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PREFACE

This data book contains the latest product information for Fujitsu's line of DRAM ICs. This year’s edition,
however, does not include a section for DRAM modules. Both DRAM and SRAM modules are now in a
Modules Data Book which you can obtain from your nearest Fujitsu Sales Office or Sales Rep. (See the
Sales Information listing in this book.)

In addition to the collection of DRAM data sheets, you will find valuable information on ordering and
expanded packaging descriptions, both in the Order Information section.

The Design Iinformation section contains two new technical papers. The 3D Stacked Capacitor Cell for
Mega Bit DRAM is a reprint of a technical paper from the Fujitsu Scientific and Technical Journal. We
are pleased to be able to include an article from this highly respected journal. The second new paper is
The Soft Error Rate for 4M DRAM Devices, a significant article on these new DRAM devices.

If you are interested in obtaining other Fujitsu product information, you will find the publications listing on
the following pages quite useful. Once again, call one of our sales offices to obtain a copy of any of the
documents.
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FUJITSU PRODUCT PUBLICATIONS

The following is a list of the product publications available from Fujitsu. Call your nearest Fujitsu Sales Office or Sales

Representative to order any document(s) you need. (See the Sales Information section for phone numbers.)

MEMORY PRODUCTS
Dynamic RAM Products Data Book

Static RAM Products Data Book

ECL RAM Products Data Book

Programmable Memory Products Data
Book

Memory Modules Data Book

Memory Card Products Data Book

Power Transistor Products Data Book

Linear Products Data Book

Linear Products Selector Guide

Telecommunication Devices Data Book

Telecommunication Devices Selector
Guide

Interface and Logic Products Selector

Guide

SMOIS 4-bit Microcontrollers Data Book,
ol.

CMOS 4-bit Microcontrollers Data Book,
Vol. Il

CMOS 4-bit Microcontrollers Selector
Guide

Contains product data sheets for NMOS and CMOS DRAMs,
including 1M and 4M devices, and MOS application-specific
RAMSs.

Contains product data sheets for high-speed CMOS and
BiCMOS SRAMs, low-power CMOS SRAMs and application-
spacific SRAMs.

Contains product data sheets for ECL and TTL bipolar ECL
RAMs, BiCMOS ECL RAMs, and application-specific RAMS
including self-timed RAMs (STRAMs).

Contains product data sheets for programmable ROMs (including
registered and wide-temperature range PROMs); CMOS mask-
programmable ROMS, OTP ROMs, erasable PROMSs, and EE-
PROMs; NMOS erasable PROMs and non-volatile RAMs.

Contains product data sheets for CMOS DRAM modules (includ-
ing high density and low profile) and CMOS SRAM modules.

Contains product data sheets and programming information for
68-pin JEIDA and PCMCIA standard memory cards and connec-
tors and for 38-pin memory cards.

Contains product data sheets for RETs, Darlington arrays, and
FETs.

Contains product data sheets for op amps, comparators, automo-
tive audio amps, power supply controls, motor drivers, disk driv-
ers, and converters (A/D, D/A, A/D-D/A, and F/V).

Presents an overview of linear products.

Contains product data sheets for bipolar prescalers and VCOs,
CMOS PLLs, BiCMOS single-chip PLLs and Prescalers,
CODECs, CMOS telephone ICs, and cellular mobile radio ICs.

Presents an overview of telecommunication products and piezo-
electric devices.

Presents an overview of logic and interface devices.
Contains product information, including the development tool for
the MB8850 and MB88200 families of 4-bit microcontrollers.

Contains product information, including the development tool for
the MB88500 family of 4-bit microcontrollers.

Presents an overview of the MB88500 (high end), MB8850 (mid-
range), and MB88200 (low end) families of 4-bit microcontrollers.



FUJITSU PRODUCT PUBLICATIONS (Continued)

ASIC PRODUCTS

CMOS Channeled Gate Arrays Data Book
and Design Evaluation Guide

CMOS Channelless Gate Arrays Data
Book and Design Evaluation Guide

CMOS Standard Cell Data Book and
Design Evaluation Guide

ASIC CMOS Products Selector Guide
BiCMOS Gate Arrays Data Book and
Design Evaluation Guide

ECL Gate Arrays Data Book and Design

Evaluation Guide

ASIC Bipolar Products Selector Guide

ASIC SOFTWARE

The ASIC Gallery (catalog)

The ASIC Design Environment (catalog)

ViewCAD User’s Guide

ViewCAD Installation Guide
CMOS ASIC Reference Manual for
Validation

FAME User’s Guide

FAME Reference Manual

Synopsys User's Guide

Contains product information for UHB Series High Drive CMOS
Gate Arrays and CG10 Series High Drive CMOS Gate Arrays.

Contains product information for AU Series CMOS Series Gate
Arrays and CG21 Series CMOS Gate Arrays.

Contains product information for AU Series Standard Cells.

Presents an overview of CMOS channeled and channelless gate
arrays and standard cell products.

Contains product information for BC Series BICMOS Gate
Arrays and BC-H Series BICMOS Gate Arrays.

Contains product information for ET Series ECL Gate Arrays, H
Series ECL Gate Arrays, Ultra-High Performance ECL Gate
Arrays, and VH Series ECL Gate Arrays.

Presents an overview of BICMOS and ECL gate array products.

Discusses the trend in ASICs: migration from using gates as
primitives to using LSl and even VLSI macros as design ele-
ments.

Provides an overview of the third-party tools that work in concert
with Fujitsu’s proprietary tools, ViewCAD™, BankCAD™,
ZephCAD, and FAME. Also included are product profiles explain-
ing how the third-party tools fit within the design framework.

Provides a basic understanding of Fujitsu’s proprietary CAD/CAE
system, ViewCAD. This book provides information necessary to
design, test, simulate, and analyze circuits using Fujitsu’s unit cell
libraries for AU, UHB, CG10, CG21, and CG31 CMOS technolo-
gies.

Explains how to install Fujitsu's proprietary CAD/CAE system,
ViewCAD.

Provides a basic understanding of the Valid System on the Sun
platform as it interfaces with Fujitsu programs to build circuits
using Fuijitsu’s unit cell libraries for AU and UHB CMOS technolo-
gies.

Provides a basic understanding of the Fujitsu ASIC Management
Environment (FAME) software as it interfaces with third-party
tools (Sun or PC) to build circuits using Fujitsu’s unit cell libraries.

Provides installation and directory information for the Fuijitsu
ASIC Management Environment (FAME) software, which uses
third-party tools (Sun or PC) to build circuits using Fuijitsu’s unit
cell libraries.

Provides a basic understanding of the Synopsys® system as it
interfaces with Fujitsu programs to build circuits using Fujitsu’s
unit cell libraries.



FUJITSU PRODUCT PUBLICATIONS (Continued)

ASIC SOFTWARE (Continued)
Verilog-XL User’s Guide

Future Publications

For Fujitsu Microelectronics, Inc.:

Master Product Guide/Catalog (1991)

For Memory Products:
Hybrid Products (1991)

For ASIC Software:

ASIC Design Environment
Data Book (1991)

ASICOpen™ Catalog (1991)

Provides a basic understanding of the Verilog-XL® system as it
interfaces with Fujitsu programs to build circuits using Fujitsu’s
unit cell libraries.

Presents an overview of the entire range of products offered by
Fuijitsu Microelectronics.

Presents Fujitsu's hybrid products and discusses thick- and thin-film
capabilities.

Provides detailed information about the ASIC Design Methodology
at Fujitsu. It contains an overview of the third-party tools that work
in concert with Fujitsu’s proprietary tools, ViewCAD, BankCAD,
ZephCAD, and FAME. Also included are product profiles explaining
how the third-party tools fit within the design framework.

Provides a small-scale ASIC Design Methodology at Fujitsu. It
explains the design processes between two third-party tools, Syn-
opsys and Verilog-XL, and Fujitsu’s proprietary tools, ViewCAD,
BankCAD, and ZephCAD.

Synopsys® is a registered trademark of Synopsys, Inc.

Verilog-XL® is a registered trademark of Cadence Design Systems, Inc.
ViewCAD™ and BankCAD™ are trademarks of Fujitsu Limited.
ASICOpen™ is a trademark of Fujitsu Microelectronics, Inc.

vi



Contents and Alphanumeric Product List

DRAM PRODUCTS

Introduction — DRAM Products .....

Section 1 —=NMOSDRAMs — AtaGlance . . ..., 1-1
MB81256-10/-12/-15 262144 x1bitDRAM .. ... ... ...t 1-3
MB81256-80 262144 x 1bitDRAM .. ... ... ... ... ... 1-25
MB81257-10/-12/-15 262144 x1bitDRAM .. ... ... ... ... ... 145
MB81257-80 262144 x1bitDRAM . ... ... ... ... ......... 1-69
MB81464-10/-12/-15 65536 x4 bitsDRAM . .. ...... ... ... .. ..., 1-93

Section 2-CMOS DRAMs — AtaGlance . ... ... iiiiininn.. 2-1,2-2
MB81C1000-70/-80/-10/-12 1048576 x 1 bit Fast Page Mode DRAM . .......... 2-3
MB81C1000-70L/-80L/-10L/-12L 1048576 x 1 bit Fast Page Mode Low Power DRAM  2-25
MB81C1000A-60/-70/-80/-10 1048576 x 1 bit Fast Page Mode DRAM . ......... 2-47
MB81C1000A-70L/-80L/-10L 1048576 x 1 bit Fast Page Mode Low Power DRAM  2-71
MB81C1001-70/-80/-10/-12 1048576 x 1 bit Nibble Mode DRAM . ............ 2-95
MB81C1001-70L/-80L/-10L/-12L 1048576 x 1 bit Nibble Mode Low Power DRAM .. 2-117
MB81C1001A-60/-70/-80/-10 1048576 x 1 bit Nibble Mode DRAM . ........... 2-139
MB81C1001A-70L/-80L/-10L 1048576 x 1 bit Nibble Mode Low Power DRAM .. 2-163
MB81C4256-70/-80/-10/-12 262144 x 4 bits Fast Page Mode DRAM . ........ 2-187
MB81C4256-70L/-80L/-10L/-12L 262144 x 4 bits Fast Page Mode Low Power DRAM 2-211
MB81C4256A-60/-70/-80/-10 262144 x 4 bits Fast Page Mode DRAM . ........ 2-235
MB81C4256A-70L/-80L/-10L 262144 x 4 bits Fast Page Mode Low Power DRAM 2-261
MB814100-80/-10/-12 4M x 1 bit Fast Page Mode DRAM ............. 2-287
MB814100-80L/-10L/-12L 4M x 1 bit Fast Page Mode Low Power DRAM ... 2-307
MB814101-80/-10/-12 4M x 1 bit Nibble Mode DRAM . ............... 2-309
MB814101-80L/-10L/-12L 4M x 1 bit Nibble Mode Low Power DRAM ... ... 2-329
MB814400-80/-10/-12 1M x 4 bits Fast Page Mode DRAM ............ 2-331

MB814400-80L/-10L/-12L

1M x 4 bits Fast Page Mode Low Power DRAM .. 2-353

Section 3 — MOS Application-Specific RAMs — AtaGlance ..................... 3-1
MB81461-12/-15 NMOS 65536 x 4 bits Dual-Pot DRAM .. ... ....... 3-3
MB81461B-12/-15 NMOS 65536 x 4 bits Dual-Pot DRAM ... ........ 3-35
MB81C1501 CMOS 293760 x 4 bits Triple-Port DRAM . ........ 3-67

Section 4 — Quality and Reliability — AtaGlance ............ ... .. ...... 4-1
Quality Control at FUJItSU . . . .. ..ot i e e e e 4-3

Quality Control Processes at FUJItSU . . ... ovet ettt i e e 4-4

vii



Contents and Alphanumeric Product List (Continued)
DRAM PRODUCTS

Section 5 — Ordering and Package Information — AtaGlance ................... 5-1
Product Marking . ....... .ottt e e 5-3

Ordering Code (PartNumber) ... i 5-3

Package Codes —PIastiC ..........coiiiiiiiniiiiiii e 54

Package Codes —CeramiC . .......ovutvinenn et eie et 5-5

Section 6 — Sales Information — AtaGlance . ......... ... ... ... . . ... 6-1
Introductionto FUJitSU ... ...t e 6-3

Fujitsu Limited (Japan) . ...ttt it i i e e e 6-3

Fujitsu Microelectronics, Inc. (U.S.A.) . .. ...t 64

Fujitsu Electronics Devices EUIOPe ... .......c.oiniiiiininin e 6-6

Fujitsu Microelectronics Asia PTE Ltd. (Singapore) .............coieiiin... 6-8

Integrated Circuits Corporate Headquarters —Worldwide . .. ....................... 6-9

FMI Sales Offices for North and South America ... ................coiiia... 6-10

FMI Representatives—USA ........... ... ... ... .. P 6-11

FMI Representatives —Canada . . ........coiiitiiiiine it 6-13

FMI Representatives —Mexico ...ttt 6-13

FMI Representatives —~ Puerto RiCO . ........... ..ottt 6-13
FMIDistributors — USA .. ... o e e e 6-14

FMI Distributors —Canada . ...........ouiiiiiiii ittt 6-18

FMG Sales Offices for Europe, FMLand FMIL . .......... ... ... ..., 6-19

FMG Distributors — Europe, FMLand FMIL . ........ ... ... ... .. i, 6-20

FMAP Sales Offices for Asia, Australia,andOceania .. ................c.unn... 6-22

FMAP Representatives — Asiaand Austraila ........... ... ... ... i, 6-23

FMAP Distributors — ASIa . . ... .uiieit ittt e 624

Section 7 — Appendices — Design Information —AtaGlance . ................ 7-1
Appendix 1. Application Note:  Various Features of Fujitsu DRAMs .. ............. 7-3

Appendix 2. Application Note:  The Soft Error Rate for 4M DRAM Devices . ....... 7-27

Appendix 3. Technical Paper: 3D Stacked Capacitor Cell for Mega Bit DRAM . . . . . 7-35

viii



Contents and Alphanumeric Product List (Continued)
DRAM PRODUCTS

Alphanumeric List of Fujitsu Part Numbers

MB81256-10/-12/-16 ............. 1-3 MB81C1000-70/-80/-10/-12 ... .. ... 2-3
MB81256-80 .................. 1-25 MB81C1000-70L/-80L/-10L/-12L . . . 2-25
MB81257-10/-12/-15 ............ 1-45 MB81C1000A-60/-70/-80/-10 ... .. 2-47
MB81257-80 .................. 1-69 MB81C1000A-70L/-80L/-10L . . . . .. 2-71

MB81C1001-70/-80/-10/-12 . . .. . .. 2-95
MB81461-12/-15 ................ 3-3

MB81C1001-70L/-80L/-10L/-12L . . 2-117

MB81461B-12/-15 . ............. 3-35

MB81C1001A-60/-70/-80/-10 ....2-139
MB81464-10/-12/-15 ............ 1-93 MB81C1001A-70L/-80L/-10L . . . . . 2-163
MBB141 00_80/_1 0/_12 ........ 2_287 MBB1C1501 ......... DR 3_67
MB814100-80L/-10L/-12L ... .... 2-307
MB814101-80/-10/-12 .. ... ..... 2-309 MB81C4256-70/-80/-10/-12 . . .. .. 2-187
MB814101-80L/-10L/-12L ... ... 2-329 MB81C4256-70L/-80L/-10L/-12L . . 2-211
MB814400-80/-10/-12 .......... 2-331 MB81C4256A-60/70/-80/-10 . .. .. 2-235

MB814400-80L/-10L/-12L .. ... .. 2-353 MB81C4256A-70L/-80L/-10L . . . . . 2-261

ix






Introduction

Page

Title

xiil

Fujitsu's Dynamic RAMs

xi



Introduction Dynamic RAM Data Book

xii



Fujitsu’s Dynamic RAM Products

Introduction

NMOS and CMOS DRAMs

Fujitsu manufactures a wide range of integrated circuits that
includes linear products, microprocessors,
telecommunications circuits, ASICs, high—speed ECL logic,
power components (consisting of both discrete transistors
and transistor arrays), and both static and dynamic RAMs.
An extensive line of memory products includes volatile and
non-volatile CMOS and ECL devices.

Fuijitsu's Dynamic RAM product line offers devices for use in
a wide range of applications. These memories are
manufactured to meet the high standard of quality and
reliability that is found in all Fujitsu products.

This data book includes product information on all of Fujitsu’s
currently available DRAM products.

Fujitsu manufactures a complete family of leading technology
dynamic random access memories for the data processing,
telecom, and industrial markets. This family consists of the
highest density devices currently available with a broad
selection of organizations, access modes, and packages.

Application-Specific DRAMs

Fujitsu offers a family of multi-port dynamic random access
memories tailored for video imaging and graphics
applications. These devices adhere to JEDEC standards
where applicable and are available in the popular packages.
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NMOS DRAMs — At a Glance

Section 1

Maximum
Access Package
Page Device Time (ns) Capacity Opti
1-3 MB81256-10 100 262144 bits 16-pin  Plastic DIP, ZIP
-12 120 (262144 x 1) 16-pin Ceramic DIP
-15 150 18-pin Plastic PLCC
18-pad Ceramic LCC
1-25 MB81256-80 80 262144 bits 16-pin  Plastic DIP, ZIP
(262144 x 1) 16-pin Ceramic DIP
18-pin Plastic = PLCC
145 MB81257-10 100 262144 bits 16-pin  Plastic DIP, ZIP
-12 120 (262144 x 1) 16-pin Ceramic DIP
-15 150 18-pin Plastic  PLCC
18-pad Ceramic LCC
1-69 MB81257-80 80 262144 bits 16-pin Plastic DIP, ZIP
(262144 x 1) 16-pin Ceramic DIP
18-pin Plastc  PLCC
1-93 MB81464-12 120 262144 bits 18-pin  Plastic DIP, PLCC
-15 150 (65536 x 4) 18-pin Ceramic DIP
20-pin Plastc  ZIP
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Edition 5.0

DATA SHEET —/———

[ ®)
FUJITSU

MB81256-10/-12/-15

MOS 262,144 BIT DYNAMIC RANDOM ACCESS MEMORY

262,144 Bit Dynamic Random Access Memory

The Fujitsu MB81256 is a fully decoded, dynamic NMOS random access
memory organized as 262,144 one-bit words. The design is optimized for high speed,
high performance applications such as mainframe memory, buffer memory, peripheral
storage, and environments where low power dissipation and a compact layout are
required.

Multiplexed row and column address inputs permit the MB81256 to be housed in
standard 16-pin DIP and ZIP packages or an 18-pin PLCC package. Pinouts conform
to JEDEC-approved pinouts. Additionally, the MB81256 offers new functional
anhancements that make it more versatile than previous dynamic RAMs. CAS-before-
RAS refresh provides an on-chip refresh capability that is upwardly compatible with the
MB8266A. The MB81256 also features page mode which allows high speed random
access of up to 512 bits of data within the same row.

The MB81256 is fabricated using silicon gate NMOS and Fujitsu’s advanced
Triple-layer Polysilicon process. This process, coupled with single-transistor memory
storage calls, permits maximum circuit density and minimal chip size. Dynamic
circuitry is used in the design, including the sense amplifiers. Clock timing
requirements are noncritical, and power supply tolerance is very wide. All inputs are
TTL compatible.

® 262,144 x 1 RAM organization o 256 refresh cycles every 4 ms

o Silicon-gate, Triple Poly NMOS, single ~ ® TAS-before-FAS, RAS-only,
transistor cell Hidden refresh capablllty

PLASTIC PACKAGE
DIP-16P-M03

PLASTIC PACKAGE
LCC-18P-M04

e Row Access Time e High speed Read-white-Write cycle
1201 max a1z 1 3l won o, towp aro liminated PLASTIC PACKAGE
. e Output unlatched cycle end allows =161
180 ne max. (MB 61256-15 ot unlatcher o sotect DIP-16C A03: Soe Page 17
o Cycle Time ® Common I/O capability using DIP-166.004: See Pace 19
200 ns min. (MB 81256-10) Early Write operation LCC-18C-FO4: See Page 24
220 ns min. (MB 81256-12 ® On-chip latches for Addresses and
260 ns min. (MB 81256-15 Data-in
e Standard 16-Pin Plastic Packages:
e Page Cycle Tim DIP (MB81256-XXP) PIN ASSIGNMENT
100 ns max. (MB 81256-10 ZIP  (MB81256-XXPSZ)
120 ns max. (MB 81256-12) Standard 18-Pin Plastic Package:
145 ns max. (MB 81256-15) PLCC(MB81256-XXPV)
B VBSTERa 5E) Soam e
i m
e Single +5 V Supply, +10% tolerance . D'Za,& 1261 adssxx2) 3" &d‘a
tan 'ad Ceramic Package:
e Low Power
385 mW max. (MB 81256-10 LCC (MB81256-XXTV)
358 mW max. (MB 81256-12
314 mW max. (MB 81256-15,
25 mW max. (standby)
Absolute Maximum Ratings
Parameter Symbol Value Unit
Voltage at any pin relative to Vgg Vin, Vour -1to+7 v
Voltage of Ve supply relative to Vsg Vee -1to +7 \
Storage Temp Ire Ceramic Tsta -55to +150 °c
Plastic 5510 +125
Power Dissipation Ppo 1.0 w
e Pin assignment for ZIP: See Page 21
Short Circuit Output Current — 50 mA

may occur if absolute maximum ratings are exceeded.
Funcnonal t:gerahon should be restricted to the conditions as detailed in the operation
sections of this data sheet. Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, inc.

mwhsmunawnqum.gmpmqw

that normal precautions be taken to avold applicatl
of any vottage higher than maximum rated voltages 1o this hlgh
impedance circuit.
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MB81256-10

MB81256-12
MB81256-15
Fig. 1 — MB 81256 BLOCK DIAGRAM
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CAPACITANCE (1. -25°c)

Parameter Symbeol Typ Max Unit
Input Capacitance Ag to Ag, Dy Cint 7 pF
Input Capacitance RAS, CAS, WE Cinz 10 pF
Output Capacitance Doyt CouT 7 pF

1-4




MB81256-10

MB81256-12
MB81256-15
(Referenced to Vgg)
Parameter Symbol Min Typ Max Unit ‘Ig &e;;itr:‘t?.nre
Vee 45 5.0 5.5 \Y
Supply Voltage
Vss 0 0 0 \
Input High Voltage, all inputs Vin 24 6.5 \Y 0°C to +70°C
Input Low Voltage, all inputs VL -20 0.8 \
(Recommended operating conditions unless otherwise noted.)
Value
Parameter Symbol Unit
Min Typ Max
OPERATING CURRENT* MB 81256-10 70
Average Power Supply Current MB 81256-12 leea 65 mA
ling; tgc = Min.
(RAS, CAS cycling; tac = Min.) MB 81256-15 57
STANDBY CURRENT
Standby Power Supply Current lccz 4.5 mA
(RAS, CAS=V,,)
REFRESH CURRENT 1° MB 81256-10 60
Average Power Supply Current MB 81256-12 lees 55 mA
(RAS cycling, CAS = V| y; tge = Min.) MB 81256-15 50
PAGE MODE CURRENT™ MB 81256-10 35
Average Power Supply Current MB 81256-12 lcca 30 mA
(RAS =V, , CAS cycling; tpc = Min.) MB 81256-15 25
REFRESH CURRENT 2* M8 81256-10 &
Average Power Supply Current MB 81256-12 lees 60 mA
(CAS-before-RAS; tge = Min.) MB 81256-15 55
INPUT LEAKAGE CURRENT any input (V,y = 0V to | 210 10 uA
5.5V, Ve = 5.5V, Vgg = 0V, all other pins not under test = 0V) w
OUTPUT LEAKAGE CURRENT (Data is disabled, | -10 10 uA
VouT = 0V t0 5.5V) ol
OUTPUT LEVEL Output Low Voltage (I =4.2 mA) VoL 0.4 \
OUTPUT LEVEL Output high Voltage (lgy =-5.0 mA) Vou 24 \

NOTE " : I is depended on output loading and cycle rates. Specified values are obtained with the output open. 1-5



MB81256-10
MB81256-12
MB81256-15

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Parameter Symbol MB 81256-10 | MB81256-12 | MB 81256-15 Unit
Min Max Min Max Min Max
Time between Refresh tReF 4 4 4 ms
Random Read/Write Cycle Time tre 200 220 260 ns
Read-Write Cycle Time trwe 200 220 260 ns
Access Time from RAS B trac 100 120 150 ns
Access Time from CAS BB teac 50 60 75 ns
Output Buffer Turn off Delay tore 0 25 25 0 30 ns
Transition Time tr 3 50 50 3 50 ns
RAS Precharge Time trp 85 20 100 ns
RAS Pulse Width trAs 105 |100000( 120 {100000| 150 {100000( ns
RAS Hold Time tRsH 55 60 75 ns
CAS Pulse Width tcas 55 100000| 60 100000 75 100000 ns
CAS Hold Time tesH 105 120 150 ns
RAS to CAS Delay Time B treo 20 50 22 60 25 75 ns
CAS to RAS Set Up Time tcrs 10 10 10 ns
Row Address Set Up Time tasr 0 0 0 ns
Row Address Hold Time tRAH 10 12 15 ns
Column Address Set Up Time tasc 0 0 0 ns
Column Address Hold Time tcan 15 20 25 ns
Read Command Set Up Time tres 0 0 0 ns
tF:‘)e?:dT('S:ommand Hold Time Referenced tmcn 0 0 0 ns
:)e%ommand Hold Time Referenced g o 20 20 20 ns
Write Command Set Up Time twes 0 0 0 ns
Write Command Pulse Width twp 15 20 25 ns
Write Command Hold Time tweh 15 20 25 ns
Write Command to RAS Lead Time tRwL 35 40 45 ns
Write Command to CAS Lead Time tewe 35 40 45 ns
Data In Set Up Time tps 0 0 0 ns
Data In Hold Time ton 15 20 25 ns
CAS to WE Delay tewp 15 20 25 ns
(Rg%:.s;\ez)ﬂg%i :Iz{e():AS Referenced to RAS tecn 20 25 20 ns




MB81256-10

MB81256-12
MB81256-15
(ARegom(m:el:tliﬁ oRpeArag]cEnﬁitligI!ngssotherwise noted.)
Parameter MB 81256-10 | MB 81256-12 | MB 81256-15 Unit
Min Max Min Max Min Max
CAS Precharge Time (CAS-before-RAS cycle) tepn 20 25 30 ns
{(F;Ae?r:sr:cctlla;ii )to CAS Active Time tapc 20 20 20 ns
Page Mode Read/Write Cycle Time tpe 100 120 145 ns
Page Mode Read-Write Cycle Time tpRWC 100 120 145 ns
Page Mode CAS Precharge Time tep 40 50 60 ns
Refresh Counter Test Cycle Time trTe 330 375 430 ns
Refresh Counter Test RAS Pulse Width trrAs 230 |10000 [ 265 | 10000| 320 | 10000 | ns
Refresh Counter Test CAS Precharge Time tepT 50 60 70 ns

Notes:

An initial pause of 200 us is required after power-up,
And then several cycle (to which any 8 cycle to per-
form refresh are adequate) are required before proper
device operation is achieved.

If internal refresh counter is to be effective, a mini-
mum of 8 CAS before RAS refresh cycles are required.

AC characteristics assume t1 = 5 ns.

Vi (min) and V,_ (max) are refrence levels for mea-
suring timing of input signals. Also, transition times
are measured between V,; (min) and V,_ (max.).

Assumes that tgep < trep (max.) If trep is greater
than the maximum recommended value shown in this
table, tgac will increase by the amount that tgcp
exceeds the value shown.

Assumes that tgep 2 trep (Max.).

Measured with a load equivalent to 2 TTL loads and
100 pF.

Operation within the tgcp (max) limit insures that
trac (max) can be met. tgep (max) is specified as a
reference point only; if tgcp is greater than the
specified tgcp (max) limit, then access time is con-
trolled exclusively by teac.

thep (Min) = tgan (mMin) + 2ty (ty = 5ns) + tasc
(min).

Either tggry Or tgcn Must be satisfied for a read cycle.

twcs and tcwp are not restrictive operating para-
meters. They are included in the data sheet as elec-
trical characteristics only. If tyecs 2 twes (min),
the cycle is an early write cycle and the data out pin
will remain open circuit (high impedance) throughout
entire cycle.
If tcwp = tewp (min) the cycle is a read-write cycle
and data out will contain data read from the selected
cell. If neither of the above sets of conditions is satis-
fied the condition of the data out is indeterminate.

Test mode cycle only.
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Read Cycle
trc
tRAS
N Viu-
RAS Vi - \ ,/ \
t tcsH tRP
CRsl-— theo tRSH
tcas
== Viu-
cAS i \ ay.
t t t
ASR RAH /ﬁlc‘_ tCAHI
ADDREssEs *'H~ ROW COLUMN p: 7
ViL- ADDRESS ADDRESS . =
1
tRCS|’-—<
We Vin- o
) tcac
tRAC
b VoH- HIGH.Z VALID ‘5
ouT VoL - HIGH-. DATA
Don‘t Care
Write Cycle (Early Write)
tRC
v _— tRAS
BAS H™
RAS ViL— \ - \_.—
tcrs tcsH - | tRp—e=]
tRCD tcas
—_ Vin— \ /
CAs Vi— N \ /
tasr | [tRAH tasc
—-] "— tcaH

Vin—
ADDRESSES ,,'"_
I

COLUMN
\ ADDRESS

— Vg~
WE ViL—
Vi
Din v::_
v e
Dout Vg:'—

B Don’t Care
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Read—Write/Read—Modify—Write Cycle
| tRwC

v tRAS
I H-
RAS Vi X —7 \_

- tcsH tRSt . tRP —e=|
t RSH
o2 tRCD tcas

J— Vin- ] /| ;
CAS _

Vi tRAH  tasc \ \t 4 /

tasr | —— tcaH

Vin— ROW COLUMN )(

ADDRESSES v, ADDRESS. ADDRESS .
f—towiL—
tRCSl'—I tcwp —'—‘RWL—’#
= Vin— " )
WE Vi R R 4 N / /
j————tcac——o -‘—-lwp——l ] tOFF

VoH— " VALID

Dout VoL— i HIGH-Zz— DATA L
f

tRAC

‘DS“-‘I l-——l toH
M - : VALID
D ]
N Vi : . )( DATA K

D Don’t Care

Page Mode Read Cycle

tRAS
=RE Vin~
RAS Vi- P
cRs [~ fesH tRSH —tRp
——(Rco——r-——tcAs—a— ~—tCcAS
=as Vin~
CAS
Vi tRAH - I~
CAH ™ tcAH

M

ADDRESSES v

coL. ><
ADD J

IE‘CAC

l tRAC -] | tOFF toFF
VoH-

D HIGH-Z F
out Vo~ ' \"7. .
a! l—‘lncs —=f{ tRAH =—
tRcs—| tRCH——I— tRCH—

D Don’t Care
V/A Valid Data
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Page Mode Write Cycle
tRAS
J— Vig—
RAS Vie|X 4
R tpc [—tRsH—=] |=-1RP.
CRS| | l=-trcD-=f=—tcAs =—tcas =—tcas
_ lr'c*’\ if X —
CAS
—ﬂtCAH e tcan —dtcaH
_tAlsC tASC —=] 4— tASC =] I
i
COL. COL. o COL.
ADDRESSES (555 )g oL i >1 coL K
7 T
] tweH tweH
| twes-=—{ 4— twes —m] e
/% \
twe - twp—=—
tDs__l ._.|tDH tps et o= tps *IDH’I
dL
Din M X" VALID X X VALID "K I VALID
Vi DATA DATA . DATA
! s h
Ve —
Dour ng HIGH-Z
-
DDon'tCare
Page Mode Read-Write Cycle
tRAS tRp—=]
f— Vin- 3
RAS Vi - \ /
tcRrs tcsH
_>| =t tRCD teas——] [ PRWC—= tRSH
|
I Vin- ! —
= v 1 N N /TN /
tasr _‘_“ASC tean tcp tcas lew
o] o] ]
RAH tcAH|
Vin- ROW COL. COL. “\/COL.
ADDRESSES V'L_:X ADD. ADD. X XAED.K L ADD X
t, 1 t
thcs cwo Cf._.w" ASC= lltowt ol ftpwe
tRes™ L tewo™ |~ .
o Vi- cwo| CH .
WE v j N / we
[ S tcac et
toFF twp tcac toFF
ot
L‘_‘RAC‘_"* twp tcac lOFF
Von- VALID '\ VALID\, VALID
Dout VoL HIGH-Z DATA 1~ DATA £t DATA
t t
tpS—=t t=i— DS DH tos toH
toH —
Din Vine VALID VALID VALID
V- DATA DATA DATA
DDon'tCa'e
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RAS-only Refresh cycle
n NOTE: WE, D, = Don't care, Ag = V,y or V;_
trc
_—-(HAS-_———-—d
RAS Vin— h
RAS N
Vi~ task N . \_
I g R
RAH‘-I ‘—-1‘RPC
Vin— ROW -
ADDRESSES
- ADDRE:!
tcrs
J— V=
cas Vu_—______/ toFF
Vou—
Dout ver— HIGH-Z
D Don’t Care
CAS-before-RAS Refresh Cycle
NOTE: Address, WE, D,y = Don't care
tRC
tRp
tRAS
_ Vin— \
RAS JH / N N
-
t
tcpr tFcs tFCH las
— Viu—
CAS V'“ /
-
torF
Von— X

DouT — HIGH-Z

ou VoL e 7

D Don't Care
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ADDRESSES

p— Vin-
WE (Read-Write)
Vi~

Hidden Refresh Cycle

RC

Vinu-
Vi

tcRs

TRAS

V,
e/

Vi "\
VIL—B g

Vin- T

V) -

AS:

>t CH——{

b= tOFF

VALID DATA ) —

Don't Care

ADDRESSES

WE (Read)

tRTC
V- TRAS:
) \‘
Vi
teCs tesh i tcpT, tRSH tap
Vin— / tcas:
Vi
tasc
o= f=——tcAH—
Vi
v OL. ADDRESS
n-
tRARH
Viu-
Vi —
v tRCH
tcac L —torr
Vou— A
Vou HIGH:. < VALID DATA p—
tRcs tcwo ___(CWL__I
fe———t R | ————f
Vi - [ \ 'W”_{"—v-_
Vi- M i [
t
1
DS ton
Vin—
V- - VALID DATA
"

D Don’t Care
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DESCRIPTION

Simple Timing Requirement

The MB 81256 has improved circuitry
that eases timing requirements for high
speed access operations. The MB 81256
can operate under the condition of
tpep (Max) = tcac thus providing
optimal timing for address multiplexing.
In addition, the MB 81256 has the
minimal hold time of Address (tcan),
WE (twcn) and Dy (tpn). The
MB 81256 provides higher through-
put in inter-leaved memory system
applications. Fujitsu has made timing
requirements that are referenced to
RAS nonrestrictive and deleted them
from the data sheet, these include taR,
twcr. tonr and trwo:- As a result,
the hold times of the Column Address,
Dy and WE as well as tewp (CAS to
WE Delay) are not ristricted by tgcp-

Address Inputs:

A total of eighteen binary input address
bits are required to decode any 1 of
262,144 cell locations within the
MB 81256. Nine row-address bits are
established on the input pins (Ag
to Ag) and are latched with the Row
Address Strobe (RAS). Nine column-
address bits are established on the input
pins and are latched with the Column
Address Strobe (CAS). All row ad-
dresses must be stable on or before the
falling edge of RAS. CAS is internally
inhibited ( or “gated”’) by RAS to
permit triggering of CAS as soon as the
Row Address Hold Time (tgan) speci-
fication has been satisfied and the
address inputs have been changed from
row-addresses to column-address.

Write Enable:

The read mode or write mode is selected
with the WE input. A high on WE
selects read mode; low selects write
mode. The data input is disable when
read mode is selected.

Data input:

Data is written into the MB 81256 dur-
ing a write or read-write cycle. The later
falling edge of WE or CAS is a strobe for
the Data In (D) register. In a write
cycle, if WE is brought low before

CAS, D,y is strobed by CAS, and the
set-up and hold times are referenced to
CAS. In a read-write cycle, WE can be
delayed after CAS has been low and
CAS to WE Delay Time (tcwp) has
been satisfied. Thus D,y is strobed by
WE, and set-up and hold times are
referenced to WE.

Data Output:

The output buffer is three-state TTL
compatible with a fan-out of two
standard TTL loads. Data out is the
same polarity as data-in. The output is
in a high impedance state until CAS is
brought low. In a read cycle, or read-
write cycle, the output is valid after
taac from transition of RAS when
tgep (max) is satisfied, or after tcac
from transition of CAS when the
transition occurs after tgpep (max).
Data remain valid until CAS is re-
turned to a high level. In a write cycle
the identical sequence occurs, but data
is not valid.

Fast Read-While-Write cycle

The MB 81256 has a fast read while
write cycle which is achieved by precise
control of the three-state output buffer
as well as by the simplified timings
described in the previous section.
The output buffer is controlled by the
state of WE when CAS goes low. When
WE is low during CAS transition to low,
the MB 81256 goes into the early write
mode in which the output floats and the
common /O bus can be used on the
system level. Whereas, when WE goes
low after tcwp following CAS transi-
tion to low, the MB 81256 goes into the
delayed write mode. The output then
contains the data from the cell selected
and the data from Dy is written into
the cell selected. Therefore, a very fast
read write cycle (tgwe = tme) is
possible with the MB 81256.

Page Mode:

Page-mode operation permits strobing
the row-address into the MB 81256
while maintaining RAS at a low through-
out all successive memory operations
in which the row-address doesn’t chan-
ge. Thus the power dissipated by the

falling edge of RAS is saved. Access and
cycle times are decreased because the
time normally required to strobe a new
row address is eliminated.

Refresh:

Refresh of the dynamic memory cells is
accomplished by performing a memory
cycle at each of the 256 row-addresses
(Agto A;) at least every 4ms. The
MB 81256 offers the following 3 types
of refresh.

RAS-only Refresh;

RAS-only refresh avoids any output
during refresh because the output
buffer is in the high impedance state
unless CAS is brought low.

Strobing each of 256 row-addresses
(Ag to A;) with RAS will cause all bits
in each row to be refreshed. Further
RAS-only refresh results in a substantial
reduction in power dissipation. During
RAS-only refresh cycle, either V,y or
V,_ is permitted to Ag.

CAS-before-RAS Refresh;
CAS-before-RAS refreshing available on
the MB 81256 offers an alternate
refresh method. If CAS is held “low’’
for the specified period (tgcg) before
RAS goes to “low”, on-chip refresh
control clock generators and the refresh
address counter are enabled, and an
internal refresh operation takes place.
After the refresh operation is perform-
ed, the refresh address counter is
automatically incremented in prepara-
tion for the next CAS-before-RAS
refresh operation.

Hidden Refresh;

A hidden refresh cycle may takes place
while maintaining the latest valid data
at the output by extending CAS active
time.

For the MB 81256 a hidden refresh is
a CAS-before-RAS refresh cycle. The
internal refresh address counters pro-
vide the refresh addresses, as in a normal
CAS-before-RAS refresh cycle.

CAS-before-RAS Refresh Counter Test
Cycle:
A special timing sequence using CAS-
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before-RAS counter test cycle provides
a convenient method of verifying the
functionality of the CAS-before-RAS
refresh activated circuitry.

After the CAS-befor-RAS refresh opera-
tion, if CAS goes to high and then
goes to low again while RAS is held low,
the read and write operations are
enabled.

This is shown in the CAS-before-RAS
counter test cycle timing diagram.
A memory cell address (consisting of a
row address (9 bits) and column address
(9 bits) to be accessed can be defined
as follows:

*A ROW ADDRESS — Bits Ag to A,

are defined by the refresh counter.
The bit Ag is set high internally.

*A COLUMN ADDRESS — Al the bits
Ag to Ag are defined by latching
levels on Ag to Ag at the second
falling edge of CAS.

Suggested CAS-before-RAS Counter
Test Procedure

The timing as shown in the CAS-before-
RAS Counter Test cycles is used for
the following operations:

(1) Initialize the internal refresh ad-
dress counter by using eight CAS-
before-RAS refresh cycles.

(2) Throughout the test, use the same

(3)

(4)

(5

(6)

column address, and keep RA8
high.

Write “low” to all 256 row ad-
dress on the same column address
by using normal early write cycles.
Read “‘low’’ written in step 3) and
check, and simultaneously write
“high"’ to the same address by using
internal refresh counter test read-
write cycles. This step is repeated
256 times, with the addresses being
generated by internal refresh ad-
dress counter.

Read ‘“high’’ written in step 4) and
check by using normal read cycle
for all 256 locations.

Complement the test pattern and
repeat step 3), 4) and 5).

Fig. 2 — CURRENT WAVEFORM (V¢c=5.5V, Tp = 25°C)

RAS/CAS Cycle Hidden Refresh Cycle ﬁTS-on!y Refresh Cycle Page Mode Cycle
RAS / \ / ~\. y AN /
CAS| / ™\ /
A A A
-L') 120
$ \ \
80 I \ “
N\ WA \ M
TV N\ MINVIRN A

50ns/Division
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Fig. 3 — NORMALIZED ACCESS TIME Fig. 4 — NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE vs AMBIENT TEMPERAUTRE
w T w ] ]
2 Ta=25°C s Vee=5.0V
g 12 . 5 12 /,
w w
S 11 \ 8 11 “
< N < L~
2 2 .o e
N 10 N /7
- )
s 09 N é 0.9 4
s 3 g
2 4
o 08 5 08
E E
20 5.0 6.0 20 0 20 40 60 80 100
Vce SUPPLY VOLTAGE (V) Ta. AMBIENT TEMPERATURE (°C)
Fig. 5 — OPERATING CURRENT Fig. 6 — OPERATING CURRENT
vs CYCLE RATE vs SUPPLY VOLTAGE
_ 60 80
< g :(.
£ %0 ch=5.5J / £ o[ Ta2sc
= [ Ta=25°C 4 E tRc=200ns
& / Z B
T 40 4 g 60 =
o o
9 30 / Q 50 4/
= 74 z L~
2 / B ol
o 20 v T 40
£ W
b5 / b
s 10 - 30
[8)
O
~ o £ 20
T2 3 4 5 20 50 6.0
1/tgc. CYCLE RATE (MHz) Vce, SUPPLY VOLTAGE (V)
Fig. 7 — OPERATING CURRENT Fig. 8 — STANDBY CURRENT
vs AMBIENT TEMPERATURE vs SUPPLY VOLTAGE
.. 8 [
< - LN
£ JolVec=55V F Ta=25°C
% trc=200ns ;
Z 60 é 4
g 3
g 50 S 3
E ]
G 40 z
& &
& )
- 30 8 1
8 '
= 20
—20 0 20 40 60 80 100 7.0 50 6.0
Ta, AMBIENT TEMPERATURE (°C) Vce, SUPPLY VOLTAGE (V)
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lcca. REFRESH CURRENT 1 (mA) lcc2, STANDBY CURRENT (mA)

\cca, PAGE MODE CURRENT (mA)

Fig. 9 — STANDBY CURRENT
vs AMBIENT TEMPERATURE

l

Vcc=5.5V

N

-200 0 20 40 60 80 100
Ta, AMBIENT TEMPERATURE (°C)

Fig. 11 — REFRESH CURRENT 1
vs SUPPLY VOLTAGE

80
TaA=25°C

70 trc=200ns

60

50

40 '/

4
30
20
4.0 5.0 6.0

Vce. SUPPLY VOLTAGE (V)

Fig. 13 — PAGE MODE CURRENT
vs SUPPLY VOLTAGE

60
sl
40
30 —
20 ‘///
10
20 50 6.0

Vce. SUPPLY VOLTAGE (V)

lcca. PAGE MODE CURRENT (mA) lcca, REFRESH CURRENT 1 (mA)

Iccs. REFRESH CURRENT 2 (mA)

Fig. 10 — REFRESH CURRENT 1
vs CYCLE RATE

60

| VeesE5V
50— 74=25°C ”
40 ,/
30

/
20
//
10
0 4

1/tge, CYCLE RATE (MHz)

Fig. 12 — PAGE MODE CURRENT
vs CYCLE RATE
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Ta=25°C
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1/tpc, CYCLE RATE (MHz)

Fig. 14 — REFRESH CURRENT 2
vs CYCLE RATE
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Fig. 15 — REFRESH CURRENT 2 Fig. 16 — ADDRESS AND DATA INPUT
vs SUPPLY VOLTAGE VOLTAGE vs SUPPLY VOLTAGE
_ 80 < 30 T
< >4 TaA=25°C
E Ta=25°C g A
& 70 tpc=2000s a_
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& 60 o w 20 Vi (Min)— =~
: @9 4+
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© 50 ~ =g} -
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T 4 -~ 35 40
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[ - o2
$ 30 Z
= z
>
%0 2.0 5.0 6.0 2.0 5.0 6.0
Vce, SUPPLY VOLTAGE (V) Ve, SUPPLY VOLTAGE (V)
Fig. 17 — ADDRESS AND DATA INPUT Fig. 18 — RAS, CAS AND WE INPUT
VOLTAGE vs AMBIENT TEMPERATURE VOLTAGE vs SUPPLY VOLTAGE
< 30 I 3.0 T
g ch=5.ov B TA=25°C
o g .
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Fig. 19 — RAS, CAS AND WE INPUT Fig. 20 — ACCESS TIME vs LOAD
VOLTAGE vs AMBIENT TEMPERATURE CAPACITANCE
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Vee, SUPPLY
VOLTAGE (V)

lcc, SUPPLY
CURRENT (mA)

loL. OUTPUT CURRENT (mA)

Fig. 21 — OUTPUT CURRENT
vs OUTPUT VOLTAGE

f
TA=25°C

250 /‘ Vee=5.5V
/

200 / v Vee=4.5V
1s0—Af
100 4

1T 2 4 5
VoL, OUTPUT VOLTAGE (V)

Fig. 23 — CURRENT WAVEFORM
DURING POWER UP

0 T
—Ta=25°C
15 —t—
RAS=CAS=Vgg
10
5 RAS=CAS=V¢c or Vi
0

50us/Division

Vec, SUPPLY
VOLTAGE (V)

Vsug. SUBSTRATE

lon. OUTPUT CURRENT (mA)

VOLTAGE (V)

Fig. 22 — OUTPUT CURRENT
vs OUTPUT VOLTAGE

T
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—100] \
\/cc=5.5v
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0 1 2 3 4 5
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Fig. 24 — SUBSTRATE VOLTAGE
DURING POWER UP
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PACKAGE DIMENSIONS

Standard 16-pin Ceramic DIP (Suffix: -C)

DiP-16C-A03

16-LEAD CERAMIC (METAL SEAL)DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A03) i

e==="" 0°109°

R.050(1.27) T
REF
+.008
295 510 ,300.010
INDEX AREA (7'49:3:3(5)) (7.62+0.25)
S B — e — o — l

T
| | 01
| | .010+.002
776" 028 (19.7170:¢1) (0.250.05)
— I—o—,osou 27IMAX
[ —

T

.200(5.08)MAX

1342014
(3.40:0.36)
.100+.010 _|L-032(0. 032,012
REF

(2.54:0.25) | (0.81:0.30)

81) ‘ ‘
.700(17.78)REF
+.0156 +0.38 _ +.005 +0.13
0477915(1.20*9.38) .J l——4o1sAm3(o.46 )

—-0.08

Dimensions in

© 1988 FUJITSU LIMITED D16035S-3C inches (millimeters)
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PACKAGE DIMENSIONS

dard 16-pin C ic DIP (Suffix: -C)

DIP-16C-A04

16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A04)

R.030(0.76). 295+ 008
TYP 95 510 (.3ggz.o1 0)
+0.20 7.62+0.25)

(7.4975 26!

INDEX AREA

|
‘ | 1010+,002
' 1 (0.25+0.05)

+.024 +0.61
7767076 119.7170%7)

.043(1.09)TYP
—~I |~=—.050(1.27)MAX (x4 PLCS)

i
FJ] ‘ .200(5.08)MAX

.134:.014
(3.40£0.36)
,100£,010 032(0 -81) H 036+.015

(2.5410.25) | 10.89+0.38)

.700(17. 78)REF
+012 +0 30 +.005 +0.13;
050 (1 27 ) 0187 003(0 46_0 oa)

Dimensions in

©1988 FUJITSU LIMITED D16044S-2C inches (millimeters)
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PACKAGE DIMENSIONS

Standard 16-pin Ceramic DIP (Suffix: -Z)

N %
H\‘I’”W‘\‘wﬁ"”‘mmm ‘

‘ ”\"’4

]
g W

DIP-16C-C04

16-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE \’
(CASE No. : DIP-16C-C04)

/ 0°t015°
[ _gPp g-p 9P gp gp P [

R.025(0.64) 014
..
REr 258004 319:.006 300(7.62)TYP
(7.32+9-35 (8.10+0.15) - y
UT-0.10

N == Ty e e g e S o o A
+.028 i g
L———— .760-'006 e | +.004
010_"

(1930371 002
o +0.10,
—={ |=—050(1.27)MAX (0.25 4 g5

1 T’ .200(5.08IMAX

.100£.010 .032(0.81)
(2.54£0.25) TYP
.700(17.78)REF

.134:.014
(3.40:0.36)

.032+.012
(0.81:0.30)

'— 002
o+
g0 322 L orases
(1 '524-0.05) (0‘46-90.13)

-0.10 ~0.08

Dimensions in

©1988 FUJITSU LIMITED D16032S-4C inches (millimeters)
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PACKAGE DIMENSIONS

Standard 16-pin Plastic DIP (Suffix: -P)

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M03)

+0.20,

+.008
766+998 (19.457329)
15" MAX
woex-1 {9 M1 M MMM
2604.010 .300 (7.62)
(6.60+0.25)  TYP
Mo T U G T G T
+012 +012
| | 0ar2§ 047+ §
) +0.30, +0.30, o1
(1.2018-39) (1201330 025738
3 183 (4.65) MAX
| | | 118 (3.00) MIN
+.006
050 (127) | | | |.100 254 i 018-002 020 (0.51) MIN
MAX TvP T0.14,
(045_0,05!

Dimensions in

© 1988 FUJITSU LIMITED D16030S-3C inches (millimeters)

Standard 18-pin Plastic LCC (Suffix: -PD)

18-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-18P-M04)

- 1ag+.006,, 40+0.15
13477007(3.407 50 0)

.060(1.62) MIN

F’; 025(0.64) MIN
§27+.008
18 (13.39£0.13) g

.490+.003
(12.45+0.08)

.322+.005
®1820.131
.285+.003

.468+.020
(11.89+£0.51)

t

TYP

1
+.002
0087007
ﬁﬁﬁ%" 0 t005
| 2 0207 5 00)
.017(0.43) 0.02
TYP

.263+.020
(6.68+0.51)

D 200(5.08)
L REF

{9 LEAD No.

(1.27£0.13) Dimensions in

© 1989 FUJITSU LIMITED C18019S-1C inches (millimeters)
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MB81256-10

MB81256-12
MB81256-15
Standard 16-pin Plastic ZIP (Suffix: -PSZ)
PIN ASSIGNMENT
Z1P-16P-M01
16 LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
(CASE No.: ZIP-16P-M01)
803+-008,50 40+0.20, .112+.008
- 012 —030 (2.85£0.20)
7
INDEX .260+.010
(6.60+0.25) .312+.013
(7.93+0.33)
N —
| 7
.010+.002 .118(3.00) MIN
L e
| (0.25+0.05)
.050(1.27) .020+.004 .100(2.54) TYP
TYP (0.50+0.10) (ROW SPACE)
LEAD No. Q,
BOTTOM VIEW) \
( ) @
Dimensions in
© 1988 FUJITSU LIMITED Z16001S4C inches (millimetres)

1-23



MB81256-10
‘MB81256-12
MB81256-15

PACKAGE DIMENSIONS

Standard 18-pad Ceramic LCC (Suffix: -TV)

LCC-18C-F04

18-PAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER

PIN NO.1 INDEX

.485(12.32)
.500(12.70)
.280(7.11)
.295(7.49)

(CASE No.: LCC-18C-F04)

*Shape of Pin 1 index: Subject to change without notice

R.012(0.30)TYP 1025(0.64) .070(1.78)
(4PLCS) \\ TYP TYP
P4 \Q
115(2.92)
Ve 155(3.94)
TYP
— | =
= 200(5.08) P Pl NOA -
TYP D INDEX E] R.008(0.20)TYP
= 1260(6.60) (18PLCS)
TYP
—] g 3
— = W
-050(1.27)§ L 1145(3.68)
TYP TYP
L \ p
05001.27) |__| 045(1.14)
115(2.92) TYP 11 150(3.81) TYe
MAX TYP
"195(4.95)TYP

Dimension in
inches (millimeters).
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Edition 2.0 _ FU]ITSU

DATA SHEET
MB81256-s0
MOS 262,144 BIT DYNAMIC RANDOM ACCESS MEMORY

262,144 Bit Dynamic Random Access Memory

The Fujitsu MB81256 is a fully decoded, dynamic NMOS random access
memory organized as 262,144 one-bit words. The design is optimized for high speed,
high performance applications such as mainframe memory, buffer memory, peripheral
storage, and environments where low power dissipation and a compact layout are
required.

Multiplexed row and column address inputs permit the MB81256 to be housed in
standard 16-pin DIP and ZIP packages or an 18-pin PLCC package. Pinouts conform PLASTIC PACKAGE
to the JEDEC-approved pinouts. Additionally, the MB81256 offers new functional DIP-16P-M03
enhancements that make it more versatile than previous dynamic RAMs. CAS-before-
RAS refresh provides an on-chip refresh capability thatis upwardly compatible withthe
MB8266A. The MB81256 also features page mode which allows high speed random
access of up to 512 bits of data within the same row.

The MB81256 is fabricated using silicon gate NMOS and Fujitsu’s advanced
Triple-layer Polysilicon process. This process, coupled with single-transistor memory PLASTIC PACKAGE
storage cells, permits maximum circuit density and minimal chip size. Dynamic LCC-18P-M04
circuitry is used in the design, including the sense amplifiers. Clock timing
requirements are noncritical, and power supply tolerance is very wide. All inputs are
TTL compatible.

® 262,144 x 1 RAM organization © High speed Read-white-Write cycle
® Silicon-gate, Triple Poly NMOS, ® taR, twer, toHR. trwp are eliminated
single transistor cell e Output unlatched cycle end allows PLASTIC PACKAGE
. Roaz Access 'I("r‘ng ,‘;'{‘.4_‘?,6 80) two-dimensional chip select Z1P-16P-M01
NE max. e Common /O capablllty using 03: See Page 17
® Random Cycle Time (tac) Early Write operati ‘3'.'3 :gg ﬁort See P:ge 18
175 ns min. (MB 81256-80) ® On-chip latches for Addresses and
® Page Mode Cycle Time tpc) Data-in
100 ns n\l’ax (MB Bj: 80) ® Standard 16-Pin Plastic Packages:
. f'::': +5 V Supply, $10% tolerance % ”%}ﬁ&;&) PIN ASSIGNMENT
385 mw max. (MB 81256-80) Stan 18-Pin Plastic Package:
25 mW max. (standby) Standard 16.Pin Goramit Package:
® 256 refresh cycles every 4 ms DIP (MB81256-XXC)

o TAS-before-RAS, RAS-only,
Hidden refresh capabcllly

a 13]
TOP VIEW
5 1

Absolute Maximum Ratings (See Note)

Parameter Symbol Value Unit
Voltage at any pin relative to Vgg Vin, Voutr -110 +7 v
Voltage of Ve supply relative to Vgg Vee -1t0 +7 \
Storage Temperatt C i Tsta -55 to +150 °c
Plastic 5510 +125 TOP VIEW
Power Dissipation Pp 1.0 w
Short Circuit Output Current — 50 mA TOT
Pin assignment for ZIP: See Page 22
Note: FF-’ennanent device damhzgtladnt:y oocur if ab lhe ma> h ratings are e ded. -
d to the conditions as detailed in
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- T e e e o et T owover, K
tended periods may affect device reliability. m that normal precautions be taken to application
of any vollnoe hlgh.r than maximum rated vokages to this high
bvpedaneo

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microslectronics, Inc.
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Fig. 1 — MB 81256 BLOCK DIAGRAM
RAS CLOCK GEN.
NO. 1
CAS j )
CL?“glszGEN. WRITE —
cLocK  |=—WE
GEN.
REFRESH
CONTROL
cLocK
INTERNAL
ADDRESS pATA |
COUNTER COLUMN IN 'N
] DECODER BUFF
Ao ] i SENSE AMPS —
o 1/0 GATING
A—
35 o
Aqy—} [l |
2 F : 8
[ I ey
Ag— . DATA
ouT D,
As— 8 BUFF out
f Q
Ae —| S A 262,144 BIT
5 a STORAGE CELL
A 53 :—l_‘> 2
6 ;—; =0 o
< [
A7 1} o d= —— VCC
As ] —~——Vgg
CAPACITANCE (1. -25°c)
Parameter Symbol Typ Max Unit
Input Capacitance Ag to Ag, Dy Cint 7 pF
Input Capacitance RAS, CAS, WE Cinz 10 pF
Output Capacitance Doyt CouTt 7 pF
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgs)

. . ti
Parameter Symbol Min Typ Max Unit 1%‘:;:‘&6!
Vee 4.5 5.0 5.5 Y
Supply Volta
pply Yoltage Ves 0 0 0 v
Input High Voltage, all inputs Vin 2.4 6.5 \% 0°C to +70°C
Input Low Voltage, all inputs VL -2.0 0.8 \)
(Recommended operating conditions unless otherwise noted.)
Value
Parameter Symbol Unit
Min Typ Max

OPERATING CURRENT*
Average Power Supply Current MB 81256-80 lect 70 mA
(RAS, CAS cycling; tgc = Min.)

STANDBY CURRENT | 45 mA
Standby Power Supply Current (RAS, CAS =V ) ce2 ’

REFRESH CURRENT 1™
Average Power Supply Current MB 81256-80 lces 60 mA
(RAS cycling, CAS =V ; tge = Min.)

PAGE MODE CURRENT™
Average Power Supply Current MB81256-80 lcca 35 mA
(RAS =V, CAS cycling; tpc = Min.)

REFRESH CURRENT 2*
Average Power Supply Current MB 81256-80 lees 65 mA
(CAS-before-RAS; tgc = Min.)

INPUT LEAKAGE CURRENT any input
(Vin =0V t0 5.5V, Vg = 4.5V to 5.5V, Vgg =0V, () -10 10 uA
all other pins not under test = OV)

OUTPUT LEAKAGE CURRENT

(Data is disabled, Vot = OV to 5.5V) tow) -10 10 KA
OUTPUT LEVEL
Output Low Voltage (1o, = 4.2mA) VoL 04 v
OUTPUT LE

UTPUT LEVEL Vou 04 v

Output High Voltage (loy = -5.0mA)

NOTE* : Ic is depended on output loading and cycle rates. Specified values are obtained with the output open.
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AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Value
Parameter Symbol Vi Viax Unit

Time between Refresh trer 4 ms
Random Read/Write Cycle Time the 175 ns
Read-Write Cycle Time trwe 180 ns
Access Time from RAS a trac 80 ns
Access Time from CAS ag teac 45 ns
Output Buffer Turn off Delay torr 0 25 ns
Transition Time tr 3 50 ns
RAS Precharge Time the 80 ns
RAS Pulse Width tras 85 100000 ns
RAS Hold Time tasH 50 ns
CAS Pulse Width tcas 50 100000 ns
CAS Hold Time tesw 85 ns
RAS to CAS Delay Time a treo 20 35 ns
CAS to RAS Set Up Time tcrs 10 ns
Row Address Set Up Time tasr 0 ns
Row Address Hold Time tRAH 10 ns
Column Address Set Up Time tasc 0 ns
Column Address Hold Time tcAH 15 ns
Read Command Set Up Time tres 0 ns
Read Command Hold Time Referenced to CAS trcH 0 ns
Read Command Hold Time Referenced to RAS [ tRRH 20 ns
Write Command Set Up Time twes 0 ns
Write Command Pulse Width twe 15 ns
Write Command Hold Time tweH 15 ns
Write Command to RAS Lead Time tRWL 35 ns
Write Command to CAS Lead Time tewL 35 ns
Data In Set Up Time tps 0 ns
Data In Hold Time ton 15 ns
CAS to WE Delay tewp 15 ns
Refresh Set Up Time for CAS Referenced to RAS tros 20 ns
(CAS-before-RAS cycle)

Refresh Hold Time for CAS Referenced to RAS trch 20 ns
(CAS-before-RAS cycle)
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AC CHARACTERISTICS

(Recc ded operating conditions unless otherwise noted.)
Value
Parameter Symbol Unit
Min Max
CAS Precharge Time (CAS-before-RAS cycle) tepr 20 ns
RAS Precharge to CAS Active Time (Refresh cycles) tapc 20 ns
Page Mode Read/Write Cycle Time toc 100 ns
Page Mode Read-Write Cycle Time tprWC 100 ns
Page Mode CAS Precharge Time tcp 40 ns
Refresh Counter Test Cycle Time tRTC 330 ms
Refresh Counter Test RAS Pulse Width tTrAs 230 10000 ns
Refresh Counter Test CAS Precharge Time tepr 50 ns

Notes:

Operation within the tgcp (max) limit insures that
trac (max) can be met. tgep (max) is specified as a
reference point only; if tgcp is greater than the
specified tgep (max) limit, then access time is con-
trolled exclusively by tcac.

B teco (min) = trap (min) + 2ty (t7 = 5ns) + tagce

AC characteristics assume ty = 5 ns. (min).

Either tggy Of tgcy mMust be satisfied for a read cycle.

twcs and tcwp are not restrictive operating para-
meters. They are included in the data sheet as elec-
trical characteristics only. If tyes 2 twes (min),

An initial pause of 200 us is required after power-up,
And then several cycle (to which any 8 cycle to per-
form refresh are adequate) are required before proper
device operation is achieved.

If internal refresh counter is to be effective, a mini-
mum of 8 CAS before RAS refresh cycles are required.

Viu (min) and V| (max) are refrence levels for mea-
suring timing of input signals. Also, transition times
are measured between V,; (min) and V| (max.).

Assumes that trep S tpep (max.) If trep is greater

o o]

than the maximum recommended value shown in this
table, tgac Will increase by the amount that tgcp
exceeds the value shown.

Assumes that trcp 2 trep (max.).

Measured with a load equivalent to 2 TTL loads and
100 pF.

the cycle is an early write cycle and the data out pin
will remain open circuit (high impedance) throughout
entire cycle.

If tewp = tcwp (min) the cycle is a read-write cycle
and data out will contain data read from the selected
cell. If neither of the above sets of conditions is satis-
fied the condition of the data out is indeterminate.

Test mode cycle only.
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Read Cycle
tRc
trRAS
Vin- 2 !
RAS V- \k ,Z \
t tesH [—tRP———]
CRSI" tReo tRSH
tcas
J— ViH-
A T
cas we_ S A\ ay
tAsr | [tRAH  tasc tCAH
e -
Vin- ROW f| COLUMN F
ADDRESSES , - >< ADDRESS ADDRESS X
t
tRCSH tron RRH
wE ViH- , T pry o
WE J 4 3
Vie— oo . L-——‘CAC—-— \
tRAC —=] |j=—torF
VoH— "\
D : 7 VALID N
ouT VoL~ 1GH-2 \ DATA j
E] Don’t Care
Write Cycle (Early Write)
tRC
v _——-—-\\ tRAS
RAS H N
ViL— N 7
tcRs tesH = tRp—=
tRSH
trRCD tcas
_ Viie T Y Y
CAS Vie- 7 & /
tAsR | [tRAH tasc
et —a fa—  fe—e{tcan
Vin— 7. ROW COLUMN 1}
ADDRESSES , . =~ x‘ ADDRESS | ADDRESS

twes

-

}v—‘ twcH

/

m—
tDs——1 L LtDH——

VALID h V4R
DATA i}

__ Vin-
WE Vie—
Din

v -
Dout vgr_

X

HIGH-Z

E] Don’t Care
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Read—Write/Read—Modify—Write Cycle
[ tRwe
trRAs
I Vin-= N
RAS Vi X _ —7
tesH tRsH . tRP—=
tcas
J— Vin- / 7
CAS Vi— Z I /
tASR tcan
IH h
ADDRESSES /, y
tewL—e]
cwp TRW L —=
e Vin- / 7
WE
Vi
I oy N — twp.l . tOFF
VoH— . VALID
DouT Vor- L HIGH-Z DATA f
t
f RAC (Ds—-—l I<_-. ton
Vin— VALID Y
Din V- ><( DATA
[] pon't care
Page Mode Read Cycle
f tRAS -
J— Vin~
RAS
Vies als
tcRs - - tcsH —  —— tpc -~ -tRSH— ~ tRp
tRcD —-tcAS tcp tcas—— ~tcas
— Vin— 7 ™
CAS tH 4
Vi tRAH
H‘CAH tcan ——{tcAH
tasc
tAsR—~| - [~tasc - 'Asc-| T
; Vin— ROW COL. coL. ! cOoL.
ADDRESSES , <>. ADD.D ADS. ) DD
tore|
— F
DouT —_—
RRH r—~
.
WE N\
D Don’t Care
V/A Valid Data
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Page Mode Write Cycle (Early Write)
tRAS
RAS ML
Vie- i
[~ tesH— tRSH—=| |=-tRP
t r tcp Ej
CRS| | l=-tRCD tcAs—=- =—Ttcas tcas
e
CTAS N\
tcan tcAH
tasc L-—
A \% oL i COL
DDRESSES Ano',K R )1’500.
"
tweh wcH
tvxi’\la—
WE 4+ [ .
L.-twp—»
1DS fe—a —tpH
. 7
Din d VALID
" DATA
Vv -
DouT VOH HIGH-Z
oL~
D Don’t Care
Page Mode Read-Write Cycle
tRAS trp
V|H-'—""1\
RAS Vi - j
tcRrs ro— tcsH " .
F—tRC f—tPRW
’-l tcas—=| PRWC RSH
J— Vin- 4 \
CAS V||_—._t/'L . 1/ \ 7 1/
ASR| |tRAH 1 .
! |=—e] tcaH P tcas [
tRAC™] f— —=  |=tcAH " tcwr
Vib- ROW COL. COL. TN/TOL.
ADDRESS , _ ADD. ADD. ADD, 4/ \ADD, X
4
tcwo t -
tacsH c tb.‘— Asc= - —-:ch N R B
% cwL tacs tewp CWRT =T
WE 7 _/f YT /TN NG
AT teac
::J 1OoFF twe tcac
e—T1RAC twp tcac toFF toFF
Vo~ VALID N\ VALID W\ /l VALID
Dour Vou- iehz—  paTA D N DATA 27 \_DATA
tpg—= tps tps
e—an] S
tDH tDH —=f le— tpDH
D VALID VALID VALID
IN DATA DATA DATA : i
E:] Don‘t Care
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RAS-only Refresh cycle
NOTE: WE, D,y = Don't care, Ag = V,,y or V_

trC
f RAS
R Vi =\ N
RAS / \
- V|
e tasg| [T -
—{tRpPC
Vim= d ROW
ADDRESSES Vi - ){k ADDRESS ><
(Ag to Ag)
tcrs
R Vin—
CAS 7
Vie— toFF \
Von—-—"—"____________ X .
Dour VoL— > HIGH-Z
D Don’t Care
CAS-before-RAS Refresh Cycle
NOTE: Address, WE, D,y = Don’t care
tRC
trp
RA
—_— Vv - Yy N
RAS vIH / N ,/ K
-
t
tcPr || trcs teCH RPC
Vin— X
CAS ' /
Vi 2
torr
—
Dour oH h— HIGH-Z
VoL—e— 4

D Don’t Care
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Hidden Refresh Cycle
¢
t
'r\ S-
RAS
¢
f—tRCD—={
CAS
tcaH
e
ADDRESSES SO e
-
WE (Read) teac
tRAC e toFE
Ve~
Dout VOH_ 1IGH-Z VALID DATA ) —
oL
ICWD  f—e] t
tres . N RWL

WE (Read-Write)

Don’t Care

2
4
<=
FI
[
el
~,

tecs tepT t .

] | tegH—— I____‘ RP
1,

AS

0|
ol

—rtcAH—

V|
ADDRESSES OL. ADDRESS

L‘-—MHRH

E (Read)
tRCH
1
CAC I tore
Vou-
Dour or HIGH-Z — VALID DATA
Vou y 1
tRcs tcwp f—tewL—
} e tRWL ——|
| typ-
tps
(ot D H—e]
Din VALID DATA

Don’t Care
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DESCRIPTION

Simple Timing Requirement

The MB 81256 has improved circuitry
that eases timing requirements for high
speed access operations. The MB 81256
can operate under the condition of
trep (Max) = tcac thus providing
optimal timing for address multiplexing.
In addition, the MB 81256 has the
minimal hold time of Address (tcan),
WE (twcn) and Dy (tpy). The
MB 81256 provides higher through-
put in inter-leaved memory system
applications. Fujitsu has made timing
requirements that are referenced to
RAS nonrestrictive and deleted them
from the data sheet, these include tag,
twcr. tonr and trwo- As a result,
the hold times of the Column Address,
Din and WE as well as tcwp (CAS to
WE Delay) are not ristricted by tpcp.

Address Inputs:

A total of eighteen binary input address
bits are required to decode any 1 of
262,144 cell locations within the
MB 81256. Nine row-address bits are
established on the input pins (Ag
to Ag) and are latched with the Row
Address Strobe (RAS). Nine column-
address bits are established on the input
pins and are latched with the Column
Address Strobe (CAS). All row ad-
dresses must be stable on or before the
falling edge of RAS. CAS is internally
inhibited ( or ‘““gated””) by RAS to
permit triggering of CAS as soon as the
Row Address Hold Time (tgan) speci-
fication has been satisfied and the
address inputs have been changed from
row-addresses to column-address.

Write Enable:

The read mode or write mode is selected
with the WE input. A high on WE
selects read mode; low selects write
mode. The data input is disable when
read mode is selected.

Data input:

Data is written into the MB 81256 dur-
ing a write or read-write cycle. The later
falling edge of WE or CAS is a strobe for
the Data In (D) register. In a write
cycle, if WE is brought low before

CAS, D,y is strobed by CAS, and the
set-up and hold times are referenced to
CAS. In a read-write cycle, WE can be
delayed after CAS has been low and
CAS to WE Delay Time (tcwp) has
been satisfied. Thus Dy is strobed by
WE, and set-up and hold times are
referenced to WE.

Data Output:

The output buffer is three-state TTL
compatible with a fan-out of two
standard TTL loads. Data out is the
same polarity as data-in. The output is
in a high impedance state until CAS is
brought low. In a read cycle, or read-
write cycle, the output is valid after
tgac from transition of RAS when
tgep (max) is satisfied, or after to ¢
from transition of CAS when the
transition occurs after tpep (max).
Data remain valid until CAS is re-
turned to a high level. In a write cycle
the identical sequence occurs, but data
is not valid.

Fast Read-While-Write cycle

The MB 81256 has a fast read while
write cycle which is achieved by precise
control of the three-state output buffer
as well as by the simplified timings
described in the previous section.
The output buffer is controlled by the
state of WE when CAS goes low. When
WE is low during CAS transition to low,
the MB 81256 goes into the early write
mode in which the output floats and the
common 1/O bus can be used on the
system level. Whereas, when WE goes
low after tcwp following CAS transi-
tion to low, the MB 81256 goes into the
delayed write mode. The output then
contains the data from the cell selected
and the data from D,y is written into
the cell selected. Therefore, a very fast
read write cycle is possible with the
MB 81256.

Page Mode:

Page-mode operation permits strobing
the row-address into the MB 81256
while maintaining RAS at a low through-
out all successive memory operations
in which the row-address doesn’t chan-
ge. Thus the power dissipated by the

falling edge of RAS is saved. Access and
cycle times are decreased because the
time normally required to strobe a new
row address is eliminated.

Refresh:

Refresh of the dynamic memory cells is
accomplished by performing a memory
cycle at each of the 256 row-addresses
(Agto A;) at least every 4ms. The
MB 81256 offers the following 3 types
of refresh.

RAS-only Refresh;

RAS-only refresh avoids any output
during refresh because the output
buffer is in the high impedance state
unless CAS is brought low.

Strobing each of 256 row-addresses
(Ag to A;) with RAS will cause all bits
in each row to be refreshed. Further
RAS-only refresh results in a substantial
reduction in power dissipation. During
RAS-only refresh cycle, either V4 or
V) is permitted to Ag.

CAS-before-RAS Refresh;
CAS-before-RAS refreshing available on
the MB 81256 offers an alternate
refresh method. If CAS is held “low"
for the specified period (tgcg) before
RAS goes to “low”, on-chip refresh
control clock generators and the refresh
address counter are enabled, and an
internal refresh operation takes place.
After the refresh operation is perform-
ed, the refresh address counter is
automatically incremented in prepara-
tion for the next CAS-before-RAS
refresh operation.

Hidden Refresh;

A hidden refresh cycle may takes place
while maintaining the latest valid data
at the output by extending CAS active
time.

For the MB 81256 a hidden refresh is
a CAS-before-RAS refresh cycle. The
internal refresh address counters pro-
vide the refresh addresses, as in a normal
CAS-before-RAS refresh cycle.

CAS-before-RAS Refresh Counter Test
Cycle:
A special timing sequence using CAS-
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before-RAS counter test cycle provides
a convenient method of verifying the
functionality of the CAS-before-RAS
refresh activated circuitry.

After the CAS-befor-RAS refresh opera-
tion, if CAS goes to high and then
goes to low again while RAS is held low,
the read and write operations are
enabled.

This is shown in the CAS-before-RAS
counter test cycle timing diagram.
A memory cell address (consisting of a
row address (9 bits) and column address
(9 bits) to be accessed can be defined
as follows:

*A ROW ADDRESS — Bits Ag to A,

are defined by the refresh counter.
The bit Ag is set high internally.

*A COLUMN ADDRESS — All the bits
Ao to Ag are defined by latching
levels on Ag to Ag at the second
falling edge of CAS.

Suggested CAS-before-RAS Counter
Test Procedure

The timing as shown in the CAS-before-
RAS Counter Test cycles is used for
the following operations:

(1) Initialize the internal refresh ad-
dress counter by using eight CAS-
before-RAS refresh cycles.

(2) Throughout the test, use the same

(3)

(4)

(5

(6)

column address, and keep RAS8
high.
Write “low’ to all 256 row ad-

dress on the same column address
by using normal early write cycles.
Read “low” written in step 3) and
check, and simultaneously write
“*high’’ to the same address by using
internal refresh counter test read-
write cycles. This step is repeated
256 times, with the addresses being
generated by internal refresh ad-
dress counter.

Read “high”” written in step 4) and
check by using normal read cycle
for all 256 locations.

Complement the test pattern and
repeat step 3),4) and 5).

Fig. 2 — CURRENT WAVEFORM (Vcc = 5.5V, Ta = 25°C)

RAS/CAS Cycle Hidden Refresh Cycle = RAS-only Refresh Cycle Page Mode Cycle
RAS / =N\ / \. \. Ve
CAS / /
160

Icc (mA)

>
—
—
P —
-
7
/

N v
VIO

50ns/Division
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TYPICAL CHARACTERISTICS CURVES

Fig. 3 — NORMALIZED ACCESS TIME Fig. 4 — NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE vs AMBIENT TEMPERAUTRE
w T w | |
2 TA=25°C s Veo=5.0V
= N [=
ﬁ 1.2 N @ 1.2
g AN g e
1.1 o 1.1 -
< N 4 /
Q o
N 10 410
3 ~ r
< A
2 o9 ~ 2 oo
o - [d -
o o
2 b4
o 08 o 08
< <
X X
2.0 5.0 6.0 —20 0 20 40 60 80 100
Ve SUPPLY VOLTAGE (V) Ta. AMBIENT TEMPERATURE (°C)
Fig. 5 — OPERATING CURRENT Fig. 6 — OPERATING CURRENT
vs CYCLE RATE vs SUPPLY VOLTAGE
_ 60 _ 80
‘é <
= | Vec=5.5V / £ | Ta=25°C
% 50 Ta=25°C 4 5 70 trc=175ns
o« / T
€ 40 > £ 60 =
30 © 50
Z > >
= : |
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w / W
Q. o
(o] Y o
2 10— - 30
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0 - 20
2 3 4 5 4.0 5.0 6.0
1/tpc, CYCLE RATE (MHz) Vee, SUPPLY VOLTAGE (V)
Fig. 7 — OPERATING CURRENT Fig. 8 — STANDBY CURRENT
vs AMBIENT TEMPERATURE vs SUPPLY VOLTAGE
- 80 I
3 _ Joro
E Vee=5.5V T Tat25°C
E 701t pc=175ns c
w Z
£ 60 v a
=) o
° 3
g 50 ; 3
= a
& 40 Z 2
w [
B n
- 30 8 1
Q (3]
8 £
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—20 0 20 40 60 80 100 2.0 5.0 6.0
Ta. AMBIENT TEMPERATURE (°C) Vce, SUPPLY VOLTAGE (V)
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lcca, REFRESH CURRENT 1 (mA) lcc2. STANDBY CURRENT (mA)

Icca. PAGE MODE CURRENT (mA)

Fig. 9 — STANDBY CURRENT
vs AMBIENT TEMPERATURE
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Fig. 11 — REFRESH CURRENT 1
vs SUPPLY VOLTAGE
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Fig. 13 — PAGE MODE CURRENT
vs SUPPLY VOLTAGE
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Fig. 10 — REFRESH CURRENT 1
vs CYCLE RATE
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Fig. 12 — PAGE MODE CURRENT
vs CYCLE RATE
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Fig. 14 — REFRESH CURRENT 2
vs CYCLE RATE
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Fig. 15 — REFRESH CURRENT 2 Fig. 16 — ADDRESS AND DATA INPUT
vs SUPPLY VOLTAGE VOLTAGE vs SUPPLY VOLTAGE
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loL. OUTPUT CURRENT (mA)

Vce. SUPPLY
VOLTAGE (V)

lce. SUPPLY
CURRENT (mA)

Fig. 21 — OUTPUT CURRENT
vs OUTPUT VOLTAGE
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Fig. 23 — CURRENT WAVEFORM
DURING POWER UP
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Fig. 22 — OUTPUT CURRENT
vs OUTPUT VOLTAGE
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PACKAGE DIMENSIONS

(Suffix: -C)
DIP-16C-A03
16-LEAD CERAMIC (METAL SEAL)DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A03)
—_— === 0%t09°
R.050(1.27)
REF +.008
9 295_610 (300+.010
+0.20 7.62+0.25)
INDEX AREA (7.497029)
! .010£.002
.024 0.61 AL LD AN
77687 16 119.7170:3 ) {0.25+0.05)
— [——.050(1 27)MAX
1
‘ 200(5.08)MAX

.134£.014
(3.40£0.36)
.100+.010 032(0 81) .032+.012
(2.54:0.25) |

(0.81+0.30)

.700(17.78)REF

+. 015 +0 38 +.005 +0.13. Dimensions in
047 5(1.207 70 01 87 003046 g og) inches (millimeters)

©1987 FUJITSU LIMITED D16035S-3C
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PACKAGE DIMENSIONS

(Suffix: -C)

DIP-16C-A04

R.030(0.76).
TYP

INDEX AREA

16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A04)

=

=

~—’ I.—.oson 27)MAX (x4 PLCS)
[

+.024 +0.61
7767 075119717057
.043(1.09)TYP

rd]__i .200(5.08)MAX

.134+.014
(3.40:0.36)
.100.010 _| .032(0.81)
(2.54:0.25) REF .035+.015
(0.89+0.38)
[ .700(17.78)REF
+.012 +0.30. +.005 +0.13
.0507:012(1.27*0-30) 01877003 (0.4670:0%)

©1987 FUJITSU LIMITED D16044S-2C

+.008 H
295 510 (200:.010
7.62+0.25)
(7.49*0-20)
-0.25
"010£.002
| (0.25+0.05)

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -P)

16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M03)

15° MAX

INDEX-1 ILLFHJ l—rLI [nl ﬁ ﬁ |'n'1

.260[:.010 ,300£.010
(6.60+0.25) (7.62:0.25)
e T T T L T LT |
S Y — 0107:392
+0.11
0337398 0477012 (0.257¢ 01)
(0.85:3:2) (1.2t
7 .183(4.651MAX
118(3.0MIN
.100(2.54) .018*:998
TP +012 020(0.51MIN Dimensions in
075 (0.4525:08) inches (millimeters)
(1.20*3-39)

©1987 FUJITSU LIMITED D16030S-2C

(Suffix: -PD)

18-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-18P-M04)

+.006,, ,0+0.15
1347 00303407 g'g5)

322+ 005
©187013) r 060(1 52) MIN
285+ 003 025(0.64) MIN

(7.24+0.08)
Ve
nnn

n .
 s—
’Q 527 +.005 —
3 QinDeX| (13.39+0.13) 004(0.10)
490+ 003 1 468+ 020
(12.45+0.08) (11.89+051)

R.030(0.75) TYP
150(3.81}

026(0.66)
R
08902 = §~
V<Y 0207395 5 20

| il 01710.43)
TYP
263 +.020
(6.68£0.51)

050+ .005 Dii jons in

© 1989 FUJITSU LIMITED C180195-1C (1.27£0.13) inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -PS2)

PIN ASSIGNMENT

LEAD
No. 1
NAg CAS Ag WE Ag A; A; Ay

Dout Vss Diy RAS A; Vec Ag Ag

ZIP-16P-M01
16-LEAD PLASTIC ZIGZAG-IN-LINE PACJAGE
(CASE No.: ZIP-16P-M01)
803%:398(20.4793) — 208
INDEX 260[008
(6.6020.20) a2re
olos A183.0IMIN
w‘:g:c?g:u = 1
050(1.2, 02024 10002,
] o500.27 _.l (g:g:m) 10012 54

( [I [I l] l] ﬂ [] [l ua Dimensions in
inches (millimeters)

© 1987 FUJITSU LIMITED Z16001S-3C
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MB81257-10/-12/-15
MOS 262,144-BIT DYNAMIC RANDOM ACCESS MEMORY

262,144-Bit Dynamic Random Access Memory

The Fujitsu MB81257 is a fully decoded, dynamic NMOS random access
memory organized as 262,144 one-bit words. The design is optimized for high speed,
high performance applications such as mainframe memory, buffer memory, peripheral
storage, and environments where low power dissipation and a compact layout are
required.

Multiplexed row and column address inputs permit the MB81257 to be housed in
standard 16-pin DIP and ZIP packages or an 18-pin PLCC package. Pinouts conform
to the JEDEC-approved pinouts. Additionally, the MB81257 offers new functional
enhancements that make it more versatile than previous dynamic RAMs. CAS-before-
RAS refresh provides an on-chip refresh capability thatis upwardly compatible with the
MB8266A. The MB81257 also features nibble mode which allows high speed serial
access of up to 4 bits of data.

The MB81257 is fabricated using silicon gate NMOS and Fujitsu’s advanced
Triple-layer Polysilicon process. This process, coupled with single-transistor memory
storage cells, permits maximum circuit density and minimal chip size. Dynamic
circuitry is used in the design, including the sense amplifiers. Clock timing
requirements are noncritical, and power supply tolerance is very wide. All inputs are
TTL compatible.

O
FUJITSU

DATA SHEET —/—/———

PLASTIC PACKAGE
DIP-16P-M03

PLASTIC PACKAGE
LCC-18P-M04

L]
L]

262,144 x 1 RAM organization
Silicon-gate, Triple Poly NMOS,
single transistor cell
Row Access Time
100 ns max. (MB 81257-10
120 ns max. (MB 81257-12
120 ns max. (MB 81257-15

Cycle Time_
200 ns min. (MB 81257-10)
220 ns min. (MB 81257-12)
260 ns min. (MB 81257-15,

Nibble Cycle Time
45 ns max. (MB 81257-10
50 ns max. (MB 81257-12
60 ns max. (MB 81257-15)

Single +5 V Supply, 110% tolerance
Low P

® 256 refresh cycles every 4 ms
o TAS-before-RAS, RAS-only,
Hidden refresh capability
High speed Read-white-Write cycle
® taR, tweR, toHR, tRwp are eliminated
Output unlatched cycle end allows
two-dimensional chip select
e Common I/O capability usin
Early Write operaﬁonny 9
® On-chip latches for Addresses and
Data-in
e Standard 16-Pin Plastic Packages:
DIP (MB81257-XXP)
ZIP  (MB81257-XXPSZ)
Standard 18-Pin Plastic Package:
PLCC(MB81257-XXPV)
Standard 16-Pin Ceramic Packages:
DIP (MB81257-XXC) Seam Weld
DIP (MB81257-XXZ) Cerdip
Standard 18-Pad Ceramic Package:
LCC (MB81257-XXTV)

PLASTIC PACKAGE
ZIP-16P-M01
DIP-16C-A03: See Page 19
DIP-16C-A04: See Page 20
DIP-16C-C04: See Page 21
LCC-18C-F04: See Page 24

PIN ASSIGNMENT

ower
385 mW max. (MB 81257-10)
358 mW max. (MB 81257-12
314 mW max. (MB 81257-15
25 mW max. (standby)

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage at any pin relative to Vsg Vin, Vout -1t0+7 \
Voltage of V¢ supply relative to Vgg Vee -1t0 +7 \
Storage Temperature Ceramic | g -55 to +150 °c
Plastic -55t0 +125
Power Dissipation Pp 1.0 w
Short Circuit Output Current _ 50 mA Pin assignment for ZIP: See page 23

Note:  Permanent device damage may occur if absolute maximum ratings are exceeded.
Functional operation should be restricted to the conditions as detailed in the operation
sections of this data sheet. Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microslectronics, Inc.

Thie device contains circuitry to protect the inputs against
damage due to high static vokages or electric fields. However, it
Is advised that normal precautions be taken to avoid application
of any voltage higher than maximum rated voktages to this high
impedance circuit.
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MB81257-10
MB81257-12
MB81257-15

Fig. 1 — MB 81257 BLOCK DIAGRAM

RAS

CLOCK GEN.
NO. 1

CLOCK GEN.
NO.2 WRITE
cLock  |=—we
REFRESH GEN.
CONTROL
cLOCK
INTERNAL D?’;I'A 5
ADDRESS [=—Din
COLUMN BUFF.
] COUNTER w DECODER
Ao ] SENSE AMPS -—I
o 1/0 GATING
Ay —|
N e = ] g
Ay —] EEd
2 V] 253
Az— == DATA
& ouT —=DouTt
— a BUFF.
Aa { Q
Q 262, 144 BIT
As ] a STORAGE CELL
53 z
all g -
A7 ] odk ——— Ve
As— | ~———Vgg
»
CAPACITANCE (1, -25°c)
Parameter Symbeol Typ Max Unit
Input Capacitance AgtoAg, Din Cina 7 pF
Input Capacitance RAS, CAS, WE Cinz 8 pF
Output Capacitance Doyt Cour 7 pF
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MB81257-10

MB81257-12
MB81257-15
(Referenced to Vgg)
. . Operating
Parameter Symbol Min Typ Max Unit Temperature
Vce 45 5.0 5.5 \
Supply Voltage
PPl 9 Vss 0 0 0 \
Input High Voltage, all inputs Vin 24 6.5 \% 0°C to +70°C
Input Low Voltage, all inputs ViL -2.0 0.8 \")
(Recommended operating conditions unless otherwise noted.)
Value .
Parameter Symbol Unit
Min Typ Max
OPERATING CURRENT™ MB 81257-10 70
Average Power Supply Current MB 81257-12 lecq 65 mA
(RAS, CAS cycling; tgc = Min.) MB 81257-15 57
STANDBY CURRENT
Standby Power Supply Current lec2 4.5 mA
(RAS, CAS=V,)
REFRESH CURRENT 1* MB 81257-10 60
Average Power Supply Current MB 81257-12 leca 55 mA
(RAS cycling, CAS = V| ; tge = Min.) MB 81257-15 50
NIBBLE MODE CURRENT™ MB 81257-10 22
Average Power Supply Current MB 81257-12 lcca 20 mA
(RAS =V, CAS cycling; tyc = Min.) MB 81257-15 18
REFRESH CURRENT 2* MB 81257-10 65
Average Power Supply Current MB 81257-12 lees 60 mA
{CAS-before-RAS; tre = Min.) MB 81257-15 55
INPUT LEAKAGE CURRENT any input
(Vin =0V t0 5.6V, V¢ =56.5V, Vgg = 0V, all other pins [IYTR -10 10 MA
not under test = 0V)
OUTPUT LEAKAGE CURRENT
- 10 A
(Data is disabled, Vou = OV to 5.5V) low 0 H
OUTPUT LEVEL Output Low Voltage
(loL = 4.2 mA) Voo 04 v
OUTPUT LEVEL Output high Voltage
\
(lon = -5.0mA) Vow 24

NOTE *: I is depended on output loading and cycle rates. Specified values are obtained with the output open.
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MB81257-10
MB81257-12
MB81257-15

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

MB 81257-10 | MB 81257-12 | MB 81257-15
Parameter Symbol Unit
Min Max Min Max Min Max
Time between Refresh tREF 4 4 4 ms
Random R‘ead/Write Cycle time tre 200 220 260 ns
Read-Write Cycle Time trRwe 200 220 260 ns
Access Time from RAS BE tRAC 100 120 150 ns
Access Time from CAS a teac 50 60 75 ns
Output Buffer Turn off Delay torrF 0 25 25 0 30 ns
Transition Time tr 3 50 50 3 50 ns
RAS Precharge Time tre 85 90 100 ns
RAS Pulse Width tras 105 |100000| 120 [100000{ 150 |[100000| ns
RAS Hold Time thsH 55 60 75 ns
CAS Pulse width tcas 55 100000 | 60 100000( 75 100000| ns
CAS Hold Time tesH 105 120 150 ns
RAS to CAS Delay Time B treo 20 50 22 60 25 75 ns
CAS to RAS Set Up Time tcrs 10 10 10 ns
Row Address Set Up Time tasr 0 0 0 ns
Row Address Hold Time tRAH 10 12 15 ns
Column Address Set Up Time tasc 0 0 0 ns
Column Address Hold Time tcan 15 20 25 ns
Read Command Set Up Time tres 0 0 0 ns
tF.!:’e_a(_ftii;:s_ommand Hold Time Referenced o} tacm 0 0 0 ns
:)e;_d/-\%ommand Hold Time Referenced tamn 20 2 20 ns
Write Command Set Up Time twes 0 0 0 ns
Write Command Pulse Width twe 15 20 25 ns
Write Command Hold Time twen 15 20 25 ns
Write Command to RAS Lead Time tawL 35 40 45 ns
Write Command to CAS Lead Time tewl 20 30 25 ns
Data In Set Up Time tos 0 0 0 ns
Data In Hold Time ton 15 20 25 ns
CAS to WE Delay tewn 15 20 25 ns
efresh i

2efer‘:nc$e(iit ip%ge(%lgasfore-m cycle) tres 20 20 2 ns
Refresh Hold Time for

Referenced to RAS C;—C_(,;;;-Sbefore-F!—A—g cycle) trch 0 % 30 ns
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MB81257-10
MB81257-12
MB81257-15

AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

MB 81257-10 MB 81257-12 MB 81257-15 Unit
P t INOTES] Symbol ni
arameter v Min Max Min Max Min Max
CAS Precharge Time (CAS-before-RAS cycle) tcer 20 25 30 ns
RAS Precharge to CAS Active Time
(Refresh cycles) tarc 20 20 20 ns
Nibble Mode Read/Write Cycle Time tne 45 50 60 ns
Nibble Mode Read-Write Cycle Time tNRWC 45 50 60 ns
Nibble Mode Access Time tNCAC 20 25 30 ns
Nibble Mode CAS Pulse Width tNCAS 20 25 30 ns
Nibble Mode CAS Precharge Time tnep 15 15 20 ns
Nibble Mode Read RAS Hold Time tNRRSH 20 25 30 ns
Nibble Mode Write RAS Hold Time tnwrsH | 35 40 45
Nibble Mode CAS Hold Time Referenced
to RAS tRNH 20 20 20 ns
Refresh Counter Test Cycle Time trTC 330 375 430 ns
Refresh Counter Test RAS Pulse Width trRrAS 230 |10000 | 265 |10000 [ 320 | 10000 | ns
Rgfresh Counter Test CAS Precharge tepr 50 60 70 ns
Time
Notes:

An initial pause of 200 us is required after power up.
And then several cycles (to which any 8 cycles to per-
form refresh are adequate) are required before proper
device operation is achieved.

If internal refresh counter is to be effective, a mini-
mum of 8 CAS before RAS refresh cycles are required.

AC characteristics assume t1 = 5 ns.

V\y (min) and V, (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between Vi (min) and V,
(max.).

Assumes that tgen < tgep (max). If tpop is greater
than the maximum recommended value shown in this
table, tgac Wwill increase by the amount that t
exceeds the value shown.

[ Assumes that tgep 2 trep (max).

Measured with a load equivalent to 2 TTL loads and
100 pF.

RCD

B

Operation within the tgcp (max) limit insures that
tpac (max) can be met. to., (max) is specified as a
reference point only; if trep IS Qreater than the
specified tgep (max) limit, then access time is con-
trolled exclusively by toac.

trep (Min) = tgay (Min) + 2ty (t:=5ns) + tygc (Min)
Either tgry or tgcy Must be satisfied for a read cycle.
twes and tcwp are not restrictive operating para-
meters. They are included in the data sheet as electrical
characteristics only. If tycs = twes (min), the cycle
is an early write cycle and the data out pin will remain
open circuit (high impedance) throughout entire cycle.
If tcwp = tewp (min), the cycle is a read-write cycle
and data out will contain data read from the selected
cell. If neither of the above sets of conditions is satis-
fied the condition of the data out is indeterminate.
Test mode cycle only.
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MB81257-10

MB81257-12
MB81257-15
Read Cycle
trRc
tRAS
J— Vin-
RAS V- \‘ 1[ \—_—_—
tesH tRP
1
CRS trReo tRSH
jt———————tcAS
_ Vin- 4 F
A
CAs Vi - \
tasr | [tRAH  tasc tcAH I
Viu-  ROW COLUMN
ADDRESSES , " x ADDRESS ADDRESS }( K
1] ]
RRH
t
RCSI"‘\ —w{ tRCH f—
— VlH_
WE \
Vi - / tcac o
tRAC —— |—tOFF
Von- >_ e
Dout Voo - HIGH-Z { \II)':ErT
D Don’t Care
Write Cycle (Early Write)
tRC
tRAS
_ o
RAS z:’:_ \‘ y | U
tCRS tcsH P~ — tRp—ei
tRCD tcas
—_— Vip— . Nt /
CAS vie- /! N \:
tasr | |[tRAH “tasc
SR |Ran Tiase r.— [e—e{tcan
Vin— >< ROW COLUMN ) X
ADDRESSES Vie— " ADDRESS ADDRESS
!wos..—-—l ‘.—"WCH
_ VIH——-—’_'—'—-*——\ twr B e
WE Vie— , ,
tos—={ L L'DH"{
D Vin- ] VALID K S o
N V- . . DATA . ~ —
VoH— HIGH-Z
Dout o
' VoL~ [ pon't care
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MB81257-10
MB81257-12
MB81257-15

Read—Write/Read—Modify —Write Cycle

| tRwWC
tRAS
J— ViH-
RAS Vi X
ters tesH RS- — thp
tRCD tcas
. Vm‘j \ Vi
CAS —
VIL™ Spsal [tran tasc . /
—] ’_—— tcaH
ViH ROW Y COLUMN ’>< X
ADDRESSES y/ ADDRESS ADDRESS
tewL—=
tRcsj-»l tewo
J— ViH— ] /
WE Vi— /
tcac
VoH~ i
D, HIGH-Z
ouT Vo I —
I tRAC tbs
Vin—
Din
Vi X
Nibble Mode Read Cycle
tRp
_ tras
RAS Ml N /|
Vil
tcsH
'CT_SL tRcD e tNRRSH
J— Vin— ~\ )""tCAS—" /—\
CAS
VoL“__/r tasc ,Z N / \ / tRRH
tasr tRAH -
——] _ CAH tNCP | {tNCAS
Vi~ - -
aooresses "W ROW %05 X I )C
L tRCH
tRcs——-1 b=t ‘HCH"’I’-*I r'ncs+ tRCH
WE Viu- B
VIl e L/ ca \/ | -
c
toFfF | INCAC .
=] == toFF
TRAC
Vo~ VALID VALID VALID VALID
Pout VoL~ HIGH-Z { pata > <MI'A — <DATA> (DATA >—

D Don‘t Care
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MB81257-10

MB81257-12
MB81257-15
Nibble Mode Write Cycle the
t
— V= =y RAS
AAS Vi N
tc t
RS thco csnﬂ e tNwRsH| |tRNH
I Sy ——
1 5 Vin— tcAs_—I/ /m ———
Vi \
~tcwL
ADDRESSES x
-t RW L ==
WE
D MCn ™ VALID VALID
IN Vi — s DATA DATA
o
Vi~
DouT Vg:— HIGH-Z
Don’t Care
Nibble Mode Read-Write Cycle
ald
VA p— tRAS
o TN VRN
n-
ters| ipgp CSH- o] nAwe tnwrsH| | tRNH
CAS
ADDRESSES
WE J/
I~ toFF
fac i~ 1 ‘t‘{ tnoac [TWP
le—tRAC—] wp  tOFF
Vor VALID VALID VALID VALID
Pour Vou- HiaHz=—) | pata DATA DATA DATA
tpg—e] |eui— tbs ton
oH
D MG VALID VALID VALID VALID '
IN Vi \ DATA DATA . DATA DATA
)
D Don’t Care
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MB81257-10

MB81257-12
MB81257-15
__RAS-only Refresh Cycle
NOTE: WE, D\ = Don‘tcare, Ag =V 4 or V,_
trc
tRAS
RAS Vin- b
RAS ViL~ \‘ V L
tASR Iar— tre
—=——{tRPC
Vin- ROW
ADDRESSES
(Ag 0 Ay) "= ADDRESS
tcrs
N ViH—
CAS VIL__—-‘—————-—/ toFF
Vow-—"— X "
DouT Vou- 4 HIGH-zZ
D Don‘t Care
CAS-before-RAS Refresh Cycle
NOTE: Address, WE, Dy, = Don't care
tRC
'nr
- tRAS
RAS \\;'“ / h N
e
tepr __tFcs tECH tRrPC
CAS 1’/'“__/ \L \
-
torr
Vonu~ \
Pour oo 2 HIGH-Z
D Don‘t Care
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MB81257-10

MB81257-12
MB81257-15
Hidden Refresh Cycle
'r\
'r\r
P ‘r\uo 'HHG |
RAS /
f——tRg H—e=]
CAS
tASR caH
ASC =
ADDRESSES ADDAESS ADDAESS
Recs
WE (Read)
Dourt VALID DATA }—

— \Z
WE (Read-Write)

CAS-before-RAS Refresh Counter Test Cycle

RTC
tTRAS
RAS /
tepT tRSH: tRP
tcsH t . .
cas:
CAS jl‘ N
tasc
o tcAH—]
ADDRESSES iy s § COL. ADDRESS
WE(Read)
tcac
Vo~ - d
Dour WGH { VALID DATA
WE (Write)
Din

Don‘t Care
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MB81257-10
MB81257-12
MB81257-15

DESCRIPTION

Simple Timing Requirement

The MB 81257 has improved circuitry
that eases timing requirements for high
speed access operations. The MB 81257
can operate under the condition of
trco (max) = tcac thus providing
optimal timing for address multiplexing.
In addition, the MB 81257 has the
minimal hold times of Address (tcan),
WE (twcn) and Dy (tpn). The
MB 81257 provides higher throughput
in inter-leaved memory system applica-
tions. Fujitsu has made timing require-
ment that are referenced to RAS
non-restrictive and deleted them from
the data sheet. These include taRg,
twcr. tonr and tgwp. As a result,
the hold times of the Column Address,
Div and WE as well as tcwp (CAS
to WE Delay) are not ristricted by
treo-

Address Inputs:

A total of eighteen binary input address
bits are required to decode any 1 of
262,144 cell locations within the
MB 81257. Nine row-address bits are
established on the input pins (Ag
to Ag) and are latched with the Row
Address Strobe (RAS). Nine column-
address bits are established on the input
pins and are latched with the Column
Address Strobe (CAS). All row ad-
dresses must be stable on or before the
falling edge of RAS. CAS is internally
inhibited (or ‘“‘gated”) by RAS to
permit triggering of CAS as soon as the
Row Address Hold Time (tgay) speci-
fication has been satisfied and the
address inputs have been changed from
row-addresses to column-addresses.

Write Enable:

The read mode or write mode is selected
with the WE input. A high on WE
selects read mode, low selects write
mode. The data input is disabled when
read mode is selected.

Data Input:

'Data is written into the MB 81257
during a write or read-write cycle. The
later falling edge of WE or CAS is a
strobe for the Data In (D) register. In
a write cycle, if WE is brought low

before CAS, D,y is strobed by CAS,
and the set-up and hold times are re-
ferenced to CAS. In a read-write cycle,
WE can be delayed after CAS has been
low and CAS to WE Delay Time (tcwo)
has been satisfied. Thus Dy is strobed
by WE, and set-up and hold times are
referenced to WE.

Data Output:

The output buffer is three-state TTL
compatible with a fan-out of two
standard TTL loads. Data out is the
same polarity as data-in. The output is
in a high impedance state until CAS is
brought low. In a read cycle, or read-
write cycle, the output is valid after
tgac from transition of RAS when
tgep (max) is satisfied, or after to,c
from transition of CAS when the
transition occurs after tgcp (max.)
Data remain valid until CAS is re-
turned to a high level. In a write cycle,
the identical sequence occurs, but data
is not valid.

Fast Read-While-Write cycle

The MB 81257 has a fast read while
write cycle which is achieved by precise
control of the three-state output buffer
as well as by the simplified timings,
described in the previous section.
The output buffer is controlled by the
sate of WE when CAS goes low. When
WE is low during CAS transition to
low, the MB 81287 goes into the
early write mcde in which the output
floats and the common 1/O bus can be
used on the system level. Whereas, when
WE goes low after tcwp following CAS
transition to low, the MB 81257 goes
into the delayed write mode. The
output then contains the data from the
cell selected and the data from D)y
is written into the cell selected. There-
fore, a very fast read write cycle (trwc
= tge) is possible with the MB 81257.

Nibble Mode:

Nibble mode allows high speed serial
read, write or read-modify-write access
of 2, 3 or 4 bits of data. The bits of data
that may be accessed during nibble
mode are determined by the 8 row
addresses and the 8 column addresses.
The 2 bits of addresses (CAg, RAg) are

used to select 1 of the 4 nibble bits for
initial access. After the first bit is
accessed by normal mode, the remaining
nibble bits may be accessed by toggling
CAS high then low while RAS remains
low. Toggling CAS causes RAg and
CAg to be incremented internally while
all other address bits are held constant
and makes the next nibble bit available
for access. (See Table 1).

If more than 4 bits are accessed during
nibble mode, the address sequence will
begin to repeat. If any bit is written
during nibble mode, the new data will
be read on any subsequent access. If the
write operation is executed adain
on subsequent access, the new data will
be written into the selected cell loca-
tion.

In nibble mode, the three-state control
of the Doyt pin is determined by the
first normal access cycle.

The data output is controlled only by
the WE state referenced at the CAS
negative transition of the normal cycle
(first nibble bit). That is, when tycg™>
twes (min) is met, the data output will
remain high impedance state throughout
the succeeding nibble cycle regardless
of the WE state. Whereas, when tcwp >
tcwo (min) is met, the data output will
contain data from the cell selected
during the succeeding nibble cycle re-
gardless of the WE state. The write
operation is done during the period in
which the WE and CAS clocks are low.
Therefore, the write operation can be
performed bit by bit during each nibble
operation regardless of timing con-
ditions of WE (twcs and tewp) during
the normal cycle (first nibble bit).

See Fig. 2.

Refresh:

Refresh of the dynamic memory cells is
accomplished by performing a memory
cycle at each of the 256 row-addresses
(Ap to A;) at least every 4 ms.

The MB 81257 offers the following 3
types of refresh.

RAS-only Refresh;

The RAS only refresh aboids any out-
put during refresh because the output
buffer is in the high impedance state un-
less CAS is brought low. Strobing each
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of 256 row-addresses (AgtoA;) with
RAS will cause all bits in each row to
be refreshed. Further RAS-only refresh
results in a substantial reduction in
power dissipation. During RAS-only
refresh cycle, either Vy or V,_ is per-
mitted to Ag.

CAS-before-RAS Refresh;
CAS-before-RAS refreshing available on
the MB 81257 offers an alternate re-
fresh method. If CAS is held low
for the specified period (tgcg) before
RAS goes to low, on-chip refresh
control clock generators and the refresh
address counter are enabled, and an
internal refresh operation takes place.
After the refresh operation is perform-
ed, the refresh address counter is auto-
matically incremented in preparation
for the next CAS-before-RAS refresh
operation.

Hidden Refresh;

A hidden refresh cycle may takes place
while maintaining latest valid data at
the output by extending the CAS active
time. For the MB 81257, a hidden
refresh cycle is CAS-before-RAS refresh.

The internal refresh address counters
provide the refresh addresses, as in a
normal CAS-before-RAS refresh cycle.

CAS-before-RAS Refresh Counter Test
Cycle:

A special timing sequence using CAS-
before-RAS counter test cycle provides
a convenient method of verifying the
functionality of CAS-before-RAS re-
f_l:ﬂ'l activagf_d_ circuitry. After the
CAS-before-RAS refresh operation, if
CAS goes to high and goes to low again
while RAS is held low, the read and
write operation are enabled. This is
shown in the CAS-before-RAS counter
test cycle timing diagram. A memory
cell address, consisting of a row address
(9 bits) and a column address (9 bits),
to be accessed can be defined as fol-
lows:

*A ROW ADDRESS — Bits Ag to A,
are defined by the refresh counter.
The bit Ag is set high internally.

*A COLUMN ADDRESS — All the bits
Ag to Ag are defined by latching
levels on Ag to Ag at the second
falling edge of CAS.

Table 1 — NIBBLE MODE ADDRESS SEQUENCE EXAMPLE

SEQUENCE

RAS/CAS (normal mode)
toggle CAS (nibble mode)
toggle CAS (nibble mode)
toggle CAS (nibble mode)
toggle CAS (nibble mode)

-k W N =
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NIBBLE BIT RAg

ROW ADDRESS CAg
0 10101010 0
1 10101010 0
0 10101010 1
1 10101010 1
0 10101010 0

Suggested CAS-before-RAS Counter Test

Procedure

The timing, as shown in the CAS-before-

RAS Counter Test Cycle, is used for

the following operations:

1) Initialize the internal refresh address
counter by using eight CAS-before-
RAS refresh cycles.

2) Throughout the test, use the same
column address, and keep RA8 high.

3) Write “low” to all 256 row address

on the same column address by using

normal early write cycles.

Read “low’ written in step 3) and

check, and simultaneously write

“*high” to the same address by using

internal refresh counter test read-

write cycles. This step is repeated

256 times, with the addresses being

generated by internal refresh address

counter.

Read ““high’* written in step 4) and

check by using normal read cycle for

all 256 locations.

6) Complement the test pattern and
repeat step 3), 4) and 5).

4

5

COLUMN

ADDRESS
10101010
10101010
10101010
10101010
10101010

input addresses

generated internally

sequence repeats
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Fig. 2 — Nibble Mode

1) The case of first nibble cycle is Early write

DouT )
L——Early Write———l————No Ope. !— Write | Writ I

Add. | ent
( ncrement) : Valid Data

2) The case of first nibble cycle is delyed write (Read-Write)
RAS \ /

0

: Valid Data
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Table-2 FUNCTIONAL TRUTH TABLE

RAS | CAS WE Din DouT Read Write Refresh Note
H H Don’t Care | Don’t Care High-Z No No No Standby
L L H Don‘t Care | Valid Data Yes No Yes Read
L L L Valid Data | High-Z No Yes ves | FarlyWrite
twes2twes (Min)
Delayed Write or Read-Write
L L L Valid Data | Valid Data Yes Yes Yes (twes < twes (min) or
tewp 2 tewp (min))
L H Don’t Care | Don’t Care High-Z No No Yes RAS-only Refresh
CAS-before-RAS Refresh Valid
L L Don’t Care | Don’t Care | Valid Data No No Yes data selected at previous Read
or Read-Write cycle is held.
H L Don’t Care | Don’t Care High-Z No No No CAS disturb.

RAS/CAS Cycle

Fig. 3 — CURRENT WAVEFORM (Vcc=5.5V, Ta =25°C)

Hidden Refresh Cycle

RAS-only Refresh Cycle

Nibble Mode Cycle

RAS /

: i i I

Yo JI\‘ \ / \\ \
40 /\
AR VAN RN
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Fig. 4 — NORMALIZED ACCESS TIME Fig. 5 — NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE vs AMBIENT TEMPERAUTRE
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Fig. 11 — REFRESH CURRENT 1
vs CYCLE RATE

Fig. 10 — STANDBY CURRENT
vs AMBIENT TEMPERATURE
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Fig. 14 — NIBBLE MODE CURRENT
vs SUPPLY VOLTAGE
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lccs. REFRESH CURRENT 2 (mA)

Vi AND Vi, ADDRESS AND DATA
INPUT VOLTAGE (V)

RAS, CAS ANDWE
INPUT VOLTAGE (V)

Vin AND V.,

Fig. 16 — REFRESH CURRENT 2
vs SUPPLY VOLTAGE

80
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60
50 — Lt
40 / et
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20!
4.0 5.0 6.0

Vce. SUPPLY VOLTAGE (V)

Fig. 18 — ADDRESS AND DATA INPUT
VOLTAGE vs AMBIENT TEMPERATURE
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Fig. 20 — RAS, CAS AND WE INPUT
VOLTAGE vs AMBIENT TEMPERATURE
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Fig. 177 — ADDRESS AND DATA INPUT
VOLTAGE vs SUPPLY VOLTAGE

Vi AND V,_, ADDRESS AND DATA
INPUT VOLTAGE (V)

Vi AND V,_, RAS, CAS ANDWE
INPUT VOLTAGE (V)

Atrac, ACCESS TIME (ns)
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Fig. 19 — RAS, CAS AND WE INPUT
VOLTAGE vs SUPPLY VOLTAGE
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Fig. 21 — ACCESS TIME vs LOAD
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Fig. 22 — OUTPUT CURRENT Fig. 23 — OUTPUT CURRENT
vs OUTPUT VOLTAGE vs OUTPUT VOLTAGE
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PACKAGE DIMENSIONS

Standard 16-pin Ceramic DIP (Suffix: -C)

DIP-16C-A03

16-LEAD CERAMIC (METAL SEAL)DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A03)

¥ N W R — 1 I —
R.050(1.27)
REF
+.008
2957510 .300+.010
INDEX AREA (7.497020) 17.62:0.25)
| .010£.002
7767928 (19.71708) (0.25£0.05)
41 [~A050(1427)MAX
[ ]
200(5.08IMAX
134,014
(3.40:0.36)
1004010 _| 032(0.81) ,032:.012
(2.54:0.25) “REF (0.81£0.30)
L .700(17.78)REF
+.015 +0.38 +.005 +0.13
0a7":019(1.2073:35) 0189051046313
© 1988 FUJITSU LIMITED D16035S-3C Sm‘é?-\:gs(lv?\r‘:lsﬁ::eters)
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PACKAGE DIMENSIONS

Standard 16-pin Ceramic DIP (Suffix: -C)

]

DIP-16C-A04

16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A04)

=== 0°t09°
—
R.030(0.76). +.008
TYP 2957510 (3001.010
7.62£0.25)
7.4 +0.20.
INDEX AREA (7495 25!
||
‘ i 0102002
| (0.25+0.05)
! +.024 +0.61 —
7767076 19.7170°%0)
.043(1.09)TYP
-—-] =—050(1.27)MAX (x4 PLCS)
[
[ F'J] Q 200(5.08)MAX
\
.134+,014
(3.40:0.36)
100£.010 _| .032(0.81)
(2.54:0.25) REF (ifggii%g)
[ .700(17.78)REF
+.012 +0.30 +.005 +0.13
050°012(4.27%9.39) *I Lfm 87 005104670 0%

Dimensions in

©1988 FUJITSU LIMITED D16044S-2C inches (millimeters)
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PACKAGE DIMENSIONS

Q.

dard 16-pin C: ic DIP (Suffix: -Z)

DIP-16C-C04

16-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE
(CASE No. : DIP-16C-C04)

A1 gTP 9P gvp gTp gop g7 [

R.025(0.64)
REF

.288*014

+0.36.
(7.32733%)

+.028
760 505

+0.71
(19.30°371)
—= |=—050(1.27)IMAX

I daF &5 &5 ob d B db J

S
/ Fro15°

-100%.010 .032(0.81).
TYP

(2.54+0.25)
.700(17.78)REF

|

% Eros0e .300(7.62)TYP
. ]

+.004

019 002

+0.10

025*319)

.200(5.08)MAX

.134£.014
(3.40£0.36)

+0.05.
(1.52*3:95)

©1988 FUJITSU LIMITED D16032S-4C

+

(0.46"

.032+.0°

(0.81:0.30)

.060*-992 +.005
. 004 .018*:905

DA‘I3)
0.08

12

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

Standard 16-pin Plastic DIP (Suffix: -P)

008

+.
7661093

INDEX-1

(19.45%

o e e T e T s O i

16-LEAD PLASTIC DUAL IN-LINE PACKAGE

(CASE No.: DIP-16P-M03)

0.20)
0.30

15° MAX

.260+.010 300 (7.62)

i) ?
(6.60+0.25) TYP
R LR R s oy
+.012 +.012
J 04747 0a7* g
+0. +0.30,
1 11204930, (1207339 0252330
} .183 (4.65) MAX
f | ’ .118 (3.00) MIN
018+.006
.050 (1.27) .100 (2.54) b —.002 020 (0.51) MIN
MAX = 7 I (045+8.(1)g)
e Dimensions in
© 1988 FUJITSU LIMITED D16030S-3C inches (millimeters)
Standard 18-pin Plastic LCC (Suffix: -PD)
18-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-18P-M04)
+.006, ,0+0.15
3225005 1346023400 08!
(8.18+0.13) . .060(1.52) MIN
.025(0.64) MIN
e
w [(i33e5003 (E6040.10]
490+ 00|3 4 468+.020
(12.45+0.08) B (11.89+0.51)
J I
12
O { O L B
8 " R.030(0.75) TYP
150(3.81)
026(0.66) !
TYP l
008002 = |
0207005, = a T 2005.08)
017(0.43) -002 = =5 R
TV = | e
263020 |
(6.68+0.51) f n,ﬂﬂ @ LeAd No.
.050+ 005 dimensions n
1.27+0.13) imensions
© 1989 FUJITSU LIMITED C180195-1C ! inches (millimeters)
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Standard 16-Pin Plastic ZIP(Suffix: -PSZ)
PIN ASSIGNMENT
LEAD
No. 1
NAg CAS Ag WE  Ag A1 A A4
Dout Vss Dy RAS Ay Vee Ag Aﬁ\\
16
ZiP-16P-M01
16 LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
(CASE No.: ZIP-16P-M01)
803+00850 40+0-20 112+ .008
012 ~030 (2.85£0.20)
INDEX .260+.010
(6.60+0.25) 312+.013
d (7.93+0.33)
r_ H
H HHH
010+.002 118(3.00) MIN
B bkttt | B
U U L (0.25+0.05)
050(1.27) H 1020+ .004 1100(2.54) TYP
TYpP "050+0.10) (ROW SPACE)
QQ Dimensions in
© 1988 FUJITSU LIMITED Z16001S-4C inches (millimetres)
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PACKAGE DIMENSIONS

Standard 18-pin Ceramic LCC (Suffix: -TV)

LCC-18C-F04

PIN NO.1 INDEX

.485(12.32)
500(12.70)
280(7.11)
295(7.49)

“Shape of Pin 1 index: Subject to change without notice

(CASE No.: LCC-18C-F04)

f

ponnan

[

115(2.92)

MAX

18-LEAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER

RO120030TYP __ .025(0.64) ,-070(1.78)
@arLCs) TYP TYP
115(2.92) )
TYP 1155(3.94)
'Tff‘
200(5,08 P =
A INNOA = Aosozorye
250l6.50 IND /18PLCS)
TYI
lz} =
L == 13—1
050(1.27) 145(368)
TP TYP

195(4.95) TYP

045(1.14)
TYP

Dimensions in
inches (millimeters)

1-68




February 1990 &
Edition r{o FU]lTSU

DATA SHEET
MB81257-s0
MOS 262,144 BIT DYNAMIC RANDOM ACCESS MEMORY

262,144 Bit Dynamic Random Access Memory

The Fujitsu MB81257 is a fully decoded, dynamic NMOS random access
memory organized as 262,144 one-bit words. The design is optimized for high speed,
high performance applications such as mainframe memory, buffer memory, peripheral
storage, and environments where low power dissipation and a compact layout are
required

Multiplexed row and column address inputs permit the MB81257 to be housed in
standard 16-pin DIP and ZIP packages or an 18-pin PLCC package. Pinouts conform PLASTIC PACKAGE
to the JEDEC- approved pinouts. Additionally, the MB81257 offers new functional DIP-16P-M03
enhancements that make i n more versatile than previous dynamic RAMs. TAS-before-
RAS refresh provides an on-chip refresh capability that is upwardly compatible with the
MB8266A. The MB81257 also features nibble mode which allows high speed serial
accsss of up to 4 bits of data.

The MB81257 is fabricated using silicon gate NMOS and Fujitsu’s advanced
Triple-layer Polysilicon process. This process, coupled with single-transistor memory
storage cells, permits maximum circuit density and minimal chip size. Dynamic
circuitry is used in the design, including the sense amplifiers. Clock timing
requirements are nonctitical, and power supply tolerance is very wide. All inputs are
TTL compatible.

PLASTIC PACKAGE
LCC-18P-M04

® 262,144 x 1 RAM organization * High speed Read-white-Write cycle
L] ?hoon—gag' , Triple Poly NMOS, single @ tag, twer, toHR, tawp are eliminated
ansistor Outp tched c]{de allows
® Row Access Time (tg ; ¢ Mo.dml:w chip select gnd PLASTIC PACKAGE
80 ns max. (MB 81£g -80) e Common V/O capability using ZIP-16P-M01
® Random C ime (! Early Write operation DIP-16C-A03: See Page 19
175ns mm (MB 81257-80) © On-chip latches for Addresses and DIP-16C-A04: See Page 20
o Nibble Cycle Time Data-in
45 ns max. (MB 3;57“) e Standard 16-Pin Plastic Packages:
® Single +5 V Sy 10% tolerance DIP (MB81257-XXP ENT
. Lo’;lgp Pol. sz|p glqg_apizs;xﬁgp PIN ASSIGNMEN
385mw max. (MB 81257-80; in Plast sokage
25 mW max. (s(mnd:y) ) SO C(MB81 257 XXPY ) package:
®_256 refresh cycles every 4 ms DIP  (MB81257-XXC) '
oTAS-before-RAS, RAS-only, Hidden
refresh capal Iity

a 13
TOP VIEW
1

Absolute Maximum Ratings (See Note)

Parameter Symbol Value Unit
Voltage at any pin relative to Vgg Vin, Vour 11047 v
Voltage of Ve supply relative to Vgg Veo -110 47 v
Storage Temperature Ceramic Tsta -55 to +150 °c
Plastic -55to +125
Power Dissipation Pp 10 w
Short Circuit Output Current — 50 mA B Vec A1 A

Pin assignment for ZIP: See page 23

Note:  Permanent device damage may occur if absolute maximum ratings are exceeded.
Functional operation should be restricted to the conditions as detailed in the operation

sections of this data sheet. Exposum to absolute maximum rating conditions for ex- -
Yonded periods may aflect devios reliabilty. wm"?&m-

taken to avold application
uwwmgwmmmmdwomm
cww@ 1990 by FUJITSU LIMITED and Fujitsu Microelactronics, inc. ¥

1-69



MB81257-80

Fig. 1 — MB 81257 BLOCK DIAGRAM
RAS CLOCK GEN.
—_— NO. 1
CAS o CLOCK GEN.
NO. 2 WRITE
CLOCK l-— WE
REFRESH GEN.
CONTROL
cLoCcK
INTERNAL D‘I\JA o
ADDRESS ~—
e o o |0
A SENSE AMPS _—I
0 — ‘ 1/0 GATING
A
N L35 e I
| O3
A, s g 3
As—] o= DATA
A ; e AR S
] o .
4 ] o
2 262, 144 BIT
As — o STORAGE CELL
55 :> z
As cE E o]
:> <2 @ —_-—v
A, —| ok cc
Ag ‘J_‘ —~———Vss
CAPACITANCE (1, - 25°c)
Parameter Symbol Typ Max Unit
Input Capacitance AgtoAg, Diny Cint 7 pF
Input Capacitance RAS, CAS, WE Cinz 10 pF
Output Capacitance Doyt Cour 7 pF
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RECOMMENDED OPERATING CONDITIONS

(Referenced to Vgg)

Parameter Symbol Min Typ Max Unit Tci‘::;:tr:'t?;re
Vee 4.5 5.0 5.5 \%
Supply Voltage
Vgs 0 0 0 \%
Input High Voltage, all inputs Vin 24 6.5 \% 0°C to +70°C
Input Low Voltage, all inputs Vi -2.0 0.8 \"
(Recommended operating conditions unless otherwise noted.)
Value
Parameter Symbol Unit
Min Typ Max

OPERATING CURRENT*
Average Power Supply Current MB 81257-80 lcer 70 mA
(RAS, CAS cycling, tgc = Min.)

STANDBY CURRENT [ 45 mA
Standby Power Supply Current (RAS, CAS = V) ce2 ’

REFRESH CURRENT 1*
Average Power Supply Current MB 81257-80 lees 60 mA
(RAS cycling, CAS = V4 ; tgc = Min.)

NIBBLE MODE CURRENT*
Average Power Supply Current MB 81257-80 lcca 22 mA
(RAS =V, , CAS cycling; tye = Min.)

REFRESH CURRENT 2*
Average Power Supply Current MB 81257-80 lces 65 mA
(CAS-before-RAS; tge = Min.)

INPUT LEAKAGE CURRENT any input
(Vin =0V 10 5.5V, Ve = 4.5V to 5.5V, Vgg = OV, hw -10 10 pA
all other pins not under test = 0V)

OUTPUT LEAKAGE CURRENT

(Data is disabled, Vot = OV to 5.5V) low) -10 10 KA
OUTPUT LEVEL
Output Low Voltage (lg, = 4.2mA) Voo 0.4 v
OUTPUT

UTPUT LEVEL Vou va v

Output High Voltage (loy = -5.0mA)

NOTE™ : lcc is depended on output loading and cycle rates. Specified values are obtained with the output open.
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AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.) NEIEEAPEE

(CAS-before-RAS cycle)

Parameter Symbol Value Unit
Min Max

Time between Refresh tREF 4 ms
Random Read/Write Cycle Time tre 175 ns
Read-Write Cycle Time trwe 180 ns
Access Time from RAS 406} trAC 80 ns
Access Time from CAS 4] 6] teac 45 ns
Output Buffer Turn off Delay torr 0 25 ns
Transition Time tr 3 50 ns
RAS Precharge Time trp 80 ns
RAS Pulse Width thas 85 100000 ns
RAS Hold Time tran 50 ns
CAS Pulse Width teas 50 100000 ns
CAS Hold Time tesH 85 ns
RAS to CAS Delay Time a threo 20 35 ns
CAS to RAS Set Up Time ters 10 ns
Row Address Set Up Time tASR 0 ns
Row Address Hold Time tRAH 10 ns
Column Address Set Up Time tasc 0 ns
Column Address Hold Time tcan 15 ns
Read Command Set Up Time tres 0 ns
Read Command Hold Time Referenced to CAS 9] tRCH 0 ns
Read Command Hold Time Referenced to RAS 9] tRRH 20 ns
Write Command Set Up Time twes 0 ns
Write Command Pulse Width twp 15 ns
Write Command Hold Time tweH 15 ns
Write Command to RAS Lead Time tRwL 35 ns
Write Command to CAS Lead Time tewl 35 ns
Data In Set Up Time tps 0 ns
Data In Hold Time ton 15 ns
CAS to WE Delay tewp 15 ns
Refresh Set Up Time for CAS Referenced to RAS

(CAS-before-RAS cycle) tres 20 ns
Refresh Hold Time for CAS Referenced to RAS teen 20 ns
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AC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted.)

Value
Parameter Symbol Unit
Min Max
CAS Precharge Time (CAS-before-RAS cycle) tepr 20 ns
RAS Precharge to CAS Active Time (Refresh cycles) tapc 20 ns
Nibble Mode Read/Write Cycle Time the 45 ns
Nibble Mode Read-Write Cycle Time tnRWE 45 ns
Nibble Mode Access Time tncac 18 ns
Nibble Mode CAS Pulse Width thneas 20 ns
Nibble Mode CAS Precharge Time tnep 15 ns
Nibble Mode Read RAS Hold Time tNRRSH 20 ns
Nibble Mode Write RAS Hold Time tNwWRSH 35 ns
Nibble Mode CAS Hold Time Referenced to RAS tanH 20 ns
Refresh Counter Test Cycle Time trTe 330 ns
Refresh Counter Test RAS Pulse Width tTRAS 230 10000 ns
Refresh Counter Test CAS Precharge Time tepr 50 ns

Notes:

An initial pause of 200 us is required after power up.
And then several cycles (to which any 8 cycles to per-
form refresh are adequate) are required before proper
device operation is achieved.

If internal refresh counter is to be effective, a mini-
mum of 8 CAS before RAS refresh cycles are required.

AC characteristics assume t1 = 5 ns.

VlH (min) and V, (max) are reference levels for
measuring timing of input signals. Also, transition
times are measured between V,, (min) and V,
(max.).

Assumes that tpep < tpep (max). If tgep is greater
than the maximum recommended value shown in this
table, tg,c will increase by the amount that tpcp
exceeds the value shown.

Assumes that tgep 2 trep (Max).

Measured with a load equivalent to 2 TTL loads and
100 pF.

Operation within the tgcp (max) limit insures that
tpac (max) can be met. tgop (max) is specified as a
reference point only; if tg.y is greater than the
specified tgcp (max) limit, then access time is con-
trolled exclusively by teac.

B taco (min) = toay (Min) + 2tp (t,=5ns) + tage (min)

E Either tgrn Or trey Must be satisfied for a read cycle.

twes and tcwp are not restrictive operating para-
meters. They are included in the data sheet as electrical
characteristics only. If tycs = twes (min), the cycle
is an early write cycle and the data cut pin will remain
open circuit (high impedance) throughout entire cycle.
If tcwp = tcwo (min), the cycle is a read-write cycle
and data out will contain data read from the selected
cell. If neither of the above sets of conditions is satis-
fied the condition of the data out is indeterminate.

Test mode cycle only.
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Read Cycle
tRc
trRAs
J— Vin-
RAS v N y S
Tosn [t RP ———=]
tRSH
tcas
CAS J/
tICAH
Vin- COLUMN
ESSE
ADDRESSES - ADDRESS j:P( 3
1

WE Vin-
ViL- tcac

tRAC
VoHn-
DouT Vo - HIGH-Z —
Don’t Care
Write Cycle (Early Write)
tRC
Vi = tRAS
RAS 'H
ViL— \t b,
tcsH i tRp—e=
tRSH | RP
TRCD tcas
— Vin— N \ / /
CAS ViL— \ X
tasr | [tRAH tasc
| le—  |e—a{tCAH

ADDRESSES \\;'””
-

ROW COLUMN £/ S ‘ LN
ADDRESS ADDRESS L R DR R
twes ! L;j‘wcn

) twp / .

WE ‘ i
‘DS—.—' e LIDH——-
o T\ VALID
IN it DATA .
I
Dout Von~— HIGH-Z

D Don’t Care
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Read—Write/Read—Modify—Write Cycle

t tRweC
tRAS
- Vin- N
RAS V- ‘ : 4
tcsH tRer . tRP —=]
tcRs RSH RP
tRCD tcas
r—-—
— VIH_] X \ /| /
CAS -
Vi tRAH ‘ASC\ X
tASR tcaH
Vin-
ADDRESSES Vi
tewL—=
tcwD: TRWL—==
We e ‘ / ) rA /
WE Vi- . e
tcac ‘WP——J — tOFF
VoH— " i VALID
Dour var B 11GH-2—< DATA .
I tRAC 105\_.., l<_. oK
Vin— VALID
D Vi —><k DATA
D Don’t Care
Nibble Mode Read Cycle
tRp
V) = e tRAS
[— H™
RAS N /
Vie-
t
i B tNe INRRSH
{——tC AS—e={ \ /_\
. tRRH
tcAH tNcP | |tNcCAS
COL. ><
% ADD.
L»—— tRCH—] I-*| Fe-tRCS— I—-—tRCH tRcH
tcAC
TOFF |INCAC |tOFF
e M Al
tRAC
D, Vo~ 1IGH-Z /J VALID VALID VALID VALID
out VoL~ ne ~ W.DATA DATA DATA >_—< DATA >'_

D Don't Care
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Nibble Mode Write Cycle (Early Write)

trp
—_— tRA
RAS M K ° /
Vie tcRs t
———
csH INWRSH| [tRNH
cAs F_\_/__\ d N
~tcwL
ADDRESSES . ><
tRWL
twp
toH
D, VALID VALID VALID VALID N
IN DATA DATA DATA DATA
DouTt HIGH-Z
E:I Don‘t Care
Nibble Mode Read-Write Cycle
RP
tRAS
RAS / \
INWRSH tRNH
INRWC
— N
CAS {
ncp
INcAs — H—tcwL
ADDRESSES coL : . ><
- F=—tRWL
WE \ /
VALID
Pour DATA
Din

’

't Care
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RAS-only Refresh cycle
NOTE: WE, D,y = Don't care, Ag = V,yy or V,_

tRe
tRAS
— — y
RAS \\le- V
't tASR - tap —

Vin= ROW
ADDRESSES

V- | ADDRESS
(Ag to Ay)

S

J— Vig—
CAS 7

Vie— toFF \

Al

Vor— .y "

Dout 4 HIGH-Z

Vor= o7

D Don’t Care

CAS-before-RAS Refresh Cycle
NOTE: Address, WE, D)y = Don't care

tRC {
- tgp
tRAS
JE— Vin-
RAS tH / ’\
V- P
t
tepr tecs tECH RPC
J— V-
TAS " N / \
V- X
torr
Ve
Pout 2" HIGH-Z
oL—

D Don’t Care
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Hidden Refresh Cycle

1RC
b tRp—=|
P Vin- tRA
RAS H
VIL_
tcrs Y
f=—tRCD: tea
. Vi b tpoH—— A
CAS v 7 \ FCH
- tRAH
1ASR ICAH
tasc -
Vi '
ROW cOoL.
ADDRESSES v/ _ ADDRESS ADDRESS
RRH
‘Rcs—~l - <—~|
—_— VIH_
WE (Read) Vi Vi teac N
tRAC fa—{toFF
Vou~ !
oM Y,
Dour HIGH-Z VALID DATA
VoL~ N
CWD  f=—ad tRWL

:Rcsﬂ - ~—-—I

WE (Read-Write)

\‘//Il :: R \

[Joon't care

CAS-before-RAS Refresh Counter Test Cycle

e - -tRTC
1
_ Vig- TRAS
RAS Vi \1 / \.
tec t -— —t —
d —tCSH—] cPT_, RSH [~ —tgp- ]
IS 7oy P ———
o N RN
Vi
w )
tasc K
et CAH—
V)
ADDRESSES V:t» : ){ COL. ADDRESS
‘Rcsl——J ———{tRRH
— Vin- T
E (Read) v \
tRCH
tcac
~—toFF
VoH i N\
Oour ~ HIGH-2 VALID DATA
Vo b 1
tRcs tcwo __‘CWL__l
f———— TR W | ]
ﬂ \*—‘wpﬂ/
N T
DS
B3

L x VALID DATA

X

E] Don’t Care
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DESCRIPTION

Simple Timing Requirement

The MB 81257 has improved circuitry
that eases timing requirements for high
speed access operations. The MB 81257
can operate under the condition of
tpcp (max) = tcac thus providing
optimal timing for address multiplexing.
In addition, the MB 81257 has the
minimal hold times of Address (tcap),
WE (twen) and D,y (tpy). The
MB 81257 provides higher throughput
in inter-leaved memory system applica-
tions. Fujitsu has made timing require-
ment that are referenced to RAS
non-restrictive and deleted them from
the data sheet. These include tag,
twcr, tonr and tgwp. As a result,
the hold times of the Column Address,
Dy and WE as well as tcwp (CAS
to WE Delay) are not ristricted by
treo-

Address Inputs:

A total of eighteen binary input address
bits are required to decode any 1 of
262,144 cell locations within the
MB 81257. Nine row-address bits are
established on the input pins (Ag
to Ag) and are latched with the Row
Address Strobe (RAS). Nine column-
address bits are established on the input
pins and are latched with the Column
Address Strobe (CAS). All row ad-
dresses must be stable on or before the
falling edge of RAS. CAS is internally
inhibited (or ‘“‘gated’’) by RAS to
permit triggering of CAS as soon as the
Row Address Hold Time (tgan) speci-
fication has been satisfied and the
address inputs have been changed from
row-addresses to column-addresses.

Write Enable:

The read mode or write mode is selected
with the WE input. A high on WE
selects read mode; low selects write
mode. The data input is disabled when
read mode is selected.

Data Input:

Data is written into the MB 81257
during a write or read-write cycle. The
later falling edge of WE or CAS is a
strobe for the Data In (D)) register. In
a write cycle, if WE is brought low

before CAS, D,y is strobed by CAS,
and the set-up and hold times are re-
ferenced to CAS. In a read-write cycle,
WE can be delayed after CAS has been
low and CAS to WE Delay Time (tcwp)
has been satisfied. Thus Dy is strobed
by WE, and set-up and hold times are
referenced to WE.

Data Output:

The output buffer is three-state TTL
compatible with a fan-out of two
standard TTL loads. Data out is the
same polarity as data-in. The output is
in a high impedance state until CAS is
brought fow. In a read cycle, or read-
write cycle, the output is valid after
tgac from transition of RAS when
trep (max) is satisfied, or after t,c
from transition of CAS when the
transition occurs after tpcp (max.)
Data remain valid until CAS is re-
turned to a high level. In a write cycle,
the identical sequence occurs, but data
is not valid.

Fast Read-While-Write cycle

The MB 81257 has a fast read while
write cycle which is achieved by precise
control of the three-state output buffer
as well as by the simplified timings,
described in the previous section.
The output buffer is controlled by the
sate of WE when CAS goes low. When
WE is low during CAS transition to
low, the MB 81257 goes into the
early write mode in which the output
floats and the common 1/0 bus can be
used on the system level. Whereas, when
WE goes low after tewp following CAS
transition to low, the MB 81257 goes
into the delayed write mode. The
output then contains the data from the
cell selected and the data from Dy
is written into the cell selected. There-
fore, a very fast read write cycle is
possible with the MB 81257.

Nibble Mode:

Nibble mode allows high speed serial
read, write or read-modify-write access
of 2, 3 or 4 bits of data. The bits of data
that may be accessed during nibble
mode are determined by the 8 row
addresses and the 8 column addresses.
The 2 bits of addresses (CAg, RAg) are

used to select 1 of the 4 nibble bits for
initial access. After the first bit is
accessed by normal mode, the remaining
nibble bits may be accessed by toggling
CAS high then low while RAS remains
low. Toggling CAS causes RAg and
CAg to be incremented internally while
all other address bits are held constant
and makes the next nibble bit available
for access. (See Table 1).

If more than 4 bits are accessed during
nibble mode, the address sequence will
begin to repeat. If any bit is written
during nibble mode, the new data will
be read on any subsequent access. If the
write operation is executed again
on subsequent access, the new data will
be written into the selected cell loca-
tion.

In nibble mode, the three-state control
of the Doyt pin is determined by the
first normal access cycle.

The data output is controlled only by
the WE state referenced at the CAS
negative transition of the normal cycle
(first nibble bit). That is, when tycs™>
twes (min) is met, the data output will
remain high impedance state throughout
the succeeding nibble cycle regardless
of the WE state. Whereas, when tcwp >
tewp (min) is met, the data output will
contain data from the cell selected
during the succeeding nibble cycle re-
gardless of the WE state. The write
operation is done during the period in
which the WE and CAS clocks are low.
Therefore, the write operation can be
performed bit by bit during each nibble
operation regardless of timing con-
ditions of WE (tywcs and tewp) during
the normal cycle (first nibble bit).

See Fig. 2.

Refresh:

Refresh of the dynamic memory cells is
accomplished by performing a memory
cycle at each of the 256 row-addresses
(Ag to A;) at least every 4 ms.

The MB 81257 offers the following 3
types of refresh.

RAS-only Refresh;

The RAS only refresh aboids any out-
put during refresh because the output
buffer is in the high impedance state un-
less CAS is brought low. Strobing each
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of 256 row-addresses (AptoA;) with
RAS will cause all bits in each row to
be refreshed. Further RAS-only refresh
results in a substantial reduction in
power dissipation. During RAS-only
refresh cycle, either V y or V,_ is per-
mitted to Ag.

CAS-before-RAS Refresh;
CAS-before-RAS refreshing available on
the MB 81257 offers an alternate re-
fresh method. If CAS is held low
for the specified period (trcg) before
RAS goes to low, on-chip refresh
control clock generators and the refresh
address counter are enabled, and an
internal refresh operation takes place.
After the refresh operation is perform-
ed, the refresh address counter is auto-
matically incremented in preparation
for the next CAS-before-RAS refresh
operation,

Hidden Refresh;

A hidden refresh cycle may takes place
while maintaining latest valid data at
the output by extending the CAS active
time. For the MB 81257, a hidden
refresh cycle is CAS-before-RAS refresh.

The internal refresh address counters
provide the refresh addresses, as in a
normal CAS-before-RAS refresh cycle.

CAS-before-RAS Refresh Counter Test
Cycle:

A special timing sequence using CAS-
before-RAS counter test cycle provides
a convenient method of verifying the
functionality of CAS-before-RAS re-
fresh activated circuitry. After the
CAS-before-RAS refresh operation, if
CAS goes to high and goes to low again
while RAS is held low, the read and
write operation are enabled. This is
shown in the CAS-before-RAS counter
test cycle timing diagram. A memory
cell address, consisting of a row address
(9 bits) and a column address (9 bits),
to be accessed can be defined as fol-
lows:

*A ROW ADDRESS — Bits Ay to A,
are defined by the refresh counter.
The bit Ag is set high internally.

*A COLUMN ADDRESS — All the bits
Ag to Ag are defined by latching
levels on Ag to Ag at the second
falling edge of CAS.

Table 1 — NIBBLE MODE ADDRESS SEQUENCE EXAMPLE

SEQUENCE NIBBLE BIT RAg ROW ADDRESS CAg
RAS/CAS (normal mode) 1 0 10101010 0
toggle CAS (nibble mode) 2 1 10101010 0
toggle CAS (nibble mode) 3 0 10101010 1
toggle CAS (nibble mode) 4 1 10101010

toggle CAS (nibble mode) 1 0 10101010 0
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Suggested CAS-before-RAS Counter Test

Procedure

The timing, as shown in the CAS-before-

RAS Counter Test Cycle, is used for

the following operations:

1) Initialize the internal refresh address
counter by using eight CAS-before-
RAS refresh cycles.

2) Throughout the test, use the same
column address, and keep RAS8 high.

3) Write “low” to all 256 row address

on the same column address by using

normal early write cycles.

Read “low’’ written in step 3) and

check, and simuitaneously write

"high”’ to the same address by using

internal refresh counter test read-

write cycles. This step is repeated

256 times, with the addresses being

generated by internal refresh address

counter.

Read “high’” written in step 4) and

check by using normal read cycle for

all 256 locations.

6) Complement the test pattern and
repeat step 3), 4) and 5).

4

5

COLUMN
ADDRESS
10101010
10101010
10101010
10101010
10101010

input addresses

generated internally

sequence repeats
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Fig. 2 — Nibble Mode

1) The case of first nibble cycle is Early write

fRs \ Vo
&/ -/ v \ /\ [/
e TT\__/ \ S
ow XX X X X X

Dour ) HIGH-Z

L—Early Wri(e——l———No OpeA——ld-———Writc | Writ ]

(Add. Increment) i
[ : valid Data

2) The case of first nibble cycle is delyed write (Read-Write)

= T\ S~
T\ e N o
XX XX

| Read-Write ! ".ead»Write—--la—Read———-‘———Read-Write———l
: Valid Data
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Table-2 FUNCTIONAL TRUTH TABLE

RAS | CAS WE Din Dout Read Write Refresh Note
H H Don’t Care | Don’t Care High-Z No No No Standby
L L H Don’t Care | Valid Data Yes No Yes Read
L L L Valid Data | High-Z No Yes Yes | Early Write
twes2twes (Min)
layed Writ Read-Writ
L L L Valid Data | Valid Data Yes Yes Yes Delayed Write or 'ea e
(tcwo 2 tewo (min))
L H Don’t Care | Don’t Care High-Z No No Yes RAS-only Refresh
CAS-before-RAS Refresh Valid
L L | Don’t Care | Don't Care | Valid Data No No Yes data selected at previous Read
or Read-Write cycle is held.
H L Don’t Care | Don’t Care High-Z No No No CAS disturb.
Fig. 3 — CURRENT WAVEFORM (V¢c = 5.5V, T = 25°C)
RAS/CAS Cycle Hidden Refresh Cycle RAS-only Refresh Cycle Nibble Mode Cycle
RAS / / -\ \ /
CAS S N
. 160
<
E a0 f\ N
8 /\ \ \
(5]
- 80 \
sl af\ / V/\ ! / \\ AA
NS NYIN NIAAL

50ns/Division
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TYPICAL CHARACTERISTICS CURVES

Fig. 4 — NORMALIZED ACCESS TIME Fig. 5 — NORMALIZED ACCESS TIME
vs SUPPLY VOLTAGE vs AMBIENT TEMPERAUTRE
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Fig. 6 — OPERATING CURRENT Fig. 7 — OPERATING CURRENT
vs CYCLE RATE vs SUPPLY VOLTAGE
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Fig. 8 — OPERATING CURRENT Fig. 9 — STANDBY CURRENT
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Fig. 11— REFRESH CURRENT 1

Fig.10 — STANDBY CURRENT
vs CYCLE RATE

vs AMBIENT TEMPERATURE
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Vce, SUPPLY VOLTAGE (V)

Fig. 14 — NIBBLE MODE CURRENT

vs SUPPLY VOLTAGE

Vce. SUPPLY VOLTAGE (V)

Fig. 15 — REFRESH CURRENT 2
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Fig. 12 — REFRESH CURRENT 1 Fig. 13 — NIBBLE MODE CURRENT
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Vi AND V|, ADDRESS AND DATA

Vi AND V,, RAS, CAS ANDWE

INPUT VOLTAGE (V) lccs: REFRESH CURRENT 2 (mA)

INPUT VOLTAGE (V)

Fig. 16 — REFRESH CURRENT 2
vs SUPPLY VOLTAGE

80
TA=25°C
70— tgc=175ns
60
50 >
40 — —
30
20
7.0 5.0 6.0

Ve, SUPPLY VOLTAGE (V)

Fig. 18 — ADDRESS AND DATA INPUT
VOLTAGE vs AMBIENT TEMPERATURE

T T
Vec=5.0V
2.0 V) (Min.)
|
Vi {Max.)
1.0
-20 O 20 40 60 80 100

Ta, AMBIENT TEMPERATURE (°c)

Fig. 20 — RAS, CAS AND WE INPUT
VOLTAGE vs AMBIENT TEMPERATURE
3.0

T
Vee=5.0V
20 Vig{Min.)
ViL(Max.)
10 1L
-20 ©0 20 40 60 80 100

Ta. AMBIENT TEMPERATURE (°C)

Fig. 17 — ADDRESS AND DATA INPUT

Vi AND V,_, ADDRESS AND DATA
INPUT VOLTAGE (V)

Vin AND V,, RAS, CAS ANDWE
INPUT VOLTAGE (V)

Atrac, ACCESS TIME (ns)

VOLTAGE vs SUPPLY VOLTAGE

3.0 ]
Ta=25°C
20 Vi1 (Min.) =]
L -
_//lrL(Max.)
1.0
4.0 5.0 6.0

Fig. 19 — RAS, CAS AND WE INPUT

Vce, SUPPLY VOLTAGE (V)

VOLTAGE vs SUPPLY VOLTAGE

3.0 T
TA=25°C
ViMin.) |
2.0,
-/
Vi {Max.)
1.0
4.0 5.0 6.0

Vee. SUPPLY VOLTAGE (V)

Fig. 21 — ACCESS TIME vs LOAD
CAPACITANCE

Vee=4.5V ]
20r—1,=25°C
15
10
5
/
0 —

100 200 300 400 500
Cp, LOAD CAPACITANCE (pF)
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loL. OUTPUT CURRENT (mA)

Vce, SUPPLY
VOLTAGE (V)

lcc, SUPPLY
CURRENT (mA)

250

Fig. 22 — OUTPUT CURRENT
vs OUTPUT VOLTAGE

1
TA=25°C

200

/‘ Vce=5.5V

A Vec=4.5V—

///

100,

2 4 5
Vou, OUTPUT VOLTAGE (V)

Fig. 24 — CURRENT WAVEFORM

DURING POWER UP

° T
—TA=25°C
15 —

RAS=CAS=Vgg
1ol—1-A]
5 RAS=CAS=Vcc or Vin—|

-

[ [ ]

V]
50us/Division

Vee, SUPPLY
VOLTAGE (V)

Vsug, SUBSTRATE

loy, OUTPUT CURRENT (mA)

VOLTAGE (V)

—125]

Fig. 23 — OUTPUT CURRENT
vs OUTPUT VOLTAGE

|
Ta=25°C

N\

—100f—
\/¢c=5.5 v

—75 \\
—50

Jecs 4.5\)\
-25 \

N
0 4 5

Vow. OUTPUT VOLTAGE (V)

Fig. 256 — SUBSTRATE VOLTAGE
DURING POWER UP

L3

T I
\\ TA=25°C
1
. AN
\\
50us/Division
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PACKAGE DIMENSIONS

(Suffix: -C)
DIP-16C-A03
16-LEAD CERAMIC (METAL SEAL)DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A03)
. e====2 0°t09°
R.050(1.27)
REF

+.008
D 295610 .300+.010
INDEX AREA (7.4979:20) (7.62:0.25)

l .010+.002
7767024 (19.71 7087 (0.25:0.05)
—.14[‘—.050(1‘27)MAX
L |
l 200(5.08)MAX
.134:.014
(3.40+0.36)
.100£.010 _ | | .032(0.81) .032+.012
(2.54+0.25) REF (0.810.30)
L .700(17.78)REF
.015 0.38 . . Dimensions in
'047:_005“'20:043) ~°18:gg§‘0-4613:;§) inches (millimeters)
©1987 FUJITSU LIMITED D16035S-3C

1-87



MB81257-80

PACKAGE DIMENSIONS

(Suffix: -C)
DIP-16C-A04
16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-16C-A04) i
—_— ===2" 0°t09°
— ‘rr
R.030(0.76) . ‘
TYP 2057000 (.7323&.0;0)
+0.20 .62+0.25
INDEX AREA (7.49_5 55!
[ T 1010%.002
. | 0.25:0.05)

+.024 +0.61
776 016“9 7‘1_° 41)
.043(1.09)TYP

-—-l I———.OSO(LN)MAX {x4 PLCS)
I
—W_H { .200(5.08)MAX

134:.014
(3.40:0.36)
.100£.010 032(0.81) l .035£.015

(2.54:0.25) | REF (0.89:0.38)

.700(17.78)REF
+.012 +0.30 +.005 +0.13
050 “008'127_g 20’ -018773(0.46_ 5 o)

©1987 FUJITSU LIMITED D16044S-2C

Dimensions in
inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -P)
16-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-16P-M03)
moex4 [0 M M MM rarl 15T MAX
.260+.010 .300+.010
(6.6010.25) (7.6220.25)
R o s -
7661:395(19.457 0 2)————« 0107994
0.11
.033+:098 .0a7*012 (0.257501)
] (012 B
(0.85%92) (12733
7 183(4.65MAX
18(3.0MIN
.100(2.54) 0187993
TYP +0.14, 020(0.51)MIN Dimensions in

+.012
.047_0

(1.20%0:30)

©1987 FUJITSU LIMITED D16030S-2C

(0.4573:02)

inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -PD)

18-LEAD PLASTIC LEADED CHIP CARRIER

322+.005

(8.18+0.13)

.285+.003

(CASE No.: LCC-18P-M04)

+.006 +0.15
134 _ _00213.40_0_05)

.060(1.52) MIN

.025(0.64) MIN
L

ps (13.39+0.13)

.527+.005

E  .490+.003 i 468+.020
(12.45£0.08) | (11.89+0.51)
{112
L)y 4
\\__R.030(0.75) TYP
150(3.81)
REF
i
026(0.66) ﬁlﬁ
+.002 I
008 0= =
- 001 = | ::’_f
7005 :200(5.08)
i Y 020700 - = 202
| 0171043) : &= =
TYP [—] | ca—-l-
263+.020 :
(6.68+0.51) | |" 1
|“l.l
1050+ 005
127£0.13)

© 1989 FUJITSU LIMITED C18019S-1C

@9 LEAD No.

Dimensions in
inches (millimeters)
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MB81257-80

PACKAGE DIMENSIONS

(Suffix: -PSZ)

PIN ASSIGNMENT

ZIP-16P-M01
16 LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE
(CASE No.: ZIP-16P-M01)
+.008 +0.2 \ .112+.008
803-012(204-03) (2.85:0.2)
g —
INDEX .260%.008 32718.3)
; (6.60+0.20) 32718,
T — — . —
[ [
H H H H AN\
010002 || |f 1183 0mMIN
\ ! d U (0.25+0.05) i
.050(1.27) ' .020+.004 .100(2.54)
TYP (0.50£0.10) TYe
Dimensions in
inches (millimeters)
©1987 FUJITSU LIMITED Z16001S-3C
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October 1990 &
- FUJITSU

DATA SHEET
MB81464-12/-15
MOS 262,144 BIT DYNAMIC RANDOM ACCESS MEMORY

65,536 x 4 Bits Dynamic Random Access Memory

The Fujitsu MB81464 is a fully decoded, dynamic random access memory
organized as 65,536 words by 4 bits. The design is optimized for high speed, high
performance applications such as mainframe memory, buffer memory, peripheral
storage, and system memory for microprocessor units where low power dissipation
and a compact layout is required.

The multiplexed row and column address inputs permit the MB81464 to be PLASTIC PACKAGE
housed in standard 18-pin DIP and PLCC, or 20-pin ZIP packages. Additionally, the DIP-18P-M03
MB81464 offers new functional enhancements that make it more versatile than
previous dynamic RAMs. The TAS-before-RAS refresh cycle provides an on-chip
refresh capability. The MB81464 also features page mode which allows high speed
random access of up to 256 bits within the same row.

The MB81464 uses silicon gate NMOS and Fujitsu’s advanced Triple-layer
Polysilicon process technology. This process, coupled with single-transistor memory
storage cells, permits maximum circuit density and minimal chip size. Dynamic
circuitry is used in the design, including the sense amplifiers. Clock timing P"tgg_(.::,f_\ﬁ'é:es
requirements are non critical, and power supply tolerance is very wide. All inputs are
TTL compatible.

® 65,536 x 4 DRAM organization ® On-chip substrate bias generator
o Silicon-gate, Triple Poly NMOS, single for high performance
transistor cell e Allinputs/outputs are TTL compatible
® Row Access Time (t;}% ® 4 ms/256 refresh cycles
120 ns max. (MB 81464-12) © Early write or OF controlled write

150 ns max. (MB 81464-15) capacity PLASTIC PACKAGE

o Cycle Time (¢ o TAS-before-HAS, RAS-only, Z1P-20P-MO1

Hidden refresh capability
20 ns miv B 81464-12 ‘ P 18C-ADI:
ns min. {MB 81464-15 o Read write capability DIP-18C-A01: See Page 22
® On-chip latches for addresses and
* P%gz%cydeT 82464—12 c<>s ible with [1PD4 1254, HM50464,
ns max L] mpatible witl ' .
Compat WP PIN ASSIGNMENT

145 ns max. iMB 81464-15
e Standard 18-Pin Pla§(u)? Ff’ad(ages:

® Single +5 V Supply, £10% tolerance DIP  (MB8146.
SpLC ST
o Low Power tan in Plastic Package:
358 mW max. (MB 81464-12 ZIP  (MB81464-XXPSZ)
314 mW max. (MB 81464-15 Standard 18 Pin Ceramic Package:

27.5 mW max. (standby) DIP  (MB81464-XXC) Me

Absolute Maximum Ratings

Voltage at any pin relative to Vsg Vin, Vour -1to+7 \’

Voltage of Ve supply relative to Vss Vee -1to +7 \

Storage Temperature Ceramic| -55 to +150 °c

Plastic 5510 +125
Power Dissipation Pp 1.0 w m
Short Circuit Output Current — 50 mA Pin assignment for ZIP: See page 21
re ?Sn"é?é‘&‘}‘o""“rﬁﬁo?;?.‘;%?d’%%ﬁgiﬁ‘é;‘f&sﬁﬂ'm&‘ﬁg‘n‘i“;?ﬁ%ﬁ&?ﬁnmm T dvisconaing chculy o proact h Inpus agant
sactions of this data sheet. E: to rating conditions for ex- g G o e o e e oo

tended periods may affect device reliability. ouny vonaoo mgrm than maximum rated vokages 1o this my-
impedance cir

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, inc.
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MB81464-12

MB81464-15
Fig. 1 — MB 81464 BLOCK DIAGRAM
= CLOCK GEN.
RAS
NO. 1 WRITE
CLOCK  |=—WE
N GEN.
CLOCK GEN. K]
NO. 2
REF. L
CONTROL
CLOCK
INTERNAL
ADDRESS
COUNTER COLUMN ] DATA
DECODER IN
BUFF.
@1 SENSE AMPS -
1/0 GATING DO1~DQ4
Ao—] l 1 L
Ay—o1]
]
Ay—] DATA
? [2¥%) E . e ouUT
Az— @ o) BUFF.
i 3 262,144 BIT
Ag—] uw w : g
22 o ) STORAGE CELL { o
Ag— ]
o
Ag—] Vee
A7 ~——— Vgg
SUBSTRATE
BIAS GEN.
CAPACITANCE (T4 =25°c)
- Value
Parameter Symbol Unit
Typ Max
Input Capacitance Ag to A5 Cint - 7 pF
Input Capacitanct RAS, CAS, M, OE Cin2 - 10 pF
Data I/0 Capacitance (DQ1 to DQ4) Cpa - 7 pF
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MB81464-15
RECOMMENDED OPERATING CONDITIONS
(Referenced to Vgg)
Value .
Parameter Symbol Unit Operating
Min Typ Max Temperature
Vee 45 5.0 55 \
Supply Voltage
Vss 0 0 0 \
Input High Voltage, all inputs Vin 24 - 6.5 \Y 0°C to 70°C
Input Low Voltage, all inputs except DQ Vie -2.0 - 0.8 A
Input Low Voltage, DQ ViLp+ -1.0 - 0.8 Vv

* The device will withstand undershoots to the 2.0 V level with a maximum pulse width of 20 ns at the -1.5 V level.

DC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.)

Value
Parameter Symbol Unit
Min Typ Max
OPERATING CURRENT* MB 8146412 65
Average Power Supply Current leer mA
(RAS, CAS cycling; tge = min) MB 81464-15 57
STANDBY CURRENT | 5.0 mA
Power Supply Current (RAS = CAS =V ) cc2 :
REFRESH CURRENT 1* MB 81464-12 55
Average Power Supply Current lees mA
(CAS = V,y, RAS cycling; tpc = min) MB 81464-15 50
PAGE MODE CURRENT* MB 81464-12 35
Average Power Supply Current lcca mA
(RAS = V,,_, CAS = cycling; tpc = min) MB 81464-15 30
REFRESH CURRENT 2* MB 81464-12 60
Average Power Supply Current lces mA
(CAS-before-RAS; tgc = min) MB 81464-15 55
INPUT LEAKAGE CURRENT any input
(OV< V) £5.5V,4.5V < Ve €55V, Vgg =0V, T -10 10 MA
all other pins not under test = OV)
OUTPUT LEAKAGE CURRENT | -10 10 uA
(Data out is disabled, 0 V < Vour £ 5.5 V) pa(t)
OUTPUT LEVEL
Output High Voltage (loy = -5 mA) Vou 24 v
OUTPUT LEVEL
4 \%

Output Low Voltage (Lo = 4.2 mA) Vou 0

lcc is dependent on output loading and cycle rates. Specified values are obtained with the output open.
lcc is dependent on input low voltage level V| p, V| p > -0.5 V.
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AC CHARACTERISTICS

(At recommended operating conditions unless otherwise noted.)

MB 81464-12 MB 81464-15
Parameter Symbol Unit
Min Max Min Max
Time between Refresh trer 4 4 ms
Random Read/Write Cycle Time tre 220 260 ns
Read-Modify-Write Cycle Time trwe 305 345 ns
Page Mode Cycle Time tpc 120 145 ns
ﬁ?g'leeMode Read-Modify-Write Cycle trrwe 195 225 ns
Access Time from RAS tRAC 120 150 ns
Access Time from CAS tcac 60 75 ns
Output Buffer Turn Off Delay torF 0 25 0 30 ns
Transition Time tr 3 50 3 50 ns
RAS Precharge Time tre 90 100 ns
RAS Pulse Width tras 120 100000 | 150 100000 ns
RAS Hold Time trsH 60 75 ns
CAS Precharge Time (Page mode only) tep 50 60 ns
?;Glsc':l'z‘:;:?:ezlt":age mode) tepn 32 35 ns
CAS Pulse Width tcas 60 100000 { 75 100000 ns
CAS Hold Time tesu 120 150 ns
RAS to CAS Delay Time B | trco 22 60 25 75 ns
CAS to RAS Set Up Time tcrs 10 10 ns
Row Address Set Up Time tasr 0 0 ns
Row Address Hold Time tRAH 12 15 ns
Column Address Set Up Time tasc 0 0 ns
Column Address Hold Time tcaH 20 25 ns
Read Command Set Up Time tres 0 0 ns
R g T s | 19 zo "
Reteronced to GAS | tacu | 0 0 ns
Write Command Set Up Time 10 twes -5 -5 ns
Write Command Hold Time twcH 30 35 ns
Write Command Pulse Width twp 30 35 ns
Write Command to RAS Lead Time tawL 40 45 ns
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AC CHARACTERISTICS (cont’d)

(At recommended operating conditions unless otherwise noted.)

MB 81464-12 MB 81464-15
Parameter Symbol Unit
Min Max Min Max
Write Command to CAS Lead Time tewlr 40 45 ns
Data In Set Up Time tps 0 0 ns
Data In Hold Time ton 30 35 ns
Access Time from OE toEA 30 40 ns
OE to Data In Delay Time toep 25 30 ns
Output Buffer Turn Off Delay from OE toez 0 25 0 30 ns
OE Hold Time Referenced to WE toen 0 0 ns
CAS Set Up Time Referenced to RAS
(CAS-before-RAS refresh) tres 20 20 ns
CAS Hold Time Referenced to RAS ¢ 25 30
(CAS-before-RAS refresh) FCH ns
RAS Precharge to CAS Hold Time
(Refresh cycles) trec 10 10 ns
CAS Precharge Time
(CAS-before-RAS cycles) teer 30 30 ns
OE to RAS in active Set Up Time toes 0 0 ns
D)y to CAS Delay Time toze 0 0 ns
D,y to OE Delay Time tpzo 0 0 ns
Refresh Counter Test Cycle Time trTC 430 505 ns
Refresh Counter Test Cycle
bl t
RAS Pulse Width TRAS 330 10000 395 10000 ns
Refresh Cot{nter Test CAS tepr 60 70 ns
Precharge Time

Notes:

An initial pause of 200us is required after power-up
followed by any 8 RAS cycles before proper device
operation is achieved. In case of using internal refresh

Measured with a load equivalent to 2 TTL loads and

100 pF.
Operation within the tgrcp (max) limit insures that

BN

counter, a minimum of 8 CAS-before-RAS initialization
cycles instead of 8 RAS cycles are required.

AC characteristics assume t+ = 5 ns.

Vi (min) and V,_ (max) are reference levels for meas-
uring timing of input signals. Also, transition times are
measured between V,y (min) and V,; (max).

Assumes that tgep £ tpep (max). If tgep is greater
than the maximum recommended value shown in this
table, tpac Will be increase by the amount that tgcp
exceeds the value shown.

Baa

trac (max) can be met. tgcp (max) is specified as a
reference point only; if tgcp is greater than the speci-
fied tgcp (max) limit, then access time is controlled
exclusively by tcac.

treo (Min) = tgap (Min) + 2t1 (t1 =5 ns) + tagc (min)
Either tgry Or trcn mMust be satisfied for a read cycle.
twcs is Not restrictive operating parameter. It is included
in the data sheet as electrical characteristics only. Even if
twes S twes(min), the write cycle can be excuted by
satisfying tgw, or tew, specification.

Either tpzc Of tpro Must be satisfied for all cycles.
Refresh Counter Test Cycle only.

Assumes that trep = trep (Max).

1-97



MB81464-12

MB81464-15
Read Cycle
tRC
. tRAS lr
RAS 7 N
tesH: [t R P ]
tRCcD tRSH
tcas
CAS N\ \ / \
tASR tRAH tasc tcAH tepn
ADDRESSES ADFB%VéSS Sy
WE
tcac tOFF
tRAC —] [
pa VoH— e VALID )
(OUTPUT) v, HIGH-2 DATA OUT ,D—"”GH'Z
tOEA | n
OEZ
Da
(INPUT) HIGH-2
tpzo —i l~—tOoED
oe N Vi
Don’t Care
Write Cycle (Early Write)
OE: Don't care
tRC
_ tRAs } \
RAS Vin ] \
Vi
tcsH tRP——]
| tcms tRSH
tRCD tcas
CAS N \
tASR tRAH tasc
o] —]
ROW COLUMN
ADDRESSES ADDRESS N\ ADDRESS
WE
DQ VALID
(INPUT) DATA IN i
DQ VoHr™ e
HIGH-Z
(OUTPUT) () - Dont Co
on’t Care
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MB81464-15

OE Write Cycle

|

s
>
2]

|

O
>
(%]

ADDRESSES v

WE
DQ
(INPUT)
DQ -
(ouTPUT)  vq, HIGH-Z DATA HIGH-Z
OE
Don‘t care
Read-Modify-Write Cycle
tRwc
_ — tRAS
RAS MG N
' tcrs
o= F——tRco
CAS \
tRAH  lasc
TASR f=i —»-I 4-1 ....__.__ltcAH

ROW
ADDRESS

Vi

t:twﬁ/

t=—-"1DH
ba - VALID
(INPUT) DATA IN
D .
(ouTpPUT) 1IGH-Z
OE

Don’t Care

Note: 1) When OE is kept high through a cycle, the DQ pins are kept high-Z state.
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MB81464-15
Page Mode Read Cycle
tRAS
RAS Vin~ 4 Y\
Vi tcRs s 4f tpp
f——t —
=——tcsH— [=-tcP—~ . RsH
=
- et —
CAS Vin- fcas | '\ CAS—4
Vil ASC

ADDRESSES VIH™
Vi~

o] f=——ftcaH

y
ASTF):A—':J-I:_“- ’.. tcAH

COLU

Row
Aooress Al ADDR

tRcs——l =

3 Vin

Vies -

tpzc—={ |=—
[s]0} Vin—,
(INPUT) v -
1,
520 OFF

v
Da OH HIGH-2Z HIGH-Z
(OUTPUT) Voo~

toEA—
OF ks
ﬂ T T
7] pon‘t Care
Page Mode Write Cycle
(OE=Don't Care)

Vi ™ tRAS

RAS e \ e
tre 22

_ [=—tcAs——|
CAS

———-] tcan

tasc

[

b

VALID
DATA

—

o Vi 7
WE Vi- .
DQ

(INPUT)

DQ Vor~
(OUTPUT) VoL~

HIGH-Z:

L

Don’t Care
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Page Mode OE Write Cycle

tRAS

7|
A
)
<<
FI
1

e

RCD o

t
tcnsr—-l tpc tRSH t
tesH——] |=-tcP RP

f—teas——{ £ i—-—tcAs——/7—

I
2
(%

=<
I
i

7
S
>
[

N
7

v
ADDRESSES

DQ
(INPUT)

DQ
(OUTPUT)

D Don‘t Care

/A NVALID DATA

Note: 1) When OE is kept high through a cycle, the DQ pins are kept high-Z state.
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MB81464-15
Page Mode Read Modify-Write Cycle
RAS
RAS \
__,CP_'f RWC tRSH tRp
e I
CAS \ CAS*}V
tasc
-
ADDRESSES v
WE
DQ
{INPUT) DATAL
[»]e]
(OUTPUT)
OE
Don’t Care
RAS-Only Refresh Cycle
(WE, OE=Don't Care)
tRC
tRAS:

RAS

ADDRESSES

CAS

Da

(OUTPUT)

Don’t Care
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MB81464-15

CAS-before-RAS Refresh Cycle
NOTE: Addresses, WE, OE = Don’t care

tRC
tRP
tRAS { e

RAS MLE N IZ

Vi

tcpr
trcs
cas Vin~
CAS Vi— N
DQ Von~ '
1IGH-Z
(OUTPUT) v, -
Don’t care
Hidden Refresh Cycle
tRc

v \ 'RAST‘
RAS H™

N N

tFCH |
teA

CAS Vin~ : /,

ViL~ .

ASR tasc | tcaH
o
COLUMN
ADDRESSES S DDRESS
— tRRH
WE
He—toes—=
t -
OFF =—

v tcac
[s]e} OH HIGH- — VALID DATA OUT —
(OUTPUT)  vg o2 3

toEZ

. toEA j‘
OE
pa .
(INPUT) HiGHZ

Don’t care
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MB81464-15
Refresh Counter Test Cycle
- tRTC
J— ViH— S
—_— VIH 3 TRA
-
tecs ¢ tcpT
| ~—tFcH tRSH——————=
1,
AS:

CAS

N
<——tCAH———>'
T

\
ADDRESSES v

OLUMN ADDRESS I

tres ———I

1

-towL o
—tRWL

WE /
DS .:‘wt';:
pQ o -
(INPUT) E—HiuH-z VALID DATA IN
e tCACL [—TtoeD
ba VoH— | 7oA, " -,
(OUTPUT) v, — HIGH-2Z: Lonin 1IGH
tbzo top A T0EH
V) togz
. H -
OE TN e
Vi N/

Don’t Care

DESCRIPTION

Address Inputs:

A total of sixteen binary input address
bits are required to decode parallel 4
bits of 262,144 storage cell locations
within the MB 81464.

Eight row-address bits are established on
the input pins (Ag through A7) and
latched with the Row Address Strobe
(RAS). The eight column-address bits
are established on the input pins (Ag
through Ay) and latched with the
Column Address Strobe (CAS).

The row and column address inputs
must be stable on or before the falling
edge of RAS and CAS, respectively.
CAS is internally inhibited (or “gated”)
by RAS to permit triggering of CAS as
soon as the Row Address Hold Time
(tran) specification has been satisfied
and the address inputs have been
changed from row-addresses to column-
addresses.
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Write Enable:

The read mode or write mode is selected
with the Write Enable (WE) input. A
high on WE selects read mode and low
selects write mode. The data inputs are
disabled when the read mode is selected.
When WE goes low prior to CAS, data-
outs will remain in the high-impedance
state allowing a write cycle.

Data Pins:

Data Inputs;

Data are written during a write or read-
modify-write cycle. The later falling
edge of CAS or WE strobes data into the
on-chip data latches. In an early-write
cycle, WE is brought low prior to CAS
and the data is strobed by CAS with
setup and hold times referenced to CAS.
In a read-modify-write cycle, thus the
data will be strobed by WE with set-up
and hold times referenced to WE.

In a read-modify-write cycle, OE must

be low after tpzo to change the data
pins from input mode to output mode
and then OE must be changed to low
before toep to return the data pins to
input mode. In an early write cycle,
data pins are in input mode regardless
of the status of OE.

Data Outputs;

The three-state output buffers provide
direct TTL compatibility with a fan out
of two standard TTL loads. Data-out
are the same polarity as data-in. The
outputs are in the high-impedance state
until CAS is brought low. In a read
cycle, the outputs go active after the
access time interval tgac and toga are
satisfied. The outputs become valid
after the access time has elapsed and re-
main valid while CAS and OE are low.
In a read operation, either OE or CAS
returning high brings the outputs into
the high impedance state.



MB81464-12
MB81464-15

Output Enable:

The OE controls the impedance of the
output buffers. In the high state on ﬁ,
the output buffers are high impedance
state. In the low state on OE, the out-
put buffers are low impedance state.
But in early write cycle, the output buf-
fers are in high impedance state even if
OE is low. In the page mode read cycle,
OE can be allowed low through the
cycle. In the page mode early write
cycle, OE can be aliowed high through-
out the cycle. In the page mode read-
modify-write or delayed write cycle,
OE must be changed from low to high
with togp.

Page Mode:

Page Mode operation permits strobing
the row-address into the MB 81464
while maintaining RAS at a low through-
out all successive memory operations in
which the row-address doesn’t change.
Thus the power dissipated by the
falling edge of RAS is saved. Further,
access and cycle times are decreased
because the time normally required to
strobe a new row-address is eliminated.

Refresh;

Refresh of the dynamic memory cells is
accomplished by performing a memory
cycle at each of the 256 row-addresses
(Ao through A-,) at least every four
milliseconds.

The MB 81464 offeres the following
three types of refresh.

ﬁEomy Refresh:

RAS-only refresh avoids any output
during refresh because the output buf-
fuers are in the high impedance state
unless CAS is brought low. Strobing

each of 256 row-addresses with RAS
will cause all bits in each row to be re-
freshed.

Further RAS-only refresh results in a
substantial reduction in power dissipa-
tion.

CAS-before-RAS Refresh;
CAS-before-RAS refreshing available on
the MB 81464 offers an alternate re-
fresh method. If CAS is held low for
the specified period (tpcg) before RAS
goes to low, on chip refresh control
clock generators and the refresh address
counter are enabled, and a internal
refresh operation takes place.

After the refresh operation is per-
formed, the refresh address counter is
automatically incremented in prepara-
tion for the next CAS-before-RAS
refresh operation.

Hidden Refresh:

Hidden refresh cycle may take place
while maintaining latest valid data at
the output by extending CAS active
time.

In MB 81464, hidden refresh means
CAS-before-RAS refresh and the inter-
nal refresh addresses from the counter
are used to refresh addresses i.e., it
doesn’t need to apply refresh addresses,
because CAS is always low when RAS
goes to low in the cycle.

CAS-before-RAS Refresh Counter Test
Cycle:

A special timing sequence using CAS-
before-RAS counter test cycle provides
a convenient method of verifying the
functionality of CAS-before-RAS re-
fresh activated circuitry. After the
CAS-before-RAS refresh operation, if

CAS goes to high and goes to low again
while RAS is held low, the read and
write operation are enabled. This is
shown in the CAS-before-RAS counter
test cycle timing diagram. A memory
cell address, consisting of a row address

(9 bits) and a column address (9 bits),

to be accessed can be defined as fol-

lows:

*A ROW ADDRESS — All bits are
defined by the refresh counter.

*A COLUMN ADDRESS — All the bits
Ap to Ay are defined by latching
levels on Ag to A, at the second
falling edge of CAS.

Suggested CAS-before-RAS Counter

Test Procedure

The timing, as shown in the CAS-before-

RAS Counter Test Cycle, is used for the

following operations:

1) Initialize the internal refresh address
counter by using eight CAS-before-
RAS refresh cycles.

2) Throughout the test, use the same
column address.

3) Write “low” to all 266 row address
on the same column address by using
normal early write cycles.

4) Read ““low’ written in step 3) and
check, and simultaneously write
“high’’ to the same address by using
internal refresh counter test cycles.
This step is repeated 256 times, with
the addresses being generated by
internal refresh address counter.

5) Read “high”" written in step 4) and
check by using normal read cycle for
all 256 locations.

6) Complement the test pattern and
repeat step 3), 4) and 5).
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Fig. 2 — CURRENT WAVEFORM (Ve =55V, T = 25°C)
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TYPICAL CHARACTERISTICS CURVES

lcc1, OPERATING CURRENT (mA) trac, NORMALIZED ACCESS TIME
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Fig. 3 — NORMALIZED ACCESS TIME
vs. SUPPLY VOLTAGE
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Fig. 5 — OPERATING CURRENT
vs. CYCLE RATE
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Fig. 7 — OPERATING CURRENT
vs. AMBIENT TEMPERATURE
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Fig. 4 — NORMALIZED ACCESS TIME
vs. AMBIENT TEMPERATURE
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Fig. 6 — OPERATING CURRENT
vs. SUPPLY VOLTAGE
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lcca, REFRESH CURRENT 1 (mA) Iccz, STANDBY CURRENT (mA)

Icca. PAGE MODE CURRENT (mA)

Fig. 9 — STANDBY CURRENT
vs. AMBIENT TEMPERATURE
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Fig. 11 — REFRESH CURRENT 1
vs. SUPPLY VOLTAGE
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Fig. 13 — PAGE MODE CURRENT
vs. CYCLE RATE
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Fig. 10 — REFRESH CURRENT 1
vs. CYCLE RATE
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Fig. 12 — PAGE MODE CURRENT
vs. CYCLE RATE
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Fig. 14 — REFRESH CURRENT 2
vs. CYCLE RATE
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Fig. 15 — REFRESH CURRENT 2 Fig. 16 — ADDRESS AND DATA INPUT
vs. SUPPLY VOLTAGE VOLTAGE vs. SUPPLY VOLTAGE
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Fig. 21 — OUTPUT CURRENT
vs. OUTPUT VOLTAGE
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PACKAGE DIMENSIONS

(Suffix: -P)
18-LEAD PLASTIC DUAL IN-LINE PACKAGE
(CASE No.: DIP-18P-M03)
so5" 9822053123
e T e Y e Y N e Y e Y B e 0 | 15 MAX
INDEX-1
260+.010
O (6.60+0.25)
1300(7.62)
TYP
NDEX-2” T L] +Lb‘{2 T ,_UJH% o 4
270 Gadbt (0.25£0.05)
+030 +0.30 2540,
(1207939, (1205339
1197(5.00) MAX
| =+
‘ , : 1118(3.00) MIN
.050(1.27) qoose | 0187838 020051 MmN
- 2.5 _-—.002
MAX TPY ‘045t3(1)g)
Dimensions in
® 1988 FUJITSU LIMITED D18011S-3C inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -PD)

18-LEAD PLASTIC LEADED CHIP CARRIER
(CASE No.: LCC-18P-M04)

+.006 +0.15

.322+.005 134 _ 55,340

-0.05
(%;_sgfgg:) 1060(1.52) MIN
285, n 1025(0.64) MIN
- I
527+.005
3 (13.39+0.13)
g
=l 0+.003 468+ .020
5+0.08) {11.89+0.51)
0

R.030(0.75) TYP
150(3.81)

.026(0.66)

| TYP

+.002
008902
| 2 (0201099
017(0.43) :
TYP

.263+.020
(6.68+0.51)

9. LEAD No.

(1.27£0.13)

© 1989 FUJITSU LIMITED C18019S-1C

Dimensions in
inches (milimeters)
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MB81464-15
(Suffix: -PSZ)
(TOP VIEW)
CAS Vss DQ; WE NC. Ag Aa A7 Ay Ag
20 411 611 811 100 1211 1411 1611 181, 20:9
IIEIt‘JEJijJEJL][JKJIJUJE].EDIBClL‘J.CILI
tgo3lt o BH M oh 11h 134 154 174 193
DQ; DQs OF DQz RAS NC. As Vec A3 Aq
20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE
(CASE No.: ZIP-20P-M01)
+.008 +0.20 .112+.008
f— -—1.0197975(25.88" B e
012 0.30 (2.85£0.20)
INDEX .260+.010
(6.60+0.25) 312+£.013
d (7.93+0.33)
i i
! .010+.002 .118(3.00) MIN
U (0.25+005) §
.050(1.27) .020+.004 .100(2.54) TYP
TYP (0.50+0.10) (ROW SPACE)
LEAD No. Q{
(BOTTOM VIEW)
Dimensions in
© 1988 FUJITSU LIMITED Z20001S-4C inches (millimeters)
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PACKAGE DIMENSIONS

(Suffix: -C)

DIP-18C-A01

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
(CASE No.: DIP-18C-A01)

P e — %fio'tog"
+.008
293"
INDEX AREA o 300-010
— +0. (7.62+0.25)
(7.45"0-20)
T — T L —— *
1900+.010 ‘ 010+-004
(22.86+0.25) o ~U-.002
0252339
— r.055(1.40)MAX
! [ 1 Y
i 1200(5.08)MAX
+.016 +0.41
134_ 014 (34015 3¢)
00010 || ] 032080 || | oastors
(2.54%0.25) REF (0.89+0.38)
1

.800(20.32)REF

.050+.010

(1.27+0.25)

© 1988 FUJITSU LIMITED D18014S-4C

+.005 ) - +0.13
018 603 (0-46_0 08!

Dimensions in
inches (millimeters)
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CMOS DRAMs — At a Glance

Section 2

Maximum
Access Package
Page Device Time (ns) Capacity Options
2-3 MB81C1000-70 70 1048576 bits 18-pin Plastic DIP
-80 80 (1048576 x 1) 18-pin Ceramic DIP
-10 100 20-pin Plastic  ZIP
-12 120 26-pin Plastic SOJ
2-25 MB81C1000-70L 70 1048576 bits 18-pin Plastc DIP
-80L 80 (1048576 x 1) 18-pin Ceramic DIP
-1oL 100 20-pin Plastic  ZIP
-2 120 26-pin Ceramic SOJ
2-47 MB81C1000A-60 60 1048576 bits 18-pin Plastic DIP
-70 70 (1048576 x 1) 18-pin Ceramic DIP
-80 80 20-pin Plastic 2ZIP
-10 100 24-pin Plastic  FPT
26-pin Plastic SOJ
2-71 MB80OC1000A-70L 70 1048576 bits 18-pin Plastic  DIP
-80L 80 (1048576 x 1) 18-pin Ceramic DIP
-ioL 100 20-pin  Plastic  ZIP
24-pin Plastic FPT
26-pin Plastic SOJ
2-95 MB81C1001-70 70 1048576 bits 18-pin Plastic  DIP
-80 80 (1048576 x 1) 18-pin Ceramic DIP
-10 100 20-pin Plastic  ZIP
-12 120 26-pin Plastic SOJ
2-117  MB81C1001-70L 70 1048576 bits 18-pin Plastic DIP
-80L 80 (1048576 x 1) 18-pin Ceramic DIP
-ioL 100 20-pin Plastic  ZIP
-12L 120 26-pin Plastic SOJ
2-139  MB81C1001A-60 60 1048576 bits 18-pin Plastic DIP
-70 70 (1048576 x 1) 18-pin Ceramic DIP
-80 80 20-pin Plastic ZIP
-10 100 24-pin Plastic  FPT
26-pin Plastic SOJ
2-163  MB8OC1001A-70L 70 1048576 bits 18-pin Plastic DIP
-80L 80 (1048576 x 1) 18-pin Ceramic DIP
-ioL 100 20-pin Plastic  ZIP
24-pin Plastic FPT
26-pin Plastc  SOJ
2-187  MB81C4256-70 70 1048576 bits 20-pin Plastic DIP, ZIP
-80 80 (262144 x 4) 20-pin  Ceramic DIP
-10 100 26-pin Plastic  SOJ
-12 120
2-211  MB81C4256-70L 70 1048576 bits 20-pin Plastic  DIP, ZIP
-80L 80 (262144 x 4) 20-pin  Ceramic DIP
-10L 100 26-pin Plastic SOJ
-12L 120
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CMOS DRAMs

CMOS DRAMs — At a Glance (Continued)

Maximum
Access Package
Page Device Time (ns) Capacity Options
2235 MBB81C4256A-60 60 1048576 bits 20-pin Plastic  DIP, ZIP
-70 70 (262144 x 4) 20-pin  Ceramic DIP
-80 80 24-pin Plastc  FPT
-10 100 26-pin Plastic SOJ
2-261  MB81C4256A-70L 70 1048576 bits 20-pin Plastic  DIP, ZIP
-80L 80 (262144 x 4) 20-pin Ceramic DIP
—-10L 100 24-pin Plastic  FPT
26-pin Plastic  SOJ
2-287  MB814100-80 80 4194304 bits 18-pin Plastic DIP
-10 100 (4194304 x 1) 20-pin Plastic  ZIP
-12 120 26-pin Plastic  SOJ
2-307  MB814100-80L 80 4194304 bits 18-pin Plastic DIP
-10L 100 (4194304 x 1) 20-pin Plastic  ZIP
-12L 120 26-pin Plastic SOJ
2-309 MB814101-80 80 4194304 bits 18-pin Plastic DIP
-10 100 (4194304 x 1) 20-pin Plastic ZIP
-12 120 26-pin Plastic SOJ
2-329 MB814101-80L 80 4194304 bits 18-pin Plastic DIP
-10L 100 (4194304 x 1) 20-pin Plastic  ZIP
-12L 120 26-pin Plastic SOJ
2-331 MB814400-80 80 4194304 bits 20-pin Plastic  DIP<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>