKED WRITE TO DRAM (NEW MASK) 

PERSISTENT MASKED WRITE TO DRAM (OLD MASK) 

BLOCK WRITE TO DRAM 

NON·PERSISTENT MASKED BLOCK WRITE.TO DRAM (NEW MASK) 

PERSISTENT MASKED BLOCK WRITE TO DRAM (OLD MASK) 

MASKED FLASH WRITE TO DRAM (NEW MASK) 

MASKED FLASH WRITE TO DRAM (OLD MASK) 

REGISTER OPERATIONS 

LOAD MASK REGISTER 

LOAD COLOR REGISTER 

TRANSFER OPERATIONS 

READ TRANSFER (DRAM· TO-SAM TRANSFER) 

SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) 

WRITE TRANSFER (SAM-TO-DRAM TRANSFER, NO MASK) 

PSEUDO WRITE TRANSFER 

ALTERNATE WRITE TRANSFER (SAM·TO-DRAM TRANSFER) 

MASKED WRITE TRANSFER (SAM-TO-DRAM TRANSFER, NEWMASK) 

MASKED WRITE TRANSFER (SAM-TO-DRAM TRANSFER, OLD MASK) 

MASKED SPLIT WRITE TRANSFER (SPLIT SAM-TO-DRAM TRANSFER) 
(NEW MASK) 

MASKED SPLIT WRITE TRANSFER (SPLIT SAM-TO-DRAM TRANSFER) 
(OLD MASK) 

PROGRAMMABLE SPLIT SAM 
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DRAM Data Bus 

8 

U1 

8 

U1-U4: MT42C8128 VRAM (128K x 8 DRAM plus 256 x 8 SAM) 

Figure 5 
0.5 MB MEMORY ARRAY BASED ON 

a-BIT-WIDE 1 MEG VRAMs 

DRAM Data Bus 

BANKO 

BANK 1 

Ul-U8: MT42C8128 VRAM (128K x 8 DRAM plus 256 x 8 SAM) 

Figure 6 

32 

SAM 
Data 
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1 MB MEMORY ARRAY BASED ON 1 MEG VRAMs 
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U1-U4: MT42C825X VRAM (256K x 8 DRAM plus 512 x 8 SAM) 

Figure 7 
1 MB MEMORY ARRAY BASED ON 2 MEG VRAMs 

5-23 Micron Semiconductor, Inc., reserves the rrght to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 

z m 
=e -l> 
"'0 
"'0 
r -o 
!t -o 
~ m o 
::I: 
Z 
(=) 
l> r 
z o 
-I m 



z 
m 
:E • l> 
'"tJ 
'"tJ r -o 
~ -o 
~ m o 
::r:: 
z -o 
l> r 
Z o 
-I m 

TN-42-01 
1"I1C:F9g~ UPGRADING VRAMS 

TN-42-01 
REV. 5/93 5-24 



MIC:RON TN-42-02 
1-· , , DESIGNING WITH THE MT42C4256/8128 VRAM 

TECHNICAL 
NOTE 
INTRODUCTION 

Memory bUffers designed with video RAM (VRAM) 
will outperform similar, DRAM-based designs for a vari
ety of applications, from graphics frame buffers to data 
communications and networking. Furthermore, the en
hanced feature sets offered by Micron's 1 Meg VRAM 
can simplify and improve the performance of these de-. 
signs .. This note highlights the ·functional details of the 
Micron Semiconductor MT42C4256/8128 family of 1 Meg 
density .VRAMS. All references to "VRAM" refer to the 
MT42C4256/8128 VRAM ex~ept where noted. The 1 Meg 
Triple-Port DRAMs (MT43C4257/8i 8128/9) also share 
common functionality with the MT42C4256/8128, all 
modes common between these devices are covered by 
this technical note. 

VIDEO RAM BASICS 
A VRAM is created by adding an independent static 

memory to a dynamic RAM (DRAM) core array. To ad-

DATA 

II.~~ 

DATA 

FRAME BUFFER 

2x256Kx4 

VRAM 

MT42C4256 

DESIGNING WITH THE 
MT42C4256/8128 VRAM 

dress the bandwidth limitations of standard DRAMs, the 
static memory is accessed via a separate 4- or 8-bit-wide. 
port. 

The second memory buffer is referred to as a serial 
access memory, or SAM. It is a fully static memory equal 
in size to one row of the DRAM array. It is addressed in 
an incremental manner by an address counter/pointer 
that is incremented l:>Y a· special clock pin, see Figure 2. 
This makes it well suited for high speed sequential data 
streams, as present in raster display graphics subsystems, 
network data buffers and communications. 

To use the SAM as an output port, data must move 
internally from the DRAM array to the SAM I/O. Data 
written into the DRAM array from the DRAM I/O is 
internally moved a row at a time to the SAM by a TRANS
FER cycle. The TRANSFER is facilitated by pass (transfer) 
gates between the DRAM column sense amplifiers and 
the SAM storage cells. ATRANSFER begins as any DRAM 

workstations 
and high-res PC 

'" 
text/graphics 

1024x 768 x'B 

'---"1iI.--...... - '\. 

VGA - compatible / 
systems 

TN-42·Q2 
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GRAPHICS 
CONTROLLER 

Figure 1 
TYPICAL GRAPHICS APPLICATIONS FOR VRAM 
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access would: a row-address is selected by strobing the 
RAS pin. When the row is selected, the contents of all its 
capacitive storage elements are "read" by the column sense 
amplifiers. Once the data from the row is amplified 
("opened"), it is ready to be sent to the output pins or 
overwritten from the input pins of the DRAM. A TRANS
FER begins by opening a row in the same manner, but 
there the similarity ends. During a transfer, the data is 
passed (as an entire row) between the sense amps and 
the SAM static latches residing at the "end" of each col
umn. Micron VRAMs incorporate bidirectional SAMs that 
can be configured to output data, as described above, or 
input data and then "write" it into a DRAM row. 

Once the row is open, the DRAM access cycle selects a 
column-address by strobing CAS. This selects the specific 
colulnn sense amps that w-il1 drive a unique w·ord to the 
outputs. A VRAM TRANSFER cycle does not input or 
output data at the DRAM I/O. Instead, the column-ad
dress is latched into a SAM "Tap" address buffer. The 
Tap address defines the column-address at which SAM 
input or output will begin. 

The type of TRANSFER cycle performed determines 
the direction of the data flow of the SAM. Transfers are 
referenced from the DRAM. A READ TRANSFER means 
that data is read from the DRAM to the SAM and sets the 
SAM I/O as an output. A WRITE TRANSFER writes in
formation from the SAM to the DRAM and sets the SAM 
I/O to the input direction. 

Figure 1 illustrates a basic graphics frame buffer using 
VRAM devices. The DRAM port is accessed and controlled 
by a graphics controller or coprocessor. This port is used 
to update the display pixel data, perform DRAM refresh 
and control TRANSFERS from the DRAM array and the 
SAM. The SAM supplies the pixel data to the raster-video 
display circuitry. This consists of a video digital-to-ana
log converter (DAC) and an SRAM-based look-up table 
(LUT). ~v1ost systems also utilize a high-speed multiplexed 
shift register, or a DAC incorporating one, to increase the 
effective pixel rate without requiring the SAM clock to 
run at the video pixel, or dot clock, rate (80 MHz or more). 
Many video DACs also incorporate the LUT and are re
ferred to as palette DACs or RAMDAC™s. 

..... _--------------_._--------.--_ .. ---_. __ . __ . __ ._-------------------------------------------------.--_._-, 
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In systems with VGA-compatible controllers, the SAM 
data is routed back through the controller. In these cases, 
the video multiplexer is incorporated in the controller. 
This reduces the cost and complexity of the DAC required. 
To get full advantage of the VRAM bandwidth, the VGA 
controller should have separate I/O for the DRAM and 
SAM ports. 

The serial clock for the SAM is derived by dividing the 
pixel clock by the number of pixels accessed per SAM 
clock cycle. It may be generated by the controller or by 
the palette DAC depending on the implementation and 
components chosen. 

ADVANTAGE OF VRAM OVER DRAM 
VRAMs were developed to increase the bandwidth of 

raster graphic display frame buffers. If DRAM is used to 
build the frame buffer, it must allow access by both the 
host/ graphics controller and the CRT refresh circuitry. 
The nature of raster graphics displays requires that a con
stant, uninterrupted flow of pixel data be available to the 
CRT driver circuitry. Because of this, it is the host or 
graphics processor that must be interrupted when a re
quest is made by the CRT driver for a new line of pixel 
data (scan line). DRAM-based frame buffers suffer from 
data contention at the DRAM port that reduces screen 
redraw speed. A 1 Megabyte frame buffer designed with 
70ns, single-port DRAMs would use 90 percent or more 
of the total memory bandwidth to perform screen refresh. 
This leaves 10 percent or less of the bandwidth for draw
ing new pixels to the display. Obviously, this will result 
in a noticeably slower display time when new informa
tion is to be displayed. When designed with 70ns VRAM, 
a similar frame buffer would only utilize two percent of 
the total bandwidth for screen refresh, resulting in screen 
redraw performance improvement of roughly an order of 
magnitude. 

VRAM-based frame buffers are designed to give the 
CRT driver circuitry access to pixel data from the SAM 
port, thus alleviating the DRAM-port contention problem 
as seen with DRAM-based buffers (see Figure 1). This 
results in improved screen redraw performance over 
DRAM-based buffers when changing display information. 
DRAM-port accesses to the VRAM must be interrupted 
for READ TRANSFERs from the DRAM array to the SAM, 
but they occur infrequently since an entire row (page) of 
data is transferred per cycle. DRAM-port access is avail
able to the graphics controller or coprocessor while screen 
refresh data is constantly supplied, independently, by the 
SAM port. 

Other features of the VRAM further enhance graphics 
performance. These "special features" of Micron's 1 Meg 
VRAM include: MASKED WRITE, BLOCK WRITE, and 

TN-42-02 
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SPLIT READ TRANSFER. These features, and the TRANS
FER cycles, are detailed in the following sections, along 
with other features of Micron's 1 Meg VRAM. 

SAM TRANSFERS 
Data TRANSFERs move data between the two VRAM 

memory arrays. These cycles are variations of a normal 
DRAM RAS-CAS cycle. To incorporate TRANSFERs, the 
VRAM's OE pin is made a dual-function pin and called 
Transfer Enable/Output Enable (TR/OE). At the falling 
edge of RAS, TR/OE is sampled; if it is LOW, the cycle will 
be a TRANSFER. Once a TRANSFER is selected, its direc
tion must be defined. This also occurs at the falling edge of 
RAS by the level of the ME/WE pin. When ME/WEis LOW, 
a WRITE TRANSFER is selected; when ME/WE is HIGH, a 
READ TRANSFER is selected. A mode-select pin called 
DSF is used during TRANSFERs to define variants of the 
standard READ and WRITE TRANSFERs. This pin is also 
latched at the falling edge of RAS. The following section~ 
describe the detail of all the TRANSFER variations. 

Note: All VRAM operations are defined at the falling edge of 
RAS, with the exception of BLOCK WRITE. 

CRT REFRESH USING SERIAL OUTPUT 
MODE 

A design using VRAM for a graphics frame buffer uses 
the SAM port, in the output mode, to update the CRT with 
pixel information. When using a VRAM in this manner, the 
pixel data is transferred a page at a time by READ TRANS
FER cycles to the SAM. Then it is sequentially clocked out 
of the SAM to the DAC driving the CRT, see Figure 1. 

There are three kinds of READ TRANSFERs: normal 
READ TRANSFER (RT), which is not synchronized with 
the serial clock (SC); a REAL-TIME RT (RTRT), which is 
synchronized to an SC cycle; and SPLIT RT (SRT), in which 
data is asynchronously transferred while the SAM is active. 

Pixel data is stored as scan lines in the DRAM array. Each 
row of the array may contain all, part or many video scan 
lines depending on the organization and size of the frame 
buffer and display. Different organizations require differ
ent methods of moving data to the SAM in order to optimize 
performance and reduce timing requirements of the trans
fer cycles. 

If the SAM data is loaded only during retrace time of the 
CRT, a normal READ TRANSFER may be performed. This 
will be the case when a VRAM row contains one or more 
complete scan lines, no partial lines. An RT allows the 
VRAM to time the movement of screen data from the 
DRAM array to the SAM internally. The pixel clock will be 
idle during this TRANSFER. In this case the TR/OE pin 
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Figure 3 
REAL-TIME READ TRANSFER EXAMPLE 

may be taken from LOW to HIGH any time during the 
RAS-CAS cycle. The exact timing of the internal transfer is 
not important, except that it be complete before the serial 
clock is restarted. Figures 3 and 4 illustrate this operation as 
the first TRANSFER cycle at state (1); here, TR/OE is taken 
HIGH "early" (before CAS falls). 

Note: To implement an all-purpose VRAM design, TRIOE 
should be taken HIGH before or at the same time 
RAS and CAS go HIGH to terminate the TRANS
FER cycle. 

When screen data must be loaded into the SAM during 
active display time, a REAL-TIME READ TRANSFER may 
be performed. This allows the data output to proceed in an 
uninterrupted fashion required when the VRAM rows 
contain partial scan lines. RTRTs must be synchronized 
with the serial clock so that the active pixel data is not 
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disrupted when the next portion of the scan line is moved 
to the SAM. The TR/OE pin is used to control the exact 
moment of the transfer of data from the DRAM row to the 
SAM. By holding TR/OE LOW until after CAS falls (meet
ing tRTH and tCTH), the transfer is "held off" until the 
LOW-to-HIGH transition. When TR/OE goes HIGH, the 
transfer gates open and let the new row move from the 
sense amps to the SAM, all within a single SC cycle. This is 
shown from state ® to state ® of Figure 3. 

Micron's 1 Meg VRAM introduces a transfer feature that 
greatly reduces the timing demands of REAL-TIME READ 
TRANSFERs while allowing continuous data streams out 
of the SAM port. By splitting the SAM and the transfer 
circuitry into two separately controlled halves, it is possible 
to transfer screen data to one half of the SAM while the other 
half is actively supplying screen data. This cycle is called 
SPLIT READ TRANSFER (SRT), and it eliminates the re
striction of having to synchronize the rising TR/OE edge 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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Figure 4 
SPLIT READ TRANSFER EXAMPLE 

with the serial clock during an RTRT cycle. Figure 4 illus
trates a state sequence for split SAM operation. Before split 
operation can begin, the SAM must be initialized. A normal 
RT is used to ensure the SAM I/O is in the output state and 
that a known Tap address is loaded into the SAM address 
counter/pointer. There is no restriction regarding the ini
tial Tap address location for the Micron VRAM. Once the 
RT is performed, any number of SRTs may follow. Most 1 
Meg VRAMs, including Micron's, will do the SRT auto
matically to the "idle" half of the SAM. The most significant 
column-address bit latched at CAS LOW is a "don't care." 

Note: Repetitive TRANSFERs may be done regardless of 
the occurrence ofa serial clock cycle. A READ TRANS
FER may be immediately followed by a SPLIT READ 
TRANSFER, provided RAS precharge time is met per 
the specification. 

When using SRT, the system is given a window of time 
equal to the time needed to read a SAM-half (about 7.6Jls for 
a 256K x 4, SOns VRAM) to update the idle half and maintain 
an uninterrupted flow of data from the SAM. This is illus
trated from state @ to @ of Figure 4. The SRT is performed 
after the address count of the SAM moves from the "old" 
half (lower half, as shown at state @) to the "new" half 
(upper half). State @ of Figure 4 shows the SRI being 
executed a finite time after the first clock, but before the last 
clock, of the upper half. This delay ensures that the SAM 
counter has entered the new half of the SAM, ensuring that 
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the SRT is invoked to the old half. After address 511, the 
SAM address counter jumps to the lower half, state @, and 
to whatever Tap address was loaded during the SRT per
formed at state @. Now the lower half is the active half 
again, and a SRT to the upper half may be done, lID. 

The Split SAM Status (QSF) output pin is provided to 
indicate which half of the SAM is active. By monitoring the 
QSF pin, it is possible to update data in the SAM without 
having to externally track the SAM address. At the transi
tion of the SAM boundary, QSF will change state (LOW for 
lower half, HIGH for upper). When this occurs, the control
ler performs an SRI to the idle half and the new screen data 
will be available when the next portion of the scan line is 
required. Using SRT will simplify the graphics controller 
design by reducing the control logic and critical timing 
associated with REAL-TIME READ TRANSFER. 

USING THE SAM FOR SERIAL INPUT 
An increasing number of VRAM applications require the 

serial port to be used as an input port. These include video 
capture, network data buffers and data communications 
(satellite, telecom, etc.). In these applications, the SAM is 
used to input data to be moved to the DRAM with a WRITE 
TRANSFER (WT) operation. All of these applications deal 
with sequential data, as is the case with computer graphics 
data. However, these applications put as much emphasis 
on serial input streams as graphics does on output streams. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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Figure 5 
WRITE TRANSFER EXAMPLE 

WRITE TRANSFERs are selected in a similar manner to 
READ TRANSFERs. To perform a WT, the ME/WE pin 
must be LOW at the falling edge of RAS during the TRANS
FER cycle (indicated by TR/OE = LOW at RAS), see Figure 
5. Before data can be input, the SAM I/O port must be 
conditioned as an input port. The initial PSEUDO WRITE 
TRANSFER conditions the SAM I/O port as an input 
without actually writing data to the DRAM, this is shown 
in Figure 5 at state @. 

It is possible to preload a row from the DRAM array into 
the SAM before the PWT (see Figure 5, state (0). This will 
allow new serial input data to be written over a portion of 
an existing row in the DRAM array. To perform this opera
tion, an RT is invoked before the PWT, followed by the 
normal serial input sequence. 

After the PSEUDO WRITE TRANSFER has completed, 
the serial-input data is loaded. This starts at state @ and 
progresses until @. At this time, all the serial data has been 
loaded and the WRITE TRANSFER is done; the serial clock 
must be idle. The Tap loaded at the falling edge of CAS 
defines the location where the next string of serial data 
begins loading, ®. An RT and PWT may be inserted be
tween the WT at @ and the new serial-input at state ®. 

Note: 

TN-42-02 
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The serial clock, Sc, must be idle during WRITE 
TRANSFERs. If it is not, the Tap address will be 
corrupted. 

5-30 

WRITE TRANSFERs may also be used to replicate rows 
within the DRAM. In this operation, a READ TRANSFER is 
done from the source row to the SAM. Then, without 
clocking the SAM, a WRITE TRANSFER is done to any 
row(s) of the DRAM. Once "full," the SAM may be trans
ferred to any row or multiple rows by performing single or 
multiple WTs. This is useful in accelerating full screen 
clears. BLOCK WRITE may be used to "color" the source 
row, further enhancing the performance of this operation. 

When selecting a WRITE TRANSFER, the Micron 1 Meg 
VRAM uses the DSF pin to invoke the ALTERNATE WRITE 
TRANSFER (AWT) cycle. AWT is a variation of the stan
dard WT, differing in that the SE pin, which selects between 
WT and PWT, is a "don't care" when RAS falls. This will 
change the SAM I/O direction to input, and transfer the 
contents of the SAM to the addressed row of the DRAM 
array. The advantage of this cycle is that the SAM I/O 
control pins (e.g. SC and SE) are not used to invoke the 
write transfer, separating the SAM control logic and the 
WT controllogic. 

Any of the three WRITE TRANSFER cycles will set the 
SAM I/O to the input direction so it is not necessary to do 
a PWT between successive WTs or AWTs. Once the port is 
set as an input, it will stay in that state until an RT is 
performed. The PWT cycle is only provided to give design
ers a way to change the I/O direction without corrupting 
the DRAM array data when initialing the SAM. 

Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
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Some 1 Meg VRAM manufacturers use the DSF to select 
SPLIT WRITE TRANSFER in lieu of A WT Micron provides 
SPLIT WRITE TRANSFERS on the MT42C8256/7, 2 Meg 
VRAM. For a description ofthe 2 Meg VRAM features, refer 
to Technical Note TN-42-01. 

SAM TIMING CONSIDERATIONS 
SAM timing is straightforward. Data is output from, or 

input to, the SAM port under the control of the serial clock 
(SC) and serial enable (SE) pins, The serial clock performs 
two operations per cycle. First, on the rising edge, it outputs 
serial data when reading from the SAM, or it latches the 
serial input data when writing to the SAM, Second, shortly 
after the rising edge, SC increments the serial address 
counter / pointer, which holds the Tap address of the SAM. 
The address counter will increment regardless of the state 
of SE, which is purely a data enable/disable pin. 

When the SAM is conditioned as an output, the data is 
accessed by the rising edge of the SC pin. The incremental 
data will appear on the SDQ pins an access time after the 
rising edge. The SE pin may be used to disable the output, 
allowing the serial ports of multiple VRAM banks to be tied 
to a common data bus. QSF is always active on the Micron 
1 Meg VRAM and will indicate when the address crosses 
the SAM-half boundaries (e.g. 255 and 511 for the 42C4256, 
or 127 and 255 for the 42C8128) during all SAM READ and 
WRITE operations. Some 1 Meg VRAMs only drive an 
active QSF during split SAM operation. When the device is 
in "full" SAM operation, QSF will be High-Z. 

When data is written into the SAM, it must be stable for 
the setup and hold window specified by the data sheets to 
ensure it is latched accurately by the rising edge of the SC 
pin. The SE pin may be used to disable a WRITE to the SAM 
for any given clock cycle. When SE is disabled (HIGH) the 
WRITE will be inhibited but the SAM address count will 
increment. As the SAM is written, the QSF pin may be used 
as a full or half-full flag similar to those used for first-in
first-out memory devices. 

Note: The Micron 1 Meg VRAM does not use the falling 
edge of the SC pulse for any internal operations. This 
allows the clock to be idled in either state without 
affecting the address pointer location. This is not true 
of all VRAM manufacturers. To ensure compatibility, 
the SC should be idled in the LOW state. 

The SE pin provides a faster access time than SC and may 
be used to bank select. When SE goes HIGH, the SAM 
output drivers are designed to turn off as fast as, or two or 
three nanoseconds faster than, they turn on. This helps to 
reduce bus contention when switching banks of VRAM 
with SE. The actual delta between turn-off and turn-on will 
vary lot by lot, but any lot variation will be of minor impact. 
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Bus contention will be insignificant, if it exists all, even 
when using opposite polarities of a single serial enable to 
select between two banks ofVRAM. However, systems that 
require a guaranteed skew between turn-on and turn-off 
will require additional logic to ensure that every vendor 
and device will not cause contention. In this case, an asyn
chronous state machine may be used to skew the rising and 
falling edges of SE to guarantee the desired separation. A 
skew of 5ns should yield adequate guardband between 
turn-off and turn-on time. 

HARDWARE PIXEL MASKING 
The 1 Meg VRAM supports hardware-level pixel or 

pixel-bit masking with the MASKED WRITE cycle. This 
feature can ease system design or improve performance by 
allowing overlay /underlay planes to be written and opera
tions such as window clipping to be done with single 
WRITE, or continuous PAGE MODE WRITE cycles. 

Standard DRAMs require a READ-MODIFIED-WRITE 
(RMW) cycle to perform a "write-per-bit" operation. Dur
ing a RMW, data is read from a location in memory, changed 
by the processor and written back to the same memory 
location within the same CAS cycle. 

MASKED WRITE allows individual DQ bits to be selec
tively overwritten during a WRITE to the DRAM port. This 
is done bypreloading a write-mask bitfor each correspond
ing DQ bit plane. A mask data register (4 or 8 bits for x4 or 
x8, respectively) inside the VRAM stores the DQ mask data. 
A logic 1 in the mask register will enable that bit's corre
sponding DQ bit (plane) when the data is written to the 
DRAM after CAS goes LOW. A logic 0 will mask data for 
that DQ plane when the DRAM WRITE is performed. See 
Figure 2. During non-PAGE MODE operation, MASKED 
WRITE is approximately 25 to 30 percent faster than an 
RMW; when operating in FAST-PAGE-MODE, it is at least 
50 percent faster. 

Two types of MASKED WRITE cycles are supported by 
the 1 Meg VRAM; nonpersistent and persistent. When 
nonpersistent MASKED WRITE is selected, mask data must 
be presented on the DQ pins for every new RAS cycle. When 
RAS falls, the data present on the DQ pins is loaded into the 
mask register. When the WRITE occurs at the falling edge 
of CAS or WE, the mask is applied to the incoming write 
data. After RAS goes HIGH, terminating the WRITE cycle, 
the mask register data is lost and must be reloaded for any 
subsequent RAS cycles. 

Some graphics processors and controllers are not able to 
provide mask data at the falling edgeofRAS. To allow these 
controllers to perform hardware pixel plane protect di
rectly in the VRAM, a persistent MASKED WRITE (read/ 
write old mask; RWOM) cycle is provided. When using this 
cycle, the mask data must be loaded before the WRITE cycle 
is done. However, once loaded, the mask register will not be 
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MEIWE I MASKED I EARLY WRITE 

PERSIST BLOCK WRITE 

OSF I NON-PERSIST I NORM~L WRITE I 
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Figure 6 
SPECIAL FUNCTION MODE SELECTION 

erased at the end of the WRITE cycle. A LOAD 
MASK REGISTER cycle is performed to permanently load 
the mask register. During this cycle, data present on the DQ 
pins will be written to the mask register. instead. of the 
DRAM. This mask data will stay in the regIster until over
written or until power is lost. The register is fully static and 
requires no refresh. When the RWOM cycle is performed, 
the mask is supplied by the mask register. The DQ inputs 
are "don't care" when RAS falls. 

The control levels for the special-function DRAM access 
modes are shown, in a simplified form, in Figure6. MASKED 
WRITE and BLOCK WRITE select options are shown. A 
write mask may be applied to a BLOCK WRITE in the same 
manner as it is to a normal WRITE. See the MT42C4256 and 
MT42C8128 data sheets for detailed timing of these cycles. 

There is some functional variation between VRAM sup
pliers regarding these cycles. Some 1 Meg VRAM manufac
turers support FLASH WRITE cycles in lieu of persistent 
MASKED WRITE. The Micron MT42C8256/7, 2 Meg 
VRAM includes the FLASH WRITE function, see the data 
sheet and TN-42-01 for more detail. 
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ACCELERATING WINDOW AND POLY
GON FILLS WITH BLOCK WRITE 

As the operating systems of workstations and PC~ ~ove 
toward graphical, windowed environments, th~ abIlIty to 
quickly "fill" a window with color or text will ~~come 
more important to display performance. In ad~ItIon. to 
windowed environments, demands for real-time Imagmg 
require improvement of the solid-color fill rate of drawn 
polygons. To satisfy these requirements, BLOCK WRITE 
has been added to the VRAM. This feature provides a four
times improvement of pixel drawing speed to the DRAM 
port of the VRAM. However, there is a penalty fo: this 
speed improvement; the pixel data is restrIcted to a smgle, 
preloaded "color" for each cycle. BLOCK WRITE can be 
used to quickly fill simple background patterns on the 
screen when the VRAM frame buffer contains more than 
one pixel per pixel-word. 

The color data used during a BW is stored in the color 
register of the VRAM by the LOAD COLOR REGISTER 
cycle. This cycle must precede any BLOCK WRITE cycle 

Micron Semiconductor, Inc., reserves the right to change products or specifications. without notice. 
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(AO,A1 "" Dont' Care) 

II '" Masked location 

Figure 7 
Block Write 

because the write data is supplied by the register instead of 
the DQpins. 

BLOCK WRITE alters the column addressing of the 
DRAM array. When a BW is performed, the least signifi
cant two column-address bits (AD, AI) are ignored. This 
addressing selects the four-column "block" that will be 
written to the value stored in the color register. Each bit 
of the color register corresponds to its associated bit plane 
and is simultaneously written to all four column loca
tions during the BW, see Figure 7. 

BLOCK WRITE is selected by the DSF pin at the falling 
edge of CAS and is the only VRAM special function that is 
not selected at the falling edge ofRAS. ltis important to note 
that all manufacturers of the 1 Meg VRAM do not perform 
BW the same way. Some manufacturers (including Micron) 
perform the BW only at the falling edge of CAS and allow 
WE to be a "don't care." The BW control and column mask 
(DQ pins) are latched only at the falling edge of CAS. Some 
manufacturers allow BW to be either CAS or WE controlled 
(late BLOCK WRITE). For a robust design, it is recom
mended that all BWs be done as "early" BW (WE LOW 
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prior to CAS LOW). A design done in this manner will 
accept both BW methods. 

There is no need to input data at CAS time because the 
pixel data is already stored in the color register. There
fore, a column mask may be applied on the DQ pins 
when CAS falls. Data present on these pins act as sepa
rate write enables to each column location within the 
block, see Figure 7. The least significant DQ corresponds 
to the least significant column location, the second least 
significant to the second least column, and so on. This 
allows column by column addressibility of the window 
or polygon to be filled during the BW. For example, if the 
left side of the window starts at the second column loca
tion of the "block", the first column may be masked off 
and columns 2, 3 and 4 of the block will be written with 
the new color. 

Note: When using the Micron VRAM in "minimum"func
tion applications (no MASKED WRITE, BLOCK 
WRITE or SPLIT READ TRANSFER), ensure that 
the DSF pin is grounded or held a logic 0 level. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notk:e. 
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CONCLUSION 
VRAM function sets and system implementations are 

very diverse. Your function set and system design may 
differ from what was presented here. These were typical 
implementation examples and are not exhaustive. The in
tent is to show the bandwidth advantages of the VRAM 
over DRAM and how to use them in a memory design. The 
VRAM bandwidth advantage exists when dealing with 
sequential data streams in particular, and longer streams in 
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generaL The special features, such as MASKED WRITE and 
BLOCK WRITE further advance the performance ofVRAM 
in graphics systems. Features such as SPLIT READ TRANS
FER simplify high-bandwidth continuous sequential data 
streams such as those seen in communications and high
bandwidth networks. 

If your design question was not answered here, feel free 
to call Micron Application Engineering at 208-368-3905. 
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TECHNICAL 
NOTE 
INTRODUCTION 

As described in TN-42-02 "Designing with the 
MT42C4256/8128 VRAM," READ TRANSFER functions 
on VRAMs are used to perform internal transfers of data 
from the DRAM array to the Serial-Access-Memory (SAM) 
portion of the VRAM. In graphics systems, the DRAM array 
is used to store the data representing pixels to be displayed 
on the screen. This pixel data is manipulated via the DRAM 
I/O port, and system performance is optimized by maxi
mizing the bandwidth of the DRAM port that is available 
for this manipulation. Toward that end, VRAMs include a 
SAM to handle the task of providing the stream of pixels to 
the display circuitry. The SAM acts as a buffer between the 
display memory (DRAM array) and the monitor (see Figure 
1). 

Display data is transferred, a portionata time, to the SAM 
buffer. From there it is clocked out to the display circuitry 
which drives the monitor. To maintain a continuous flow of 
data to the monitor, the subsequent portion of data must be 
transferred to the SAM before the buffer becomes" empty." 

This note describes the various forms of read-transfer 
functions and how each is used to feed data to the SAM 
buffer in different situations. 

READ TRANSFERS 
The vast majority of VRAMs available on the market, 

including all Micron VRAMs, provide a SAM buffer that is 
equal in size to one row of the DRAM array for that 
particular VRAM. For example, 2 Meg VRAMs include a 
DRAM array consisting of 512 rows; each row contains 512 
columns of 8-bit-wide locations. Accordingly, the SAM 
consists of 512 8-bit locations. In "regular" READ 
TRANSFERs (the most fundamental form) one complete 

DISPLAY 

1--7 MEMORY 
(DRAM ARRAY) 

REGULAR, REAL-TIME AND 
SPLIT READ TRANSFERS 

row of data from the DRAM array is copied to the SAM, 
thereby overwriting the entire contents of the SAM. READ 
TRANSFERs are used when each row in the DRAM array 
(and hence, the SAM) contains the pixel data for an integral 
number of scan lines on the monitor. In this case, the buffer 
will become empty at the end of a scan line and can be re
loaded during the horizontal blanking time of the monitor. 
The READ TRANSFER cycle can easily be completed within 
the blanking time; and therefore the specific timing is not 
critical. 

REAL-TIME READ TRANSFERS 
In configurations where part of a scan line is stored in one 

row of the DRAM array and the remainder is stored in 
another row, the SAM buffer will become "empty" in the 
middle of a scan line, and a midline transfer will be required 
to reload the SAM. Since a read transfer overwrites the 
entire SAM, this transfer cannot take place until after the 
data from the last location has been clocked out (read). 
However, the transfer must also be completed prior to the 
next serial clock edge. (The serial clock cannot be delayed or 
disabled while in the middle of a scan-line, or artifacts will 
appear on the screen.) In other words, the actual transfer of 
data must take place within one serial clock cycle (the cycle 
between the positive edge for the last piece of "old" data 
and the positive edge for the first piece of "new" data). Since 
a transfer cycle typically spans several serial clock cycles, it 
is necessary to know where within the transfer cycle the 
data is actually transferred, and to make sure that that 
portion oithe transfer cycle falls within the window de
fined between the two specific clock edges. The REAL
TIME READ TRANSFER is specified for this purpose. 

BUFFER f---------7 MONITOR 
(SAM) 

Figure 1 
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SAM BUFFER BETWEEN DISPLAY MEMORY AND MONITOR 
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(a) 

1--+---
I 
I 

READ TRANSFERS: I I 
~j ~ 

-: -~+-------'l~ ~ ,~ 
I I -I l-trSD 

SAMDATA ~ VALID 

I I 
I I 

REAL-TIME j 
READ TRANSFERS: tRTH 

TRiOE __ -:-_______ ~ ,------

DRAMDATA ~ VALID 

OUT 1-
J}-trSD 

SAM DATA ____________ ~ VALID 

(b) 
~ INVALID 

Figure 2 
(a) CONTROLLING TRANSFERS BETWEEN DRAM AND SAM 

(b) RELATED TIMING 

Returning for a momentto "regular" READ TRANSFERs, 
TR/ DE goes HIGH" early" in the transfer cycle (sometime 
after ITLH is met, but before tRTH is met). When TR/OE 
goes HIGH early in the cycle, the transfer gates between the 
DRAM and the SAM open before valid data has propagated 
completely through the DRAM circuitry (see Figure 2). So, 
new data reaches the SAM following the propagation de
lays through the DRAM circuitry and the transfer gates 
(tRSD, tCSD and tTSD). The exact time at which new data 
arrives at the SAM is not specified (when TR/OE goes 
HIGH before tRTH is met, the resulting transfer is some
times referred to as "self-timed"). However, the maximum 
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time is specified and is therefore the minimum time that 
should be met before supplying a positive edge on the serial 
clock input. 

In contrast, in a REAL-TIME READ TRANSFER cycle 
TR/OE goes HIGH "late" (after IRTH has been met). This 
way, the DRAM data is guaranteed to be at the transfer 
gates when they are opened and the only propagation delay 
is through the transfer gates (ITSD), which thereby provide 
a shorter period of invalid SAM data. However, it is still a 
formidable task to fit this window within the desired clock 
cycle, and for this reason, SPLIT READ TRANSFERs were 
created. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without nolice 
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DISPLAY 
MEMORY 

(DRAM ARRAY) 

(SAM) 

MONITOR 

Figure 3 
SPLIT BUFFER ARCHITECTURE FOR SPLIT READ TRANSFERS 

BUFFER 1 BUFFER 2 

, , , 
TRANSFER 1 :( ):( ): , FULL SCAN LINE 1 1ST HALF , , , 

SCANUNE2 
, , , , , 

~ 
, 

l-T , , 
WINDOW FOR 
TRANSFER 2 

, , , , , , 
TRANSFER 2 :( ):~: 

2ND HALF I 1ST QUARTER 
SCAN LINE 2 I SCANLlNE3 

Figure 4 
RELAXED TIMING CONSTRAINTS FOR SPLIT READ TRANSFERS 

SPLIT READ TRANSFERS 
When using SPLIT READ TRANSFERs, the SAM is effec

tively split into two buffers, each being half the length of the 
complete SAM. This provides double-buffered transfers 
between the DRAM and the SAM,witheachbufferalternately 
functioning as the input buffer and the output buffer ( data can 
be transferred into one buffer without corrupting the data 
being read out of the other buffer; see Figure 3). 

This architecture calls for twice the number of transfer 
cycles, but provides less restrictive timing relative to REAL
TIME READ TRANSFERs. As an example of a case where 
midline transfers are required, consider a system configu
ration where one row in the DRAM array contains 1.5 scan 
lines of the display. A VRAM is always initialized for SPLIT 
READ TRANSFERs by executing a regular READ TRANS-

TN42-03 
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FER cycle first (see Transfer 1 in Figure 4). Here an entire 
row of the DRAM is transferred to the entire SAM. If the 
system continued using full READ TRANSFERS, a REAL
TIME READ TRANSFER would be required halfway 
through the second scan line of the display. However, with 
SPLIT READ TRANSFERS, the data for the remainder of 
the second scan line can be loaded in advance in buffer 1, 
thereby eliminating the seam that would otherwise exist. 
Specifically, one half of the next row in DRAM can be 
transferred to the SAM (Transfer 2 in Figure 4) any time 
after the SAM address counter passes from buffer 1 to buffer 
2. This window is clearly much larger than the window for 
REAL-TIME READ TRANSFERs. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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Then, after the SAM address counter wraps from the end 
of buffer 2 to the beginning of buffer 1, another half-row of 
data from the DRAM can be transferred to buffer 2. This 
process is continued for seamless operation of the SAM, 

SUMMARY 
Several types of read transfer cycles are available to 

transfer data from the DRAM array to the SAM portion of 
VRAMs. Each is suited to certain situations. 

display scan lines (or to initialize a VRAM prior to using 
SPLIT READ TRANSFERs). REAL-TIME READ 
TRANSFERs are used when midline transfers are needed 
(i.e. when a DRAM row contains a nonintegral number of 
scan lines). SPLIT READ TRANSFERs are also used when 
midline transfers are needed. The use of SPLIT READ 
TRANSFERs increases the number of transfer cycles ex
ecuted, but avoids the tight timing requirements of REAL
TIME READ TRANSFERs. 

Regular READ TRANSFERs are used when each row in 
Z the DRAM array contains data for an integral number of 
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TECHNICAL 
NOTE 
INTRODUCTION 

The extended data-out (EDO) functionality introduced 
on2 Meg VRAMs provides faster PAGE-MODE cycle times 
by allowing data to remain or appear on the outputs beyond 
the deactivation of the related CAS signal (please refer to 
Technical Note TN-04-21, Reduce DRAM Cycle Times with 
Extended Data-Out). The tradeoff for this improved perfor
mance is that CAS alone can no longer be used to disable the 
data outputs. In situations where this behavior is required, 
such as bank-interleaved systems, the OE signal must be 
used to disable the data outputs. 

BANK INTERLEAVING WITH 
EXTENDED DATA-OUT VRAMs 

BANK INTERLEA VED SYSTEMS 
In bank-interleaved systems, the data outputs of non

selected banks must be disabled while data is being read 
from the selected bank. When using non-EDO parts, this 
can be achieved by deactivating the cAs signals of the non
selected banks. However EDO parts require that OE signals 
be used. For example, an interleaved design using two 
banks of MT 42C8256 2 Meg VRAMs requires an OE signal 
for each bank. This configuration and related general tim
ing are shown in Figure 1. 

BANK 1 CAS1 ~ 
TRtoo L __ --, __ ------' 

lJ 

TN42-04 
REV. 5/93 

DATA BUS 

it 
CAS2 --1 

BANK 2 
TRl0E2 ---1L ______ ----' 

(a) 

- A ~ -

- ~ 

f----

OPEN 1A 2A 1B~ 

I I I 

(b) ~ UNDEFINED 

figure 1 
(a) TWO BANKS, WITH SEPARATE OEs (b) RELATED GENERAL READ TIMING 
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DATA BUS 

(a) 

A B / -

- A / B 
~ 

(j) @ 

~ ~ n-® 

OPEN lA 2A lB~ 

I I I 

(b) ~ UNDEFINED 

Figure 2 
(a) TWO BANKS, WITH A COMMON OE 
(b) RELATED GENERAL READ TIMING 

For some designs, providing an OE signal for each bank 
may be considered undesired overhead. For this reason, the 
Eoo operation of the Micron MT42C256Kl6Al 4 Meg 
VRAM was modified to allow bank interleaving with a 
single OE line common to all banks. System timing for 
common OE operation is shown in Figure 2. Note that edge 
® ofOE causes the devices in bank 2 to drive the bus, but the 
outputs of the devices in bank 1 remain disabled. This 
reflects the modified Eoo functionality provided by the 
MT42C256Kl6Al; this operation is shown in more detail in 

TN-42-04 
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Figure 3. Initial EDO devices cannot be used as shown in 
~e 2 because both banks would drive data as a result of 
OE edge ®. The data from bank 1 that was disabled at edge 
tID would simply be re-enabled at edge ®. 

The "latched output-disable" functionality of modified 
Eoo parts, such as the MT42C256Kl6Al, takes into ac
count that CASl is HIGH when OE goes HIGH at edge tID. 
When this occurs, the data outputs of bank 1 are disabled, 
and will remain disabled until CASl goes LOW again. 

Micron Semiconductor, Inc., reserves the right to change products or specifICations without notice. 
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RAS VIL-'-l r 
CAS 

VIH-
VIL- / 

ADDR 

I~ 

ORIGINAL OPERATION: 

VALID DATA (A) '-'-'-'"'-------, DQ ~:gt=----7----0PEN ----4~~OE~~V~AL~IID~DHA~TA~t:~~f 
---+-__ I-~I - ~ 

TRIOE ~:t= ~ ~-----t-----------

MODIFIED OPERATION: 

I 
DO ~:gt-:------OPEN ---~~~V~AL~ID~DA~TA~(A~)f_------~~~=~VA~LI~DD~AT~A~(B)=:::J 
__ I_tOE II~I 

TRlOe ~:t- ~ 1\~. _______________ _ 
~ DON'T CARE 

~ UNDEFINED 

Figure 3 
FAST-PAGE-MODE EDO READ CYCLE SHOWING ORIGINAL AND 

MODIFIED OPERATION 

SUMMARY 
When interleaving banks of EDO VRAMs, it is necessary 

to use OE signals to select the appropriate bank to drive the 
bus, and to deselect the other banks. The original parts that 
include EDO functionality require a separate OE signal for 
each bank. The MT42C256K16Al 4 Meg VRAM provides 

-N-42-04 
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modified EDO operation which allows for the use of a 
common OE signal for all banks. The MT42C256K16Al 
functions identically to previous Eoo devices in all other 
cases. 

Micron Semiconductor, Inc., reserves the nghl to change products or specifications without notice 
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TECHNICAL 
NOTE 
INTRODUCTION 

The BLOCK WRITE feature on VRAMs allows for a 
single value to be written to several locations in the DRAM 
array in one WRITE cycle. Prior to the introduction of 4 Meg 
VRAMs, the BLOCK WRITE feature had been defined to 
apply to four column locations. This definition has been 
expanded to eight column locations for 4 Meg VRAMs; this 
expansion doubles the achievable bandwidth of BLOCK 
WRITEs. 

This note discusses four- and eight-column BLOCK 
WRITEs in the context of graphics systems, where the data 
stored in memory represents pixels to be displayed on a 
screen. 

x 

FOUR-COLUMN VS EIGHT
COLUMN BLOCK WRITE 

BLOCK WRITE OPERATION 
A BLOCK WRITE cycle affects a block of memory cells in 

the DRAM array. This is shown in Figures 1 and 2 for a four
bit-wide VRAM (four memory planes or DQ pins) with 
four-column BLOCK WRITE capability. The data to be 
written to the cells is stored, in advance, in an internal data 
register known as the COLOR REGISTER. The row-address 
n is provided on the address inputs at RAS time, and the 
column-address rn, at CAS time. The two least significant 
column-address bits are ignored, and the four columns 
corresponding to the four possible combinations of those 
bits are all selected. 

x 
MEMORY PLANE 1 (DQ1) ---71 

.-~--~----~---, 
MEMORVPLANE2(DQ2) ---7) ___ _ _ _ ________ _ 

-=::": ~I •••••••••••••••• = ••••• c~~ ... './:::'// 

N-42-05 
lEV. 5/93 

C~L i C~L i 
m m+2 

COL COL 
m+1 m+3 

lSOLATED VIEW OF ROW n 

DRAM ARRAY 

Figure 1 
MEMORY CELLS AFFECTED BY BLOCK WRITE IN 4-BIT-WIDE, 

FOUR-COLUMN BLOCK WRITE VRAMs 
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The two-dimensional (x-z) representation of the 16 af
fected cells shown in Figure 2 illustrates the masking capa
bilities within a BLOCK WRITE cycle. The write-per-bit 
(WPB) mask is used to prevent the BLOCK WRITE cycle 
from affecting the cells associated with a particular DQ line 
(or lines). The WPB mask is either stored in advance in an 
internal mask register, or it is presented at RAS time on the 
DQ lines. The column mask, which is presented on the DQ 
lines at CAS time, is used to mask the cells in a particular 
column (or columns). 

) 

a: 
a:W ) 01- WPB ..J UJ 
0- MASK offi ) 

a: 
) 

~ 

FOUR-COLUMN BLOCK WRITES 

FOUR-BIT-WIDE VRAMs 
As mentioned, when a four column BLOCK WRITE is 

performed in VRAMs with four-bit-wide data paths (such 
as the MT42C42561 Meg VRAM), the four-bit column mask 
is presented on the DQ pins at CAS time. If a 32-bit-wide 
array is constructed with four-bit-wide VRAMs, the total 
number of memory cells affected by a BLOCK WRITE cycle 

x 

(4 COLUMNS) 

/'-

COLUMN 
MASK 

z 

/~ 

(4 MEMORY 
PLANES) 

Figure 2 
SIMPLIFIED BLOCK WRITE OPERATION SHOWING THE 16 AFFECTED DRAM CELLS 
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is 128 (32 memory planes multiplied by 4 columns). Thisis 
shown in Figure 3. 

Assuming four-bit pixels in a packed-pixel implementa
tion, each column in Figure 3 contains 8 pixels. These 4-bit 
pixels are shown numbered (1c32) in Figure 4(a). In this 32-
bit-wide implementation, a column mask is presented on 
each nibble of the bus (see Figure 4[b]). This allows for 

{ DEVICE 1 
MEMORY PLANES 1 - 4 

(DQ1 - 4) 

{ DEVICE 2 
MEMORY PLANES 5 - 8 

(DQ5 - 8) 

{ DEVICE 3 
MEMORY PLANES 9 -12 

(DQ9 -12) 

{ DEVICE 4 
MEMORY PLANES 13 -16 

(DQ13 -16) 

{ DEVICE 5 
MEMORY PLANES 17 - 20 

(DQ17- 20) 

{ DEVICE 6 
MEMORY PLANES 21 - 24 

(DQ21 - 24) 

{ DEVICE 7 
MEMORY PLANES 25 - 28 

(DQ25 - 28) 

{ DEVICE 8 
MEMORY PLANES 29 - 32 

(OQ29 - 32) 

single pixel granularity during area fills or color expansion 
operations when using four-bit pixels. 

Consider an area fill operation, where a rectangle on the 
screen is to be filled with a single color. Assume that the left 
boundary of the rectangle falls on pixel 2 (i.e. pixel 1 should 
remain unaltered, pixels 2 through 32 should be "colored"). 
This would be accomplished by performing a BLOCK 

x 

(4 COLUMNS) 

, , , 
~ ..... t .... --}- ...... +_ .... 

' , ........ -- -.................... 
, , , 

...... T"" --,.. -_ .. T""" , , , 
, , , 

...... + ........ t ...... t·- .... , , , 

...... +- .. --1- ...... + .. .:; .. , , , 
'L .... ~_ .. __ ~ __ .. ~ ...... 

, , , 
, , , 

...... i- .. --r"" -i ...... 
' , , ---+----j.---+---
I I, I , , , ...... r- ---r"" -r""" 
, , , ...... t- ... --: -~ -t ...... 

---+--- ...... ---+---
I I' I , , , 

...... T- ---,.. -- -T""" , , , 
z (32 MEMORY , , , PLANES) ...... +_ .. --I- -_ .. +- .... , , , _ ....... -_ .... -- ... ---, , , , , , 

...... T-" --,.. -_ .. T""" , , 
, , , ...... t- .. --: -- -t ...... 

---.--_.:. ... ---.-_ .. , , , , , , ---T----,..---T---
I 'I I 

, , , 
...... +- "'--r"" -+ ...... , , , 
--'- +- -- -1-"" -+ .. -_ , , , , , ---T----,..---T---, , , 

, , , 
~ .... +- -'--;.""" t::. .... , , , 
...... +- ':'_-1-"" -+ - --, , , , , , 
- - - T- ---I'" - - -T - --, , , 

Figure 3 
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DRAM CELLS AFFECTED BY A BLOCK WRITE CYCLE IN A 32-BIT -WIDE ARRAY 
CONS.ISTING OF EIGHT MT42C4256 VRAMS 
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WRITE with column mask 1 = 0111 and column masks 2 
throughS all = 1111 (i.e at CAS time, DQl = 0, DQ2-32 = 1). 

Assume that the above BLOCK WRlTE cycle was re
peated for the number of rows in the rectangle, and then 
BLOCK WRlTEs were performed on additional columns as 
needed until the rectangle was completely "colored." Fur
ther, assume that this rectangle was to act as a background 
for text or other objects that consist of a foreground color. 
The text or other objects are represented by a monochrome 

bit map, and require color expansion. Returning to the 32 
pixels represented in Figure 4, the corresponding section of 
the monochrome bit map contains a 1 for each of the 32 
pixels that is to appear in the foreground color and a 0 for 
each of the pixels that is to remain as the background color. 
To "color" the foreground pixels, a BLOCK WRlTE is 
performed with the foreground color value present in the 
color register, and with the monochrome bit-map pre
sented as the column mask. 

(4 COLUMNS) 

2 10 18 
COL MASK 1 

3 11 19 
COL MASK 2 

4 12 20 
COL MASK 3 

5 13 21 
COL MASK 4 

6 14 22 
COL MASK 5 

7 15 23 
COL MASK 6 

8 16 24 
COL MASK 7 

COL MASK 8 

(a) 

26 

27 

28 

29 

30 

31 

32 

(32 MEMORY 
PLANES) 

I COL MASK 1 I COL MASK 2 I COL MASK 3 I COL MASK 4 I COL MASK 5 I COL MASK 6 I COL MASK 7 I COL MASK 8 

f---1 1---1 1---1 1---1 1---1 1---1 1---1 1---1 
OQ1-4 OQ5-8 OQ9-12 OQ13-16 OQ17-20 OQ21-24 OQ25-28 OQ29-32 

(b) 

FIGURE 4 
(a) 4-BIT PIXELS (1-32) STORED IN THE DRAM CELLS SHOWN IN FIGURE 3 AND THE 

RELATED COLUMN MASKS (b) ASSIGNMENT OF DQ PINS TO COLUMN MASKS 
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EIGHT-BIT-WIDE VRAMs 
When four-column BLOCK WRITEs are performed in 8-

bit-wide VRAMs, such as the MT42C8128 1 Meg or the 
MT42C8254/5/6/72 Meg VRAMs, the 4-bit column mask 
is presented on the lower nibble of the DQ pins (DQ1-DQ4). 
This 4-bit mask is then internally provided to both nibbles 
within the VRAM. Again, looking at a 32-bit array, a column 
mask is presented on every other nibble on the bus (see 
Figure 5). The result is that single-pixel resolution can be 
achieved on 8-,16-,24- or 32-bit pixels, but not for four-bit 
pixels. 

(4COWMNS) 

In order to achieve the same single-pixel granularity as 
described previously for four-bit-wide VRAMs, it is neces
sary to make two passes with the BLOCK WRITE cycles, 
while using the WPB mask to mask alternating nibbles. 

EIGHT-COLUMN BLOCK WRITES 
Eight-column BLOCK WRITE is introduced on 4 Meg 

VRAMs such as the MT42C256K16Al, which is configured 
as 256K x 16. In conjunction with the expansion to eight 
columns, these devices also allow for two 8-bit column 

.--;::::::=;::~:J'~MD:":J'IV }-" 

,-CO-;:::;LMA::::;::::SK;::§' ~ff=b-f-:J'-r.~ }-. 
% (32MEMORY 

·PLANES) 

I COL MASK 1 I 
T u_ T T u_ T 

001-4 005-8 

,-COL-;:::;MAS::::;::::K;::§2 ~:J'-f=D-f7-rY }_, 

-.COLMAS;::::::::K::§' ~::J-f4trblcr }_. 

COL MASK 4 

(a) 

I COL MASK 2 I I COL MASK 3 I 
T u_ T 1---1 1 ---1 
009-12 0013-16 0017-20 

(b) 

Figure 5 

I COL MASK 4 I 
1 _u f 1 u_ f 1 ---1 
0021-24 0025-28 0029-32 

(a) A 32-BIT-WIDE ARRAY BASED ON a-BIT-WIDE, 4-COLUMNBLOCK WRITE VRAMs 
(b) ASSIGNMENT OF DQ PINS TO COLUMN MASKS 
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masks to be presented on the DQs. The 8-bit column mask 
for the lower byte is presented on DQ1-DQ8 and the column 
mask for the upper byte, on DQ9-DQ16. Again, considering 
a 32-bit array (see Figure 6), a column mask is provided on 
each byte of the bus. This preserves the single-pixel granu
larity that was available on 8-bit-wide devices when using 

(8 COLUMNS) 

(a) 

8- , 16- , 24- and 32-bit pixels. In addition, the 2x improve
ment in bandwidth due to eight columns being included in 
the BLOCK WRITE cycle negates the penalty of using two 
passes with four-bit pixels. Therefore, eight-column BLOCK 
WRITE with two eight-bit column masks is the optimal 
implementation overall. 

DEVICE 1 

DEVICE 2 

(32 MEMORY 
PLANES) 

NOTE: Two column masks are provided 
for each VRAM device. 

I COL MASK 1 I COL MASK 2 I COL MASK 3 I COL MASK 4 I 
f---j f---f j---j j---j 

OQ1-8 OQ9-16 OQ17-24 OQ25-32· 

(b) 

Figure 6 
(a) A 32-BIT-WIDE ARRAY BASED ON 16-BIT-WIDE, a-COLUMN BLOCK WRITE VRAMS 

(b) ASSIGNMENT OF DQ PINS TO COLUMN MASKS 
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Table 1 
COMPARISON OF BLOCK WRITE IMPLEMENTATIONS 

MINIMUM PIXEL SIZE NORMALIZED PERFORMANCE 
NUMBER VRAM FOR SINGLE PIXEL 8- , 16- , 24- , AND 

OF COLUMNS WIDTH GRANULARITY 4-8IT PIXELS 32-BIT PIXELS 

4 
4 BITS 

8 BITS 

8 16 BITS 

SUMMARY 
BLOCK WRITE cycles allow for several locations of the 

DRAM array within VRAMs to be modified simultaneously. 
In graphics systems, this operation can improve system 
performance when executing area fills and/ or color expan
sion functions. 

There are several implementations of BLOCK WRITE, 
depending on the density and width of the VRAM. Relative 

TN-42·05 
REV. 5193 

4 BITS 

8 BITS 

8 BITS 

5-49 

1.0 1.0 
0.5 1.0 

1.0 2.0 

to the others, the eight-column BLOCK WRITE, two-mask 
implementation provided by the MT42C256K16A1, 4 Meg 
VRAM delivers equivalent performance for four-bit 
pixels and twice the performance for 8- , 16- ,24- and 32-bit 
pixels, making it the optimal overall BLOCK WRITE 
implementation. 
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TECHNICAL 
NOTE 
INTRODUCTION 

Micron offers its Triple-Port DRAM (TPDRAM) in two 
versions. The MT43C4257 supports the JEDEC split SAM 
status function (QSF) pin as defined for VRAMs. The 
MT43C4258 supports a variation of the QSF function called 
the split SAM special function (SSF) input function. Other 
than this difference, the function and performance of the 
two devices are identical. 

MT43C4257 - QSF OUTPUT 
The QSF output pin of the MT43C4257 is identical in 

function to the QSF pin of the MT42C4255, 256K x 4 VRAM. 
The QSF output pin indicates which half of the SAM is being 
accessed. When data is accessed from the lower half, the 
QSF is LOW; when data is accessed from the upper half, 
QSF is HIGH (see Figure 1). When using the MT43C4257 or 
any standard VRAM in the split SAM mode, the transition 
between SAM halves occurs only when the SAM-half bound
ary is reached by the address pointer. This is address count 
255 for the lower half and 511 for the upper half. When this 

Lower Half SAM 

sc 

MT43C4257/MT43C4258 
COMPARISON 

boundary is reached, the new Tap address for the next 
SAM-half is loaded ("X" for the lower, "Y" for the upper). 
The following SC will access data from the new half. 

MT43C4258 - SSF INPUT 
The MT43C4258 introduces functionality to the TPDRAM 

that is not available on standard VRAMs. The "QSF" pin as 
an input (SSF) offers a higher degree of design flexibility to 
the system engineer. The SSF applies only to split transfer 
cycles. It allows access to be switched from one half of the 
SAM to the other at will. If SSF is HIGH at the rising edge of 
the serial clock, the split SAM access will be switched to the 
other half of the SAM (see Figure 2). 

By taking SSF HIGH for the rising edge of a serial clock 
(location "A" for the lower half, "B" for the upper), the 
access from the current half may be terminated. Data from 
this clock will appear on the outputs when in SERIAL 
OUTPUT mode or will be written if in SERIAL INPUT 
mode. 

Upper Half SAM 

~ 
, t t :---,rSQ_O _________ ~,~,lo S~QuD 

aSF _____________ ~~'___--:,_---.l~ '~ 
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I t SAC I t SAC a 255 x TAPY ~~ ~ SOO 511 X TAP X X X+1 ~~ 

Figure 1 
QSF OPERATION FOR THE MT43C4257 (SERIAL OUTPUT) 
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The next serial clock will access data at the new Tap 
address ("X" for the lower, "Y" for the upper) of the next 
half. The SSP input acts as a "stop address" input so the 
designer can "force" the access from one half to the next 
when desired. When operating in the split SAM mode, this 
option allows different sized "blocks" of data to be input or 
output from the SAM half regardless of the Tap address and 
stop point. This feature is useful when performing pans, 
zooms and scrolling in video-graphics systems and for 
handling distinct packet sizes in networking or controller 
applications. 

Lower Half SAM 

SUMMARY 
The only difference between the MT43C4257 and 

MT43C4258 is the variance in the functionality ofthe "QSP" 
pin. The MT43C4258 SSP input pin allows more efficient 
handling, and therefore higher throughput, of input or 
output data in either SAM. This improves the performance 
of video-graphics and networking systems by providing 
high clock speed and no latency time between reaching the 
stop point of valid data in one half and the loading of the 
new Tap address for the next half. 

The SSP functionality is also available on the x8 versions 
of the TPDRAM, the MT43C8128 (QSP) and MT43C8129 
(SSP). Refer to the data sheets for detailed timing and 
functional descriptions . 

Upper Half SAM 

sc /; I~ , , 

SSF __________________ ~~~--------tS-F-S}-.: \L ___________________ ~~.--------tS-F--S}-+: ~ 
'----, t SAC '----, t SAC 

SDQ ~ TA X ~::=x--.!OA.::..-=-2---'X A-U SPA X~-'-'TA:!....!.Y_~~ B-2 X B-~ 
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Figure 2 
SSF OPERATION FOR THE MT43C4258 (SERIAL OUTPUT) 

5-52 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1993, Micron Semiconductor, Inc 



MII:::F=lON AN-43-01 
1-· ,"",,,",ocm,,,, ACCELERATE GUI OPERATIONS 

APPLICATION 
NOTE 
INTRODUCTION 

Graphical user interface (GUI) performance is based on 
the ability of the graphics hardware to efficiently perform 
primitive graphics operations. Most of these operations 
rely on the movement of pixels from one area of memory to 
another. This operation, commonly referred to as BitBLT 
(short for bit-block transfer), is essential to graphics hard
ware performance. A BitBLT requires that before pixels are 
moved or copied, they must be read from one area of 
memory, then written back to a different area of memory. 
Graphics hardware that uses normal DRAM or specialized 
video RAM (VRAM) is forced to perform this operation in 
two steps because only a single port into the memory is 
available. Graphics hardware designed around triple-port 
DRAM (TPDRAM) can perform the BitBLT operation in a 
single step, because of the additional memory port. This 
ability, combined with the TPDRAM's other unique fea
tures, allows a TPDRAM-based frame buffer to give the 
highest BitBLT performance possible. This paper discloses 
a TPDRAM-based frame buffer design that accelerates GUI 
operations beyond DRAM- and VRAM-based solutions. 

BACKGROUND 
Basic GUI operation places high demands on the graph

ics subsystem. Central to the graphics subsystem is the 
graphics frame buffer. The frame buffer holds the digital 
representation of the display, and is typically implemented 
as a three-dimensional memory array. A particular frame 
buffer architecture must meet three demands placed on the 
memory bandwidth: screen refresh (supplying display pix
els), DRAM refresh and random access. The display genera
tion circuitry requires a stream of pixel data from the frame 
buffer in order to generate the video signals used to drive 
the display monitor. Screen refresh usually dominates the 
available bandwidth of most DRAM frame buffers and led 
to the development of the dual-ported VRAM. Frame buff
ers implemented with dynamic memories require continu
ous refresh cycles in order to retain seldom-accessed data. 
DRAM refresh usually consumes a small percentage of the 
available bandwidth but does complicate the frame buffer 
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ACCELERATE COMMON GUI 
OPERATIONS WITH A TPDRAM
BASED FRAME BUFFER 

controller design. Variance in the first two bandwidth 
requirements will be proportionate to the display resolu
tion. Additionally, the type of memory used will impact the 
efficiency of these operations. The remaining bandwidth is 
what is available to the graphics hardware to update the 
display. The amount of bandwidth available to random 
access must be maximized in order to achieve the greatest 
BitBLT performance. 

Given a 72 Hz, 1,024 x 768 x 8 display (implemented as 
512 x 512 x 32), 50 percent or more of the available memory 
bandwidth is consumed performing DRAM and screen 
refresh due to the single-port architecture of DRAM. An 
optimal DRAM frame buffer can provide approximately 40 
MB/s of random access bandwidth. VRAM-based frame 
buffers circumvent screen refresh overhead by providing a 
serial access memory port dedicated to supplying pixel 
data to the display. This frees up the random port, allowing 
it to be used for random access operations. Frame buffers 
based on VRAM must dedicate only two percent of the 
available memory bandwidth to the screen- and DRAM
refresh overhead, which provides approximately 98 MB / s 
of random access bandwidth. BitBLT performance for 
VRAM- arid DRAM-based frame buffers is, at best, half that 
of the available memory bandwidth since the BitBLT data 
must first be read from the frame buffer, then written back. 
Greater performance could be attained if the read and write 
operations were done concurrently. 

The TPDRAM provides two serial ports and one random 
port. A TPDRAM-based frame buffer is similar to a VRAM
based frame buffer in that it provides a dedicated serial 
port for screen refresh, however it also provides an addi
tional serial port. (The second serial port is available for 
other functionality. By connecting the second serial port to 
the random port through an alignment unit, a high perfor
mance BitBLT engine can be designed.) The TPDRAM also 
supports a number of features unavailable in either 
DRAM or VRAM that can be used to further accelerate GUI 
operations. 
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TPDRAM 
The TPDRAM is currently based on the 1 megabit genera

tion of VRAM. Internally the memory has an array that is 
512 x 512 x 4 bits with two separate 512 x 4 serial access 
memories (SAMs) and a512 x4bit mask register (BMR). The 
BMR can be used to mask data transfers between the 
memory array and each one of the SAM registers. Figure 1 
provides a detailed block diagram of the TPDRAM. 

The random port of the TPDRAM has the same features 
as the random port of a VRAM. Normal and page mode 
read/write cycles are supported as well as persistent and 

nonpersistent MASKED-WRITE operations. BLOCK
WRITE is also offered. The remaining two ports resemble 
the bidirectional serial port found on VRAM (with addi
tionalfeatures). Each serial port is connected to the memory 
array via a 512 x4 bus that passes through a 512 x4 array of 
transfer gates. These transfer gates are controlled by the 
contents of the BMR. If bit-masking is enabled and a transfer 
between one of the SAM registers and the memory array 
occurs, then the transfer gates will mask those bits involved 
in the transfer that are not enabled in the BMR. 

, 
------------------------------------------------------ ---------------------------~ 

AN-43-01 
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Figure 1 
TPDRAM BLOCK DIAGRAM 
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The BMR is intended to be used for clipping operations 
with data into or out of the serial ports, The BMR may be 
loaded from a row in the memory array, cleared or inverted, 
or specified for each SAM cycle through a serial input pin. 

ID\S FALLING EDGE 

In addition, the BMR may also be used as a temporary 
register in order to implement advanced logic functions. 
Table 1 provides a partial truth table outlining special 
operations supported by the TPDRAM. 

mFALL AD-A8' 001-004' REGISTERS 

CODE FUNCTION us- TR/lIE~' DSF1 DSF2 SE.;SEb TRM MKD STS DSF1 IIlIS m IIlIS m,we-' MASK COLOR 

SMR-
RT 

BMR· 
IRT 

BMR-
WT 

SMR-
IWT 

SAM-
SMR 

BMR-
SAM 

CLR-
BMR 

BMRT 

BMSRr" 

BMWT 

BMSWf9 

AN-43-01 
AEV.S/93 

BIT MASK REGISTER OPERATIONS 

SMR READ TRANSFER 1 
(DRAM-BMR TRANSFER) 

SMR"READ TRANSFER 1 
(DRAM-INVERT -BMR TRANSFER) 

SMR WRITE TRANSFER 1 
(BMR--DRAM TRANSFER) 

BMR WRITE TRANSFER 1 
(SMR-INVERT -DRAM TRANSFER) 

SAM-BMR TRANSFER 1 

SMR-SAM TRANSFER 1 

CLEAR BIT MASK REGISTER 1 
(SETS BMR TO ALL "O's") 

BIT MASKED TRANSFER OPERATIONS 

BIT MASKED READ TRANSFER 1 
(BM DRAM-SAM TRANSFER) 

BIT MASKED SPLIT READ TRANSFER 1 
(BM SPLIT DRAM-SAM TRANSFER) 

BIT MASKED WRITE TRANSFER 1 
(BM SAM-DRAM TRANSFER) 

BIT MASKED SPLIT WRITE TRANSFER 1 
(BM SPLIT SAM-DRAM TRANSFER) 

0 1 0 0 X 1 0/1 7 0 X ROW X X X -

0 1 0 0 X 1 0/17 1 X ROW X X X - -

0 0 0 0 X 1 0/17 0 X ROW X DO X - -
MASK 

0 0 0 0 X 1 0/17 1 X ROW X DO X - -
MASK 

0 0 1 0 X 1 0/17 O=SAMa X x' TAp6 X X - -
l=SAMb 

0 1 1 0 X 1 011 7 O=SAMa X x' TAp6 X X - -
1=SAMb 

0 1 1 1 X 0 0/1 7 X X x' x x x - -

0 1 0 1 X 1 X O=SAMa X ROW TAP" x x - -
1=SAMb 

0 1 1 1 X 1 X O=$AMa X ROW TApS X X - -
1·SAMb 

0 0 0 1 X 1 x' O=SAMa X ROW TAP" x x - -
1=SAMb 

0 0 1 1 X 1 x' O·SAMa X ROW TAp6 DQ X - -
1=SAMb MASK 

Table 1 
TPDRAM PARTIAL TRUTH TABLE 
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A GRAPHICS DISPLAY SUBSYSTEM 
BASED ON A TPDRAM FRAME BUFFER 
DESIGN 

A graphics display subsystem is usually comprised of a 
frame buffer memory, a frame buffer controller and video 
timing generator, a digital-to-analog converter, and cir
cuitry that allows a processor or peripheral bus to access the 
pixel data. Implementing TPDRAM-assisted BitBLTs re
quires the addition of an alignment unit to the frame buffer 
and modification of the frame buffer controller. 

A block diagram of a graphics display subsystem that 
uses TPDRAM for the frame buffer is shown in Figure 2. 
This graphics display subsystem is capable of performing 
unaligned BitBLTs at a rate of IOO-million 8-bit pixels-per
second. Pattern fill operations and raster logic operations 
are performed at rates exceeding I-billion pixels-per-sec
ond. Other graphics operations are enhanced in more subtle 
ways such as improved clipping performance. 

The best way to describe a typical TPDRAM-assisted 
BitBLT operation is to consider a small pseudo-code ex
ample. In this case, a portion of a single display line is to be 
moved from one display line to another. 

• Load SAMb (source X, source Y) 
Wait for completion 

• Transfer pixels (Destination X 
Destination Y 
Number of pixels) 

Wait for completion 

* Dotted lines indicate optional circuits. 

: PROCESSOR: 

: PROCESSOR: 

D 

TPDRAM 
\r----~---+----~SB SA 

The command LOAD SAMb performs a DRAM to SAM 
transfer using the specified left-most pixel address. This 
will load the entire source row into SAMb and set the SAMb 
column pointer to the left-most pixel in the source space. 
Since a DRAM or screen refresh takes precedence over this 
operation, the controller waits for the SAM transfer to 
complete. 

The TRANSFER PIXELS command causes the controller 
to specify alignment control to the alignment unit and then 
clock the pixels to be transferred out of SAMb, through the 
alignment unit and into the random port at the specified 
destination addresses. Pixel IT'Lasking of the destination 
space is controlled entirely by the BitBLT control circuitry. 
This operation can be interrupted at any time by a screen or 
DRAM refresh and therefore must be polled to determine 
completion. 

Transferring more than one row of pixels requires that 
the above routine be involved once for each display line. 

32 

32 

TPDRAM 

CONTROLLER ~L ___ ---,~RED RAMDAC GREEN 

. BLUE 

Figure 2 
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SYSTEM BLOCK DIAGRAM 
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COMPONENTS OF THE TPDRAMFRAME 
BUFFER 

FRAME BUFFER 
The TPDRAM frame buffer is required to provide two 

types of operation within a graphics display subsystem. 
The frame buffer must provide random access to allow the 
display to be updated, and must also be able to provide the 
pixel data that makes up each raster display line. The 
TPDRAM meets these requirements by providing two se
rial ports and a random port, all of which can be used to 
access the memory array. 

SAMa provides access to the display memory to deliver 
pixel data to the display generation circuitry. SAMa is used 
because it lacks support for serial mask input (SMI) mode. 
SMI mode is used to specify a BMR mask when writing data 
intoSAMb. 

The random port is available to a processor or peripheral 
bus to support updating of the frame buffer contents. This 
port supports normal cycles as well as PAGE MODE READ 
and PAGE MODE WRITE cycles. The random port is used 
as the write port during BitBLTs involving the pixel align
mentunit. 

SAMb is used to provide bidirectional access to the 
display memory. SAMb is connected to the random port 
through the pixel alignment unit and is used as the read port 
during BitBLTs. The TPDRAM serial ports deliver a trans
fer performance rate approximately twice that of the ran
dom port during a page mode access. To take advantage of 
this feature, external bidirectional access into SAMb can be 
provided to support high bandwidth asynchronous data 
transfers such as those required to perform pattern-fill 
operations. The frame buffer is designed in a 256K x 32 
array. This results in a 1,024-pixel x 1,024-pixel x 8-bit-per
pixel frame buffer. The 32-bit pixel word contains four 8-bit 
pixels. This configuration supports display resolutions up 
to 1,024 x 1,024 pixels. Each display line is mapped into 

AN-43·01 
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memory so pixels that are vertically aligned on the screen 
have the same column address. This ensures that pixels are 
always vertically aligned both in screen coordinates and in 
physical memory. The BitBLT control circuitry is based on 
this mapping. Because of this requirement, split-mode trans
fer VRAM cycles are not required to load SAMa to drive the 
display generation circuitry. 

The TPDRAM offers a number of memory cycles not 
found in other memory types. It supports cycles that allow 
powerful macro-level routines to be defined that operate on 
one or two display lines simultaneously. Programmable 
control of these additional cycle types is provided to allow 
the graphics programmer to make efficient use of the added 
functionality. 

ALIGNMENT UNIT 
The pixel alignment unit performs a pixel rotate based on 

the source and destination alignment of the pixel data being 
moved by a BitBL T operation. If the location of the pixel 
within the pixel word is different between the source and 
the destination, the pixel alignment unit shifts the pixels to 
ensure that the destination alignment requirement is met. 
The pixel alignment unit is designed to handle 8-bit pixels, 
but could be easily modified to support other pixel depths 
if required. The pixel alignment unit adds one pipeline 
delay to the BitBLT pixel data path. 

CONTROLLER 
The TPDRAM BitBL T controller manages the data trans

fer and memory control during BitBLT operations. It pro
vides the capability to initiate most of the TPDRAM cycle 
types and is also responsible for controlling the entire 
BitBL T transfer process. 
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©1993, Micron Semiconductor, Inc. 

z 
m :e 
• l> 
'"tJ 
'"tJ r--o 
~ -o 
~ m o 
J: 
Z -o 
l> r-
Z o 
-I m 



z 
m 
:E • » 
"tJ 
"tJ r--o 
!:i -o 
~ m o 
J: 
Z -o » r-
Z o 
-I m 

MIC:RON AN-43-01 
1-· w,,,oo",,,w,,,, ACCELERATE GUI OPERATIONS 

The controller is implemented as a memory-mapped 
device but could receive communication through a number 
of means depending on the graphics subsystem design. A 
block diagram showing the components of a TPDRAM 
controller is illustrated in Figure 3. 

PRINCIPLES OF OPERATION 
A BitBLT is defined as a transfer of pixels from one 

location in memory to another. The transfer can cross row 
and display line boundaries. The transfer can also require 
shifting of the pixels within the 32-bit pixel word. A BitBLT 
is specified by providing a source and destination starting 
address and the number of pixels to be transferred. It is 
assumed that the transfer will involve one or more horizon
tally aligned, adjacent pixels . 

ALIGNMENT UNIT CONTROL 
The TPDRAM frame buffer is 256K words deep by 32 bits 

wide. Given 8-bit pixels, a 32-bit pixel word contains four 
pixels. The source and destination addresses are pixel ad
dresses; therefore, the two least significant bits (LSBs) of 
both the source and destination address are used to specify 
the alignment of the left-most pixel within the pixel word. 
The shift field required by the alignment unit can be deter
mined by considering both the source and destination 
LSBs. 

BITBL T TRANSFER TYPES 
When the source and destination LSBs are both equal to 

zero and the pixel count is modulo four, the BitBL T is said 
to be an aligned transfer. Aligned transfers do not require 
any shifting of the pixel data as it is being transferred. 
Aligned transfers do not require any masking operations 
because only whole pixel words are involved in completing 
the BitBLT. 

w 
0 « ADDRESS u. 
a: BUS 
w STROBE INTERFACE 
I- UNIT 
i!: WE 
::;; 
W 
I-

DATA '" >-
'" 

When either the source or destination LSBs are nonzero, 
or the pixel count is not modulo four (given pixel words of 
four pixels) then the transfer operation is said to be un
aligned. Support for unaligned transfers is more compli
cated than that for aligned pixels. Unaligned transfers 
require that some form of masking be done at the start of the 
transfer, at the end of the transfer, or both. If the source and 
destination LSBs are zero but the pixel count is not modulo 
four, then a write enable mask is required to correctly 
transfer the last partial pixel word to the destination space. 

MASK GENERATION 
Correctly handling unaligned transfers requires several 

mask operations. A BitBLT involves reading pixel words 
from the SAMb port, passing the pixels through the align
rnent unit, then vlriting the resulting pixel data back into tll€ 
frame buffer. Since not all of the pixels in a given pixel word 
will be updated during every cycle, a write mask on the 
random port is required. This write mask allows partial 
pixel words to be written into memory without disturbing 
the other pixels in the frame buffer. Because the source data 
resides in each SAM, a SAM shift clock mask is sometimes 
required. All possible combinations of source and destina
tion alignments have to be supported. A thorough study of 
all possible combinations indicates that a multistage trans
fer operation is required to meet the requirements. 

BITBLT OPERATION 
Performing a BitBL T requires two actions. The first 

action is to perform a normal read transfer cycle into SAMb 
using the pixel address of the left-most pixel to be trans
ferred. The column address pointer is specified to point at 
the pixel word that contains the left-most pixel to be trans
ferred. The address bus is common to all four pixels within 
the pixel word and, therefore, SAMb is loaded with aligned 

ROW REGISTER 
ADD 8-0 

COLUMN COUNTER 

PIXEL COUNTER 

COMMAND REGISTER RAS 

CAS 

TROE W 
0 

DSFI il: 
DSF2 a: 

0 w 
TRM 

l-
i!: 

STS ::;; 
« 

MKD a: c 
SEb 0. 

I-

WEO-3 

SCLKO-3 

Figure 3 
TPDRAM CONTROLLER 
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pixel data. The second action is to initialize the TPDRAM 
controller, indicating how many pixels are to be transferred 
and the destination address of the left-most pixel. The 
action of writing the destination address begins the BitBLT 
operation. 

The BitBLT operation involves four separate steps to 
handle all possible transfer cases. The first two stages of a 
BitBLT are required to build the initial pixel word in the 
destination space. The third stage performs the transfer of 
all of the full pixel words required for the transfer. The 
fourth stage performs the writing of the final or rightmost 
pixel word, which is sometimes partial. All but the third 
stage use a write enable mask for each pixel in the pixel 
word. The first and second cycles also require a SAMb 
serial-port clock mask and a pixel-count enable mask. The 
value of each of these masks, based on the source and 
destination LSBs, is provided in Table 2. 

THE FIRST CYCLE 
The TPDRAM controller uses the two LSBs of the source 

and destination pixel addresses to form several masks that 
are used during the first two cycles of the BitBL T operation. 
As shown in the example in Figure 4, it is sometimes 
necessary to mask off one or more of the left-most pixels in 
the first pixel word to be written into the destination ad-

dress. This mask operation is implemented by deasserting 
the write enable during the write operation to the first pixel 
word in the destination. 

Also illustrated in the example, there exist scenarios 
where the first pixel word in the destination space must 
actually be built from both the first and second pixel words 
in the source space. A counter is used to generate the 
column portion of the destination address during a BitBLT. 
If the first two pixel words in the source are required to 
build the first pixel word in the destination space then the 
column pointer must be the same during the first two 
cycles. The COUNTEN field in Table 2 indicates which 
scenarios cause this to happen. 

It is preferable to write full pixel words during the middle 
cycles. A mask is applied to the serial clocks for SAMb to 
keep the controller from having to build each pixel word in 
the destination space similar to the first two cycles of the 
BitBLT. By correctly masking the serial clocks, the column 
pointers for each pixel within the pixel word are set so that 
during the middle cycles, the correct pixels are identified 
and all pixels can be clocked simultaneously for the remain
der of the transfer operation. Table 2 indicatt's lIlt' s('ri.ll 
clock mask operation during the firsl Iwo eyd!·s for ('.ldl 01 
the address scenarios. Figure 4a shows th" Sl.lh' 01 th" 
destination space and SAMb after tIl!' first eyeIP. 

SOURCE DEST. LEFT FIRST MEMORY CYCLE SECOND MEMORY CYCLE 
ADDRESS 

LSBS 
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3 
3 
3 
3 
2 
2 
2 
2 
1 
1 
1 
1 
0 
0 
0 
0 

ADDRESS SHIFT 

LSBS 

3 00 
2 o 1 
1 1 0 
0 1 1 
3 1 1 
2 00 
1 o 1 
0 1 0 
3 1 0 
2 1 1 
1 00 
0 o 1 
3 o 1 
2 1 0 
1 1 1 
0 00 

COUNT WRITE SERIAL COUNT WRITE SERIAL 
ENABLE ENABLE CLOCK ENABLE ENABLE CLOCK 

MASK MASK MASK MASK 
o 1 2 3 o 1 2 3 o 1 2 3 o 1 2 3 

1 o 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 001 0 1 1 1 1 1 000 1 1 0 0 0 
0 o 1 0 0 1 1 1 1 1 o 0 1 1 1 1 0 0 
0 1 000 1 1 1 1 1 o 1 1 1 1 1 1 0 
1 o 0 0 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
1 o 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 o 1 1 0 1 1 1 1 1 o 0 0 1 1 000 
0 1 1 0 0 1 1 1 1 1 o 0 1 1 1 1 0 0 
1 o 0 0 1 1 1 00 1 1 1 1 1 1 1 1 1 
1 001 1 1 1 1 0 1 1 1 1 1 1 1 1 1 
1 o 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 1 1 1 0 1 1 1 1 1 o 0 0 1 1 000 
1 000 1 1 000 1 1 1 1 1 1 1 1 1 
1 001 1 1 1 0 0 1 1 1 1 1 1 1 1 1 
1 o 1 1 1 o 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Table 2 
MASK LOGIC TRUTH TABLE 
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THE SECOND CYCLE 
The second cycle of the BitBLT operation is similar to the 

first cycle. The controller masks write-enable and serial
clock for each pixel based on the source and destination 
address LSBs. The column counter is allowed to advance in 
all cases because at the end of the second cycle, the first pixel 
word of the destination space, at least, has been transferred. 

Second cycle operation is the same as first cycle operation. 
Figure 4b shows how both the write enable mask and shift 
clock masks are used to complete the update of the first 
pixel word in the destination space and set up SAMb for the 
middle cycles. 

AN-43-01 
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COLUMN 

0123456789 

Source Address: X = 2, Y = 0 
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1 .... K . . . PIXEL2 SAM 
~ 3~~~~~~~~~~~~~~~ 
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Figure 4 
EXAMPLE OF BITBL T 
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THE MIDDLE CYCLES 
The first two cycles of the BitBL T handle all of the 

masking required to write the first pixel word and align the 
SAMb pointers for each pixel within the pixel word. Under 
these conditions, no masking is required during the middle 
cycles, and the controller can transfer pixels at the full 
bandwidth of the TPDRAM random port. The following 
occur for each remaining pixel word: SAMb is clocked and 
the pixel word is output, aligned, and written into the 
random port at the destination address. This continues 
until the pixel counter has counted down to one, where the 
ending cycle begins. Figure 4c shows a typical middle cycle. 
Note how the alignment value affects the pixel position 
within the destination space. 

THE ENDING CYCLE 
Depending on the destination address and the number of 

pixels being transferred, a write-enable mask is sometimes 
required to correctly transfer the final pixel word into the 
destination space. When the pixel word counter has counted 
down to a value of one, the destination address LSBs and 
pixel count LSBs are evaluated to determine how many 
transfer cycles are required to complete the BitBLT opera
tion and what the write-enable mask should be for the last 
pixel word. Table 3 lists the possible scenarios. Figure 4d 
shows how the write enable mask is used. 

DESTINATION NUMBER PIXELS ENDING WRITE 

AN-43-01 
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LSBS MOD4 ENABLE MASK 
o 1 2 3 

00 0 1 1 1 1 
o 1 0 1 000 
1 0 0 1 1 0 0 
1 1 0 1 1 1 0 
00 1 1 000 
o 1 1 1 1 0 0 
1 0 1 1 1 1 0 
1 1 1 1 1 1 1 
00 2 1 1 0 0 
o 1 2 1 1 1 0 
1 0 2 1 1 1 1 
1 1 2 1 000 
00 3 1 110 
o 1 3 1 1 1 1 
1 0 3 1 000 
1 1 3 1 1 0 0 

Table 3 
ENDING CYCLE WRITE ENABLE 

TRUTH TABLE 
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ENHANCING OTHER COMMON 
GRAPHICS OPERATIONS 

The TPDRAM can be used to enhance other primitive 
graphics operations. Pattern-fill operations may be im
proved by first loading SAMb with a pattern loaded into 
off-screen memory, then transferring SAMb through the 
BMR, which has been previously loaded with a mask. For 
large shapes, a significant improvement in performance 
may result. 

Row-oriented logical operations may be improved by 
using the off-screen memory, SAMb and the BMR. BMR-to
DRAM transfer operations, and DRAM-to-BMR transfer 
operations permit inverting the transfer data. This feature, 
when combined with the AND operation that the BMR 
provides, permits complex logic functions to be constructed 
using a series of transfer cycles. 

Additionally, a graphics display architecture can be de
signed to read and write serial pixel/mask streams using 
the SAMb serial port. This functionality can be useful for 
quickly loading masks, pattern data or other pixel data. 
This port allows for transfer rates up to 200 MEl s. 

SUMMARY 
The TPDRAM shows its advantage over DRAM- ,lilt! 

VRAM-based solutions when a BitBLT circuit is defim'd 
that allows concurrent READ and WRITE operations dur
ing BitBLT operations. Performance can approach 100 mil
lion pixels-per-second BitBL T rates with logical and pattern 
fill operations sometimes exceeding several billion pixels
per-second. GUI operations can be modified to take advan
tage of the additional functionality a TPDRAM frame buffer 
provides, resulting in more performance and greater flex
ibility than DRAM- or VRAM-based designs. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
. ©1993, Micron SemIConductor, Inc. 

Repnnted, by permission, from Silicon Valley Personal Computer DeSign Conference Proceedings, August 1992. 
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APPLICATION 
NOTE 
INTRODUCTION 

Advanced network applications need a high bandwidth 
memory buffer with serial access that provides full duplex 
data flow for maximum flexibility and control. Current 
network designs address these needs with SRAM or dual
port DRAM (VRAM) devices. However, Micron 
Semiconductor's Triple-Port DRAM (TPDRAM) is an alter
native. The 8-bit wide, MT43C8128/ A and MT438129/ A 
(including" A" versions), provide the optimum density and 
bandwidths required by high-end network buffers. The 
TPDRAM is less expensive than SRAM devices and offers 
higher performance. It also has uninterrupted, bidirec
tional capabilities, which VRAM devices do not provide. 
The TPDRAM may be used with all networking standards 
and protocols. The bandwidth of the three ports provides 
uninterrupted 40 MHz data flow in each of two directions 
and data manipulation "offline" at 22 MHz (FAST-PAGE
MODE). 

The advancement and merging of network and chan
nel architectures demands higher bandwidths and reduced 
system cost. The need for total system speed is the main 
focus of this discussion. However, the TPDRAM can 
increase overall system bandwidth while reducing the cost 
of the network/ channel buffer. This paper presents the 
basic TPDRAM architecture, highlighting special features 
and discussing ideas for system implementation with a 
TPDRAM network buffer. 

Current high-bandwidth network and channel interface 
boards use DRAM, VRAM or some kind of SRAM for 
local data buffering. These memories reduce latency in 
the receive/transmit capabilities of the network. They do 
this by storing data packets locally before they are sent 
over the network or forwarded to the system memory 
via host control or DMA moves. Existing memory so
lutions have been adequate for this task. However, these 
solutions are not able to sustain the required bandwidth 
of high-speed communication channels and networks be
cause of the increasing demands of higher-speed system 
buses, multiprocessors, network bandwidth and increas
ing data volumes required by ever-more-powerful work
stations. Speeds on future fiber optic networks such as 
A TM, Sonet, SHIPPI and Fiber Channel will be in excess 
of 1 Gbit/sec (Gbps). 

AN-43-02 
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USE OF TPDRAM FOR 
SMARTER/FASTER NETWORK 
APPLICATIONS 

THE TPDRAM 

ARCHITECTURE 
The TPDRAM was introduced by Micron Semiconduc

tor as an evolution of the dual-port DRAM (VRAM) 
architecture. The device is targeted at two general ap
plications; high-end graphics frame buffers and network
ing data buffers. Like the VRAM, the TPDRAM is based 
on a dynamic random access memory (DRAM) array. 
Both devices were created to enhance standard DRAM 
bandwidth. 

A second memory and I/O port are added to a stan
dard DRAM to make a VRAM (Figure 1). This second 
memory is an autonomous static RAM that is accessed 
in a sequential manner with its own address counter and 
pointer logic. Keep in mind, the data is thl' sanll' width 

AD-A(8) DOs 

SDO 

Figure 1 
DUAL-PORT DRAM 

RAS/CASIWE/oIC. 
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as the DRAM port, 4 or 8 bits-not serial. Because of 
its serial (as opposed to random) access, this memory 
is commonly referred to as a serial access memory, or 
SAM. The SAM, which can be thought of as a FIFO, is 
well suited for network communication buffers. However, 
for full duplex communication into and out of the network 
data buffer, the VRAM is still a restrictive solution because 
the SAM can only move data one direction at a time. 

The TPDRAM expands the VRAM architecture by add
ing a second SAM and I/O port. This new port gives 
the TPDRAM one DRAM port and two serially accessed 
memory ports (Figure 2). The control of the TPDRAM 
is similar to the control of a VRAM. In fact, it can be 
operated as a VRAM with no controller modifications. 

SERIAL ACCESS l\1El\10RY 
The serial access memories in the TPDRAM are equal 

in length to one row of the DRAM array, and loaded 
internally by performing a special DRAM RAS-CAS cycle. 
The load cycles, called "transfer(s)," load a row of DRAM 
into either SAM, or load either SAM into a row of DRAM, 
in only one DRAM cycle. The two SAMs run asynchro
nously and independently of each other and the DRAM, 
except when they are involved in a transfer (Figure 3). 
As a result, data can be written into the DRAM, read 
out of one SAM, and written into one SAM all at the 

AO - A(S) DO RAS/CAStWEtetc. 

Figure 2 
TRIPLE-PORT DRAM ARCHITECTURE 

AN-43-02 
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same time and at different rates. The SAM ports of the 
TPDRAM are capable of speeds of 40 MHz, with 50 MHz 
planned for the future. They use two control inputs to 
access data: a serial enable (SE) and serial clock (SC). The 
rising edge of the serial clock increments the address 
counter, and inputs or outputs the SAM data. 

5-64 

RANDOM (DRAM) OPERATION 
The DRAM port provides the host bus interface with 

a bidirectional port that may be accessed randomly, and 
with the option of FAST-PAGE-MODE access. FAST
PAGE-MODE allows the host or local processor to access 
the DRAM data at a cycle time three times faster than 
random RAS-CAS access cycles. This feature is very useful 
for high-speed DMA moves of data packets between the 
host-systern main ffi€Inory and the netvvork adapter 
memory. When in FAST-PAGE-MODE, the access is re
stricted to one row (page) of the array, while the columns 
may be accessed randomly within the row. If the row 
address changes, a new RAS-CAS cycle must be performed 
to "open" the new page. 

The random port of the TPDRAM also provides a write
per-bit (MASKED WRITE) function when writing data 
to the memory array. 

In addition, the DRAM (or random port) is used to 
control data transfers to the SAM ports. All internal move
ment of data is controlled by the RAS signal in conjunc
tion with control pins that are latched as RAS falls. In 
fact, all access operations (DRAM access, Transfer, 
MASKED WRITE, etc.) are defined at the falling edge 
of RAS. The only cycle that is selected at the falling edge 
of CAS is BLOCK WRITE, which is geared to graphics 
systems and not detailed here. Figure 4 illustrates the 
control setup for cycle definition in the TPDRAM. All 
function control pins (e.g. TR/OE, STS, DSFI, etc.) are 
included in the "control" window at RAS LOW. 

A transfer cycle requires a temporary interrupt of any 
access requests to the DRAM port and, for some trans
fers, will interrupt data into or out of the selected SAM. 
The three memory elements are independent of, and asyn
chronous to, each other when not involved in a data 
transfer. 

SAM 
aorb 

Addr Pntr i----OSF 

t 
Figure 3 

SAM ACCESS AND CONTROL 

Serial 
Data 

(SDO) 
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TRANSFER OPERATIONS 
Operation of data transfers is straightforward. Six 

control pins are added to the typical DRAM control 
signals, and OE is converted to a dual function (Figure 
4). Some of these pins may be permanently tied to a logic 
state or actively driven by control logic, depending on 
the functionality required by the system. 

Two pins, TRM and MKD, are used to incorporate the 
internal BIT MASK REGISTER into the transfer (described 
later). They may be tied to ground to permanently disable 
the BMR, if it is not required. 

Row data may be transferred to either SAM (but not 
both at once) during a transfer. The STS pin selects the 
SAM through which a transfer will occur. A transfer to 
a SAM of a page of the DRAM is called a read transfer. 
If the transfer is from a SAM to a page of the DRAM, 
it is called a write transfer. 

Split transfers are provided to allow easy, uninterrupted 
data streams into or out of the SAM. The DSFI pin is 
used to select either SPLIT READ TRANSFER or SPLIT 
WRITE TRANSFER. The SAMs on the TPDRAM offer 
an added feature that can be very beneficial to network
ing. Industry standard VRAMs with a split SAM provide 
a split SAM status pin, or QSF. This pin is LOW if the 
access is in the lower half address space of the SAM, 
and HIGH if it is in the upper half address space. Parts 
with this pin will access data beginning at the starting 
address (or Tap) of the SAM and progress through the 
address until they reach a SAM-half boundary. Then the 
access will jump to the new tap address of the new half 
and the QSF will change state. The MT43C8128 TPDRAM 

also operates this way. The function of the QSF pin 
changes for the MT43C8129; it is made an input and called 
split SAM special function (SSF). With this pin, it is 
possible to cease access at any location in one half of 
the SAM and force a jump to the tap address of the next 
half. Compared with standard VRAM, this can greatly 
improve overall bandwidth by allowing more efficient 
use of the serial clock. Without this function, a packet 
of data that did not fill the entire half of the SAM would 
still require enough extra clock cycles to advance the 
address count to the tap of the next half for a new packet 
to be input and stored. This would also apply to output 
packet data. The SSF pin allows the address to jump to 
the next tap and be ready for new data without adding 
extra clock cycles as soon as the end of a packet is reached. 

BIT MASK REGISTER OPERATION 
In addition to the great improvement in data flow, the 

TPDRAM also adds an extra dimension of memory 
intelligence. A bit mask is provided to allow masking 
of the SAM or DRAM data during transfers. To fwrform 
the masking function, an internal register that is IIw S,lItH' 

size as a SAM has been added to the part. It is ,,<II,,'d 
the BIT MASK REGISTER (BMR). The BMR may abo Ill' 
used as an extra page for scratch pad memory. Dal,\ fmlll 
the DRAM or either SAM may be transferred to thl' BM R 
in one RAS-CAS cycle. The data stored in the BMR may 
be used as a mask when transferring data between the 
DRAM and SAMs by performing a BIT MASKED TRANS-

RAS \~----------------~;--
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TRIOe, STS 

DSF1,DSF2 

SE,MKD, TRM 

ACRS AD-AS 

WllX CONTROL ~ DSF10NLY >W/##/#/##//##II!Im; 

~ DON'T CARE 

Figure 4 
BASIC TPDRAM ACCESS CONTROL 
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FER cycle in lieu of a normal transfer. The BIT MASKED 
TRANSFERs can also be done as SPLIT TRANSFER. 

During a BIT MASKED TRANSFER, each location in 
the SAM or DRAM (column location) will be masked by 
the corresponding location in the BMR. A logic "0" in 
that location will mask that bit during a BIT MASKED 
TRANSFER and the addressed destination location will 
not be changed. A logic "1" will allow the new data to 
be written. 

The BMR may also be loaded serially by clocking-in 
mask data with the SCb clock pin. This mode is called 
the serial mask input (SMI) mode. When this mode is 
enabled (at RAS time), any location addressed by the 
SAMb address pointer will have the corresponding BMR 
location writtei; to all l's or all O's, whichever is valid 
on the 1"v1KD input pin. In addition, when this iTLode is 
enabled, the contents of the BMR will be cleared auto
matically when a BIT MASKED WRITE TRANSFER is 
done from SAMb. 

The BMR has been found to be useful in high-end net
working applications for protecting portions of a row 

Bus 
Access 
Control 

Memory 
Interface 

when transferring packets from the SAM to the DRAM. 
The protected areas may contain constant header and 
control information used by the host processor. This 
simplifies packing multiple packets in each DRAM row. 

NETWORK APPLICATIONS 
The two SAM ports of the MT43C8128/9 provide a 

network with full duplex input and output from the 
memory space without interrupting the system access to 
the DRAM. 

In the design of high-speed networks, the overall 
memory bandwidth can have a great effect on the 
performance of the entire host system. The local data 
memory buffer must allow access time for the node CPU 
and at the same time allow the network interface logic 
access for incoming or outgoing data. This can tax the 
total system speed, slowing down the system and the 
network. The TPDRAM allows each part of the system 
to access a common memory bank simultaneously and 
asynchronously (Figure 5). 

Media Access 
Control Logic 

Network 
Media 
[Optical Fiber or 
Parallel Copper] 

Address 

SAMa 
Port 

Triple Port 
DRAM 
Buffer 

DRAM 
Port 

: Network Adapter: , w w ~ ________________________________________________ .. 
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Figure 5 
TYPICAL FULL DUPLEX NETWORKING APPLICATION USING TPDRAMS 
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The access time available to the node processor is as 
important as the bandwidth of the network port (SAMs). 
The local (or node) processor must have easy access to 
header and trailer bits to control packet flow into the 
system and on the network. Information to be sent on 
the network must be loaded quickly, either by host 
processor control or DMA moves. Data from the network 
must be rapidly routed to the appropriate processor or 
memory subsystem. All these operations are impacted 
by memory latency in the network buffer memory. 

The node or local processor is allowed more time to 
access the data stored in the buffer by allowing the SAM 
ports to be the input and output ports for the network 
or channeL The DRAM port of the TPDRAM will typi
cally be available for access by the system bus 97 percent 
of the time (Equation 1). Compare this to the single-port 
architecture of standard DRAM, which would only allow 
the node processor 40 to 60 percent of the memory 
bandwidth, depending on the network speed and inter
face card architecture. 

%Dav = [(tmax - ttran - tref)/tmax] * 100 (1) 

Where: 
%Dav Percent of time DRAM port is available 

for access 
tmax Maximum DRAM cycle time through 

memory (FAST-PAGE-MODE) 
ttran Transfer time required to maintain con

stant data at the SAM ports 
tref = Time required to perform refresh 

The vast improvement to the DRAM bandwidth is trans
lated into faster data throughput. Using four MT43C8128 
TPDRAMs, a 128K x 32 memory array can be built with 
a total data rate of 160 megabytes/sec for data transceiv
ers (SAMs) and 80 megabytes/sec for host access (FAST
PAGE-MODE rate). Futhermore, these data rates can be 
sustained simultaneously and in any direction. 

Figure 6 illustrates how the TPDRAM would fit into 
a FODI type network buffer/interface. The TPDRAM ar-

Node Processor Addr.=======I;-;:I=====I;-;:I==~II=====~II== 
Bus / Host Bus 
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RAM 

MT43C8128/9 
(X 4) 

SAM a 

Figure 6 
FOOl NETWORKING APPLICATION USING TPORAMS 
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chitecture allows full duplex operation with a single bank 
of continuous memory. This offers flexibility in memory 
mapping by allowing the amount of memory space for 
receive and transmit data to be changed and reallocated. 

The system shown in Figure 6 is based on the 
SUPERNE'fIM chipset from Advanced Micro Devices. The 
chip set must be modified by adding an FPLD device 
to perform the TPDRAM control. This would replace 
AMD's RAM Buffer Controller chip. A node processor 
handles data transfers to and from the SAM port when 
requested by the FORMAC/DPC chips. The data will then 
be routed to the DPC for byte transmission to the 
FORMAC and ENDEC. 

The TPDRAM's flexibilitv means it can be used in 
almost any network or chan;"el application. For example, 
a half-duplex system could be constructed. In this type 
of system, the SAMs are dedicated to the network control 
logic and to the host system bus. The DRAM port is solely 
accessed and controlled by a local node processor. This 

Data 

example allows faster DMA to the host than the full duplex 
implementation and allows half duplex access to the 
network (see figure 7). However, the network type is not 
restricted. 

SUMMARY 
The TPDRAM offers system designers a high density, 

high-bandwidth memory that reduces the chip count and 
the cost of network adapter boards. 

Its flexibility makes the TPDRAM applicable to many 
network or channel architectures and protocols. The 
control of the device has been kept close to industry stan
dard VRAMs. Extra features like the SSF input pin and 
the BIT ~.1.i~ ... SK REGISTER give the TPDF ..... A ... ~.1 even greater 
flexibility and intelligence. 

This architecture can be applied to any network pro
tocol including SONET, ATM, HIPPI, Fiber Channel and 
other fiber or parallel networks. 
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Figure 7 
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OVERVIEW 
Product reliability is a product's ability to function over 

time within given performance limits, under specified 
operating conditions. This section contains a brief over
view of some of the issues that affect the reliability of 
re devices, and a brief overview of Micron's reliability 
program. 

For a more in-depth discussion of reliability, please 
refer to Micron's quality/reliability literature. 

RELIABILITY GOALS 
When we discuss reliability goals of semiconductor res, 

we typically refer to the traditional reliability curve of 

Infant 
Mortality 

component life. The reliability curve, or "bathtub curve," 
appears below, where h(t) is the hazard rate or the prob
ability 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 products using 
intelligent bum-in. The unique AMBYX® intelligent bum
in/test system developed by Micron is described in the 
following section. 

Wearout 

Random Failures 

RELIABILITY 
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Cumulative 
Failure Rate 

F(t) 

Hazard Rate 
h(t) 

Infant 
Mortality 

1.-------Useful Life -----.-1 

. 

MTBF Applies in this Range 

Time 

Useful Life 

MTBF Applies in this Range 

Random Failures 
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MICRON'S AMBYX® INTELLIGENT 
BURN-IN AND TEST SYSTEM 

Bum-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® intelli
ef'nt hum-in and test system. Today, we use AMBYX to 
test every component product we make. 

With AIVIBYX, 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 not exhibiting 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 effec
tively eliminate failures resulting from handling, thereby 
minimizing "noise" from the test results. During the test 
phase, output produced by the devices under test is com
pared 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 thermal intermittent 
failure detection, another unique capability of intelligent 
bum-in. We conduct the next test at 125°C - any device 
that does not pass this sequence is eliminated. As the 
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burn-in process continues, 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 compo
nent reliability. 

There are two important reasons why Micron conducts 
the last two burn-in and test periods (or "quarters") at 
lower \lee 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-tempera
ture-operating-life (HTOL) test used by IC manufacturers 
to compute random field failure rates. Second, we want to 
be sure we are not, by testing at extremely elevated 
conditions, introducing new failure modes unrelated to 
normal wearout, such as VOS. 

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, manufactur
ing shifts and time frames when the lots were processed 
through specific steps. 

6-2 

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. 
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ENVIRONMENTAL PROCESS 
MONITOR PROGRAM 

Micron's environmental process monitor (EPM) program 
is designed to ensure the reliability of our standard prod
ucts. 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 DESCRIPTIDN 

HIGH TEMPERATURE OPERATING LIFE 

use. We then apply equations derived from intricate engi
neering 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 in Figure 4 is for Micron's 2 Meg VRAM. 

TEST DURATION BIWEEKLY SAMPLE SIZE 

1,008 Hours 60 Devices 
(125°C, 6V, Checkerboard and Checkerboard Complement Pattern) 

TEMPERATURE AND HUMIDITY 1,008 Hours 60 Devices 
(85°C, 85% RH, 5.5V, Alternating Bias) 

AUTOCLAVE (121°C, 100% RH, 15 PSI, No Bias) 96 Hours 30 Devices 

LOW TEMPERATURE LIFE 1,008 Hours 10 Devices 
(-25°C, 7V, Checkerboard and Checkerboard Complement Pattern) 

TEMPERATURE CYCLE 1,000 Cycles 30 Devices 
(DOC for 15 min., + 125°C for 15 min, air to air) 

THERMAL SHOCK 700 Cycles 30 Devices 
(-55°C for 5 min., + 125°C for 5 min., liquid to liquid) 

HIGH TEMPERATURE STORAGE (150°C, No Bias) 1,008 Hours 30 Devices 

ELECTROSTATIC DISCHARGE (+ and-) MIL-STD-3015.7 30 Devices 

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 220°C. 
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Figure 4 
SAMPLE ENVIRONMENTAL PROCESS MONITOR - 2 MEG VRAM 
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FAILURE RATE CALCULATION 
The failure rate during the useful life of a device is ex

pressed 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). 

RELIABILIlY 
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In our example given one device failure, 
Pn = 2.022 at 60 percent confidence level. 

Device hours = sample size multiplied by test time 
(in hours). In our example, device hours equal 
9.479 x 105 in an accelerated environment. 

AF = acceleration factor between the stress 
environment and typical use conditions. For 
the 2 Meg VRAM, the acceleration factor 
between 125°e, 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 2 Meg VRAM family is 
computed as follows: 

Failure Rate = 2.022 
= 3.809 x 10-8 

(9.479 x 105)(56) 

where: total device hours at test conditions = 2.723 x 106• 

Equivalent device hours at typical use conditions 
(50°e, 5V V cc) using an acceleration factor of 
56 equals 56 (9.479 x 105) = 53 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 105: 

Failure Rate = (3.809 x 10-8) x 105 = 0.003809% or 0.0038% 
per lK device hours 

To state the failure rate in FITs, we multiply the failure rate 
obtained from the equation above by 109 : 

Failure Rate = 3.809 x 10.8) x 109 = 3.809 or 38 FITs. 

Micron Semiconductor, Inc., reselVes the right to change products or specifications wjjhout notice. 
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ACCELERATION FACTOR CALCULATION 
Again, using the 2 Meg VRAM 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: 

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. 

Ea = 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 
REV. 5/93 

ACCELERATION FACTOR DUE TO VOLTAGE 
STRESS 

The acceleration factor due to voltage stress is computed 
using the following model: 

where: 
v s and v 0 = stress voltage and typical operating voltage, 

respectively, in volts 

6-6 

~ = constant, the value of which was derived 
experimentally by running several sessions 
of Micron's inteiligent burn-in test sequence 
at different voltalres on larlre numbers of the 
device. (For the 2~ Meg VRAM used in our 
example, is equals 2). 

Thus, the voltage acceleration factor for the 2 Meg VRAM 
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 one percent 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 eliminate those tests 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, itis 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 network tailored to the 
needs of quality IC manufacturing. 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 of the 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 failing device. After completing this 
analysis, the quality assurance engineer determines which 
production monitor/test should have caught the failure, 
and the devices are retested beginning at that point in 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 

120 Gigabyte Hard Disk l Experimental Design 
and Evaluation 

___ • Correlation Reports 

• XlR Charts, P Charts 
• Automatic E-Mail 

Notification 
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Assembly 
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Electrical 
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Figure 5 
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 de

viations 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 param

eters. System users can plot the means and ranges of any 
probe or parametric data captured throughout the manufac
turing process. 

CORRELATION ANALYSIS 
Correlation analysis can be performed on any combina

tionof factors, such as equipment, masks or electrical param
eters. 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. 

RELIABILITY 
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Another regularly produced report analyzes a user-se
lected set of database parametrics against an index, such as 
manufacturing yield. Lots are divided into three subgroups 
(upper yielding, middle yielding and lower yielding). The 
report then correlates the yields with all electrical paramet
ric 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 com

pany 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 may be analyzed in relation to one particu
lar parameter. 

RS/l 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 analy
sis, 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 be
tween L effective and CD dimensions to the speed of a 
device. 

The use of automation in data capture, analysis and feed
back 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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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 thendeaned ("stripped") off of the wafer, leaving a pattern 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 number of high-temperature 
furnace processes. The wafers are exposed to various gases which either react with the silicon, causing it to oxidize 
and form anSiO,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 temperalun' 
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 
The fabrication process is completed by forming a final glass layer on the wafer. 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 oniy good die are packaged. 

Assembly (see next page) 

'This flow is general and based on DRAM products. 
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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 wafer is 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 
"Vith automated pick-and-place equipUlent, the guuu die dS speci.ried by Ul€ probe I1wafer iYLap" areremov-ed hom 
the carrier film. Each die is attached to a leadframe with a layer of 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 . 

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. 

TrimlForm 
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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AMBIENT POSTBURN 

HOT FINAL 

Assembly 
TEST* 

Fully fabricated silicon wafers reach assembly after each die has been probed to screen out failures. Passing chips 
are then carried through a number of steps to become individual units in leaded packages. 

Hot Pregrade* 
All testing (including speed sorting, parametric and functional testing) is conducted at 85°C, Parametric tests are 
performed to detect opens, shorts, 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/high Vcc 
margin, vbump, speed sorting, dynamic and static refresh, long ~ and teAS lows and a full range of patterns 
and backgrounds. Patterns performed include row fast, column fast, single/multiple walking columns and 
diagonals and fast-page or static-column. Backgrounds used include solids, checkerboard, row stripes, column 
stripes and parity. 

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 burn-in and test system to screen out infant mortalities. Devices are 
dynamically burned-in, using checkerboard and checkerboard-complement patterns in four intervals under the 
following conditions: 125°C, 7.5VV cc forthe first two intervals and 125OC, 6VV cc for the final two intervals. During 
temperature ramping from 250C to 850C and back to 25°C, AMBYX tests for thermal intermittent opens. Devices 
are also functionally tested at burn-in conditions (l25OC, 7.5V) at the beginning of the burn-in cycle to verify that 
the devices under test are being properly exercised. 

Ambient Postburn* 
All testing is performed at 25°C, Parametric tests are performed to detect opens, shorts, input/ output leakage, and 
to determine whether input/output high and low,levels and standby and currents within specified limits. 
Functional tests include low/high Vcc margin, vbump, speed sorting, dynamic and static refresh, long tRAS and 
teAS lo,:"s and a fullrange of patterns and backgrounds. Patterns performed include row fast, column fast, single 
and multiple walking columns and diagonals and fast-page or static-column. Backgrounds used include solids, 
checkerboard, row stripes, column stripes and parity. 

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, input/output leakage, and to dtermine whether input/ 
output high and low levels and standby and currents within specified limits. Functional tests include low and high 
V cc margin, vbump, speed sorting, dynamic and static refresh, long ~ and teAS lows and a full range of patterns 
and backgrounds. Patterns performed include row fast, column fast, single and multiple walking columns and 
diagonals and fast-page or static-column. Backgrounds used include solids, checkerboard, row stripes, column 
stripes and parity. 

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 monitoring 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 mechanically 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. Specific tests and temperatures are incorporated as applicable for specific producis. 
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28-PIN PLASTIC ZIP (375 mil) 

SDA -1 

~---------------~~~;!~;~~! --------------~~~ I 1 ·113(2.87) 
.107 (2.72) 

l-------r-r r-n-i-----. 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 
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2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 
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40-PIN PLASTIC ZIP (475 mil) 

SDA-2 

------------------------ ~:~~:1~g:~~!----------------------~ 

.015 (0.38) .016 (0.41) II .024 (0.61) 

~I~ :6:6 .635 (16.13) 
~ g .585 (14.86) 

'''"" =1;,.J 
.008 (0.20) - f-o- .100 (2.54) 

.128 (3.251 
-- .106 (2.69) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 5/93 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 
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28-PIN PLASTIC SOJ (400 mil) 

SDB -1 

.723 (18.36) 
1<1----- .729 (18.52) J 
1

0000000000000 

.405 (10.29) ill II 
.445 (11 :::; (10

1
.13) 

.435 (11.05) 

1 _* ~ 
PIN #1 INDEX 

SEATING PLANE -

.037 (0.94) MAX 
DAMBAR PROTRUSION 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

.375 (9.53) 

.360 (9.14) .030 (0.76) 
MIN. 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

PACKAGING 
REV. 5/93 7-4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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.405 (10.29) 

.399 (10.13) 

.445 (11.30) L 
.435 (11.05) 

PIN #1 INDEX 

40-PIN PLASTIC SOJ (400 mil) 

SOS - 2,3 

~~~; 1~~!:l --------<:1 

.050 (1.27) TYP. 

1<=>------ .950(24.13) --------<:>1 

.037 (0.94) MAX DAMBAR PROTRUSION 
.150(3.811 .105(2.67) 

.138 (3.51) 1t0r9_O (_2._29_) __ -., 

I I t~I'", ±1 L .360 (9.14) U.64) 

MIN. 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV. 5193 

2. Package width and length do hot include mold protrusion; allowable mold protrusion is .01" per side. 

7-5 Micron Semiconductor, Inc., reserves the right to change products or Specifications without notice. 
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64-PIN PLASTIC SOP (12mm) 

SDC -1 

~ 
1.038 (26.37) 
1.032 (26.21) 

BBBBBBBBBAABBBBBBBBBBBBBBBBBBBBB 1 
.469 (11.91) 

II II ~ 
~"'"i g g g g m g g g g g g g g g g g g g g g g g g g g g g g U .;:; :::::: 

PIN#1..../" 

~--------------~-f 
6DtJDDDDDDDDDDDDDD~-r 
U:1:(~:5;=IU== jl-I~I 

.012 (0.30) 

.074 (1.87) 

.084 (2.13) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

C' 0' 

.094 (2.38) 

.076 (1.92) 

SEE DETAIL A \ 

~ 
.010 (0.25) 
.006 (0.15) R 

.024 (0.60) 

.016 (0.40) 

DETAIL A 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

PACKAGING 
REV.S/93 7-6 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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.032 (0.81) 

.026 (0.66) 

52-PIN PLASTIC PLCC 

SDD -1 

.756 (19.20) --, 

.795 (20.19) =1 .785 (19.94) 

.750 (19.05) , ~ ~ ~ I 

.600 (15.24) 
TYP. 

.037 (0.94) MAX DAMBAR PROTRUSION 

II .021 (0.53) 
-=j r- .013 (0.33) 

.730 (18.54) ---c>l 

.690 (17.53) .020 (0.51) MIN. 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV, 5/93 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 

7-7 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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28-PIN PLASTIC TSOP (400 mil) 

SDE -1 

.727 (18.46) 
PIN #1 INDEX ----- .723 (18.36) ----~I 

(RG PACKAGE ONLY) _I - .037 (0.95) 
__ / SEEDETAILA 

I'm" 
, III' I .467 (t 1.86) 

.459 (11.66) 

.402 (10.21) I 

.398 (10.11) 

I I I I 
)>"-PrrB ""'BT"""nB-'B'T"""I"B""""B --n--rr-rrT""""-'B""""'Br-T"T""'B I I 

PIN #1 INDEX -I 1-

o 

B B B B B 

-11-
~ 

(TG PACKAGE ONLY) .050 (1.27) .020 (0.50) 

_11_ .007(0.18) 
.005 (0.12) 

TYP . .012 (0.30) 

.047 (1.20) 
MAX. 

1<:::::,1.004 (0.10) 1 

I GAGE PLANE 

SEATING PLANE :::;-==_-j--+~ 

.008;0.20) 1.024 to.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 

PACKAGING 
REV. 5193 

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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40/44-PIN PLASTIC TSOP (400 mil) 

SDE-2 

PIN #1 INDEX 
(RG PACKAGE ONLY) 

_---- .727 (18.46) ____ I 
.723 (18.36) 

o 

PIN #1 INDEX -I 1-
(TG PACKAGE ONLY) .0315 (0.80) 

TYP. 

-11-
.018 (0.45) 
.010 (0.25) 

hogggooOCQggggggggQgQggA 

- .032 (0.81) 

j .467 (t 1.86) 
.459 (11.66) 

.402 (10.21) 

.398 (10.11) 

_I 

k::::,1·004 (0.10) I 

__ / SEE DETAIL A 

/ , 

_11_ .. 007 (0.18) 
.005 (0.12) 

I .047 (1.20) 
MAX. SEATING PLANE ~=-~--t-Ip-"""" 

.008)0.20) 1.024 ~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. 5193 7-9 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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70-PIN PLASTIC TSOP (400 mil) 

SDE-4 

.937(23.80) t ~ J SEE DETAIL A 

I 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB+I-----j----.46-7(T!1.86) 

.459(11.66) 

PIN #1 INDEX .402(10.21) I 'io I .398(~0.11) I 

8 888~Fr888 8 888888 88888 88 88 888~ ~ 
.0256(0.65) ~ ~ ~ .015(0.38) ~ l- .035(0.89) 

.009(0.23) 

J 
hHHHnnnnHHHHHHHHHnnnHHHnnnHHHHHHnnnA 

] 101·004(0.10)1 

.047(1.20) MAX 

.008(0.20) 

.002(0.05) 

.032(0.80) 

.007(0.18) 

.005(0.12) 

I .010(0.25~ll 

'~'~j 

DETAIL A 

~ 
SEATING PLANE 

.024(0.60) 

.016(0.40) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV, 5/93 

2. Package width and length do not include mold protrusion; allowable mold protrusion is .01" per side. 
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104-PIN MODULE SIMM 
SDF-1 

I 
3.260 (82.80) " .350 (8.89) 
3.240 (82.30) 

FRONT SIDE 
_I _T·1y3p3.(3.38) I~I 

':~:rl----;;;;;Q;:;;:;;:;;;;:;;::::::::::~:::] 0~Q~:::::::::::~1 ~I~ A004~:l:~: -' 
_1_ ~1.25(31.75)Typ·-I-1 -11- -11- .165\4.19) 

.080 (2.03) ~ PIN 1 .250 (6.35) .050 (1.27) .040 (1.02) TYP. 
TYP. TYP. 

1----2.750 (69.84)----1 

rPIN 53 PIN 104\ 

I BACKSIDE \ 

[or-rTrrrrn[5ITTITTTTT'J'1::::::::::I'TTTTTTTTT1::::] U'TI'TTTTTTTTE
rTTTTTTTTn

:::::::::::TTTTir---11 0 I 

.054 (1.37) 

.047(1.19) 

NOTE: 1. All dimensions in inches (millimeters) MAX or typical where noted. 
MIN 

PACKAGING 
REV.S/93 7-11 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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SALES INFORMATION .................................... . 





CUSTOMER 
SERVICE NOTE 
INTRODUCTION 

On Iuly 1, 1991, Micron implemented new standard bar
coding labels, which will accompany all shipments. These 
labels conform to EIA Standard 556. 

Samples and tape-and-reel boxes have their own 
individual bar-code labels. The bar-code labels allow cus
tomers to scan individual Micron containers for quick 
order verification. Figure 1 shows an example of the stan
dard bar-coding label. 

BAR CODE INFORMATION 
The information provided on the label is: 
(4S) - Invoice/Packing Slip Number 
(Q) - Quantity in master container 

(45) PKG 10. +188505 

STANDARD SHIPPING 
BAR-CODE LABELS 

(Z) - Special: Individual box number and total 
number of boxes in the shipment 
(example: two of ten) 

(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 
Lot Date Code: Indicates date of oldest lot in the box 

Human Readable: Master container package count 
Package weight 
Customer and supplier address 

SHIP _ TO_NAME 

ADDRESS 

CITY, ST 

ZIPCODE 

MICRON SEMI. 
:281215 E COLUMBIA 

BOISE, IDAHO 

8371116 

PACKAGE COUNT: 

see EA 10F 1 

ALES INFORMATION 
:EV.5193 

PACKAGE WEIGHT: 

4 LB. 

437-090-00 

III 

Figure 1 
STANDARD BAR-CODE LABEL 

8-1 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 
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CUSTOMER 
SERVICE NOTE 
INTRODUCTION 

Micron provides a standard bar-code label on each indi
vidual 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. 

HT5C1008DJ-25 

1111~illllll I I 
09300298053 

I REEL 

(;ITY: 500 9314 

TAPE-AND-REEL/SAMPLE 
BAR-CODE LABELS 

BAR CODE INFORMATION 
The information provided on the label is: 

Labell: Micron part number / speed 
Customer code/internal process code 
Actual box number 
Quantity / date code of oldest lot* 
Country of origin code 

UD / AQ 

II I I 
~1~~~~UIII~~1111 I~~III~IIIIII 
OUS 1US 2US 

Figure 1 
LABEL 1 

*Indicates that more than one date code is contained on the reel. 

SALES INFORMATION 
REV, 5/93 8-2 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 

©1993, Micron Semiconductor, Inc 



CUSTOMER 
SERVICE NOTE 
INTRODUCTION 

On November 15, 1991, Micron began providing a new 
SPC label on all surface-mount products. The label is at
tached 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 

~ ______ ~- Heat-Sealed Bag (tube configuration) 

Moisture Barrier Bag 

Yellow EDS Warning Label 

o--:--+-- Desiccant 

r---r_---i--+_ Micron Marketing LabeV 
~ Customer Specification Label 

, 
D+ I-- SPC Label- Operator ID# Date Bag Sealed 

DI~--',-+- Blue EDS and Bag Label 
_________ J 

Figure 2 
TUBED PRODUCT LABEL 

SALES INFORMATION 
REV. 5/93 8-3 

~------~+- Heat Sealed Bag 

Silica Gel (in sealed bag) 

c:=J--:-+- WammgLabal 

DI---,-L-+- Micron Marketing Labell 
Customer Specification Label 

D -- SPC label- Operator ID# Dale Bag Sealed 

Figure 3 
TAPE-AND-REEL PACKAGED 

PRODUCT LABEL 

Micron Semiconductor, Inc., reserves the righllo change products or specifICations Without notice 
©1993,MicronSemiconduc\or,lnc. 
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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 quan
tities. 

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. 

ParlType 
4 MEG SPECIAL TV DRAMS 

*MT4C16256DJ 

*MT4C16256Z 

MT4C16257DJ 

MT4C16257Z 

MT4C16259DJ 

MT4C16259Z 

MT4C16260DJ 

MT4C16261OJ 

MT4C8512DJ 

MT4C8512Z 

MT4C8513DJ 

MT4C8513Z 

VRAM-1 MEG 

MT42C4256Z 

MT42C 4256DJ 

MT42C 8128DJ 

VRAM-2MEG 

MT 42C8254DJ-8256DJ 

MT 42C8254TG-8256TG 

MT 42C8254RG-8256RG 

TRIPLE-PORT DRAM 

MT43C4257TG 

MT43C4257RG 

MT43C4257DJ,4258DJ 

MT43C8128EJ,8129EJ 

'Revised 3/12193 

SALES INFORMATION 
AEV.5!93 

Quantity Quantity 
Per Tray Per Box 

1500 

1000 

1500 

1000 

1500 

1000 

1500 

1500 

1500 

1300 

1500 

1300 

1300 

2000 
1500 

1500 

84 1000 

84 1000 

84 1000 

84 1000 

1500 

1500 

8-4 

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 -7 fewer complaints 
and returns. 

LBS 
Per Box 

10.3 

10.3 

11.9 

11.2 

11.1 

Quantity Tape & Reel LBS 
Per Tube Quantity Per Reel 

15 

10 

15 

10 

15 

10 

15 

15 

15 

13 

15 

13 

13 

25 500 3.5 

15 500 3.5 

15 500 4.5 

500 

500 

15 500 

15 500 

Micron Semiconductor, Inc., reserves the right to change products or specilications without notice. 
©1993, Micron Semiconductor, Inc 



MIC:RON 'SALES INFORMATION 
1-· '''''00","''0",'' PRODUCT NUMBERING 

EXPANDED COMPONENT NUMBEruNG SYSTEM 

AA BB CC DODD FFF -GG ZZ ZZ 
--.L..L...L I -L-L_ 
MT42C82560J-7 

M;cron 'TT ITT ~ Processing Codes 
VRAM . 70ns Access Time 
CMOS - SOJ Package 

256K x 8 -------' 

AA - PRODUCT LINE IDENTIFIER 

Component Product .......................................................... MT 

BB - PRODUCT FAMILY 

DRAM .................................................................................. 4 
VRAM ................................................................................. 42 
TPDRAM ............................................................................ 43 
SRAM ................................................................................... 5 
Am ................................................................................... ~ 
Cache Data SRAM .............................................................. 56 
Synchronous SRAM ........................................................... 58 

CC - PROCESS TECHNOLOGY 

CMOS .................................................................................. C 
Low-Voltage CMOS ............................................................ LC 

DODD - DEVICE NUMBER 
(Can be modified to indicate variations) 

DRAM ............................................................. Width; Density 
VRAM ............................................................. Width, Density 
TPDRAM ......................................................... Width, Density 
SRAM .......................................................... Total Bits, Width 
CACHE ............................................................ Density, Width 
Latched SRAM ............................................. Total Bits, Width 
FIFO ............................................................. Width, Total Bits 
Synchronous SRAM ........................................ Density, Width 

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 

SALES INFORMATION 
REV.Sf93 8-5 

FFF - PACKAGE CODES (continued) 
QFP ,"', ................. " ............ " ..... ,", ........ " ... " ...... , ...... , ..... LG 
TSOP (Type II) ................................................................ TG 
TSOP (Reversed) ........................................................... RG 
TSOP (Longer) ................................................................ TL 
SOJ , ...... , .. " ....... ,', ..... ,"""', ..... " ........... , ......... " ...... " .... ," OJ 
SOJ (Skinny) .................................................................. , SJ 
SOJ (Reversed) .............................................................. DR 
SOJ (Longer) .................................................................. DL 

DIE 
Die ..... " .......... " ....... ,., ............ , ..... , .............. ,", .......... " .. XDC 
Wafer .. , .... , .... ,', ......... ,', ................ , ...... , .... , ... " ..... " ..... , XWC 
Military Die ..................................................................... XD 
Military Wafer "', ...... ,", .. , ........ , ........ , ....... ,' .......... " ........ XW 

Ceramic 
DIP "", ......... , ....... , ................... ,', .......... , .... " ............ , ..... , .. C 
DIP (Narrow Body) ......................................................... CN 
DIP (Wide Body) ............................................................ CW 
LCC , ....... ,'., ....... " .......... ,', ........ , .... , ...... , .... , .... ', ..... " ........ EC 
LCC (Narrow Body) ...................................................... ECN 
LCC (Wide Body) ......................................................... ECW 
SOP/SOIC ..... , ...... ", ............ ,", .. ,', ............... , ..... " ..... " .... , CG 
SOJ , ...... ,"', ..... ,"', ..... ,""', .................. ,., .... , ... ,', ..... " ..... , DCJ 
PGA ." ......... " ... ,"', ...... ,', .. ,', .. , .. , ................. " ... ,", .... , ...... , CA 
FLAT PACK ....................................................................... , F 

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 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1993, Micron Semiconductor, Inc. 
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MIC:RON SALES INFORMATION 
1-· ''"''0''"''''''' PRODUCT NUMBERING 

EXPANDED COMPONENT NUMBERING SYSTEM (continued) 

AA BB CC DODD FFF -GG ZZ ZZ 
--L..L.L I -L...L_ 
MT42C8256DJ-7 

Micron 
VRAM 
CMOS 

256K x 8 

~11T~ Processing Codes 
70ns Access Time 
SOJ Package 

GG - ACCESS TiME (continued) 
~ ................................................................................. ~~ 

-55 ................................................................................. 55ns 
-70 (SRAM only) ............................................................ lons 

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 .................................................................................. 1 

Low Voltage ......................................................................... V 
DRAMS 

Low Power (Extended Refresh) ......................................... L 
Low Voltage, Low Power (Extended Refresh) ................. VL 
Low Power (SELF REFRESH) ............................................ S 
Low Voltage, Low Power (SELF REFRESH) .................... VS 

SRAMS 
Low Volt Data Retention ................................................... L 
Low Power ........................................................................ P 
Low Power, Low Volt Data Retention .............................. LP 
Low Voltage, Low Power ................................................ VP 

SALES INFORMATION 
REV. 5193 8-6 

zz ZZ - PROCESSING CODES (coiithiued) 
Low Voltage, Low Volt Data Retention ............................ VL 
Low Voltage, Low Volt Data Retention, 
Low Power ..................................................................... VB 

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

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

MIL-STD-883C Testing 
-55°C to + 125°C ......................................................... 883C 
-55°C to + 110°C (DRAMs) .......................................... 883C 
DoC to +7o°C .............................................................. MOlD 

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 nght to change products or specifications without notice. 
©1993, Micron Semiconductor, Inc. 



MIC:RON SALES INFORMATION 
1-· """,,"cccm,,,,, PRODUCT NUMBERING 

NEW COMPONENT NUMBERING SYSTEM 

AA BB CC 000000 EE FFF ·GG ZZ ZZ 
-L.....L..L I -L-L..L_ 
MT42C256K16A 1 SG-7 

~~~~ ---=rTT ITT <=-
256K x 16 . 

Processing Codes 
70ns Access Time 
SOP Package 
Data Sheet Defined 

AA - PRODUCT LINE IDENTIFIER 

Component Product .......................................................... MT 

BB - PRODUCT FAMILY 

DRAM .......... ' ....................................................................... 4 
VRAM ................................................................................. 42 
TPDRAM ............................................................................ 43 
Synchronous DRAM .......................................................... 48 
SRAM ................................................................................... 5 
FIFO ........................................................................... , ....... 52 
Latched SRAM ................................................................... 56 
Synchronous SRAM ........................................................... 58 

CC - PROCESS TECHNOLOGY 

CMOS .................................................................................. C 
Low Voltage CMOS ............................................................ LC 

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 

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 

SALES INFORMATION 
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FFF - PACKAGE CODES (continued) 
QFP ................................................................................. LG 
TSOP (Type II) ................................................................ TG 
TSOP (Reversed) ........................................................... RG 
TSOP (Longer) ................................................................ TL 
SOJ ................................................................... , ............. OJ 
SOJ (Skinny) ................................................................... SJ 
SOJ (Reversed) .............................................................. DR 
SOJ (Longer) .................................................................. DL 

DIE 
Die ................................................................................ XDC 
Wafer .......................................................................... XWC 
Military Die ..................................................................... XD • 
Military Wafer ............................ , ................................... XW 

CERAMIC 
DIP ................................................................................... C en 
DIP (Narrow Body) ......................................................... CN » 
DIP (Wide Body) ............................................................ CW r 
LCC (Narrow Body) ...................................................... ECN m 
LCC ................................................................................. EC en 
LCC (Wide Body) ......................................................... ECW 

~~j~~.~~~.::::::::::::::::::::::::::::::::::::::::::::·.::::::::::::::::::::::::·D~~ Z 
PGA ................................................................................ CA -n 
FLAT PACK ........................................................................ F 0 

GG - ACCESS TIME 

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

-10 .................................................................. 10ns or 100ns 
-12 .................................................................. 12n8 or 120ns 
-15 .................................................................. 15ns or 150ns 
-17 ................................................................................. 17ns 
-20 ................................................................................. 20ns 
-25 , ................................................................................ 25ns 
-35 ................................................................................. 35ns 

Micron Semiconductor, Inc., reserves the nght to change products or specifications without nmice. 
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MIC:RON SALES INFORMATION 
1-· ,,,,,co,,,no",,, PRODUCT NUMBERING 

NEW COMPONENT NUMBERING SYSTEM (continued) 

AA BB CC DDDDDD EE FFF -GG ZZ ZZ 
-L....L..L I -L-L--L_ 
MT42C256K16A1SG-7 

Micron 
VRAM 
CMOS 

256K x 16 

--=rIJ I 111-C 
Processing Codes 
70ns Access Time 
SOP Package 
Data Sheet Defined 

-45 ................................................................................. 45ns 
-50 (SRAM only) ............................................................ 50ns 
-53 ................................................................................. 53ns 
~ ................................................................................. ~~ 

-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 L IT 

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

Low Power (Extended Refresh) ......................................... L 
Low Voltage, Low Power (Extended Refresh) ................. VL 
Low Power (SELF REFRESH) ............................................ S 
Low Voltage, Low Power (SELF REFRESH) .................... VS 

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

SALES INFORMATION 
AEV.5/93 8-8 

zz zz - PROCESS!NG CODES (continued) 
Low Power, Low Volt Data Retention .............................. LP 
Low Voltage, Low Power ................................................ VP 
Low Voltage, Low Volt Data Retention ............................ VL 
Low Voltage, Low Volt Data Retention, 
Low Power ..................................................................... VB 

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 

MIL-STO-883C Testing 
-55°C to + 125°C ......................................................... 883C 
-55°C to + 110°C (DRAMs) .......................................... 883C 
DoC to +70°C .............................................................. M070 

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. 
©1993, Micron Semiconductor, Inc 



UU::F=lCN SALES INFORMATION 
1-· ,m'," H' PRODUCT NUMBERING 

MODULE NUMBERING SYSTEM 

AA BB C DDD EE F GG HH 
-L-L.-l-L -L -L-L--L 
MT4V25632M -7 

Micron~ --=r- I I ~---c...-4 components. ~ 
VRAM Module 

256K 

70ns Access Time 
Special Designator 
SIMM 
x32 

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

BB - NUMBER OF MEMORY COMPONENTS 

C- RAM FAMILY 
SRAM ........................................................................ S 
DRAM ........................................................................ 0 
VRAM ........................................................................ V 

DDD-DEPTH 

EE-WIDTH 

GG - SPECIAL DESIGNATOR 
Low Power ................................................................. L 

HH - ACCESS TIME 
-10 ......................................................... 10ns or 100ns 
-15 ........................................................................ 15ns 
-20 ........................................................................ 20ns 
-25 ........................................................................ 25ns 
-30 ........................................................................ 30ns 
-35 ........................................................................ 35ns 
-45 ............................. ; .......................................... 45ns 
-6 ............................................................ , ............. 60ns 

F - PACKAGE CODE 
-7 .......................................................................... 70ns. 

DIP ............................................................................ 0 
Gold Plate ................................................................. G 
ZIP ............................................................................. Z 
SiP ............................................................................. N 
SIMM ......................................................................... M 

SALES INFORMATION 
REV. 5193 8-9 

-B .......................................................................... Bons. 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MIC:RON SALES INFORMATION 
1-· eo",,,,""O""" ORDERING INFORMATION 

ORDER INFORMA TION* 
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 

WIDE DRAM 

256K x 16, 70ns in Plastic SOJ 

~ ____ ~~IPACKAiE~JCjED i 
MT4C16257DJ -7 

VRAM 

256K x 8, 70ns in Plastic SOJ 

....... __ --,~~ I PACKAiE~ JCjED I 
MT42C8256DJ -7 

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 

Customer Comment Line: 
(800) 932-4992 (U.s.A.) 
01 (208) 368-3410 (Intl.) 

VRAM MODULE 

256K x 32, 70ns in SIMM Module 

~----r--....I I PACKAiE IlL SPiED I 
MT4V25632M -7 

TRIPLE-PORT DRAM 

256K x 4, 70ns in Plastic SOJ 

~ ____ r--....IIPACKAiE~JCjED I 
MT43C4257DJ -7 

*For more detailed information, refer to the product numbering charts on pages 9-5 through 9-10. 

SALES INFORMATION 
REV.Sf93 8-10 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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ALABAMA 
Representative 
Southeast Technical Group 
101 Washington, Suite 6 
Huntsville, AL 35801 
Phone - 205-534-2376 
Fax - 205-534-2384 

Distributors 
Hall-Mark Electronics Corporation 
4890 University Square 
Business Center, Suite 1 
Huntsville, AL 35816 
Phone - 205-837-8700 
Fax - 205-830-2565 

Hamilton/ Avnet Electronics 
4960 Corporate Drive, Suite 135 
Huntsville, AL 35805 
Phone - 205-837-7211 
Fax - 205-721-0356 

Pioneer Technology 
4835 University Square, Suite 5 
Huntsville, AL 35816 
Phone - 205-837-9300 
Fax - 205-837-9358 

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/ A vnet Electronics 
1626 South Edwards 
Tempe, AZ 85281 
Phone - 602-961-1211 
Fax -602-961-4555 

Hall-Mark Electronics Corporation 
4637 S. 36th Place 
Phoenix, AZ 85040 
Phone -602-437-1200 
Fax -602-437-2348 

SALES INFORMATION 
REV. 5/93 

Wyle Laboratories Representatives (Southern California) 
4141 E. Raymond Street, Suite 1 Jones & McGeoy Sales, Incorporated 
Phoenix, AZ 85040 5100 Campus Drive, 3rd Floor 
Phone -602-437-2088 Newport Beach, CA 92660 
Fax -602-437-2124 Phone - 714-727-8080 

ARKANSAS Fax -714-727-8090 

Representative Jones & McGeoy Sales, Incorporated 

Nova Marketing Incorporated 
5060 Shoreham Place, Suite 200 
San Diego, CA 92122 

8350 Meadow Road, Suite 174 Phone -619-458-5856 
Dallas, IX 75231 Fax -619-453-0034 
Phone - 214-750-6082 
Fax - 214-750-6068 Jones & McGeoy Sales, JUcorporated 

Distributors 
20501 Ventura Blvd., Suite 130 
Woodland Hills, CA 91364 

Anthem Electronics, Inc. Phone -818-715-7161 
651 N. Plano Road, Suite 429 Fax -818-715-7199 
Richardson, IX 75081 

Distributors Phone - 214-238-7100 
Fax - 214-238-0237 Anthem Electronics Incorporated 

Hall-Mark Electronics Corporation 
1160 Ridder Park Drive 
San Jose, CA 95131 

11420 Pagerrtill Road Phone -408-453-1200 
Dallas, IX 75243 Fax - 408-452-2281 
Phone - 214-553-4300 
Fax - 214-343-5988 Anthem Electronics Incorporated 

Hamilton/ A vnet Electronics 
9131 Oakdale Avenue 
Chatsworth, CA 91311 

7079 University Blvd. Phone -818-700-1000 
Winter Park, FL 32792 Fax -818-775-1302 
Phone -407-657-3300 
Fax - 407-678-1878 Anthem Electronics Incorporated 

Pioneer Electronics 
1 Old Field Drive 
East Irvine, CA 92718-2809 

13765 Beta Road Phone -714-768-4444 
Dallas, IX 75244 Fax -714-768-6456 
Phone - 214-386-7300 
Fax - 214-490-6419 Anthem Electronics Incorporated 

Wyle Laboratories 
580 Menlo Drive, Suite 8 
Rocklin, CA 95677 

1810 N. Greenville Avenue Phone -916-624-9744 
Richardson, IX 75081 Fax -916-624-9750 
Phone - 214- 235-9953 
Fax - 214-644-5064 Anthem Electronics Incorporated 

9369 Carroll Park Drive 
CALIFORNIA San Diego, CA 92121 
Representatives (Northern California) Phone -619-453-9005 

Fax -619-546-7893 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 

8-11 

Hall-Mark Electronics Corporation 
9420 Topanga Canyon Blvd. 
Chatsworth, CA 91311 
Phone -818-773-4500 
Fax -818-773-4555 

Hall-Mark Electronics Corporation 
580 Menlo Drive, Suite 2 
Rocklin, CA 95677 
Phone -916-624-9781 
Fax -916-961-0922 

Micron Semiconductor, Inc., f8SeN8S the right to change products or specifications witl10ul notice. 
©1993, Micron Semiconductor, Inc. 
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MIC:RON SALES INFORMATION 
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Hall-Mark Electronics Corporation 
3878 Ruffin Road, Unit lOB 
San Diego, CA 92123 
Phone -619-268-1201 
Fax -619-268-0209 

Hall-Mark Electronics Corporation 
2105 Lundy Avenue 
San Jose, CA 95030 
Phone -408-432-4000 
Fax -408-432-4044 

Hall-Mark Electronics Corporation 
#1 Mauchly 
Irvine, CA 92718 
Phone -714-727-6000 
Fax -714-727-6066 

Hamilton/ Avnet Electronics 
3170 Pullman Street 
Costa Mesa, CA 92626 
Phone-714-641-4100 
Fax -714-754-6033 

Hamilton/ A vnet Electronics 
10950 Washington Blvd. 
Culver City, CA 90232 
Phone -213-327-3693 
Fax -213-327-3794 

Hamilton/ Avnet Electronics 
755 Sunrise Avenue, Suite 150 
Roseville, CA 95661 
Phone -916-925-2216 
Fax -916-925-3478 

Hamilton/ A vnet Electronics 
4545 Viewridge Avenue 
San Diego, CA 92123 
Phone - 619-571-1900 
Fax -619-571-8761 

Hamilton/ Avnet Electronics 
1175 Bordeaux Drive 
Sunnyvale, CA 94089 
Phone - 408-743-3300 
Fax -408-745-6679 

Hamilton/ A vnet Electronics 
21150 Califa Street 
Woodland Hills, CA 91367 
Phone -818-594-0404 
Fax -818-594-8234 

Pioneer Technologies 
134 Rio Robles 
San Jose, CA 95134 
Phone - 408-954-9100 
Fax -408-954-9113 

SALES INFORMATION 
REV. 5193 

Pioneer Technologies 
217 Technology Drive, Suite 110 
Irvine, CA 92718 
Phone -714-753-5500 
Fax -714-753-5074 

Wyle Laboratories 
(Accounting Office Only) 
128 Maryland Avenue 
EI Segundo, CA 90245 
Phone -213-322-1763 
Fax - 213-322-1763 

Wyle Laboratories 
3000 Bowers Avenue 
Santa Clara, CA 95051 
Phone - 408-727-2500 
Fax - 408-727-5896 

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 
9525 Chesapeake Drive 
San Diego, CA 92123 
Phone -619-565-9171 
Fax -619-565-0512 

Wyle Laboratories 
26010 Mureau Road, Suite 150 
Calabasas, CA 91302 
Phone -818-880-9000 
Fax - 818-880-5510 

CANADA 
Representatives 
Clark-Hurman Associates 
20 Regan Road, Unit 14 
Brampton, Ontario L7 A 1 C3 
Phone -416-840-6066 
Fax - 416-840-6091 

Clark-Hurman Associates 
66 Colonnade Road, Suite 205 
Nepean, Ontario K2E 7K7 
Phone -613-727-5626 
Fax - 613-727-1707 

8-12 

Clark-Hurman Associates 
4 Chester 
Pointe Claire, Quebec H9R 4H7 
Phone -514-426-0453 
Fax -514-426-0455 

Davetek Marketing 
107-3738 North Fraser Way 
Burnaby, BC V5J SG1 
Phone 604-430-3680 
Fax - 604-435-5490 

Distributors 
Hamilton/ A vnet Electronics 
8610 Commerce Court 
Burnaby, BC V5A 4N6 
Phone ~ 604-420-4101 
Fax -604-420-5376 

Hamilton/ Avnet Electronics 
151 Superior Blvd., Unit 1-6 
Mississauga, Ontario LST 2L1 
Phone -416-564-6060 
Fax - 416-564-6036 

Hamilton/ Avnet Electronics 
190 Colonnade Road 
Nepean, Ontario K2E 715 
Phone - 613-226-1700 
Fax -613-226-1184 

Hamilton/ A vnet Electronics 
2795 Rue Halpern 
St. Laurent, Quebec H4S 1P8 
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 

Hall-Mark Electronics Corporation 
12503 E. Euclid Drive, Suite 20 
Englewood, CO 80111 
Phone -303-790-1662 
Fax -303-790-4991 

Micron Semiconductor, Inc., reserves the right to change producta or speclflcatlons without notice. 
@1m, Micron SemiconduCtor. Inc. 
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Hamilton/ Avnet Electronics 
9605 Maroon Circle, Suite 200 
Englewood, CO 80112 
Phone - 303-799-7800 
Fax -303-799-7801 

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 lC 
850 N. Main Street Extension 
Wallingford, CT 06492 
Phone - 508-664-0888 
Fax -508-664-5503 

Distributors 
Anthem Electronics 
61 Mattatuck Heights 
Waterbury, CT 06705 
Phone - 203-575-1575 
Fax -203-596-3232 

Hall-Mark Electronics Corporation 
125 Commerce Court, Unit 6 
Cheshire, CT 06410 
Phone -203-271-2844 
Fax - 203-272-1704 

Hamilton/ Avnet Electronics 
Stillriver Corporate Center 
55 Federal Road, Suite 103 
Dansburry, CT 06810 
Phone - 203-743-6077 
Fax - 203-791-9050 

Pioneer Standard 
112 Main Street 
Norwalk, CT 06851 
Phone - 203-853-1515 
Fax -203-838-9901 

DELAWARE 
Representative 
Omega Electronic Sales Incorporated 
Four Neshaminy Interplex, Suite 101 
Trevose, PA 19053 
Phone - 215-244-4000 
Fax - 215-244-4104 

SALES INFORMATION 
REV.S/93 

Distributor 
Pioneer Technologies 
500 Enterprise Road 
Horsham, P A 19044 
Phone - 215-674-4000 
Fax -215-674-3107 

DISTRICT OF COLUMBIA 
Representative 
Electronic Engineering & Sales, Inc. 
305 Kramer Road 
Pasadena, MD 21122 
Phone - 401-255-9686 
Fax -401-255-9688 

Distributors 
Anthem Electronics, Inc. 
7168 A Columbia Gateway Drive 
Columbia, MD 21046-2101 
Phone - 301-995-6640 
Fax - 301-381-4379 

Hall-Mark Electronics Corporation 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone - 301-988-9800 
Fax - 301-381-2036 

Hamilton/ A vnet Electronics 
7172 Gateway Drive 
Columbia, MD 21046 
Phone - 301-621-8410 
Fax - 301-995-3593 

Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, MD 20877 
Phone - 301-921-0660 
Fax - 301-921-3852 

FLORIDA 
Representatives 
Photon Sales, Inc. 
1600 Sarno Road, Suite 21 
Melbourne, FL 32935 
Phone -407-259-8999 
Fax -407-259-1323 

Photon Sales, Inc. 
715 Florida Street 
Orlando, FL 32806 
Phone -407-896-6064 
Fax - 407-896-6197 

Photon Sales, Inc. 
3475 B. East Bay Drive 
Largo, FL 34641 
Phone -813-536-6225 
Fax - 813-536-4599 

8-13 

Distributors 
Anthem Electronics Incorporated 
2555 Enterprise Road, Suite 11-2 
Clearwater, FL 34623 
Phone - 813-797-2900 
Fax - 813-796-4880 

Chip Supply 
7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
Phone -407-298-7100 
Fax -407-290-0164 

Hall-Mark Electronics Corporation 
10491 72nd Street North, Suite 303 
Largo, FL 34647 
Phone - 813-541-7440 
Fax -813-544-4394 

Hall-Mark Electronics Corporation 
3350 NW 53rd Street, Suite 105 
Fort Lauderdale, FL 33309 
Phone -305-484-5482 
Fax - 305-484-4740 

Hall-Mark Electronics Corporation 
489 E. Semoran Blvd., Suite 145 
Casselberry, FL 32707 
Phone -407-830-5871 
Fax -407-830-5878 

Hamilton/ Avnet Electronics 
5371 NW. 33rd Avenue, Suite 204 
Ft. Lauderdale, FL 33309 
Phone - 305-733-6300 
Fax - 305-484-8369 

Hamilton/ Avnet Electronics 
58th Street North, Suite 206 
Clearwater, FL 34620 
Phone - 813-530-0644 
Fax - 813-536-6589 

Hamilton/ Avnet Electronics 
7079 University Blvd. 
Winter Park, FL 32792 
Phone - 407-657-3300 
Fax -407-678-1878 

Pioneer Technologies 
337 South-North Lake, Suite 1000 
Altamonte Springs, FL 32701 
Phone -407-834-9090 
Fax -407-834-0865 

Pioneer Technologies 
674 S. Military Trail 
Deerfield Beach, FL 33442 
Phone - 305-428-8877 
Fax - 305-481-2950 

Micron Semiconductor, Inc., reserves the right to change products or specifications. without notice. 
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GEORGIA 
Representative 
Southeast Technical Group 
2620 Deer Isle Cove 
Lawrenceville, GA 30244 
Phone - 404-979-2055 
Fax -404-979-2055 

Distributors 
Hall-Mark Electronics Corporation 
3425 Corporate Way, Suite A 
Duluth, GA 30136-2552 
Phone -404-623-4400 
Fax - 404-476-8806 

Hamilton/ Avnet Electronics 
3425 Corporate Wav, Suite G 
Duluth, GA 30136 ' 
Phone - 404-446-0611 
Fax -404-446-1011 

Pioneer Technologies 
4250 C Rivergreen Parkway 
Duluth, GA 30136 
Phone - 404-623-1003 
Fax -404-623-0665 

HAWAII 
Representatives 
Bay Area Electronics Sales, Inc. 
2001 Gateway Place, Suite 315 
San Jose, CA 95110 
Phone - 408-452-8133 
Fax - 408-452-8139 

Bay Area Electronics Sales, Inc. 
5711 Reinhold Street 
Fair Oaks, CA 95628 
Phone - 916-863-0563 
Fax - 916-863-0615 

Distributors 
Anthem Electronics Incorporated 
1160 Ridder Park Drive 
San Jose, CA 95131 
Phone - 408-453-1200 
Fax - 408-452-2281 

Hall-Mark Electronics Corporation 
2105 Lundy Avenue 
San Jose, CA 95030 
Phone - 408-432-4000 
Fax - 408-432-4044 

Wyle Laboratories 
3000 Bowers Avenue 
Santa Clara, CA 95051 
Phone - 408-727-2500 
Fax - 408-727-5896 

SALES INFORMATION 
REV. 5193 

IDAHO 
Representative 
Contact Micron 
Component Sales 
Phone - 208-368-3900 

Distributors 
Anthem Electronics, Inc. 
1279 West 2200 South 
Salt Lake City, UT 84119 
Phone -801-973-8555 
Fax - 801-973-8909 

Hall-Mark Electronics Corporation 
12503 B, Euclid Drive, Suite 20 
Englewood, CO 80ni 
Phone - 303-790-1662 
Fax - 303-790-4991 

Hamilton/ Avnet Electronics 
1175 Bordeaux Drive 
Sunnyvale, CA 94089 
Phone - 408-743-3300 
Fax - 408-745-6679 

Wyle Laboratories 
1325 West 2200 South, Suite E 
West Valley, UT 84119 
Phone -801-974-9953 
Fax -801-972-2524 

ILLINOIS 
Representatives 
Advanced Technical Sales 
13755 St. Charles Rock Road 
Bridgeton, MO 63044 
Phone - 314-291-5003 
Fax - 314-291-7958 

Industrial Representatives, Inc. 
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 

Hall-Mark Electronics Corporation 
210 Mittel Drive 
Wooddale, IL 60191 
Phone - 708-860-3800 
Fax - 708-860-0239 
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Hamilton/ Avnet Electronics 
1130 Thorndale Avenue 
Bensenville, IL 60106 
Phone - 708-860-7700 
Fax - 708-860-8530 

Pioneer Standard 
2171 Executive Drive, Suite 200 
Addison, IL 60101 
Phone - 708-495-9680 
Fax - 708-495-9831 

INDIANA 
Representatives 
Scott Electronics, Inc. (S, Indiana) 
732i Shadeland Station, Suite 256 
Indianapolis, IN 46256 
Phone -"317-841-0010 
Fax - 317-841-0107 

Scott Electronics, Inc. (N. Indiana) 
Lima Valley Office Village 
8109 Lima Road 
Fort Wayne, IN 46818 
Phone - 219-489-5690 
Fax -219-489-1842 

Distributors 
Hall-Mark Electronics Corporation 
4275 W. 96th Street 
Indianapolis, IN 46268 
Phone - 317-872-8875 
Fax - 317-876-7165 

Hamilton/ A vnet Electronics 
655 West Carmel Drive, Suite 160 
Carmel, IN 46032 
Phone - 317-844-9333 
Fax - 317-844-5921 

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,B, 
Cedar Rapids, IA 52402 
Phone - 319-393-8280 
Fax -319-393-7258 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
©1993,MicronSemicanductor,lnc. 



MICRON SALES INFORMATION 
1-· ",",,'<,",oo""C NORTH AMERICA 

Distributors 
Anthem Electronics Incorporated 
7646 Golden Triangle Drive, Suite 160 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
Fax - 612-944-3045 

Hall-Mark Electronics Corporation 
210 Mittel Drive 
Wooddale, IL 60191 
Phone - 708-860-3800 
Fax - 708-860-0239 

Hamilton/ Avnet Electronics 
2335-A Blairs Ferry Road, N.E. 
Cedar Rapids, IA 52402 
Phone -319-393-7050 
Fax - 319-362-4757 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prarie, MN 55344 
Phone - 612-944-3355 
Fax - 612-944-3794 

KANSAS 
Representative 
Advanced Technical Sales 
601 N. Mur-Len, Suite 8 
Olathe, KS 66062 
Phone - 913-782-8702 
Fax -913-782-8641 

Distributors 
Hall-Mark Electronics Corporation 
10809 Lakeview Avenue 
Lenexa, KS 66215 
Phone - 913-888-4747 
Fax - 913-888-0523 

Hamilton/ Avnet Electronics 
15313 West 95th Street 
Lenexa, KS 66219 
Phone - 913-888-8900 
Fax - 913-541-7951 

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 

SALES INFORMATION 
REV. 5193 

Distributors 
Hall-Mark Electronics Corporation (E. Ky.) 
777 Dearborn Park Lane, Suite L 
Worthington, OH 43085 
Phone - 614-888-3313 
Fax - 614-888-0767 

Hall-Mark Electronics Corporation (W. Ky.) 
4275 W. 96th Street 
Indianapolis, IN 46268 
Phone - 317-872-8875 
Fax - 317-876-7165 

Hamilton/ Avnet Electronics 
1847 Mercer Road, Suite G 
Lexington, KY 40511 
Phone - 606-259-1475 
Fax - 606-288-4936 

Pioneer Standard (W. Ky.) 
9350 N. Priority Way, W. Drive 
Indianapolis, IN 46240 
Phone - 317-573-0880 
Fax - 317-573-0979 

Pioneer Standard (E. Ky.) 
4433 Interpoint Blvd. 
Dayton, OH 45424 
Phone - 513-236-9900 
Fax - 513-236-8133 

LOUISIANA 
Representative 
Nova Marketing Incorporated 
8350 Meadow Road, Suite 174 
Dallas, TX 75231 
Phone -214-750-6082 
Fax - 214-750-6068 

Distributors 
Hall-Mark Electronics Corporation 
11420 Pagemill Road 
Dallas, TX 75243 
Phone - 214-553-4300 
Fax - 214-343-5988 

Hamilton/ Avnet Electronics 
7079 University Blvd. 
Winter Park, FL 32792 
Phone -407-657-3300 
Fax - 407-678-1878 

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 
36 Jonspin Road 
Wilmington, MA 01887 
Phone - 508-657-5170 
Fax - 508-657-6008 

Hall-Mark Electronics Corporation 
Pinehurst Park, 6 Cook Street 
Billerica, MA 01821 
Phone - 508-667-0902 
Fax - 508-667-4129 

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 
7168 A Columbia Gateway Drive 
Columbia, MD 21046-2101 
Phone -410-995-6640 
Fax -410-290-9862 

Hall-Mark Electronics Corporation 
10240 Old Columbia Road 
Columbia, MD 21046 
Phone - 301-988-9800 
Fax -301-381-2036 
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Hamilton/ Avnet Electric 
7172 Gateway Drive 
Columbia, MD 21046 
Phone -301-995-3500 
Fax -301-995-3593 

Pioneer Technologies 
9100 Gaither Road 
Gaithersburg, MD 20877 
Phone -301-921-0660 
Fax -301-921-3852 

MASSACHUSETTS 
Representative 
Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
North Rpodin!'_ MA Ol R64 
Ph~~~ ~508:664-0888 
Fax - 508-664-5503 

Distributors 
Anthem Electronics, Inc. 
36 J onspin Road 
Wilmington, MA 01887 
Phone - 508-657-5170 
Fax -508-657-6008 

Hall-Mark Electronics Corporation 
Pinehurst Park, 6 Cook Street 
Billerica, MA 01821 
Phone - 508-667-0902 
Fax -508-667-4129 

Hamilton/ Avnet Electronics 
10D Centennial Drive 
Peabody, MA 01960 
Phone - 508-531-7430 
Fax -508-532-9802 

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 
34605 Twelve Mile Road 
Farmington Hills, MI 48331-3263 
Phone - 313-489-1500 
Fax - 313-489-1480 

SALES IIIIFORMATION 
REV. 5/93 

Distributors 
Hall-Mark Electronics Corporation 
38027 Schoolcraft Road 
Livonia, Ml48150 
Phone -313-462-1205 
Fax - 313-462-1830 

Hamilton/ A vnet Electronics 
2215 29th Street S.E., Space A-5 
Grand Rapids, MI 49508 
Phone - 616-243-8805 
Fax - 616-531-0059 

Pioneer Standard 
4505 Broadmoor Avenue, S.E. 
Grand Rapids, MI 49512 
Phone - 616-698-1800 
Fax - 616-698-1831 

Pioneer Standard 
44191 Plymouth Oaks Blvd., Suite 1300 
Plymouth, MI 48170 
Phone - 313-416-5800 
Fax - 313-416-5811 

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 Inc. 
7646 Golden Triangle Drive, Suite 160 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
Fax - 612-944-3045 

Hall-Mark Electronics Corporation 
9401 James Avenue South, Suite 140 
Bloomington, MN 55431 
Phone - 612-881-2600 
Fax - 612-881-9461 

Hamilton/ Avnet Electronics 
9800 Bren Road East, Suite 410 
Minnetonka, MN 55343 
Phone - 612-932-0600 
Fax - 612-932-6711 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone - 612-944-3355 
Fax - 612-944-3794 
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MISSISSIPPI 
Representative 
Southeast Technical Group 
Route 10, Box 368 
Meridian, MS 39301 
Phone - 601-485-7055 
Fax - 601-485-7063 

Distributors 
Hall-Mark Electronics Corporation 
4890 University Square 
Business Center, Suite 1 
Huntsville, AL 35816 
Phone - 205-837-8700 
Fax - 205-830-2565 

Hamilton / A vnet Electronics 
7079 University Blvd. 
Winter Park, FL 32792 
Phone - 407-657-3300 
Fax - 407-678-1878 

Pioneer Technologies 
4835 University Square, Suite 5 
Huntsville, AL 35816 
Phone - 205-837-9300 
Fax -205-837-9358 

MISSOURI 
Representative 
Advanced Technical Sales 
13755 SI. Charles Rock Road 
Bridgeton, MO 63044 
Phone -314-291-5003 
Fax - 314-291-7958 

Distributors 
Hall-Mark Electronics Corporation 
3783 Rider Trail South 
Earth City, MO 63045 
Phone - 314-291-5350 
Fax - 314-291-0362 

Hamilton/ Avnet Electronics 
739 Goddard Avenue 
Chesterfield, MO 63005 
Phone - 314-537-1600 
Fax - 314-537-4248 

Pioneer Standard 
111 Westport Plaza, Suite 625 
SI. Louis, MO 63146 
Phone - 314-542-3077 
Fax - 314-542-3078 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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MONTANA Hall-Mark Electronics Corporation Anthem Electronics, Inc. 

Distributor 580 Menlo Drive, Suite 2 26 Chapin Road, Unit K 

Hamilton/ Avnet Electronics 
Rocklin, CA 95677 Pine Brook, NJ 07058 

1175 Bordeaux Drive 
Phone - 916-624-9781 Phone - 201-227-7960 

Sunnyvale, CA 94089 
Fax - 916-961-0922 Fax - 201-227-9246 

Phone -408-743-3300 Wyle Laboratories Hall-Mark Electronics Corporation 
Fax - 408-745-6679 2951 Sunrise Blvd., Suite 175 Moorestown West Corporate Center 

Rancho Cordova, CA 95742 225 Executive Drive, Suite 5 
NEBRASKA Phone - 916-638-5282 Moorestown, NJ 08057 
Representative Fax - 916-638-1491 Phone - 609-235-1900 

Advanced Technical Sales Fax - 609-235-3381 

601 North Mur-Len, Suite 8 NEW HAMPSHIRE 
Hamilton/ Avnet Electronics 

Olathe, KS 66062 Representative 1 Keystone Avenue, Bldg. #36 
Phone - 913-782-8702 Advanced Tech Sales Incorporated Cherry Hill, NJ 08003 
Fax - 913-782-8641 348 Park Street, Suite 102 Phone -609-424-0100 

Distributors 
North Reading, MA 01864 Fax - 609-751-2552 
Phone - 508-664-0888 

Hall-Mark Electronics Corporation Fax - 508-664-5503 Hamilton/ A vnet Electronics 
10809 Lakeview Drive 10 Lanidex Plaza West 
Lenexa, KS 66215 Distributors Parsippany, NJ 07054 
Phone -913-888-4747 Anthem Electronics Phone -201-575-3390 
Fax - 913-888-0523 36 J onspin Road Fax - 201-575-5839 

Hamilton/ Avnet Electronics 
Wilmington, MA 01887 Hall-Mark Electronics Corporation 
Phone -508-657-5170 

1130 Thorndale Avenue Fax - 508-657-6008 
200 Lanidex Plaza, 2nd Floor 

Bensenville, IL 60106 Parsippany, NJ 07054 
Phone - 708-860-7700 Hall-Mark Electronics Corporation Phone -201-515-3000 
Fax - 708-860-8530 Pinehurst Park, 6 Cook Street Fax -201-515-4475 

Wyle Laboratories 
Billerica, MA 01821 Pioneer Standard • Phone - 508-667-0902 

451 E. 124th Street Fax - 508-667-4129 
14A Madison Road 

Thornton, CO 80241 Fairfield, NJ 07006 en Phone - 303-457-9953 Pioneer Standard Phone - 201-575-3510 
Fax - 303-457-4831 44 Hartwell Avenue Fax - 201-575-3454 l> 
NEVADA 

Lexington, MA 02173 Pioneer Technologies r Phone - 617-861-9200 
Representatives Fax - 617-863-1547 

500 Enterprise Road m 
Horsham, P A 19044 en Bay Area Electronics Sales, Inc. NEW JERSEY Phone -215-674-4000 

2001 Gateway Place, Suite 315 Fax -215-674-3107 -
San Jose, CA 95110 Representatives Z 
Phone - 408-452-8133 Omega Electronics NEW MEXICO ." 
Fax - 408-452-8139 Four Neshaminy Interplex, Suite 101 Representative 0 
Quatra Associates (Clark County) 

Trevose, PA 19053 Quatra Associates Incorporated 
Phone - 215-244-4000 lJ 4645 S. Lakeshore Drive, Suite 1 Fax - 215-244-4104 

600 Autumnwood Place, S.E. 
Tempe, AZ 85282 Albuquerque, NM 87123 s: 
Phone - 602-820-7050 Parallax, Inc. Phone - 505-296-6781 

!t Fax - 602-820-7054 734 Walt Whitman Road Fax -505-292-2092 

Distributors 
Melville, NY 11747 Distributors 
Phone -516-351-1000 -

Anthem Electronics Incorporated Fax - 516-351-1606 Anthem Electronics Inc. 0 
580 Menlo Drive, Suite 8 1555 W. 10th Place, Suite 101 Z 
Rocklin, CA 95677 Distributors Tempe, AZ 85281 
Phone - 916-624-9744 Anthem Electronics, Inc. Phone - 602-966-6600 
Fax - 916-624-9750 355 Business Center Drive Fax - 602-966-4826 

Horsham, P A 19044 
Phone - 215-443-5150 
Fax -215-675-9875 

SALES INFORMATION 8-17 Micron Semiconductor, Inc., reserves the righllo change products or specifications without notice. 
REV 5/93 ©1993,MlcronSemiconductor, Inc. 



• en » 
rm en -Z 
." o 
:D 
s: 
~ -o 
z 

Hall-Mark Electronics Corporation 
4637 South 36th Place 
Phoenix, AZ 85040 
Phone - 602-437-1200 
Fax - 602-437-2348 

Hamilton/ Avnet Electronics 
7801 Academy Road N.E., Bldg. 1 
Suite 204 
Albuquerque, NM 87109 
Phone - 505-345-0001 
Fax -505-345-1867 

Wyle Laboratories 
4141 E. Raymond Street, Suite 1 
Phoenix,. AZ 85040 
Phone - 602-437-2088 
Fax -602-437-2124 

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, Inc. 
26 Chapin Road, Unit K 
Pinebrook, NJ 07058 
Phone - 201-227-7960 
Fax -201-227-9246 

Hall-Mark Electronics Corporation 
6605 Pittsford -Palmyra Road, Suite E8 
Fairport, NY 14450 
Phone -716-425-3300 
Fax -716-425-7195 

SALES INFORMATION 
REV.S/93 

Hall-Mark Electronics Corporation 
3075 Veterans Memorial Hwy. 
Ronkonkoma, NY 11779 
Phone -516-737-0600 
Fax - 516-737-0838 

Hall-Mark Electronics Corporation 
200 Lanidex Plaza, 2nd Floor 
Parsippany, NJ 07054 
Phone - 201-515-3000 
Fax - 201-515-4475 

Hamilton/ Avnet Electronics 
933 Motor Parkway 
Hauppauge, NY 11788 
Phone - 516-231-9800 
Fax - 516-434-7426 

Hamilton/ Avnet Electronics 
100 Elwood Davis Road 
North Syracuse, NY 13212 
Phone - 315-437-2641 
Fax - 315-432-0740 

Hamilton/ Avnet Electronics 
2060 Townline Road 
Rochester, NY 14623 
Phone -716-292-0730 
Fax -716-292-0810 

Pioneer Standard 
68 Corporate Drive 
Binghamton, NY 13904 
Phone - 607-722-9300 
Fax - 607-722-9562 

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 

NORTH CAROLINA 
Representative 
Southeast Technical Group 
700 N. Arendell Avenue 
Zebulon, NC 27597 
Phone - 919-269-5589 
Fax - 919-269-5670 
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Distributors 
Hall-Mark Electronics Corporation 
5234 Green's Dairy Road 
Raleigh, NC 27604 
Phone - 919-872-0712 
Fax - 919-878-8729 

Hamilton/ Avnet Electronics 
3510 Spring Forest Road 
Raleigh, NC 27604 
Phone - 919-878-0810 
Fax - 919-872-4435 

Pioneer Technologies 
2200 Gateway Center Blvd., Suite 215 
Morrisville; NC 27%0 
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 

Distributors 
Anthem Electronics Incorporated 
7646 Golden Triangle Drive, Suite 160 
Eden Prairie, MN 55344 
Phone - 612-944-5454 
Fax - 612-944-3045 

Hall-Mark Electronics Corporation 
9401 James Avenue South, Suite 140 
Bloomington, MN 55431 
Phone - 612-881-2600 
Fax - 612-881-9461 

Hamilton/ Avnet Electronics 
1130 Thorndale Avenue 
Bensenville, IL 60106 
Phone - 708-860-7700 
Fax - 708-860-8530 

Pioneer Standard 
7625 Golden Triangle Drive 
Eden Prairie, MN 55344 
Phone - 612-944-3355 
Fax - 612-944-3794 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice 
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OHIO 
Representatives 
Scott Electronics, Inc. 
Corporate Headquarters 
3131 S. Dixie Drive, Suite 200 
Dayton, OH 45439-2223 
Phone -513-294-0539 
Fax - 513-294-4769 

Scott Electronics, Inc. 
30 Alpha Park 
Cleveland OH 44143-2240 
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 
Hall-Mark Electronics Corporation 
5821 Harper Road 
Solon, OH 44139 
Phone - 216-349-4632 
Fax - 216-248-4803 

Hall-MarkElectronics Corporation 
777 Dearborn Park Lane, Suite L 
Worthington, OH 43085 
Phone - 614-888-3313 
Fax - 614-888-0767 

Hamilton/ A vnet Electronics 
2600 Corporate Exchange Drive, Suite 180 
Columbus, OH 43231 
Phone - 614-882-7004 
Fax - 614-882-8650 

Hamilton/ Avnet Electronics 
7760 Washington Village Drive 
Dayton,OH 45459 
Phone -513-439-6700 
Fax - 513-439-6711 

Hamilton/ Avnet Electronics 
2 Summit Park Drive, Suite 520 
Independence, OH 44131 
Phone - 708-860-7700 
Fax - 708-860-8530 

SALES INFORMATION 
REV. 5/93 

Pioneer Standard 
4800 E. l3lst 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 

OKLAHOMA 
Representative 
Nova Marketing Incorporated 
81250 E. 51st Street, Suite 1339 
Tulsa, OK 74145 
Phone - 918-660-5105 
Fax - 918-665-3815 

Distributors 
Hall-Mark Electronics Corporation 
5411 S. 125th East Avenue, Suite 305 
Tulsa, OK 74146 
Phone - 918-254-3200 
Fax - 918-254-6207 

Hamilton/ Avnet Electronics 
12101 East 51st Street, Suite 106 
Tulsa, OK 74146 
Phone - 918-664-0444 
Fax - 918-250-8763 

Pioneer Standard 
9717 E. 42nd Street, Suite 105 
Tulsa, OK 74146 
Phone - 918-665-7840 
Fax - 918-665-1891 

OREGON 
Representative 
Westerberg & Associates 
7165 SW. Fir Loop 
Portland, OR 97223 
Phone - 503-620-1931 
Fax - 503-684-5376 

Distributors 
Anthem Electronics Incorporated 
9090 S.W. Gemini Drive 
Beaverton, OR 97005 
Phone - 503-643-1114 
Fax - 503-626-7928 

8-19 

Hamilton/ Avnet Electronics 
9750 SW. Nimbus Avenue 
Beaverton, OR 97005 
Phone - 503-526-6200 
Fax -503-641-5939 

Wyle Laboratories 
9640 Sunshine Court, Suite 200, Bldg. G 
Beaverton, OR 97005 
Phone - 503-643-7900 
Fax - 503-646-5466 

PENNSYL VANIA 
Representatives 
Omega Electronic Sales Incorporated 
Four Neshaminy Interplex, Suite 101 
Trevose, PA 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, Inc. 
355 Business Center Drive 
Horsham, PA 19044 
Phone - 215-443-5150 
Fax -215-675-9875 

Hall-Mark Electronics Corporation 
Moorestown W. Corporate Center 
225 Executive Drive, Suite 5 
Moorestown, NJ 08057 
Phone - 609-235-1900 
Fax - 609-235-3381 

Hall-Mark Electronics Corporation(W. P A) 
5821 Harper Road 
Solon, OH 44139 
Phone -216-349-4632 
Fax - 216-248-4803 

Hamilton/ Avnet Electronics 
213 Executive Drive, Suite 320 
Mars, PA 16046 
Phone -412-281-4150 (Mars) 
Phone -814-455-6767 (Erie) 
Fax -412-772-1890 

Pioneer Technologies 
500 Enterprise Road 
Horsham, P A 19044 
Phone - 215-674-4000 
Fax - 215-674-3107 

Micron Semiconductor, tnc., reseNes the right to change products or specifications without notice. 
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Pioneer Technologies (W. PAl Distributors Distributors 
259 Kappa Drive Hall-Mark Electronics Corporation Hall-Mark Electronics Corporation 
Pittsburgh, PA 15238 5234 Green's Dairy Road 4890 University Square 
Phone - 412-782-2300 Raleigh, NC 27604 Business Center, Suite 1 
Fax -412-963-8255 Phone -919-872-0712 Huntsville, AL 35816 

PUERTO RICO Fax -919-878-8729 Phone - 205-837-8700 
Fax - 205-830-2565 

Representative Pioneer Technologies 

Photon Sales, Inc. 
9401 L. Southern Pine Blvd. Hamilton/ Avnet Electronics 
Charlotte, NC 28273 3425 Corporate Way, Suite G 

1600 Sarno Road, Suite 21 Phone - 704-526-8188 Duluth, GA 30136 
Melbourne, FL 32935 Fax -704-522-8564 Phone -800-241-6928 
Phone - 407-259-8999 Fax -404-446-1011 
Fax -407-259-1323 Pioneer Technologies 

Dist..~butor 
2810 Meridian Parkway, Suite 148 Pioneer Technologies 
Durham, NC 27713 4835 Universilj Square, Suite 5 

Hamilton/ A vnet Electronics Phone -919-544-5400 Huntsville, AL 35818 
Villas De San Francisco Plaza Fax - 919-544-5885 Phone -205-837-9300 
#87 De Diego Avenue, Suite 215 Fax - 205-837-9358 
Rio Piedras, PR 00926 SOUTH DAKOTA 
Phone - 809-731-1110 Representative TEXAS 
Fax -809-754-4350 High Technology Sales Associates Representatives 

RHODE ISLAND 4801 W. 81st Street, Suite 115 Nova Marketing Incorporated 

Representative 
Bloomington, MN 55437 8350 Meadow Road, Suite 174 
Phone -612-844-9933 Dallas, TX 75231 

Advanced Tech Sales Incorporated Fax -612-844-9930 Phone - 214-265-4600 
348 Park Street, Suite 102 

Distributors Fax - 214-265-4668 
North Reading, MA 01864 
Phone -508-664-0888 Anthem Electronics Incorporated Nova Marketing Incorporated • Fax -508-664-5503 7646 Golden Triangle Drive, Suite 160 9207 Country Creek Road, Suite 141 

Eden Prairie, MN 55344 Houston, TX 77036 
Distributors Phone - 612-944-5454 Phone - 713-988-6082 

en Anthem Electronics Fax -612-944-3045 Fax -713-774-1014 

» 61 Mattatuck Heights 
Hall-Mark Electronics Corporation Nova Marketing Incorporated 

Waterbury, CT 06705 r- Phone - 203-575-1575 9401 James Avenue South, Suite 140 8310 Capitol of Texas Hwy. North, Suite 180 

m Fax -203-596-3232 Bloomington, MN 55431 Austin, TX 78731 

en Phone -612-881-2600 Phone -512-343-2321 
Hall-Mark Electronics Corporation Fax - 612-881-9461 Fax -512-343-2487 - 125 Commerce Court, Unit 6 

Hamilton/ Avnet Electronics Quatra Associates, Inc. (El Paso, TX) 
Z Cheshire, CT 06410 

1130 Thorndale Avenue 600 Autumnwood Place, S.E. 
." Phone - 203-271-2844 Albuquerque, NM 87123 

Fax -203-272-1704 Bensenville, IL 60106 

0 Phone -708-860-7700 Phone -505-296-6781 
Pioneer Standard Fax -708-860-8530 Fax -505-292-2092 

:D 112 Main Street 
Pioneer Standard Distributors s: Norwalk, CT 06851 

Phone - 203-853-1515 7625 Golden Triangle Drive Anthem Electronics, Inc. 

!i Fax -203-838-9901 Eden Prairie, MN 55344 651 N. Plano Road, Suite 429 
Phone -612-944-3355 Richardson, TX 75081 - SOUTH CAROLINA Fax - 612-944-3794 Phone - 214-238-7100 

0 Representative Fax - 214-238-0237 
TENNESSEE 

Z Southeast Technical Group Representative 
Hall-Mark Electronics Corporation 

1401 N. Arendell Avenue 12211 Technology Blvd. 
Zebulon, NC 27597 Southeast Technical Group Austin, TX 78727 
Phone - 919-269-5589 101 Washington, Suite 6 Phone -512-258-8848 
Fax -919-269-5670 Huntsville, AL 35801 Fax -512-258-3777 

Phone - 205-534-2376 
Fax - 205-534-2384 
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Hall-Mark Electronics Corporation Wyle Laboratories Pioneer Standard 
11420 Pagemill Road 11001 S. Wilcrest, Suite 100 44 Hartwell Avenue 
Dallas, TX 75243 Houston, TX 77099 Lexington, MA 02173 
Phone - 214-553-4300 Phone - 713-879-9953 Phone - 617-861-9200 
Fax - 214-343-5988 Fax - 713-879-6540 Fax - 617-863-1547 

Hall-Mark Electronics Corporation UTAH VIRGINIA 
8000 Westglen 

Representative Representative Houston, TX 77063 
Phone -713-781-6100 Wescom Marketing Electronic Engineering & Sales, Inc. 
Fax - 713-953-8420 3500 S. Main, Suite 100 305 Kramer Road 

Hamilton/ Avnet Electronics 
Salt Lake City, UT 84115 Pasadena, MD 21122 
Phone -801-269-0419 Phone - 410-255-9686 

1826 F Kramer Lane Fax -801-269-0665 Fax - 410-255-9688 
Austin, TX 78758 
Phone - 512-837-8911 Distributors Distributors 
Fax -512-832-4315 Anthem Electronics Incorporated Anthem Electronics 

Hamilton/ Avnet Electronics 1279 West 2200 South 7168 A Columbia Gateway Drive 

4004 Beltline Road, Suite 200 Salt Lake City, UT 84119 Columbia, MD 21046-2101 

Dallas, TX 75244 Phone -801-973-8555 Phone - 301-995-6640 

Phone - 214-308-8111 Fax -801-973-8909 Fax - 301-381-4379 

Fax - 214-308-8109 Hall-Mark Electronics Corporation Hall-Mark Electronics Corporation 

Hamilton/ Avnet Electronics 12503 E. Euclid Drive, Suite 20 10240 Old Columbia Road 

1235 North Loop West, Suite 521 Englewood, CO 80111 Columbia, MD 21046 

Houston, TX 77008 Phone - 303-790-1662 Phone -301-988-9800 

Phone - 713-240-7733 Fax - 303-790-4991 Fax -301-381-2036 

Fax - 713-861-6541 Hamilton/ Avnet Electronics Pioneer Technologies 

Pioneer Electronics 1100 East 6600 South, Suite 120 9100 Gaither Drive 

13765 Beta Drive Salt Lake City, UT 84121 Gaithersburg, MD 20877 • Dallas, TX 75244 Phone -801-263-0104 Phone -301-921-0660 

Phone - 214-419-5503 Fax - 213-558-2845 Fax - 301-921-3852 

Fax -214-490-6419 Wyle Laboratories WASHINGTON en 
Pioneer Standard 1325 West 2200 South, Suite E 

Representative l> 
1826 Kramer Lane, Suite D Salt Lake City, UT 84119 r 
Austin, TX 78758 Phone -801-974-9953 Westerberg & Associates m Fax - 801-972-2524 12505 N.E. Bel-Red Road, Suite 112 
Phone - 512-835-4000 Bellevue, W A 98005 en Fax - 512-835-9829 VERMONT Phone - 206-453-8881 -Pioneer Standard Representative Fax - 206-453-8758 Z 10530 Rockley Road, Suite 100 Advanced Tech Sales Incorporated Distributors ." Houston, TX 77099 
Phone - 713-495-4700 

348 Park Street, Suite 102 Anthem Electronics Incorporated 0 North Reading, MA 01864 19017-120th Avenue N.E., Suite 102 Fax - 713-495-5642 Phone - 508-664-0888 Bothell, WA 98011 ::D 
Wyle Laboratories Fax - 508-664-5503 Phone - 206-483-1700 s: 4030 W. Braker Lane, Suite 420 Distributors Fax - 206-486-0571 
Austin, TX 78759 

Anthem Electronics Hall-Mark Electronics Corporation ~ Phone - 512-345-8853 
Fax -512-834-0981 36 Jonspin Road 250 N.w. 39th, Suite 4 -Wilmington, MA 01887 Seattle, WA 98107 0 Wyle Laboratories Phone - 508-657-5170 Phone - 206-547-0415 
1810 N. Greenville Avenue Fax - 508-657-6008 Fax -206-632-4814 Z 
Richardson, TX 75081 

Hall-Mark Electronics Corporation Phone - 214-235-9953 
Fax - 214-644-5064 Pinehurst Park, 6 Cook Street 

Billerica, MA 01821 
Phone - 508-667-0902 
Fax - 508-667-4129 
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Hamiltonl Avnet Electronics 
545 West 2925 North 
Goldie Road, Unit B 
Oak Harbor, WA 98277 
Phone - 206-679-5576 
Fax· 206-675-5770 

Hamiltonl Avnet Electronics 
17761 N.E. 78th Place, Bldg. C 
Redmond, WA 98052 
Phone -206-881-6697 
Fax·206-867-0159 

Wyle Laboratories 
15385 N.E. 90th Street 
Redmond, WA 98052-3522 
Phone -206-881-115U 
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 

Distributor 
Hall-Mark Electronics Corporation 
777 Dearborn Park Lane, Suite L 
Worthington, OH 43085 
Phone - 614-888-3313 
Fax - 614-888-0767 

SALES INFORMATION 
REV.5J93 

WISCONSIN 
Representatives 
High Technology Sales Associates (E. WI) 
4801 W. 81st Street, Suite 115 
Bloomington, MN 55437 
Phone - 612-844-9933 
Fax - 612-844-9930 

Industrial Representatives, Inc. (W. WI) 
2831 N. Grandview, Suite 215 
Pewaukee, WI 53072 
Phone - 414-574-9393 
Fax - 414-574-9394 

Distributors 
Anthem Inectronics, Inc. 
1300 Remington, Suite A 
Schaumburg, IL 60173 
Phone - 708-884-0200 
Fax - 708-884-0480 

Hall-Mark Electronics Corporation 
210 Mittie Drive 
Wood Dale, IL 60191 
Phone - 708-860-3800 
Fax - 708-860-0239 

Hall-Mark Electronics Corporation 
16255 West Lincoln Avenue 
New Berlin, WI 53151 
Phone -414-797-7844 
Fax - 414-797-9259 

Hamiltonl Avnet Electronics 
20875 Crossroads Circle, Suite 400 
Waukesha, WI 53186 
Phone - 414-784-4510 
Fax - 414-784-9509 

Pioneer Standard 
120 Bishops Way, Suite 163 
Brookfield, WI 53005 
Phone - 414-784-3480 
Fax -414-784-8207 

WYOMING 
Representative 
Wescom Marketing 
3500 South Main, Suite 100 
Salt Lake City, UT 84115 
Phone - 801-269-0419 
Fax - 801- 269-0665 

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 
West Valley, UT 84119 
Phone - 801-974-9953 
Fax - 801-972-2524 

Hamilton I A vnet Electronics 
1175 Bordeaux Drive 
Sunnyvale, CA 94089 
Phone - 408-743-3300 
Fax -408-745-6679 

8-22 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 
Distributors 
EBV Elektronik GmbH 
Diefenbachgasse 35 I 6 
A-1150Wien 
Phone - 43-222-8 9417 74 
Fax - 43-222-8 94 17 75 

Thomas Neuroth GmbH 
Hietzinger Hauptstrasse 22 A/2 
A-1130Wien 
Phone -43-1-877-5645 
Fax -43-1-876-4920 

BELGIUM 
Representative & Distributor 
Microtron 
Generaal Dewittelaan 
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 

CZECH REPUBLIC 
Distributor 
Neuroth Elektronik obchodni spo!, S.R.O. 
Sumavska 31 - Room 1001 
CS - 61254 - Brno 
Phone - 42-5-7111-0 
Fax -42-5-749150 

DENMARK 
Representative 
DelcoA/S 
Mejeribakken 8 
3540 Lynge 
Phone - 45-42-18-95-33 
Fax - 45-42-18-95-30 

SALES INFORMATION 
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Distributor 
E.V. Johanssen Elektronik A/S 
Titangade 15 
DK-2200 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-00700 Helsinki 
Phone -358-0-351-3133 
Fax - 358-0-351-3134 

FRANCE 
Representative 
Rep'Tronic S.A. 
1 Bis, rue Marcel Paul 
BatimentA 
Z.lla Bonde 
91300 Massy 
Phone - 33-1-60-13-93-00 
Fax - 33-1-60-13-91-98 

Distributors 
Arrow Electronique S.A. 
73-79, rue des Solets 
Silic 585 
94663 Rungis Cedex 
Phone - 33-1-49-78-4848 
Fax - 33-1-49-78-0699 

AvnetEMGSA 
79, rue Pierre Semard 
92320 Chatillon 
Phone - 33-1-49-65-2600 
Fax - 33-1-49-65-2649 

Paris Sud Electronique Composants 
12, rue Rene Cassin 
91300 Massy 
Phone - 33-1-69-20-6699 
Fax - 33-1-69-20-7532 

Thomson Composants Distribution 
30, Avenue de I'Epi d'Or 
94807 Villejuif, Cedex 
Phone - 33-1-46-87-2224 
Fax - 33-1-46-87-0711 

8-23 

GERMANY 
Sales & Customer Service Office 
Micron Semiconductor (Deutschland) GmbH 
Sternstrasse 20 
D-8011 Aschheim 
Phone - 49-89-9030021 
Fax - 49-89-9043114 

Distributors 
EBV Elektronik GmbH 
Hans-Pinsel-Str.4 
D-8013 Haar b. Miinchen 
Phone -49-89-45610-0 
Fax -49-89-464488 

Metronik GmbH 
Leonhardsweg 2 
D-8025 Unterhaching b. Miinchen 
Phone - 49-89-61108-0 
Fax -49-89-6112246 

NeumiilIer Elektronik GmbH 
Eschenstrasse 2 
Postfach 1250 
D-8028 Taufkirchen 
Phone -49-89-61208-0 
Fax -49-89-61208-248 

HONG KONG 
Sales & Customer Service Office 
Micron Semiconductor, Inc. 
15 A Pacific View Block 3 
38 Tai Tam Road 
Phone -852-813-5075 
Fax -852-813-5914 

Representative 
Lestina International Ltd. 
14 IF, Park Tower 
15 Austin Road 
Tsimshatsui 
Phone -852-735-1736 
Fax -852-730-5260 

HUNGARY 
Distributor 
Thomas Neuroth Elektronikai 
Gombocz Zoltan U. 12/ A, 1.6. 
H-1118 Budapest 
Phone -36 1 86 9628 
Fax - 36 1 869628 

Micron Semiconductor, Inc., reserves the right to change products or specifications without notice. 
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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 County Dublin 
Phone - 353-18-450635 
Fax -353-18-453625 

Distributor 
Lyco Ltd. 
Estuary House 
New Street 
Malahide, Dublin 
Phone - 353-18-452-020 
Fax· 353-18-451-741 

ISRAEL 
Representative & Distributor 
CR.G. Electronics Ltd. 
29 Hagaaton Str. 
P.O.B.154 
Nahariya 22100 
Phone - 972-4-925-819 
Fax· 972-4-924-065 

ITALY 
Representative 
Acsis S.R.L. 
Via Alberto Mario, 26 
Milano 20149 
Phone -39-2-4390-832 
Phone -39-2-4390-838 
Fax -39-2-4801-2289 

SALES INFORMATION 
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Distributors 
Claitron-Moxel S.R.L. 
Via Gallarate, 211 
20151 Milano 
Phone - 39-2-33-40-42-05 
Fax - 39-2-38-00-67-89 

EUR Elettronica S. p.A. 
Via E. Fermi, 8 
20094 Assago 
Milano 
Phone - 39-2-45-78-41 
Fax -39-2-48-80-27-5 

JAPAN 
LJistributor 
Sanyo Electronic Co. Ltd. 
Import Promotion Division 
1-1-10Ueno 
Taito-ku, Tokyo 110 
Phone -81-3-3837-6345 
Fax -81-3-3837-6379 

KOREA 
Representative 
I & C Microsystems Co. Ltd. 
3rd Floor, Jungnam Bldg. 
191-3 Poi-Dong 
Kangnam-Ku 
Seoul 
Phone -822-577-9131 
Fax - 822-577-9130 

MALAYSIA 
Representative 
Desner Electronics (FE) Pte. Ltd. 
42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone - 65-285-1566 
Fax - 65-284-9466 

THE NETHERLANDS 
Representative & Distributor 
Microtron 
Beneluxweg 37 
490400sterhout 
Phone - 31-162-060-308 
Fax - 31-162-060-633 

Distributor 
EBV Elektronik GmbH 
Planetenbaan 2 
NL-3606 AK Maarssenbroek 
Phone -3134 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 
Ii .... " ,(1'1 QI:;;'1 QhQ'l 
.1 U.I\. - VJ."- ./-.)v- ./vvv 

NORvVAY 
Representative & Distributor 
BIT Elektronikk A/S 
Smedsvingen 4 
P.O. Box 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 
A TO Electronica, LDA. 
Edificio Altejo 
Rua 3 piso 5Q-sala 505 
Urbanizadio de Matinha 
1900 Lisboa 
Phone -351-1-8580191/2 
Fax - 351-1-8587841 

SINGAPORE 
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., reserves the right to change products or specifications without notice. 
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SLOVAKIA 
Distributor 
Neuroth Elektronik obchodni spo!, S.RO. 
Sumavska 31- Room 1001 
CS -61254 -Brno 
Phone -42-5-7111-0 
Fax -42-5-749150 

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 
ATD Electronica, SA 
Avda. de Ia Industria 32 
Nave 17, 20 B. 
28100 AIcobendas 
Madrid 
Phone -341-661-6551 
Fax - 341-661-6300 

SWEDEN 
Representative & Distributor 
IE Komponenter AB 
Box 11113 
5-16111 Bromma 
Phone -46-8-804685 
Fax -46-8-262286 

SWITZERLAND 
Distributors 
AIltronAG 
Hintermiittlistrasse 3 
5506 Miigenwil 
Phone -41-64-56-00-00 
Fax -41-64-56-00-05 

SALES INFORMATION 
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EBV Elektronik GmbH 
Vorstadtstrasse 37 
CH-8953 Dietikon 
Phone -411-7 40 10 90 
Fax - 411-7415110 

TAIWAN, R.O.C. 
Representative 
ASEC International Corporation 
4F, 223, Chung Yang Road 
Nan Kang District 
Taipei 
Phone -886-2-786-6677 
Fax -886-2-786-5257 

THAILAND 
Representative 
Desner Electronics (FE) Pte. Ltd. 
42 Mactaggart Road 
#04-01 Mactaggart Bldg. 
Singapore 1336 
Phone -65-285-1566 
Fax -65-284-9466 

UNITED KINGDOM 
Sales & Customer Service Office 
Micron Europe Limited 
Centennial Court 
Easthampstead Road 
BrackneII 
Berkshire RG121JA 
Phone -44-344-360055 
Fax -44-344-869504 

Representative 
Cedar Technologies UK Ltd. 
The Old Water Works 
Howse Lane 
Bicester 
OxonOX68XF 
Phone -44-869-322-366 
Fax -44-869-322-377 

8-25 

Distributors 
Abacus Electronics Ltd. 
Abacus House 
Bone Lane 
Newbury 
Berkshire RG14 5SF 
Phone -44-635-36222 
Fax -44-635-38432 

Bytech Components 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 
BumhamLane 
Slough 
Berkshire SLl 6LN 
Phone-44-62~604383 
Fax -44-6~666873 

Thame Components Ltd. 
Thame Park Road 
Thame 
Oxfordshire OX9 3UQ 
Phone -44-84-426-1188 
Fax -44-84-426-1681 
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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: 
800-932-4992 (U.S.A.) 
01-208-368-3410 (IntI.) 

Micron Semiconductor 
(Deutschland) GmbH 
Sternstrasse 20 
0-8011 Aschheim 
Germany 
Tel: 49-89-903-0021 
Fax: 49-89-904-3114 

Micron Europe Limited 
Centennial Court 
Easthampstead Road 
Bracknell 
Berkshire RG 12 1 JA 
United Kingdom 
Tel: 44-344-360055 
Fax: 44-344-869504 

Micr:on Semiconductor, Inc. 
15A Pacific View Block 3 
38 Tai Tam Road 
Hong Kong 
Tel : 852-813-5075 
Fax: 852-813-5914 


