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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
theright tochange products orspecifica-
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 ORIMPLIED 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
OF SHIPMENT FROM MICRON, AND
MICRON HAS NO LIABILITY
THEREAFTER. ANY MICRON LIA-
BILITY IS LIMITED TO REPLACE-
MENT OF DEFECTIVE ITEMS OR
RETURN OF AMOUNTS PAID FOR
DEFECTIVEITEMS (AT THEBUYER'S
ELECTION).

MICRON’S PRODUCTS ARE NOT
AUTHORIZEDFORUSE ASCRITICAL
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
FORSURGICALIMPLANTINTO 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 EXPECTEDTOCAUSE
THE FAILURE OF THE LIFE SUPPORT
DEVICE OR SYSTEM OR TO AFFECT
ITS SAFETY OR EFFECTIVENESS.
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GENERAL INFORMATION

Dear Customer:

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

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

At Micron, we are investing time, talent and resources
to bring you the finest DRAMs, SRAMs, 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

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

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 burn-in and test system™ gives
Micron a unique edge in product reliability.

PREFACE
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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 (VRAMES), 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 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

Micron Semiconductor, Inc.
2805 East Columbia Road
Boise, ID 83706

Phone: (208) 368-3900

Fax: (208) 368-4431
Customer Comment Line:
800-932-4992 (US.A.)
01-208-368-3410 (Intl.)

DATA SHEET MARKING DEFINITION

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

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

No Marking (Production) This data sheet contains minimum and maximum limits specified over the complete 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:
EIA/JEDEC—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
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PRODUCT NUMBERING

EXPANDED COMPONENT NUMBERING SYSTEM

AA BB CC DDDD FFF -GG 2Z7z
€

L— Processing Codes
70ns Access Time

1 1 1_ 1
MT42C8256DJ-7
Micron —
VRAM ——I_ l
CMOS

256K x 8

AA - PRODUCT LINE IDENTIFIER

SOJ Package

FFF — PACKAGE CODES (continued)

COMPONENE PROAUCE ...revevrvrerererserssnssessnsensens MT OFP...... s LG
TSOP (Type Il .....
BB - PRODUCT FAMILY TSOP (Reversed)
DRAM 4 TSOP (Longer) .
VRAM 42 S0J......
TPDRAM 43 S0J (Skinny) .............
SRAM oo, 5 S0J (Reversed) ..........
FIFO 52 S0J (Longer)
Cache Data SRAM .................. .56 DIE
Synchronous SRAM .58 DI o -XDG
WATBT oottt XWC
CC - PROCESS TECHNOLOGY VLAY DIB vveveversceseeeereesseresseesereeessesssesssnessssssssssssnees XD
CMOS . c MIlItary Wafer ... eneiesssieeenes Xw
Low-Voltage CMOS........ . LC CeDrilgwic
DDDD - DEVICE NUMBER DIP (Narrow Body)
(Can be modified to indicate variations) DIP (Wide Body)
DRAM ... Width, Density LCC oo,
VRAM Width, Density LCC (NArrow Body) .....coervereeeeenerreenmrenisnesssssessnssnnennens ECN
TPDRAM Width, Density LCC (WIde BOGY) .....ivvrereemsecenereerereneeeeeesnessiesessnesanes ECW
R 271 Total Bits, Width SOP/SOIC ..ottt CG
CACHE Density, Width S0J....... DCJ
Latched SRAM Total Bits, Width PGA ....... CA
FIFO Width, Total Bits FLAT PACK ...ttt sssenans F
Synchronous SRAM Density, Width GG — ACCESS TIME
E —- DEVICE VERSIONS 5 eeeeeee st 5ns or 50ns
(Alphabetic characters only; located between D and F when B e 6ns or 60ns
required) 7 O 7ns or 70ns
JEDEC Test Mode (4 Meg DRAM) . . B s 8ns or 80ns |
Errata on Base Part . . Q -10 10ns or 100ns -
12 s 12ns or 120ns
FFF - PACKAGE CODES A5 e 15ns or 150ns
PLASTIC ST ————————— 17ns
DIP ....... Blank 220 et 20ns
DIP (Wide Body) ......overeerrennns w -25 25ns
ZIP s z -35 35ns
LOC oottt se bt EJ A5 e 45ns
SOP/S0IC........ SG -50 (SRAM only) ... 50ns
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PRODUCT NUMBERING

EXPANDED COMPONENT NUMBERING SYSTEM (continued)

AA BB CC DDDD FFF -GG ZZZZ
£

| 1 1 _ |

MT42C8256DJ-7

Micron —— |
VRAM
CMOS

256K x 8

GG — ACCESS TIME (continued)

‘ L— Processing Codes
70ns Access Time

SOJ Package

ZZ ZZ - PROCESSING CODES (continued)

53 e ettt senene 53ns Low Voltage, Low Volt Data Retention ..........ccooeuvrerenene VL
D bbbttt 55ns Low Voltage, Low Volt Data Retention,
=70 (SRAM ONIY) ©eoveiirieeeceireieiresce s s sees 70ns LOW POWET ..ottt VB
EPIWAFBE <voeeie et seectenasseesssensnens E
2Z 7Z - PROCESSING CODES Commeiei S
(Multiple processing codes are separated by a space and are 0°C to +70°C ) ) ) Blank
listed in hierarchical order.) -40°C to +85°-(')“..... """"""""""""""""""""""""""""""""" T
ixgg,flll::suppoﬂing low power, led refresh (L); low voll “40°C 10 +125°G . AT
(V) and the industrial temperature range (IT) would be indicated as: -55°C to +125°C I —————- XT
VLT MIL-STD-883C Testing
IBIIT ceveeeeeeeeeeeeemeesessessssesssesesse e seseessesessseesessessseeeeessee I -55°C 10 +125°C ..ovvvvn.ces
LOW VOIAGE ...ovovvvvveeerevenreenres 2V -55°C to +110°C (DRAMS)...
DRAMS 0°C 10 470°C ...ttt
Low Power (Extended Refresh) .......oo.ooooccrrccerrcerren L Special Processing
Low Vol’tage’ Low Power (Extended Refresh) Engmee!’lng Sample ........................................................ ES
Low Power (SELF REFRESH) .......ccovvvvvvvvveeeeee Mechanical Sample .. -.MS
Low Voltage, Low Power (SELF REFRESH) ....voocorccce. Sample Kit* ............. - SK
SRAMS Tape-and-Reel* ...TR
LOW VOt Data RETEMHON e L Bar COUB™ .ottt BC
L p * Used in device order codes; this code is not marked on device.
Low Power, Low Volt Data Retention .............ccccoccoeeneee LP
Low Voltage, Low Power ... ettt enas VP
| PREFACE Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 5/93 ©1993, Micron Semiconductor, Inc.
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PRODUCT NUMBERING

NEW COMPONENT NUMBERING SYSTEM

AA BB CC DDDDDD EE FFF -GG 2z 22
[ 1 1 | | L1

MT42C256K16A1SG-7

Micron ——1 | ‘ L
VRAM

CMOS
256K x 16

AA - PRODUCT LINE IDENTIFIER

Component Product

Processing Codes
70ns Access Time
SOP Package
Data Sheet Defined

FFF - PACKAGE CODES (continued)

TSOP (Type 1) .....

T QFP

BB - PRODUCT FAMILY TSOP (REVEISE) .....euvvvrerrencireireressisssseseesssesssssesseasesnns RG
DRAM .......... TSOP (Longer) T
VRAM SOU et bbb nane DJ
TPDRAM ... SOJ (Skinny) S
Synchronous DRAM SOJ (Reversed) .......... DR
SRAM........... SOJ (LONGE) ...ovvvvvvrivenernnrnnssneseesssssssssssssiiessen DL
FIFO oo DIE
Latched SRAM ..o DB ettt e
Synchronous SRAM Wafer

Military Die

CCEM';?CESS TECHNOLOGY . MEIHRIY WRET ..o XW
LOW VOHAE CMOS ... LC CERAMIIC

DDDDDD - DEVICE NUMBER g:g f\l;lvaarmév %ogiy) ..........................................

; ide Body)........
Depth, Width LCC (Narrow Body) ...
f,’.‘ff';”f'?'m bit deep by 16 bits wide = 16 Megabits of total LCC
memo-ry legal leep by its wide = legabits of tota LCC(WideBody)
1 [OOSR Bits SOP/S0IC.
K ———— Klloblts ggi .................
M e Megabits Pl ”
G. ) Gigabits FLAT PACK ..........

EE - DEVICE VERSIONS GG - ACCESS TIME
(The first character is an alphabetic character only; the D e 5ns or 50ns
second character is a numeric character only.) -6 . - 6ns or 60ns
Specified by individual data sheet T s 7ns or 70ns

- 8ns or 80ns

FFF — PACKAGE CODES -10 10ns or 100ns

Plastic -12 12ns or 120ns
DIP ettt bbbttt eaes Blank -15 15ns or 150ns

DIP (Wide BOY) ..covverereerenenrreneesrescaseisssesienessenns w -17

ZIP ottt ananaas z -20

LOC sttt ssesasn s sa st saen EJ -25

SOP/SOIC ...ttt snes SG -35
PREFACE Viii Micron Semiconductor, Inc., reserves the right to change products or speciﬁcaﬁons_ without notice.
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PRODUCT NUMBERING

MICRON

NEW COMPONENT NUMBERING SYSTEM (continued)

AA BB CC DDDDDD EE FFF -GG 2Z 22
I l | 1
MT42C256K16A1SG-7
Micron —— L— Processing Codes
VRAM 70ns Access Time
CMOS SOP Package
256K x 16 Data Sheet Defined

GG - ACCESS TIME (continued)

A e 45ns

=50 (SRAM ONY) ...ooooercieiericeeeecesreese e 50ns

283 ettt e et 53ns

-55 .55ns

-70 (SRAM only) .70ns
ZZ ZZ - PROCESSING CODES

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

Example:

A DRAM supporting low power, extended refresh (L); low voltage

(V) and the industrial temperature range (IT) would be indicated as:
vV LT

INEEIIM e |
LOW VORAQE ..ot nnaens \Y
DRAMs
Low Power (Extended Refresh) .......c.coceeeirennecniinciniiens L
Low Voltage, Low Power (Extended Refresh) ... VL
Low Power (SELF REFRESH)..........c.cooceveunc. .S
Low Voltage, Low Power (SELF REFRESH) ..........ccceeenne VS
SRAMs
Low Volt Data Retention .........c.cccovneeenenmcenesenceneneeinnnns L
LOW POWET ..ot snseeseesesneeas P

ZZ ZZ - PROCESSING CODES (continued)
Low Power, Low Volt Data Retention..............cccocvueerinnice.
Low Voltage, Low POWer .......ccccovevenene
Low Voltage, Low Volt Data Retention
Low Voltage, Low Volt Data Retention,

LOW POWE ..ottt VB
EPFWALEE ...ttt E
Commercial Testing

0°C t0 +70°C ....voeveeeeeeriressesreseeseaseieie e Blank

“40°C 10 +85°C uvvurveeeriereiesserre st IT

<40°C 10 +125°C oo AT

-55°C 10 +125°C oot eeenaees XT
MIL-STD-883C Testing

-55°G 10 +125°C ..o en e 883C

-55°C 10 +110°C (DRAMS) ..ovevrrrcernireeeraneeseeeiasiens 883C

0°C 10 470°C ...ocvcrerereeriesiesee s sreesesssesseians M070
Special Processing

Engineering SAmple .........ccovreereereunerrenneereecrseceneeees ES

Mechanical Sample

SaAMPIE Kit™ ..ot

Tape-and-Reel* :

Bar COOR™ ..o

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

MODULE NUMBERING SYSTEM

AA BBC DDD EE F GGHH
1 11_1 1 111
MT4V25632M -7

Micron — T l T _r—— 70ns Access Time
4 Components Specnal Designator

VRAM Module SIMM
256K

AA - PRODUCT LINE IDENTIFIER GG - SPECIAL DESIGNATOR

Micron Technology Component Product ................ MT LOW POWET ....evviiieieeiie e sreen e e L
BB - NUMBER OF MEMORY COMPONENTS HH - ACCESS TIME
C - RAM FAMILY

SRAM ..o s S

DRAM ..ottt ee s e saene e en D

VRAM L.t \
DDD - DEPTH
EE - WIDTH
F -PACKAGE CODE

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

WIDE DRAM PRODUCT SELECTION GUIDE

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

Configuration | Cycle Number* Time (ns) Standby Active ZiIP S0J | TSOP | 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 imw 350mW 28 28 28 1-17
512K x 8 FP, WPB, LP MT4C8513 L 60, 70, 80 imw 350mW 28 28 28 1-17
512K x 8 FP,LP, S MT4C8512 S 70, 80 TmwW 350mwW 28 28 28 1-33
512K x 8 FP, WPB, LP, S MT4C8513 S 70, 80 mw 350mW 28 28 28 1-33
256K x 16 | FP, DW MT4C16256 60, 70, 80 3mwW 500mwW 40 40 40/44 | 1-51
256K x 16 | FP,DC MT4C16257 60, 70, 80 3mw 500mwW 40 40 40/44 | 1-51
256K x 16 | FP, DW, WPB MT4C16258 60, 70, 80 3mw 500mwW 40 40 40/44 | 1-51
256K x 16 | FP, DC, WPB MT4C16259 60, 70, 80 3mw 500mwW 40 40 40/44 | 1-51
256K x 16 | FP, DW, LP MT4C16256 L 60, 70, 80 imw 500mwW 40 40 40/44 | 1-73
256K x 16 | FP, DC, LP MT4C16257 L 60, 70, 80 mw 500mwW 40 40 40/44 | 1-73
256K x 16 | FP, DW, WPB, LP MT4C16258 L 60, 70, 80 imw 500mW 40 40 40/44 | 1-73
256K x 16 | FP, DC, WPB, LP MT4C16259 L 60, 70, 80 imw 500mW 40 40 40/44 | 1-73
256K x 16 | FP,DW, LP, S MT4C16256 S 60, 70, 80 imw 500mW 40 40 40/44 | 1-95
256K x 16 | FP,DC, LP, S MT4C16257 S 60, 70, 80 1imw 500mW 40 40 40/44 | 1-95
256K x 16 | FP, DW, WPB, LP, S | MT4C16258 S 60, 70, 80 1imw 500mwW 40 40 40/44 | 1-95
256K x 16 | FP, DC, WPB, LP, S MT4C16259 S 60, 70, 80 mw 500mwW 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 1mwW 500mwW 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 Vcc (MT4CXXXXX) and 3/3.3V Vcc (MT4LCXXXXX) versions

VRAM PRODUCT SELECTION GUIDE

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

Configuration| Cycle Number Time (ns) Standby Active S0J 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 15mwW 275mwW 40 - - - 2-37
256K x 8 FP, DW MT42C8254 70, 80 10mw 300mwW 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 10mwW 300mwW 40 - 40/44 - 2-181
256K x 16 FP, EDO, DW MT42C256K16A1 | 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 MT42C256K16C2 | 60, 70, 80 TBD TBD - 64 70 - 2-267

FP =FAST-PAGE-MODE, EDO = Extended Data-Out, DW = Dual WE, DC = Dual CAS

PREFACE H Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 5/83 XVI ©1993, Micron Semiconductor, Inc.
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PRODUCT SELECTION

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
256K x 4 FP, BW, QSF pin MT43C4257 80, 100 15mW | 500mW | 40 - |40/44| - 3-1
256K x 4 FP, BW, SSF pin MT43C4258 80, 100 15mW | 500mW | 40 - |40/44| - 3-1
256K x 4 FP, BW, QSF pin MT43C4257A 70, 80 15mW | 500mW | 40 - |40/44) - 3-3
256K x 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 | 550mwW - - - 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
256K x 8 FP, BW MT43C256K8A1| 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 of Pins
Configuration| Cycle Number Time (ns) Standby Active SIMm Page
256K x 32 | FP,BW MT4V25632 70, 80 40mwW 1,200mW 104 4-1

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

APPLICATION/TECHNICAL NOTE PRODUCT SELECTION GUIDE

Technical Note Title Page
TN-00-01 Moisture Absorption in Plastic Packages 51
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

PREFACE . Micron Semiconductor, Inc., reserves the right to change products or specifications without noice.
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MICRON

SEMICONDUCTOR, INC

WIDE DRAM PRODUCT SELECTION GUIDE

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

Configuration | Cycle Number* Time (ns) Standby Active yild S0J | TSOP | Page
512K x 8 FP MT4C8512 60, 70, 80 3mw 350mwW 28 28 28 11
512K x 8 FP, WPB MT4C8513 60, 70, 80 3mwW 350mwW 28 28 28 1-1
512K x 8 FP, LP MT4C8512 L 60, 70, 80 imw 350mwW 28 28 28 1-17
512K x 8 FP, WPB, LP MT4C8513 L 60, 70, 80 1mw 350mwW 28 28 28 117
512K x 8 FP,LP, S MT4C8512 S 70, 80 imw 350mwW 28 28 28 1-33
512K x 8 FP, WPB, LP, S MT4C8513 S 70, 80 imw 350mwW 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 500mwW 40 40 40/44 | 1-51
256K x 16 | FP, DC, WPB MT4C16259 60, 70, 80 3mw 500mwW 40 40 40/44 | 1-51
256K x 16 | FP, DW, LP MT4C16256 L 60, 70, 80 TmwW 500mwW 40 40 40/44 | 1-73
256K x 16 | FP, DC, LP MT4C16257 L 60, 70, 80 1imw 500mwW 40 40 40/44 | 1-73
256K x 16 | FP, DW, WPB, LP MT4C16258 L 60, 70, 80 1mwW 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 TmwW 500mW 40 40 40/44 | 1-95
256K x 16 | FP,DC, LP, S MT4C16257 S 60, 70, 80 TmwW 500mW 40 40 40/44 | 1-95
256K x 16 | FP, DW, WPB, LP, S | MT4C16258 S 60, 70, 80 Tmw 500mwW 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 500mwW 40 40 40/44 | 1-119
256K x 16 | EDO, DC, WPB MT4C16271 70, 80 3mw 500mwW 40 40 40/44 | 1-119
256K x 16 | FP, ASY, DW MT4C16260 70, 80 imw 500mW 40 40 40/44 | 1-137
256K x 16 | FP, WPB, ASY MT4C16261 70, 80 1mwW 500mwW 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 Vcc (MT4CXXXXX) and 3/3.3V Vce (MTALCXXXXX) versions




PRELIMINARY

Ml:HDN MT4C8512/3

512K x 8 WIDE DRAM

WIDE DRAM 512K x 8 DRAM

FAST-PAGE-MODE

FEATURES
¢ Industry-standard x8 pinouts, timing, functions and PIN ASSIGNMENT (Top View)
packages
® Address entry: ten row-addresses, nine column-
addresses 28-Pin SOJ 28-Pin ZIP
* High-performance CMOS silicon-gate process (SDB-1) (SDA-1)
* Single +5V £10% power supply
* Low power, 3mW standby; 350mW active, typical
¢ All device pins are TTL-compatible vee O 1 Vss TAS
* 1,024-cyclerefreshinléms - paid? DQ8 a6
® Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR) paz2Q 3 pa7
and HIDDEN DQ3 [ 4 DQ6 pas
® Optional FAST-PAGE-MODE access cycle pa4ll 5 DQ5 Vee
* NONPERSISTENT MASKED WRITE access cycle NCO 6 CAS DQ2
(MT4C8513 only) WED 7 OE DQ4
RAS[] 8 NC WE
OPTIONS MARKING a9l 9 20 [1 A8 A9
* Timing A0(] 10 19 1 A7 Al
60ns access -6* ALOQ N 18 1 A6
70ns access -7 A20 12 17 0 A5 A3
80ns access -8 A3[] 13 16 [1 A4 Ves
Vee [ 14 Vss AS
o MASKED WRITE A7
Not available 8512 NC
Available 8513
e Packages -Pi
Plastic SOJ (400 mil) DJ 28( SP g‘ ET1S)OP
Plastic TSOP (400 mil) TG
Plastic ZIP (375 mil) z
¢ Part Number Example: MT4C8512TG-7 Vee 0 1 28 1 Vss
DQ1 @O 2 27 M DQ8
*60ns specifications are limited to a Vcc range of £5%. DQ2 O 3 26 @ DQ7
DQ3 O 4 25 M DQ6
DQ4 O 5 24 M DQ5
NC ] 6 23 M CAS
WE o 7 22 m OE
GENERAL DESCRIPTION RAS ™ 8 21 @ NC
The MT4C8512/3 are randomly accessed solid-state A9 M9 20 (O A8
memories containing 4,194,304 bits organized in a x8 A0 ] 10 19 [0 A7
configuration. Each byte is uniquely addressed through Al 11 18 [0 A6
the 19 address bits during READ or WRITE cycles. The A2 ™ 12 17 [ A5
address is entered first by RAS latching 10 bits (A0-A9) A3 0 13 16 [0 A4
and then CAS latching 9 bits (A0-A8). Vee 0 14 15 @ Vss
The MT4C8513has NONPERSISTENT MASKED WRITE —
allowing it to perform WRITE-PER-BIT accesses.
MT4C8512/3 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 3/93 1 -1 ©1993, Micron Semiconductor, Inc.
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PRELIMINARY

MlCRDN MT4C8512/3

512K x 8 WIDE DRAM

FUNCTIONAL BLOCK DIAGRAM

DATA-IN BUFFER

MASK DATA REGISTER
(MT4C8513 only) DQ1
- .

L]
NO. 2 CLOCK D@8
GENERATOR
DATA-OUT
COLUMN- . BUFFER 58
ADDRESS

BUFFER

A0
At REFRESH - 512
A2 CONTROLLER
A3 o [ SENSE AMPLIFIERS
Ad v ] /0 GATING
A5 © REFRESH
AB COUNTER = 512x8
A7
A8
o [
A ROW- 22| 1024 x512x 8
ADDRESS B0 | 104 MEMORY
BUFFERS (10) o § : ARRAY
f i
1
— NO. 1 CLOCK
RAS o GENERATOR 1 o Ve

<+———0 Vss

MT4C8512/3 1 2 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 3/93 = ©1993, Micron Semiconductor, Inc.
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SEMICONDUCTOR. INC.

PRELIMINARY

MT4C8512/3
512K x 8 WIDE DRAM

PIN DESCRIPTIONS

S0J/TSOP zip
PIN NUMBERS PIN NUMBERS | SYMBOL TYPE DESCRIPTION
8 15 RAS Input | Row-Address Strobe: RAS is used to clock-in the 10 row-
address bits and strobe the WE and DQs in the MASKED
WRITE mode (MT4C8513 only).

23 2 CAS Input | 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.

7 14 WE Input | 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).

22 1 OE Input | 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.

10-13, 16-20,9 | 17,18, 19, 20, AO-A9 Input | Address Inputs: These inputs are multiplexed and clocked
23, 24, 25, 26, by RAS and CAS to select one byte out of the 512K
27,16 available words.
2-5,24-27 9,10,11,12, | DQ1-DQ8| Input | Data I/O: Includes inputs, outputs or High-Z and/or output
3,4,5,6 masked data input (for MASKED WRITE cycle only).
6, 21 13, 28 NC - No Connect: These pins should be either left unconnected
or tied to ground.
1,14 8, 21 Vce Supply | Power Supply: +5V £10%
15, 28 7,22 Vss Supply | Ground

MT4C8512/3
REV. 3/93

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

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C8512/3
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 (A0-A9) then, CAS latches 9 bits ( A0-AS8).

The CAS control also determines whether the cycle will
be a refresh cycle (RAS-ONLY) or an active cycle (READ,
WRITE or READ-WRITE) once RAS goes LOW.

READ or WRITE cyclesare 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
DQ! through DQ8. If WE goes LOW prior to CAS going
LOW, the output pin(s) remain open (High- Z) until the next
CAScycle. If WE goes LOW after CAS goes LOW and data
reaches the output pins, data-out (Q) is activated and re-
tains the selected cell data as long as CAS and OE remain
LOW (regardless of WE or RAS). This late WE pulse results
in a READ-WRITE cycle.

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

FAST-PAGE-MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-A9) page boundary. The FAST-
PAGE-MODE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address strobed-
in by CAS. CAS may be toggled-in by holding RAS LOW
and strobing-in different column-addresses, thus execut-
ing faster memory cycles. Returning RASHIGH terminates
the FAST-PAGE-MODE operation.

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to a reduced standby level.
The chip is also preconditioned for the next cycle during the
RASHIGH time. Memory cell data is retained in its correct

state by maintaining power and executing any RAS cycle
(READ, WRITE) or RASREFRESH cycle (RAS-ONLY, CBR,
or HIDDEN) so that all 1,024 combinations of
RAS addresses (A0-A9) are executed at least every 16ms,
regardless of sequence. The CBR 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 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
amask data registerbit, the input port for thatbitis 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-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).

InNONPERSISTANTMASKED 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).

MT4C8512/3
REV. 3/93
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PRELIMINARY

MlCHDN MT4C8512/3

512K x 8 WIDE DRAM

\

i <«— MASKED WRITE

E{EE ;

’ - NONMASKED WRITE ——~————>I

I

Nvda 3dim .

w N\ /7 [T W [

STORED MASK INPUT  STORED | STORED MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA
K 0 X 1] 1] X 1 e > |1
DQ1 11 1 0 ------ > |0] 10| X 1 - > 1]
o 1] 0 X 1] 1] X 1 - > |1
. 1] 1 0 ----- > |0] 10| X 1 e > 1]
o 11 0 X 1] 11 X 0 ----- > |0]
DQS8 1] 1 0 ----- > |0] 10| X 0 ----- > |0
1 0 X 1 1 X 0 ----- > |o]
b—q —q — f—q
1 1 0 ----- > |0 0 X 0 ----- > |0
| L —— [
<+———— ADDRESS 0 > | - ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) DON'T CARE
Figure 1
MT4C8513 MASKED WRITE EXAMPLE
MT4C8512/3 1 _ 5 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 3/93 ©1993, Micron Semiconductor, Inc.



PRELIMINARY

MICRDN MT4C8512/3
512K x 8 WIDE DRAM
- TRUTH TABLE
ADDRESSES
E FUNCTION RAS CAS | WE OF R 't |DOs NOTES
E Standby H H-X | X X X X |High-Z
m READ L L H L ROW | COL | Data-Out
EARLY-WRITE L L L X ROW | COL | Data-In 1
U READ-WRITE L L H-L | L=H | ROW | COL |Data-Out, Data-In 1
m 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
g FAST-PAGE- 1st Cycle L H-L L X ROW | COL | Data-In 1
MODE WRITE 2nd Cycle L H-L L 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-ONLY REFRESH L H X X ROW | n/a |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. EARLY WRITE only.

MT4C8512/3 1 6 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 3/93 = ©1993, Micron Semiconductor, Inc.



PRELIMINARY
MT4C8512/3

512K x 8 WIDE DRAM

ABSOLUTE MAXIMUM RATINGS*
Voltage on Vcc supply relative to Vss....
Operating Temperature, T, (ambient) ..
Storage Temperature (plastic) ..........ccouuu.n. -55°C to +150°C

*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
deviceatthese orany other conditionsabove those indicated

Power Dissipation 1w intheoperational sections of this specificationisnotimplied.
Short Circuit Output Current 50mA 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) (0°C < T, <70°C; Ve = 5V £10%)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 45 55 \ 1
Input High (Logic 1) Voltage, all inputs Vi 2.4 | Vcc+l \ 1
Input Low (Logic 0) Voltage, all inputs Vic -1.0 0.8 \ 1
INPUT LEAKAGE CURRENT
Any input OV < ViN £ Vce l -2 2 uA
(All other pins not under test = OV):
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vout < 5.5V) loz -10 10 nA
OUTPUT LEVELS VoH 24 \
Output High Voltage (lout = -56mA)
Output Low Voltage (lout = 4.2mA) Vou 0.4 \
MAX
PARAMETER/CONDITION SYMBOL |-6** | -7 UNITS | NOTES
STANDBY CURRENT: TTL Icci 2 2|2 mA
(RAS = CAS = Vi)
STANDBY CURRENT: CMOS lccz2 1 1 1 mA 25
(RAS = CAS = Vcc -0.2V)
OPERATING CURRENT: Random READ/WRITE
Average power supply current lccs 120 { 110|100 | mA |3,4, 30
(RAS, CAS, Address Cycling: 'RC =RC [MIN])
OPERATING CURRENT: FAST-PAGE-MODE ‘
Average power supply current Icca 100 | 90 | 80 | mA 3,4, 30
(RAS = Vi, CAS, Address Cycling: PC = tPC [MIN]; ICP, tASC = 10ns)
REFRESH CURRENT: RAS-ONLY
Average power supply current Iccs 120 {110 100 | mA | 3,30
(RAS Cycling, CAS = Vin: 'RC = 'RC [MIN])
REFRESH CURRENT: CBR
Average power supply current Icce 110 {100 | 90 | mA 3
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

**60ns specifications may be limited to a Vcc range of £5%.

MT4C8512/3
REV. 3/93
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PRELIMINARY

MlanN MT4C8512/3

512K x 8 WIDE DRAM

CAPACITANCE
PARAMETER SYMBOL | MAX UNITS NOTES
Input Capacitance: A0-A9 Cn 5 pF 2
Input Capacitance: RAS, CAS, WE, OE Ci 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) (0°C < To< +70°C; Vcc = 5V £10%)

AC CHARACTERISTICS -6* -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time ‘RC 110 130 150 ns
READ-WRITE cycle time RWC 150 175 195 ns
FAST-PAGE-MODE READ or WRITE tPC 35 40 45 ns

cycle time

FAST-PAGE-MODE READ-WRITE tPRWC 85 95 100 ns

cycle time

Access time from RAS RAC 60 70 80 ns 14
Access time from CAS 'CAC 15 20 20 ns 15
Output Enable time 'OE 15 20 20 ns

Access time from column-address TAA 30 35 40 ns

Access time from CAS precharge 'CPA 35 40 45 ns

RAS pulse width 'RAS 60 100,000 70 100,000 80  |100,000 ns
[:R_A§ pulse width (FAST-PAGE-MODE) | 'RASP 60 100,000 | 70 | 100,000| 80 |100,000 | ns

'RAS hold time 'RSH 15 20 20 ns

RAS precharge time ‘RP 40 50 60 ns

CAS pulse width 'CAS 15 100,000 20 100,000 20 100,000 ns

‘CAS hold time tCSH 60 70 80 ns

CAS precharge time {CPN 10 10 10 ns 16
CAS precharge time (FAST-PAGE-MODE)| 'CP 10 10 10 ns

RAS to CAS delay time ‘RCD 20 45 20 50 20 60 ns 17
CAS to RAS precharge time 'CRP 10 10 10 ns

Row-address setup time 'ASR 0 0 0 ns

Row-address hold time ‘RAH 10 10 10 ns

RAS to column- 'RAD 15 30 15 35 15 40 ns 18
address delay time

Column-address setup time 'ASC 0 0 0 ns
Column-address hold time 'CAH 10 15 15 ns
Column-address hold time ‘AR 50 55 60 ns
(referenced to RAS)

Column-address to RAL 30 35 40 ns

RAS lead time

Read command setup time 'RCS 0 0 0 ns 26

Read command hold time tRCH 0 0 0 ns 19, 26
(referenced to CAS) i

Read command hold time tRRH 0 0 0 ns 19

(referenced to RAS)

CAS to output in Low-Z tcLz 3 3 3 ns 31

*60ns specifications may be limited to a Vcc range of £5%.

MT4C8512/3 1 8 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

MlCHDN MT4C8512/3

512K x 8 WIDE DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS -
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C; Vcc = 5V £10%)
AC CHARACTERISTICS -6* -7 -8 E
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES —_—
Output buffer turn-off delay OFF 3 15 3 15 3 15 ns 20, 29, 31 U
Output disable time oD 3 15 3 15 3 15 ns 29, 31 m
Write command setup time wcCs 0 0 0 ns 21,26
Write command hold time WCH 10 10 10 ns 26 U
Write command hold time 'WCR 45 55 60 ns 26 w
(referenced to RAS) >
Write command pulse width WP 10 10 10 ns 26 g
Write command to RAS lead time 'RWL 15 20 20 ns 26
Write command to CAS lead time fcwL 15 20 20 ns 26
Data-in setup time ‘DS 0 0 0 ns 22
Data-in hold time DH 10 15 15 ns 22
Data-in hold time DHR 45 55 60 ns
(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 'CWD 40 45 45 ns 21
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh period (1,024 cycles) ‘REF 16 16 16 ms
RAS to CAS precharge time 'RPC 0 0 0 ns
CAS setup time 'CSR 10 10 10 ns 5
(CBR REFRESH)
CAS hold time 'CHR 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 'OEH 15 20 20 ns 28
READ-MODIFY-WRITE cycle
'OE setup prior to RAS during ORD 0 0 0 ns
HIDDEN REFRESH cycle

*60ns specifications may be limited to a Vcc range of £5%.

MT4C8512/3 1 9 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C8512/3
512K x 8 WIDE DRAM

. This parameter is sampled. Vcc =5V £10%; f = 1 MHz.

. Icc is dependent on cycle rates.

. Icc is dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the outputs open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range (0°C < T, <70°C) is assured.

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

8. AC characteristics assume T = 5ns.

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

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

11. If CAS = Vi, data output is high impedance.

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

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

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

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

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

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

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

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

N

1. All voltages referenced to Vss.
2

3

4

oo

20. *OFF (MAX) defines the time at which the output
achieves the open circuit conzdition; it is not a
reference to VoH or VoL.

21. 'WCS, 'RWD, tAWD and 'CWD are restrictive
operating parameters in LATE-WRITE and READ-
MODIFY-WRITE cycles only. If tWCS > fWCS (MIN),
the cycle is an EARLY-WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If tRWD > '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 data-out is indetermi-
nate. OF held HIGH and WE taken LOW after CAS
goes LOW results in a LATE-WRITE (OE-controlled)
cycle.

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

23. During a READ cycle, if OF is LOW then taken HIGH
before CAS goes HIGH, Q goes open. If OE is tied
permanently LOW, LATE-WRITE 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 only.

28. LATE-WRITE and READ-MODIFY-WRITE cycles
must have both *OD and 'OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. 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 *OD or *OFF
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 = Vi and
CAS =VmH.

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

MT4C8512/3
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MlCHDN MT4C8512/3

512K x 8 WIDE DRAM

tRe -
RAS il é
P —
ms vtz |
—
tosH
1 1
RSH RRH U
I tcRP tReD cas m
V-
crs v Z
O
RAD RAL ‘ w
[ L 1 [ !
I ASR RAH ' tAsC CAH
Vig <
aoor Vil _W ROW m COLUMN W 0( ROW >
ACS Ren g
N
— Vg o
W 7 7 Y
' -
Rac
I
toac toFF
oz
oo VioH :——-————owm——% VALID DATA oPeEN
|lo_toE |<_toD
|
— Vi
OE vy _ / A; /)l /
R
RAS | RP
= VH ~ )L
RAS V[ —
tcsh
tRSH
I tcRpP tRcD tcas
CAS Y —
i -/
AR
RAD tRAL
tasR tRAH tasc toAH
v
on I /), SR /) Y —
towL ]
fRwL )
wer '
twes tweH
twag | |_twan we |
LA B
v
) i V)
bHR
[ 4
L 1 DS DH
vs_ | | IMH 25
v
0Q yiOH 7 % NOTE 1 W VALID DATA W
= V
oE vt

DON'T CARE

R uNDEFINED

NOTE: 1. Applies to MT4C8513 only; WE and DQ inputs on MT4C8512 are “don’t care” at RAS time. WE selects
between normal WRITE and MASKED WRITE 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.

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

SEMICONDUCTOF

512K x 8 WIDE DRAM

NOTE:

READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
tawe
RAS I tRe
s o \ } N
fosu
| tcRP tRCD ‘——:2%
TAS YmM = l
asR = tean l tasc tcaH
aopR VM :m ROW W OrLUMN , W 7/ /'cé K row
tRos ! ':wwg ‘F’l
I"w | dwag| tAwD P
WE 7R noten ‘ lﬁ 7 7
e ‘
. l& || toz—= | I‘—Ds' JD—“"
oa v - { NOTE" OPEN OPEN
-
R/ Y Wil / X,
FAST-PAGE-MODE READ CYCLE
| < CRP | D 'RCD lcas tcp icAs 1l ter ‘—___.ys epn i
ol i ' Ji — k/ A
'RAD = RAL
e | [Ty | nso || tows e ] hsc[] o
aooR I WEH@! COLUMN COLUMN m cowmn K777 -/’l /XE
W 77
R e/

DON'T CARE

R UNDEFINED

1. Applies to MT4C8513 only; WE and DQ inputs on MT4C8512 are “don’t care” at RAS time. WE selects
between normal WRITE and MASKED WRITE 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.

MT4C8512/3
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PRELIMINARY

MT4C8512/3
512K x 8 WIDE DRAM

UCTOR, INC

FAST-PAGE-MODE EARLY-WRITE CYCLE -
e :RP tosH tpc !RsH g
RP ‘RCD icas tce lcas tcp lcas teen
O — - N [ ; l E
A0DR VM m ROW COLUMN - cu.wu‘cw I { kDOLUMN'c K ron m
e “W_Ril wes :x:n wes mu wes :xi. E
WE Y :m NOTE 1 i@) m 7 7
:v;_v}c‘;. RWL
I s, | '.ﬂ’l I ‘os 'oH 'ps ‘oH [ i ‘s oH
oa 3}8}_‘ :m NOTE 1 J@I VALID DATA @( VALID DATA m VALID DATA W 77l
® W 7 7 T
FAST-PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
A tesH tpc /tRwe 'RSH H
I.m. {ROD loas |wleP oy tors =P | toas | 0PN,
o ] A

AR

[/} boN'T cARE

RY unpeFiNED

NOTE: 1. Applies to MT4C8513 only; WE and DQ inputs on MT4C8512 are “don’t care” at RAS time. WE selects
between normal WRITE and MASKED WRITE 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.

MT4C8512/3 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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512K x 8 WIDE DRAM

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

RASP 1< {RP__;
— VIg =
mas vl
RSH
csH tpc
[ tReD tcas tcpp tcas fcpN |
— VIH _
CAs v Z
AR
tRAD tRAL
tAsrR RAH tasc tcAH tasc tcAH
Vin = J
ADDR vl m ROW )@1 COLUMN )m COLUMN W/ // / /»( ROW
| towL |
tRcs tRWL
' twp
twes twoH
== ViH
WE [l 2 Y L T
| s_||_ton,
ViH
o W T T XL Y
tcac
toz tOFF,
e
4
v NOTE 1
OH — PEN { VALID Y
Q VoL - L _DATA OPEN
tan
'RAC

= V,
= W 7/

NOTE: 1. Do not drive data prior to High-Z; that is completion of 'OFF. ICPP is equal to 'OFF + 'DS(MIN) + guardband
between data-out and driving new data-in.

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

tRe
RAS tRP
— V=
mAs il C
| tcrP 'RPG |
w W f 7
tAsR RAH
N
R/, L T
v, -
oo VG = OPEN
%
[//) DON'T cARE
B unperiNeD
MT4C8512/3 1 1 4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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512K x 8 WIDE DRAM

— V
RAS V)

CAS ViL

DQ

CBR REFRESH CYCLE
(A0-A9; OE = DON'T CARE)
tRp tRAS trp 'RAS
N I
tRPC
L tcsR 'CHR RPC, tcsr || toHR

=5

—

!

OPE!

W ¥ T

HIDDEN REFRESH CYCLE 24
(WE = HIGH; OE = LOW)
(READ) (REFRESH)
s i N
ws W f g b
= ASR RAH i ) ASC, CAH |
ADDR v:[‘_mg‘ ROW m‘ COLUMI\: 7%
pa ¥:8[* - op VALID DATA b— oPEN—
toe o0, |
= Xt T == )'//////////
DON'T CARE
B unperiNeD
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PRELIMINARY

MICHDN MT4C8512/3 L

512K x 8 WIDE DRAM

WIDE DRAM 512K x s DRAM mm

LOW POWER, EXTENDED REFRESH E

FEATURES

¢ Industry-standard x8 pinouts, timing, functions and PIN ASSIGNMENT (T op View)
packages
* Address entry: ten row-addresses, nine column-
addresses 28-Pin SOJ 28-Pin ZIP
High-performance CMOS silicon-gate process (SDB-1) (SDA-1)
Single +5V +10% power supply
All device pins are TTL-compatible
Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), vee O
HIDDEN and BATTERY BACKUP (BBU) DQ1 0
Optional FAST-PAGE-MODE access cycle DQ2 [
* NONPERSISTENT MASKED WRITE access cycle DQ3 [
(MT4C8513 only) DQ4
* 1,024-cycle refresh distributed accross 128ms NC I
* Low-power, ImW standby; 350mW active, typical WE

OPTIONS MARKING N

¢ Timing Aol
60ns access -6* Al
70ns access -7 ©A2(
80ns access -8 A3l

« MASKED WRITE Vee
Not available 8512 L
Available 8513 L

Nvda 3ai

Vss
DQs
DQ7
DQ6
DQs5
CAS
OE
NC
A8
A7
A6
A5
A4
Vss

0 NG W=

20
19
18
17
16

—_ e O
S wnNn = o

® Packages

Plastic SOJ (400 mil) DJ _Pi
Plastic TSOP (400 mil) TG 28( g Il:')‘ ET-IS)OP
Plastic ZIP (375 mil) Z

¢ Part Number Example: MT4C8512DJ-7 L

28
27
26
25
24
23
22
21
20
19
18
17
16
15

Vss
DQs8
DQ7
DQ6
DQ5
CAS
OE
NC
A8
A7
A6
A5
A4
Vss

Vee
DQ1
DQ2
DQ3
DQ4

NC

WE

GENERAL DESCRIPTION RAS

The MT4C8512/3 L are randomly accessed solid-state A9
memories containing 4,194,304 bits organized in a x8 A0
configuration. Each byte is uniquely addressed through Al
the 19 address bits during READ or WRITE cycles. The A2
address is entered first by RAS latching 10 bits (A0-A9) A3
and then CAS latching 9 bits (A0-A8). Vee

The MT4C8513 L has NONPERSISTENT MASKED
WRITE allowing it to perform WRITE-PER-BIT accesses.

*60ns specifications are limited to a Vcc range of £5%.

0 N OO AW =

©

HHHHAAHARHAAAAH
HHHEHHHHHHHHHEHH

—_
AW NN = O

MT4C8512/3 L 1 1 7 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
MlCHDN MT4C8512/3 L

512K x 8 WIDE DRAM

FUNCTIONAL BLOCK DIAGRAM

DATA-IN BUFFER

MASK DATA REGISTER
H (MT4C8513 L only) DQ1
E .

[ ]
NO. 2 CLOCK DQs
GENERATOR
DATA-OUT
COLUMIN- . BUFFER o
ADDRESS COLUMN

BUFFER DECODER

A0
Al REFRESH - 5121
A2 CONTROLLER
A3 | SENSE AMPLIFIERS
A4 v | 1/0 GATING
AS REFRESH
A6 COUNTER = siexe
A7
A8
o \
s ROW- =8| 1024 x512x 8
ADDRESS 30 | 1024 MEMORY
BUFFERS (10) cal ARRAY
[a) |
? i
1
— NO. 1 CLOCK
RAS o GENERATOR I = Vee
<+——o0 Vss

MT4C8512/3 L 1-18 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

MT4C8512/3 L
512K x 8 WIDE DRAM

PIN DESCRIPTIONS

S0J/TSOP ZIP
PIN NUMBERS PIN NUMBERS | SYMBOL | TYPE DESCRIPTION

8 15 RAS Input | Row-Address Strobe: RAS is used to clock-in the 10 row-
address bits and strobe the WE and DQs in the MASKED
WRITE mode (MT4C8513 L only).

23 2 CAS Input | 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.

7 14 WE Input | 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).

22 1 OE Input | 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.

10-13, 16-20,9 | 17, 18, 19, 20, AO-A9 Input | Address Inputs: These inputs are multiplexed and clocked
23, 24, 25, 26, by RAS and CAS to select one byte out of the 512K
27,16 available words.
2-5,24-27 9,10, 11,12, | DQ1-DQ8| Input- | Data I/O: Includes inputs, outputs or High-Z and/or output
3,4,5,6 masked data input (for MASKED WRITE cycle only).
6, 21 13, 28 NC - No Connect: These pins should be either left unconnected
or tied to ground.
1,14 8, 21 Vce Supply | Power Supply: +5V £10%
15, 28 7,22 Vss Supply | Ground

MT4C8512/3 L
REV. 3/03
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MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C8512/3 L
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 (A0-A9) then, CAS latches 9 bits ( A0-A8).

The CAS control also determines whether the cycle will
be a refresh cycle (RAS-ONLY) or an active cycle (READ,
WRITE or READ-WRITE) once RAS goes LOW.

READ or WRITE cycles are selected by WE. A logic HIGH
on WE dictates READ mode while a logic LOW on WE
dictates WRITE mode. During a WRITE cycle, data-in (D) is
latched by the falling edge of WE or CAS, whichever occurs
last. Taking WE LOW will initiate a WRITE cycle, selecting
DQI1 through DQ8. If WE goes LOW prior to CAS going
LOW, the output pin(s) remain open (High- Z) until the next
CAS cycle. If WE goes LOW after CAS goes LOW and data
reaches the output pins, data-out (Q) is activated and re-
tains the selected cell data as long as CAS and OE remain
LOW (regardless of WE or RAS). This late WE pulse results
in a READ-WRITE cycle.

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

FAST-PAGE-MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-A9) page boundary. The FAST-
PAGE-MODE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address strobed-
in by 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
cycleand decreases chip current to a reduced standby level.
The chipisalso preconditioned for the next cycle during the
RASHIGH time. Memory cell data is retained in its correct
state by maintaining power and executing any RAS cycle
(READ, WRITE) or RASREFRESH cycle (RAS-ONLY, CBR,

or HIDDEN) so that all 1,024 combinations of RAS ad-
dresses (A0-A9) are executed at least every 128ms, 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
amask 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 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).

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

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

MT4C8512/3 L
REV. 393
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PRELIMINARY
MT4C8512/3 L

512K x 8 WIDE DRAM

’ <+— MASKED WRITE >

E{A—S‘E ,

- NONMASKED WRITE —— ™ '

I

NVHA 3dIM .

N /N N/ /.

STORED MASK INPUT  STORED|STORED MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA
[1] 0 X 1] (1] X 1 e > [1]
DQ1 1] 1 0 -m--- > |o] 0] X 1 e > [1]
. 1] 0 X K 7] X T > [1]
. 1] 1 (Y > [o] 0] X T— > [1]
. L 0 X _1_ l_ X Qo ------ > l
DQ8 1] 1 P > [o] o] X 0 -ieias > [o]
G o x KN R 0 ~> [o]
1] 1 I > [o] 0] X [ — > [o]
<«——— ADDRESSO >« ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) DON'T CARE
Figure 1

MT4C8513 L MASKED WRITE EXAMPLE

MT4C8512/3 L 1-21 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

MICRON MT4C8512/3 L
512K x 8 WIDE DRAM
- TRUTH TABLE
ADDRESSES
E FUNCTION RAS | CAS | WE | OF | R | '€ |DOs NOTES
E Standby H H-X X X X X | High-Z
m READ L L H L ROW | COL | Data-Out
EARLY-WRITE L L L X ROW | COL | Data-In 1
U READ-WRITE L L H-L L—-H | ROW | COL | Data-Out, Data-In 1
m FAST-PAGE- 1st Cycle L H-L H L ROW | COL | Data-Out
> MODE READ 2nd Cycle L H-L H L nfa | COL | Data-Out
g FAST-PAGE- 1st Cycle L H-L L X ROW | COL | Data-In 1
MODE WRITE 2nd Cycle L H-L L X nfa | 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-ONLY 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

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

MT4C8512/3 L 1 22 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

MT4C8512/3 L
512K x 8 WIDE DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss................ -1V to +7V
Operating Temperature, T, (ambient)............0°C to +70°C
Storage Temperature (plastic) ...........coe..... -55°C to +150°C
Power Dissipation N
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
deviceat these orany other conditions above thoseindicated
in the operational sections of this specification is notimplied.
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) (0°C < T, <70°C; Vcc = 5V £10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 55 \' 1
| Input High (Logic 1) Voltage, all inputs ViH 24 |Vcctt \ 1
Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 \ 1
INPUT LEAKAGE CURRENT
Any input OV < VIN £ Vee I -2 2 HA
(All other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vout < 5.5V) loz -10 10 pA
OUTPUT LEVELS VoH 24 Vv
Output High Voltage (lout = -5mA)
Output Low Voltage (lout = 4.2mA) Vou 0.4 Vv
MAX
PARAMETER/CONDITION SYMBOL |-6**| -7 UNITS | NOTES
STANDBY CURRENT: TTL lcct 2 2 2 | mA
(RAS = CAS = Vin)
STANDBY CURRENT: CMOS lcce 200 | 200|200 | pA 25

(RAS = CAS = Vcc -0.2V)

OPERATING CURRENT: Random READ/WRITE

(RAS Cycling, CAS = Vi: IRC = tRC [MIN])

Average power supply current lces 120 | 110|100 | mA 3,4,
(RAS, CAS, Address Cycling: IRC = tRC [MIN]) 31
OPERATING CURRENT: FAST-PAGE-MODE

Average power supply current Icca 100 | 90 | 80 | mA 3,4,
(RAS =V, CAS, Address Cycling: 'PC = 'PC [MIN]; ICP, 'tASC = 10ns) 31
REFRESH CURRENT: RAS-ONLY

Average power supply current Iccs 120 { 110{ 100 { mA | 3,31

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

lcce 110 | 100| 90 | mA 3

REFRESH CURRENT: BBU

Average power supply current during BBU REFRESH:
‘CAS = 0.2V or CBR cycling; RAS =RAS (MIN) to
300ns; WE, A0-A9 and Din = Vce - 0.2V (Din may be left
open), 'RC = 125us (1,024 rows at 125us = 128ms)

lec7 300 | 300 3,5,

300 | pA
: 30

**60ns specifications may be limited to a Vcc range of £5%.

MT4C8512/3 L
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PRELIMINARY

MlCHDN MT4C8512/3 L

512K x 8 WIDE DRAM
CAPACITANCE
PARAMETER SYMBOL [ MAX UNITS NOTES
Input Capacitance: A0-A9 Cn 5 pF 2
Input Capacitance: RAS, CAS, WE, OE Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7,8,9, 10, 11, 12, 13) (0°C < T, < +70°C; Vce = 5V £10%)

NVvHAd 3diM l

AC CHARACTERISTICS -6* -1 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time ‘RC 110 130 150 ns
READ-WRITE cycle time tRWC 150 175 195 ns
FAST-PAGE-MODE READ or WRITE tPC 35 40 45 ns

cycle time

FAST-PAGE-MODE READ-WRITE tPRWC 85 95 100 ns

cycle time

Access time from RAS 'RAC 60 70 80 ns 14
Access time from CAS 'CAC 15 20 20 ns 15
Output Enable time 'OE 15 20 20 ns

Access time from column-address tAA 30 35 40 ns

Access time from CAS precharge 'CPA 35 40 45 ns

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

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

RAS hold time 'RSH 15 20 20 ns

'RAS precharge time 'RP 40 50 60 ns

‘CAS pulse width ICAS 15 100,000 20 100,000 20 100,000 ns

CAS hold time 'CSH 60 70 80 ns

CAS precharge time ICPN 10 10 10 ns 16
CAS precharge time (FAST-PAGE-MODE)| 'CP 10 10 10 ns

RAS to CAS delay time 'RCD 20 45 20 50 20 60 ns 17
‘CAS to RAS precharge time 'CRP 10 10 10 ns
Row-address setup time 'ASR 0 0 0 ns
Row-address hold time 'RAH 10 10 10 ns

RAS to column- 'RAD 15 30 15 35 15 40 ns 18
address delay time

Column-address setup time tASC 0 0 0 ns
Column-address hold time 'CAH 10 15 15 ns
Column-address hold time AR 50 55 60 ns
(referenced to RAS)

Column-address to RAL 30 35 40 ns

RAS lead time

Read command setup time 'RCS 0 0 0 ns 26
Read command hold time 'RCH 0 0 0 ns 19, 26
(referenced to CAS)

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

CAS to output in Low-Z ‘cLz 3 3 3 ns 32

*60ns specifications may be limited to a Vcc range of £5%.

MT4C8512/3 L 1 2 4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MlanN MT4C8512/3 L

512K x 8 WIDE DRAM

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

AC CHARACTERISTICS -6* -7 -8 E
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES —_—
Output buffer turn-off delay 'OFF 3 15 3 15 3 15 ns 20,29, 32 U
Output disable time ‘oD 3 15 3 15 3 15 ns 29, 32 m
Write command setup time wes 0 0 0 ns 21,26

Write command hold time 'WCH 10 10 10 ns 26 U
Write command hold time 'WCR 45 55 60 ns 26 m
(referenced to RAS) >
Write command pulse width wp 10 10 10 ns 26 g
Write command to RAS lead time 'RWL 15 20 20 ns 26

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

Data-in setup time DS 0 0 0 ns 22

Data-in hold time 'DH 10 15 15 ns 22

Data-in hold time DHR 45 55 60 ns

referenced to RAS)

RAS to WE delay time ‘RWD 85 95 105 ns 21
Column-address tAWD 55 60 65 ns 21

to WE delay time

CAS to WE delay time ‘fcwb 40 45 45 ns 21

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

Refresh period (1,024 cycles) 'REF 16 128 128 ms

RAS to CAS precharge time 'RPC 0 0 0 ns

‘CAS setup time 'CSR 10 10 10 ns 5

(CBR REFRESH)

CAS hold time ICHR 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 'OEH 15 20 20 ns 28
READ-MODIFY-WRITE cycle

OE setup prior to RAS during 'ORD 0 0 0 ns

HIDDEN REFRESH cycle
*60ns specifications may be limited to a Vcc range of £5%.
x;’c.cgg;m L 1 _2 5 Micron Semiconductor, Inc., reserves the right to change produg:s ggrs s&ezmagm :ﬂxﬁ ::7\::;
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PRELIMINARY

MT4C8512/3 L
512K x 8 WIDE DRAM

. This parameter is sampled. Vcc = 5V £10%; f = 1 MHz.

. Icc is dependent on cycle rates.

. Icc is dependent on output loading and cycle rates.
Specified values are obtained with minimum cycle
time and the 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 (0°C < T, <70°C) is assured.

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

8. AC characteristics assume ‘T = 5ns.

9. Vi (MIN) and Vi (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and V1L (or between ViL
and Vin).

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

11.If CAS = ViH, data output is high impedance.

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

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

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

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

16.1f 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 'CPN.

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

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

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

cycle.

N

1. All voltages referenced to Vss.
2

3

4

20. 'OFF (MAX) defines the time at which the output
achieves the open circuit condition; it is not a
reference to VOH or VOL.

- 21. 'WCS, '/RWD, tAWD and {CWD are restrictive

operating parameters in LATE-WRITE and READ-
MODIFY-WRITE cycles only. If tWCS > fWCS (MIN),
the cycle is an EARLY-WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If tRWD 2 'RWD (MIN), 'tAWD 2 tAWD
(MIN) and *CWD 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 L only.

28. LATE-WRITE and READ-MODIFY-WRITE cycles
must have both *OD and *OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. The
DQs will provide the previously written data if CAS
remains LOW and OE is taken back LOW after ‘'OEH
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 fOD or ‘OFF
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 'RAS is reduced from its
maximum specification during BBU cycle.

31. Column-address changed once while RAS = Vi and
CAS'= V.

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

MT4C8512/3 L
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READ CYCLE -
tRc
RS kil
ms v ] i \ é
tosH
tRSH RAH U
1 tcrp tRep fcas m
|
w W t / w)
taR
1RAD RAL ’ m
l tasR tRAH tasc tcan '
o W TR o W T >
J |__ trcs tReH g

W 7

I taA

'RAC
teac loFF
oz

VIoH PEN
pa v - VALID DATA

OPEN

|- toE |._top

= v 7 »l }

EARLY-WRITE CYCLE

tRe
tRAS ‘P

L
vy }L———
ms vt Z \

tosH
tRSH
Dt
tcrp 'RcD tcas

[TV
Vi

AR
tRAD tRAL
tASR RAH tasc foar

Vin
ApoR Yl :@g ROW m COLUMN W M ROW
towL |
tRwL )
wer

twes twer

[ 1

'WRS | | _twRH

e V. B!

™ X T KT %

toHR
[ [ 'ps toH
ms, || M

003:8?_ % NOTE 1 W ﬁ VALID DATA W

=V
oE vl *

DON'T CARE

K& unpEFINED

NOTE: 1. Applies to MT4C8513 L only; WE and DQ inputs on MT4C8512 L are “don’t care” at RAS time. WE selects
between normal WRITE and MASKED WRITE 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.
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MICRON

SEMICONDUCTOR. INC

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

NOTE:

tRwe
RAS | RP
s zl‘
L -
tcsH
1
RSH
'cRP 'RCD ‘cas
cas yH - f
L -
‘AR
'RAD 'RAL
i tASR 'RAH i tasc ‘caH
ViH
E E//, S /), ST /)
| 'RWD towL |
tRes | tcwp tRWL
1 "
t [
[ [ AWD 'wp
WRS wanl LI
WE VH <
e 7 Xz I,
it NOTE 1 -
tAn
tRAC
tcac
1y 4
| Ms_ | | _tMH i
%) z:g["_‘ ,’* NOTE 1 ‘I‘
= Vi
& v 77777
'RASP.
— vy =
RAS v _
'csH rc
cRP tRCD. cas cp cAs (| _ter
h—
g 1T
CAS M C
AR
RAD
‘ASR 'RAH, I ‘ASC, 'CAH, tasC, cAH, ‘AsC,
Vi
\ |“—ch5 - |-
I‘_ﬁ. tRCH—=] I. tReH—] |<-
= Vi =
WE i /
taa | tAA |
'RAC ’ ‘cpa !
! tcac loFg fcac loFp
<2FL
toz—=| |- toz—= |=— oz =
VioH = PEI VALID VALID XN
PQ vig)' = o DATA DATA
‘oe ‘on ‘oe ‘on,
— v
& v A[ /) ﬁ)i v/ /A[

DON'T CARE

UNDEFINED

1. Applies to MT4C8513 L only; WE and DQ inputs on MT4C8512 L are “don’t care” at RAS time. WE selects
between normal WRITE and MASKED WRITE 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.
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FAST-PAGE-MODE EARLY-WRITE CYCLE

'rASP

NvHA 3dIM l

mAs M~
L -
torp tosH trc tRSH
tcrp ReD loas fep leas ep loas latfoPN
— vy =
CAS vy — 7 L
tar
RAD 'RAL
1, 1 1, 1 1, 1,
| ASR, RAMl ASC, CAH, l ASC, loan, ASC, toAH,

v
ADDR v}f W ROW i@i COLUMN »i COLUMN w 0{ COLUMN w 0( ROW

towL fowr. towr
By W
wes weH twes twer twes twer
la0es | . WeH
I‘was 1wm¢l twp twp we
|| |e—>]
wE Vn =
WE viit NOTE 1 m‘
wor tRwL |
oHR

1 [ i [ 4 4
s, || tvH | | s oH ‘DS bH ‘ DS DH

Vion =
v:gr _@i NOTE 1 W VALID DATA @{ VALID DATA W VALID DATA W

D

o

= ViH -
GE i

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

'RASP il
— Vg =
RAS v _ 1 (S

‘osH tpc /tRwe tRSH
crp.
Cas VYm - F
ViU -

Vi -
o gt = o

V//) bonT care
R UNDEFINED
NOTE: 1. Applies to MT4C8513 L only; WE and DQ inputs on MT4C8512 L are “don’t care” at RAS time. WE selects
between normal WRITE and MASKED WRITE 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.

MT4C8512/3 L 1 29 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

M|CRDN " MT4C8512/3 L

512K x 8 WIDE DRAM

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

tRASP /e
s o N
0
tosH trc e
1 tocrp tReD cas tcpp tcas PN |
s W T\ / W,
tAR
tRAD tRAL
tAsr tRAH, tasc tcan tasc || _ tcan
ADDR ¥:{' m ROW )@g COLUMN // 0& COLUMN / ///)( ROW
fowe
tAcs | RWL
! wp
wes tweH
e i T S |/
<08, || ox,_
o i i e s i
tcac
| tez torF,
4
NOTE 1
a V= OPEN £ VALD OPEN
taa
tRAC

== V
= W T/

NOTE: 1. Do not drive data prior to High-Z; that is completion of tOFF. {CPP is equal to 'OFF + 'DS(MIN) + guardband
between data-out and driving new data-in.

RAS-ONLY REFRESH CYCLE
(OE and WE = DON'T CARE)
ms Wi N 7
) L tcrp _ﬂ|
e V:t‘ :J tasR tRAH \_/
woon W 777770 Row S row

DON'T CARE

UNDEFINED

MT4C8512/3 L 1 3 0 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRDN MT4C8512/3 L

512K x 8 WIDE DRAM

CBR REFRESH CYCLE
(AO-A9; OE = DON'T CARE)
tRP 'RAS RP tRAS
R N / N
tRPC

lopn |, _tcsm 'CHR IRPC  tcsp || tcHR
RN ? i } 1.( /
pQ = OPE}

Ve W i

BBU REFRESH CYCLE
(A0-A9; OE = DON'T CARE)

125ps
tRP tRAS trP RAS
s VM \ / h /
L —___ﬂ i )

tRPC

topy || _tcsR tcHR 'RPC, tcsr || toHR
s C } \ / 13 /
pa = OPEN

W W T i .

DON'T CARE

UNDEFINED

MT4C8512/3 L. 1 31 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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SEMICONDUCTOR

2, INC

PRELIMINARY
MT4C8512/3 L

512K x 8 WIDE DRAM

HIDDEN REFRESH CYCLE 2
( WE = HIGH; OE = LOW)

(READ) (REFRESH)
tRAS o RP_ RAS
AAS ylI” | i
1 tcrP RCD : RSH cHR

CAS VK- l 3
CAS vz 4 N

AR

tRAD RAL

tasr_ || _'RAH_, tasc, tcaH

— A
ADDR ¥:{'_m‘ ROW

4
1 T 7
\ A

taa
tRAC
toFF
cLz
VioH —
ba vigH = OPEN A VALID DATA 5— OPEN—
toE top

1
— vy ORD
[V 2'/;Z2227/;222'/;222222'/;22222222222222222222222&

A

DON'T CARE

B unperiNeD
MT4C8512/3 L 1 32 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MlCHDN MT4C8512/3 S

512K x 8 WIDE DRAM

WIDE DRAM 512K x 8 DRAM

EXTENDED REFRESH
SELF REFRESH
FEATURES
¢ Industry-standard x8 pinouts, timing, functions and PIN ASSIGNMENT (Top View)
packages
e Address entry: ten row-addresses, nine column-
addresses i i
* High-performance CMOS silicon-gate process 2?8%3-?)0‘] 2(885?_ 1Z)| P
* Single +5V £10% power supply
e All device pins are TTL-compatible —  —
o Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR), vee ] 1 28 [1 Vss O Tl oas
HIDDEN, BATTERY BACKUP (BBU), and SELF DQ1 0 2 27ppas P 3= e
¢ Optional FAST-PAGE-MODE access cycle D@20 3 26 [1 DQ7 par S o bas
¢ NONPERSISTENT MASKED WRITE access cycle DQ3 [ 4 25 [1 DQ6 Vss 7
(MT4C8513 S only) D40 5 24 11 DQ5 bai ol ]8 Ve
e 1,024-cycle refresh distributed accross 128ms NC 6 28 CAS  pgg 11} |"0 D92
¢ Low-power, ImW standby; 350mW active, typical WEQ7 22 [1OE NG 1312 DQ4
RAS[] 8 21 I NC — =114 WE
OPTIONS MARKING Aol 9 20 [ A8 RAS 1512 116 Ao
* Timing A0 10 19 [1 A7 AT e At
70ns access -7 A1 011 18 [1 A6 A2 191
80ns access -8 A2[ 12 17 1 A5 Voo 21fs ZZ CS
D SS
+ waskeD e
Not available 8512S R ————
Available 8513 S
e Packages
Plastic SOJ (400 mil) DJ .
Plastic TSOP (400 mil) TG 28-Pin TSOP
Plastic ZIP (375 mil) z (SDE-1)
* Part Number Example: MT4C8512D]-7 S vee o 1 28 1O Vss
DQ1 M 2 27 M@ DQ8
DQ2 M 3 26 M@ DQ7
DQ3 M 4 25 M DQ6
DQ4 ™ 5 24 M@ DQ5
NC O 6 23 o CAS
WE o 7 22 m OE
RAS ] 8 21 O NC
GENERAL DESCRIPTION A9 9 20 [0 A8
The MT4C8512/3 S are randomly accessed solid-state A0 04 10 19 m A7
memories containing 4,194,304 bits organized in a x8 A1 m 1 18 [0 A6
configuration. Each byte is uniquely addressed through A2 4 12 171 A5
the 19 address bits during READ or WRITE cycles. The A3 13 160 A4
address is entered first by RAS latching 10 bits (A0-A9) Vee 0 14 15 fO0 Vss

and then CAS latching 9 bits (A0-AS8).
The MT4C8513 S has NONPERSISTENT MASKED

WRITE allowing it to perform WRITE-PER-BIT accesses.

MT4C8512/3 1 3 3 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV.3/93 = ©1993, Micron Semiconductor, Inc.
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MICFIDN MT4C8512/3 S

512K x 8 WIDE DRAM

FUNCTIONAL BLOCK DIAGRAM

NvHa 3diMm l M3N

WE
} DATA-IN BUFFER
CAS o L/
MASK DATA REGISTER
(MT4C8513 S only) DQi
.
NO. 2 CLOCK Das
GENERATOR |,__
DATA-OUT
COLUMN- . BUFFER o
ADDRESS
BUFFER DECODER
AO
A1 o REFRESH SELF REFRESH - 512 -1
A2 CONTROLLER —| OSCILLATOR
A3 and TIMER [ SENSE AMPLIFIERS
A4 v | 1/0 GATING
A5 © REFRESH
A6 COUNTER S12x8
A7 ©
A8
A9 - Tl
ROW- 24| 1024x512x 8
ADDRESS O Q | 1024 MEMORY
BUFFERS (10) T g : ARRAY
4
“oroox )
— NO. 1 CLOCK
RAS GENERATOR I 0 Vec

<+———0 Vss

MT4C8512/3 S 1 3 4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MT4C8512/3 S
512K x 8 WIDE DRAM

PIN DESCRIPTIONS

S0J/TSOP ZIP
PIN NUMBERS PIN NUMBERS | SYMBOL | TYPE DESCRIPTION
8 15 RAS Input | Row-Address Strobe: RAS is used to clock-in the 10 row-
address bits and strobe the WE and DQs in the MASKED
WRITE mode (MT4C8513 S only).

23 2 CAS Input | 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.

7 14 WE Input | 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).

22 1 OE Input | 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.

10-13,16-20,9 | 17, 18, 19, 20, A0-A9 Input | Address Inputs: These inputs are multiplexed and clocked
23, 24, 25, 26, by RAS and CAS to select one byte out of the 512K
27,16 available words.
2-5, 24-27 9,10,11,12, | DQ1-DQ8| Input | Data I/O: Includes inputs, outputs or High-Z and/or output
3,4,5,6 masked data input (for MASKED WRITE cycle only).
6, 21 13,28 NC - No Connect: These pins should be either left unconnected
or tied to ground.
1,14 8, 21 Vce Supply | Power Supply: +5V £10%
15,28 7,22 Vss Supply | Ground

MT4C8512/3 S
REV. 3/93
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MICRON

SEMICONDUCTOR, INC

ADVANCE

MT4C8512/3 S
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 (A0-A9) then, CAS latches 9 bits ( A0-A8).

The CAS control also determines whether the cycle will
be a refresh cycle (RAS-ONLY) or an active cycle (READ,
WRITE or READ-WRITE) once RAS goes LOW.

READ or WRITE cycles are selected by WE. A logic HIGH
on WE dictates READ mode while a logic LOW on WE
dictates WRITE mode. During a WRITE cycle, data-in (D) is
latched by the falling edge of WE or CAS, whichever occurs
last. Taking WE LOW will initiate a WRITE cycle, selecting
DQ1 through DQ8. If WE goes LOW prior to CAS going
LOW, the output pin(s) remain open (High- Z) until the next
CAScycle. If WE goes LOW after CAS goes LOW and data
reaches the output pins, data-out (Q) is activated and re-
tains the selected cell data as long as CAS and OE remain
LOW (regardless of WE or RAS). This late WE pulse results
in a READ-WRITE cycle.

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

FAST-PAGE-MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-A9) page boundary. The FAST-
PAGE-MODE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address strobed-
in by 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
cycleand decreases chip current to areduced standby level.
The chip is also preconditioned for the next cycle during the
RASHIGH time. Memory cell data is retained in its correct
state by maintaining power and executing any RAS cycle
(READ, WRITE)or RASREFRESH cycle (RAS-ONLY, CBR,
or HIDDEN) so that all 1,024 combinations of RAS ad-
dresses (A0-A9) are executed at least every 128ms, 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

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
100ps minimum (*RASS). The DRAM will remain in the
SELF REFRESH mode while RAS and CAS remain LOW.
Once CAS has been held LOW for 600us (*CHD), CAS’is no
longerrequired toremain LOW and becomesa “don’tcare.”
CAS is a “don’t care” until *CHS, 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 (‘RPS). 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 125us 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
CBRrefresh is used as the standard refresh. Once this burst
has been completed, the DRAM may be used in the func-
tional mode with aburst 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, youmay 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-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
amask dataregisterbit, the input port for thatbit is disabled
during the subsequent WRITE operation and no new data

MT4C8512/3 S
REV. 3/83
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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-DQS8 inputs will be either
written to the DRAM (if the mask data bit was HIGH) or
ignored (if the mask data bit was LOW).

InNONPERSISTENT MASKED WRITESs, 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).

! <+——— MASKED WRITE

RAS \

\/
A

]

CAS

WE \

|

Ly

NONMASKED WRITE —————» l

I

./

LTI

STORED MASK INPUT STORED | STORED MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA
[1] 0 X [1] [1] X 1 e > [1]
DQ1 1] 1 0 ----- > |[o] 0] X 1 - > [1]
. 1] 0 X 1] 1] X 1 eeee > 1]
. 1] 1 0 ----- > |o] 0] X 1 - > [1]
. 1] 0 X 1] 1] X 0 --ee- > |o]
DQ8 1] 1 0 ----- > [0] 0] X 0 ----- > [o]
1] 0 X 1] 1] X 0 ee- > [o]
1] 1 0 --e-- > [o] 0] X 0 ----- > [o]
<4—————————— ADDRESS 0 > | < ADDRESS 1
X =NOT EFFECTIVE (DON'T CARE) DON'T CARE
Figure 1
MT4C8513 S MASKED WRITE EXAMPLE
MT4C8512/3 S 1 37 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MleDN MT4C8512/3 S

512K x 8 WIDE DRAM
TRUTH TABLE

ADDRESSES

FUNCTION RAS CAS | WE OF R 't |Dos NOTES
Standby H H—X X X X X | High-Z
READ L L H L ROW | COL | Data-Out
EARLY-WRITE L L L X ROW | COL | Data-In 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-ONLY 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. EARLY WRITE only.

MT4C8512/3 S 1 3 8 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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512K x 8 WIDE DRAM

ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Vcc supply relative to Vss mum Ratings” may cause permanent damage to the device.
Operating Temperature, T, (ambient)... This is a stress rating only and functional operation of the

Storage Temperature (plastic) ..........c.c... 5 deviceat theseorany other conditions above those indicated
Power Dissipation in the operational sections of this specification isnotimplied.
Short Circuit Output Current .........cooccceevvvereesrsennnnnns 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) (0°C < T, < 70°C; Vce = 5V +10%)

NvYHa 3dim . M3N

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \Y 1
Input High (Logic 1) Voltage, all inputs ViH 2.4 | Vce+l \ 1
Input Low (Logic 0) Voltage, all inputs ViL -1.0 0.8 \' 1
INPUT LEAKAGE CURRENT

Any input OV < ViN £ Vee

(All other pins not under test = 0V) h -2 2 pA
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vout < 5.5V) loz -10 10 pA
OUTPUT LEVELS Vo 24 Vv

Output High Voltage (lout = -5mA)

Output Low Voltage (lout = 4.2mA) VoL 0.4 \

MT4C8512/3 S 1 39 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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512K x 8 WIDE DRAM
MAX

PARAMETER/CONDITION SYMBOL -7 -8 |[UNITS | NOTES

STANDBY CURRENT: TTL lcct 2 2 mA

(RAS = CAS = ViH)

STANDBY CURRENT: CMOS lcc2 200 200 | pA 25

(RAS = CAS = Vcc -0.2V)

OPERATING CURRENT: Random READ/WRITE

Average power supply current [ofox] 110 100 | mA 3, 4,

(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) 31

OPERATING CURRENT: FAST-PAGE-MODE

Average power supply current Icca 90 80 mA 3,4,

(RAS = Vi, CAS, Address Cycling: tPC = PC [MIN]; !CP, ASC = 10ns) 31

REFRESH CURRENT: RAS-ONLY

Average power supply current lccs 110 100 | mA 3,31

(RAS Cycling, CAS = Vii: 1RC = 'RC [MIN])

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

Average power supply current during BBU REFRESH:
CAS = 0.2V or CBR cycling; RAS ='RAS (MIN) to lcc7 300 300 | pA 3,5,
300ns; WE, A0-A9 and Din = Vcc - 0.2V (Din may be left 30
open), IRC = 125us (1,024 rows at 125us = 128ms)

REFRESH CURRENT: SELF

Average power supply current during SELF REFRESH: CBR cycle with
RAS > RASS (MIN) and CAS held LOW; WE = Vcc - 0.2V; A0-A8 Iccs 400 400 | pA 5
and DiN= Vcc - 0.2V or 0.2V (DIN may be left open)

MT4C8512/3 S 1 40 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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512K x 8 WIDE DRAM

CAPACITANCE
PARAMETER SYMBOL | MAX UNITS NOTES
Input Capacitance: A0-A9 Cn 5 pF 2
Input Capacitance: RAS, CAS, WE, OE Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T < +70°C; Ve = 5V £10%)

NvHa 3dim l M

AC CHARACTERISTICS -1 -8 .

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES

Random READ or WRITE cycle time ‘RC 130 150 ns

READ-WRITE cycle time tRWC 175 195 ns

FAST-PAGE-MODE READ or WRITE PC 45 50 ns

cycle time

FAST-PAGE-MODE READ-WRITE PRWC 95 100 ns

cycle time

Access time from RAS RAC 70 80 ns 14

Access time from CAS 'CAC 20 20 ns 15

Output Enable time 'OE 20 20 ns

Access time from column-address AA 35 40 ns

Access time from CAS precharge 'CPA 40 45 ns

RAS pulse width . 'RAS 70 100,000 80 100,000 ns

RAS pulse width (FAST-PAGE-MODE) 'RASP 70 100,000 80 100,000 ns’

RAS hold time ‘RSH 20 20 ns

‘RAS precharge time ‘RP 50 60 ns

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

CAS hold time 'CSH 70 80 ns

‘CAS precharge time 'CPN 10 10 ns 16

CAS precharge time (FAST-PAGE-MODE) 'CP 10 10 ns

RAS to CAS delay time . RCD 20 50 20 60 ns 17

‘CAS to RAS precharge time 'CRP 10 10 ns

Row-address setup time 'ASR 0 0 ns

Row-address hold time 'RAH 10 10 ns

RAS to column- 'RAD 15 35 15 40 ns 18

address delay time

Column-address setup time tASC 0 0 ns

Column-address hold time 'CAH 15 15 ns

Column-address hold time ) AR 55 60 ns

(referenced to RAS)

Column-address to RAL 35 40 ns

RAS lead time :

Read command setup time 'RCS 0 0 ns

Read command hold time 'RCH 0 0 ns 19

(referenced to CAS)

Read command hold time RRH 0 ! 0 ns 19

(referenced to RAS)

CAS to output in Low-Z ‘cLz 3 3 ns 33
g;v«tcgslgg 213§ 1 - 41 Micron Semiconductor, Inc., reserves the right to change pmdLg‘s 93'3 's;;ne::nr;cﬂmsloer: xnn:uuc(t ::!;on:



ADVANCE
> MICFICIN MT4C8512/3 S

512K x 8 WIDE DRAM

M3

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

E AC CHARACTERISTICS -1 -8
w== | PARAMETER SYM MIN MAX MIN MAX UNITS NOTES
U Output buffer turn-off delay 'OFF 3 15 3 15 ns 20, 29, 33
IT1 [ Output disable time toD 3 15 3 15 ns 29, 33
U Write command setup time 'wCs 0 0 ns 21,26
Write command hold time 'WCH 10 10 ns 26
m Write command hold time 'WCR 55 60 ns 26
> (referenced to RAS)
g Write command pulse width WP 10 10 ns 26
Write command to RAS lead time 'RWL 20 20 ns 26
Write command to CAS lead time ‘CWL 20 20 ns 26
Data-in setup time DS 0 0 ns 22
Data-in hold time DH 15 15 ns 22
Data-in hold time DHR 55 60 ns
(referenced to RAS)
RAS to WE delay time tRWD 95 105 ns 21
Column-address tAWD 60 65 ns 21
to WE delay time
‘CAS to WE delay time tcwD 45 45 ns 21
Transition time (rise or fall) T 3 50 3 50 ns 9,10
Refresh period (1,024 cycles) ‘REF 128 128 ms
RAS to CAS precharge time ‘RPC 0 0 ns
'CAS setup time 'CSR 10 10 ns 5
(CBR REFRESH)
‘CAS hold time 'CHR 10 10 ns 5
(CBR REFRESH)
MASKED WRITE command to RAS 'WRS 0 0 ns 26
setup time
'WE hold time to RAS 'WRH 15 15 ns 26
(MASKED WRITE)
'OE hold time from WE during tOEH 20 20 ns 28
READ-MODIFY-WRITE cycle
OE setup prior to RAS during tORD 0 0 ns
HIDDEN REFRESH cycle
RAS pulse width during 'RASS 100 100 us 32
SELF REFRESH cycle
RAS precharge time during 'RPS 150 150 ns 32
SELF REFRESH cycle
‘CAS hold time during 'CHS -70 -70 ns 32
SELF REFRESH cycle '
‘CAS LOW to “don't care” during 'CHD 600 600 us 29
SELF REFRESH cycle

MT4C8512/3 S 1 42 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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ADVANCE

MT4C8512/3 S
512K x 8 WIDE DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = 5V £10%; f = 1 MHz.

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the outputs open.

Enables on-chip refresh and address counters.

6. The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

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

8. AC characteristics assume T = 5ns.

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

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

11. If CAS = Vi, data output is high impedance.

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

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

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

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

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

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

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

o

19. Either 'RCH or 'RRH 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. 'WCS, 'RWD, tAWD and *CWD are restrictive
operating parameters in LATE-WRITE and READ-
MODIFY-WRITE cycles only. If tWCS > fWCS (MIN),
the cycle is an EARLY-WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If 'RWD > 'RWD (MIN), tAWD = tAWD
(MIN) and {CWD = {CWD (MIN), the cycle 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 S only.

28. LATE-WRITE and READ-MODIFY-WRITE cycles
must have both *OD and ‘OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. The
DQs will provide the previously written data if CAS
remains LOW and OE is taken back LOW after ‘OEH
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 OD or ‘OFF
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.

MT4C8512/3 S
REV. 3/83
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SEMICONDUCTOR, INC.

~4 MICRON

ADVANCE

MT4C8512/3 S
512K x 8 WIDE DRAM

M

NOTES (continued)

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

31. Column-address changed once while RAS = ViL and
CAS=VmH.

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

NVYHAd 3dIM

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.

MT4C8512/3 S
REV. 3/93
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ADVANCE

MI:RDN MT4C8512/3 S rzn

512K x 8 WIDE DRAM

=
I
- =
O
m
O
3
>
=

READ CYCLE

Re
RAS RP
Vig =
tcsH
e 4
RSH RRH
tcRe tRCD tcas
N VI
s vl / L

taR
tRAD RAL
tasR RAH tasc foan

COLUMN / 0( ROW
tros tRCH
I

Vi <
RTE /),

— 3 é’
N
S

— V=
WE vl
tAn
Rac
tcac 1OFF,
torz
oQ \‘ﬂgt' :——_—OPEN——%‘ VALIDDATA  —————OPEN
| toE |_top

® W 7 /)Jt } i

EARLY-WRITE CYCLE

Re
tRAS | tRP
Vg =
mRs vt
fosH
1
RSH
cRP tReD tcas
= W/
AR
tRAD tRAL
1 4 Y
SR RAH 'ASC foan
ViH
ApDR ! :@( ROW m COLUMN W M ROW
towL |
fawL )
1
twer
WeR
twes wen
twag || _twap ‘we
wE Vi
WE yH
'DHR
1
tws || twm tos DH
v
o yioH = ﬂ NOTE 1 W ﬁ VALID DATA

= V
3 v:['

DON'T CARE

&R unpEFINED

NOTE: 1. Applies to MT4C8513 S only; WE and DQ inputs on MT4C8512 S are “don’t care” at RAS time. WE selects
between normal WRITE and MASKED WRITE 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.

MT4C8512/3 S 1 4 5 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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ADVANCE

I\’“CRDN MT4C8512/3 S

512K x 8 WIDE DRAM

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

Nvda 3dim l M3N

tRWC
tRAS | tRP
s J'——
ViL - \.
tosH
¥
RSH
f tcrP tRCD tcas
& Wy T F
AR
‘RAD tRAL
AR 'RAH | 'ASC tcan

ADDR 3:{‘ :W ROW W COLUMN / // / / / // / W ROW

| tRWD
RS ! towp tRWL
t, 1
1 AWD wp
‘wRS WRH| |2
WE ViH =
WE i 4)3] NOTE 1
tAn
tRAC
tcac

1 1
I 4 ps_ || _toH
l ms,_| | tvH oz |- '._. "_’l
v - a J
ba v}gf = NOTE 1 OPEN X VALIDD g VALIDD OPEN
K |,_'°D. toen

'OE
& Y - ﬁl / K%

FAST-PAGE-MODE READ CYCLE

tRasP

[
B
oV T
mAS v
1CSH tpg 'RSH
l tcrp tRCD tcas tcp lcas o ter fcas | tepn i
TAS UH = L
cAs yi =
AR
RAD ‘AL
AR RAH. tasc, foan, tasc ‘cAH asc || leam,
Vi
ADDR v:{' m ROW m COLUMN Sml COLUMN W COLUMN W ROW
-1 |‘—‘RCS - ’-*—fncs —>| [=—tRRH
[ 4
r_ RCS, tRoH—= i. | tRcH— ‘. RCH
= Vi S
WE v / QZ/Z/; W
’ tan ! tan ! tan
'RAC cra tcpa
b
‘cac lorg
2L

[T oz —
VioH — ¢ VALD 3
P v - ol DATA

o ‘o o
[ “—‘1
& W AJ. /) ﬁ)[

DON'T CARE

B unperinen

NOTE: 1. Applies to MT4C8513 S only; WE and DQ inputs on MT4C8512 S are “don’t care” at RAS time. WE selects
between normal WRITE and MASKED WRITE 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.
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ADVANCE
MT4C8512/3 S

512K x 8 WIDE DRAM

SEMICONDUCTOR, INC.

NOTE:

FAST-PAGE-MODE EARLY-WRITE CYCLE

'RASP Il
R / -
fcrp fcsH tpc tRSH
fcrp tACD lcas fcp lcas P loas lopn
‘._. 2AS o OB | N
& W 2\ [
AR
tRAD 'RAL
tASR 'RaH, 1ASC, loan, I tasc, || lcan I tasc_||_tcan I
A0DR VM m ROW }@; COLUMN X/ R coLumn m comn W/ 7X__row
towr tow K
twes twen wes lw<:: twes '\Tv‘:: |
|twas ‘wnnl ‘wp 'M we.
|
WE 3}[‘ :m NOTE 1
‘wer tRWL I
‘s ER—' 'ps 'oH s 'oH
|"M_S. IMH, I‘_J ] I.—. <_—I |<—-——- -——‘
>t} 5’,&*_‘ :m NOTE 1 m VALID DATA VALID DATA W VALID DATA W /
® W 7 T T
FAST-PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
tRASP
m o)
fesH
'cRP ‘RoD 'cas ‘cp
|wCBP | =
AR
'RAD
oSt s
Aoom VI :m ROW m COLUMN Y cown M7
| tRwWD
c——&l towL: |--
twp
tawn
twRs| _‘_anH_l ‘ l_fowo |
L/ R
tan
'RAC
tcpA|
mj
s, || oz
o gt = o1 J—ore
)y
IR Y Vi \{ i

V//} onT care

R unperiNeD

1. Applies to MT4C8513S only; WE and DQ inputs on MT4C8512 S are “don’t care” at RAS time. WE selects
between normal WRITE and MASKED WRITE 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.

MT4C8512/3 §
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ADVANCE

MICRON MT4C8512/3 S

512K x 8 WIDE DRAM

CBR REFRESH CYCLE
(AO-A9; OF = DON'T CARE)
IR N / N
1tepn i tcsh tHR WPC\ tcsm || lcHR
e W T 7
BBU REFRESH CYCLE
(A0-A9; OE = DON'T CARE)
125ps
R ¥ / N
tRPC_
_tepn |, tesr tcHR 'RPC  tcsr || tcHR
oS W C ?Iz \

pQ = OPEN

w Yo T T Y,

=
L]

NOTE: 1.Once
2. Once

SELF REFRESH CYCLE (“SLEEP MODE”)
(A0-A9; OF = DON'T CARE)

tRASS (not RAS) NOTE 1
tRP (( 'RPS (not RP) NOTE 2

)
Vin -
ViL —_/ tRPC

(e tapo %u._/—\_v)_/ \_/
tcPN [ [
_Jj: = Sy .
M }’ 42237 /
ViL - (

(
)y

VoH =
vor = OPEN

W i
DON'T CARE

o
UNDEFINED

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

MT4C85123 S
REV. 3/93
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ADVANCE

MT4C8512/3 S
MICHDN 512K x 8 WIDE DRAM %

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE -
(Pseudo READ-MODIFY-WRITE)
s T | t ] 6
( - tosH = - pc - = . m
i cRP RCD AS cPp cAs cPN | U
s WIS e i / )
tasr 1RA:|RAD tasc tcaH tasc l:(:: >
ADDR y:f m ROW E@g COLUMN W con.uw: Wl »( ROW g
'res ! - ‘::NL ‘
‘ <5, L'_%.l

D x:r W/ W 03 VALID DATA W I

fcac
ez tOFF,
NOTE 1
Vo — VALID N
Q Vol = OPEN \_DATA j OPEl
taA
tRAC

=V
= Y 7/

NOTE: 1. Do not drive data prior to High-Z; that is completion of tOFF. 'CPP is equal to 'OFF + 'DS(MIN) + guardband
between data-out and driving new data-in.

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

'Re
RAS tRp
Vg =
Aes vl C ]
crp RPC
| ]
— VIH -
Cas vyt
tasr 'RAH
Vi R
woor it 7N ROW 7 X ROW
VoH —
pQ Vgt‘ = OPEN

DON'T CARE

B unoerineD
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ADVANCE
MT4C8512/3 S

512K x 8 WIDE DRAM

HIDDEN REFRESH CYCLE 24
(WE = HIGH; OE = LOW)

(READ) (REFRESH)
tRas [ 'RAS
_— Vg Y
RAS viiZ N % L
1 terp tRCD tRSH tCHR
Gis  VIH- | f
cAs vl 4 | 7
tar
tRAD tRAL
tasr tRAH_, tasc tcaH
<ASR_)
Vi Y
ADDR M ROW COLUMN |
[ X A
tAA
‘ 'RAC N
! fcac — cf—F
oz
V, —
pa vi = OPEN X VALID DATA J— OPEN—
toe top
LA
— vy ‘oRD
= W iy /W//////

V//] boN'T caARE

X unDEFINED
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MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9
256K x 16 WIDE DRAM

WIDE DRAM

256K x 16 DRAM

FAST-PAGE-MODE

FEATURES

¢ Industry-standard x16 pinouts, timing, functions

and packages

High-performance CMOS silicon-gate process

Single +5V +£10% power supply

Low power, 3mW standby; 500mW active, typical

All device pins are fully TTL-compatible

512-cycle refresh in 8ms (nine rows and nine columns)

Refresh modes: RAS-ONLY, 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)

® o o

OPTIONS MARKING

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

¢ Write Cycle Access
BYTE or WORD via WE 16256
(nonmaskable)
BYTE or WORD via CAS 16257
(nonmaskable)
BYTE or WORD via WE 16258
(maskable)
BYTE or WORD via CAS 16259
(maskable)

® Packages
Plastic SOJ (400 mil) DJ
Plastic TSOP (400 mil) TG
Plastic ZIP (475 mil) Z

¢ Part Number Example: MT4C16256D]J-7

*60ns specifications are limited to a Vcc 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.

PIN ASSIGNMENT (Top View)
40-Pin SOJ 40-Pin ZIP
0 Vss DQ9 3
h pate Da11 pato
f bQis v DQi2
D pat4 ss
h bats bate DQ13
0 Vss DQ15
D pai2 DQté = 10 v
o pat Veo Mf= ] VS
0 pQ1o bQz 13 _=112 DQ1
f Dae “{14 a3
P NC DQ4 15 6 v
[ NC/CASL = cc
h C:A_S/C—_ASH’ DQs 17 .:',.: 18 D6
p oE ooz 19 |
=120 DQ8
g:i NC 21} _
o =122 WEL/NC*
b As WERWE 28fs | o
[ As NG 25 [
P A4 w1126 A0
0 Vss Al 27 s
=128 A2
. A3 29 =
40-Pin TSOP s
(SDE 2) =32 A4
= A5 R3
=134 A6
P — A7
Voe[T] 1 44 [Tvss oE 136 A8
DQ1CT 2 43 [1IDQ16 - CAS/EASH
ooerd 3 1 Fooats NCEHEL :138 CAS/CASH
DO3 4 41 [Dpat4 =140 NC
DQ4CT] 5 40 [TIDQ13
VeelD 6 39 [TVss
DQsCH 7 38 [TIDQ12
DQ6CT] 8 37 [IpQt1
pa7Cr] 9 36 [TIDQ10
DQ8LT] 10 35 [TIDQ9
___Nod 18 32 [TINC
“WELNCLT] 14 31 [TINC/CASL*
“WEHWELL] 15 30 [TICAS/CASH"
RASLL] 16 29 [TIGE
NCLT 17 28 [TIA8
AoLT] 18 27 [TIA7
A1CT] 19 26 [TIA6
A2LT] 20 25 [TIAS
AsC 21 24 [TIA4
Vool 22 23 [Tlvss
*MT4C16256/8 / MT4C16257/9

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.

MT4C16256/7/8/9
EV. 3/93
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MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9
256K x 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 (DQ1-DQ8) and
U WEH transitioning LOW selects a WRITE cycle for the
IT] upper byte (DQ9-DQ16).

The MT4C16257 CAS function and timing are deter-
U mined by the first CAS (CASL or CASH)to transition LOW
m and by the last to transition back HIGH. Use of only one of
> the two results ina BYTE WRITE cycle. CASL transitioning

LOW selects a WRITE cycle for the lower byte (DQ1-DQ8)
and CASH transitioning LOW selects a WRITE cycle for the
upper byte (DQ9-DQ16). BYTE READ cycles are achieved
through CASL or CASH in the same manner 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
WEL A, WE
WEH ,—)j :
i i T
{ MT4C16257/9 i
' ONLY !
1
CASL | cAS j ) DATA-IN BUFFER
CASH o—4 : -
ket MASK DATA REGISTER (16258/9 only) ba
. UPPER BYTE (005-0016) | LOWER BYTE (001-008) | °
L[]
NO. 2 CLOCK DQ16
GENERATOR
DATA-OUT
> BUFFER —
ggggggé COLUMN OE
BUFFER DECODER
A0
Al REFRESH - 512 -
A2 CONTROLLER
SENSE AMPLIFIERS
A3 v | 1/0 GATING
A4 REFRESH
A5 COUNTER b= siex s
A6 ‘
A7 ]
A8 o [T
ROW- -A 512x512x 16
ADDRESS 39 | si2 MEMORY
BUFFERS (9) T % ! ARRAY
1 l——
I !
— NO. 1 CLOCK —o
v
RAS o— GENERATOR T o
<+«———0 Vss
MT4C16256/7/8/9 1 52 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

MI:HDN MT4C16256/7/8/9

256K x 16 WIDE DRAM

PIN DESCRIPTIONS

S0J S0P ZIP
PINS PINS PINS SYMBOL | TYPE DESCRIPTION
14 16 24 RAS Input | 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 and MT4C16259
only).
28 30 38 CAS/ CASH| Input | 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 DQ1 through DQ16.

Column-Address Strobe Upper Byte: CASH (MT4C16257/9)
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.

27 29 37 OE Input | 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 (MT4C16256/8) or WE
(MT4C16257/9) must be HIGH before OE will control the
output buffers. Otherwise, the output buffers are in a High-Z
state.

13 15 23 WEH/WE | Input | Write Enable Upper Byte: WEH (MT4C16256/8) is WE
control for the DQY 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, 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) controls DQ1 through
DQ16inputs. If WE is LOW, the access is a WRITE cycle.
The MT4C16258/9 also use WE to enable the mask
register during RAS time.

12 14 22 WEL/NC | Input | Write Enable Lower Byte: WEL (MT4C16256/8) is the WE
control for DQ1 through DQS8 inputs. If WEL is LOW, the
access is a WRITE cycle. If WEL is LOW at RAS time on
MT4C16258, 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).

29 31 39 NC/CASL | Input | Column-Address Strobe Lower Byte: CASL (MT4C16257/9)
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.

16-19, 18-21, 26-29, AO0-A8 Input | Address Inputs: These inputs are multiplexed and clocked by

22-26 24-28 32-36 RAS and CAS (or CASL / CASH) to select one 16-bit word
(or 8-bit byte) out of the 256K available words.

MT4C16256/7/8/9 1-53 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON

SEMICONDUCTOR,

INC.

PRELIMINARY

MT4C16256/7/8/9
256K x 16 WIDE DRAM

PIN DESCRIPTIONS (continued)

S0J S0P ZIP
PINS PINS PINS SYMBOL | TYPE DESCRIPTION
2-5,7-10, | 2-5,7-10,| 12-15, | DQ1-DQ16{ Input/ | Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the
31-34, 35-38, 17-20, Output | addressed DRAM location. BYTE WRITEs can be performed
36-39 40-43 1-4, 6-9 by using WEL / WEH (MT4C16256/8) or CASL / CASH
(MT4C16257/8) to select the byte to be written. For READ
access cycles, DQ1-DQ16 act as outputs for the addressed
DRAM Location. All sixteen I/Os are active for READ cycles
(MT4C16256/8). The MT4C16257/9 allow for BYTE READ
cycles.
11,15,30 | 13,17 |21, 25,40 NC - No Connect: These pins should be either left unconnected or
tied to ground.
1,6,20 1,6,22 (11,16, 30 Vce Supply | Power Supply: +5V £10%
21,35,40 (23,39,44 | 5,10, 31 Vss Supply | Ground

MT4C16256/7/8/9
REV. 3/93

1 5 4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
- ©1993, Micron Semiconductor, Inc.



MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9
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
(A0-A8) at a time. RAS is used to latch the first 9 bits and
CAS the latter 9 bits.

The CAS control also determines whether the cycle will
be a refresh cycle (RAS-ONLY) or an active cycle (READ,
WRITE or READ-WRITE) once RAS goes LOW. The
MT4C16256 and MT4C16258 each have one CAS control
whilethe 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 DQ1
through DQ8 and CASH controls DQ9 through DQ16.

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.

Alogic HIGH on WE dictates READ mode while a logic
LOW on WE dictates WRITE mode. During a WRITE cycle,
data-in (D) is latched by the falling edge of WE or CAS,
whichever occurs last. Taking WE LOW will initiate a
WRITE cycle, selecting DQ1 through DQ16. If WE goes
LOW prior to CAS going LOW, the output pin(s) remain
open (High- Z) until the next CAS cycle. If WE goes LOW
after CAS goes LOW and data reaches the output pins, data-
out (Q) is activated and retains the selected cell data as long
as CAS and OE remain LOW (regardless of WE or RAS).
This late WE pulse results in a READ-WRITE cycle.

The 16 datainputsand 16 data outputs are routed through
16 pins using common I/0 and pin direction is controlled

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

FAST-PAGE-MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-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 RASLOW and
strobing-in different column-addresses, thus executing
faster memory cycles. Returning RASHIGH terminates the
FAST-PAGE-MODE operation.

Returning RAS and CAS HIGH terminates a memory
cycleand 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 RASREFRESH cycle (RAS-ONLY, CBR,
or HIDDEN) so that all 512 combinations of RAS addresses
(A0-AS8) are executed at least every 8ms, regardless of
sequence. The CBR REFRESH cycle will also invoke the
refresh counter and controller for row-address control.

BYTE ACCESS CYCLE

The BYTE WRITE mode is determined by the use of
WEL and WEH or CASL and CASH. Enabling WEL/
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 CASinputs. 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.

MT4C16256/7/8/9
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MICRON

SEMICONDUCTOR. INC.

PRELIMINARY

MT4C16256/7/8/9
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
E WRITE access cycle can be a MASKED WRITE, depending
== on the state of WE at RAS time. A MASKED WRITE is
U selected when mask data is supplied on the DQ pins and
m 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

)
>
=

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 pro-
ceed. AtCAStime, 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.

| <+———— WORD WRITE

TN

| LOWER BYTE WRITE -——————>|

I

RAS / ‘ \
CAS \I / /
WEH ——_\_ /
STORED INPUT STORED | STORED INPUT STORED
DAI A DATA DATA DATA DATA DATA
[1] 1o > [11 | [ 1 > [1]
1] 1 e > ] | [1] 1 e > (1]
] 0 > ol | [o] 1 > [1]
LOWERBYTE | [1] 0 eee > [o o] —— > [1]
(DQ1-DQ8) K 0 eee- > [o | [¢ 1 s > 1]
OF WORD 1] i mese > 1] 1] 1 e > [1]
1] 1o > [ | [ 1 e > 1]
1] o > [o] | [o] 1o > [1]
0] L > [1] 1] X emeee > [1]
[0] I 1 I K X e [T
[} o > fo] | o] i
UPPER BYTE o] o - o | @ o - o]
(DQ9-DQ16) 0] . - 0| [ X .5
OF WORD o] 0 - o] | o] X oo > o]
0 1 emee > [1] 1] X eeee- > |1
[o] o —=> [o] | [o] X > o]
<4———— ADDRESS 0 ADDRESS { ——
X = NOT EFFECTIVE (DON'T CARE)
Figure 1

MT4C16256/8 WORD AND BYTE WRITE EXAMPLE

MT4C16256/7/8/9
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PRELIMINARY

MICRON MT4C16256/7/8/9

256K x 16 WIDE DRAM

| <+——  WORD WRITE

AS \ / \ /S

v
A

LOWER BYTE WRITE —»’

m e —

CASH

WE \

WvdAad 3diIM l

5{

STORED INPUT INPUT STORED | STORED INPUT INPUT STORED
DATA DATA DATA DATA DATA DATA DATA DATA

[1] 0 [0] (o] (1]

1] 0 0] 0] 1]

o] 1 1 1 0|

LOWER BYTE 1] 0 0] (o] 1]
(DQ1-DQ8) 1] 0 0] o] 1]

OF WORD ] 0 o] (o] (1]

El 0 o] 0] 17

1] 0 o] | [o] 1]

E X meee- EE > E (1] E

1] X m-ee- > 0 ----- > (0] i‘ 10]

UPPER BYTE 10 X o > A > Rl 1
(DQ9-DQ16) 11 X hoomes > 0 -ooe- > 0] 10} 10
OF WORD 1] X e > 1 > 1] 1] 1

0 ) > 1 ----- > |1 1 1

0] X ommee- > 1 - > [1] 1] 1]

0] D > 1 eee- > [1] 1] 7]

<+— ADDRESS 0 < ADDRESS1 ——mm ™
X =NOT EFFECTIVE (DON'T CARE)
Figure 2

MT4C16257/9 WORD AND BYTE WRITE EXAMPLE
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PRELIMINARY
MICRON MT4C16256/7/8/9

256K x 16 WIDE DRAM

\

‘ <«+—— WORD READ

RAS \

< LOWER BYTE READ ——————»‘

—

]

CASL \ / \ /

CASH

we __/

_

STORED OUTPUT  OUTPUT  STORED | STORED OUTPUT  OUTPUT  STORED

DATA DATA DATA DATA | DATA DATA DATA DATA

1] 1 eeeee > 1 1] 1] 1 eeee- > 1 1]
LOWER BYTE 1] 1 omeeee > 1 1] 1] L > 1 11
(DQ1-DQ8) 10 0 oo >0 10| 10} 0 wmmeee >0 10
OF WORD 11 L > 1 L1 11 L > 1 1]

1] 1 meeen > 1 1] 11] 1 eeees > 1 1

1] 1 eeees > 1 1] 1] 1 eeee- > 1 1]

1] LIRS > 1 1] 11] 1 --ee- > 1 1

1] 1 - > 1 1] 1] 1 eeee- > 1 L1]

(0] Z eeee- > 0 [0] E‘ Z e-ee- >z [0]

1] Z e > 1 1] 1] Z e--e- > Z 1]
UPPER BYTE 10} zZ - > 0 10| 10| FARSES >z 10]
(DQ9-DQ16) 1] zZ - > 1 1] 1] zZ - > Z 1]
OF WORD 10| Z eeee- > 0 0] 10 Z e-ee- > Z 10]

10] Z e > 0 0] 10| Z e >z 0]

10] Z - > 0 0] 0] Z e > z 0]

0] Z e > 0 0] 0] Z e > Z 10]

<——————— ADDRESS 0 > | < ADDRESS | ——————»
Z = High-Z
Figure 3
MT4C16257/9 WORD AND BYTE READ EXAMPLE
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PRELIMINARY
MICRON MT4C16256/7/8/9

256K x 16 WIDE DRAM

‘ <+—— MASKED WRITE >

PAS » / i~ /

- NONMASKED WRITE —— |

W\ M [ U [

STORED MASK INPUT ~ STORED | STORED MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA
(1] X 0 ----- > [o] (1] 1 1 eined > [1
1] X 0 ----- > |o] o] 1 1 e > [1]
1] X 0 ----- > |o 1] 1 1 emees > |1
LOWER BYTE 1 X 0 ------ > (o] (0] 1 1 emeee > [1]
(DQ1-DQAB8) 1] X 0 --me- > [o] 1] 1 0 -eeen > [o]
OF WORD ] X 0 eeeen > [o] 0] 1 0 oo > [o]
1] X 0 - > [o] 1 0 0 -eee- > [1]
1] X 0 ----- > (o] [0] 1 0 ---e- > [o]
1] 0 X E 7] X 1 eemee > [71]
1] 0 X 1] 1] X 0 ---e > [o]
UPPERBYTE | (o  ° . L I Do
0 0 X 0 0 X 0 --ee- > [o
(DQe-DQ16) o] 1 0> [0 | [o] X .
F WORD 5 2 B Al
0o 0 1 [pp— > [o 0 X 1 eeee > [3
0] 1 1 omeee > [1] 1] X 0 - > [o]
0] 1 SJR— > [1] 1] X | J— > [0]
<———— ADDRESSO0 >| < 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 DQs 1-8 will be masked. If WEL is HIGH
and WEH is LOW when RAS goes LOW, then only DQs 9-16 will be masked.

MT4C16256/7/8/9 1 59 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

MlCRDN MT4C16256/7/8/9

256K x 16 WIDE DRAM

’ <«—— MASKED WRITE

A

NONMASKED WRITE —————>|

r

_J
]

RAS

N/

“CAS”

WE \ VN Vg NN LI,

STORED MASK INPUT  STORED|STORED MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA

[1] 0 X 1] 1] X p— > [1]
1] 1 0 e > [0 0] X PE— > [1]
1] 0 X 1] 1] X — > [1]
LOWER BYTE 1] 1 0 oeme- > (o] o] X LIRS > (1]
(DQ1-DQ8) H . ol Ro o s [0]
OF WORD 1] 1 Jy— > [o] 0] X - > [o]
] o X K1 [ I T o > [o
(1] 1 [y > [o] o] X - > [o]
[1] 0 X 7] (1] X D > [1]
1] 0 X 1] 1] X 0 eeeee > [0]

0 0 X 0 0 X T— > 1
UPPER BYTE — — — —

0 0 X 0 0 X P— > [0
(DQ9-DQ16) 0 RAR 12
OF WORD o 0 > 01 | 1O X Vo > 1L
0] 1 [p— > [o] 0] X E— > [1]

0 1 p— > 1 1 X 0 eeee- > [0
0] 1] 1] 10]
0] 1 P > [1] 7] X 0 meee- > [o]

<—————— ADDRESSO >| < ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) DON'T CARE
Figure 5
MT4C16259 MASKED WRITE EXAMPLE
MT4C16256/7/8/9 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
MT4C16256/7/8/9

256K x 16 WIDE DRAM

TRUTH TABLE: MT4C16256/8

ADDRESSES

FUNCTION RAS | CAS | WEL | WEH OF R 'c | Das 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 2ndCycle| 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 X X X |ROW | n/a |High-Z
REFRESH
CBR REFRESH H—-L L X X X X X High-Z

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active).

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

MT4C16256/7/8/9
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PRELIMINARY
MT4C16256/7/8/9

256K x 16 WIDE DRAM

- TRUTH TABLE: MT4C16257/9
ADDRESSES

< | Funcrion FAS | CASC |TASW | WE | OF | ® | 't |pos NOTES

E Standby H H-X | H-X X X X X | High-z

m 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

U Upper Byte, High-Z

m READ: UPPER BYTE L H L H L |ROW | COL | Lower Byte, High-Z

> Upper Byte, Data-Out

g WRITE: WORD L L L L X ROW | COL | Data-In 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 2ndCycle| 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 1,8,5
‘RAS-ONLY L H H X X |ROW | n/a |High-Z
REFRESH
CBR REFRESH H-L L L X X X X | High-Z 4

NOTE: 1. These WRITE cycles may also be BYTE WRITE cycles (either CASL or CASH active).
2. These READ cycles may also be BYTE READ cycles (either CASL or CASH active).
3. EARLY-WRITE only.
4. Only one of the two CAS signals must be active (CASL or CASH).
5. Data-in will be dependent on the mask provided (MT4C16259 only). Refer to Figure 5.
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PRELIMINARY

MICRON MT4C16256/7/8/9

256K x 16 WIDE DRAM

ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi- -
Voltage on Vcc supply relative to Vss................ mum Ratings” may cause permanent damage to the device.
Operating Temperature, T (ambient)........... This is a stress rating only and functional operation of the
Storage Temperature (plastic) ...........ccoo..... deviceatthese orany other conditions above those indicated E
Power Dissipation inthe operational sections of this specificationisnotimplied.
Short Circuit Output Current Exposure to absolute maximum rating conditions for ex- U
tended periods may affect reliability. m

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS >
(Notes: 1, 3, 4, 6, 7) (0°C < T, £70°C; Vec = 5V £10%) g

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES

Supply Voltage Vcce 4.5 5.5 \ 1

Input High (Logic 1) Voltage, all inputs ViH 2.4 | Vce+l \' 1

Input Low (Logic 0) Voltage, all inputs ViL -1.0 0.8 Vv 1

INPUT LEAKAGE CURRENT

Any input OV < VIN < Vee h -2 2 HA

(All other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vour < 5.5V) loz -10 10 HA

OUTPUT LEVELS Vou 24 \'

Output High Voltage (lout = -5mA)

Output Low Voltage (lout = 4.2mA) VoL 0.4 \'

MAX

PARAMETER/CONDITION SYMBOL |(-6** | -7 | -8 [UNITS| NOTES

STANDBY CURRENT: (TTL) lec 2 2 |2 | mA

(RAS = CAS = ViH)

STANDBY CURRENT: (CMOS) lcc2 1 1 1 | mA 25

(RAS = CAS = Vce -0.2V)

OPERATING CURRENT: Random READ/WRITE
Average power supply current lccs 190 | 170 | 150 | mA |3, 4, 42
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])
OPERATING CURRENT: FAST-PAGE-MODE
Average power supply current lcca 120 | 110 | 100 | mA |3, 4, 42
(RAS = Vi, CAS, Address Cycling: 'PC = PC [MIN]; 'CP, tASC = 10ns)
REFRESH CURRENT: RAS-ONLY

Average power supply current lccs 190 | 170 [ 150 | mA |3, 5, 42
(RAS Cycling, CAS=VH: 'RC =RC [MIN])
REFRESH CURRENT: CBR

Average power supply current lcce 180 {160 (140 | mA | 3,5
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

**60ns specifications may be limited to a Vcc range of +5%.
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PRELIMINARY

MICRON MT4C16256/7/8/9

256K x 16 WIDE DRAM

CAPACITANCE

(Note: 2)
PARAMETER SYMBOL | MAX | UNITS | NOTES
Input Capacitance: A0-A8 Cn 5 pF 2
Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)/ 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) (0°C < T, < +70°C; Vcc = 5V £10%)

INvdAad 3dIM

AC CHARACTERISTICS -6* -1 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time RC 110 130 150 ns
READ-WRITE cycle time RWC 150 175 195 ns
FAST-PAGE-MODE READ or WRITE PC 35 40 45 ns 35
cycle time

FAST-PAGE-MODE READ-WRITE tPRWC 85 95 100 ns 35
cycle time

Access time from RAS RAC 60 70 80 ns 14
Access time from CAS 'CAC 15 20 20 ns 15, 33
Output Enable time 'OE 15 20 20 ns 33
Access time from column-address tAA 30 35 40 ns

Access time from CAS precharge ICPA 35 40 45 ns 33
RAS pulse width RAS 60 100,000 70 100,000 80 100,000 ns

RAS pulse width (PAGE-MODE) 'RASP 60 100,000 70 100,000 80 100,000 ns

RAS hold time 'RSH 15 20 . 20 ns 40
RAS precharge time RP 40 50 60 ns

‘CAS pulse width 'CAS 15 100,000 20 100,000 20 100,000 ns 39
‘CAS hold time 'CSH 60 70 80 ns 32
‘CAS precharge time 'CPN 10 10 10 ns 16, 36
‘CAS precharge time (PAGE-MODE) ‘cp 10 10 10 ns 36
RAS to CAS delay time RCD 20 45 20 50 20 60 ns 17, 31
‘CAS to RAS precharge time 'CRP 10 10 10 ns 32
Row-address setup time 'ASR 0 0 0 ns
Row-address hold time RAH 10 10 10 ns

RAS to column- 'RAD 15 30 15 35 15 40 ns 18
address delay time

Column-address setup time ASC 0 0 0 ns 31
Column-address hold time ICAH 10 15 15 ns 31
Column-address hold time ‘AR 50 55 60 ns

(referenced to RAS)

Column-address to RAL 30 35 40 ns

RAS lead time

Read command setup time RCS 0 0 0 ns 26, 31
Read command hold time ‘RCH 0 0 0 ns 19, 26 ,32
(referenced to CAS)

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

'CAS to output in Low-Z icLz 3 3 3 ns 33

*60ns specifications may be limited to a Vcc range of £5%.
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PRELIMINARY
MICRON MT4C16256/7/8/9

256K x 16 WIDE DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C; Vec = 5V £10%) -
A CHARACTERISTICS 5 K] ) E
PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES —
Output buffer turn-off delay tOFF 3 15 3 15 3 15 ns 20, 29, 33 U
Qutput disable time ‘oD 3 15 3 15 3 15 ns 29, 41 m
Write command setup time 'wCs 0 0 0 ns 21, 26, 31

Write command hold time WCH 10 10 10 ns | 2640 | O
Write command hold time tWCR 45 55 60 ns 26 w
(referenced to RAS) >
Write command pulse width wp 10 10 10 ns 26

Write command to RAS lead time 'RWL 15 20 20 ns 26 g
Write command to CAS lead time cwL 15 20 20 ns 26, 32

Data-in setup time DS 0 0 0 ns 22,33

Data-in hold time DH 10 15 15 ns 22,33

Data-in hold time DHR 45 55 60 ns

(referenced to RAS)

RAS to WE delay time 'RWD 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, 31
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10

Refresh period (512 cycles) 'REF 8 8 8 ms 28

RAS to CAS precharge time 'RPC 0 0 0 ns

CAS setup time 'CSR 10 10 10 ns 5, 31

(CBR REFRESH)

CAS hold time 'CHR 10 10 10 ns 5,32

(CBR REFRESH)

MASKED WRITE command to RAS 'WRS 0 0 0 ns 26, 27

setup time

WE hold time (MASKED WRITE) 'WRH 10 15 15 ns 26

Mask data to RAS setup time MS 0 0 0 ns 26, 27

Mask data to RAS hold time MH 15 15 15 ns 26, 27

'OE hold time from WE during tOEH 15 20 20 ns 28
READ-MODIFY-WRITE cycle

'OE setup prior to RAS during ORD 0 0 0 ns

HIDDEN REFRESH cycle

Last CAS going LOW to first CAS 'CLCH 10 10 10 ns 34

returning HIGH

*60ns specifications may be limited to a Vcc range of £5%.

MT4C16256/7/8/9 1 6 5 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = 5V £10%;f = 1 MHz.
3. Iccis dependent on cycle rates.

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

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T <70°C) is assured.

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

AC characteristics assume T = 5ns.

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

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vi and
VI (or between ViL and VIH) in a monotonic manner.
11. If CAS = Vi, data output is High-Z.

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

Measured with a load equivalent to two TTL gates
and 100pF, VoL = 0.80 and Vou = 2.0V,

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

Assumes that 'RCD 2 'RCD (MAX).

If CASis 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 'CPN.

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

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

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

cycle.

«o

o

10.

13.

14.

15.
16.

18.

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

20. 'OFF (MAX) defines the time at which the output
achieves the open circuit condition; it is not a
reference to VoH or VoL.*

YWCS, 'RWD, tAWD and *CWD are restrictive

operating parameters in LATE-WRITE and READ-

MODIFY-WRITE cycles only. If tWCS = fWCS (MIN),

the cycle is an EARLY-WRITE cycle and the data

output will remain an open circuit throughout the
entire cycle. If ‘'RWD 2 TRWD (MIN), tAWD > fAWD

(MIN) and *CWD > !CWD (MIN), the cycle is a

READ-WRITE and the data output will contain data

read from the selected cell. If neither of the above

conditions is met, the state of Q (at access time and
until CAS or OE goes back to Vi) is indeterminate.

OF held HIGH and WE taken LOW after CAS goes

LOW results in a LATE-WRITE (OE-controlled) cycle.

These parameters are referenced to CAS leading edge

in EARLY-WRITE cycles and WE leading edge in

LATE-WRITE or READ-MODIFY-WRITE cycles.

23. During a READ cycle, if OF is LOW then taken HIGH
before CAS goes HIGH, Q goes open. If OE is tied
permanently LOW, 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. Write
command is defined as WE going LOW on the
MT4C16257/9.

27. MT4C16258/9 only.

28. LATE-WRITE and READ-MODIFY-WRITE cycles

must have both *OD and 'OEH met (OE HIGH during

WRITE cycle) in order to ensure that the output

buffers will be open during the WRITE cycle. 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.

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

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 OF is brought back LOW (CAS still LOW), the DQs

will provide the previously read data.

21.

22.

29.

MT4C16256/7/8/9
REV. 383

1-66

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



MICRON

SEMICONDUCTOR. INC.

PRELIMINARY

MT4C16256/7/8/9
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.

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 = Vi and
CAS = V.

MT4C16256/7/8/9
REV. 3/93

1-67

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

NvHd 3dIM I



NvHAd 3dIM .

MICRON
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PRELIMINARY
MT4C16256/7/8/9

256K x 16 WIDE DRAM

NOTE:

READ CYCLE

tRe
'RAS Rp
.V
RAS V[ _ \
fosh
'RSH 'ARH.
fcrp 'RcD lcas  lcoH
CASHCASL ViH — F
[
AR |
[ £
RAD RAL |
| tasR RAH | tasc tean
Vi
aoor Vi ROW COLUMN ) / /// /// Row
| tRCS | tRcH
I.-—»
ELWEH zm - /(
o WE VIL -
tAa
Rac
I
tcac toFF
oz
DQ V%HL ~ OPEN“®‘ VALID DATA OPEN
1 toE |._top
|
ViH =
OE V| _ A /
Re
RAS I tRe
vy Ty ,L—
RAS Vi _ -
tosH
RSH
I tcRp tRCD. tcas tcLeH
CASHCASL VM = F
orCAS L -
AR
tRAD 'RAL
tASR tRAH tasc tcan
ViH
apDR VM m Row COLUMN X ROW
fowt. il
|
tRWL
1
wer
twes tweH
1
twhs || twag WP,
WECWER V|
WE";),EE Vit = NOTE 1 &%
bHR
tms, | | tmH i tos foH
v
ba v&" NOTE 1 ﬁi VALID DATA W
= Viy
SR

DON'T CARE

UNDEFINED

1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE at

RAS time. The DQ inputs are “don’t care” for a normal WRI'lﬂW 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 and MT4C16257 are “don’t care” at RAS time.

MT4C16256/7/8/9
REV. 3/93
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PRELIMINARY

MICRON MT4C16256/7/8/9

256K x 16 WIDE DRAM

READ-WRITE CYCLE -
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
Rwe E
. tRAS L RP —
B — }____. (]
ms v "
tesH m
'RSH
'CRP. 'RCD. ttas . ‘ooH U
v
e Vi =
C"s":;fé-s‘—; ViL — a \ N m
tRAD 'RAL >
I tAsR tRAH | tasc ‘caH g
ADDR VM :m ROW W COLUMN 7K row
| tRwD towL I
trcs | towp tRWL
g ey | o e _
W—&E vz % NOTE 1 J'// 7]
1,
e
loac
tws_| | Imn toz—+ |- ‘JD_s. JD_”.‘
e} zgr : ( NOTE 1 OPEN VALIDDOUT VAUDDlN OPEN
‘oe top, toEH
| s

® W 7 ;o Y

FAST-PAGE-MODE READ CYCLE

'RASP RP,
e Vi T
ms v \

csH | tpg 'RSH
1 K’ R’ 1 Y
1< ICRP tRCD IcAs, toLCH| cp CAS, CLCHi cp tcas, terey CPN i
TASHTASL Vin — X
ocas ViL -/ 3 i

AR

<PAD____ 'RAL
l‘ﬁ’ ‘m,' asc_| tcan, tsc || toan 'AsC, ‘cnn|
Vi 7
ADDR - it _m ROW COLUMN m COLUMN m COLUMN W dx ROW

thos — L'_'R% — =—1tpCcs KRCT‘ |=—tpRH
l..-_ A tRCH—> [. tron—=| I-
WELWEH VIH
gt i W Y
. tAA | 1A [ A
'RAC ’ tcpa | topa
! loac torf tcac toFE ‘cac

—=| |—torF

torz | |- torz —=| - torz —| -—
o Vg o 4@ B B @ PR — o
‘oe top ‘oe ‘o ‘oE fop,
5 o7 N 7 N
DON'T CARE

B unperineD

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE 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 and MT4C16257 are “don’t care” at RAS time.
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FAST-PAGE-MODE EARLY-WRITE CYCLE

tRASP | RP |
— vy L——J
mas vt C
tcrp. tosH tpc 'RsH
|5
fcrp tRCD tcas, 'CLeH, tep tcas, loLe, tep lcas, toLeH, e lCPN__,
CASHTASL ViH —
oroAs VIL —
AR
'RAD 'RAL
SR 'RAH, tasc, toaH | tasc, loan, I lasc loan,
ML)
ADDR v :m ROW m COLUMN 2(/ Dj: COLUMN ﬁ COLUMN 0( ROW
!
towL | tow, | owL |
wes tweH ‘wes tweh twes twer
tWRS 'wnnl twe twe. twe
]
WELWER Vi =
oWe ViL - NOTE 1
twer R, |
'oHR
§ E [ [ [ [
4 DS DH DS DH DS DH
| tvs, || wm, | |<_— |4__—. ¢_—| -——I
Vou =
oa v _m NOTE 1 m VALID DATA W VALID DATA W VALID DATA M

FAST-PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
e tosH tec /tawe tRSH .
lorP | 'RCD fcas, creH llcP foas, toLeH <SP tcas, toLcH 1<CPN_|
T il T ant
'.‘JS_R. .'i‘ﬂ.l g
ADDR 5:{' :m ROW m

Ilwns IwRH
|22 LR
WELWEH ViH
oWE VL~ NOTE 1
4 1
M| |
o g = o
= Vi
G i 2

DONT CARE

R unpEFINED

NOTE: 1. Applies to MT4C16258 and MT4C16259 only. WE selects between normal WRITE and MASKED WRITE 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 and MT4C16257 are “don’t care” at RAS time.
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MICRON MT4C16256/7/8/9

256K x 16 WIDE DRAM

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE -
(Pseudo READ-MODIFY-WRITE)
e V:E - tRSH U
1 1 — o 1 = i 1 I m
S AR I
tasr 1RAH, tasc fcan tasc fcAH E
ADDR V}f :m ROW @Q C|0LUMN w // coww: W / //// /)( ROW

w ¥ T | i,

‘s, tpH,
AR

l BLL
o W i, ) X Y,
otz toFF,
N:)TE1

RN

NOTE: 1. Do not drive data prior to High-Z; that is completion of 'OFF. ICPP is equal to 'OFF + 'IDS(MIN) + guardband
between data-out and driving new data-in.

RAS-ONLY REFRESH CYCLE

(ADDR = A0-A8, OE; WEL, WEH or WE = DON'T CARE)

Re
RAS Rp
vy =
ms v C
’ tcrP RPC I
CASL,CASH v, -
or_ Vit — 7 N /
s tAsR tRAH
v ' —
woon G/ T o
v, -
o Vg open
v
DON'T CARE
o
K UNDEFINED
MT4C16256/7/8/9 1 71 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MT4C16256/7/8/9
256K x 16 WIDE DRAM

CBR REFRESH CYCLE
(A0-A8; OF = DON'T CARE)

mas Vi / N
,‘*:;u—‘ tcsh R, RPC _tesn || tonm J(
e I
HIDDEN REFRESH CYCLE 2#
(WEL, WEH or WE = HIGH; OE = LOW)
(READ) (REFRESH)
T Y A
| AR, | "ﬁ*&.' | asc, || loay,
ADDR 3:[‘:@ r«.iw m COLUM!;I ¥/
bax 3&“ = OPEN. VALID DATA J-— OPEN—
5 v:f 7 W% torRD /;/

DON'T CARE

UNDEFINED

MT4C16256/7/8/9
REV. 3/93
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SEMICONDUCTOR, INC.

MICRON

PRELIMINARY

MT4C16256/7/8/9 L

256K x 16 WIDE DRAM

WIDE DRAM

256K x16 DRAM

LOW POWER, EXTENDED REFRESH

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, ImW 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 16257 L
(nonmaskable)
BYTE or WORD via WE 16258 L
(maskable)
BYTE or WORD via CAS 16259 L
(maskable)

* Packages
Plastic SOJ (400 mil) DJ
Plastic TSOP (400 mil) TG
Plastic ZIP (475 mil) Z

¢ Part Number Example: MT4C16256D]-7 L

*60ns specifications are limited to a Vcc 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 L and MT4C16258 L have
both BYTE WRITE and WORD WRITE access cycles viatwo
write enable pins. The MT4C16257 L and MT4C16259 L
have both BYTE WRITE and WORD WRITE access cycles

PIN ASSIGNMENT (Top View)
40-Pin SOJ 40-Pin ZIP
Vee [ Vss DQY 1 =
pat g pate par 3k ]2 Paw
DQ2 [ DQis v 5 14 DQI2
Da3 g DQ14 ss SR
Q4 O Q13 ba 7hs |8 DA
Vee [ Vss 8 DQ15
DS [ Dpat2 9 Ves
Das [ patt
Dar [ DQ10 ple]
D8 [ DQ9
__nNeqg NC pas
WELNC [ NC/CASL" Vee
“WEHWE [ CAS/CASH* DQs
RAS [ GE
DQ8
NG [ A8 NG .
Ao [ A7 i ={22 WELNC*
A1 Q A6 *WEH/WE = s
A2 (] As NC
A3 [ A4 A0
Vee [ Vss Al
A2
” Ve
. 2 'cc
40-Pin TSOP Vs 31
L= A4
(SDE-2) w3
=34 A6
A7 351
— 136 A8
VeelD] 1 44 [TVss OE 37f= 36 CAS/GASH
DQ1 2 43 [Mbate NeERS
D2l 3 42 [TIDQ15 NC/CASL 39 40 NC
DQ3CT] 4 41 [TIbQt14 L=
DQ4LT] 5 40 [IbQ13
VeelD] 6 39 [T1Vss
DQs[] 7 38 [TIDQ12
DQsLT] 8 37 [Obati
pa7 9 36 [TIDQ10
DQSLT] 10 35 [TIDQY
_ Ne@ 13 2fONe
SWEL/NCLT] 14 31 [TINC/CASL:
“WEHWELT] 15 30 [TICAS/CASH*
RASL] 16 29 [IOE
NeL 17 28 [TIA8
AoC 18 27 [IA7
A1 19 26 [TIA6
A2CT] 20 25 [TAs
A3 21 24 [OA4
Vel 22 23 [TIvss
*MT4C16256/8 L / MT4C16257/9 L

via two CAS pins. The MT4C16258 L and MT4C16259 L are
also able to perform WRITE-PER-BIT accesses.
TheMT4C16256 Land MT4C16257 L functionin the same
manner except that WEL and WEH on MT4C16256 L and
CASL and CASH on MT4C16257 L control the selection of
byte WRITE access cycles. WEL and WEH function in an

MTAC16256/7/8/9 L
REV. 3/93
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MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9 L
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 (DQ1-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 ina BYTE WRITE cycle. CASL transitioning
LOW selects a WRITE cycle for the lower byte (DQ1-DQ8)
and CASH transitioning LOW selects a WRITE cycle for the
upper byte (DQ9-DQ16). BYTE READ cycles are achieved
through CASL or CASH in the same manner during READ
cycles for the MT4C16257 L.

The MT4C16258 Land MT4C16259 L function in the same
manner as MT4C16256 L and MT4C16257 L, respectively;
they have NONPERSISTENT MASKED WRITE cycle capa-
bilities. This optionallows the MT4C16258 Land MT4C16259
L to operate with either normal WRITE cycles or with
NONPERSISTENT MASKED WRITE cycles.

FUNCTIONAL BLOCK DIAGRAM

3

| MT4C16256/8 L
: ONLY :
WEL o 5)\; WE
WEH o /.
i MT4C16257/9 L i
: ONLY !
1
CASL o ' CAS 1 ) DATA-IN BUFFER
CASH o— : :
e e :jj MASK DATA REGISTER (16258/9 L only) oa
. LpreRYTE 00s001e) | LOWER BITE 00100 °
L]
NO. 2 CLOCK DQ16
GENERATOR
DATA-OUT
COLUMN. . BUFFER 5E

ADDRESS
BUFFER

REFRESH
CONTROLLER

- 512 .-

A2 o [ SENSE AMPLIFIERS
A3 o ] 1 1/0 GATING
Ad o p—
REFRESH 512%16
AS COUNTER
A6 o
A7 o le—>|
A8 o o H
ROW- \ g‘g 512x512x 16
ADDRESS QQ | 512 MEMORY
BUFFERS (9) o« § H ARRAY
t l——»|
I [e—>
_— NO. 1 CLOCK
RAS GENERATOR +~——0 Vee
+————0 Vss
MT4C16256/7/8/9 L 1 7 4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9 L
256K x 16 WIDE DRAM

PIN DESCRIPTIONS

S0J TSoP ZIp
PINS PINS PINS

SYMBOL

TYPE

DESCRIPTION

14 16 24

RAS

Input

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 L and MT4C16259 L only).

28 30 38

Input

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 DQ1 through DQ16.

Column-Address Strobe Upper Byte: CASH (MT4C16257/9
L) 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.

WvVHa 3aim l

27 29 37

Input

Output Enable: OE enables the output buffers when taken
LOW during a READ access cycle. RAS and CAS
(MT4C16256/8 L) or CASL / CASH (MT4C16257/9 L) must
be LOW and WEL / WEH (MT4C16256/8 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.

13 15 23

WEH/WE

Input

Write Enable Upper Byte: WEH (MT4C1625L6/8 L) is WE
control for the DQY 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 L, 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 L) controls DQ1 through
DQ16 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.

12 14 22

WEL/NC

Input

Write Enable Lower Byte: WEL (MT4C16256/8 L) 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 L, 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).

29 31 39

NC/CASL

Input

Column-Address Strobe Lower Byte: CASL (MT4C16257/9L)
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.

16-19, 18-21, 26-29,
22-26 24-28 32-36

AO-A8

Input

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.

MTA4C16256/7/8/9 L
REV. 3/83
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MT4C16256/7/8/9 L
256K x 16 WIDE DRAM

PIN DESCRIPTIONS (continued)

S0J TsoP ZIP
PINS PINS PINS SYMBOL | TYPE DESCRIPTION
2-5,7-10, | 2-5,7-10, | 12-15, | DQ1-DQ16| Input/ | Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the
31-34, 35-38, 17-20, Output | addressed DRAM location. BYTE WRITEs can be performed
36-39 40-43 1-4, 6-9 by using WEL / WEH (MT4C16256/8L) or CASL / CASH
(MT4C16257/8L) to select the byte to be written. For READ
access cycles, DQ1-DQ16 act as outputs for the addressed
DRAM Location. All sixteen I/Os are active for READ cycles
(MT4C16256/8L). The MT4C16257/9L allow for BYTE READ
cycles.
11,15,30 | 13,17 |21, 25,40 NC - No Connect: These pins should be either left unconnected or
tied to ground.
1,6,20 1,6,22 |11, 16,30 Vce Supply | Power Supply: +5V £10%
21, 35,40 |23, 39,44 | 5, 10, 31 Vss Supply | Ground
MT\A){CQ/%SM/BIQ L 1 _76 Micron Semiconductor, Inc., reserves the right to change |>r¢)dtgt;sgg;i Ys;')\nsizlr:onagt::: mvg;:o&ﬁmn:m
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SEMICONDUCTOR. INC.

PRELIMINARY

MT4C16256/7/8/9 L
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
(A0-A8) at a time. RAS is used to latch the first 9 bits and
CAS the latter 9 bits.

The CAS control also determines whether the cycle will
be a refresh cycle (RAS-ONLY) or an active cycle (READ,
WRITE or READ-WRITE) once RAS goes LOW. The
MT4C16256 L and MT4C16258 L each have one CAS
control while the MT4C16257 L and MT4C16259 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 DRAMs. The key differ-
ence is each CAS controls its corresponding DQ tristate
logic (in conjunction with OF and WE). CASL controls DQ1
through DQ8 and CASH controls DQ9 through DQ16.

The MT4C16257 L and MT4C16259 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 MT4C16257 L and MT4C16259 L
both BYTE READ and BYTE WRITE cycle capabilities.

READ or WRITE cycles on the MT4C16257 L or
MT4C16259 L are selected with the WE input while either
WEL or WEH perform the WE on the MT4C16256L or
MT4C16258 L. The MT4C16256 L and MT4C16258 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 DQ1 through DQ16. If WE goes
LOW prior to CAS going LOW, the output pin(s) remain
open (High- Z) until the next CAS cycle. If WE goes LOW
after CAS goes LOW and data reaches the output pins, data-
out (Q)is activated and retains the selected cell data aslong
as CAS and OF remain LOW (regardless of WE or RAS).
This late WE pulse results in a READ-WRITE cycle.

The 16 datainputsand 16 data outputs arerouted through
16 pins using common I/O and pin direction is controlled
by OE, WEL and WEH (MT4C16256 L and MT4C16258 L)
or WE (MT4C16257 L and MT4C16259 L).

FAST-PAGE-MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address (A0-A8) defined page boundary. The FAST-
PAGE-MODE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address strobed-
in by CAS. CAS may be toggled by holding RASLOW 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
cycleand decreases chip current to areduced 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 RASREFRESH cycle (RAS-ONLY, CBR,
or HIDDEN) so that all 512 combinations of RAS addresses
(A0-A8) 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 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).

BYTE ACCESS CYCLE

The BYTE WRITE mode is determined by the use of
WEL and WEH or CASL and CASH. Enabling WEL/
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 L, MT4C16257 L, MT4C16258 L and
MT4C16259 L can be viewed as two 256K x§ DRAMS which
have common input controls, with the exception of the WE
or the CAS inputs. Figure 1 illustrates the MT4C16256 L
BYTE WRITE and WORD WRITE cycles and Figure 2
illustrates the MT4C16257 L. BYTE WRITE and WORD
WRITE cycles.

The MT4C16257 L also has BYTE READ and WORD
READ cycles, since it uses two CASinputs to controlits byte
accesses. Figure 3 illustrates the MT4C16257 L BYTE READ
and WORD READ cycles.

MT4C16256/7/8/9 L
V. 3/93

1-77

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

NVHA 3dIMm l



Wvdad 3dIM .

MICRON

SEMICONDUCTOR, INC

PRELIMINARY

MT4C16256/7/8/9 L
256K x 16 WIDE DRAM

MASKED WRITE ACCESS CYCLE (MT4C16258/9L 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 L and
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
amask data register bit, the input port for thatbit 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-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.

<«+—— WORD WRITE

RAS

' LOWER BYTE WRITE ———>|

—

CAS

\

WEL

WEH i /
STORED INPUT STORED | STORED INPUT STORED
DATA DATA DATA DATA DATA DATA
ﬂ [ > [1] 1] I— > [1]
1 1 e > [1 1 1 e > [ 1]
1] 0 oo > o] 0] LT > [1
LOWERBYTE | [1] 0 oo > [o] | [¢] 1 s > [1]
(DQ1-DQ8) 1] 0 oo > o] 0 T e > 1]
OF WORD 1 1 e > [ 1] 1 e > 1]
1] 1 e > [1] 1 1 s > 1]
7] 0 e > [o] | [of 1 > [1]
[0] g meees > [1] (1] X oeeees > [1]
o 1 1| ] x o [
UPPER BYTE 10 0. > B X .
0 SRS > |o 0 X eemee- > |o
oy | B T BE e
0] [ > o] 0 X emmee- > [0
0 1 e > [1 1] X meees > [1
[©] o w> o] | [9] X > [0
<+—— ADDRESS 0 —> | * ADDRESS 1 ——Mm———
X'=NOT EFFECTIVE (DON'T CARE)
Figure 1

MT4C16256/8 L WORD AND BYTE WRITE EXAMPLE

MT4C16256/7/8/9 L
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PRELIMINARY

MT4C16256/7/8/9 L
256K x 16 WIDE DRAM

RAS

CASL

N\

I <+——— WORD WRITE

v
A

J

LOWER BYTE WRITE ———*——bl

—

CASH

LOWER BYTE
(DQ1-DQ8)
OF WORD

UPPER BYTE
(DQ9-DQ16)
OF WORD

I

'
'
'
'
'
'
'
T
'
'
'
'

E

|

STORED INPUT  INPUT  STORED |STORED INPUT INPUT
DATA  DATA DATA DATA | DATA DATA DATA

[1] 0 [0] o] 1

] 0 0] 0 1

0] 1 1] 1] 0

1] 0 o] | [¢f 1

1 0 0 0 1

1] 0 o] o] 1

(1] 0 - 0] 0] 1

1] 0 o] | [of f

[0] X meees > 1 eee- > [1] (1] X

1 X emees > 0 -ooe- > (0] 0] X

0] X eeee > 1 e > [1] 7] X

(1] X e > 0 --oe- > [0] (0] X

0| X meeee > 1 -eee- > [1] 1] X

0] P PO > [1] 1] X

0] X mmeen O > (1] 7] X

0] p RBEE SRR JEER. > [1] 1] X wmemmieemnees
<+———————— ADDRESS 0 - ADDRESS 1 ———————>
X = NOT EFFECTIVE (DON'T CARE)

Figure 2

MT4C16257/9 L WORD AND BYTE WRITE EXAMPLE

S e S

STORED
DATA
[1]

1]
0]
1]
1
1]
i
L1

I=[=[=[el=]=]-]

MT4C16256/7/8/9 L
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PRELIMINARY

MICFICIN MT4C16256/7/8/9 L

256K x 16 WIDE DRAM

| <«+—  WORD READ

RAS \ / \ /

\ 4

LOWER BYTE READ -——————>|

CASH

WE / E

]

\_

[

STORED OUTPUT  OUTPUT  STORED |STORED OUTPUT  OUTPUT  STORED
DATA DATA DATA DATA | DATA DATA DATA DATA
pall falk Al Al
1] 1 memee > 1 11 1] 1 meee > 1 1]
LOWER BYTE Ll 1 e > 1 L1 1] L > 1 1]
(DQ1-DQ@8) 10] 0 ------ > 0 10| 10| 0 ----- > 0 10}
OF WORD 11 1o > 1 1] 1] LR > 1 1]
111 1 - > 1 1] |1 1 ----- > 1 1]
1] LIEEEEEE > 1 11 1] LSRR > 1 1]
1] 1o > 1 Kl Rl 1o > 1 1]
1] LIRECEES > 1 11 1] 1 meee > 1 L1]
[0] Z - > 0 (0] 0] z z [o]
1] 2 - > 1 1] 1] z z 1
UPPER BYTE 0] Z --e- > 0 0] 0] z z 10}
(DQ9-DQ16) 1] Z - > 1 1] 11 z z 1]
OF WORD 10] Z ---e- > 0 0 10 z z 10}
0 Z ee-e- > 0 0 0] z z 0
10] Z - > 0 0] 0] z z 0]
o] Z -eee- > 0 0] 0] z z 0]
<«——— ADDRESS 0 > | < ADDRESS { ———
Z = High-Z
Figure 3
MT4C16257/9 L WORD AND BYTE READ EXAMPLE
MT4C16256/7/8/9 L 1 80 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON MT4C16256/7/8/9 L

256K x 16 WIDE DRAM

- NONMASKED WRITE —-—————f\

S \ / \: /-

o \ / \ /

v NG /R, )

Nvdad 3diIMm .

TN N/ R /N /Y

STORED MASK INPUT ~  STORED|STORED MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA

] X 0 ----- > [o] 1 1 1 e > [1]

1] X 0 -ome- > [o] 0 1 1 e > 1]

1] X 0 --me- > [0] 1 1 1 e > [1]

LOWER BYTE 1] X Q ----- > |0| 0 1 1 - > 1]
(DQ1-DQ8) 1] X 0 emee- > [o] 1 1 0 ----- > 0]
OF WORD ol x o> [o] 5 | 0 e > o]
1] X 0 -eeoe > [o] 1 0 0 ----- > [1]

1] X 0 --ee- > |o] 0 1 0 - > [0]

(1] 0 X (1] 1 X 1 mmen > [1]

1] 0 X 1] 1 X 0 --ee- > 0]

weeneve | 5] N R et
(ggg\,},%%g) 0] 1 0 --ee- > [0] 0 X 1 meeee > 1]
0] 1 0 -ee- > |o] 0 X 1 meees > [1]

0] 1 R > [1] 1 X 0 -ee-- > [o]

0] 1 FIR— > [1] 1 X 0 ----- > [o]

<———— ADDRESS 0 > | < ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) DON'T CARE
Figure 4
MT4C16258 L MASKED WRITE EXAMPLE
NOTE: If WEL is LOW and WEH is HIGH when RAS goes LOW, then only DQs 1-8 will be masked. If WEL is HIGH

and WEH is LOW when RAS goes LOW, then only DQs 9-16 will be masked.

MT4C16256/7/8/9 L 1 81 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
MICRDN MT4C16256/7/8/9 L

256K x 16 WIDE DRAM

|4— MASKED WRITE > ’ - NONMASKED WRITE -——-——»‘

RAS H

“CAS”

We \ VN Vg

h
'
'
'
'
'
'
'
'
'
T
'
'
'
'
'
'
'
i
'
'
'
'
'
T
'
'
'
'

1

1 /)

STORED MASK INPUT  STORED|STORED MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA
[1] 0 X [1] (1] X R > [1]
1] 1 0 ----- > [0] 0] X —— > [1]
1] 0 X 1] 1] X 1 e > [1]
LOWER BYTE i ) 0 > [0] 0 X P > [
(DQ1-DQ8) Gl o X ] 0 X I -~ [o]
OF WORD i . o o > [0] o " o -~ o]
1] 0 X 1] 1] X 0 --e-e- > [o]
1] 1 0 ----- > [o] 0] X 0 -eee- > |o]
I‘ 0 X [1] q X 1 omeee- > [q]
(1] 0 X 1] 1] X 0 --m--- > [0]
0 0 X 0 0 X — > |1
UPPER BYTE = - — —
0 0 X 0 0 X 0 ---e- > |o
(DQ9-DQ16) ol o ol X 1 e > [7]
OF WORD B 0 o> O 1 1O ' Y
0] 1 [ Y > [0] 0] X TE— > |3
0] 1 1 omee- > [1] 1 X 0 ------ > [0
0] 1 L > 1] L] X 0 womoe- > 0]
<«—— ADDRESS0 > |- ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) DON'T CARE
Figure 5
MT4C16259 L MASKED WRITE EXAMPLE
MT4C16256/7/8/9 L Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9 L
256K x 16 WIDE DRAM

TRUTH TABLE: MT4C16256/8 L

ADDRESSES
FUNCTION RAS | TAS | WEL WEH OF R ' |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:

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

1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active).

MT4C16256/7/8/9 L
REV. 3/93
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PRELIMINARY

M|:RDN MT4C16256/7/8/9 L

256K x 16 WIDE DRAM

TRUTH TABLE: MT4C16257/9 L

ADDRESSES

FUNCTION RAS | CTASL | CASH WE OF R 'c |DGs 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 | DatalIn 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 2ndCycle| 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 1,35
RAS-ONLY L H H X X |ROW | n/a |High-Z
REFRESH
CBR REFRESH H-L L L X X X X | High-Z 4
BBU 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 (MT4C16259 L only). Refer to Figure 5.

MT4C16256/7/8/9 L 1 8 4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON

SEMICONDUCTOR. INC

PRELIMINARY

MT4C16256/7/8/9 L
256K x 16 WIDE DRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc supply relative to Vss
Operating Temperature, T4 (ambient).........
Storage Temperature (plastic) ............cc......

Power Dissipation
Short Circuit Output Current

tended periods may affect reliability.

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS

(Notes: 1, 3, 4, 6, 7) (0°C < T, < 70°C; Vee = 5V +10%)

*Stresses greater than those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
deviceat these or any other conditions above those indicated
inthe operational sections of this specificationisnotimplied. ~mmm
Exposure to absolute maximum rating conditions for ex-

PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \ 1
Input High (Logic 1) Voltage, all inputs ViH 2.4 | Vce+l Vv 1
Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 \" 1
INPUT LEAKAGE CURRENT
Any input OV < ViN < Vee I -2 2 UHA
(All other pins not under test = 0V)
OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vout < 5.5V) loz -10 10 UA
OUTPUT LEVELS VoH 24 \
Output High Voltage (lout = -5mA)
Output Low Voltage (lout = 4.2mA) VoL 0.4 \%

MAX
PARAMETER/CONDITION SYMBOL |-6** | -7 8 |UNITS | NOTES
STANDBY CURRENT: (TTL) lcct 2 2 |2 mA
(RAS = CAS = ViH)
STANDBY CURRENT: (CMOS) lcc2 200 | 200 | 200 | pA 25
(RAS = CAS = Vcc -0.2V)
OPERATING CURRENT: Random READ/WRITE
Average power supply current lccs 190 | 170 | 150 | mA 3,4,
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN]) 43
OPERATING CURRENT: FAST-PAGE-MODE
Average power supply current lcca 120 | 110 | 100 | mA 3,4,
(RAS = Vi, CAS, Address Cycling: tPC = tPC [MIN]; {CP, tASC = 10ns) 43
REFRESH CURRENT: RAS-ONLY
Average power supply current lccs 190 | 170 | 150 | mA 3,5,
(RAS Cycling, CAS = ViH: 'RC = 'RC [MIN]) 43
REFRESH CURRENT: CBR
Average power supply current lcce 180 | 160 | 140 | mA 3,5
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])
REFRESH CURRENT: BBU
Average power supply current during BBU REFRESH:
CAS = 0.2V or CBR cycling; RAS = RAS (MIN) to lcc? 300 [ 300|300 | pA 3,5,
300ns; WE, A0-A9 and Din = Vce - 0.2V (DiNn may be left 42
open), 'RC = 125us (512 rows at 125us = 64ms)

**60ns specifications may be limited to a Vcc range of £5%.
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PRELIMINARY

MlCHQN MT4C16256/7/8/9 L

256K x 16 WIDE DRAM

CAPACITANCE

(Note: 2)
PARAMETER SYMBOL | MAX | UNITS | NOTES
Input Capacitance: AO-A8 Cn 5 pF 2
Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)/ 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) (0°C < T, < +70°C; Voc = 5V £10%)

NvHa 3diMm

AG CHARACTERISTICS -6* -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time ‘RC 110 130 150

READ-WRITE cycle time RWC 150 175 195 ns
FAST-PAGE-MODE READ or WRITE tPC 35 40 45 ns 35
cycle time

FAST-PAGE-MODE READ-WRITE PRWC 85 95 100 ns 35
cycle time

Access time from RAS 'RAC 60 70 80 ns 14
Access time from CAS ICAC 15 20 20 ns 15, 33
Output Enable time 'OE 15 20 20 ns 33
Access time from column-address tAA 30 35 40 ns

Access time from CAS precharge 'CPA 35 40 45 ns 33
RAS pulse width RAS 60 100,000 70 100,000 80 100,000 ns

RAS pulse width (PAGE-MODE) RASP 60 100,000 | 70 | 100,000] 80 |100,000 | ns

RAS hold time ‘RSH 15 20 20 ns 40
'RAS precharge time RP 40 50 60 ns

CAS pulse width ICAS 15 100,000 20 100,000 20 100,000 ns 39
‘CAS hold time 'CSH 60 70 80 ns 32
CAS precharge time ICPN 10 10 10 ns 16, 36
‘CAS precharge time (PAGE-MODE) ‘cp 10 10 10 ns 36
RAS to CAS delay time 'RCD 20 45 20 50 20 60 ns 17, 31
‘CAS to RAS precharge time 'CRP 10 10 10 ns 32
Row-address setup time 'ASR 0 0 0 ns
Row-address hold time RAH 10 10 10 ns

'RAS to column- 'RAD 15 30 15 35 15 40 ns 18
address delay time

Column-address setup time tASC 0 0 0 : ns 31
Column-address hold time ICAH 10 15 15 ns 31
Column-address hold time AR 50 55 60 ns

(referenced to RAS)

Column-address to 'RAL 30 35 40 ns

RAS lead time ;

Read command setup time RCS 0 0 0 ns 26, 31
Read command hold time RCH 0 0 0 ns 19,26 ,32
(referenced to CAS)

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

CAS to output in Low-Z fcLz 3 3 3 ns 33

*60ns specifications may be limited to a Vcc range of +5%.

MT4C16256/7/8/9 L 1 8 6 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

MT4C16256/7/8/9 L

256K x 16 WIDE DRAM

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7,8,9, 10, 11, 12, 13) (0°C < T < +70°C; Vo = 5V £10%)

AC CHARACTERISTICS -6* -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX UNITS NOTES
Output buffer turn-off delay 'OFF 3 15 3 15 3 15 ns 20, 29, 33
Output disable time ‘oD 3 15 3 15 3 15 ns 29, 41
Write command setup time wcs 0 0 0 ns 21, 26, 31
Write command hold time 'WCH 10 10 10 ns 26, 40
Write command hold time 'WCR 45 55 60 ns 26
(referenced to RAS)

Write command pulse width wp 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, 32
Data-in setup time DS 0 0 0 ns 22,33
Data-in hold time DH 10 15 15 ns 22,33
Data-in hold time DHR 45 55 60 7ns

(referenced to RAS)

RAS to WE delay time ‘RWD 85 95 105 ns 21
Column-address tAWD 55 60 65 ns 21
to WE delay time

CAS to WE delay time fCWD 40 45 45 ns 21, 31
Transition time (rise or fall) T 3 50 3 50 3 50 ns 9,10
Refresh period (512 cycles) 'REF 64 64 64 ms 28
RAS to CAS precharge time RPC 0 0 0 ns

CAS setup time 'CSR 10 10 10 ns 5, 31
(CBR REFRESH)

CAS hold time 'CHR 10 10 10 ns 5,32
(CBR REFRESH) ‘

MASKED WRITE command to RAS 'WRS 0 0 0 ns 26, 27
setup time

WE hold time (MASKED WRITE) 'WRH 10 15 15 ns 26
'OE hold time from WE during 'OEH 15 20 20 ns 28
READ-MODIFY-WRITE cycle

'OE setup prior to RAS during 'ORD 0 0 0 ns

HIDDEN REFRESH cycle

Last CAS going LOW to first CAS 'CLCH 10 10 10 ns 34
returning HIGH

*60ns specifications may be limited to a Vcc range of £5%.

MT4C16256/7/8/9 L
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EMICONDUCTOR. INC

PRELIMINARY

MT4C16256/7/8/9 L
256K x 16 WIDE DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = 5V £10%;f = 1 MHz.
3. Icc is dependent on cycle rates.

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

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate
cycle time at which proper operation over the full
temperature range (0°C < T, <70°C) is assured.

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

AC characteristics assume T = 5ns.

Viz (MIN) and ViL (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and V1L (or between VIL
and V).

In addition to meeting the transition rate specifica-
tion, all input signals must transit between Vix and
VI (or between VIL and VIH) in a monotonic manner.
If CAS = Vm, data output is High-Z.

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

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

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

Assumes that 'RCD > 'RCD (MAX).

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

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

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

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

o

10.

11.

12.

13.

14.

15.
16.

18.

19.

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

20. *OFF (MAX) defines the time at which the output
achieves the open circuit condition; it is not a
reference to VoH or VoL.*

TWCS, tRWD, tAWD and 'CWD are restrictive

operating parameters in LATE-WRITE and READ-

MODIFY-WRITE cycles only. If fWCS > tWCS (MIN),

the cycle is an EARLY-WRITE cycle and the data

output will remain an open circuit throughout the
entire cycle. If ‘RWD 2 'RWD (MIN), 'tAWD 2 'tAWD

(MIN) and !CWD 2 *CWD (MIN), the cycle is a

READ-WRITE and the data output will contain data

read from the selected cell. If neither of the above

conditions is met, the state of Q (at access time and
until CAS or OE goes back to VIH) is indeterminate.

OE held HIGH and WE taken LOW after CAS goes

LOW results in a LATE-WRITE (OE-controlled) cycle.

These parameters are referenced to CAS leading edge

in EARLY-WRITE cycles and WE leading edge in

LATE-WRITE or READ-MODIFY-WRITE cycles.

23. During a READ cycle, if OF is LOW then taken HIGH
before CAS goes HIGH, Q goes open. If OF is tied
permanently LOW, a LATE-WRITE or READ-
MODIFY-WRITE operation is not possible.

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

25. All other inputs at Vec -0.2V.

26. Write command is defined as 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 tOD and 'OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. The
DQs will provide the previously written data if CAS'
remains LOW and OE is taken back LOW after ‘'OEH
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 *OD or *OFF
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 OF is brought back LOW (CAS still LOW), the DQs
will provide the previously read data.

21.

22.

MT4C16256/7/8/9 L
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SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9 L
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.

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. BBU current is reduced as 'RAS is reduced from its
maximum specification during the BBU cycle.

43. Column-address changed once while RAS = Vi and
CAS = V.

MT4C16256/7/8/9 L
REV. 3/93
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SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9 L
256K x 16 WIDE DRAM

Re
E RAS 'RP
Vg =
— RAS V[ _
o =
1 1
RSH RRH
m ' CRP. tRCD tcAs  tcLCH
CASHCASL  ViH —
o o }
AR
m tRAD tRAL |
1
1, 1 t, 1
> ASR RAH l ASC cAH
v
RS /TR /), W I
g l 'RCS l tRoH
{._—_.
WELWEH VIH -
oWE VIL - 7
A
' tRAC
! tcac toFF
oz
ble} 3%"".: OPEN VALID DATA OPEN
|l<_toE |<_toD
|
— Vg =
® W N V/
EARLY-WRITE CYCLE
‘Re
tRAS | RP
. —
ms v Z
tosH
[
RSH
| cRP RcD fcas  toon
CASHCASL VW = A
orCAS ‘I -
AR
tRAD 'RAL
asR tRAH tasc toan
v
AODR VI ROW COLUMN W @( ROW
fowe |
AL :
wer !
twes twoH
1
[ [ ‘WP
'wng WRH LU
WELWER VH Ai V
e ViC NOTE 1
'DHR
AR
tys | v }«—DS toH
i |
v,
& 0% o XA woo YW
—
oE vl =

DONT CARE

UNDEFINED

NOTE: 1. Applies to MT4C16258 L and MT4C16259 L only. WE selects between normal WRITE and MASKED WRITE
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 MT4C16256L. and MT4C16257 L are “don’t care” at RAS time.
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PRELIMINARY

MT4C16256/7/8/9 L
256K x 16 WIDE DRAM

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

‘Rwe
RS | tRp
Vi = L———
RAS vy \
fosH
RSH
| tcrp ReD tcas tcLon
CASH.CASL Wj - f
orCAS '
'RAD 'RAL
i tAsR RAH tasc oA
aooR Y ROW col
L LUMN ROW
| tawp towL. l
tros _| tcwp taw
|
1 [
[ lAwD wp
I'WRS WHHI |
WELWER Viy -
oWE ViU ﬂ NOTE 1
tAA
RAC
‘cac
. los, || ton,
‘ ms, || ImH I toiz—>| |~
VOH -
oa vg _——1 NOTE 1 k—open { VAUDDoyr B VALDDy OPEN
toe I top, toEH |
- — 2
Vig 7
o WM 422% f Y«ZZ'ZZZV
FAST-PAGE-MODE READ CYCLE
1 1
RASP RE,
— Vg —
RS v C
tosH I pc RSH
1 terp RCD lcas, teLcH tcp tcas, 'cleH | top tcas, toLcH foPN
CASHCASL VIH — & X
orCAS. VIL — 3
AR
RAD ‘RAL
t, 1 t, t,
ASR 'RAH, | 'asC, toan, ASC, tcan, tasc fca, l
Vin -
ADDR v ROW m COLUMN COLUMN m COLUMN W ROW
[ |'—'Rcs = I—-—'acs lR—H—| [~—'RRH
’._L. tRoH—>] I_. tReH—=] Jf c
WELWER ViH -
oWE ViU - i W Y
tAn | tan | thA
'RAC : tcpa i 'oPA
! fcac forE tcac lorg tcac
<25y <28 | |=—tore
torz —=| torz —=| |-— toLz —=|
VoH ~ VALID VALID VALID
ba vor - o DATA DATA DATA_J OFEN
toe l.&ﬂ. foe |.&°. | t0E | i.‘gy.
o UM
® W &I /) ﬁ)[ V/ Al /)

NOTE:

DONT CARE

&) unperineD

1. Applies to MT4C16258 L and MT4C16259 L only. WE selects between normal WRITE and MASKED WRITE

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).

inputs on MT4C16256 L and MT4C16257 L are “don’t care” at RAS time.

EL, WEH and DQ

MT4C16256/7/8/9 L.
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MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9 L
256K x 16 WIDE DRAM

FAST-PAGE-MODE EARLY-WRITE CYCLE

'RAsP P |
R [J‘ J\
terp fest e tRsH
cRP. RCD tcas, toLeH, | tcp. IcAs, toLeH, tcp Icas, 'cLeH, 1o_toPN |
CASHTASL VIH —
orcas VI —J / \_
taR
tRAD 'RAL
I tasr_| | 'RaH, | tasc toar tasc_ || lcan tasc, || toan |
v,
ApoR yitt Wnow COLUMN COLUMN w &( COLUMN w M ROW
fom | om | ow. |
WL |
twes wen wes twen twes e
1 1 wp wp WP
\was wnnl we |
WELWEH V =
= b 7 e W W,
twor RwL I
‘oHR
1 1 1 1 1
s, || tun l-—"s—> LI l._L'S_.. ._2"_..| l.__E.S_, —&—l
VoH =
oa vg! _m NOTE 1 m VALID DATA m VALID DATA W VALID DATA W

= W T . 7 7 T
FAST-PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)

e IosH tpc /tawe 'RSH
‘cRp. tRoD tons, toLeH tcp tcas, loLeH ‘cp toas, teroH tcpn
w7 ‘ i ‘ ' } k
| tasR, ‘RAHI | tasg| ‘cAH J;a_sgl loAH l
ADDR VM :m ROW m COLUMN W comn K777 X _row
I tawp [
LicS ! ICWL—>| L— 3 towe
tAw:) tawD we
- Jnng) | vy lowo fowo
WELWER Wi :@f NOTE 1 W
R

NOTE:

DON'T CARE

B unpeFiNeD

1. Applies to MT4C16258 L and MT4C16259 L only. WE selects between normal WRITE and MASKED WRITE

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 L and MT4C16257 L are “don’t care” at RAS time.

MT4C16256/7/8/9 L
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MT4C16256/7/8/9 L

256K x 16 WIDE DRAM

RAS

CAS

— Vg J

oE VYH

FAST-PAGE-MODE READ-EARLY-WRITE CYCLE

(Pseudo READ-MODIFY-WRITE)

tRASP P E
Vi = —
=)
tRSH
fosH trc m
1<_{CRP ReD tcas tcpp tcas topN |
v - -
vit = } / IS
AR
tRAD tRAL >
[ [ t 1 %
ASR RAH ASC tcAH ASC CAH g
Vig = J y
/), ST ), S /), S U Y
fowL |
RCS | fRwL
d
twe
twes, tweH
W /i r T
l bs_||_toH, ‘
ViH Yy / //
& 7 7 i VALlDDATAW 7
tcac
t t
oLz OFF, n
v NOTE 1
OH = VALID
Vol = OPEN WATA OPEN
tAa
'Rac

/)N

Vie

NOTE: 1. Do not drive data prior to High-Z; that is completion of 'OFF. 'CPP is equal to 'OFF + 'DS(MIN) + guardband
between data-out and driving new data-in.
§ RESH CYCLE
(ADDR = AO 8, OE; W WEH or WE = DON'T CARE)
e
RAS RP.
s W C
I tcRp tRPC l
CAS:%{(;ASH ¥IE : ¥ U
tASR tRAH
ADDR xlf = »g ROW 7)0 / / ﬁ( ROW
o Vg =

[//) boN'T cARE
m UNDEFINED
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PRELIMINARY
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256K x 16 WIDE DRAM

CBR REFRESH CYCLE
(A0-A8; OE = DON'T CARE)

7 Y ;
tcen |, _lcsR tcHR 'RPC, tosm || tcHR ,
e e
BBU REFRESH CYCLE
(A0-A8; OF = DON'T CARE)

ms Vs \

RPC,  tcsp

tRPC
teen || _losR tcHR lcHr
SR [«HR |
CASH,CASL gm - ;l‘ 14 ’{
orCAS VIl ~

DQ = OPEN
WELWEH V4
oW VIL -
HIDDEN REFRESH CYCLE 2
(WEL, WEH or WE = HIGH; OE = LOW)
(READ) (REFRESH)
tRAS l_RP__| tRAS |
iR J/
1.tcRP tRoD tRsH toHR
CASL CASH - —
& W/ /
RAD RAL
tasA, 'RaAH tasc, tcAH
ADDR ¥:[':m ROW m COLUMN
taA
! 'RAC
'é:zc —| e—tor
pax ¥8E = OP @[ VALID DATA p— OPEN—
oF UM orn /i/
ViL

DON'T CARE

UNDEFINED
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PRELIMINARY

MT4C16256/7/8/9 S
256K x 16 WIDE DRAM

WIDE DRAM

256K x 16 DRAM

FAST-PAGE-MODE
SELF REFRESH

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, ImW standby; 500mW active, typical
All device pins are TTL-compatible
512-cycle refresh in 64ms (nine rows and nine
columns)
Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR)
HIDDEN, and BATTERY 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 MARKING
¢ Timing
70ns access -7
80ns access -8

® Write Cycle Access
BYTE or WORD via WE 16256 S
(nonmaskable) _
BYTE or WORD via CAS 16257 S
(nonmaskable)
BYTE or WORD via WE 16258 S
(maskable)
BYTE or WORD via CAS 16259 S
(maskable)

® Packages
Plastic SOJ (400 mil) DJ
Plastic TSOP (400 mil) TG
Plastic ZIP (475 mil) Z

® Part Number Example: MTA4C16256D]-7 S

GENERAL DESCRIPTION

The MT4C16256/7/8/9 S are randomly accessed solid-
state memories containing 4,194,304 bits organized ina x16
configuration. The MT4C16256 S and MT4C16258 S have
both BYTE WRITE and WORD WRITE access cycles via two
write enable pins. The MT4C16257 Sand MT4C16259Shave
both BYTE WRITE and WORD WRITE access cycles viatwo
CASpins. The MT4C16258 Sand MT4C16259 S are also able
to perform WRITE-PER-BIT accesses.

*MT4C16256/8 S [ MT4C16257/9 S

PIN ASSIGNMENT (Top View)

40-Pin SOJ 40-Pin ZIP
(SDB-2) (SDA 1)

p v oes paio
g pate a1
pats v pQi2
0 pat4 ss
b bats bate DQ13
0 vss pats
b pat2 bate
Vss
b pat1 Vo
b bato oaa pQ1
g DQe Da3
P NC DQ4
h No/CASL: Vee
h CAS/CASH" bas ..
p O DQ7 b
Q8
! ";’ NC
pA __ WELNC*
b A6 WERWE o
- NG
A0
[ Vss Al
A2
i A3
40-Pin TSOP ves vee
A4
(SDE-2) N
A6
A7
— A8
OE I
_ CAS/CASH*
*NC/CASL
NC

The MT4C16256 Sand MT4C16257 S function in the same

manner except that WEL and WEH on MT4C16256 S and
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.

MT4C16256/7/8/9 S
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PRELIMINARY
MT4C16256/7/8/9 S

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

wam  LOW selects a WRITE cycle for the lower byte (DQ1-DQ8)
U and WEH transitioning LOW selects a WRITE cycle for the
IT] upper byte (DQ9-DQ16).

The MT4C16257 S CAS function and timing are deter-
U mined by the first CAS ( CASL or CASH)to transition LOW
w and by the last to transition back HIGH. Use of only one of
> the two results ina BYTE WRITE cycle. CASL transitioning

LOW selects a WRITE cycle for the lower byte (DQ1-DQ8)
and CASH transitioning LOW selects a WRITE cycle for the
upper byte (DQ9-DQ16). BYTE READ cycles are achieved
through CASL or CASH in the same manner 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 S and
MT4C16259 S to operate with either normal WRITE cycles
or with NONPERSISTENT MASKED WRITE cycles.

FUNCTIONAL BLOCK DIAGRAM

| MT4C16256/8 S
: ONLY

WEL o i WE
: WEH :
| MT4C16257/9 S ;
: ONLY !
. 1
CASL o | =5 j ) DATA-IN BUFFER
CASH o0 ; :
P MASK DATA REGISTER (16258/9 S only) b
 UPPERBITE 0000016) | LOWER BYTE 001005 | .
*
NO. 2 CLOCK DQ16
GENERATOR
DATA-OUT
COLUMN- . BUFFER _
ADDRESS COLUMN OE
BUFFER DECODER
:‘1’ 0 REFRESH SELF-REFRESH 512 -
A2 o CONTROLLER N OS%"}IEQEORR
an [ SENSE AMPLIFIERS
A3 o ¥ 1 1/0 GATING
Ad o REFRESH
A5 o COUNTER b= 512116
A6 o
A7 o le—>|
A8 o o H
ROW- za | 512x512x 16
ADDRESS 30 | si2 MEMORY
BUFFERS (9) T E : ARRAY
? le——>}
I J [—>|
__ NO. 1 CLOCK
RAS GENERATOR 0 Vee
+———0 Vss
MT4C16256/7/8/9 S Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9 S
256K x 16 WIDE DRAM

PIN DESCRIPTIONS

s0J TSOP ZIP
PINS PINS PINS

SYMBOL

TYPE

DESCRIPTION

14 16 24

RAS

Input

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 S and MT4C16259 S
only).

28 30 38

Input

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.

27 29 37

Input

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

13 15 23

Input

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.

12 14 22

Input

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 only).

29 31 39

NC/CASL

Input

Column-Address Strobe Lower Byte: CASL (MT4C16257/9S)
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.

16-19, 18-21, 26-29,
22-26 24-28 32-36

AO-A8

Input

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.

MT4C16256/7/8/9 S
REV. 3/93
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PRELIMINARY
MICRON MT4C16256/7/8/9 S

256K x 16 WIDE DRAM

PIN DESCRIPTIONS (continued)

SoJ TSOP ZIP
PINS PINS PINS SYMBOL | TYPE DESCRIPTION
2-5,7-10, | 2-5,7-10, | 12-15, | DQ1-DQ16| Input/ | Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the
31-34, 35-38, 17-20, Output | addressed DRAM location. BYTE WRITEs can be performed
36-39 40-43 1-4,6-9 by using WEL / WEH (MT4C16256/8 S) or CASL / CASH
(MT4C16257/8 S) to select the byte to be written. For READ
access cycles, DQ1-DQ16 act as outputs for the addressed
DRAM location. All sixteen I/Os are active for READ cycles
(MT4C16256/8 S). The MT4C16257/9 S allow for BYTE
READ cycles.
11,15,30 | 13,17 (21, 25,40 NC - No Connect: These pins should be either left unconnected or
tied to ground.
1,6,20 1,6,22 111,16, 30 Vce Supply | Power Supply: +5V £10%
21,35,40 |23,39,44 | 5,10, 31 Vss Supply [ Ground

MTA4C16256/7/8/9 S 1 98 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 3/93 = ©1993, Micron Semiconductor, Inc.



MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9 S
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
(A0-AB8) at a time. RAS is used to latch the first 9 bits and
CAS the latter 9 bits.

The CAS control also determines whether the cycle will
be a refresh cycle (RAS-ONLY) or an active cycle (READ,
WRITE or READ-WRITE) once RAS goes LOW. Both the
MT4C16256 S and MT4C16258 S have one CAS control
while the MT4C16257 S and MT4C16259 Shave 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 DQ1
through DQ8 and CASH controls DQ9 through DQ16.

The MT4C16257 S and 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 MT4C16257 Sand MT4C16259 Sboth
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
MT4C16258 S. The MT4C16256 S and MT4C16258 S WE
function is determined by the first BYTE WRITE (WEL or
WEBH) to transition LOW and the last one to transition back
HIGH.

Alogic HIGH on WE dictates READ mode while a logic
LOW on WE dictates WRITE mode. During a WRITE cycle,
data-in (D) is latched by the falling edge of WE or CAS,
whichever occurs last. Taking WE LOW will initiate a
WRITE cycle, selecting DQ1 through DQ16. If WE goes
LOW prior to CAS going LOW, the output pin(s) remain
open (High- Z) until the next CAS cycle. If WE goes LOW
after CAS goes LOW and data reaches the output pins, data-
out (Q) is activated and retains the selected cell data aslong
as CAS and OE remain LOW (regardless of WE or RAS).
This late WE pulse results in a READ-WRITE cycle.

The 16 datainputsand 16 data outputs arerouted through
16 pins using common I/O and pin direction is controlled
by OE , WEL and WEH (MT4C16256 S and MT4C16258 S)
or WE (MT4C16257 S and MT4C16259 S).

FAST-PAGE-MODE operations allow faster data opera-
tions (READ, WRITE or READ-MODIFY-WRITE) within a
row-address-defined (A0-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-
inby CAS. CAS may be toggled by holding RASLOW 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
cycleand decreases chip current to a reduced standby level.
The chipis also preconditioned for the next cycle during the
RASHIGH time. Memory cell data isretained in its correct
state by maintaining power and executing any RAS cycle
(READ, WRITE) or RASREFRESH cycle (RAS-ONLY, CBR,
or HIDDEN) so that all 512 combinations of RAS addresses
(A0-AS8) 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
100us minimum (‘RASS). The DRAM will remain in the
SELF REFRESH mode while RAS and CAS remain LOW.
Once CAS has been held LOW for 600us (\CHD), CASis no
longerrequired toremain LOW and becomesa “don’t care.”
CASis a “don’t care” until 'CHS, 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 (RPS). Once the SELF REFRESH mode has been
terminated, accesses to the DRAM can begin immediately,
aslong 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 125us
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 RAS-ONLY.

MT4C16256/7/8/9 S
REV. 3/93
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PRELIMINARY

MT4C16256/7/8/9 S
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, youmay 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 WEL/
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 S, MT4C16257 S, MT4C16258 S and
MT4C16259 S canbe 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 CASinputs to control its byte
accesses. Figure 3 illustrates the MT4C16257 SBYTE READ
and WORD READ cycles.

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 S and
MT4C16257 S do not have the MASKED WRITE cycle func-
tion.

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
amask data register bit, the input port for that bitis 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 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 S MASKED WRITE
operation and Figure 5 illustrates the MT4C16259 S
MASKED WRITE operation.

MT4C16256/7/8/9 S
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256K x 16 WIDE DRAM

. <+—— WORD WRITE

RAS \

A\
A

LOWER BYTE WRITE -—————>‘

CAS

H
|

~
NVvHAd 3diMm . M

STORED INPUT STORED | STORED INPUT STORED

DATA DATA DATA D_A_T A DATA DA_T A

[1] 1 > [] | [1] 1 > [1]

1 1 - > |1 1 1 s > |1

I }__ 1

1] 0 e--e- > [o] 0] 1 > [1]

LOWER BYTE K P > [o] | [o 1 > 1]
(DQ1-DQ8) ] R > [o | [¢ p— > [1]
OF WORD 1 R > |1 1 D > 3
I s s s

] 1 > [ | [ 1 > [1]

1] o > [o] | [9] 1 > [1]

0] 1 e > [1] [1] X oemcis > [1]

0 1 eeees > [1 1 P > [1]

UPPERBYTE | | o >R X > 1o
0 0 emee- > [o 0 X e > [0

(DQ9-DQ16) (0] 1 eme- > (1] K X eeee- > [1]
OF WORD 0 0 > o] | [ g— > [o]
o] 1> 1] [ X o> (1]

0] 0 -ooe- > [0] 0] X oo > 0]

<+——  ADDRESS 0 > | ADDRESS1 ——MmMmm

X =NOT EFFECTIVE (DON'T CARE)

Figure 1
MT4C16256/8 S WORD AND BYTE WRITE EXAMPLE
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PRELIMINARY

MT4C16256/7/8/9 S
256K x 16 WIDE DRAM

MICRON

SEMICONDUCTOR, INC

‘ <+—— WORD WRITE

N\

Nvda 3dim . M3N

RAS /
GASL \ / \ /
CASH | N/ :
wE \_ ; S ¢
STORED INPUT INPUT STORED | STORED INPUT INPUT STORED
DATA DATA DATA D_Aﬂ" A D_/E A DATA DATA DATA

[1] 0 o] | [e] 1 1]
1] 0 o] | [o] 1 1]
‘2‘ 1 1 1 0 _0_
LOWER BYTE 1 0 o] | [o] 1 1]
(DQ1-DQ8) 1] 0 0] 0] 1 1]

OF WORD 1 0 0 0 1 1
1 A1 [~ 1

1 0 0] 0] 1 1
7] 0 [o] | [o] 1 1]
(o] X omeee- > 1 - > [1] [1] X 1]
1 X neee- > 0 moee- > [0] (0] X 0]
UPPER BYTE 9] X > ot > | X |1
(DQ9-DQ16) 1] Xmmees > 0o > (0] 0 X 9]
OF WORD 0 Xomnes > 1o > ] X AN
0 X --ee- > 1 ----- > | 1] 111 X 11
0] X oeeee- > 1 -e-e- > 1] 1] X 1]
0] X oeeee > 1 eee- > [1] 1] X 1]

<+—— ADDRESS 0 > | - ADDRESS { —
X = NOT EFFECTIVE (DON'T CARE)
Figure 2

MT4C16257/9 S WORD AND BYTE WRITE EXAMPLE

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

PRELIMINARY

MT4C16256/7/8/9 S
256K x 16 WIDE DRAM

RAS

CASL

CASH

WE

LOWER BYTE
(DQ1-DQ8)
OF WORD

UPPER BYTE
(DQ9-DQ16)
OF WORD

’ <«+— WORD READ

N\

\
A

]

LOWER BYTE READ ——-——-—»[

—

i

_/

{

STORED OUTPUT ~ OUTPUT  STORED |STORED OUTPUT  OUTPUT  STORED
DATA DATA DATA DATA | DATA DATA DATA DATA
1 1 meees > 1 1 1 1 emaes > 1 1
1] 1 meees > 1 j 1] 1 mmmen > 1 1]
0] 0 - >0 o] o] 0 - > 0 0]
1] 1 meees > 1 1] 1] 1 meeet > 1 1
1] 1 meees > 1 1] 1] I > 1 1]
1] 1 - > 1 1] | 1] 1 eeees > 1 1]
11 T =1 1] AN ¥ > 1 N
1] 17 > 1 1] 1] 1 meen > 1 1]
(o] Z - > 0 (0] (0] Z - >z [0]
[1] Z - > 1 1] 1] Z e >z 1]
o] Z s > 0 0] 0 Z e >z 0]
1] zZ - > 1 1] 1] Z - > Z 1]
0] Z e > 0 0] o] zZ > Z B
0 Z - > 0 0] 0] Z eeois > Z 0]
0] Z eeeee > 0 0] o] Z - >z o]
0 Z e---- > 0 0 0 Z ----- > Z 0
(SO (N — —
<+——————— ADDRESS0 > | - ADDRESS { ——————

Z = High-Z
Figure 3

g

MT4C16257/9 S WORD AND BYTE READ EXAMPLE

L
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MICRON

SEMICONDUCTOR. INC.

PRELIMINARY

MT4C16256/7/8/9 S

256K

x 16 WIDE DRAM

NONMASKED WRITE ————>|

.

oAs _/

1

./

JI

'
'

= NI// NRY////

STORED MASK INPUT ~ STORED | STORED ~MASK INPUT STORED

DATA  DATA DATA | DATA  DATA DATA DATA
1 X 0 -oee- > - [0] 1] 1 p— > [1]
1] X 0 ---e- > [o] 0] 1 e > [1]
1] X 0 ----n- > [0 1] 1 . > [1]
LOWER BYTE ; X o> [o] | [1] 1 P > [1]
(DQ1-DQS8) 7] x g > [0 1 1 0 oeee- > o]
OF WORD ] " o> [o] | [0 . o -~ o]
1] X 0 --oe > [0 1 0 0 - > [1]
1] X 0 --oe- > [o] 0] 1 0 - > o]
[1] 0 X (1] [1] X 1 e > [1]
1] 0 X 1] 1] X 0 ----- > ’_oj
0 0 X 0 0 X 1 e > 1
UPPER BYTE o o X o ol X 0 oeee- > (o]
(DQs-DQte) (o] 1 0 (0] o] X 1 - > '74
OF WORD e > Y >
0] 1 [ > [0] 9] X 1 e > [1]
0 1 R > [1 1 X 0 oo > [o
o X S T ol
10 1 1 - > |1} 1] X 0 > |0

< ADDRESS 0 = ADDRESS 1

L

/)

X =NOT EFFECTIVE (DON'T CARE)

Figure 4

MT4C16258 S MASKED WRITE EXAMPLE

DON'T CARE

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

and WEH is LOW when RAS goes LOW, then only DQs 9-16 will

be masked.
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PRELIMINARY

MT4C16256/7/8/9 S
256K x 16 WIDE DRAM

RAS

“CAS”

LOWER BYTE
(DQ1-DQ8)
OF WORD

UPPER BYTE
(DQ9-DQ16)
OF WORD

l <«+— MASKED WRITE

|

\

\ VN

NONMASKED WRITE ————-——»'

Vi

[

L

U

STORED
DATA

[ele[=[~[o]=][o]~] [e]e]ofo]=]~]=[=

DON'T CARE

STORED MASK INPUT ~ STORED|STORED = MASK INPUT
DATA  DATA DATA | DATA  DATA DATA

1 0 X [1] [1] X 4 eemeee >
1] 1 0 --e-- > [o] 0] X 4 e >

1 0 X 1] 1 X 1 eeies >
1] 1 0 -mmee > [o] o] X T >
1] 0 X 1] 1] X [ >
1] 1 0 ----- > [o] 0] X - >
1] 0 X 1] 1] X 0 -ee-- >
1] 1 0 - > [o] o] X — >
[1] 0 X (7] (1] X 1 ieeee >
1] 0 X 1 7] X 0 emee- >
0] 0 X 0] 0] X i eiest >
(0] 0 X 0] 0] X 0 -oee- >
0] 1 [ > 0] 0] X g mee >
o] 1 [CJ— > (0] | [o] X 1 e >
0] 1 T > |1 1] X I >
[0] 1 p—— > [1] B X 0 eeoen >

<«—————— ADDRESS 0 —>| - ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE)
Figure 5

MT4C16259 S MASKED WRITE EXAMPLE
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PRELIMINARY

MICRON MT4C16256/7/8/9 S

256K x 16 WIDE DRAM

TRUTH TABLE: MT4C16256/8 S

ADDRESSES
FUNCTION RAS | TAS | WEL WEH OF R 'c | DQs 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 2ndCycle| L H—-L H L n/a | COL | Data-Out
PAGE-MODE | 1st Cycle L H-L L X |ROW | COL | Data-In 1,3
WRITE 2ndCycle| 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 REFRESH L H X X X |ROW | n/a [ 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).
2. EARLY-WRITE only.
3. Data-in will be dependent on the mask provided (MT4C16258 S only). Refer to Figure 4.

MT4C16256/7/8/9 S 1 1 06 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY
MT4C16256/7/8/9 S

256K x 16 WIDE DRAM

TRUTH TABLE: MT4C16257/9 S

ADDRESSES

FUNCTION RAS | CASL | TASH WE (]} R 'c |Das 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 2ndCycle| 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 _ |2ndCycle| 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 1,8,5
‘RAS-ONLY REFRESH L H H X X ROW | n/a | High-Z
CBR REFRESH H-L L L X X X X | High-Z 4
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.
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MICRON

SEMICONDUCTOR. INC.

PRELIMINARY

MT4C16256/7/8/9 S
256K x 16 WIDE DRAM

ABSOLUTE MAXIMUM RATINGS*

*Stresses greater than those listed under “Absolute Maxi-

Voltage on Vcc supply relative to Vss............... -1V to +7V mum Ratings” may cause permanent damage to the device.

Operating Temperature, To (ambient)....

.0°C to +70°C This is a stress rating only and functional operation of the

Storage Temperature (plastic) .........c..c.c.. -55°C to +150°C deviceat theseorany other conditions above those indicated
Power Dissipation 1w in the operational sections of this specificationisnotimplied.
Short Circuit Output Current 50mA 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) (0°C < T, < 70°C; Vcc = 5V 10%)

PARAMETER/CONDITION

SYMBOL

MAX

UNITS

NOTES

Supply Voltage

Vce

4.5

5.5

v

1

Input High (Logic 1) Voltage, all inputs

VIH

24

Vee+1

\'

1

Input Low (Logic 0) Voltage, all inputs

ViL

-1.0

0.8

\'

1

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

2

OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vour < 5.5V)

loz

10

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

VoH

VoL

<|<|&]%

PARAMETER/CONDITION

SYMBOL

UNITS

NOTES

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

Icc1

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

Icc2

200

200

uA

25

OPERATING CURRENT: Random READ/WRITE
Average power supply current
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

lccs

170

150

mA

3,4,43

OPERATING CURRENT: FAST-PAGE-MODE
Average power supply current
(RAS = Vi, CAS, Address Cycling: 'PC = PC [MIN]; {CP, 'ASC = 10ns)

Iccs

110

100

mA

3,4,43

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

Iccs

170

150

mA

3,5,43

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

Icce

160

140

mA

3,5

REFRESH CURRENT: BBU

Average power supply current during BBU REFRESH:
CAS = 0.2V or CBR cycling; RAS ='RAS (MIN) to 300ns;
WE, A0-A8 and DIN = Vcc - 0.2V (DN may be left open);
'RC = 125us (512 rows at 125us = 64ms)

lcc7

300

300

3,5,42

REFRESH CURRENT: SELF

Average power supply current during SELF REFRESH: CBR cycle with
RAS > RASS (MIN) and CAS held LOW; WE = Vce - 0.2V; A0-A8

and DIN= Vce - 0.2V or 0.2V (DN may be left open)

lccs

400

400

LA

MT4C16256/7/8/9 S 1 1 o 8 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

| MT4C16256/7/8/9 S
MICRON 256K x 16 WIDE DRAM rzrl

CAPACITANCE

(Note: 2)
PARAMETER SYMBOL | MAX | UNITS | NOTES
Input Capacitance: A0-A8 Cn 5 pF 2
Input Capacitance: RAS, CAS/(CASL,CASH), (WEL, WEH)/ WE, OE Ci 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) (0°C < Ty < +70°C; Ve = 5V £10%)

Nvda 3dim l M

AC CHARACTERISTICS -1 -8

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time ‘RC 130 150 ns
READ-WRITE cycle time tRWC 175 195 ns
FAST-PAGE-MODE READ or WRITE PC 40 45 ns 35
cycle time

FAST-PAGE-MODE READ-WRITE PRWC 95 100 ns 35
cycle time

Access time from RAS 'RAC 70 80 ns 14
Access time from CAS ‘CAC 20 20 ns 15, 33
Output Enable time 'OE 20 20 ns 33
Access time from column-address AA 35 40 ns

Access time from CAS precharge 'CPA 40 45 ns 33
RAS pulse width 'RAS 70 100,000 80 100,000 ns

RAS pulse width (PAGE-MODE) 'RASP 70 100,000 80 100,000 ns

'RAS hold time 'RSH 20 20 ns 40
RAS precharge time ‘RP 50 60 ns

‘CAS pulse width tCAS 20 100,000 20 100,000 ns 39
CAS hold time ICSH 70 80 ns 32
CAS precharge time ICPN 10 10 ns 16, 36
CAS precharge time (PAGE-MODE) ‘cp 10 10 ns 36
RAS to CAS delay time 'RCD 20 50 20 60 ns 17, 31
CAS to RAS precharge time 'CRP 10 10 ns 32
Row-address setup time 'ASR 0 0 ns
Row-address hold time 'RAH 10 10 ns

RAS to column- RAD 15 35 15 40 ns 18
address delay time

Column-address setup time 'ASC 0 0 ns 31
Column-address hold time 'CAH 15 15 ns 31
Column-address hold time AR 55 60 ns

(referenced to RAS)

Column-address to 'RAL 35 40 ns

RAS lead time

Read command setup time 'RCS 0 0 ns 26, 31
Read command hold time ‘RCH 0 0 ns 19, 26,32
(referenced to CAS)

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

CAS to output in Low-Z tcLz 3 3 ns 33

MT4C16256/7/8/9 S 1 1 09 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
. 3/93 = ©1993, Micron Semiconductor, Inc.
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Wvda 3diMm

l SEMICONDUCTOR. INC.

PRELIMINARY

MT4C16256/7/8/9 S
256K x 16 WIDE DRAM

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

AC CHARACTERISTICS -7 -8

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES
Output buffer turn-off delay 'OFF 3 15 3 15 ns 20, 29, 33
Output disable time oD 3 15 3 15 ns 29, 41
Write command setup time 'wcs 0 0 ns 21, 26, 31
Write command hold time 'WCH 10 10 ns 26, 40
Write command hold time 'WCR 55 60 ns 26
(referenced to RAS)

Write command pulse width twp 10 10 ns 26
Write command to RAS lead time TRWL 20 20 ns 26
Write command to CAS lead time ‘cwL 20 20 ns 26, 32
Data-in setup time DS 0 0 ns 22,33
Data-in hold time 'DH 15 15 ns 22,33
Data-in hold time 'DHR 55 60 ns

(referenced to RAS)

RAS to WE delay time 'RWD 95 105 ns 21
Column-address tAWD 60 65 ns 21
to WE delay time

CAS to WE delay time tcwD 45 45 ns 21, 31
Transition time (rise or fall) T 3 50 3 50 ns 9,10
Refresh period (512 cycles) 'REF 64 64 ms 28
RAS to CAS precharge time RPC 0 0 ns

CAS setup time 'CSR 10 10 ns 5,31
(CBR REFRESH)

CAS hold time ICHR 10 10 ns 5,32
(CBR REFRESH)

MASKED WRITE command to RAS 'WRS 0 0 ns 26, 27
setup time

WE hold time (MASKED WRITE 'WRH 15 15 ns 26
and CBR REFRESH)

OE hold time from WE during 'OEH 20 20 ns 28
READ-MODIFY-WRITE cycle

'OE setup prior to RAS during 'ORD 0 0 ns

HIDDEN REFRESH cycle

Last CAS going LOW to first CAS to 'CLCH 10 10 ns 34
return HIGH

RAS pulse width during 'RASS 100 100 us 44
SELF REFRESH cycle

RAS precharge time during RPS 150 150 ns 44
SELF REFRESH cycle

CAS hold time during 'CHS -70 -70 ns 44
SELF REFRESH cycle

CAS LOW to "don't care" during 'CHD 600 600 us 29
SELF REFRESH cycle

MT4C16256/7/8/9 S
REV. 3/93
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MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9 S
256K x 16 WIDE DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = 5V £10%;f = 1 MHz.

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range (0°C < T, <70°C) is assured.

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

followed by eight RAS refresh cycles (RAS-ONLY or

CBR) before proper device operation is assured. The

eight RAS cycle wake-ups should be repeated any

time the 'REF refresh requirement is exceeded.

AC characteristics assume T = 5ns.

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

measuring timing of input signals. Transition times

are measured between ViH and VIL (or between VIL

and ViH).

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

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

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

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

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

15. Assumes that 'RCD > '‘RCD (MAX).

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

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

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

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

o

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

20. ‘OFF (MAX) defines the time at which the output
achieves the open circuit condition; is it not a
reference to VoH or VoL.*

tWCS, tTRWD, tAWD and *CWD are restrictive

operating parameters in LATE-WRITE and READ-

MODIFY-WRITE cycles only. If tWCS 2 fWCS (MIN),

the cycle is an EARLY-WRITE cycle and the data

output will remain an open circuit throughout the
entire cycle. If 'RWD = TRWD (MIN), tAWD 2 tAWD

(MIN) and !CWD = t{CWD (MIN), the cycle is a

READ-WRITE and the data output will contain data

read from the selected cell. If neither of the above

conditions is met, the state of Q (at access time and
until CAS or OE goes back to ViH) is indeterminate.

OE held HIGH and WE taken LOW after CAS goes

LOW result in a LATE-WRITE (OE-controlled) cycle.

These parameters are referenced to CAS leading edge

in EARLY-WRITE cycles and WE leading edge in

LATE-WRITE or READ-MODIFY-WRITE cycles.

23. 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 ‘OEH met (OE HIGH during

WRITE cycle) in order to ensure that the output

buffers will be open during the WRITE cycle. The

DQs will provide the previously written data if CAS

remains LOW and OE is taken back LOW after ‘'OEH

is met. If CAS goes HIGH prior to OE going back

LOW, the DQs will remain open.

The DQs open during READ cycles once ‘OD or ‘OFF

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 OF is brought back LOW (CAS still LOW), the DQs

will provide the previously read data.

21.

INVHA 3dIM . M3N

22.

29.

MT4C16256/7/8/9 S
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MICRON

SEMICONDUCTOR, INC

PRELIMINARY
MT4C16256/7/8/9 S

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.

41. All DQs controlled, regardless CASL and CASH.

42. BBU current is reduced as 'RAS is reduced from its
maximum specification during BBU cycle.

43. Column-address changed once while RAS = ViL and
CAS = V.

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.

MT4C16256/7/8/9 S
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MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16256/7/8/9 S

256K x 16 WIDE DRAM r%

Vi =
ViL —

VoH
VoL

READ CYCLE -
‘R
RAS RP E
- —
tosH c
'RSH RRH
i fcrp 'ARcD tcas _ ‘oLeH m
B AR | U
'RAD RAL m
| AR RAH tasc tcan ' >
/), S /) = /) TX___wom
|__ tRes | tRCH g
E 7 <
tAA
| RAC
! cac 1oFF,
oz
= OPE! VALID DATA OPEN
|lo__toE { top
- ) /
EARLY-WRITE CYCLE
‘R
RAS . RP
tosH
tRSH
| tcrP 'RCD fcas _ loicH
E R
RAD tRAL
tASR 'RAH tasc tcan
ROW COLUMN m ROW
fowL | l
tRWL )
‘'wer '
twes weH
‘whs || twrp ‘we
_ NOTE 1
‘DHR
tws || twr ps. tDH
M, |
NOTE1 ] VALID DATA W

— Y
ms v C
CASH,CASL ¥IH
orCAS VI
v
aoor Vit
WELWEH xm
orWE 'IL
VoH -
b vl
— Vin
OE V[ _
RAS
CASACASL  ViH
or G L
ADDR v:{'
WELWEH ¥m
oWE VIL
[ote}
— v
oE v

NOTE:

DON'T CARE

B unperineD

1. Applies to MT4C16258 S and MT4C16259 S only. WE selects between normal WRITE and MASKED WRITE

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).

EL,

EH and DQ

inputs on MT4C16256 S and MT4C16257 S are “don’t care” at RAS time.

MT4C16256/7/8/9 S
REV. 3/93
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INvdd 3dIM . M3N

PRELIMINARY
MICRON MT4C16256/7/8/9 S

256K x 16 WIDE DRAM

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

'RWC

'RAS I ‘Rp
— Vq = —
RAS v _ J \
. tesH
'RSH
|e—bSH
tcRP RCD ‘cas teLen

|
mEncaar VH —
CASHCASL v~

or CAS

AR
'RAD RAL
0 [ 0
l 'ASR 'RAH | 'ASC tcAH
Vi
ADDR _m ROW m COLUMN W 0( ROW
| tRWD towL |
sl
tres | tcwp TRWL
Y S [~ R | B ;LT
‘IWRS twm| tawD twp
BULMBLL
WELWER ik NOTE 1
oWE ViU
tAA
'RAC
tcac

tos, || _loh,
| ws, | | vH toiz—=| |~
Vou - J
oo v = £ norer ‘I' OPEN { VALDDoyr M VAUDDy OPEN

—CE | -0, loen
& W T /b[ S R

FAST-PAGE-MODE READ CYCLE

RASP

'RP,
L
ms W N
tcsH tpc RSH
12 lerp RCD. IcAs, 'CLCH| tcp fcas, loLeH | cp IcAs, 'OLCH PN
CASACASL Vi — ¥ 1 X
orCAS VIL -
‘AR
'RAD 'RAL
l ASR 'RAH 'ASC, tCAH, tasc, 'CAH, | ASC 'CAH, |
v -
ADDR v}[‘ _m ROW )@i COLUMN m COLUMN W COLUMN w ROW
\ |-'—lncs |-—'Rcs 4 ——l ~—'RRH
|e—| ‘RCS_| Iy L t RCH
| 'RCH —*| Io RCH—| l*
ELWEH ViH —
owe Vi - W
AR | taa | 1AA
tRAC i tcPA . tcpA
I
)’ 1 1 I
CAC (OFF cac lOFF
torz—| | torz—=| e
pa YOH = o { VALID Y VALID
Voo = K_DATA DATA

‘oE | top ‘oe | ‘o
_— V)
GE v f i

DONT CARE

B unoerined

NOTE: 1. Applies to MT4C16258 S and MT4C16259 S only. WE selects between normal WRITE and MASKED WRITE
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 S and MT4C16257 S are “don’t care” at RAS time.
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PRELIMINARY

MT4C16256/7/8/9 S

256K x 16 WIDE DRAM <

m

MICRON

SEMICONDUCTOR, INC.

‘RASP |oRP |
— vy
S il - —
tcrp tosH tpc 'RsH.
tcre RCD tcas, toLot, top tcas, tcicH, top lcas, foLen, letoPN__ ¢
CASHCASL ViH — m
oA VIL -
AR
‘RAD. ‘AL U
o BAD
1, 1 t, 1, 1 Y {
ASR RAH ASC, {cAn, ! tasc, || tcan | asc, || tean |
v m
ADDR  yfH m ROW m COLUMN i(/ »{ COLUMN w COLUMN W /)( ROW
£
oW | tow, | towt. | >
wes twen ‘wes 'WeH ‘wes 'weH
I‘wns wRH twp wp wp g
WELWER Vi -
oWe ViL NOTE ¢
twor tRwL I
'oHR
th ‘ps toH 'ps ‘o os foH
S, | | MH, | |<_— f—"—| i i |<___—. -.———’
Vou -
oo vy NOTE 1 VALID DATA VALID DATA VALID DATA w

® W
FAST-PAGE-MODE READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
RASP tRp
s v Zl l\
tcsH tpc /tRWC tRSH
| ‘crp ‘RCD toas, foLcH tcp tcas, tere tce tcas, toLeH tepn
CASH.GASL Vi = — — H
orcAs ViL -
AR
'RAD 'RAL
| task, ‘RAH| | tasg| tcaH Jasgl |, foa | _'ﬁ| toan |
aooR Y :m ROW m COLUMN )0 COLUMN W coLuMN I(/ ROW
| tRwD
'ncs!
‘Wi
tawp
l;mz | Rt |-—tcwn__|
Wiﬁ v :@{ NOTE 1
A
'RAC
tcac |
_‘Ls. IMH 1oLz | |
IR S
tog—|
o M pi

DON'T CARE

B unperineD

NOTE: 1. Applies to MT4C16258 S and MT4C16259 S only. WE selects between normal WRITE and MASKED WRITE

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 S and MT4C16257 S are “don’t care” at RAS time.
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PRELIMINARY

MlCHDN MT4C16256/7/8/9 S

256K x 16 WIDE DRAM

CBR REFRESH CYCLE
(A0-A8; OE = DON'T CARE)
ms VI N
_tepn |, _tesr CHR 'RPC, tcsR tCHR |
pa - OPEN

R Tl

BBU REFRESH CYCLE
(A0-A8; OE = DON'T CARE)

125ps
Rp 'RAS tRP 'RAS
vy =
AAs it Z N I
'RPC
Bile
_tcpN |, _tosr ICHR __, 'RPC, tcsR ICHR ,
<GSR ]
CASHCASL VIH — # i ;I‘ j( J(
orcAs VIL .
ba = OPEN

WELWEH  Vjy— / / /
orWE  ViIL

SELF REFRESH CYCLE (“SLEEP MODE”)
(A0-A8; OE = DON'T CARE)

'RASS (not RAS) NOTE 1
() () RPS (not RP) NOTE 2

—— V=

RS it — /. tapc ( \apc  \_/
‘cPN tcsk 'cHD | toHs I

ViH —

(ﬁ )/ /A /-

Vo -
pa v3H > OPEN

= v 7
WE i -

CAS
ViL -

DONT CARE
Rl unpeFineD

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

MICFIDN MT4C16256/7/8/9 S

pucron 256K x 16 WIDE DRAM

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

Nvda 3daim . M3N

tRASP o RP
— V=
s iz
tRSH
tosH tpg
1o_lcrRP RCD tcas tcpp tcas toPN |
— le -~
cas it Y\
tar
tRAD tRAL
tAsR RAH, tasc tcAH tasc tcAH
ViH = I
/), S ) TN /) S
| tow ]
Res tRWL
' we
twes tweH
— Vy
WE i 2 Y | % I
e [
DS, DH

|
b glr /) /// / // / / //01 VALID DATA W / /

tcac
t it
cLz LOFF, n
v NOTE 1
OH = ' VALID Y PEN
Q v - DATA OPEN
Yy
tRac

_— V|
& W TN

NOTE: 1. Do not drive data prior to High-Z; that is completion of 'OFF. {CPP is equal to 'OFF + !DS(MIN) + guardband
between data-out and driving new data-in.

RAS-ON RESH CYCLE

(ADDR = A0-A8 OE; W WEH or WE = DON'T CARE)

'Re
RAS RP
s UH - 3
RAS V)| ]
l tcrp tRPC |
CASL,CASH vy,
s L —j ‘\_/
tAsR RAH
Vi y
woor it 77117 o X W TIIX row
vV, -
RV ol

DON'T CARE

B unperiNeD
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I SEMICONDUCTOR, INC.

PRELIMINARY
MT4C16256/7/8/9 S

256K x 16 WIDE DRAM

(WEL,

HIDDEN REFRESH CYCLE

EH or WE = HIGH; OE = LOW)

(READ) (REFRESH)
tRAS o tRP RAS
i — —
ms vz
1 [cRP tRCD tRsH tCHR
CASL,CASH ;- J—
AR
RAD RAL
tASR, RAH, tasc tcaH
2SR ._.l |<-ASC, |
Vg~ '
ADDR vlf_m ROW mt COLUMN
tan
| RaC
! tcac
—= |=—torF
tciz
Dpox xgr = OPE KN VALID DATA b— oPEN—
toe top,
!
— Yy 7 ORD
OE vt 7 )/ /

DON'T CARE

&%) uNDEFINED

MTAC16256/7/8/9 S
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MICRON

SEMICONDUCTOR. INC.

ADVANCE

MT4C16270/1
256K x 16 WIDE DRAM

WIDE DRAM

256K x 16 DRAM

FAST-PAGE-MODE WITH
EXTENDED DATA-OUT

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-ONLY,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 -7
80ns access -8

® Write Cycle Access
BYTE or WORD via CAS 16270
(nonmaskable)
BYTE or WORD via CAS 16271
(maskable)

* Packages
Plastic SOJ (400 mil) DJ
Plastic TSOP (400 mil) TG
Plastic ZIP (475 mil) Z

e Part Number Example: MT4C16270D]J-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.

PIN ASSIGNMENT (Top View)

40-Pin SOJ 40-Pin ZIP
Vee 1__40] Vss [ze]
oot 2 e pat 2 bato
paz d 3 38 ) D15 v 4 pat2
DQ3 [ 4 37 [1 D14 ss
a4 g5 3% I Da1s bais 6 Dbo3
Vee [ 6 35 [ Vss 8 DQi5
Des [ 7 3401 DQ12 bate 10 v
Qs [ 8 33 i patt Veo ss
paz g9 32 0 DQ10 Da2 12 DQ1
Das g 10 311 Q9 14 DQ3
NG [ 11 30 i NC DQa
Ne 12 29 [1 CASL oas 16 Voo
WED 13 28 |1 CASH 18 DQs
AAS [ 14 27 ) OF [rerd
Ne 0 15 2% 1 A8 \C 20 DQ8
Ao 16 %1 A7 Ne % NG
argir 21 A6 WE el
A2 18 230 A 24 RAS
Asg 1 20 n NC % ‘AD
Voo 020 21 1 vss Al
28 A2
i A3 30 Vi
40-Pin TSOP - w
32 A4
(SDE-2) s
34 A6
A7
i 36 A8
OE _
— 38 CASH
CAsL ks
=340 NC

The MT4CMT4C16270/1 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 CASin that either
CASL or CASH will generate an internal CAS. Use of only
one of the two results in a BYTE WRITE cycle. CASL
transitioning LOW selects a WRITE cycle for the lower byte
(DQ1-DQ8) and CASH transitioning LOW selects a WRITE

MT4C16270/1
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nvaa gam B man

A0
Al

A2
A3
A4
A5
A6
A7
A8

RAS o

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

WE

CASL o CAS DATA-IN BUFFER
e CONTROL
CASH o—4 LOGIC ; : :
—] > E MASK DATA REGISTER (MT4C16271 onl H DQ1
5__{9_?_25 BYTE (009 u_;;_' WER BYTE (001008) .
[ ]
NO. 2 CLOCK DQ16
GENERATOR
’ b §
COLUMN- COLUMN BUFFER oF
9 ADDRESS . | DEcoDER
o BUFFER
.
.
REFRESH - 512 ---
CONTROLLER
SENSE AMPLIFIERS
v ¥ 1 1/0 GATING
'/V I
| REFRESH
COUNTER ,’é 52x16
o
ROW- - A 512x512x 16
| ADDRESS | = o 8 512 MEMORY
BUFFERS (9) v ARRAY
[a)
1
|
NO. 1 CLOCK <«——o0 Vce
GENERATOR
<+—————0 Vss
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MlchN MT4C16270/1
SEMCONDUCTOR, INC 256K x 16 WIDE DRAM
PIN DESCRIPTIONS
S0J TSoP ZIP
PINS PINS PINS SYMBOL | TYPE DESCRIPTION

14 16 24 RAS Input | 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 (MT4C16271only).

28 30 38 CASH Input | Column-Address Strobe Upper Byte: CASH is the CAS
control for DQ9 through DQ16. The DQs for the byte not being
accessed will remain in a High-Z (high impedance) state
during a WRITE access cycle.

27 29 37 OE Input | Output Enable: OE enables the output buffers when taken
LOW during a READ access cycle. RAS and CASL / CASH
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.

13 15 23 WE Input | Write Enable: WE controls DQ1 through DQ16 inputs. If
WE is LOW, the access is a WRITE cycle. The
MT4C16271 also uses WE to enable the mask register
during RAS time.

29 31 39 CASL Input | Column-Address Strobe Low Byte: CASL is the CAS control
for DQ1 through DQ8. The DQs for the byte not being
accessed will remain in a High-Z state during a WRITE
access cycle.

16-19, 18-21, 26-29, AO-A8 Input | Address Inputs: These inputs are multiplexed and clocked by
22-26 24-28 32-36 RAS and CASL / CASH to select one 16-bit word
(or 8-bit byte) out of the 256K available words.
2-5,7-10, | 2-5,7-10, | 12-15, | DQ1-DQ16 | Input/ | Data I/O: For WRITE cycles, DQ1-DQ16 act as inputs to the
31-34, 35-38, 17-20, Output| addressed DRAM location. BYTE WRITEs can be performed
. 36-39 40-43 1-4,6-9 by using CASL / CASH to select the byte to be written. For
READ access cycles, DQ1-DQ16 act as outputs for the
addressed DRAM Location. The MT4C16270/1 allow for
BYTE READ cycles.
11,12,15, | 13, 14,17, |21, 22, 25, NC No Connect: These pins should be either left unconnected

30 32 40 or tied to ground.

1,6,20 1,6,22 [11,16,30 Vce Supply] Power Supply: +5V £10%
21,35,40 | 23,39,44 | 5,10, 31 Vss Supply| Ground

MT4C16270/1
REV. 3/93
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FUNCTIONAL DESCRIPTION

Each bit is uniquely addressed through the 18 address
bits during READ or WRITE cycles. These are entered 9 bits
(A0-A8) 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-ONLY) 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

signal functioning in an identical manner to the single
CASinput on the other 256K x 16 DRAMs. The key differ-
enceis that each CAS controlsits corresponding DQ tristate

logic (in conjunction with OE and WE and RAS). CASL

controls DQ1 through DQ8 and CASH controls DQ9 through
DQIe.

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 the output pins, data-
out (Q) is activated and retains the selected cell data aslong
as CAS and OE remain LOW (regardless of WE or RAS).
This late WE pulse results in a READ-WRITE cycle.

The 16 datainputsand 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 (A0-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-
inby CAS. CAS may be toggled by holding RASLOW and
strobing-in different column-addresses, thus executing
faster memory cycles. Returning RASHIGH 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

goesHIGH, 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
CASHIGH. This option is called EXTENDED DATA-OUT

and itallows CAS precharge time (\CP) to occur without the
output data going invalid (see READ and FAST-PAGE-
MODE READ waveforms).

EXTENDED DATA-OUT operatesasany DRAMREAD
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 'OFF time is referenced from the rising
edge of RAS or CAS, whichever occurs last.

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to a reduced standby level.
The chip is also preconditioned for the next cycle during the
RASHIGH time. Memory cell data is retained in its correct
state by maintaining power and executing any RAS cycle
(READ, WRITE) or RASREFRESH cycle (RAS-ONLY, CBR,
or HIDDEN) so that all 512 combinations of RAS addresses
(A0-A8) are executed at least every 8ms, regardless of
sequence. The CBR REFRESH cycle will also invoke the
refresh counter and controller for row-address control.

BYTE ACCESS CYCLE

The BYTE WRITE mode is determined by the use of
CASL and CASH. Enabling CASL will select a lower BYTE
WRITE cycle (DQ1-DQ8) while enabling CASH will select
an upper BYTE WRITE cycle (DQ9-DQ16). Enabling both
CASL and CASH selects a WORD WRITE cycle.

TheMT4C16270/1 canbe viewed as two 256K x 8 DRAMS
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 by te
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 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 MT4C216270 does 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
amask data register bit, theinput port for thatbitis 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

MT4C16270/1
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and allows normal WRITE operations to proceed. At CAS SISTENT MASKED WRITE cycle is initiated, even if the
time, the bits present on the DQ1-DQ16 inputs will be either previous cycle’s mask was the same mask.

written to the DRAM (if the mask data bit was HIGH) or Figure 3 illustrates the MT4C16271 MASKED WRITE
ignored (if the mask data bit was LOW). operation.

New mask data must be supplied each time a NONPER-

INvdad 3dIM . M

I <«———— WORD WRITE > ' LOWER BYTE WRITE ————»‘

AS \ / \ o

—C_A_SE ~—

CASH

WE \

STORED  INPUT INPUT  STORED | STORED INPUT INPUT  STORED
DATA DATA DATA DATA | DATA DATA DATA DATA

[1] 0 emmmemmmeooan > [o] o] L . > [1]

1] 0 emmemcemooeeas > [o] 0] 1 e >[1]

0] 1 e > [1] 1] [ > [0]

LOWER BYTE P1_ [ > 0] 10] | [ > |1

(DQ1-DQ8) 1] . > [0] o] T > 1]

OF WORD 1] 0 ~omemmeommeoeeo- > (0] 10] LI > [ 1]

1] 0 --m-mmemeeeeees > [0 o] 1 e > [1]

1] (. > [o] 0] R, > 1]

[0] X omeee- > 1 - > [1] (1] X [1]

1 X cemeee > 0 - > [0] 0 X 0]

UPPER BYTE 10] o > A gul |1 X 1]

(DQ9-DQ16) 1] ol > 0o > | 0] 0] X 1]

OF WORD 10] X memes > 1 eeeee > 1] 11 X 1]

0 X - > 1 ----- > | 1] 1 X 11

0 X meees > 1 eene- > |1 1] X 1]

0 X mmees > 1 omee- > [1] 1] X 1]

<«————— ADDRESS0 > | < ADDRESS | ———
X = NOT EFFECTIVE (DON'T CARE)
Figure 1
MT4C16270 WORD AND BYTE WRITE EXAMPLE
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| <«+——————— WORD READ

- LOWER BYTE READ ———————»‘

RAS \ / \ /

CASL \

E

CASH

we _/

E

\_

STORED ~OUTPUT ~ OUTPUT  STORED |STORED OUTPUT ~ OUTPUT  STORED

DATA DATA DATA DATA | DATA DATA DATA DATA
1 1 1 (1] 1 1 (1]
] T E ]
LOWER BYTE al ! o Al ! ! AN
(DQ1-DQ8) u 0 CARN IR 0 0 o
OF WORD L1 ! AN 11 ! ! al
1] ! BN 1] ! 1 AN
L1 1 1 N t ! 1]
1] ! ] 1] ! ! L]
1] 1 L L] 1o > 1 L]
[0] z e > 0 [0] 0] Z e >z (0]
1] Z - > 1 1] 1] z - > Z 1]
UPPER BYTE 0] z - > 0 o] | [o] z - >z 0]
(DQ9-DQ16) 1] Z ----- > 1 1] 1] z z 1]
OF WORD o] Z -ee- > 0 10} 0] z - z 10}
0 Z eeees > 0 0] 0 z z B
0] Z - > 0 0] 0 z z B
0] Z e > 0 0] 0] z z B

<————— ADDRESS 0 »>| ADDRESS | ——————————»
Z=High-Z
Figure 2
MT4C16270 WORD AND BYTE READ EXAMPLE
MT4C16270/1 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 3/93 1 '1 24 ©1993, Micron Semiconductor, inc.



MICRON

SEMICONDUCTOR. INC.

ADVANCE
MT4C16270/1

256K x 16 WIDE DRAM

RAS

CAS

LOWER BYTE
(DQ1-DQ8)
OF WORD

UPPER BYTE
(DQ9-DQ16)
OF WORD

' <«+——— MASKED WRITE

J

\

|

N\

|

/

T

[T

STORED MASK INPUT
DATA  DATA
1 0 X
1] 1 0 -
1] 0 X
_—1- 1 0 .....
1] 0 X
1 1 0 ----
1] 0 X
1] 1 0 ----
1] 0
1] 0
10| 0
0] 0
(0] 1
0] 1
0] 1
0] 1

<—————— ADDRESS 0

STORED
DATA

v
[=[=[e]o]o[e]=]~] [e]=]e][>o]~[o]~

STORED MASK

DATA  DATA
[1] X
0 X
1] X
o] X
1] X
0 X
1] X
0] X
(1] X
1] X
0] X
0] X
0| X
0] X
1] X
1] X

N

X'=NOT EFFECTIVE (DON'T CARE)

Figure 3

INPUT STORED
DATA DATA

1 s > [1]
S > 1

. > [1]
1 s > [1]
0 --e-- > [0
0 -ne-- > [o]
0 -ooe > [o]
0 e-ee- > [0]
e > [1]
0 ------ > 0]
1 mmen > [1]
[ > o

T > [1]
1 e > [1]
0 - > 0]
0 -eos > [o]

ADDRESS 1
DON'T CARE

MT4C16271 MASKED WRITE EXAMPLE

MT4C16270/1
REV. 3/93

1-125

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

1993, Micron Semiconductor, Inc.

N

m

INVYHAd 3dim l M



WVHAa 3dim . M3N

ADVANCE
MT4C16270/1

256K x 16 WIDE DRAM

TRUTH TABLE: MT4C16270/1

ADDRESSES

FUNCTION RAS | CASL |CASH | WE OF | R 'c |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 ROW | COL | Data-In 1,5
WRITE 2ndCycle| 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-Iin 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 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 (MT4C256K16E5 only). Refer to Figure 3.

MT4C16270/1 1 1 2 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi- -

Voltage on Vcc supply relative to Vss mum Ratings” may cause permanent damage to the device.

This is a stress rating only and functional operation of the

Operating Temperature, T4 (ambient).......... -~
Storage Temperature (plastic) ........cccoue... deviceat these or any other conditions above those indicated é
Power Dissipation inthe operational sections of this specificationisnotimplied. mmm
Short Circuit Output Current Exposure to absolute maximum rating conditions for ex- U
tended periods may affect reliability. m

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS >
(Notes: 1, 3, 4, 6, 7) (0°C < T, <70°C; Voc = 5V £10%) g

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES

Supply Voltage Vce 45 5.5 Vv 1

Input High (Logic 1) Voltage, all inputs ViH 2.4 | Vco+l \% 1

Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 \" 1

INPUT LEAKAGE CURRENT

Any input OV < ViN < Vee li -2 2 pA

(All other pins not under test = 0V)

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

OUTPUT LEVELS VoH 24 v

Output High Voltage (lout = -5mA)

Output Low Voltage (lout = 4.2mA) Vou 0.4 \'

MAX

PARAMETER/CONDITION SYMBOL -1 -8 |UNITS| NOTES

STANDBY CURRENT: (TTL) Icct 2 2 mA

(RAS = CAS = ViH)

STANDBY CURRENT: (CMOS) lcc2 1 1 mA 25

(RAS =CAS = Vcc -0.2V)

OPERATING CURRENT: Random READ/WRITE
Average power supply current lccs 170 150 mA |3, 4, 41
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])
OPERATING CURRENT: FAST-PAGE-MODE
Average power supply current lcca 110 100 | mA |3, 4,41
(RAS = Vi, CAS, Address Cycling: 1PC = 'PC [MIN]; 'CP, 'ASC = 10ns)
"REFRESH CURRENT: RAS-ONLY

Average power supply current Ices 170 150 | mA |3, 5, 41
(RAS Cycling, CAS=Vi: 'RC = 'RC [MIN]) : -
REFRESH CURRENT: CBR ,
Average power supply current Icce 160 140 | mA 3,5
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

MT4C16270/1 1 1 27 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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CAPACITANCE

(Note: 2)
PARAMETER SYMBOL | MAX | UNITS | NOTES
Input Capacitance: A0-A8 Cn 5 pF 2
Input Capacitance: RAS, CASL,CASH, WE, OE Ci2 7 pF 2
Input/Output Capacitance: DQ Cio 7 pF 2

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

NvdAad 3dIM

AC CHARACTERISTICS -7 -8

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES

Random READ or WRITE cycle time ‘RC 130 150 ns

READ-WRITE cycle time tRWC 175 195 ns

FAST-PAGE-MODE READ or WRITE tPC 35 40 . ns 34

cycle time

FAST-PAGE-MODE READ-WRITE tPRWC 95 100 ns 34

cycle time

Access time from RAS RAC 70 80 ns 14

Access time from CAS 'CAC 20 20 ns 15, 32

Output Enable time 'OE 20 20 ns 23, 32

Access time from column-address TAA 35 40 ns

Access time from CAS precharge ICPA 40 45 ns 32

RAS pulse width RAS 70 | 100,000| 80 |100,000 | ns

RAS pulse width (PAGE-MODE) 'RASP 70 100,000 80 100,000 ns

‘RAS hold time 'RSH 20 20 ns 39

RAS precharge time RP 50 60 ns

CAS pulse width ICAS 15 100,000 15 100,000 ns 38

‘CAS hold time {CSH 70 80 ns 31

‘CAS precharge time 'CPN 10 10 ns 16, 35

‘CAS precharge time (PAGE-MODE) 'CP 10 10 ns 35

RAS to CAS delay time 'RCD 20 50 20 60 ns 17,30

‘CAS to RAS precharge time 'CRP 10 10 ns 31

Row-address setup time 'ASR 0 0 ns

Row-address hold time RAH 10 10 ns

RAS to column- RAD 15 35 15 40 ns 18

address delay time

Column-address setup time 'ASC 0 0 ns 30

Column-address hold time . ICAH 15 15 ns 30

Column-address hold time AR 55 60 ns

(referenced to RAS)

Column-address to RAL 35 40 ns

RAS lead time

Read command setup time RCS 0 0 ns 26, 30

Read command hold time 'RCH 0 0 ns 19, 26, 31

(referenced to CAS)

Read command hold time 'RRH 0 0 ns 19

(referenced to RAS)

‘CAS to output in Low-Z ‘cLz 3 3 ns 32,42
MT4C16270/1 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) (0°C < T, < +70°C; Vice = 5V +10%)

AC CHARACTERISTICS -1 -8

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES
Output buffer turn-off delay from tOFF 3 15 3 15 ns 20, 29, 32,
CAS orRAS 42
Output disable time oD 3 15 3 15 ns 29, 40, 42
Write command setup time wcs 0 0 ns 21, 26, 30
Write command hold time 'WCH 10 10 ns 26, 39
Write command hold time 'WCR 55 60 ns 26
(referenced to RAS)

Write command pulse width wp 10 10 ns 26
Write command to RAS lead time 'RWL 20 20 ns 26
Write command to CAS lead time ‘cwL 20 20 ns 26, 31
Data-in setup time DS 0 0 ns 22,32
Data-in hold time 'DH 15 15 ns 22,32
Data-in hold time (referenced to RAS) ‘DHR 55 60 ns

RAS to WE delay time 'RWD 95 105 ns 21
Column-address tAWD 60 65 ns 21
to WE delay time

CAS to WE delay time 'CWD 45 45 ns 21, 30
Transition time (rise or fall) T 3 50 3 50 ns - 9,10
Refresh period (512 cycles) 'REF 8 8 ns 28
RAS to CAS precharge time RPC 0 0 ns

‘CAS setup time (CBR REFRESH) ICSR 10 10 ns 5,30
‘CAS hold time (CBR REFRESH) 'CHR 10 10 ns 5, 31
MASKED WRITE command to RAS 'WRS 0 0 ns 26, 27
setup time

WE hold time (MASKED WRITE) 'WRH 15 15 ns 26
Mask data to RAS setup time ™MS 0 0 ns 26, 27
Mask data to RAS hold time MH 15 15 ns 26, 27
'OE hold time from WE during 'OEH 20 20 ns 28
READ-MODIFY-WRITE cycle
OE setup prior to RAS during 'ORD 0 0 ns

HIDDEN REFRESH cycle

Last CAS going LOW to first CAS 'CLCH 10 10 ns 33
returning HIGH

Data output hold after CAS LOW 'COH 5 5 ns

MT4C16270/1
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ADVANCE
MT4C16270/1

256K x 16 WIDE DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = 5V £10%; f = 1 MHz.

3. Iccis dependent on cycle rates.

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

Specified values are obtained with minimum cycle

time and the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range (0°C < T, <70°C) is assured.

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

followed by eight RAS refresh cycles (RAS-ONLY or

CBR) before proper device operation is assured. The

eight RAS cycle wake-ups should be repeated any

time the 'REF refresh requirement is exceeded.

AC characteristics assume T = 5ns.

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

measuring timing of input signals. Transition times

are measured between ViH and V1L (or between VIL

and ViH).

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

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

12. IfCAS = Vi, 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 Von = 2.0V.

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

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

16. IfCAS 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 'CPN.

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

18. Operation within the 'RAD limit ensures that 'RCD
(MAX) can be met. 'RAD (MAX) is specified as a

oo

N

o %

reference point only; if 'RAD is greater than the
specified ‘RAD (MAX) limit, access time is controlled
exclusively by tAA.

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

20. 'OFF (MAX) defines the time at which the output
achieves the open circuit condition; it is not a '
reference to Voo or VoOL.

21. tWCS, 'RWD, tAWD and {CWD are restrictive
operating parameters in LATE-WRITE and READ-
MODIFY-WRITE cycles only. If TWCS 2 fWCS (MIN),
the cycle is an EARLY-WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If 'RWD = 'RWD (MIN), 'tAWD 2 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 Q (at access time and
until CAS and RAS or OE go back to Vi) is indeter-
minate. OE held HIGH and WE taken LOW after CAS'
goes LOW result in a LATE-WRITE (OE-controlled)
cycle.

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

23. During a READ cycle, if OE is LOW then taken HIGH
before CAS goes HIGH, Q goes open. If OE is tied
permanently LOW, a LATE-WRITE or READ-
MODIFY-WRITE operation is not possible.

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

25. All other inputs at Vec -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 *OD and 'OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. The
DQs will provide the previously written data if CAS
remains LOW and OE is taken back LOW after ‘OEH
is met.

29. The DQs open during READ cycles once tOD or *OFF
occur.

MT4C16270/1
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ADVANCE

MT4C16270/1
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, DQ1-DQ8 by CASL and DQ9-DQ16
by CASII.

33. Last falling CASx edge to first rising CASx edge.

34. Last rising CASx edge to next cycle’s last rising CASx
edge.

35. Last rising CASx edge to first falling CASx edge.

36. First DQs controlled by the first CASx to go LOW.

37. Last DQs controlled by the last CASx to go HIGH.

38. Each CASx must meet minimum pulse width.

39. Last CASx to go LOW.

40. All DQs controlled, regardless CASL and CASH.

41. Column-address changed once while RAS = Vi and
CAS'= V.

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

MT4C16270/1
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ADVANCE
MT4C16270/1

256K x 16 WIDE DRAM

NOTE:

READ CYCLE
‘RC
'RAS ‘rp
ms Wi o
tosH
|« RSH RAH
| toRp tRCD. toas  toicH
CASH,CASL xir: F
AR
'RAD tRAL |
tASR 'RAH | tASC tean '
aoor W :m{ ROW }m coLuMN X/ X ROW
I "_ tRcs \ tRCH 1
W 7 K
tAn
I 'RAC NOTE2
feac loFF
oz
ba VoH = ] VALID DATA oPEN
1 1
, mj 0E l oo |
[ e W / 7
EARLY-WRITE CYCLE
‘R
RAS | tRP
s v C / N
‘esu
RSH
tcRp RcD loas  toion
AR
'RAD ‘RAL
SR 'RAH tasc fcan
aooR W m ROW m CoLUMN X/ 77X ROW
fowr —!T
tRWL
'wer !
twes twek
WA 1‘”@1 wp
=\t 10K e T
'DHR
l"ls. IMH, ‘s letoH |
o yg 2 NOTE 1 7l VALID DATA
GV
DON'T CARE
B unoerineo

1. Applies to MT4C16271 only. WE selects between normal WRITE and MASKED WRITE 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). WE and DQ inputs on MT4C16270 is a “don’t
care” at RAS time.

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

MT4C16270/1
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ADVANCE

MT4C16270/1
256K x 16 WIDE DRAM

READ-WRITE CYCLE
(LATE-WRITE and READ-MODIFY-WRITE CYCLES)
Rwe
'RAS f ‘RP
R J \u
csH
s
tcRP RCD cAs oLeH
c RCI
oo Yy -
.
tRAD RAL
. 'ASR 'RAH | ‘ASC 'caH
AbDR VMM :W ROW m C|OLUMN , W {w 7 JK__row
‘RCS ! towp 'awt | |
B l | \ws| MI awp we b
" % K o 7 W
o
fcac
s, .'-"‘“—.l taz—l | |~‘D—s’ "ELI
oQ ggr - f worer - OPEN m VALIDDOU'F VALIDD }—OPEN
<o, | tOEH
mE—

o
i

= ¢ i

i

K% 7l

FAST-PAGE-MODE READ CYCLE with EXTENDED DATA-OUT

'RASP. 'RP,
ms L
L -
tcsH tpc 'RSH
‘crp. 'RCD Icas, loreH| tep tcas. loren tcp Ioas, loied teen
DRSLA 225, CLegy |
CASHTASL ViH ~ l X
orcas ViL — K
AR
tRAD 'RAL
asr_||_tRaH tasc, tean, tasc || toan tasc_||_toan, I
N 7 o
A0DR Vi ROW m COLUMN m COLUMN I@m comn K77 X row
[ [ tacs |
1 L
'.-—— RCS, troH—] I..“ troH—] |4. ‘l Rt
WELWER ViH -
wwe & T X
| |
L
Vou -
oo v - ol
P
o vy 7]

NOTE:

DON'T CARE

B unpernen

1. Applies to MT4C16271 only. WE selects between normal WRITE and MASKED WRITE 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). WE and DQ inputs on MT4C16270 is a “don’t

care” at RAS time.

2. 'OFF is referenced from the rising edge of RAS or CAS, whichever occurs last.
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ADVANCE
MlCRDN MT4C16270/1

256K x 16 WIDE DRAM

FAST-PAGE-MODE EARLY-WRITE CYCLE

‘RASP. -_1RP 1

— oV If———sl
RAS v —
tcrp ‘csH 1_tPC 'RSH
[ [ icas, 1 IcAs, & [ Cas, ! 1
| lcRP RCD cas, leLeH_||,_tep cas, toLeH, cP CAS, 'CLCH, i PN i
CASHCAS VM = F ;l‘ 3 /f *
n -
AR
'RAD 'RAL
1, 1 1, L 1, 1 1, 1
ASR RAH, | lASC lCAH, asc, || loan, | ASC CAH, |
v
ADDR v:[' :m ROW W COLUMN W 0{ COLUMN W COLUMN W ROW
fow, ! tow, ! tow, |
‘wes ‘wen wes twen wes ‘'weH
g 4 wp wp ‘wep
|WHS WRNI we |
WE Vi =
i TP o YO W, 7
‘woR tAwL |
AW |
'oHR
'os 'DH 'ps ‘oH 'ps 'DH
l ms_ || MH l._. — | ._.| l._. |2 o
VoH =
bQ VoL - NOTE 1 VALID DATA VALID DATA VALID DATA w

& U C 7 7]

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

'RASP RP
— Vg T }q
ms v C

'csH tec /tawe 'RSH
1 Y 1 1 i
L 'CRP. RCD. Icas, 'oLoH ‘cp fcas, toLeH P tcas, loLcH 'CPN.
CASHTASL Vin - F f 3 3
L -
AR
'RAD
1, 1 )y 1
| 'ASR, RAH, l lASQ CAH
Vin
AooR vl _m ROW m COLUMN W

|'wns 'WRH!
WE VY
" 2 7 e

'RaC

BILN
v, -
oo v - 1 nNotEt B

— Vi
OE vl{‘_/

DON'T CARE

R unpeFiNeD

NOTE: 1. Applies to MT4C16271 only. WE selects between normal WRITE and MASKED WRITE 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). WE and DQ inputs on MT4C16270 is a “don’t
care” at RAS time.
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ADVANCE

MT4C16270/1
256K x 16 WIDE DRAM

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

Wvdad 3dIM . M3N

1_lcRP tRCD o tcas tcpp 5 lcas tcpN |

e v:r - 'ART\

ADDR VM :mg ROW @(L CIOLUMN Wm cowm: Y |////// 7K row
T _|__ iz
o i I e o i,

= (OFF N(tTE

LRGN -

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

between data-out and driving new data-in.

RAS-ONLY REFRESH CYCLE
(ADDR = A0-A8, OE; WE = DON'T CARE)
SR l lcrp RPG
W :_f t 4
ADDR ¥:f :m ROW W / / / / &( ROW
DON'T CARE
R unpeFiNeD

MT4C16270/1
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ADVANCE

MlCHDN MT4C16270/1

256K x 16 WIDE DRAM

CBR REFRESH CYCLE
(A0-A8; OE = DON'T CARE)
tap tRas tRp 'RAS
s i N A
tRPC
_tepn |, tesm ICHR | IRPC, | fosR ICHR

o Yy f — /

pQ = OPEN

INVHAd 3dIM . M3N

e W i

HIDDEN REFRESH CYCLE 2¢
(WE = HIGH; OE = LOW)
(READ) (REFRESH)
S i N ; | /
o i ‘crp 'ReD 'RsH_ | ‘cHR
CASL, CASH V{[‘:_f 3\ 7Zf
tAsR, RAH i tasc tcaH

ADDR 3;{':% ROW m‘ COLUMN W

I IAA

NOTE 1
— |=*—torF

tcac
oLz

Dax ¥gl’_“ E OPEN: XBE VALID DATA b— OPEN—

= v T = )/

DON'T CARE

K& UNDEFINED
NOTE: 1. !OFF is referenced from the rising edge of RAS or CAS, whichever occurs last.
MT4C16270/1 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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SEMICONDUCTOR. INC.

PRELIMINARY

MT4C16260/1
256K x 16 WIDE DRAM

WIDE DRAM

256K x 16 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 TTL-compatible

1,024-cycle refresh in 16ms o

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: MT4C16260D]-7

GENERAL DESCRIPTION

The MT4C16260and MT4C16261 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 (A0-A9) first, 8
bits second (A0-A7). RAS is used to latch the first 10 bits
and CAS the latter 8 bits.

The MT4C16260 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

ASYMMETRICAL,
FAST-PAGE-MODE
PIN ASSIGNMENT (Top View)
40-Pin SOJ 40-Pin ZIP
(SDB-2) (SDA-2)
pas 1f= |
DQ1t 3
Vss 5[
DQ14 7
DQ16 9
Vee 11
DQ2 13
DQ4 15
DQs 17
DQ7 19
NC 21
WEH 23
40-Pin TSOP ::’ zj i
(SDE-2) A3 29 .'.:.: A2
DAt Vee
1 441 Vss Vss 31}
2 43 0 DQ16 ks Ad
3 42 [ DQ15 A5 33
4 41 D DQ14 A6
5 40 M DQ13 A7 35|z
6 39 O vSS — = A8
7 38 O DQ12 OE 37 [ _
8 37 o D11 oz CAS
9 36 [0 DQ10 *NC 39 =
10 35 [0 DQ9 =340 NC
13 32 0 NC
14 31 o NC
15 30 o CAS
16 29 0 OF
17 28 [0 A8
18 27 O A7
19 26 10 A6
20 25 [0 A5
22 24 0 A4
21 23 O Vss

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 or WEH ) to transition LOW and by the last to
transition back HIGH. Use of only one of the two results
ina 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.

MT4C16260/1
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PRELIMINARY

MICRON MT4C16260/1

Fiemoucron e 256K x 16 WIDE DRAM

FUNCTIONAL BLOCK DIAGRAM

WEL o WE
WEH o0

CAS o

DATA-INE BUFFER

MASK DATA REGISTER H
(MT4C16261 only) H
UPPER BYTE (D0S-DQ16) | LOWER BYTE (001-008)

H
............. K

.

DQ1
°

NO. 2 CLOCK
GENERATOR

4

COLUMN-
ADDRESS
BUFFER

DQ16

BUFFER

A0

Al REFRESH

A2 CONTROLLER ,
A3 [ SENSE AMPLIFIERS
A L] L 1/0 GATING
A5 REFRESH L

A6 COUNTER 256x18

A7

A8

ac [
A9 ROW- =& 1024 x 256 x 16
ADDRESS 3 A | 1024 MEMORY
BUFFERS (10) TR | ARRAY
o !
4
1
S NO. 1 CLOCK
RAS o GENERATOR «—— 0 Veo

<+——0 Vss

MT4C16260/1 1 1 3 8 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16260/1
256K x 16 WIDE DRAM

PIN DESCRIPTIONS

S0J
PINS

TSoP
PINS

Zip
PINS

SYMBOL

TYPE

DESCRIPTION

14

16

24

RAS

Input

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.

28

30

38

Input

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 DQ1
through DQ16.

27

29

37

Input

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

13

15

23

=
m
I

Input

Write Enable Upper Byte: WEH 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 MT4C16261, 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).

12

14

22

Input

Write Enable Lower Byte: WEL 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 MT4C16261, 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).

16-19,
22-26

18-21,
24-28

26-29,
32-36

AO-A8

Input

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

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

2-5, 7-10,
35-38,
40-43

12-15,
17-20,
1-4,6-9

DQ1-DQ16

Input/
Output

Data 1/0: For WRITE cycles, DQ1-DQ16 act as inputs to the
addressed DRAM location. BYTE WRITEs can be performed
by using WEL / WEH to select the byte to ;

be written. For READ access cycles, DQ1-DQ16 act as
outputs for the addressed DRAM Location. All sixteen 1/Os
are active for READ cycles.

11,15,
30, 29

13,17,
31

21, 25,
40, 39

NC

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

1, 6,20

1,6,22

11, 16, 30

Vce

Supply

Power Supbly: +5V £10%

21,35, 40

23, 39, 44

5,10, 31

Vss

Supply

Ground

MT4C16260/1
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MICRON

SEMICONDUCTOR, INC

PRELIMINARY

MT4C16260/1
256K x 16 WIDE DRAM

FUNCTIONAL DESCRIPTION

Each bit is uniquely addressed through the 18 address
bits during READ or WRITE cycles. RASis used to latch the
first 10 bits (A0-A9) and CAS the latter 8 bits (A0-A7).

The CAS control also determines whether the cycle will
be a refresh cycle (RAS-ONLY) or an active cycle (READ,
WRITE or READ-WRITE) once RAS goes LOW.

A READ or WRITE cycle is selected with either WEL or
WEH performing the WE function. The WE function is
determined by the first BYTE WRITE (WEL or WEH) to
transition LOW and the last one to transition back HIGH.

Alogic HIGH on WE dictates READ mode while a logic
LOW on WE dictates WRITE mode. During a WRITE cycle,
data-in (D) is latched by the falling edge of WE or CAS,
whichever occurslast. Taking WE LOW willinitiatea WRITE
cycle, selecting DQ1 through DQ16. If WE goes LOW prior
to CASgoing 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 aslongas CASand
OE remain LOW (regardless of WE or RAS). This late WE
pulse results in a READ-WRITE cycle.

The 16 datainputs and 16 data outputs 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 (A0-A9) page boundary. The FAST-
PAGE-MODE cycle is always initiated with a row-address
strobed-in by RAS followed by a column-address strobed-
in by CAS. CAS may be toggled-in by holding RAS LOW
and strobing-in different column-addresses, thus execut-
ing faster memory cycles. Returning RASHIGH terminates
the FAST-PAGE-MODE operation.

Returning RAS and CAS HIGH terminates a memory
cycleand decreases chip current to a reduced standby level.
The chip is also preconditioned for the next cycle during
the RAS HIGH time. Memory cell data is retained in its
correct state by maintaining power and executing any RAS
cycle(READ, WRITE)or RAS REFRESH cycle (RAS-ONLY,
CBR, or HIDDEN) so that all 1,024 combinations of RAS

addresses (A0-A9) areexecuted atleastevery 16ms, regard-
less of sequence. The CBR REFRESH cycle will also invoke
the refresh counter and controller for row-address control.

BYTE ACCESS CYCLE

The BYTE WRITE mode is determined by the use of
WEL and WEH. Enabling WEL will select a lower byte
WRITE cycle (DQ1-DQ8) while enabling WEH will select
an upper byte WRITE cycle (DQ9-DQ16). 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 DQ1-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
amask dataregister bit, the input port for thatbit 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 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).

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).

MT4C16260/1
REV. 3/93

1-140

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



PRELIMINARY

MICRON . MT4C16260/1

256K x 16 WIDE DRAM

l - WORD WRITE —_— I - LOWER BYTE WRITE ———>‘

w /\ s

CAS \ _ / N —

WEL \ / N_ /S

NvHdd 3dIM l

STORED INPUT STORED | STORED INPUT STORED
DATA DATA DATA | DATA DATA DATA
1] 1 mese- > [1 1] 1 e > [1]
7] 1 e > E__ 7] IR > [1]
1] 0 momes > |9} 10 1 > 1]
LOWER BYTE 1] 0 ----- > 0] 10} LIt > 1]
(DQ1-DQB8) 1] 0 ----e- > 0] 10} 1 e > |1
OF WORD 1] 1 > [1] | [] 1 > [1]
1 1 e > [1 1 1 e > [1
b— —y —
1] [ — > [o] 0] TR > [1]
— _ - i
[o] 1 eeees > [1] [1] X emeee > [1]
0 1 e > [1] 1] X meeee > [1]
0 0 ----- > o 0 D R > |0
UPPER BYTE o 0 s > (o] ol X it > [0l
(DQ9-DQ16) | 15 I > O] | [ X e > [1]
OF WORD ry — — L1
0] 0 i---e- > [0 o] X meeee > |0]
0 1 e > [1] 1] X memee > [1]
0] o > [o] | [0] X oo > [o]
<——— ADDRESS 0 >| - ADDRESS | ————
X = NOT EFFECTIVE (DON'T CARE)
Figure 1
MT4C16260/1 WORD AND BYTE WRITE EXAMPLE
MT4C16260/1 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

Ml:RDN MT4C16260/1

256K x 16 WIDE DRAM

{ <+——— MASKED WRITE > ! - NONMASKED WRITE —-—————»,

s\ /RN /"

s \ / ./
N/ R R ///// /N

STORED MASK INPUT  STORED | STORED ~MASK INPUT STORED
DATA  DATA DATA | DATA  DATA DATA DATA
11] X 0 ------ > 0] 1] 1 1 emees > 1]
1] X 0 --n-- > (o] o] 1 1 emee- > (1]
1 X 0 ------ > [0 1 1 1 e > |1
LOWER BYTE T «x 0 e - o o] | P > [
(DQ1-DQ8) (1] X 0 cme-- > [o] 1] 1 0 ----- > |0]
OF WORD 1] X 0 -mee- > [o o] 1 0 -eee- > |o]
1] X 0 -me- > E [1] 0 0 -mee- > [1]
1] X 0 ----- > [o] o] 1 0 ---e- > [o]
[1] 0 X (1] 1] X 1 s > [1]
1] 0 X 7] 1] X 0 ------ > [0
0 0 X 0 0 X 1 emees > |1
UPPER BYTE 1 ry = Y
0 0 X 0 0 X 0 ------ > [0
(DQ9-DQ16) - . o = 5 X 1 —
OF WORD e 0 O T - I > K
10} 1 0 ------ > |0] 10| X 1 === > 1]
0 1 LT > [1] 1] X 0 ------ > |0
0] 1 [ > |1 1] X 0 ------ > [o]
<«————— ADDRESS 0 > < ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) DON'T CARE
Figure 2

MT4C16261 MASKED WRITE EXAMPLE

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

MT4C16260/1 1 1 4 2 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

MT4C16260/1

256K x 16 WIDE DRAM

TRUTH TABLE: MT4C16260/1

ADDRESSES

FUNCTION RAS | CAS | WEL | WEH OF R 'c | DQs 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 2ndCycle| 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-ONLY REFRESH L H X X X ROW | nfa | High-Z
CBR REFRESH H-L L X X X X X | High-Z

NOTE: 1. These cycles may also be BYTE WRITE cycles (either WEL or WEH active).

2. EARLY-WRITE only.
3. Data-in will be dependent on the mask provided (MT4C16261 only). Refer to figure 2.
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PRELIMINARY
MT4C16260/1

256K x 16 WIDE DRAM

ABSOLUTE MAXIMUM RATINGS* *Stresses greater than those listed under “Absolute Maxi-
Voltage on Ve supply Relative to Vss mum Ratings” may cause permanent damage to the device.
Operating Temperature, T, (ambient) ......... This is a stress rating only and functional operation of the
Storage Temperature (plastic) .............u... deviceat these or any other conditions above those indicated
intheoperational sections of this specificationis notimplied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect reliability.

Power Dissipation
Short Circuit Output Current

DC ELECTRICAL CHARACTERISTICS AND RECOMMENDED DC OPERATING CONDITIONS
(0°C < T, < 70°C; Ve = 5V +10%)

NVHAd 3dIM .

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \" 1
Input High (Logic 1) Voltage, all inputs ViH 2.4 | Vcc+1 \ 1
Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 \ 1
INPUT LEAKAGE CURRENT

Any input OV < Vin < Vee I -2 2 HA

(All other pins not under test = 0 V)

OUTPUT LEAKAGE CURRENT (Q is disabled; OV < Vour < 5.5V) loz -10 10 pA
OUTPUT LEVELS VoH 24 \

Output High Voltage (lout = -5mA)

Output Low Voltage (lout = 4.2mA) * VoL 04 v

(Notes: 1, 3,4, 6,7) (0°C < T, <70°C; Vcc = 5V + 10%) MAX

PARAMETER/CONDITION SYMBOL -7 -8 |UNITS| NOTES
STANDBY CURRENT: (TTL)
(RAS = CAS = ViH) lcet 2 2 mA
STANDBY CURRENT: (CMOS)
(RAS = CAS = Vcc -0.2V) lcc2 1 1 mA 25
OPERATING CURRENT: Random READ/WRITE
Average power supply current lees 140 130 mA |3, 4,30
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN})
OPERATING CURRENT: FAST-PAGE-MODE
Average power supply current lcca 100 90 mA |3,4,30
(RAS = Vi, CAS, Address Cycling: tPC = 'PC [MIN]; {CP, tASC = 10ns)
REFRESH CURRENT: RAS ONLY

Average power supply current lces 140 130 mA | 3,30
(RAS Cycling, CAS=Vix: IRC = 'RC [MIN])
REFRESH CURRENT: CBR

Average power supply current lccs 140 130 mA 3
(RAS, CAS, Address Cycling: 'RC = 'RC [MIN])

MT4C16260/1 1 1 4 4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PRELIMINARY

Ml:HDN MT4C16260/1

256K x 16 WIDE DRAM

CAPACITANCE -
(Note: 2)
PARAMETER SYMBOL [ MIN MAX | UNITS | NOTES é
Input Capacitance: AO-A9 Cn 5 pF 2 6
Input Capacitance: RAS, CAS, WEL, WEH, OE (o 7 pF 2 m
Input/Output Capacitance: DQ Cio 7 pF 2 U
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS o)
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C; Vce = 5V + 10%) >
AC CHARACTERISTICS -1 -8 g
PARAMETER SYM MIN MAX MIN MAX UNITS NOTES
Random READ or WRITE cycle time ‘RC 130 150 ns
READ-WRITE cycle time 'RWC 175 195 ns
FAST-PAGE-MODE READ or WRITE PC 40 45 ns
cycle time
FAST-PAGE-MODE READ-WRITE tPRWC 95 100 ns
cycle time
Access time from RAS RAC 70 80 ns 14
Access time from CAS 'CAC 20 20 ns 15
Qutput Enable time 'OE 20 20 ns
Access time from column-address AA 35 40 ns N
Access time from CAS precharge 'CPA 40 45 ns O
RAS pulse width 'RAS 70 | 100,000] 80 |100,000 | ns ]
I'RAS pulse width (FAST-PAGE-MODE) RASP 70 | 100,000] 80 |100,000 | ns | 7]
RAS hold time 'RSH 20 20 ns
RAS precharge time 'RP 50 60 ns
CAS pulse width 'CAS 20 100,000 20 100,000 ns
CAS hold time 'CSH 70 80 ns
‘CAS precharge time 'CPN 10 10 ns 16
CAS precharge time (FAST-PAGE-MODE) ‘cp 10 10 ns
RAS to CAS delay time 'RCD 20 50 20 60 ns 17
CAS to RAS precharge time 'CRP 10 10 ns
Row-address setup time 'ASR 0 0 ns
Row-address hold time 'RAH 10 10 ns
RAS to column- \ 'RAD 15 35 15 40 ns 18
address delay time
Column-address setup time tASC 0 0 ns
Column-address hold time 'CAH 15 15 ns
Column-address hold time ‘AR 55 60 ns
(referenced to RAS) '
Column-address to 'RAL 35 40 ns
RAS lead time
Read command setup time ‘RCS 0 0 ns 26
Read command hold time 'RCH 0 0 ns 19, 26
(referenced to CAS)
Read command hold time 'RRH 0 0 ns 19
(referenced to RAS)
CAS to output in Low-Z ‘cLz 3 3 ns 31

MT4C16260/1 1 1 45 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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M

PRELIMINARY

MT4C16260/1
256K x 16 WIDE DRAM

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

AC CHARACTERISTICS -7 -8

PARAMETER SYM MIN MAX MIN MAX UNITS NOTES
Output buffer turn-off delay tOFF 3 15 3 15 ns 20, 29, 31
Output disable time toD 3 15 3 15 ns 29, 31
Write command setup time 'WCSs 0 0 ns 21,26
Write command hold time WCH 10 10 ns 26
Write command hold time 'WCR 55 60 ns 26
(referenced to RAS)

Write command pulse width twp 10 10 ns 26
Write command to RAS lead time RWL 20 20 ns 26
Write command to CAS lead time fcwL 20 20 ns 26
Data-in setup time DS 0 0 ns 22
Data-in hold time 'DH 15 15 ns 22
Data-in hold time 'DHR 55 60 7ns

(referenced to RAS)

RAS to WE delay time tRWD 95 105 ns 21
Column-address tAWD 60 65 ns 21
to WE delay time

‘CASto WE delay time tcwb 45 45 ns 21
Transition time (rise or fall) T 3 50 3 50 ns 9,10
Refresh period (1,024 cycles) 'REF 16 16 ms 28
‘RAS to CAS precharge time ‘RPC 0 0 ns

‘CAS setup time 'CSR 10 10 ns 5
(CBR REFRESH)

CAS hold time ICHR 10 10 ns 5
(CBR REFRESH)

MASKED WRITE command to RAS 'WRS 0 0 ns 26,27
setup time

WE hold time (MASKED WRITE) 'WRH 15 15 ns 26
OE hold time from WE during tOEH 20 20 ns 28
READ-MODIFY-WRITE cycle
'OE setup prior to RAS during ORD 0 0 ns

HIDDEN REFRESH cycle

Last CAS going low to first CAS 'CLCH 10 10 ns

returning high

MT4C1626011
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MICRON

SEMICONDUCTOR, INC.

PRELIMINARY

MT4C16260/1
256K x 16 WIDE DRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vec =5V £10%; f = 1 MHz.

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading and cycle rates.

Specified values are obtained with minimum cycle

time and the output open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range (0°C < T, <70°C) is assured.

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

8. AC characteristics assume *T = 5ns.

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

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

11. If CAS = ViH, data output is High-Z.

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

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

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

15. Assumes that 'RCD > 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 'CPN.

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

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

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

20. *OFF (MAX) defines the time at which the output
achieves the open circuit condition; it is not a
reference to VoH or VOL.

oo

21. tWCS, 'tRWD, tAWD and {CWD are restrictive
operating parameters in LATE-WRITE and READ-
MODIFY-WRITE cycles only. If tWCS 2 *WCS (MIN),
the cycle is an EARLY-WRITE cycle and the data
output will remain an open circuit throughout the
entire cycle. If 'RWD > tRWD (MIN), tAWD = tAWD
(MIN) and *CWD > {CWD (MIN), the cycleis 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 V) 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 *OD and ‘OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. The
DQs will provide the previously written data if CAS
remains LOW and OE is taken back LOW after 'OEH
is met. If CAS goes HIGH prior to OF going back
LOW, the DQs will remain open.

29. The DQs open during READ cycles once *OD or ‘OFF
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 = V.

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

Ml:no MT4C16260/1

256K x 16 WIDE DRAM

READ CYCLE

tae
Ras ‘rp

V.
R

4 [
RSH 'RRH
tcrp tReD tcas

— Vg =
s vz

taR
RAD 'RAL

tasR ‘RAH ! tasc cAH
aoor VM :m ROW }m COLUMN JW Y 0( ROW
r—

, Y
[ RCS | RCH

Ve Y 7 7 /

NVHAa 3dIMm l
i

l A
'RAC
! tcac 1OFF,
oLz
ba 3&1: OPEN VALID DATA  ————— OPEN
[ i top

= T //sl /

EARLY-WRITE CYCLE

tRC
tRAS I RP
Vg T Jr——
AR vz
tosH
tRSH
tcrp tReD foas
v -
s vy Z
tAR
tRAD 'RAL
1, 1 Y, !
| 'ASR RAH tASC CAH
N
apoR M m ROW COLUMN X ROW
towt |
tRwL )
1
wer
twes twer
1 we
was | | wrh
TV
v Y ke W
oHR
‘os foH
I'MS MH i
oa YigH % NOTE 1 ﬂi VALID DATA
v
oE Vit T

[//) bonT cAre

B unoerFineD

NOTE: 1. Applies to MT4C16261 only; WEL, WEH and DQ inputs on MT4C16260 are “don’t care” at RAS time.
WE selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are “don't care” for a
normal WRITE, with WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a
MASKED WRITE, with WE LOW at RAS time.
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PRELIMINARY

MT4C16260/1
256K x 16 WIDE DRAM

MICRON

SEMICONDUCTOR. INC.

READ-WRITE CYCLE

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

tRwe. E
tRAS 1 /P —
o = —\ O
as v
fcsH m
1
RSH
L tcRP. tRCD tcas U
W f
|28
'RAD 'RAL >
1. tAsR tRAH tAsC tocan
— | L
R/ ——, ST I =
| 'RWD lowL
[ tcwp tRwL
! [
I:WR§ ‘WRHI awp we
e Vi
WELWER vii! 7R Note 1
an
tRAC
teac
[ 1
||Ms tMH toz—-] | DS, .ﬂ‘.1
VioH — v
ba v = £ nores *I‘ PEN { VAUDDoyr { VALIDD OPEN
P t
o | oD, toEH |
= Vi 7
OF i /f W
tRASP. 'RP.
vy Y
RAS v C L
tesu tpc RSH
1 Y i 1
| tcRp RCD. CAS tcp cas | _tcp CAS tcPN i
CAS UM -
e v %
AR
{RAD ‘RAL
1, 1 ) 1, ! 1,
ASR, 'RAH ] 'ASC, tcaH, ASC, CAH, l ASC, foan, I
Vin
SR/ I ) SRS ) ST ) S )
R — |"‘RCS g |"“‘RCS N —>| [=<—tRRH
r._ s, tRoH—>| |¢. tRCH—=] I.. BCH
W= Vi
WELWER IH / W W
(T
taA ] A | tAA
‘RAC ' tora ' topa
! toac lorg fcac lorg tcac | —torF
torz —=| torz —| |-— oLz |—
VioH - PE VALID VALID VALID
ba vigL = o DATA DATA DATA OPEN
o fon oE | ‘op ‘o |‘oo
—
® W Al V/ A V/ ﬁ[ Y/

DONT CARE

B unoerineD

NOTE: 1. Applies to MT4C16261 only; WEL, WEH and DQ inputs on MT4C16260 are “don’t care” at RAS time.
WE selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are “don’t care” for a
normal WRITE, with WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a
MASKED WRITE, with WE LOW at RAS time.
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PRELIMINARY

MICRDN MT4C16260/1

256K x 16 WIDE DRAM

FAST-PAGE-MODE EARLY-WRITE CYCLE

RASP 1o_tRP N

vy Ty
Ras it C
tcre tcsH tPo ‘RSH
"cnp ‘RcD ‘cas ‘cp toas cp tcas |etCPN I
V=
oA it C / \
taR
‘RAD ‘RAL
1 4 1, L,
| fASR, RAH, tasc, tcaH, tasc, A I 'ASC, tCAH
ViH
soon Vgt TR o WH_eouom Y T Y S V)
tow, | tow, | towL. '
twes twoH wes twon twes tweH
twas| 'wnnl wp. twp twp
f._. |
N -’
= e W W
L 1
wer AWL |
'DHR
s, ‘MHI I,‘D_S- |-t ._is;_.JA.' |'i‘ .M_.I
LR | BUL
VioH -
oa yi3H NOTE1 VALID DATA VALID DATA VALID DATA w / / / /
GE VH

ViL

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

‘RASP il
— V] -
s v Z‘ l&

tosH tec /tawc tRSH
| tcRp.
— V-
s it
AR
'RAD
) 1
| tasr_[1_ tran |

) S

DON'T CARE

R unpEFINED

NOTE: 1. Applies to MT4C16261 only; WEL, WEH and DQ inputs on MT4C16260 are “don't care” at RAS time.
WE selects between normal WRITE and MASKED WRITE at RAS time. The DQ inputs are “don’t care” for a
normal WRITE, with WE HIGH at RAS time. The DQ inputs provide the mask data at RAS time for a
MASKED WRITE, with WE LOW at RAS time.
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PRELIMINARY

MlanN MT4C16260/1

256K x 16 WIDE DRAM

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

tRASP. o RP__,

vy
ms vt C \

tRsH
fosH pc |
1_lCRP. RCD tcas tcpp cas tcPN |

|
s WD T\ \
AR

Nvda 3dim .

tRAD tRAL
AR RAH tasc tcAH tasc CAH
VIiH = + 4
RN T ) S /) T Y
towL |
‘Rcs‘ 'RwL
: twp

twes, tweH

we W 7T ! A

‘ os_||_tor
DuEAY
o VT R vaaooata X7117777) /)
tcac
toz toFF,
A
v NOTE 1
OH = PEN VALID
a vtz PEN Yoot OPEN
tAA
tRaC

= V|
SR/

NOTE: 1. Do not drive data prior to High-Z; that is completion of 'OFF. ICPP is equal to 'OFF + 'DS(MIN) + guardband
between data-out and driving new data-in.

RAS-ON EFRESH CYCLE

(ADDR AO-A9 OE; W and WEH = DON'T CARE)

Re

P

g

MR a

RAS Vi _
I tcRP tRPG
— V=
eas it i ] /
PR

SR tRAH
aopR Yl :mg ROW W X ROW
o) vg[' = ol
DON'T CARE
@ UNDEFINED
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PRELIMINARY

MlCRDN MT4C16260/1

256K x 16 WIDE DRAM

CBR REFRESH CYCLE
(A0-A9 and OE = DON'T CARE)
tRp tRAS tRP tRAS
S WD 3 / N
tRPC
tepn |, _tcsm fcHR IRPC,  tcsm tCHR
= W\ ja—

DQ OPEN

W e T,

HIDDEN REFRESH CYCLE 2
(WEL, WEH = HIGH; OE=LOW)

(READ) (REFRESH)
tRAS < BP__ 'RAS
s Ve N\ ZL ’L /
i tcrRp tRCD tRSH cHR
& T f N i
taR
'RAD tRAL
) tASR tRAH tasc tcAH
ADDR V:t:m:; ROW m cowmn W77
tan
| tRAC
:‘;:‘; —= |=torr
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MICRO

VRAM SELECTION GUIDE
Memory Access Part Access Typical Power Dissipation Package/Number of Pins
Configuration| Cycle Number Time (ns) Standby Active sSoJ 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 .| 15mwW 275mW 40 - - - 2-37
256K x 8 FP, DW MT42C8254 70, 80 10mw 300mwW 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 10mwW 300mwW 40 - 40/44 - 2-181
256K x 16 | FP, EDO,DW | MT42C256K16A1 | 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 MT42C256K16C2 | 60, 70, 80 TBD TBD - 64 70 - 2-267

FP = FAST-PAGE-MODE, EDO = Extended Data-Out, DW = Dual WE, DC = Dual CAS




MICRON

DUCTOR. INC

MT42C4256
256K x 4 VRAM

VRAM

256K x 4 DRAM
WITH 512 x 4 SAM

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
¢ 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
e 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
70ns, 22ns/22ns
80ns, 25ns/25ns

® Packages
Plastic SOJ (400 mil) DJ
Plastic ZIP (375 mil) V4

¢ Part Number Example: MT42C4256DJ-7
*60ns (-6) specifications are preliminary; consult factory for availability.

e o o o o o

-6*
-7
-8

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

PIN ASSIGNMENT (Top View)
28-Pin SOJ 28-Pin ZIP
(SDB-1) (SDA-1)
DSF 1 F5)
2 DQ3
DQ4 3= —
{4 SE
SDQ3 5=
{6 SDQ4
Vss 7 f=x
348 SC
SDQt1 - 9=
—_— < 10 SDQ2
TR/OE 11 F=
4 12-DQt
DQ2 13 J—
4 14 MEWE
NC 15> —
::{ 16 RAS
A8 17 =
18 A6
A5 19 Fo
3420 Ad
Vec 21 f=
22 A7
A3 23 f=
24 A2
Al 252
26 A0
QSF 27 k= -
Lzdd 28 CAS

port, thefourinternal 512-bit-wide paths between the DRAM
and the SAM, and the 4-bit serial I/ Oport 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.

MT42C4256
REV. 5/93
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MICRON MT42C4256

256K x 4 VRAM

FUNCTIONAL BLOCK DIAGRAM
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g o

w E
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A0-AB 2 g DRAM ARRAY s
z0 TIMING  |a——be— CAS
o p—ay
es MASK DATA A TE GENERATOR |e—+— TRIOE

REGISTER CONTROL & MEAWE

LOGIC
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MT42C4256 2 2 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 5/93 = ©1993, Micron Semiconductor, Inc.



MICRON

SEMICONDUCTOR, INC.

MT42C4256
256K x 4 VRAM

PIN DESCRIPTIONS

S0J PIN
NUMBERS

ZIPPIN
NUMBERS

SYMBOL

TYPE

DESCRIPTION

1

8

Input

Serial Clock: Clock input to the serial address counter for the
SAM registers.

4

11

3
2

Input

Transfer Enable: Enables an internal TRANSFER operation
atRAS (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.

14

7
A

Input

Mask Enable: If ME/WE is LOW at the falling edge of RAS

a MASKED WRITE cycle is performed, or

Write Enable: ME/WE is also used to select a READ

(ME/WE = H) or WRITE (ME/WE = L) cycle when accessing the
DRAM. This includes a READ TRANSFER (ME/WE = H) or
WRITE TRANSFER (ME/WE = L).

25

Input

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. SE is also

used during a WRITE TRANSFER operation to indicate
whether a WRITE TRANSFER or a SERIAL INPUT MODE
ENABLE cycle is performed.

22

Input

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.

16

Input

Row Address Strobe: RAS is used to clock-in the 9 row-
address bits and strobe the ME/WE, TR/OE, DSF, SE,

CAS and DQ inputs. It also acts as the master chip enable and
must fall for initiation of any DRAM or TRANSFER cycle.

21

28

O
>
%)

Input

Column Address Strobe: CAS is used to clock-in the 9
column-add_r_e_ss_tﬂts, enable the DRAM output buffers
(along with TR/OE), and strobe the DSF input.

19, 18, 17,
16, 13, 12,
11,15, 10

26, 25, 24,
23, 20, 19,
18,22, 17

AO-A8

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,
A0 to A8 indicate the DRAM row being accessed (when RAS
goes LOW) and the SAM start address (when CAS goes LOW).

5,6,23,24

12,13,2,3

DQ1-DQ4

Input/
Output

DRAM Data I/O: Data input/output for DRAM cycles; inputs for
Mask Data Register and Color Register load cycles, and DQ and
Column Mask inputs for BLOCK WRITE.

2,3,26,27

9,10,5,6

SDQ1-SDQ4

Input/
Output

Serial Data I/O: Input, output, or High-Z.

20

27

QSF

Output

Split SAM Status: QSF indicates which half of the SAM is being
accessed: LOW if address is 0-255, HIGH if address is 256-511.

15

NC

No Connect: This pin should be left either unconnected or tied
to ground.

14

21

Vce

Supply

Power Supply: +5V £10%

28

Vss

Supply

Ground

MT42C4256
REV. 5/93
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MT42C4256
256K x 4 VRAM

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
mustbe refreshed to retain data. All 512 row-address com-
binations mustbe accessed within 16.7ms. The MT42C4256
supports 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.

The refresh address must be generated externally and
applied to A0-A8 inputs for RAS-ONLY refresh cycles. The
DQ pins remain in a High-Z state for both the RAS-ONLY
and CBR refresh cycles.

HIDDEN REFRESH cycles are performed by toggling
RAS (and keeping CAS LOW) after a READ or WRITE
cycle. This performs CBR cyclesbut 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.

The 18 address bits that are used to select a 4-bit word
from the 262,144 available are latched into the chip using
the A0-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”).

If (ME)/WE is HIGH when CAS goes LOW, a DRAM
READ operationis 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 standard single-port DRAMs, WE is a “don’t care”
when RAS goes LOW. For the VRAM, ME/ (WE) is used,
when mgoes LOW, to select betweena MASKED WRITE
cycle and anormal 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,aDRAM 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.

MT42C4256
REV.5/93
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MT42C4256

256K x 4 VRAM

NONPERSISTENT MASKED WRITE

The MASKED WRITE feature eliminates the need for a
READ-MODIFY-WRITE cycle 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.

’ <— NONPERSISTENT MASKED WRITE —» ' <«—— NONPERSISTENT MASKED WRITE —P'

RAS \ / \ /
CAS : \ / i \ _/
vewe N\ A VR /N 2
=/ R/ R/, R/
STORED MASK INPUT ~ STORED [STORED  MASK STORED  STORED
DATA DATA | DATA (RE-WRITE) DATA

0 X o] 0 x o]

1 0 ----- > |o] 0] 1 1 meme- >

o] 0 X 0] 0] 0 X 0]

0] “1 1 mmees > [1] (0] 1 1 emeee > (1]
BEFORE AFTER |BEFORE AFTER

ADDRESS 0 > ADDRESS 1
X = NOT EFFECTIVE (DON'T CARE) DONT CARE
Figure 1

NONPERSISTENT MASKED WRITE EXAMPLE

MT42C4256
REV. 5/93
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256K x 4 VRAM

PERSISTENT MASKED WRITE

The PERSISTENT MASKED WRITE feature eliminates register when RAS falls, and the mask data register will not
the need to rewrite the mask data before each MASKED be cleared at the end of the cycle. Any number of PERSIS-
WRITE cycle if the same mask data is being used repeat- TENT MASKED WRITE cycles, to any address, may be
edly. To initiate a PERSISTENT MASKED WRITE, a LOAD performed without having to reload the mask data register.

" MASK REGISTER cycle is performed by taking ME/(WE) Figure 2 shows the LOAD MASK REGISTER and two

< and DSF HIGH when RAS goes LOW. The mask data is PERSISTENT MASKED WRITE cycles in operation. The

loaded into the internal register when CAS goes LOW. LOAD MASK REGISTER and PERSISTENT MASKED

m PERSISTENT MASKED WRITE cycles may then be per- WRITE cycles allow controllers that cannot provide mask

> formed by taking ME/(WE) LOW and DSF HIGH when data to the DQ pins at RAS time to perform MASKED

g RAS goes LOW. The contents of the mask data register will WRITE operations. PERSISTENT MASKED WRITE opera-

thenbe used as the mask data for the DRAM inputs. Unlike tions may be performed during FAST PAGE MODE cycles

the NONPERSISTENT MASKED WRITE cycle, the data and the same mask will apply to all addressed columns in
present on the DQ inputs is not loaded into the mask the addressed row.

‘4—‘ LOAD MASK REGISTER —>l<— PERSISTENT MASKED WRITE ——>| <——— PERSISTENT MASKED WRITE “‘—>‘
RAS \ / :\ / N\ /_
ME/WE

DSF i \

MASK STORED INPUT  STORED | STORED INPUT STORED
DATA DATA DATA DATA
APPLY X [o] APPLY X o]
o > [o] | [o 1 s 1]
MASK MASK
o] REG. X o] o] REG. X o]
o] 0> [o] i > 1]
(Stored in BEFORE AFTER | BEFORE AFTER
Mask Data
Register) ADDRESS 0 - ADDRESS 1

X =NOT EFFECTIVE (DON'T CARE)

Figure 2
PERSISTENT MASKED WRITE EXAMPLE

MT42C4256 2 6 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 593 = ©1993, Micron Semiconductor, Inc.
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COLUMN _
(A2-A8 at CAS)
ROW —A— [
(A0-AB at RAS) ——————[==----ooooooeeeees >Cacacicd |
!
-
pat
COLUMN MASK (A0,A1) pa2 44 2
ON THE DQ INPUTS AT CAS a3 / 7\ \ A
N
DQ4 £ L’l
CAS -
(0Q1)
o AN
MASK
DaTA |22 CONQN
REGISTER |D3 \\\
D4 N
—Z\ | T
g \
L
DQY o—] 7\
DQ2 0—
pas o— RAS * DSF
DQ4 o—
LOAD — »
RAS rEaaoR colom 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.

Therow isaddressed asinanormal 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 will be changed. DQ1 acts as a write enable for column
location A0 = 0, A1 = 0; DQ2 controls column location
A0=1,A1=0;DQ3 controls A0=0,A1=1;and DQ4 controls
A0 =1, Al = 1. The write enable controls are active HIGH;
the WRITE function is enabled by a logic 1 and disabled by
alogic 0.

MT42C4256
REV. 5/93
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MT42C4256
256K x 4 VRAM

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
mustbe 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 of TR/(OE), ME/(WE), and DSF being HIGH
when RAS goes LOW indicates the cycleis a LOAD REGIS-

TER cycle. DSF is used when CAS goes LOW to select the
register to be loaded and must be LOW fora 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.

MT42C4256
REV. 5/93
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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 TRANSEER 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.
CASmust fall for every TRANSFER in order to load a valid
Tap address. A read transfer may be accomplished in two

—/\ T\

Ay

[
Vi)

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 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 9-bit register. QSF willbe LOW if access is from the
lower half (addresses 0 through 255), and HIGH if access is
from the upper half (256 through 511). I 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.

7
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|
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|
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|
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4I:L
1Y/
|

R R XXXAARY

|
)n), 27
S0Q R J4 7 x 8 )( 9 255 )< 260 g 31 320 i
Output ROWO | ROWO | ROW 0O | ROW 0
s 1 S
QsF \ ‘e 7 |J.' [ 7 !
(NORMAL) READ TRANSFER : SPLIT READ TRANSFER : : SPLIT READ TRANSFER
| (OPTIONAL) ! |
FROM: ROW 0 | FROM: ROW 0 | SERIALOUTPUT ) FROM: ROW 1
TO:  FULL SAM, | TO:  UPPERSAM, | SWITCHES FROM | TO:  LOWERSAM,
SAM I/O IS SET TO OUTPUT | TAP ADDRESS =4 | LOWERSAMTO | TAPADDRESS =0TO 255
MODE AND SERIAL OUTPUT | SERIALOUTPUTFROM |  UPPER SAM (QSF | SERIAL OUTPUT FROM
FROM LOWER SAM BEGINS | LOWERSAMCONTINUES |  GOES HIGH) | UPPER SAM CONTINUES
(QSF GOES LOW) | h | (QSF REMAINS HIGH)
DON'T CARE
R unpEFINED
Figure 4

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE

MT42C4256
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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 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 A8
is a “don’t care” when the Tap address is loaded at the
HIGH-to-LOW transition of CAS. Itis 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

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 #0. Serial access continues, and
when the SAM address counter reaches 255 (“A8” = 0, AO-
A7=1),thenew Tapaddressisloaded for thenexthalf(“A8”
=1, A0-A7 =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 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
QSFwent LOW (indicating that row-1 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 “0” will be
used. Access will start at 0 if going to the lower half, or 256
if going to the upper half. See Figure 5.

WRITE TRANSFER (SAM-TO-DRAM TRANSFER)

Theoperation ofthe WRITETRANSFERisidentical 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
thedirection of the SAMI/Obuffers 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.

LOWER HALF UPPER HALF
—— NOSRT | , NO SRT————
0 TAP 255 256 511
t
Start Split L_J
Figure 5
SPLIT SAM TRANSFER

MT42C4256
REV. 5/93
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PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE
ENABLE)

The PSEUDO WRITE TRANSFER cycleis used to change
the direction of the SAM port from output to input without
performing a WRITE TRANSFER cycle. APSEUDO WRITE
TRANSEFER 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
TRANSEFER)

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 tobe 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 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 thenext SAM location to the4-bit port. SEis 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
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 ﬁinput.

POWER-UP AND INITIALIZATION

After Vcc is at specified operating conditions, for 100us
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/0 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.

MT42C4256
REV. 5/83
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TRUTH TABLE
RAS FALLING EDGE TASFALL|  AO-A8' DQ1-D04 REGISTERS
CODE FUNCTION TAS [TR/OE [ME/WE| DSF | SE | DSF | RAS [ TAS | RAS [CASWE?| MASK [COLOR
DRAM OPERATIONS
CBR | CBR REFRESH 0 X X X X X —_ X —_ X X X
ROR | RAS-ONLY REFRESH 1 1 X X X — ROW —_ X —_ X X
RW NORMAL DRAM READ OR WRITE 1 1 1 [ X 0 ROW | COLUMN X VALID X X
RWNM| NONPERSISTENT (LOAD AND USE) MASKED 1 1 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
BW BLOCK WRITE TO DRAM (NO DATA MASK) 1 1 1 [ X 1 ROW | COLUMN X COLUMN X USE
(A2-A8) MASK
BWNM| NONPERSISTENT (LOAD & USE) MASKED 1 1 0 0 X 1 ROW | COLUMN | WRITE | 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-A8) MASK
REGISTER OPERATIONS
LMR | LOAD MASK REGISTER 1 1 1 1 X 0 ROW# 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 TAPS X X X X
WT WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 1 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* TAPS X X X X
AWT | ALTERNATE WRITE TRANSFER 1 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 A0-A8 inputs when RAS falls and when CAS falls.

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 ME/WE, whichever is later. Similarly, with READ cycles, the output data is activated at
the falling edge of CAS or TR/OE, 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 for the upper half).

MT42C4256
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MT42C4256
256K x 4 VRAM

ABSOLUTE MAXIMUM RATINGS*
Voltage on Vcc Supply Relative to Vss
Operating Temperature, T, (ambient)...
Storage Temperature (plastic)
Power Dissipation
Short Circuit Output Current

RECOMMENDED DC OPERATING CONDITIONS

*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.

(0°C < T, £70°C)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \ 1
Input High (Logic 1) Voltage, all inputs ViH 2.4 | Vcc+ \" 1
Input Low (Logic 0) Voltage, all inputs ViL -1.0 0.8 Vv 1
DC ELECTRICAL CHARACTERISTICS
(0°C < T, £70°C; Vce = 5V £10%)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
INPUT LEAKAGE CURRENT I -10 10 uA
Any input (OV < Vin < Vcc); all other pins not under test = 0V
OUTPUT LEAKAGE CURRENT loz -10 10 uA
(DQ, SDQ disabled, 0V < Vour < Vcc)
OUTPUT LEVELS Vo 24 \
Output High Voltage (lout = -2.5mA) 1
Output Low Voltage (lout = 2.5mA) VoL 04 Vv
CAPACITANCE .
PARAMETER SYMBOL | MIN MAX | UNITS | NOTES
Input Capacitance: A0-A8 Cni 5 pF 2
Input Capacitance: RAS, CAS, ME/WE, TR/OE, SC, SE, DSF Ci2 7 pF 2
Input/Output Capacitance: DQ, SDQ Cilo 9 pF 2
Output Capacitance: QSF Co 9 pF 2

MT42C4256
REV. 5/93
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CURRENT DRAIN, SAM IN STANDBY
(0°C < T, £70°C; Voc = 5V £10%)

MAX
PARAMETER/CONDITION SYMBOL | -6* -7 -8 | UNITS|NOTES
OPERATING CURRENT lcct 105 | 95 85 | mA | 3,4
(RAS and CAS = Cycling: 'RC =RC [MIN]) 26
OPERATING CURRENT: FAST-PAGE-MODE lccz 95 | 85 75 | mA | 3,4
(RAS = Vi; CAS = Cycling: IPC =PC [MIN]) 27
STANDBY CURRENT: TTL INPUT LEVELS
Power supply standby current lccs 8 8 8 mA 4
(RAS = CAS = ViH after 8 RAS cycles [MIN]; other inputs > ViH or < ViL)
REFRESH CURRENT: RAS-ONLY lccs | 105 | 95 85 | mA (3,26
(RAS = Cycling; CAS = ViH)
REFRESH CURRENT: lcce | 105 | 95 85 | mA | 3,5
CBR (RAS and CAS = Cycling)
SAM/DRAM DATA TRANSFER lccs 115 | 105 | 95 [ mA 3

CURRENT DRAIN, SAM ACTIVE (!1SC = MIN)

(0°C < T, £70°C; Vec = 5V £10%) MAX
PARAMETER/CONDITION SYMBOL | -6* -7 -8 |UNITS |NOTES
OPERATING CURRENT Icco 170 | 150 | 130 | mA | 3,4,
(RAS and CAS = Cycling: 'RC =RC [MIN]) 26
OPERATING CURRENT: FAST-PAGE-MODE lccio | 160 | 140 | 120 | mA | 3,4,
(RAS = Vi; CAS = Cycling: tPC =PC [MIN]) 27
STANDBY CURRENT: TTL INPUT LEVELS
Power supply standby current Icc11 65 55 45 | mA | 3,4
(RAS = CAS = ViH after 8 RAS cycles [MIN]; other inputs > ViH or < ViL)

REFRESH CURRENT: RAS-ONLY lcci2 | 170 | 1560 | 130 | mA | 3,4,
(RAS = Cycling; CAS = ViH) 26
REFRESH CURRENT: CBR lcc1s | 170 | 150 | 130 | mA |3,4,5
(RAS and CAS = Cycling)

SAM/DRAM DATA TRANSFER lcc14 | 190 | 160 | 130 | mA | 3,4

*60ns (-6) specifications are preliminary; consult factory for availability.

REV:565 2-14

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

©1993, Micron Semiconductor, Inc.




MICRON MT42C4256

256K x 4 VRAM

DRAM TIMING PARAMETERS
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C £ T, < +70°C; Vcc = 5V £10%)

AGC CHARACTERISTICS -6* -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS |[NOTES
Random READ or WRITE cycle time RC 110 130 150 ns
READ-MODIFY-WRITE cycle time 'RWC 148 170 190 ns
FAST-PAGE-MODE READ or WRITE PC 35 40 45 ns

cycle time

FAST-PAGE-MODE READ-MODIFY-WRITE PRWC 83 90 95 ns

cycle time

Access time from RAS 'RAC 60 70 80 ns 14
Access time from CAS 'CAC 18 20 25 ns 15
Access time from (TR)/OE 'OE 15 20 20 ns
Access time from column-address AA 30 35 40 ns
Access time from CAS precharge 'CPA 35 40 45 ns

RAS pulse width RAS 60 |100,000] 70 |100,000] 80 |100,000| ns

RAS pulse width (FAST-PAGE-MODE) 'RASP | 60 [100,000] 70 [100,000] 80 [100,000] ns

RAS hold time 'RSH 18 20 25 ns

RAS precharge time RP 40 50 60 ns

CAS pulse width 'CAS 18 100,000 20 100,000 25 100,000| ns

CAS hold time 'CSH 60 70 80 ns

CAS precharge time ICcp 10 10 10 ns

RAS to CAS delay time 'RCD 20 42 20 50 20 55 ns 17
TAS to RAS precharge time 'CRP 10 10 10 ns
Row-address setup time 'ASR 0 0 0 ns
Row-address hold time 'RAH 10 10 10 ns

RAS to column- 'RAD 15 30 15 35 15 40 ns 18
address delay time

Column-address setup time tASC 0 0 0 ns
Column-address hold time 'CAH 12 15 15 ns
Column-address hold time AR 40 45 55 ns
(referenced to RAS)

Column-address to RAL 30 35 40 ns

RAS lead time

Read command setup time 'RCS 0 0 0 ns

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

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

‘CAS to output in Low-Z ‘cLz 3 3 3 ns

Output buffer 'OFF 3 12 3 12 3 15 ns |20,23
turn-off delay

Output disable oD 3 10 3 10 3 10 ns |20,23
Output disable hold time from start of WRITE 'OEH 10 10 10 ns 25
OE LOW to RAS HIGH delay time 'ROH 0 0 0 ns

*60ns (-6) specifications are preliminary; consult factory for availability.
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256K x 4 VRAM

DRAM TIMING PARAMETERS (continued)
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8, 9, 10, 11, 12, 13) (0°C < T, < +70°C; Vcc = 5V £10%)

- AC CHARACTERISTICS - ] 3
PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS |NOTES
< Write command setup time wes 0 0 0 ns 21
m Write command hold time 'WCH 12 15 15 ns
Write command hold time 'WCR 40 45 55 ns
> (referenced to RAS)
g Write command pulse width WP 10 15 15 ns
Write command to RAS lead time 'RWL 18 20 20 ns
Write command to CAS lead time 'CWL 18 20 20 ns
Data-in setup time DS 0 0 0 ns 22
Data-in hold time 'DH 12 15 15 ns 22
Data-in hold time DHR 40 45 55 ns
(referenced to RAS) i
RAS to WE delay time RWD 80 90 100 ns 21
Column-address tAWD 50 55 60 ns 21
to WE delay time
CAS to WE delay time 'CWD 38 40 45 ns 21
Transition time (rise or fall) T 35 35 35 ns ]9 10
Refresh period (512 cycles) ‘REF 16.7 16.7 16.7 ms
RAS to CAS precharge time ‘RPC 0 0 0 ns
CAS setup time 'CSR 10 10 10 ns 5
(CBR REFRESH) ‘
CAS hold time {CHR 10 10 10 ns 5
(CBR REFRESH)
'ME/WE to RAS setup time 'WSR 0 0 0 ns
ME/WE to RAS hold time 'RWH 12 15 15 ns
Mask Data to RAS setup time MS 0 0 0 ns
Mask Data to RAS hold time tMH 12 15 15 ns

*60ns (-6) specifications are preliminary; consult factory for availability.
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256K x 4 VRAM

TRANSFER AND MODE CONTROL TIMING PARAMETERS
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes 6,7, 8,9, 10) (0° C < T < + 70°C; Ve = 5V £10%)

AC CHARACTERISTICS -6* -1 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS | NOTES
TR/(OE) LOW to RAS setup time LS 0 0 0 ns
TR/(OE) LOW to RAS hold time TLH 15 10,000 15 10,000 15 10,000 | ns
TR/(OE) LOW to RAS hold time ']RTH | 65 |10,000| 65 |10,000| 70 | 10,000 | ns
(REAL-TIME READ TRANSFER only)

TR/(OE) LOW to CAS hold time ICTH 25 25 25 ns
(REAL-TIME READ TRANSFER only)

TR/(OE) HIGH to SC lead time tTSL 5 5 5 ns
TR/(OE) to RAS HIGH hold time TRD 15 15 15 ns
TR/(OE) HIGH to RAS precharge time TRP 40 50 60 ns
TR/(OE) precharge time TTRW 15 20 20 ns
First SC edge to TR/(OE) HIGH TSD 15 15 15 ns
delay time

Serial outplﬂ)gﬂer turn-off tsbz 7 40 7 40 7 40 ns
delay from RAS

SC to RAS setup time SRS 20 25 30 ns
Serial data input to SE delay time 'SZE 0 0 0 ns
Serial data input delay from RAS 'SDD 50 50 50 ns
Serial data input to RAS delay time szs 0 0 0 ns
Serial-input-mode enable 'ESR 0 0 0 ns
(SE) to RAS setup time

Serial-input-mode enable REH 15 15 15 ns
(SE) to RAS hold time

TR/(OE) HIGH to RAS setup time tys 0 0 0 ns
TR/(OE) HIGH to RAS hold time tYH 12 15 15 ns
DSF to RAS setup time FSR 0 0 0 ns
DSF to RAS hold time 'RFH 12 15 15 ns
SC to QSF delay time 'sab 30 30 30 ns
SPLIT TRANSFER setup time ISTS 20 25 30 ns
SPLIT TRANSFER hold time 1STH 0 0 0 ns
'RAS to QSF delay time RQD 70 75 75 ns
DSF to RAS hold time 'FHR 40 45 55 ns
DSF to CAS setup time 'FSC 0 0 0 ns
DSF to CAS hold time 'CFH 12 15 15 ns
TR/OE to QSF delay time TQD 25 25 25 ns
‘CAS to QSF delay time [ele]n) 30 35 35 ns
RAS to first SC delay RSD | 70 80 80 ns
'CAS to first SC delay icsb 25 30 30 ns

*60ns (-6) specifications are preliminary; consult factory for availability.
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256K x 4 VRAM

SAM TIMING PARAMETERS
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes 6, 7, 8, 9, 10) (0° C < T, < + 70°C; Ve = 5V £10%)

WVHA l

AC CHARACTERISTICS -6* -1 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS |NOTES
Serial clock-cycle time sc 18 22 25 ns

Access time from SC 1SAC 18 22 25 ns |24, 28
SC precharge time (SC LOW time) 'Sp 7 8 10 ns

SC pulse width (SC HIGH time) 1SAS 7 8 10 ns

Access time from SE ISEA 12 15 15 ns 24
'SE precharge time 'SEP 7 8 10 ns

'SE pulse width 'SE 7 8 10 ns

Serial data-out hold time after 'SOH 5 5 5 ns |24,28
SC high

Serial output buffer turn-off 'SEZ 3 10 3 12 3 12 ns |20,24
delay from SE

Serial data-in setup time tsSbs 0 0 0 ns

Serial data-in hold time 'SDH 9 10 10 ns

Serial input (Write) Enable tsws 0 0 0 ns

setup time

Serial input (Write) Enable SWH 15 15 15 ns

hold time

Serial input (Write) disable tSwis 0 0 0 ns

setup time

Serial input (Write) disable ISWIH 15 15 15 ns

hold time

*60ns (-6) specifications are preliminary; consult factory for availability.
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NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = 5V £10%, f = 1 MHz.
3. Iccis dependent on cycle rates.

4. Iccis dependent on1/O loading. Specified values are

obtained with minimum cycle time and the I/Os

open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range (0°C < T, <70°C) is assured.

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

followed by any eight RAS cycles before proper

device operation is assured. The eight RAS cycle
wake-up should be repeated any time the ‘REF
refresh requirement is exceeded.

AC characteristics assume T = 5ns.

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 V). Input signals transition between 0V and 3V

for AC testing.

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

11. If CAS = Vi, DRAM data output (DQ1-DQ4) is
High-Z.

12. If CAS = Vi, 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 100pF. Output reference
levels: Vou = 2.0V; VoL = 0.8V.

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

15. Assumes that 'RCD > 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 *CPN.

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

o

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

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

tOD, 'OFF and 'SEZ define the time when the output
achieves open circuit (Von -200mV, VoL +200mV).
This parameter is sampled and not 100 percent tested.
tWCS, tRWD, tAWD and ‘CWD are restrictive
operating parameters in LATE-WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If tWCS >
fWCS (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 <
fWCS (MIN), the cycle is a LATE-WRITE and

TR/OE must control the output buffers during the
WRITE to avoid data contention. If '/RWD 2 -RWD
(MIN), tAWD 2 tAWD (MIN) and {CWD 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 *OD and *OEH are met. See the LATE-WRITE
AC Timing diagram.

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

During a READ cycle, if TR/OE is LOW then taken
HIGH, DQ goes open. The DQs will go open with OF
or CAS, whichever goes HIGH first.

SAM output timing is measured with a load
equivalent to 1 TTL gate and 30pF. Output reference
levels: Vo = 2.0V; VoL = 0.8V.

tOD and '*OEH 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 tOEH is
met. If CAS goes HIGH prior to OE going back LOW,
the DQs will remain open.

Address (A0-A8) may be changed two times or less
while RAS = VIL.

Address (A0-A8) may be changed once or less while
CAS = Vi and RAS = VIL.

SAC is MAX at 70° C and 4.5V Vcc; 'SOH is MIN at
0°C and 5.5V Vcc. These limits will not occur

INVHA l

18. Operation within the ‘RAD (MAX) limit ensures that simultaneously at any given voltage or temperature.
fRCD (MAX) can be met. 'RAD (MAX) is specified as {SOH = SAC - output transition time; this is guaran-
a reference point only; if t‘RAD is greater than the teed by design.
specified 'RAD (MAX) limit, then access time is
controlled exclusively by tAA.
%;’322&3256 2_ 1 9 Micron Semiconductor, Inc., reserves the right to change pmdug;sggg 'smiyl;ans'osr’ﬁi :’oﬂ::»u:t xﬁz



M'CHDN MT42C4256

256K x 4 VRAM

DRAM READ CYCLE

NVHA .

i tcRP tRcD tcas
@ s f " N\ i
ADDR WZWL ROW :m COLUMN K/ //l X ROW
i RCS RCH
W T | e | [
o 7 Y [T (7T
RAC ‘ —- ome

| i
W W Xy i

DON'T CARE

R UNDEFINED
MT42C4256 220 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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Ml:pDN MT42C4256

256K x 4 VRAM

DRAM FAST-PAGE-MODE READ CYCLE

tRASP
— VY
RAS v'” St
tcsH tpc tRSH
I tcRP tRCD tcas tep tcas tep tcas
— V= p /o b o—— y
s V- R ) 7 ! L x_l/_
AR .
tRAD tRAL
tasr || tRAH tasc tcAH tasc tCAHI tasc || tcaH
VIH—~ Y p! 4 Y X
ADDR ng—%: ROW 7[@1 COLUMN [ COLuMN }m( COLUMN 75{22222 /) 4222 42222}( ROW
tRes - -tRCS - -!RCS -.| -!RRH
I~ tRoH—~| |— tRoH—~| |~ 'RCH 1
e Vi
Y T K Xt N
tFHR
tEsR |[tRFH tFsc tCFH tesc || tcrH tesc || tcFH
et | | — — 1
VIH
bee W lm W, ) A
™ taa taA
tRAC tcpa tcpa
tcac loFF tcac loFF tcac {OFF
— PRl B g | |
toLz—| |~ torz—| |~
DQ YIOH— VALID VALD ¥; ¢ VALD Y OPEN ——
1oL = X_DATA DATA # DATA £
tys || tyn toE top toE D toE top
.~ <—>| | | ———

| -2 |
weE W7 K, }L WS . S A,
DON'T CARE

R unpEFINED

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST-PAGE-MODE.

AT42C4256 2 2 1 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
3EV. = ©1993, Micron Semiconductor, Inc.



MICRON MT42C4256

256K x 4 VRAM

WRITE CYCLE FUNCTION TABLE

INVHA .

LOGIC STATES
RAS Falling Edge CAS Falling Edge

FUNCTION A B (4 D E2

ME/WE | DSF DQ (Input) DSF DQ (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
timing diagrams on the following pages.
2. CAS or ME/WE, 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 ME/WE.

MT42C4256 2 22 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 583 = ©1993, Micron Semiconductor, Inc.



Ml:RDN MT42C4256

256K x 4 VRAM

DRAM EARLY-WRITE CYCLE '

tRc

NVHA I

tRAS | trp
—_ V- 7|¢ 3
RAS vz N 4
tosH
tRsH
| fcrp 'ReD tcas
— V= y
CAS vi— 7' f'\ \:
taR
tRAD tRAL
tAsR tRAH tasc tcAH
ADDR  H~ ROW COLUMN b ROW
ViL-, K A
towL |
|
tRWL
twer
twes tweH
twsr tRWH | twp
— V)7 s —
e T A TIIK K/,
{FHR
tFSR tRFH . tFsc tCFH

o
2

e ST

{DHR

o WT77/ITII%_C XTI E K/
woe W i,

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
Cycle Function Table for a detailed description. e
2. For Block Write, ME/WE = “don’t care.” For all other EARLY-WRITE cycles, ME/WE = LOW.

T42C4256 ‘ 2 2 3 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
ZV. 5/93 =, ©1993, Micron Semiconductor, Inc.



MICRON MT42C4256

256K x 4 VRAM

DRAM LATE-WRITE CYCLE"

tRC

INVHA I

- =
v v:rm A — il Y,
o —— V) T,
oa ¥:8rzmms c EtDH S
B - i

|
wee W7 X KA
DON'T CARE

R UNDEFINED

NOTE: 1. The logic states of “A”, “B”, “C” and “E” determine the type of WRITE operation performed. See the Write
Cycle Function Table for a detailed description.

MT4204256 2 2 4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice
REV. §93 = ©1998, Micron Semiconductor, Inc



MT42C4256

256K x 4 VRAM

DRAM READ-WRITE CYCLE
(READ-MODIFY-WRITE CYCLE)

tRWC
tRAS ) tRP
s V- i ;?l \
tcsH
tRSH
tcRP tReD tcas
s wiis t O\ 4
AR
tRAD tRAL
tAsR tRAH tAsc tcAH
soon V777K wow imz cotumn KImiiiiiiinX_ sow
tRWD towL
tRCs tcwp tFxWLl
twsr || tRWH tAWD twp_ ’
e WA | Y
tFHR
tFsR || tRFH &J‘lic_ tCFH
oss WK B XTI TN
tAA
tRAC
tcac
tms tMH : itDs tDH
oo yio—___ ¢ C Lvaoooyr X  E b OPEN
O e [ o]
% W X ) i

NOTE:

Function Table for a detailed description.

[///| DON'T CARE

R unDEFINED

The logic states of “A”, “B”, “C” and “E” determine the type of WRITE operation performed. See the Write Cycle

WT42C4256
3EV. 5/93
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NWVHA l

MICRON MT42C4256

256K x 4 VRAM

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE

tRASP
t
e
RAS UH— y
RAS iz N
tosH tpc tRSH
L 1CRP__ tRCD tcas tcp tcas tcp tcas top
— Vg Y %z y a
CAs vyi— |/ \‘ 4 L 4 N J L
tAR
. 'RAD_ tRAL
t t t t, t t, t t
ASR RAH ASC CAH ASC CAH | ASC CAH
V; L ¥ | s b
ADDR v:f:m( ROW [@L COLUMN COLUMN mt COLUMN ] ROW
towd| towL | towL l
1 1 1
twes tweH twes tweH twes tweH
twsR _ || tRWH twp twp twp.
e Vg s
e W) KO . ", T
ViL—, A K 3 A
tFHR
tFSR 'RFH tFsc tCFH tFsc tCFH 'Fsc {CFH
vV s ! Y p! b
ViL— k B y D D ] D ] B
tWCR tRWL
tDHR
tMs tMH | tps tDH tps tDH tps tDH
Vv s p 4 R - Y
R W), KU1y KUy L,
VioL L C E ] L E ] L E ,.
s tyH

wee W77} XU i
DON'T CARE

B unperiNeD

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST-PAGE-
MODE.
2. 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.

MT42C4256 2 2 6 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 583 = ©1993, Micron Semiconductor, Inc.



MICRON MT42C4256

256K x 4 VRAM

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

tRASP
t
P
o =
RAS y)'Z S( y
tesH tPRWC tRsH
| terp treD tcas tep tcas tep tcas L tep
— V= 3 y | Y
s WIS K\ I il J: il YV ?ll ’l\
tAR
tRAD tRAL
| tasr || tRaH tasc tcAH tasc || tcaH ' tasc|| tcaH
|
4
ADDR &:t‘:m ROW @‘ COLUMN JZW///// f  coLumn W ‘r COLUMN ;2(’622222/ ROW
“AwD - |<-’RWL
'RCS towe= |+ towi~ e - ~—towL
twp — -— twp —|  [=— t
tawp tawp tawp we
twsr | [tRWH
~— towp tocwp towp
S Vg s \
e W A | iy \
trsc || torH tFsc tcFH
tFSR
WK / TR
DSF
ViL ~ k B Y, /// / /ﬁ A /7 ///
tAn tan
tcPa
N tcAC |
MS toLz -
VioH—. ¢
DA vigl = K C
t
s toe

|
wee W

DON'T CARE

B unperineD

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST-PAGE-MODE. Use
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.

MT42C4256 2 27 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRDN MT42C4256

256K x 4 VRAM

DRAM RAS-ONLY REFRESH CYCLE
(ADDR = A0-A8)

< i i
g l cRP tRpc
o oW f A /
g tAsR tRAH
wor 1 777777% row K ROW
WERTE / 7 T
o W1ITTTITT W T,
. tys tYH |
woE 7 X Y Y W4 KXY
DRAM CBR REFRESH CYCLE
ms t il i n / ]
. | tep | tesr tCHR tRPC__ 'cSR _loHr.
= W i

soon LT i,

w1
o

VioH—
DQ Vg’ OPEN OPEN

™ i,
I/} bonT care

B UNDEFINED

MT42C4256 2 2 8 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 5/93 = ©1993, Micron Semiconductor, Inc.



MICRON MT42C4256

256K x 4 VRAM

DRAM HIDDEN-REFRESH CYCLE

(READ) (REFRESH)
tRAS tpp . tRAs |
— Vg {—JS / ———
RAS  viHZ F( A
. tcrp tReD tRSH tCHR
— V=
s vhZ A N 7
tAR
tRAD tRAL
tASR tRAH tasc tcAH

ADDR

¥:E:M S SR /Y,

tRcs H {RRH,

|
s WY Y,

tFHR

tCFH

tesn || teen ~rse.
e W }///////J'; T

tAA |

tRAC |
teac |
) | |toFF
VIoH— y
pa v|'8t'— OPEN L VALID Doyt OPEN —
tvs H 'yH tOEI top
i -——
ROH
-
—_——— V|4 — y 3

TRIOE Vit = / \

DON'T CARE

UNDEFINED

NOTE: A HIDDEN-REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case,
ME/WE = LOW (when CAS goes LOW) and TR/OE = HIGH and the DQ pins stay High-Z. In the TRANSFER
case, TR/OE = LOW (when RAS goes LOW) and the DQ pins stay High-Z during the refresh period, regardless
of TR/OE.

MT42C4256 2.29 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV. 5/93 - ©1993, Micron Semiconductor, Inc.
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INVHA l

MICRON

SEMIC

UCTOR, INC.

MT42C4256

256K x 4 VRAM

READ TRANSFER?
(DRAM-TO-SAM TRANSFER)
(When part was previously in the SERIAL INPUT mode or SC idle)

tRo

tRAS tRP
A WHZ ] y
tcsH
tRSH
tcRP tRCD tcas
s Y- 7
tAR
tRAD tRAL
I'ILSH- - lasc foan
ADDR ‘J:t‘m ROW 4; SAM START (TAP) W
| twsr tRWH | l
w777k XU
. tFSR tRFH |
DSF 3:5:7/7/4{ y
BFF
pa ¥:8f: ll‘ OPEN OPEN
tcsp
tRSD
t1is e
TROE VI L 4
'sgs tRTH I
tsas
e ’
sc 3:’3: __1 NOTE 1 \
eoH tsAC = - -~ |=tsac
| | .- tsDs | tszs - |T_ tsoH
sba v:gt':)i vauoow K/ —% vaobour R VALIDDOULX VALID Doyt )
| |- tsEA
tSWH | trap |
= % 7]
tcap
thap
asF Q- NOTE 2 X NOTE 2
DON'T CARE
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.
QSF = 1 when the Upper SAM (bits 256-511) is being accessed.
3. If TLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the 'CSD and 'RSD 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.
g;;zg;gse 2_30 Micron Semiconductor, Inc., reserves the right to change produé:ssgre magzr::i cwnq::z:g :zt:on:



MT42C4256
MICHDN 256K x 4 VRAM

REAL-TIME READ-TRANSFER
(DRAM-TO-SAM TRANSFER)
(When part was previously in the SERIAL OUTPUT mode)

tRc

M R | I 7
|_'ng tReD tcas
oA Wiz . \ Y/
ri;‘ﬁ. 'JﬂLI Jase || [Ltoan
ADoR ¥=t‘:mﬂ:| G/ Tl

e V:t‘ii//lﬁl’ Ui I/ Tl

tFsR t ’

ose ¥IE‘W/>[ W/////////////////M////I/M///////// i

torF
ba Vg ¥ OPEN po— OPEN
tetH tTRP
s tRTH TRW
igE V:E:W/%[ i S
tsc trsL tTsp,
s tsas |\ tsp | L
L
sc¥'.t‘:\J(,‘i\ FoN /S
~| -!SAC PREVIOUS ROW DATA NEW ROW DATA
s0Q YioH~. J‘%‘L VALID Doyt X VALID Doyt VALID Doyt X VALID Doyt X VALID Doyt
tsEA— -— . - tSEA | trap
-] |=tsEZ "
e tsep
& Vo YISET
QsF 58[*: NOTE 2 >< NOTE 2
DON'T CARE
NOTE: 1. The SE pulse is shown to illustrate the SERIAL OUTPUT RX UNDEFINED
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.
::z 3205/2%56 2_ 3 1 Micron Semiconductor, Inc., reserves the right to change produ;:sgg% Ys:ﬁe;i::\etg; lmo:; :fm



MICRON MT42C4256

256K x 4 VRAM

SPLIT READ TRANSFER
(SPLIT DRAM-TO-SAM TRANSFER)

tRc

INVHA .

s Vs il 7 k
M | N TN l
: tasR_||!RAH | tasc | | tcAH

oo V:{*Z@ii row _ W77710% e e W71 iz,
I I ”“<///// T
osr 3:[‘71//j' I

[ole] 3‘0’*:——'—1 OPEN OPEN

1oL F

ROE V7 J/// L i

tsc

e e = B e e e e

- |..'5Ac ] ~tsac

- |_.__'30H -~ IT_‘SOH

[
sbQ ¥Ig',:‘: _ﬁ 511 (255) ﬁ A@se+A) X l/ X 253 (509) X 254 (510) X 255 (511) K 256 + B(B)
] J

= ;
PR
| tsap |- tsan
e |
asF VgHZ X SAMMSB”~ (NOTE 1) X NEW MSB
NOTE: 1. QSF = 0 when the Lower SAM (bits 0—255) is being accessed. : DGN'T CARE

QSF = 1 when the Upper SAM (bits 256-511) is being accessed. R UNDEFINED

MT42C4256 2 32 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON

SEMICONDUCTOR, INC.

MT42C4256
256K x 4 VRAM

WRITE TRANSFER and PSEUDO WRITE TRANSFER
(SAM-TO-DRAM TRANSFER)
(When part was previously in the SERIAL OUTPUT mode)

tRe
tRAS i trP
s s ‘s if 3
tosH
tRSH
torp tRcD toas
'._..
& s /
tar
tRAD tRAL l
!
I tasR T A tasc tCAH
|
ADDR ¥;f:m ROW )@1 SAM START v / / / / / / /
twsR tRWH
M—amv:ry//pl y/ I
1. LFSR YREH
) I MY
ok
ba ¥{8t‘: ¥ OPEN OPEN.
o tis i tcsp i
e Wk W 7 7 7
tsRs RSD tsc
tsas i tsp tsas tsp
se Vo 7 X NOTES \[ Zr—il__ \
tsbp
.‘ﬂ'il tsoz i 2505 | :s_vi' l:s_os. .‘s_DH.I
sap VioH= vmooom VALID Doyt ¥—nwenz—37777777 mwonmm vauoow X
tsws
tESR || tREH | tswis
SE v:‘c: X NOTE 1 W / M} NOTE 2
tcap
traD
QsF 33{‘: NOTE 4 NOTE 4

DON'T CARE

XN
UNDEFINED

NOTE: 1. If SE is LOW, the SAM data will be transferred to the DRAM.
@—E_ 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
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.
!;32%56 2_ 33 Micron Semiconductor, Inc., reserves the right to change prouu&sg;;i s?‘esric:;ﬁ l:g'lrxdt::g :?n;r:‘z v



INVHA .

MT42C4256
MICRON 256K x 4 VRAM

SEMICONDUCTOR, INC.

WRITE TRANSFER
(SAM-TO-DRAM TRANSFER)
(When part was previously in the SERIAL INPUT mode)

tRc
tRAS tRP
s V- N A
tosH
tRSH
lorp tReD tcas
s Wi Fi RO\
tAR
tRAD tRAL
 tAsR T ~nar tasc tCAH
|
ADDR ¥:E:@( ROW m SAM START W /] )
twsR || _tRWH
e W7
tFsR tRFH
DSF 5:[':7%%[ )
o
pa y1SH= OPEN OPEN
tris e tesp -
wee W\ J/ /)
tsRs tRSD tsc
tsas | tsp tsas isp
e v:t‘: f NOTE 2 \ b g -
tSDH
_'| . tsos | tsps '_SEEI tsps
X ST ) ST
tsws
tEsR || tREH tswis
& Y- ﬁ b NOTE 1
tcap
tRaD
asF var= NOTE 3 X NOTE 3
NOTE: 1. SE must be LOW to input new serial data, but the serial address DONT CARE
register is incremented by SC regardless of SE. B unperineD

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.

MT42C4256 2 3 4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
REV.5/93 = ©1993, Micron Semiconductor, Inc.



MT42C4256

256K x 4 VRAM

ALTERNATE WRITE TRANSFER
(SAM-TO-DRAM TRANSFER)

tRe
tRAS tRp

ViH= N
VIH

RAS Vi N

tosH

[
INVHA l

s Vs - ( RO\ /
'RAD tRAL !
O s Y

wewe W77 yﬁ T

. 'rsR tRFH
i

|
ose W N T,

toFF

VioH— 3
DA v ]

OPEN OPEN

t1Ls tTLH

tcsb

e W]k T "™

tsrs 'RSD tsc
tsas | ¢ tsp tsas  lep

so Vo ] X NOTE 2 \ ;i )‘SL il \

| tspp

00 Vg~ wwooour IR oo r— ez — T TTTTITTIK ¥ on FIK_=on X,
& W7 Tk NoTE |

! — tcan
ose g8 a e

/7] bon'T carE
NOTE: 1. SE must be LOW to input new serial data, but the serial address 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.

UNDEFINED

MT42C4256 2 3 5 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MT42C4256

MI:HDN 256K x 4 VRAM

SEMICONDUCTOR. INC.

INVHA .

SAM SERIAL INPUT
tswH tswis tSWIH L 'sws
I
— V-
SE V|- Z{ 3{\
tsc tsc tsc
tsas tsp tsAs | tsp tsas | tsp sas |
sC ViL— 77 3 A x 7Z
tSDH tsps tSDH tsze , tsps 'SDH
I
o S ST /)
SAM SERIAL OUTPUT
sep
— V- r
SE Vi N
sc tsc sc
sas | tsp tsas tsp tsas | tsp
ViH- i
SC Vi ¥ X 7Z
sac sac sac tsac
tSOH, tsEz tsoH tSOH
1SEA —» l— |
soa VST a1 IEXXx A > et RN Av2 KA avs

t - |-
o DON'T CARE

B UNDEFINED

MT42C4256 2.36 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON

SEMICONDUCTOR. INC.

MT42C8128
128K x 8 VRAM

VRAM

128K x 8 DRAM
WITH 256 x 8 SAM

FEATURES

Industry-standard pinout, timing and functions
High-performance, CMOS silicon-gate process
Single +5V £10% power supply
Low power: 15mW standby; 275mW active, typical
Inputs and outputs are fully TTL compatible
Refresh modes: RAS-ONLY, CAS-BEFORE-RAS (CBR)
and HIDDEN
512-cycle refresh within 16.7ms
No refresh required for serial access memory
Optional FAST-PAGE-MODE access cycles
Dual-port organization: 128K x 8 DRAM port
256 x 8 SAM port

o 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

e Packages
Plastic SOJ (400 mil) DJ

e Part Number Example: MT42C8128DJ-7

*60ns (-6) specifications are preliminary; consult factory for availability.

GENERAL DESCRIPTION

The MT42C8128 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

PIN ASSIGNMENT (Top View)
40-Pin SOJ
(SDB-3)
sc 01 40 1 Vsst
sba1 02 39 1 spas
sbez 3 38 1 spa7
spa3 04 37 1 sbas
sDa4 05 36 [1 SDQs

TR/OE [ 6 35 1 SE
pat 7 34 01 pas

Da2 08 33 1 pQ7
pa3 09 32 1 DQs
DQ4 [ 10 31 1 DQs
Veet [ 11 30 [ Vss2

MEWE ( 12 29 [1 DSF

NC 13 28 [1 NC
RAS [ 14 27 I CTAS
NC [ 15 2 [1 QSF
A8 [ 16 2 [1 A0
A6 17 2401 A1
A5 [ 18 280 A2
A4 19 20 A3
Vee2 [ 20 21 1 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
I/O0port, 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.

MT42C8128
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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-

FUNCTIONAL BLO

play, serial / parallel networking and data communications.
Special features such as SPLIT READ TRANSFER and
BLOCK WRITE, allow further enhancements to
system performance.

CK DIAGRAM
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PIN DESCRIPTIONS

S0J PIN
NUMBERS SYMBOL TYPE DESCRIPTION

1 SC Input Serial Clock: Clock input to the serial address counter for the SAM
registers.

6 TR/OE Input Transfer Enable: Enables an internal TRANSFER operation at RAS
(H—1L),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.

Input Mask Enable: If ME/WE is LOW at the falling edge of
RAS, a MASKED WRITE cycle is performed, or

Write Enable: ME/WE is also used to select a READ (ME/WE = H)
or WRITE (ME/WE = L) cycle when accessing the DRAM. This
includes a READ TRANSFER (ME/WE = H) or WRITE TRANSFER
(MEAWE = L).

35 SE Input 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. SE is also used during a WRITE
TRANSFER operation to indicate whether a WRITE TRANSFER or
a SERIAL INPUT MODE ENABLE cycle is performed.

29 DSF Input 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.

INVHA l

z
=

12

14 RAS Input Row Address Strobe: RAS is used to clock in the 9 row-address bits
and strobe the ME/WE, TR/OE, DSF, SE, CAS and DQ inputs. It
acts as master chip enable, and must fall to initiate any DRAM or
TRANSFER cycle.

27 CAS Input 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.

25, 24, 23, AO-A8 Input Address Inputs: For the DRAM operation, these inputs are
22,19, 18, multiplexed and clocked by RAS and CAS to select one
17,21, 16 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 A0-A7 indicate the SAM start address (when CAS goes
LOW). A7, A8 = “don’t care” for the start address when during SPLIT
TRANSFER.

MT42C8128 2 39 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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PIN DESCRIPTIONS (continued)

S0J PIN
NUMBERS SYMBOL TYPE DESCRIPTION
7,8,9,10, DQ1-DQ8 Input/ DRAM Data I/O: Data input/output for DRAM cycles;
31, 32, Output inputs for Mask Data Register and Color Register load
33, 34 cycles, and DQ and Column Mask inputs for BLOCK WRITE.
2,3,4,5,36, | SDQ1-SDQ8 Input/ Serial Data I/O: Input, output, or High-Z.
37,38, 39 Output
26 QSF Output Split SAM Status: QSF indicates which half of the SAM is being
accessed. LOW if address is 0-127, HIGH if address is 128-255.
15, 28 NC - No Connect: This pin should be either left unconnected or tied to
ground.
11, 20 Vce Supply Power Supply: +5V £10%
30, 40 Vss Supply Ground

MT42C8128
REV. 5/93
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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-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.

The refresh address must be generated externally and
applied to A0-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 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.

The 17 address bits used to select an 8-bit word from the
131,072 available are latched into the chip using the A0-AS,
RASand CASinputs. 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” whenRAS goes LOW. For the VRAM, when RAS goes
LOW, TR/(OE) selects between DRAM access or
TRANSFERCcycles. TR/ (6?) 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 E-A—Sgoes 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)/OE 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 selectbetweena MASKED WRITE
cycleand anormal 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)/ W_Egoes LOW after CKS_goes LOW,aDRAMLATE-
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.

MT42C8128
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NONPERSISTENT MASKED WRITE

The MASKED WRITE feature eliminates the need for a
READ-MODIFY-WRITE cycle when changing only specific
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 DQ1-
DQ8 inputs will be written into the mask data register. 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
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.

| «— NONPERSISTENT MASKED WRITE —» | +———— NONPERSISTENT MASKED WRITE ——— |

RAS \ / \ /
CAS : \ / E \ __/
vewe N\ A VN /N Vi
] ! \ ' i

NS /N JITT - LT, Vi
STORED MASK INPUT  STORED [STORED ~MASK INPUT ~ STORED
DATA DATA | DATA (RE-WRITE) DATA
AT, ATA | DAT,
7 | o> o] | o] 1 s [1
I I L ny
0] 0 X 0] 0] 0 X 0
0] 1 LR > [1] o] 1 1 iemee > [1]
0 0 X ol | [o] 0 X o]
1] 1 0> [0] 0 1 0 -mees > [o]
1] 0 x A | o] o x o
0] 1 0> [0o] | [o] 1 0 eee > [o]
+—————— 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 alladdressed columns in
the addressed row.

'4— LOAD MASK REGISTER —» ’ <—— PERSISTENT MASKED WRITE ———>| <«—— PERSISTENT MASKED WRITE —»I

\ s

CAS E—\?\—/

e e

MEMWE \
DSF i \

ST\

MASK STORED INPUT  STORED | STORED INPUT STORED
DATA | DATA DATA

[o] X o] X 0]
] 0 o] 1 [
n APPLY X n APPLY n
1] MASK e o] MASK > [
0] REG. X o] REG. 0]
1] 0 o > [
] : o] § >
o] X L] X

(Stored in BEFORE 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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Figure 3
BLOCK WRITE EXAMPLE

BLOCK WRITE

If DSF is HIGH when mgoes LOW, the MT42C8128
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.

Therow is addressed as in anormal 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

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 A A1
DQ1 0 0
DQ2 1 0
DQ3 0 1
DQ4 1 1

MT42C8128
REV. 5/83
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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
pinmust 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 cycleis a LOAD REGIS-

TER cycle. DSF is used when CAS goes LOW to select the
register to be loaded, and must be LOW fora 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 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.

MT42C8128
REV. 5/93

2-45

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

INVHA .



wvun B

MICRON

SEMICONDUCTOR, INC.

MT42C8128
128K x 8 VRAM

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-

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 1/0 buffers to the output mode.

-\ mn__m N m
=\ / /,I’r, 4 /}V'/ /j::(; N/
sose X oo Xom - XTI, l‘;x o XN _4:”% /7,: T G
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s W SIF
- 7 f— iy
| I 1
(NORMAL) READ TRANSFER | SPLITREADTRANSFER | | SPLITREAD TRANSFER
| (OPTIONAL) , \
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% UNDEFINED
.
Figure 4

TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE
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SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM
TRANSFER)

The SPLIT READ TRANSEFER (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 isalsorelaxed 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 of RASor 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 reférence to
which half of the SAM the access will begin, and to set SAM
I/0 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, A0-A6, is used to input the
SAMTapaddress. Addresspin A7isa “don’tcare” whenthe
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
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 # 0. Serial access continues, and when
the SAM address counter reaches 127 (“A7” =0, A0-A6=1)
thenew Tapaddressisloaded forthenexthalf (“A7” =1, A0-
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
the state of QSF to change and then the new data may be
transferred totheSAMhalfnotbeingaccessed. Forexample,
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 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 I/O buffers to the input
mode. QSFis LOW if access is to the lower half of the SAM,
and HIGH if to access the upper half.

LOWER HALF UPPER HALF
—— NOSRT | r NO SRT |
0 TAP 127 128 255
Starf Split L_’
Figure 5
SPLIT SAM TRANSFER
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PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE
ENABLE)

The PSEUDO WRITE TRANSEER cycleis used to change
the direction of the SAM port from output to input without
performinga WRITE TRANSFER cycle. APSEUDO WRITE
TRANSFER cycleisa WRITE TRANSFER cyclewith SEheld
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)

Theoperation 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/0 direction to an input condition.

SERIAL INPUT AND SERIAL OUTPUT

The control inputs for SERTAL 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

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 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
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 Vcc is at specified operating conditions, for 100us
minimum, eight RAS cycles must be executed to initialize
the dynamic memory array. Micron recommends that RAS
=(TR)/OE 2 Vi during power up to ensure that the DRAM
1/0 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.

MT42C8128
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128K x 8 VRAM

TRUTH TABLE
RAS FALLING EDGE CAS FALL) AQ-A8' DQ1-DQ8? REGISTERS
CODE FUNCTION TAS [TR/OE |WE/WE| DSF | SE | DSF | RAS [oASAe-x| RAS |CASWE®| MASK |COLOR
DRAM OPERATIONS
CBR | CBRREFRESH 0 X X X X X — X — X X X -
ROR | RAS-ONLY REFRESH 1 1 X X X — |row | — X — X X
RW | NORMAL DRAM READ OR WRITE 1 1 1 0 X 0 |row | coMN | X | vaUD | X X
RWNM | NONPERSISTENT (LOAD AND USE) MASKED 1 1 0 1) X 0 | ROW | COLUMN | WRTE | VALID |LOAD& | X <
WRITE TO DRAM MASK | DATA | Use m
RWOM | PERSISTENT (USE REGISTER) MASKED 1 1 0 1 X 0 |ROW | COLUMN | X | VALD | 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 g
BWNM | NONPERSISTENT (LOAD & USE) MASKED 1 1 ) ) X 1 | ROW | COLUMN | WRITE | 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 Jrow4| x X | WRITE | LoAD | X
MASK
L[CR | LOAD COLOR REGISTER 1 1 1 1 X T |Rowi| 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
SAT | SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) | 1 o 1 1 X X |row | TAPS | X X X X
WT | WRITE TRANSFER (SAM-TO-DRAM TRANSFER) 1 [ 0 [) ) X |row | TAPS | X X X X
PWT | PSEUDO WRITE TRANSFER (SERIAL-INPUT-MODE ENABLE) | 1 0 0 0 1 X |rowt| TAPS | X X X X
AWT | ALTERNATE WRITE TRANSFER 1 ) 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 A0-A8 inputs when RAS falls and A0-A7 when CAS falls.

. These columns show what must be present on the DQ1-DQ8 inputs when RAS falls and when CAS falls.

. On WRITE cycles (except BLOCK WRITE and LOAD COLOR REGISTER), the input data is latched at the
falling edge of CAS or ME/WE, whichever is later. Similarly, with READ cycles, the output data is activated at
the falling edge of CAS or TR/OE, 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).

w N
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EMICONDUCTOR, INC

MT42C8128
128K x 8 VRAM

ABSOLUTE MAXIMUM RATINGS*

Voltage on Vce Supply Relative to Vss .....

Operating Temperature, T, (ambient)......

Storage Temperature (plastic) ........c.ceevenne
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 indi-
cated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, £70°C)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 45 5.5 \" 1
Input High (Logic 1) Voltage, all inputs VIiH 2.4 | Vcec+1 \'% 1
Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 \ 1

DC ELECTRICAL CHARACTERISTICS

(0°C < T < 70°C; Ve = 5V +10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
INPUT LEAKAGE CURRENT I -10 10 MA

Any input (OV < VIN < Vcc); all other pins not under test = 0V

OUTPUT LEAKAGE CURRENT loz -10 10 uA

(DQ, SDQ disabled, 0V < Vout < Vcc)

OUTPUT LEVELS VoH 24 \

Output High Voltage (lout = -2.5mA) 1
Output Low Voltage (lout = 2.5mA) VoL 0.4 \"

CAPACITANCE
PARAMETER SYMBOL [ MIN MAX | UNITS | NOTES
Input Capacitance: AO-A8 Cn 5 pF 2
Input Capacitance: RAS, CAS, ME/WE, TR/OE, SC, SE, DSF Ci2 7 pF 2
Input/Output Capacitance: DQ, SDQ Ci/o 9 pF 2
Output Capacitance: QSF Co 9 pF 2

MT42C8128
REV. 5/93
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MT42C8128

128K x 8 VRAM

CURRENT DRAIN, SAM IN STANDBY

(0°C £ T, £70°C; Vcc = 5V £10%) MAX
PARAMETER/CONDITION SYMBOL | -6* -7 -8 |UNITS|NOTES
OPERATING CURRENT lcct 105 | 95 85 | mA | 3,4 -
(RAS and CAS = Cycling: 'RC =tRC [MIN]) 26
OPERATING CURRENT: FAST-PAGE-MODE Icc2 95 | 85 75 | mA | 3,4 <
(RAS = Vi; TAS = Cycling: 1PC =PC [MIN]) 27 | 0
STANDBY CURRENT: TTL INPUT LEVELS >
Power supply standby current lces 8 8 8 mA 4 g
(RAS = CAS = ViH after 8 RAS cycles [MIN]; other inputs > VIH or < ViL)
REFRESH CURRENT: RAS-ONLY lccs | 105 | 95 85 | mA | 3,26
(RAS = Cycling; CAS = ViH)
REFRESH CURRENT: lcce | 105 | 95 85 | mA | 3,5
CBR (RAS and CAS = Cycling)
SAM/DRAM DATA TRANSFER lcce | 115 [ 105 | 95 | mA 3

CURRENT DRAIN, SAM ACTIVE (!SC = MIN)

(0°C £ T, £70°C; Voc = 5V £10%) MAX
PARAMETER/CONDITION ) SYMBOL | -6* -1 -8 |UNITS|NOTES
OPERATING CURRENT lcco | 170 | 150 | 130 | mA | 3,4,
(RAS and CAS = Cycling: 'RC =tRC [MIN]) 26
OPERATING CURRENT: FAST-PAGE-MODE lccto | 160 | 140 | 120 | mA | 3,4,
(RAS = Vi; CAS = Cycling: IPC =PC [MIN]) ’ 27
STANDBY CURRENT: TTL INPUT LEVELS
Power supply standby current lcc1 65 55 45 | mA | 3,4
(RAS = CAS = VH after 8 RAS cycles [MIN]; other inputs > ViH or < ViL)

REFRESH CURRENT: RAS-ONLY lccti2 | 170 | 150 | 130 | mA | 3,4,
(RAS = Cycling; CAS = ViH) 26
REFRESH CURRENT: CBR lcc1a | 170 | 150 | 130 | mA |3,4,5
(RAS and CAS = Cycling)

SAM/DRAM DATA TRANSFER lcct1a | 190 | 160 | 130 | mA | 3,4

*60ns (-6) specifications are preliminary; consult factory for availability.
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128K x 8 VRAM

DRAM TIMING PARAMETERS
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C; Vce = 5V +10%)

AG CHARACTERISTICS -6* -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS |NOTES
Random READ or WRITE cycle time ‘RC 110 130 150 ns
READ-MODIFY-WRITE cycle time 'RWC 148 170 190 ns
FAST-PAGE-MODE READ or WRITE tPC 35 40 45 ns

cycle time

FAST-PAGE-MODE READ-MODIFY-WRITE tPRWC 83 90 95 ns

cycle time

Access time from RAS tRAC 60 70 80 ns 14
Access time from CAS {CAC 18 20 25 ns 15
Access time from (TR)/OE 'OE 15 20 20 ns

Access time from column-address TAA 30 35 40 ns
Access time from CAS precharge 'CPA 35 40 45 ns

RAS pulse width 'RAS 60 100,000 70 100,000 80 100,000| ns

‘RAS pulse width (FAST-PAGE-MODE) 'RASP 60 100,000 70 100,000 80 100,000| ns

RAS hold time 'RSH 18 20 20 ns

RAS precharge time ‘RP 40 50 60 ns

TAS pulse width ICAS 18 |100,000] 20 [100,000] 20 |100,000{ ns

‘CAS hold time 'CSH 60 70 80 ns

‘CAS precharge time ‘cp 10 10 10 ns

RAS to CAS delay time tRCD 20 42 20 50 20 55 ns 17
'CAS to RAS precharge time ‘CRP 10 10 10 ns
Row-address setup time 'ASR 0 0 0 ns
Row-address hold time 'RAH 10 10 10 ns

'RAS to column- RAD 15 30 15 35 15 40 ns 18
address delay time

Column-address setup time 'ASC 0 0 0 ns
Column-address hold time 'CAH 12 15 15 ns
Column-address hold time : ‘AR 40 45 55 ns
(referenced to RAS) .

Column-address to RAL 30 35 40 ns

RAS lead time

Read command setup time RCS 0 0 0 ns

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

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

CAS to output in Low-Z ‘cLz 3 3 3 ns

Output buffer 'OFF 3 12 3 12 3 15 ns |20,23
turn-off delay

Output disable oD 3 10 3 10 3 10 ns |20,23
Output disable hold time from start of WRITE 'OEH 10 10 10 ns 25
‘OE LOW to RAS HIGH delay time tROH 0 0 0 ns

*60ns (-6) specifications are preliminary; consult factory for availability.
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MICRON MT42C8128

128K x 8 VRAM

DRAM TIMING PARAMETERS (continued)
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C; Vcc = 5V £10%)

AC CHARACTERISTICS -6* -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS |NOTES
Write command setup time WCs 0 0 0 ns 21
Write command hold time 'WCH 12 15 15 ns

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

Write command pulse width wp 10 15 15 ns

Write command to RAS lead time RWL 18 20 20 ns

Write command to CAS lead time 'CWL 18 20 20 ns

Data-in setup time DS 0 0 0 ns 22
Data-in hold time DH 12 15 15 ns 22
Data-in hold time DHR 40 45 55 ns
(referenced to RAS)

RAS to WE delay time 'RWD 80 90 100 ns 21
Column-address tAWD 50 55 60 ns 21
to WE delay time :

CAS to WE delay time ‘cwD 38 40 45 ns 21
Transition time (rise or fall) T 35 35 35 ns |9 10
Refresh period (512 cycles) 'REF 16.7 16.7 16.7 ms

RAS to CAS precharge time ‘RPC 0 0 0 ns

CAS setup time ICSR 10 10 10 ns 5
(CBR REFRESH)

CAS hold time ICHR 10 10 10 ns 5
(CBR REFRESH)

ME/WE to RAS setup time 'WSR 0 0 0 ns
ME/WE to RAS hold time 'RWH 12 15 15 ns

Mask Data to RAS setup time MS 0 0 0 ns

Mask Data to RAS hold time MH 12 15 15 ns

*60ns (-6) spécifications are preliminary; consult factory for availability.
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MICRON

SEMICONDUCTOR, INC.

MT42C8128
128K x 8 VRAM

TRANSFER AND MODE CONTROL TIMING PARAMETERS
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes 6,7, 8,9, 10) (0° C < T, <+ 70°C; Vcc = 5V £10%)

AC CHARACTERISTICS -6* -7 -8

PARAMETER SYM MIN MAX MIN MAX MIN MAX | UNITS |NOTES
TR/(OE) LOW to RAS setup time LS 0 0 0 ns
TR/(OE) LOW to RAS hold time TLH 15 | 10,000 | 15 |10,000| 15 | 10,000 | ns
TR/(OE) LOW to RAS hold time 'RTH 65 10,000 65 10,000 70 10,000 ns
(REAL-TIME READ TRANSFER only)

TR/(OE) LOW to CAS hold time 'CTH 25 25 25 ns
(REAL-TIME READ TRANSFER only)

TR/(OE) HIGH to SC lead time TSL 5 5 5 ns
TR/(OE) to RAS HIGH hold time TRD 15 15 15 ns
TR/(OE) HIGH to RAS precharge time TRP 40 50 60 ns
TR/(OE) precharge time TRW 15 20 20 ns
First SC edge to TR/(OE) HIGH TSD 15 15 15 ns
delay time

Serial output buffer turn-off 'Sz 7 40 7 40 7 40 ns
delay from RAS

SC to RAS setup time SRS 20 25 30 ns
Serial data input to SE delay time 'SZE 0 0 0 ns
Serial data input delay from RAS 'SDD 50 50 50 ns
Serial data input to RAS delay time szs 0 0 0 ns
Serial-input-mode enable ESR 0 0 0 ns
(SE) to RAS setup time

Serial-input-mode enable ‘REH 15 15 15 ns
(SE) to RAS hold time {
TR/(OE) HIGH to RAS setup time tys 0 0 0 ns
TR/(OE) HIGH to RAS hold time YYH 12 15 15 ns
DSF to RAS setup time 'FSR 0 0 0 ns
DSF to RAS hold time 'RFH 12 15 15 ns
SC to QSF delay time tsQD 30 30 30 ns
SPLIT TRANSFER setup time 1STS 20 25 30 ns
SPLIT TRANSFER hold time ISTH 0 0 0 ns
RAS to QSF delay time 'RQD 70 75 75 ns
DSF to RAS hold time 'FHR 40 45 55 ns
DSF to CAS setup time FSC 0 0 0 ns
DSF to CAS hold time 'CFH 12 15 15 ns
TR/OE to QSF delay time TQD 25 25 25 ns
‘CAS to QSF delay time ‘cQb 30 35 35 ns
'RAS to first SC delay RSD 70 80 80 ns
‘CAS to first SC delay csb 25 30 30 ns

*60ns (-6) specifications are preliminary; consult factory for availability.
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128K x 8 VRAM

SAM TIMING PARAMETERS
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes 6,7, 8, 9, 10) (0° C < T, < + 70°C; Vicc = 5V +10%)

AC CHARACTERISTICS + K 4 -
PARAMETER SYM MIN MAX | MIN MAX MIN MAX | UNITS [NOTES

Serial clock-cycle time SC 18 22 25 ns <
Access time from SC 'SAC 18 22 25 ns |24,28 m
SC precharge time (SC LOW time) 'sp 7 8 10 ns

SC pulse width (SC HIGH time) 'SAS 7 8 10 ns >
Access time from SE ISEA 12 15 15 ns 24 g
'SE precharge time SEP 7 8 10 ns

SE pulse width 'SE 7 8 10 ns

Serial data-out hold time after 'SOH 5 5 5 ns |24,28

SC high

Serial output buffer turn-off 'SEZ 3 10 3 12 3 12 ns 20,24

delay from SE

Serial data-in setup time sbs 0 0 0 ns

Serial data-in hold time 'SDH 9 10 10 ns

Serial input (Write) Enable 'sws 0 0 0 ns

setup time

Serial input (Write) Enable 'SWH 15 15 15 ns

hold time :

Serial input (Write) disable Swis 0 0 0 ns

setup time .

Serial input (Write) disable ISWIH 15 15 15 ns

hold time

*60ns (-6) specifications are preliminary; consult factory for availability.
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NOTES

1. Allvoltages referenced to Vss.

2. This parameter is sampled. Vcc = 5V £10%, f = 1 MHz.

3. Iccis dependent on cycle rates.

4. Iccis dependent on I/O loading. Specified values are

obtained with minimum cycle time and the I/Os

open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range (0°C < T, <70°C) is assured.

7. Aninitial pause of 100us 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 T = 5ns.

9. VH (MIN) and Vi (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between Vi and VIL (or between ViL
and V). Input signals transition between 0V and 3V
for AC testing.

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

11. If CAS = Vi, DRAM data output (DQ1-DQ8) is
High-Z.

12. IfCAS = Vi, 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:
Von =2.0V; VoL = 0.8V.

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

15. Assumes that 'RCD = 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 ‘CPN.

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

18. Operation within the 'RAD (MAX) limit ensures that
fRCD (MAX) can be met. 'RAD (MAX) is specified as
areference point only; if ‘RAD is greater than the
specified 'RAD (MAX) limit, then access time is
controlled exclusively by fAA.

oo

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

20. 'OD, OFF and 'SEZ define the time when the output
achieves open circuit (Von -200mV, VoL +200mV).
This parameter is sampled and not 100% tested.

21. tWCS, 'RWD, tAWD and 'CWD are restrictive
operating parameters in LATE-WRITE, READ-WRITE
and READ-MODIFY-WRITE cycles only. If tWCS >
YWCS (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 <
YWCS (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 2 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 ‘OEH are met. See the LATE-WRITE
AC Timing diagram.

22. These parameters are referenced to@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 30pF. Output reference
levels: VoH = 2.0V; VoL = 0.8V.

25. LATE-WRITE and READ-MODIFY-WRITE cycles
must have ‘'OD and 'OEH met (OF HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. The
DQs will provide previously read data if CAS
remains LOW and OE is taken LOW after ‘OEH is
met. If CAS goes HIGH prior to OE going back LOW,
the DQs will remain open.

26. Address (A0-A8) may be changed two times or less
while RAS = Vi,

27. Address (A0-A8) may be changed once or less while
CAS = Vi and RAS = VIL.

28.'SAC is MAX at 70° C and 4.5V Vcc; 'SOH is MIN at
0°C and 5.5V Vcc. These limits will not occur
simultaneously at any given voltage or temperature
*SOH = 'SAC - output transition time, this is guaran-
teed by design.

MT42C8128
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DRAM READ CYCLE
RAS 3:[‘:——-—58 ,7ﬁ ]
V | tcre tRCD tcas l
@ W f o R £/
ADDR x:t‘:TMﬁ ROW :LW///% COLUMN :W////// / //////// //0( ROW
ww T | e || N,
trsm tREH | ,thc! tCFH
vse WA ,W/W/W)L‘ | )N Y
" trac | =
l tcac torF
1oL— 4‘\/_3- || & o X — A

e W Xy f

DON'T CARE

UNDEFINED
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DRAM FAST-PAGE-MODE READ CYCLE

tRASP trp

— V- T\ {——3]\'
- RAS . xr 72
tosH tpc tRsH
< 'crP tRCD tcas top tcas | tcp tcas tep
— Viy- 3 s \ s \ A
m CAS vyi— " ﬁ\ 7( N L N
> tRAD tRAL
g tasr || tRAH tasc tCAH tasc || tcan tasc || tcaH |
— 4 4 s
ADDR ¥:t‘_@z ROW m COLUMN ; | COLUMN m{ COLUMN KZZZZZ/ ROW
tros ~| ||=tRcs ~| ||=tRecs = |~tran
[~ tRCH—~ |—— tRCH—~ |<- I tRCH
MEWE YIH- 3
Ve T K N
tFHR
tFsR ||'RFH tFsc {CFH trsc || tcrH trsc || tcrH
| | — —
v
ot W/?)i 1/7/7/% W, W/' ), T
ViL N 7 N 7/ /
tAA taa tha
tRAC tcpa tcpa
‘oac loFF oac | |lore ‘cac | |-toFF
torz—| |=— toLz— -
DQ VIOH—. VALID E. VALID KVALD X OPEN
VioL ~ DATA DATA A__DATA £
tys || tyH toe top toE top toE
| |

I, AT
DON'T CARE

UNDEFINED

w W . T

Rie

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 '

LOGIC STATES
RAS Falling Edge CAS Falling Edge

FUNCTION A B c D E2 -

MEWE| DSF | DO (Input) DSF DQ (Input)
Normal DRAM WRITE (or READ) 1 0 X 0 DRAM Data <
NONPERSISTENT (Load and Use) 0o | o Write 0 DRAM X
MASKED WRITE to DRAM Mask Data (Masked) p ~
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
timing diagrams on the following pages.
2. CAS or ME/WE, 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
data will be latched at the falling edge of CAS, regardiess of the state of ME/WE.

MT42C8128 2 59 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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DRAM EARLY-WRITE CYCLE

ARSIz A 7| \

o W/ !

ADDR \‘ﬂf:m‘ ROW )Jymz COLUMNt 17&0///// ‘ // / ///0( ROW
S, /) TS 1/

o I VOIIK—— & X

tms tMH I —s .

VU711 € KU E K

weE W i,

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
Cycle Function Table for a detailed description. o
2. For BLOCK WRITE, ME/WE = “don’t care.” For all other EARLY-WRITE cycles, ME/WE = LOW.
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MT42C8128
MICRON 128K x 8 VRAM

DRAM LATE-WRITE CYCLE

tRc

] L
tesH <
torp trcD '(:sSH m
| >
s W f ‘ N ; =
aoDR \H7) ///&K( ROW ,@: COLUMN ;KZQZZZ z//// //// /// »(
w I A S/,
oss WK B iWi ST
— ] | |

|
woe TR iy Y,

7/} boN'T cARE
UNDEFINED

NOTE: The logic states of “A”, “B”, “C” and “E” determine the type of WRITE operation performed. See the Write Cycle
Function Table for a detailed description.
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MT42C8128

128K x 8 VRAM

DRAM READ-WRITE CYCLE
(READ-MODIFY-WRITE CYCLE)

tRAS trP
< — V-
= S Iy
tCsH
> tRSH
g tcrp tRCD tcas
V- g
CAS v — \: 7/
AR
tRAD tRAL
__tASR RAH tasc tCAH
V= \
ADDR  y[HZ ROW COLUMN ] ROW
tRWD towL
tRCs tcwp tRWL
twsh || tRWH tAWD twp_,
WEWE YlH- A r i
tFHR
tFsrR || tRFH tFsc tCFH
— | —
Vg
itk B 7/
tAA
tRAC
tcac
tms tMH tps_|| toH
VIOH— y \
pQ V:gti_ C b L VALID Doyt E b OPEN
N A
t t
tys ”fYH | oE op

o I X X J‘

/] boNT caRE

J unpeFINED

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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MlCHDN MT42C8128

128K x 8 VRAM

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE

tRASP
tRP
— Vg H
RAS vz N
tesH tpc tRSH
1,
-CRP tRCD tcas tcp tcas tcp tcas tep
—
— V= 3 r -
[ % \ J y i X ) H
AR
tRAD tRAL
tASR tRAH tasc tcaH tasc tcAH tasc {CAH
v ! p \ s
ADDR V:r:@ ROW 7{@ COLUMN W 01 COLUMN 750 //@1 COLUMN W / ﬁ(now
towd | tewL towL |
1 1
twes tweH twes twcH twes tweH
twsr tRWH twp twp twp
2R || BWH
= Vi
ww TN ) W, V77K
Vit A k S A
tFHR
tFSR RFH tFsc CFH tFsc {CFH tFsc cFH
ViH \ s
oot WK B m D KA D XTI D KK B
twer tRWL
DHR \
tms tMH tps tDH tps tDH tps tDH
P IR c ( E E KUy E m
oL X X K A K
_tys tyw

| |
w W )
[/} ponT care

B unperiNeD

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in
FAST-PAGE-MODE.
2. 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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MICHDN MT42C8128

128K x 8 VRAM

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

tRasP
tRP
—
— Vu—
AAS iz N ]
tesH tPRWC tRSH
tcrp tRep teas tep tcas tep tcas tep
— V= £ s Y Y !
CAS v _ T\ \ 7 N S N / }I l\
tAR
tRAD tRAL
_tasr [ tRaH tasc toan tasc || tcaH tasc || tcan
| Pas — DAL | DL — | |[—
woon WK von WK com K77Nconm W oo T o
N—
tRWD ‘ N o tawL
'Res towp 3] towt~ ha . ~—towL
twp = = twp - - - ~——twp
\ \ tawp tawp tawp
W, || e tewp towp tewp
— .
= Vg 4 X p N N
= A ]| /] s
trsc toFH trsc torH tFsc tcrH
tFSR
=/
-
VIioH— ¢ a o b
P2 Vi = L C K Dy b OPEN

I
weE W7
DON'T CARE

UNDEFINED

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST-PAGE-MODE. Use
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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MT42C8128

128K x 8 VRAM

RAS

CAS

ADDR

MEWE

DSF

CAS

ADDR

MEWE

DSF

[sle}

TRIOE

DRAM RAS-ONLY REFRESH CYCLE
(ADDR = A0-A8)

3:{‘2—_3 Vi \
CRP “Rl_L
e f N /
Y, ROW Y TIITITTITIX Row
Vi ////” 7 WY Y,
Y, 7 7 Y i, W,
) | tys tyn |
o Vi 7 N 7 7 N,
CBR REFRESH CYCLE
w7 3 i —J/—_\i
v i

e

i,

i i
W, i,
i T Wi /1 // i

/] bON'T cARE

& unpEFINED

AT42C8128
3EV. 5/93
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MlCHDN MT42C8128

128K x 8 VRAM

DRAM HIDDEN-REFRESH CYCLE

R z‘—JS( J/—
i tcrp tRCD tRSH tcHR
o viho ! ]
| tASR 'RAH _tasc || tcan
voon W/7Kron WL coumn 3
W T K

tFsc | tCFH
tFSR tRFH |<—’
v,H_m
DSF v //

| i

tRAC |
teac |
b —o| |-tOFF
VioH—
Da vt OPEN VALID D oyt OPEN—
I | ]
t t
s ||l tvH toE top
'ROH|
—
—_—V - L X
TROE viH 2 ] /

DON'T CARE

K& unperFineD

NOTE: A HIDDEN REFRESH may also be performed after a WRITE or TRANSFER cycle. In the WRITE case,
ME/WE = LOW (when CAS goes LOW) and TR/OE = HIGH and the DQ pins stay High-Z. In the TRANSFER
case, TR/OE = LOW (when RAS goes LOW) and the DQ pins stay High-Z during the refresh period, regardless
of TR/OE.
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MlCRDN MT42C8128

128K x 8 VRAM

READ TRANSFER 3
(DRAM-TO-SAM TRANSFER)
(When part was previously in the SERIAL INPUT mode or SC idle)

tRC
tRAS tRP
— |
RAS 3:?: N r \
tesH
tRSH
tcrp tRcD tcas
p— VIH—
[
tAR
tRAD tRAL
[_%, tRAH | tasc tcan
ADDR 5}{':@{ ROW W SAM START (TAP)
twsr_|f tRWH | l
| |
wewe W77k X7
R tFSR tRFH I |
Vi _3;3>
DSF V:E_
toFF
e zIOH— l OPEN OPEN
1oL — F
tcsp
tRSD
s tTLH
e | | -
TROE UM 4
TROE v A 7[ i
tsms tRTH |
tsas I | t1sD
ViH—
sC v:f_ *\ NOTE 1 \
tspH
— SAC = - - |- tsac
| |- tsDS | tszs - [T_ tsoH
sba 3:%:}1 VALID Djy ’g« / ﬁ——: VALID Doyt K VALID Doyt X VALID Doyt >
~| |--tsEA
'sww] : ttap N
= Vig—
i V/j . ’
tcap
|
tRaD
VoH—
asF Q- NOTE 2 NOTE 2
7
. V7] bon'T caRe
NOTE: 1. There must be no rising edges on the SC input during this time period. B unoerineD

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 TTLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the {CSD and 'RSD 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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MT42C8128
MICRON 128K x 8 VRAM

REAL-TIME READ TRANSFER
(DRAM-TO-SAM TRANSFER)
(When part was previously in the SERIAL OUTPUT mode)

tRc

WVHA .

s VIHC N
v |_'E‘£ tRcD ; tcas
cas vtz - /
I iAsn ‘_w_l asc | -cAH
soon 5:[‘Zm{| I/ ST
|
EwE ¥:EZW| R, T
e W Y :mmmhmmm”5™0wwww
ba ‘\§|0H:—<.’|r OPEN OPEN
o-____ F 'm0

REE Y- /J i L

tsc trsL t1sD
tsp tsas ‘ tsp
ViH- \[ J f
SC viZ J ![ \ \ / \ / \ /—
- -!SAC  PREVIOUS ROW DATA NEW ROW DATA
spa ¥:8f: ¥ VS‘(S‘BTi VALID Doyt Xﬁ VALID Doyt VALID Doyt X VALDDoyr X VALD Doyt
tsEA~| |- tSEA I.___>(T°D
o |<tsEz -l =
Ise tsep |

i | g e

& Y- NS,
QsF ¥8t‘: NOTE 2 >f1 NoTE2

_ ) . DON'T CARE
NOTE: 1. The SE pulse is shown to illustrate the SERIAL OUTPUT
ENABLE and DISABLE timing. It is not required. R unoeren
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.
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I SEMICONDUCTOR. INC.

MT42C8128

128K x 8 VRAM

SPLIT READ TRANSFER
(SPLIT DRAM-TO-SAM TRANSFER)
R N I L
] tcrp tRCD tcas
s Vo N \ L/
'RAD tRAL |
| | tASR m| tasc . oA !
soon WTTIK_mon KR KT i,
Il'wsn M’I
TEAE V7 i, l/////// T
osr V:E:/Z/j‘ T
pa ¥'°“:—‘_1 OPEN ‘ OPEN
1oL #
wee W7 J///// I, //////}/// I
) tsp tsas l tsp
= 1 f e UV N S e N,

- i tsoH .| l
v __:
soa vigH= 255 (127)

I._ tsac

tsac
tsoH

Ia-

4
A(128 + A) X L X 125 (253) X 126 (254) X 127 (255) )( 128+ B (B)
J
= V-
S iz ”
77
| tsap |- tsap
V, S f I
sk yQH- >g SAMMSB' " (NOTE 1) )i NEW MSB

77

DON'T CARE

NOTE: 1. QSF =0 when the Lower SAM (bits 0-127) is being accessed. B unpeFNED

QSF = 1 when the Upper SAM (bits 128-255) is being accessed.

MT42C8128
REV. 5/03
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MlCHDN MT42C8128

128K x 8 VRAM

WRITE TRANSFER and PSEUDO WRITE TRANSFER
(SAM-TO-DRAM TRANSFER)
(When part was previously in the SERIAL OUTPUT mode)

—_ Vg~
mAs vz N ’r

tcRP tRcD tcas

— V=
CAS vj— /
taR
RAD tRAL |
1
— |._'RAH

oo W'ZW% ron__ WK K/

tasc toaH

twsh tRWH

e ¥:r-//////>l J/////////////// T

osr 3:{‘17/7/7)1 ]V/////////// T

toFF

pa VigH= L OPEN

VioL - F

OPEN

tTLH lcsp

_ins i
. T,

tsRs 'RSD tsc
tsas tsp. 'sas tsp

\ { .

tspp

e

ViH—
se Vit

tSOH tspz tsps_|| tsbH tsps_|f tspH

i ]
sap ¥:g{': VALID Doyt W VALID Doyt }— HIGH Z — ////////////////// VALID Dy W VALID Dy W

tsws
tESR || tREH tswis

& s >ik T ”//////////////////////////////////////////////// Norez

tcap

tRaD

VoH-
asF ygiz NOTE 4 NOTE 4

DON'T CARE

B unperineD

NOTE: 1. If SE is LOW, the SAM data will be transferred to the DRAM.
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 regardiess
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 0-127) is being accessed.
QSF = 1 when the Upper SAM (bits 128—-255) is being accessed.
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MT42C8128
MlanN 128K x 8 VRAM

SEMICONDUCTOR, INC

WRITE TRANSFER
(SAM-TO-DRAM TRANSFER)
(When part was previously in the SERIAL INPUT mode)

tRc
tRAS tRp
RAS VIH—
RAS ylHZ N 1
tesH
tRSH
tcrP tReD tcas
s ¥IH— F \ /7
L— / N
AR
tRAD tRAL I
- ~!RAH
. tasm tasc toan !
ADDR 3:{‘:@{7 ROW m SAM START X/ 7
twsR {| _tRwH J
wE V777 7 /
tFsR tRFH
Vig-
sk v ZZZ% 7 M
I‘OFF
VioH-
DRviegl— F OPEN OPEN
tis tTLH tesp
e Ve /
w7 T T
tsRs 'RSD tsc
tsAs l tsp tsas " sp
ViH—
sc yH= X NOTE 2 L l
tsDH
tsos l._'SD_S- 504 L tsps |
sba ¥:8{':2>£ VALID Dyy 7 Y IR vaoow W7 4’4’4% VALID Dy
tsws
tEsR || 'REH tswis .
el | — 2
=V
& w7y Y Wi NOTE 1
| tcap
tRQD
QsF 58[‘: NOTE3 o NOTE3
7
[/} boN'T cARE
@UNDEFINED

NOTE: 1. SE must be LOW to input new serial data, but the serial address 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 0-127) is being accessed.
QSF =1 when the Upper SAM (bits 128—-255) is being accessed.
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MICRON

MT42C8128
128K x 8 VRAM

ALTERNATE WRITE TRANSFER
(SAM-TO-DRAM TRANSFER)

RS VIH= X 7 3
& Vo T o N \ ) |/
l ‘RA:D tRAL |
1 S 1 S /)
ww Wy L///////////////// .
| FSR__|| 'RFH_ |
o W N
tns tTLH tosp |
e WK A
tsas |y tsp tsas | tsp
sc V= 7 X . NOTE 2 \ / ) \_
tsOH tsbz | tsps_| | tsoH tsps_||tsbH
] i L N e
soo&{gf: VALID Doyt W VALID Doyt J— HieHz —— ////////////////// VALID Dyy W VALID Djy m
= =Ty nore 1
! ‘ tcap
asF YO NOTE 3 i NOTE 3
DON'T CARE
NOTE: 1. SE must be LOW to input new serial data, but the serial address register R uNDEFINED

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.

MT42C8128
REV. 5/93
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MT42C8128

MICRON 128K x 8 VRAM

SEMICONDUCTOR, INC

SAM SERIAL INPUT
tSwWH tswis tSwiH | tsws
|
& Wio i N
IL— K.
sc tsc tsc
tsas tsp tsas | tsp tsAs , tsp tsAs ,
ViH— _‘l r———xL t———:L —:L S~
Y ViL- x / K. r Z
SDH tsps SDH tsze , 'sbs tSDH

wo W av WK~ KT, a2 KK ~ss

SAM SERIAL OUTPUT

sep
— V|- Y
SE vii- /] )
tsc tsc tsc
sas . tsp tsas , tsp tsas | tsp
SC ViL— 72 K Z Z
tsac tsac tsac tsac
tSOH SEz tSOH SOH
V { p! SEA —= ?—— s B!
OH— - 1 i .
tS00 | |-

DON'T CARE

m UNDEFINED
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MICHDN MT42C8254

256K x 8 VRAM

VRAM 256K x 8 DRAM
WITH 512 x 8 SAM

FEATURES
¢ Industry-standard pinout, timing and functions PIN ASSIGNMENT (Top View)
¢ NIBBLE (4-bit) WRITE and MASKED WRITE access
cycles .
. I-i]igh-performance, CMOS silicon-gate process 40-Pin SOJ (SDB-3)
¢ Single +5V +£10% power supply veel1__ whve
* Inputs and outputs are fully TTL compatible -y oy el
¢ Refresh modes: RAS ONLY, CAS-BEFORE-RAS (CBR) sa2 04 37 1 56
and HIDDEN st DS
¢ 512-cycle refresh within 16.7ms TROE 47 boll o
e FAST-PAGE-MODE a2 g9 %2 [1 Do
¢ Dual-port organization: 256K x 8 DRAM port &‘33 E :? Z; 3 5:5
512 x 8 SAM port st 2pE=
* No refresh required for serial access memory RAS [ 14 apCAs
* Low power: 10mW standby; 300mW active, typical - E . 2 § HOER
e Fast access times: 70ns random, 22ns serial re E :78 ;; ; .
A4 0019 22 1 A3
SPECIAL FUNCTIONS wis o
¢ NONPERSISTENT MASKED WRITE
* BLOCK WRITE 40/44-Pin TSOP* (SDE-2)
e SPLIT READ TRANSFER
‘< & 8B
OPTIONS MARKING = PE =
* Timing (DRAM, SAM [cycle/access]) o B
70ns, 22/22ns 7 8% o 5 % e
80ns, 25/25ns -8 e P
DQ4 M 13 32 @M Vss
¢ Packages 'E’ﬁ E ié gé E gé"z)
Plastic SOJ (400 mil) DJ -k B i
Plastic TSOP (400 mil) TG* = RE &
Plastic TSOP (400 mil) reverse pinout RG* vee & 2 B
e Part Number Example: MT42C8254-7D]J
40/44-Pin TSOP* (SDE-2)
GENERAL DESCRIPTION ve of 7
The MT42C8254 is a dual ME/WE version of the S o
MT42C8255, high-speed, dual-port CMOS dynamic ran- IR
dom access memory or video RAM (VRAM) containing 8% & & cu,j
2,097,152 bits. These bits may be accessed by an 8-bit-wide oo o = o
DRAM port or by a 512 x 8-bit serial access memory (SAM) ves 2 g
port. Data may be transferred from the DRAM to the SAM. o HH W
The DRAM portion of the VRAM is functionally Ww%ﬁ g gg x
similar to the MT4C4256 (256K x 4-bit DRAM), with the M o%
addition of MASKED WRITE and BLOCK WRITE. Eight Ve B %
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 data paths: the 8-bit *Consult factory for availability.
:;32%54 2_7 5 Micron Semiconductor, Inc., reserves the right to change |:tr¢>ﬂué;1‘sgt;r3 Is;;‘e_::rt;c"alsu;rn; ::’nnr:;:x?m
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MICRON

SEMICONDUCTOR. INC.

MT42C8254
256K x 8 VRAM

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 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 selectsa WRITE cycle for thelower
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

COLUMN DECODER

LATCH/BUFFER

COLUMN ADDRESS

A0-A8

ROW ADDRESS
LATCH/BUFFER

REFRESH
COUNTER

SAM ADDRESS

LATCH/BUFFER

SAM ADDRESS
COUNTER

SPLIT SAM
STATUS & CONTROL

MASK DATA
REGISTER

COLUMN
MASK

TIMING

MASKED WRITE GENERATOR
CONTROL &
LOGIC CONTROL
LoGic

MT42C8254
REV. 5/83
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MT42C8254

256K x 8 VRAM

PIN DESCRIPTIONS m
SOJPIN | TSOPPIN E
NUMBERS | NUMBERS | SYMBOL | TYPE DESCRIPTION
2 2 SC Input | Serial Clock: Clock input to the serial address counter for the SAM -
registers.
7 7 TR/OE Input | Transfer Enable: Enables an internal TRANSFER operation at RAS <
(H—L),or
Output Enable: Enables the DRAM output buffers when taken LOW m
after RAS goes LOW (CAS must also be LOW); otherwise, the output >
buffers are in a High-Z state. g

26 28 MEHMWEH| Input | Mask Enable: If MEH/WEH or MEL/WEL are LOW at the falling edge
13 15 MEL/WEL of RAS, a MASKED WRITE cycle is performed, or

Write Enable: MEH,L/WEH,L are also used to select a READ (MEH,L/
WEH,L = H) or WRITE (MEH,L/WEH,L = L) cycle when accessing the
DRAM and READ TRANSFER (MEH,L/WEH,L = H) to the SAM.
MEL/WEL controls DQ4-DQ1. MEH/WEH controls DQ8-DQ5.

When performing BLOCK WRITE, both ME/WE pins must be LOW.
NIBBLE BLOCK WRITE is not supported.

35 39 SE Input | 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).

29 31 DSF Input | 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).

14 16 RAS Input | Row Address Strobe: RAS is used to clock-in the 9 row-address bits
and strobe the ME/WE, TR/OE, DSF, SE, CAS and DQ inputs. It also
acts as the master chip enable, and must fall for initiation of any
DRAM or TRANSFER cycle.

Input Column Address Strobe: CAS is used to clock-in the 9 column-
address bits and strobe the DSF input (BLOCK WRITE only).

25,24,23, | 27,26, 25, | AO0-A8 Input | Address Inputs: For the DRAM operation, these inputs are

22,19, 18, | 24, 21, 20, multiplexed and clocked by RAS and CAS to select one 8-bit word
17,16,15 | 19, 18,17 out of the 262,144 available. During TRANSFER operations, A0-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.

8,9,10,11,|8,9, 10, 13,| DQ1-DQ8| Input/ | DRAM Data |/O: Data input/output for DRAM access cycles; these
31, 32, 33, | 35, 36, 37, Output | pins also act as inputs for Color Register load cycles, DQ Mask
34 38 and Column Mask for BLOCK WRITE.

3,4,5,6, 36,3, 4,5, 6,40, SQ1-SQ8 | Output | Serial Data Out: Output or High-Z.
37,38,39 | 41,42,43

27 29

Ol
>
(7))

28 30 GND - No Connect/GND: This pin must be tied to ground to allow for upward
functional compatibility with future VRAM feature sets.
1,20 1,22 Vce Supply | Power Supply: +5V +10%
12, 21, 14, 23, Vss Supply | Ground
30, 40 32,44
2;3205/89354 2_77 Micron Semiconductor, Inc., reserves the right to change pmdué?s;rs mmam :o"rrul; 2?;:
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FUNCTIONAL DESCRIPTION

The MT42C8254 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 MT42C8254 VRAM
must be refreshed to retain data. All 512 row-address
combinations must be accessed within 16.7ms. The
MT42C8254 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 AO-A8 inputs for RAS-ONLY REFRESH cycles.
The DQpinsremain ina High-Z state forboth theRAS-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 cyclesbut 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 MT42C8254 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 A0-A8, RAS and CAS inputs. First, the nine row-ad-
dressbits 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. 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” 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”).

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-DQ8 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 RAS HIGH-to-LOW transition, a
MASKED WRITE operationis 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 NIBBLE WRITE signals MEH/WEH and MEL/
WEL canbe used together or singly to perform a write mask
enable and data write enable. Using one performsa 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.

MT42C8254
REV. 5/93

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



MICRON

SEMICONDUCTOR, INC.

MT42C8254
256K x 8 VRAM

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 DQ1-DQ8 inputs will be written into the mask data
register (see Figure 1). DQ1-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
DQ1-DQ8 pins. If a LOW (logic “0”) is written to a mask
dataregister bit, the input port for thatbitis 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 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
RAS cycle.

| <— NONPERSISTENT MASKED WRITE —» | <—— NONPERSISTENT MASKED WRITE —>|

RAS

H

CAS

|

ST

N /N

[

Y

STORED MASK INPUT ~ STORED|STORED  MASK INPUT  STORED
DATA DATA | DATA (RE-WRITE) DATA
1) 0 X i 10 0 X 10|
1] 1 0 - > [o] o] 1 I > [1]
10 0 X 10 10 0 X 10|
0] 1 1 mmee > [1] 0] 1 e > [1]
o] 0 X 0] 0 0 X 0
1] 1 0 ----- > |o 0] 1 0 ----- > [0]
1] 0 X | [o 0 X o]
0] 1 0 -mme > |o] o] 1 0 ----- > o]

<————— ADDRESSO0 >| < 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

MT42C8254
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ROW
(A0-A8 at RAS) —————

COLUMN MASK (A0,A1)
ON THE INPUTS AT CAS

MASK DATA

COLUMN__
(A2-A8 at CAS)

A
DQ1 & N
/A4 7T u
DQ2 7 L& N |
DQ3 = Al A
DQ4 ]
CAS m
(DQ1) (DQ8)
(DQ2) »~~ (0Qy)
(0Q3) | (Das)
(Do4)\\\‘ 1~ (pas)
D1 —A\ [ o]
DQ2 \
DQ3 2 7
o 21
DQ6 4
o yAN
Q7 L&
DQ8 yAN
RAS
nggg—»lllllllll
COLOR REGISTER
REGISTER (must be previously loaded)
Figure 2
BLOCK WRITE EXAMPLE
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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 written to the four column locations (or any of the four
that are enabled) in the corresponding DQ bit plane.

Therow isaddressed as in anormal 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 (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 eightbit-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
DQ Masking of Columns (at CAS falling)

COLUMN ADDRESS CONTROLLED
INPUTS A0 A1
DQ1 0 0
DQ2 1 0
DQ3 0 1
DQ4 1 1

MT42C8254
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TRANSFER OPERATIONS

The MT42C8254 provides two TRANSFER operations.
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 TRANSEFER operation with DSF LOW when RAS goes
LOW is a READ TRANSEFER cycle. The row-address bits
indicate which eight 512-bit DRAM row planes are trans-
ferred 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.

RAS

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 SEis 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.

//////‘\ Y/

CAS

//////

/,g N/

A0-AB=0 W

A0-A8

X Rowo

én/X =OCES %/

T /A;X T G

el ) ////";/ N //W///’,"’/// T ’"/ T
: ,. : A, g
me N\ /7 '*\_/ v f\_/
: III ' )':)’ :
: P PP
s 7\ ¢/ /"’//‘(///// Vi 1% i i
- : | . o
- —/_\—/_\W M
< 77 Gp-@p@ ;:x X
Output ROW 0 | ROW 0 | ROW 0 | ROW 0
1 1 |
(NORMAL) READ TRANSFER ! SPLITREAD TRANSFER ' | SPLIT READ TRANSFER
| (optional) | |
FROM: ROW 0 | | SERIAL OUTPUT | FROM: ROW1
TO:  FULL SAM |  FROM: ROWO | SWITCHES FROM | TO:  LOWER SAM,
SAM I/O IS SET TO OUTPUT y TO UPPERSAM, | LOWER SAMTO | TAP ADDRESS =0 TO 255
MODE AND SERIAL OUTPUT |  TAPADDRESS =6 | UPPER SAM | SERIAL OUTPUT FROM
FROM LOWER SAM BEGINS }  SERIAL OUTPUT FROM | | UPPER SAM CONTINUES
|, LOWERSAMCONTINUES X
DON'T CARE
R unperineD
Figure 3
TYPICAL SPLIT-READ-TRANSFER INITIATION SEQUENCE
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SPLIT READ TRANSFER

The SPLIT READ TRANSEER (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.

The TR/ (OE) timing is alsorelaxed for SPLIT 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, A0-A7, is used to input the
SAM Tap address (at the HIGH-to-LOW transition of CAS).
Address pin A8 is a “don’t care” when the Tap address is
loaded. A8 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 #0. Serial access continues, and
when the SAM address counter reaches 255 (“A8” =0, AO-
A7=1),and an SRT was done for theupper half, thenew Tap
address is loaded for the next half (“A8” =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

shifts outof thelower SAM and executes an SRT of theupper
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
fromaddress256if going to the upperhalf, orat zeroif 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 0r 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 Vcc is at specified operating conditions for 100us
minimum, eight RAS cycles must be executed to initialize
the dynamic memory array. Micron recommends that
RAS = TR/ OE = Vi during power-up to ensure that the
DRAM 1/0 pins (DQs) are in a High-Z state. The DRAM
array will contain random data.

The SAM portion of the MT42C8254 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.

LOWER HALF UPPER HALF
T NO SRT . ——NOSRT—
0 TAP 255 256 511
Startt Split ,._’
Figure 4
SPLIT SAM TRANSFER
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m TRUTH TABLE
E RAS FALLING EDGE TAS FALL A0-A8' D01-DO8? | REGISTER
CODE FUNGTION CAS [ TR/OE |ME/WE| DSF | DSF | RAS | CAS | RAS [CASWE®| COLOR
DRAM OPERATIONS
- CBR | CBRREFRESH 0 X 16 18 — X X — X X
ROR | RAS ONLY REFRESH 1 1 X X — ROW — X — X
< RW | NORMAL DRAM READ OR WRITE 1 1 1 [) [ ROW | coLumn | X vALID X
RWM | MASKED WRITE TO DRAM (NEW MASK) 1 1 o 0 [ ROW | COLUMN | WRITE | VALID X
m MASK | DATA
> BW | BLOCKWRITE TO DRAM 1 1 18 [ 1 ROW | COLUMN | X [ cowmn | use
(A2-A8) MASK
g BWM | MASKED BLOCK WRITE TO DRAM (NEW MASK) 1 1 o8 0 1 ROW | COLUMN | WRITE | COLUMN USE
(A2-A8) | MASK | MASK
REGISTER OPERATIONS
LCR | LOAD COLOR REGISTER | 1 [ 1 | 18 ] 1 J 1 | ROW4 | X | X | REG | LOAD
TRANSFER OPERATIONS
RT | READ TRANSFER (DRAM-TO-SAM TRANSFER) [+ ] o T T o [ x [mrow [T ] x [ x [ X
SRT | SPLIT READ TRANSFER (SPLIT DRAM-TO-SAM TRANSFER) |+ [ o T | 1+ 1 x [ row [mrs | x [ x [ x
NOTE: 1. These columns show what must be present on the A0-A8 inputs when RAS falls and when CAS falls.

2.
3. During WRITE (including BLOCK WRITE) cycles, the input data is latched at the falling edge of CAS or

7.

8.

These columns show what must be present on the DQ1-DQ8 inputs when RAS falls and when CAS falls.

ME/WE, whichever is last. Similarly, with READ cycles, the output data is valid after the falling edge of CAS
or TR/OE, whichever is last. During a NIBBLE WRITE (no BLOCK WRITE), only one of the two WEs is used.
The ROW that is addressed will be refreshed, but a ROW address is not required.

. 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).

. The MT42C8254 does not require a “1” on these pins, but to ensure compatlblllty with other 2 Meg VRAM

function sets, it is recommended.
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.

Both ME/WEs must be at the same state during these cycles; only byte-wide operations are supported.

MT42C8254
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Vcc Supply Relative to Vss .............. -IVto +7V
Operating Temperature, T, (ambient) ........... 0°C to +70°C
Storage Temperature (plastic) ..........cceuue. -55°C to +150°C
Power Dissipation 1w

Short Circuit Output Current 50mA

RECOMMENDED DC OPERATING CONDITIONS

*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.

NVHA . M3N

(0°C =T, £70°C)
PARAMETER/CONDITION SYMBOL | MIN MAX | UNITS | NOTES
Supply Voltage Vce 4.5 5.5 \Y 1
Input High (Logic 1) Voltage, all inputs ViH 24 |Vec+1 | V 1
Input Low (Logic 0) Voltage, all inputs Vi -1.0 0.8 \ 1

DC ELECTRICAL CHARACTERISTICS
(0°C < T, < 70°C; Vice = 5V +10%)

PARAMETER/CONDITION SYMBOL | MIN | MAX | UNITS | NOTES
INPUT LEAKAGE CURRENT I -10 10 pA

Any input (OV < ViN < Vcc); all other pins not under test = OV

OUTPUT LEAKAGE CURRENT loz -10 10 pA

(DQ, SQ disabled, 0V < Vour < Vcc) !

OUTPUT LEVELS VoH 24 Vv

Output High Voltage (lout = -2.5mA) 1
Output Low Voltage (lout = 2.5mA) VoL 0.4 \'

CAPACITANCE
PARAMETER SYMBOL | MIN | MAX | UNITS | NOTES
Input Capacitance: A0-A8 Cn 5 pF 2
Input Capacitance: RAS, CAS, ME/WE, TR/OE, SC, SE, DSF Ci2 7 pF 2
Input/Output Capacitance: DQ, SQ Cilo 9 pF 2

MT42C8254
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m CURRENT DRAIN, SAM IN STANDBY
E (0°C < T, £70°C; Voc = 5V £10%) MAX
PARAMETER/CONDITION SYMBOL -7 -8 |UNITS|NOTES
- OPERATING CURRENT lcci 125 | 110 | mA | 3,4,
(RAS and CAS = Cycling: 'RC =tRC [MIN]) 25
< OPERATING CURRENT: FAST-PAGE-MODE lcc2 115 | 100 | mA | 3,4,
JJ | (RAS = Vu; CAS = Cycling: 'PC ='PC [MIN]; other inputs Vi or < ViL) 26
> STANDBY CURRENT: TTL INPUT LEVELS
g Power supply standby current lccs 10 10 | mA 4
(RAS = CAS = VH after 8 RAS cycles [MIN]; other inputs > ViH or < ViL)
REFRESH CURRENT: RAS-ONLY Icc4 125 | 110 | mA [ 3,25
(RAS = Cycling; CAS = ViH)
REFRESH CURRENT: CBR lccs 125 | 110 { mA | 3,5
(RAS and CAS = Cycling)
SAM/DRAM DATA TRANSFER Iccs 135 | 120 | mA 3

CURRENT DRAIN, SAM ACTIVE (!SC = MIN)

(0°C £ T, £70°C; Ve = 5V £10%) MAX
PARAMETER/CONDITION SYMBOL -7 -8 |UNITS|NOTES
OPERATING CURRENT lce7 175 | 160 | mA | 3,4,
(RAS and CAS = Cycling: 'RC =RC [MIN]) 25
OPERATING CURRENT: FAST-PAGE-MODE lccs 165 | 150 | mA | 3,4,
(RAS = Vi; CAS = Cycling: 'PC =PC [MIN]) 26
STANDBY CURRENT: TTL INPUT LEVELS lcco 60 60 | mA | 3,4
Power supply standby current
(RAS = CAS = Vi after 8 RAS cycles [MIN]; other inputs > ViH or <ViL)

REFRESH CURRENT: RAS-ONLY lcc1o 175 | 160 | mA | 3,4,
(RAS = Cycling; CAS = ViH) 25
REFRESH CURRENT: CBR leci1 175 | 160 | mA [3,4,5
(RAS and CAS = Cycling)

SAM/DRAM DATA TRANSFER lcci2 185 (170 | mA | 3,4

MT42C8254 2 8 6 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) (0°C < T, < +70°C; Vcc = 5V £10%)

INVHA I M3N

AC CHARACTERISTICS -1 -8
PARAMETER SYM MIN MAX MIN MAX | UNITS [ NOTES
Random READ or WRITE cycle time ‘RC 130 150 ns
READ-MODIFY-WRITE cycle time RWC 170 190 ns
FAST-PAGE-MODE READ or WRITE PC 40 45 ns
cycle time
FAST-PAGE-MODE READ-MODIFY-WRITE PRWC 90 95 ns
cycle time
Access time from RAS 'RAC 70 80 ns 14
Access time from CAS 'CAC 20 25 ns 15
Access time from (TR)/OE 'OE 20 20 ns
Access time from column-address 'AA 35 40 ns
Access time from CAS precharge 'CPA 40 45 ns
RAS pulse width RAS 70 |100,000] 80 |100,000] ns
RAS pulse width (FAST-PAGE-MODE) 'RASP 70 100,000 80 100,000 ns
RAS hold time 'RSH 20 25 ns
RAS precharge time 'RP 50 60 ns
CAS pulse width 'CAS 20 100,000 25 100,000 ns
‘CAS hold time 'CSH 70 80 ns
CAS precharge time tcp 10 10 ns 16
RAS to CAS delay time 'RCD 20 50 20 55 ns 17
'CAS to RAS precharge time 'CRP 10 10 ns
Row address setup time 'ASR 0 0 ns
Row address hold time ‘RAH 10 10 ns
RAS to column- RAD 15 35 15 40 ns 18
address delay time
Column-address setup time 'ASC 0 0 ns
Column-address hold time 'CAH 15 15 ns
Column-address hold time AR 45 55 ns
(referenced to RAS)
Column-address to RAL 35 40 ns
RAS lead time
Read command setup time ‘RCS 0 0 ns
Read command hold time 'RCH 0 0 ns 19
(referenced to CAS)
Read command hold time 'RRH 0 0 ns 19
(referenced to RAS)
CAS to output in Low-Z ‘cLz 3 3 ns
Output buffer turn-off delay from CAS 'OFF 3 20 3 20 ns | 20,23
Output disable delay from (TR)/OE oD 3 10 3 10 ns |20,23
Output disable hold time from start of WRITE 'OEH 10 10 ns 27
Output Enable to RAS delay 'ROH 0 0 ns
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MICRON MT42C8254

256K x 8 VRAM

rz“ DRAM TIMING PARAMETERS (continued)

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes: 6,7, 8,9, 10, 11, 12, 13) (0°C < T, < +70°C; Vce = 5V £10%)

- AC CHARACTERISTICS E] 3
PARAMETER SYM MIN MAX MIN MAX | UNITS |NOTES

< Write command setup time wes 0 0 ns 21

m Write command hold time WCH 15 15 ns
Write command hold time 'WCR 45 55 ns

> (referenced to RAS)

g Write command pulse width wp 15 15 ns
Write command to RAS lead time RWL 20 20 ns
Write command to CAS lead time CWL 20 20 ns
Data-in setup time DS 0 0 ns 22
Data-in hold time DH 15 15 ns 22
Data-in hold time DHR 45 55 ns
(referenced to RAS)
RAS to WE delay time RWD 90 100 ns 21
Column-address tAWD 55 60 ns 21
to WE delay time
‘CAS to WE delay time 'CWD 40 45 ns 21
Transition time (rise or fall) - T 35 35 ns |9 10
Refresh period (512 cycles) ‘REF 16.7 16.7 ms
‘RAS to CAS precharge time 'RPC 0 0 ns
‘CAS setup time 'CSR 10 10 ns 5
(CBR REFRESH)
‘CAS hold time 'CHR 10 10 ns 5
(CBR REFRESH)
ME/WE to RAS setup time 'WSR 0 0 ns
ME/WE to RAS hold time 'RWH 15 15 ns
Mask data to RAS setup time MS 0 0 ns
Mask data to RAS hold time MH 15 15 ns

MT42C8254 2 8 8 Micron Semiconductor, inc., reserves the right to change products or specifications without notice.
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Ml:RDN MT42C8254

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 < T, < + 70°C; Ve = 5V £10%)

AC CHARACGTERISTICS -7 -8

PARAMETER SYM MIN MAX MIN MAX | UNITS [NOTES
TR/(OE) LOW to RAS setup time TLS 0 0 ns
TR/(OE) LOW to RAS hold time TLH 15 10,000 15 10,000 ns
TR/(OE) LOW to RAS hold time 'RTH 65 10,000 70 10,000 ns
(REAL-TIME READ-TRANSFER only)

TR/(OE) LOW to CAS hold time 'CTH 25 25 ns
(REAL-TIME READ-TRANSFER only)

TR/(OE) HIGH to RAS precharge time TRP 50 60 ns
TR/(OE) precharge time TRW 20 25 ns
TR/(OE) HIGH to SC lead time TSL 5 5 ns
TR/(OE) to RAS HIGH hold time TRD 15 15 ns
First SC edge to TR/(OE) HIGH TSD 15 15 ns
delay time

SC to RAS setup time SRS 25 30 ns
TR/(OE) HIGH to RAS setup time tys 0 0 ns
TR/(OE) HIGH to RAS hold time YH 15 15 ns
DSF to RAS setup time FSR 0 0 ns
DSF to RAS hold time 'RFH 15 15 ns
SPLIT TRANSFER setup time STS 25 30 ns
SPLIT TRANSFER hold time . ISTH 0 0 ns
DSF (at CAS LOW) to RAS hold time 'FHR 45 55 ns
DSF to CAS setup time FSC 0 0 ns
DSF to CAS hold time 'CFH 15 15 ns
RAS to first SC delay 'RSD 80 80 ns
CAS to first SC delay ‘csD 30 30 ns

MT42C8254 2 89 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON MT42C8254

256K x 8 VRAM

SAM TIMING PARAMETERS

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Notes 6,7, 8,9, 10) (0° C < T, <+ 70°C; Vcc = 5V £10%)

P
m
- AC CHARACTERISTICS 7 8

PARAMETER SYM MIN MAX MIN MAX | UNITS [NOTES

< Serial clock cycle time 'sc 22 25 ns

m Access time from SC 'SAC 22 25 ns |[24,28
SC precharge time (SC LOW time) 'sp 8 10 ns

> SC pulse width (SC HIGH time) SAS 8 10 ns

g Access time from SE SEA 15 15 ns 24
'SE precharge time SEP 8 10 ns
'SE pulse width 'SE 8 10 ns
Serial data-out hold time after 'SOH 5 5 ns |24,28
SC high
Serial outptﬁ)uffer turn-off 'SEZ 3 12 3 12 ns |20, 24
delay from SE

MT42C8254 2 90 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON

SEMICONDUCTOR, INC.

MT42C8254
256K x 8 VRAM

NOTES

1. All voltages referenced to Vss.

2. This parameter is sampled. Vcc = 5V £10%; f = 1 MHz.

3. Iccis dependent on cycle rates.

4. Iccis dependent on output loading. Specified values

are obtained with minimum cycle time and the output

open.

Enables on-chip refresh and address counters.

The minimum specifications are used only to indicate

cycle time at which proper operation over the full

temperature range (0°C < T, <70°C) is assured.

7. Aninitial pause of 100ys 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 T = 5ns.

9. Vi (MIN) and ViL (MAX) are reference levels for
measuring timing of input signals. Transition times
are measured between ViH and Vi (or between ViL
and V). 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 Vi1 and
VL (or between VIL and ViH) in a monotonic manner.

11. If CAS = Vi, DRAM data output (DQ1-DQ8) is
High-Z.

12. If CAS = Vi, 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 50pF. Output
reference levels: VoH = 2.0V; VoL = 0.8V.

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

15. Assumes that 'fRCD > {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 'CP.

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

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

o @

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

20. tOD, 'OFF and 'SEZ define the time when the output
achieves open circuit (VoH -200mV; VoL +200mV).
This parameter is sampled and not 100% tested.

21. 'WCS, tRWD, tAWD 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 <
YWCS (MIN), the cycle is a LATE-WRITE and
TR/OE must control the output buffers during the
write to avoid data contention. If 'RWD = tRWD
(MIN), tAWD 2 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 Vin) is indeterminate, but the WRITE will be
valid if *OD and 'OEH are met. (See the LATE-WRITE
AC Timing diagram.) o

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.

25. Measured with two address changes while RAS = ViL.

26. Measured with one address change while CAS = Vi
and RAS = VIL.

27. LATE-WRITE and READ-MODIFY-WRITE cycles
must have 'OD and ‘OEH met (OE HIGH during
WRITE cycle) in order to ensure that the output
buffers will be open during the WRITE cycle. The
DQs will provide previously read data if CAS
remains LOW and OE is taken LOW after ‘OEH 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 4.5V Vec; 'SOH is MIN at
0°C and 5.5V Vcc. These limits will not occur
simultaneously at any given voltage or temperature.
(!SOH = 'SAC - output transition time); this is
guaranteed by design.

MT42C8254
REV. 5/93
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MlanN MT42C8254

256K x 8 VRAM

DRAM READ CYCLE
S V- bl i
i tcRp tRCD tcas
@ it f N iR Fi
ADDR 3:}:‘:%1 ROW :mi COLUMN jW//////// ////t/////////@( Row
i oS RCH
e 77 ////////////I/l///// //////i‘ I
e S I

'FHR
_rsR tRFH 1FsG | tcFH
) i) T, LT,
tha
tRAC
tcac toFF
tROH
VioH— s
ba vigL = T OPEN - i VALIDD/:'(I')AD ] OPEN

v |
WoE Vi £

DON'T CARE

&Y unperiNeD
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MT42C8254

256K x 8 VRAM

DRAM FAST-PAGE-MODE READ CYCLE

tRASP tRP_ E
— T
RS ViHZ il i 4&
tesH tpg tRSH
| tcRP tReD tcas tcp tcas tep tcas tep <
o WiHZ ‘ K\ f i f X i ‘L s
AR
'RAD 'RAL >
tasr || tRaH tasc tcAH tasc ‘CAHl tasc || tcaH g
ADDR  YIH= ROW ;[@‘ COLUMN ;W COLUMN }mz cowmn  K11TTTT1TTIITTX Row
trcs P -—tRCS - -tRCs ~| |=!RRH
I~ tRCH—~| |-— tRcH—| |- I IRCH
e e VT
VeSS i, . \ AR Y
thcs . 2] ||=trcs %] ||-tRcs e A e
“ | — RoH—~| |— tRCH~—~| |——] JReH
eV
W I N, N X
tFHR
tFSR ||tRFH trsc tCFH trsc || terH trsc || terH
| | Sy 1
= w7l | | . [ ymmmmmmmmmn
taa Iz taa
RAC tcpa tcpa
tcac loFF tcac | loFF. tcac | torr
torz—| =
o Vgt R ¢ O B oren —
tys [ tyH el top toE top
e | |

| |
woe W R S A S /. S Wi
///] DON'T CARE

B unoerineD

NOTE: WRITE cycles or READ-MODIFY-WRITE cycles may be mixed with READ cycles while in FAST-PAGE-MODE.
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MlCHDN MT42C8254

256K x 8 VRAM

% WRITE CYCLE FUNCTION TABLE '
E LOGIC STATES
RAS Falling Edge CAS Falling Edge
- FUNCTION A B c D E2
ME/WE| DSF DAQ (Input) DSF DA (Input)
< Normal DRAM WRITE 1 0 X 0 DRAM Data
m MASKED WRITE to DRAM 0® 0 Write Mask 0 DRAM Data (Masked)
> BLOCK WRITE to DRAM (No Bit-Plane Mask) 14 0 X 1 Column Mask
g MASKED BLOCK WRITE to DRAM 0* 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”, “D” and “E” for the WRITE cycle
timing diagrams on the following pages.
2. CAS or ME/WE 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 ME/WEs must be at the same state during these cycles; only byte-wide operations are supported.

MT42C8254 2 9 4 Micron Semiconductor, Inc., reserves the right to change products or specifications without notice.
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MICRON MT42C8254

256K x 8 VRAM

DRAM EARLY-WRITE CYCLE'

<

m

=

tosH <

tcrp tRCD t'cRASs'.‘ m

| >

s W F t TN { =

ADDR V:[‘: ROW :mz COLUMN( :Wl / //// / /////% ROW

wewe: WA KA T,
vewE: W A X i,
o W ® WO 5 N
oo VA% © E T
wee W) K
DON'T CARE
R unpEFINED

NOTE: 1. 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.
2. WEH and WEL apply to the WEx waveform if the corresponding nibble participates in the WRITE; if not,
apply the WEy waveform.

MT42C8254 2 95 Micron Semiconductor, Inc., reserves the right to char inge products or specifications without notice.
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M'CHDN MT42C8254

256K x 8 VRAM

DRAM LATE-WRITE CYCLE

tRc

me W} S
i tcrp tRcD tcas

@ v f ( R

ADDR wﬁmL ROW ] i COLUMN ji@zzzzzzz ///// ////////ﬁ(
vewe” WK A ¥ N L,
e WK A ¥ X,

tFSR tRFH | 1Fsc tcFH

os Vit B XK > X,

0a Vg __C ] é T R/,
wee V177 g . i

DON'T CARE

B UNDEFINED

NOTE: 1. 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.
2. WEH and WEL apply to the WEx waveform if the corresponding nibble participates in the WRITE; if not,
apply the WEy waveform.
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MlCHDN MT42C8254

256K x 8 VRAM

DRAM READ-WRITE CYCLE
(READ-MODIFY-WRITE CYCLE)

tRWC
tRAS | tRP
S V- il 72| (-
tcsH
tRSH
i tcrP tReD tcas
@ o f N A\ 4
tRAD tRAL
tASR tRAH i tasc tcAH
woon V77770 ron WK oM. EEW///////////////////////I////M
RWD tewL
tRCS tcwp tRwL
twsk || tRWH tAWD twp_
i) S f N \/
tRCcs
|'wsn tRWH |
i KA
tFHR
| tFsR_[| IRFH_, tFsc {CFH
ose W% B i@W/&? IR /N
taa
tRAC
t
tms tMH = Ijn_s- tDH
Do yioH— ¢ C 3 gvaoooyr X E } OPEN
tys ||_‘m’ toE tool

o f

DON'T CARE

R UNDEFINED

NOTE: 1. 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.
2. WEH and WEL apply to the WEx waveform if the corresponding nibble participates in the WRITE; if not,
apply the WEy waveform.
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MlCHDN MT42C8254

256K x 8 VRAM

DRAM FAST-PAGE-MODE EARLY-WRITE CYCLE

tRASP
iRy il
tosH trc tRSH
tcAp tRCD tcas tcp tcas tcp | toas top
o Y- e i X '
tASR tRAH = tasc tcAH tasc tcaH | tasc ‘;:L,
ADDR 3:[‘ ROW ’[@1: COLUMN ;[m COLUMN mz COLUMN ;Jg{/zz 4:/2 / / ROW
towL | towL | towL |
twes ° tweH ! twes ° tweH I twes ctwcm |
twsR M twp twp twp
) S ) Y/ ; J1K_A
twsr M tWeH
Wi W A \// .
tFSR tRFH tFsc {CFH I tFsc tCFH tesc tCFH
a7/ SR/ SN Y/, SN Y/ S /R
twer tRWL
DHR
tms || tmH ps tDH tps tDH tps toH
SR/, S/ S —) S——/], S——— )/l
s ||t
™ W) S,
DON'T CARE
R UNDEFINED

NOTE: 1. READ cycles or READ-MODIFY-WRITE cycles can be mixed with WRITE cycles while in FAST-PAGE-
MODE.
2. 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.
3. WEH and WEL apply to the WEx waveform if the corresponding nibble participates in the WRITE; if not,
apply the WEy waveform.
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MICRON MT42C8254

256K x 8 VRAM

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

tRASP
tRP
—
—_ V= Y
RAS yliZ N I
tosH tPRWC tRSH
~_torp tRCD tcas tcp tcas tep tcas tep
— V|- y y Y s p!
v R\ i ¥ r N /L }L ’L
tAR
tRAD tRAL
tASR tRAH tasc tcAH tasC tcAH tasc tCAH
i — — — — ._.l
Vv p \ v ¥
itz ) i MN g UMN [ coLuMN ROW
tRWD l R
- -—tRWL
tRCS towL—~ | towi— ~ - towL

v

twsr || tRWH | tRCs|

twp - - twp—| = - —t
WP
tAWD tAwD tawp
twsr || tRwWH
towp towp towp

o0 e

=3 Vi y s ! { )

MEWE ™ v '~ A A / S( 4 N N

’ V'H_@]( ‘
MEWE
viL /& A / |

tFsC 'CFH ([ tFsc tCFH tFsC teFH
tFsR_||_tRFH |
Vg s
osr W74 B W) D ITTTIK
|t
tRAC
N N cAC~
MS MH
VioH— ¥ Y
P2 vioL = K C F
tys tyH | N

I OE-»| |=
TROE YM=777/F
Vi —

DON'T CARE

B uNDEFINED

NOTE: 1. READ or WRITE cycles can be mixed with READ-MODIFY-WRITE cycles while in FAST-PAGE-MODE. Use
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. WEH and WEL apply to the WEx waveform if the corresponding nibble participates in the WRITE; if not,
apply the WEy waveform.
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Ml:pDN MT42C8254

256K x 8 VRAM
DRAM RAS-ONLY REFRESH CYCLE
(ADDR = A0-A8)
. ] e i = )
R =1
o W777770% row Y, row

e X = Y,

Wi,

VioH—
b gz OPEN OPEN

D

w
@

tys tyH

R T

DON'T CARE

o
KXY UNDEFINED
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MlCRDN MT42C8254

256K x 8 VRAM

CBR REFRESH CYCLE
tRp tRAS tRP tRAS ,
ws W7 hi! i A }/_\
tRPC
) tcp tcsR CHR tRpc | tCsR tCHR
I
cas W:ZW St \l 74333/

| | I
soon YT,

W@z v XTI o= XTI o= Y

pQ ¥:gf: <_>F OPEN OPEN

weE Y- 7
/7] bonT care

B unoerineD

NOTE: 1. The MT42C8254 operates properly with ME/WE and DSF = “don’t care”, but to ensure compatibility with all
2 Meg VRAM feature sets, Micron recommends that they be HIGH (“17).
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MICHDN MT42C8254

256K x 8 VRAM

DRAM HIDDEN-REFRESH CYCLE

WVHA . M3N

(READ) (REFRESH)
tRAS tRP tRAS .
ms Ve o 7 | J/
i tcrp tRcD tRSH tCHR
o W F N X I
t t
tAsR tRAH - tasc TQ:H
) J?Wl o KT T i
e e s
'FHR
~lEsR || _tREH, ~Fsg|| lory Fsg|Lcry
) V///////I/»L TR == X T,
tAA
I'RAC
tcac
—| j<tOFF
pQ ¥:gr: OPEN §§ VALID Doyt OPEN —
‘oel
tys tyH tROH

I top
/‘f—

DON'T CARE

R unpEFINED

=

ToE T f

NOTE: 1. A HIDDEN-REFRESH may also be performed after a WRITE or TRANSFER cycle. In this case, ME/WE =
LOW (when CAS goes LOW) and TR/OE = HIGH. In the TRANSFER case, TR/OE = LOW (when RAS goes
LOW) and the DQ pins stay High-Z during the refresh period, regardless of TR/OE.
2. The MT42C8254 operates with ME/WE and DSF = “don’t care”, but to ensure compatibility with all
2 Meg VRAM feature sets, Micron recommends that they be HIGH (“17).
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MT42C8254
MICRON 256K x 8 VRAM
READ TRANSFER?3
(DRAM-TO-SAM TRANSFER)
(When serial part was previously High-Z or SC idle)
2R tRCD - (RS?CAS i
= Ve — | V7
r_'t\i, tRAH tasc tcAH
soon VH777K I /) sm|T o) "////////////////////////////////////////////
e WW/WWMWWWWWW/W/
o WP J// I,
ba ¥IOH——i OPEN OPEN
0L - x
) / worez e |,
sc M- \ NOTE 1 \ i i JZ \_/_—\__/_
tsac | |- - I-— tsac
S . - IT— tsoH
R s . "T : VALID Doyt # VALID Doyt X VALID Doyt >
® - T /ﬁi
DON'T CARE
UNDEFINED
NOTE: 1. There must be no rising edges on the SC input during this time period.
2. If 'TLH is timing for the TR/(OE) rising edge, the transfer is self-timed and the 'CSD and 'RSD times must be
met. If 'RTH 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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256K x 8 VRAM

REAL-TIME READ TRANSFER
(DRAM-TO-SAM TRANSFER)

INVHA l M3N
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