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NOTICE

The specifications contained within this Sharp Memory Data Book are current as of the
October, 1991 publication date.

The product data provided is classified and labeled as follows:

CLASSIFICATION * DESCRIPTION

Product Preview Contains information about a device that is in the
planning stage or the soon to be in-development stage.

Advance Information Contains information about a device that is in
development. Includes design specifications for device
development.

Preliminary Contains information for device soon to be, or recently,

released to production.

No label is used for this Contains information about a device that is in full
classification. production.

*

Note: occasionally certain product data information may be classified and labeled
differently than the main classification label. For example, amain label may be ‘Preliminary’,
but the 15 ns version of that part may be labeled ‘Advance Information.’

The Sharp Memory Data Book is the proprietary product of Sharp and is copyrighted,
with all rights reserved. Under the copyright laws, no part of this publication may be
reproduced or transmitted in any form or by any means, electronic or mechanical, for any
purpose, in whole or in part, without the express written permission of Sharp. Express
written permission is also required before any use of this publication may be made by a
third party.

Sharp reserves the right to make changes in the circuitry or specifications described
herein at any time without notice in order to improve design or reliability. The information
in this Memory Data Book has been carefully checked to be accurate, however, Sharp
makes no warranty for any errors which may appear in this document. Contact Sharp to
obtain the latest version of device specifications before placing your order.

Sharp makes no representations that circuitry described herein is free from infringement
of patent or other rights of third parties which may result from its use. No license is granted
by implication under any patent rights or other rights of Sharp Corporation.

This is a newly revised 1991/92 Memory Data Book which can be used in place of the
former edition (1989/1990).

© SHARP Corporation, October 1991. Printed and bound in the U.S.A.



PREFACE

As we become more and more an information-oriented society, memory products have
come to play a major role in both home and office equipment. On the one hand, com-
puter-related services are growing ever more sophisticated and diverse; on the other, they
are becoming much more accessible to each of us in our daily lives. Along with this
increase in the importance of the information processing in our lives, we are faced with a
growing demand for memory products using the most advanced technology.

To keep pace with this rapid progress, we at Sharp will continue to direct our efforts at
understanding the crucial trends of the moment in this area and supply our customers with
products that truly meet their needs. In short, to contribute to a better life for all of us in
this age of expanding technology.

Sharp has developed a wide range of memory units including SRAMs, DRAMs, EPROMs,
OTPROMSs, Mask Programmable ROMs, and FIFO Memories for use in numerous areas
of application. Sharp memory units are used extensively in personal computers, advanced
office automation and measuring control equnpment video games, as well as in character
processing and dlctlonary ROMs.

This data book has been especially compiled for the use of our customers. Listed here
is the entire range of memory products developed and manufactured by Sharp, with detailed
explanations of their many functions and outstanding features. We hope that you find this
book useful in determining which Sharp products are best suited to your needs. Please
contact us directly if you have any further questions.



SHARP’S INTEGRATED CIRCUIT DOCUMENTATION

4-Bit Single-Chip Microcomputers

MICRO-

COMPUTER 8-Bit Single-Chip Microcomputers

8-Bit Microprocessors/Peripherals
16-Bit Microprocessors/Peripherals

Development Support Tools

24-Bit Real Time Digital
Signal Processing

« Data Sheets
DIGITAL
SIGNAL
PROCESSING

« User's Guides

« Simulator Guides

Application Notes

« Evaluation Modules/Boards

« Dynamic RAMs, Field Memories

« Static RAMs, Pseudo Static RAMSs
« EPROMs/OTPROMs

» Mask Programmable ROMs

* FIFO Memories

MOS

BIPOLAR

RELIABILITY
HANDBOOK

o Gate Arrays/Standard Cells

« Display Drivers, Telecommunications

* MODEMs, CCDs/CCD Peripherals

« ICs for Audio/Visual Equipment

« Voice/Melody Generators, ICs for Clock, etc.

« Operational Amplifiers/Comparators

« Transistor Arrays, Voltage Regulators

« A/D, D/A Converters, Bus Interfaces

« ICs for Audio/Visual Equipment

« CCD Peripherals, ICs for Telephone, etc.

« Quality and Reliability Assurance System

* How Sharp Views Semiconductor Device
Reliability and Reliability Prediction

* Reliability Testing
« Failure Analysis

* Proper Handling of Semiconductor Devices
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General Information — Product Lineup

DYNAMIC RAMs MASK ROMs
Density Organization Density Organization
LH21256/7/8 256K 256K x 1 2-1 LH23126 128K 16K x 8 6-6
LH2464 256K 64K x 4 2-15 LH23255 256K 32K x8 6-10
LH2465 256K 64K x 4 2.25 LH23512 512K 64K x8 6-14
LHE04256 1M 256K x 4 2.35 LH231000B 1M 128K x 8 6-18
LH64258 1™ 256K x 4 2.48 LH231100B 1M 128K x 8 6-22
LH64400  4M 1M x 4 2.59 LH53259 256K 32K x 8 6-26
PSEUDO STATIC RAMs LH53515 512K 64K x 8 6-32
LHSPE32 256K 32K x 8 a1 LH53H1000 1M 64K x 16 6-38
LHSPB128 1M 128K x 8 a8 LHS3H1100 1M 128K x 8 6-43
LH530800A 1M 128K x 8 6-48
STATIC RAMs LH530900A 1M 128K x 8 6-54
LH5116 16K 2Kx8 4-1 LH531000B 1M 128K x 8 6-59
LH5116S 16K 2K x8 4-9 LH5320008  2M 256K x 8/128K x 16 6-65
LH5117 16K 2K x8 4-18 LH532100B  2M 256K x 8 6-70
LH5118 16K 2K x8 4-23 LH532200B  2M 256K x 8 6-74
LH5168 64K 8K x8 4-31 LH5340008  4M 512K x 8/256K x 16 6-79
LH5168SH 64K 8K x8 439 | |H534100B 4M 512K x 8 6-84
LH51256 256K 32K x 8 4-47 LH534200B 4M 512K x 8 6-89
LH51256L 256K 32K x 8 4-54 LH534300A 4M 512K x 8 6-93
LH511000 1M 128K x 8 4-61 LHS534400A 4M 512K x 8 6-98
LH5267A 64K 16K x4 469 | |H534500A 4M 512K x 8/256Kx 16 6-103
LH52250A 256K 32K x 8 4-76 LH534600 4M 512K x 8/256K x 16 6-109
LH52250AL 256K 32K x 8 476 | LHs38000 8M 1M x8/512K x 16 6-114
LH52251A 256K 256K x 1 4-84 LHs38100 &M 1M 8 6120
LH52252A 256K 64K x 4 4-92 LH538200  SM Mxs 6-105
LH522528 256K 64K x 4 499 | |H538500A 8M 1M x 8/512K x 16 6-130
LH52253 256K 64K 4 4106 1 |H5316000 16M  2Mx 8/1Mx 16 6-137
tngg;ggl_ 222'; 22& x g :Hg LH5332000 32M  4M x 8/2M x 16 6-143
9 i
LH52256LL 256K 32K x 8 4-120 | FIFOMEMORIES ’
LH52258 256K 32K x 8 4-127 LH5481/91 64 x 8/64 x 9 7-1
LH52258A 256K 32K 8 4135 LH5485/95 256 x 8/256 x 9 7-16
LH521002 1M 256K x 4 4-143 LH5496 512x9 7-31
LH521007 1M 128K x 8 4-151 LH5497 1K'x9 7-47
LH521008 1M 128K x 8 4-159 LH5498 2K'x9 7-63
LH521028 1M 64K x 18 4-167 LH5499 4K'x9 779
LH521032 1M 256K x 4 4-182 LH5492 4K'x9 7-92
LH5493 4K x9 7-114
EPROMs/OTPROMs LH5494 4K x 9 7-131
LH5749[ 64K 8K x8 5-1 LH5420 256 x 36 x 2 7-147
LH5762/J 64K 8K x8 5-8 LH540201/2/3 512x 91K x 92K x9  7-188
LH5763/) 64K 8K x 8 5-15 LH540204 4K xo 7190
LH5764/ 64K 8K x8 5.22 LH540205 8K x 9 7192
LH57127/ 128K 16K x 8 5-36 LH540215/15 512 x 18/1K x 18 7-196
T I I M M
5. X -
LH57256/) 256K 32K x 8 557 | FIELDMEMORIES
LH57512/) 512K 64K x 8 5-64 LHe4270 1M 270K x4 8-1
LH571000/) 1M 128K x 8 572 LHE6180 ™ 180K x 6 8-7
LH571001/d 1M 128K x 8 5-81 APPLICATION AND TECHNICAL INFORMATION
LH5420 Application Note 9-1
LH5420 Conference Paper 9-7
SHARP 1-1



General Information — Product Lineup

DYNAMIC RAMs

CONFIG- OPERATING MODEL  ACCESS TIME (ns) PACKAGE
CAPACITY URATION MODE NUMBER 80 100120150  DIP TSOP SOJ ZIP
— PAGE MODE — LH21256 16 16
—|256K x1 NIBBLE MODE LH21257
N - — BYTE MODE |— LH21258
PAGE MODE |— LH2464
64K x4
NIBBLE MODE LH2465
DYNAMIC
RAM
HIGH SPEED | |
PAGE MODE LH604256
iM 256K x 4
STATIC _
COLUMN MODE LHE4258
HIGH SPEED
a4M 1Mx 4 PAGE MODE LH64400
NOTES:
[ (Empty box) = Contact Sharp representative for availability.
= Operating frequency or access/cycle time parts that are available
at the publication time of this data book.
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General Information — Product Lineup

DYNAMIC RAMs

POWER
CAPACITY mg;‘ggzg‘l}%‘ MODEL NO. 'I'AIIE‘E:A?:S) Tﬁﬁj&) s?:g;ﬁléﬁ,icz) OP%%TIENG PACKAGE
MAX.
256K 262,144 x 1 LH21256 100 200 440128 Page mode 16DIP/16ZIP
120 230 440728
150 260 385/28
LH21257 100 20 440728 Nibble mode 16DIPHEZIP
120 230 440728
150 260 385128
LH21258 100 200 440728 Byte Mode 16DIPH6ZIP
120 230 440128
150 260 385128
65,536 x 4 LH2464 100 200 523128 Page mode 18DIP
120 220 457728
150 260 413728
LH2465 120 220 457728 Nibble mode 18DIP
150 260 413128
™ 262,144 % 4 LHE04256 80 160 (50) 2 41311 Highspeed | 20DIP/20ZIP/26SOJ
100 190 (55) 2 358111 page moda
LHe4258 100(50)' | 160 (55)" 37411 Staticcolumn | 20DIP/20ZIP/2650J
120(60)' | 190 (65)’ 34011 mode
M 1,048,576 x 4 LH64400 ' 80 (40)2 | 140 (50) 2 523/5.5 Highspeed | 20DIP/20ZIP/26S0J
10607 | 16065 6355 page mode 26TSOP (Il)*
NOTES:

1. Static column mode
2. High speed page mode
3. S: Type ll: Forward bend

SR: Type li: Reverse bend

13



General Information — Product Lineup

MASK PROGRAMMABLE ROMs

CONFIG- MODEL ACCESS TIME (ns) PACKAGE
PINOUT  CAPACITY URATION NUMBER 35 55 100120150200  DIPSOP TSOP QFPPLCC]
—| 64k |—{ eKxx8 |—{ LH23e0 | T 1 |
—{128K |—] 16K x8 |—] LH23126 |— T 1
v LH23255 | T T 1
[256K|—] 32K x8 |
LH53259 | Taa] |
LH23512 | ]
[ 512K] 84K x 8
JEDEC LHea515 |-
STANDARD
| EPROM [
PINOUT LH530800A }—
LH53H1100
LH5310008 |—
CEE [ |
LH2311008 |
VASK LH530900A |
ROM
— SPECIFIC | 2M |—]256K x 8]—] LHs322008 |- |
PINOUT
4M 512K x 8 tggggH-_l_
{ M |— 1Mx8 |— LHs38200 | |
o R[]
1 M _____255162&(;186
||, x8/x16
WORD WIDE |-
PINOUT

2Mx 16

NOTES:
3 (Empty box) = Contact Sharp representative for availability.
= Operating frequency or access/cycle time parts that are available
at the publication time of this data book.
LH2XXX: NMOS LH5XXX: CMOS

1. 14 x 14 mm?2 package

MD-5
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General Information — Product Lineup

MASK PROGRAMMABLE ROMs

ACCESS TIME o ower cON
PROCESS | CAPACITY %g;'gs“gg}‘%‘ MODEL NO. USERSNO. | S{ns) MAX.. mpw PACKAGE
(ns) MIN.
NMOS 64K 8,192 8 LH2369 LH2369XX 200 330 26DIP
128K 16,384 x 8 LH23126 LH2326XX 200 440 26DIP
256K 32768 x8 LH23255 LH2355XX 200 440 28DIP
512K 65,53 x 8 LH23512 LH2312XX 200 550 28DIP
™ 131,072 8 LH2310008 LH231GXX 200 550 26DIP
LH2311008 LH231JXX 200 550 32DIP
CMOS 256K 32,768 8 LH53259 LH5359%X 150 110 28DIP/28S0P/44QFP/32PLCC
512K 65,536 x 8 LH53515 LH5315XX 150 195 28DIP/28SOP/44QFP2PLCC/A2S0P
m 131,072 8 LH53H1100 LHSH11XX 35 660 32DIP/3250P
LH530800A LH531HXX 150 185 32DIP/32S0PM4QFPB2PLCC
LH530900A LH531JXX 150 105 32DIP
LH531000B LH531GXX 150 195 28DIP/28SOP/44QFP !
65,53 x 16 LH53H1000 LHSH10XX 55 660 40DIP/40SOP
M 262,144 x 8 LH5321008 LHS32HXX | 120150 275 32DIP/32S0P/32PLCC
LH5322008 LH532JXX 150 275 32DIP
262,144 x 8 LH5320008 LH532GXX | 120150 275 40DIP/40SOP/44QFP '/44QFP
131,072 x 16
M 524,288 x 8 LH534300A LH534DXX 150 330 32DIP/3250P/32PLCC
LH534100B LH534HXX 200 2715 32DIP/32S0P/32PLCC
LH534400A LHS34EXX 150 275 320IP
LH5342008 LH534JXX 20 275 320IP
524,288 x 8 LH534600 LH5346XX 100 550 40DIP/40SOP/44QFP '
262,144 x 16 LH534500A LH534FXX 150 275 40DIP/40SOP/A4QFP !
LH5340008 LH534GXX 200 275 40DIP/40SOP/44QFP ' /44QFP
M 1,048,576 x 8 LH538100 LHS381XX 200 275 32DIP/3250P
LH538200 LH5382XX 200 275 32DIP
1,048,576 x 8 LH538000 LH5380XX 200 275 42DIP/44SOP/48TSOP(I)/BAQFP
524,288 16 LH538500A LH538FXX 150 275 | 42DIP/44SOPI4STSOP/44QFP /64QFP
16M 2,007,152 8 LH5316000 LH5316XX 200 215 64SDIP/S4QFP
1,048,576 x 16
32M 4,194,304 x 8 LH5332000 LH5332XX 200 275 44SOP/B4QFP
2,007,152 16
NOTES:

1.

14 x 14 mm? package




General Information — Product Lineup

EPROMs/OTPROMSs

CONFIG- MODEL ACCESS TIME (ns)
CAPACITY URATION NUMBER 55 70 90 100 120 150 200 250 REMARKS
LH5749J Pin-compatible with
bipolar PROM

LH5762

—-| 64K 8Kx8

[ LH5763)
LH5763

Standby mode

LH5764J
LH5764

Standby mode

[ LH57126J
LH57126

LH57127J
LH57127

128K 16K x 8 -1

Standby mode

EPROM LH57128J

OTPROM LH57128

Standby mode

[ LH57254)
[ | LHs7254

—-|256K 32K x 8

[ LH57256J
LH87256

Standby mode

512K —{64K x 8 1iouened

Standby mode

Standby mode
JEDEC standard mask ROM pinout

LH571000

— 1M 128K x 8

LH571001J
LH571001

Standby mode
JEDEC standard EPROM pinout

NOTES:
[ (Empty box) = Contact Sharp representative for availability.
= Operating frequency or access/cycle time parts that are available
at the publication time of this data book. MD-4
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General Information — Product Lineup

EPROMs/OTPROMs
ACCESS POWER PROGRAM
proDUCT | cAPACTY | SORFIGURATION | mopeLNo. | STANDEY | “TiME | CONSUMPTION | VOLTAGE PACKAGE
(WORDS x BITS) (ns)MAX. |  (mW) MAX, V)
EPROM 64K 8192x8 LH57494 55 394 13 24CERDIP'
70
LH5762) 55 304 125 28CERDIP
7
LH5763) . 70 315 125 28CERDIP
° 90
LH5764J o 200 165 12.75 28CERDIP
° 250
128K 16,384 x 8 LH57126J 70 394 125 28CERDIP
%
LH57127J . 100 315 125 28CERDIP
LH57128) . 250 165 12.75 28CERDIP
256K 32,768 x 8 LH57254) 7 420 125 26CERDIP
LH57256J o 120 165 1275 28CERDIP
° 150
512K 65,536 < 8 LH57512J . 120 165 12.75 28CERDIP
. 150
M 131,072x 8 LH571000J . 120 220 12.75 32CERDIP 2
° 150
LH571001J . 120 220 1275 32CERDIP
. 150
OTPROM 64K 8192x8 LH5749 70 304 13 24DIP/24SK-DIP/
24SDIP
LH5762 70 394 125 28DIP
LH5763 o % 315 125 28DIP
LH5764 . 200 165 1275 28DIP/28S0P
° 250
128K 16,384 x 8 LH57126 90 34 125 28DIP
LH57127 . 120 315 125 28DIP
LH57128 . 250 165 1275 28DIP/28SOP
256K 32,768x 8 LH57254 % 420 125 28DIP
LH57256 o 150 165 12.75 28DIP/28SK-DIP/
2850P
512K 65,536 x 8 LH57512 . 150 165 12.75 28DIP/28SOP
™ 131,072x 8 LH571000 . 150 220 1275 32012
LH571001 o 150 220 1275 320IP?
NOTES:
The model numbers of OTPROMs in this catalog are different from those programmed according to customers request.
1. Bipolar PROM pinout
2. JEDEC standard mask ROM pinout
3. JEDEC standard EPROM pinout
SHARP 1-7



General Information - Product Lineup

STATIC RAMs

CONFIG-
PROCESS CAPACITY URATION

PACKAGE
MODEL ACCESS TIME (ns) SK-
NUMBER 55 70 90 1001201000 DIP DIPSOP TSOP SOJ

LH5116/H

LH5116S

SN

LH5117/H | I

LHSHBMI-—I | |

FULL LH5168/H :
T o o T e i e B

—l256K|—|32Kxa|—| LH51256J——| I I

LOW-

POWER

CMOS
‘lpempueanzssKI |32K X8

STATIC | | —| 1MH1zasz|—Els11o?|—-| | |
RAM

LH52256

30 35 45 55

at the publication time of this data book.

HIGH
SPEED _|PEgM°3 |—
STATI IPHERY
RAM
-Imzs MH64K x 18|———|TH521028
NOTES:

[ (Empty box) = Contact Sharp representative for availability.
= Operating frequency or access/cycle time parts that are available

MD-3
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General Information — Product Lineup

STATIC RAMs

ACCESS | CYCLE Pgﬁ"m#
process | capacmy | SSRRCORATON | MopEL No. TE(e) || THE og;:%fcfl PACKAGE
(mW/pW) MAX.
FULL CMOS 16K 2,048 x 8 LH5116 100 100 22055 24DIP/24SOP/24SK-DIP
LH5116H ' 100 100 22055
LH5116S * 1000 1000 33133 24SOP
LH5117 100 100 220555 24DIP/24SOP/24SK-DIP
LH5117H 100 100 22055
LH5118 100 100 22055 24DIP/24SOP/24SK-DIP
LH5118H' 100 100 22055
64K 81928 LH5168 100 100 24855 28DIP/28S0P/28SK-DIP
LH5168H ! 100 100 275165
LH51685H " * 500 500 1508 (3V) 28S0P
256K 32,768 x 8 LHs1256 ' (L) 100 100 248/16.5(5.5) 28DIP/28S0P
120 120
™ 131,072x 8 LH511000 ' (L) 100 100 330/55(5.5) 32DIP/32SOP/32TSOP(l) 2
120 120
CMOS 64K 16,384 x 4 LH5267A 2 % % 660/5500 24SK-DIP
PERIPHERY s s 6505500
45 4 660/5500
256K 262,144 x 1 LH52251A % % 825/5500 24SK-DIP/24S0J
35 3 660/5500
45 45 550/5500
65,53 x 4 LH52252A 2% % 825/5500 24SK-DIP/24S0J
35 35 660/5500
45 45 550/5500
LH522528 15 15 910/5500 24SK-DIP/24S0J
20 20 800/5500
2 % 745/5500
LH52253 15 15 910/5500 28SK-DIP/28S0J
20 20 800/5500
% % 745/5500
» 35 745/5500
32,768x8 LH52250A(L) 70 70 440/5500 (550) 28DIP/28SOP/28SK-DIP
% 0 385/5500 (550)
100 100 385/5500 (550)
LH52256/L 70 70 4407550 28DIP/28S0P
) %9 385/550
120 120 385/550
LH52256LL % ) 385/220 28DIP/28SOP
LH52258 30 30 1020/5500 285K-DIP/28SOJ
35 35 715/5500
45 45 605/5500
55 55 855/5500
LH52258A 15 15 910/5500 28SK-DIP/28S0J
20 20 825/5500
2% 2% 745/5500
NOTES:

1. Topr = -40 to +85°C

2. T TSOP (Type l) Forward bend
TR TSOP (Type |) Reverse bend

3. Supply Voltage (V) =3 + 10%
4. Supply Voltage (V) =2.5t0 5.5




General Information — Product Lineup

STATIC RAMSs (cont’d)

PROCESS

CAPACITY

CONFIGURATION
(WORDS x BITS)

MODEL NO.

ACCESS
TIME (ns)
MAX.

CYCLE
TIME
(ns) MIN.

POWER CON-
SUMPTION
OPERATING/
STANDBY
(mWiW) MAX.

PACKAGE

CMOS
PERIPHERY

M

262,144 x 4

LH521002

71541000

660/11000

550111000

LH521032

TBD

TBD

T8D

32s0J

131,072 x 8

LH521008

825/11000

77011000

660/11000

32504

LH521007

TBD

TBD

T8D

32504

1.125M

65,536 x 18

LH521028

18D

18D

T8D

KIS IRN(B(RNIVRR(BVR RNV R|R(S

KIS IR (VBN IV R (R(BV RNV RN

T8BD

§2PLCC

1-10
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General Information — Product Lineup

FIFO MEMORIES

OPERATING

FREQUENCY  ACCESS
CONFIG- MODEL (MHz) TIME (ns) PACKAGE
TYPE CAPACITY URATION  NUMBER 25 15 DIP SK-DIP PLCC
64x8 [—] LH5481
0.5K
SMALL 64x9 |— LHs491
—  cApACITY
ASYNCH. 256 x8 |—| LH5485
2K
256 x9 |—] LH5495
— a5k |—s12x9}—] LHs496
— 45K |— 512x9 |—{ LH540201
ok | 1kx9 |—] LHs407
ok | 1kx9 |—] LHs40202
LARGE 18K |— 2Kx9 |— LHs5498
— capaciTY H
ASYNCH. 18K |— 2k x9 |—] LHs40203

36K |— 4kx9 |—] LHsao9 |— |
36K |—] 4Kx9 |—] LH540204

i E N N N N

FIFO 72K |— 8K x9 |— LH540205
144K |— 16K x 9 |—] LH540206
CYCLE
TIME (ns
15 20 25 30 3550
9K |—1s12 x 18— LHs40215
18K |—]1Kkx18 |—] LHsa0225
CLOCK SYNCH.
36K |—1 4Kx9 |— LHs402
36K |—] 1K x 36 |—{ LH543620
PARALLEL-TO-
—  semiAL  |—] 36k |—{ akx9 |—] LHs4e3
CONVERSION
SERIAL-TO-
—| PamaLLEL [T 36k |—] akxo |—] Lhsa04
CONVERSION
756
LI BIDIRECTIONAL 16K s LH5420
NOTES:

[ (Empty box) = Contact Sharp representative for availability.

= Operating frequency or access/cycle time parts that are available at the publication time
of this data book. Asychronous parts are specified according to access time; synchronous
parts are specified according to cycle time.

MD-6
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General Information — Product Lineup

FIFO MEMORIES

CONFIGURATION OPERATING | ACCESS | CYCLE | CONSUMPIION
CAPACITY | SUNRDS e BiTs) | MODELNO. sz(?‘l&s)ucv (ng'ﬂix (..l}’f;ﬁu (i) MAX. PACKAGE
) STANDBY
05K 648 LH5481 15 — — 248/— 285K-DIP28PLCC
%
35
64x9 LH5491 15 — — 248/ — 285K-DIP28PLCC
%
35
P 2568 LH5485 15 — — 385/— 285K-DIPR28PLCC
%
35
256 %9 LH5495 15 — — 385/— 285K-DIP/28PLCC
%
35
45K 512x9 LH5496 — 15 — 550128 28DIP/285K-DIP/32PLCC
20
%
35
50
65
80
LH540201 — 12 — 550128 285K-DIP/32PLCC
15
20
%
35
oK 1,024x9 LH5497 — 15 — 550128 28DIP/28SK-DIP/32PLCC
2
%
%
50
65
80
LH540202 — 12 — 550128 285K-DIPA2PLCC
15
20
%
35
512x 18 LH540215 —_ —_ 15 550/28 68PLCC
20
25
35
16K 256 % 36 x 2 LH5420 — — % 1540/ — 120PGA/132PQFP
30
35

1-12 SHARP



General Information — Product Lineup

FIFO MEMORIES (cont’d)

POWER
CONFIGURATION ACCESS | CYCLE | CONSUMPTION
CAPACITY | (ORDSxBTs) | WODELNO. | THE | TME | (miy MAX PACKAGE
STANDBY
18K 2,048x9 LH5498 15 —_ 550/28 28DIP/28SK-DIP/32PLCC
2
%
35
5
&
8
LH540203 12 — 550128 28SK-DIPRZPLCC
15
2
2%
%
1,024 18 LH540225 — 15 550128 68PLCC
20
25
%
36K 40%6x9 LH5499 2 — 550144 28DIP2PLCC
%
%
50
&
&
LH540204 15 — 550128 28SK-DIPA2PLCC
2
25
%
LH5492 — 25 825/138 32PLCC
35
50
LH5493 — % 825138 aPLCC
%
50
LH5494 — % 625138 32PLCC
35
S0
7K 8K x9 LH540205 15 - 550144 28SK-DIPR2PLCC
P
25
%
144K 16K x 9 LH540206 15 — 550144 28SK-DIPRZPLCC
2
%
3
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General Information - Product Lineup

PSEUDO STATIC RAMs

CONFIG- MODEL ACCESS TIME (ns) PACKAGE gk-
CAPACITY  URATION NUMBER 50 65 80 100120 SDIPDIP SOP SOJ DIP TSOP
256K 32K x 8 |— LH5P832 28| 28 28
PSEUDO RAM
™M 128K x 8|— LH5P8128 32| 32 32
POWER
CONFIG- ACCESS | CYCLE |CONSUMPTION
CAPACITY URATION MODEL NO. |TIME (ns) | TIME (ns)| OPERATING/ | OPERATING | pACKAGE
(WORDS x BITS) MAX. MIN. STANDBY MODE
(mW) MAX.
28DIP/
256K 32,768x 8 LH5P832 120 120 303/16.5 nggao 28SK-DIP/
28SOP
LH5P8128 60 100 572/5.5
32DIP/
1M 131,072x 8 LH5P8128 80 130 440/5.5 PSEUDO 32SOP/
SRAM 32TSOP
LH5P8128 100 160 376/5.5
NOTES:
[ (Empty box) = Contact Sharp representative for availability.
= Operating frequency or access/cycle time parts that are available
at the publication time of this data book.
7A
FIELD MEMORIES
CONFIG- MODEL ACCESS TIME (ns) PACKAGE
CAPACITY  URATION NUMBER 50 65 80 100120 SDIPDIP SOP SOJ
FIELD MEMORY
M 270K x 4 LH64270 — 28
IMAGE FOR EDTV
PROCESSING
MEMORY
FIELD MEMORY |
FOR VCRs M 180K x 6/ LH66180 22
POWER
CONFIG- ACCESS | CYCLE |CONSUMPTION
CAPACITY URATION MODEL NO. |TIME (ns) | TIME (ns)| OPERATING/ OPERATING | pACKAGE
(WORDS x BITS) MAX. MIN. STANDBY MODE
(mW) MAX.
FIELD MEMORY
™M 276,480 x 4 LH64270 50 60 550/110 FOR EDTV 28SDIP
FIELD MEMORY
M 189,360 x 6 LH66180 65 88 413/83 FOR VCRs 22DIP
NOTES:
[ (Empty box) = Contact Sharp representative for availability.
= Operating frequency or access/cycle time parts that are available
at the publication time of this data book. 78
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General Information — Quality Assurance

QUALITY ASSURANCE

Quality Assurance System

Sharp develops and produces a wide range of con-
sumer and industrial-use semiconductor products.

In recent years, the applications of ICs have ex-
panded significantly, into fields where extremely high
levels of quality are critical.

In response, Sharp has implemented a total quality
assurance system that encompasses the entire produc-
tion process from planning to after-sales service. This
system ensures that quality is a priority in the planning
development and production and guarantees product
reliability through rigorous reliability testing. We com-
piled the "Sharp Semiconductor Reliability Handbook,
IC Edition" to introduce you to the results of some of

our research and to our quality and reliability philosophy

and programs. We hope that it is informative and that
it will help Sharp customers develop and refine their
quality and reliability assurance and control activities.
We will introduce a part of this system here.

Sharp’s quality and reliability assurance activities are
based on the following guidelines:

» All personnel should participate in quality assur-
ance by continually cultivating a higher level of
quality awareness.

« Inthe design and development stages of new prod-
ucts, create reliable designs that consider reliability
in every respect.

* Quality control in all production processes, all work-
ing environments, materials, equipment, and mea-
suring devices should be carefully monitored to
ensure quality and reliability from the very beginning
of the production process.

«  Confirm long-term reliability and obtain a thorough
understanding of practical limits through reliability
testing.

»  Continually work to improve quality through appli-
cation of data from process inspections, reliability
testing, and market surveys.

Quality Assurance During
New Product Development

New product development (Figure 1) begins with an
accurate grasp of the purpose, environment, and man-
ners in which customers will use the product as well as
the required reliability. A development plan is then
drafted, clarifying the price, quantity, sales period and
target reliability of the product to be manufactured.

Quality and reliability are built into the product from
the beginning of the product cycle by introducing design
review (DR) and reliability planning in the development
and design stage. The first tasks undertaken in this
stage are process development and circuitry design,
by which a prototype, or technical sample (TS), is made.
An evaluation of the technical sample is conducted,
centering on the function and performance of the sam-
ple under conditions in which the final product will be
used (TS evaluation).

Next, an engineering sample (ES) is made, based
on the results of the TS evaluation, and it is subjected
to ES evaluation. The ES evaluation consists of deter-
mining, under mass production conditions, whether the
product functions and performs as intended during de-
velopment and design. Reliability testing is also used
to decide whether the engineering sample has the re-
quired degree of reliability.

In the final stage, the transfer of the product to mass
production is discussed - based on the results of the
TS and ES evaluations. Once TS and ES are accepted,
preproduction begins. At this time, it is determined
whether the quality and reliability obtained during de-
velopment and design can be maintained, whether
there are any discrepancies in the production process
and what yields will be. The manufacturability of the
product is determined, based on these results.

DR (Design Review) is performed to prevent faulty
operation and to enhance the functions, usability, quality
and reliability, upon completion of structural design,
logic design, software design, circuit design, TS/ES
evaluation and reliability tests.
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1-16

PRODUCT PLANNING | ESTABLISHMENT OF TARGET RELIABILITY ")
T
C |
PROCESS
I DEVELOPMENT | | DESIGN |
= r RELIABILITY
I DESIGN
AND
| TS FABRICATION DESIGN
| FUNCTION AND PERFORMANCE REVIEW
EVALUATION
[ ES FABRICATION
I QUALITY AND
MANUFACTURABILITY ASSESSMENT J
RELIABILITY TESTING
| RELIABILITY ASSESSMENT
PREPRODUCTION
| DETERMINATION OF MASS
PRODUCTION FEASIBILITY
MASS PRODUCTION
MD-8
Figure 1. New Product Development Steps
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General Information — Quality Assurance

PROCESS CHARACTERISTIC(S) CONTROLLED PURPOSE OF CONTROL
INCOMING EXTERNAL APPEARANCE, DIMENSIONS, | REMOVE PRODUCTS HAVING
siicon | INSPECTION SHEET RESISTIVITY IMPROPER DIMENSIONS,
SiLicon FLAWS AND CRYSTAL DEFECTS.
ENSURE PROPER SHEET
OXIDATION RESISTANCE VALUES
OXIDE INSPECTION | EXTERNAL APPEARANCE, FILM FIND PINHOLES, CHECK SURFACE
MONITORING THICKNESS, SURFACE CLEANLINESS CLEANLINESS AND CONTROL
FILM THICKNESS
PHOTOLITHOGRAPHY
VISUAL INSPECTION | DEVELOPABILITY, ETCHABILITY, CHECK FOR PROPER
MONITORING LINE WIDTH . DEVELOPMENT AND ETCHING.
ON IMPLANTATION CONTROL LINE WIDTH
ELECTRICAL ELECTRICAL CHARACTERISTICS, REMOVE PRODUCTS HAVING
INSPECTION OF CHIP | MAJOR DEVICE CHARACTERISTICS POOR ELECTRICAL CHARACTER-
MONITORING ISTICS. ENSURE PROPER
DICING DEVICE CHARACTERISTICS
FRAME
BREAK, SORTING
DIE EXTERNAL APPEARANCE REMOVE CRACKED AND
INSPECTION CHIPPED ITEMS.
EBO
wire G DIE BONDS
DIE BOND EXTERNAL APPEARANCE ENSURE QUALITY OF DIE
INSPECTION ADHESIVE STRENGTH BONDS
MONITORING
WIRE BONDS
MOLDING
Sotbs []WIRE BOND EXTERNAL APPEARANCE CHECK POSITION AND SHAPE OF
INSPECTION TENSILE STRENGTH BONDS. ENSURE PROPER WIRE
MONITORING TENSILE STRENGTH
ENCAPSULATION/MOLD| TEMPERATURE, TIME, STRESS ENSURE MOLDABILITY. ENSURE
MONITORING WIRE CONDUCTIVITY PROPER WIRE CONFIGURATION
STABILIZED BAKE
LEAD SURFACE INGREDIENTS, TEMPERATURE, MAINTAIN FINISH QUALITY
FINISHING CONTAMINATION
FINISHING THICKNESS, UNIFORMITY REMOVE PRODUCTS HAVING
INSPECTION (SOLDERABILITY) PLATING IRREGULARITIES.
MONITORING PLATED LAYER COMPOSITION MAINTAIN PLATING QUALITY
PLATED LAYER THICKNESS
MARKING TEMPERATURE, TIME, MAINTAIN MARK QUALITY
MARKING MATERIAL
LEAD CUT TOOLING SHARPNESS PREVENT ABNORMAL STRESS ON
FORMING TOOLING DIMENSIONS PLASTIC MOLD RESULTING IN
DAMAGE

MD-9

Figure 2. Example of the Quality Control Process
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Raw Materials Control

The level of product quality and reliability is largely
governed by the quality of the materials originally mak-
ing up the production process and environment.

It is the responsibility of the vendor to execute the
quality assurance of basic materials purchased by
Sharp. Raw material quality assurance is conducted
according to the following system:

« Initial selections of a raw material manufacturer.

«  Quality qualification for each new material put into
use (quality and reliability assessments of devices
in which such new materials are used).

«  Periodic quality consultations based on quality in-
formation obtained during mass production.

Acceptance inspections are carried out as necessary
based on acceptance criteria derived from product
specifications and approved drawings.

Control of the Manufacturing
Environment

Integrated circuit devices are manufactured in a
clean roomwhere there is minimal air-born particulates.
The use of ultrapure water also aids cleanliness. Such
conditions are necessary due to the adhesion of even
small bits of foreign particles (0.1 um or less), no more
than 1/5 - 1/10 the size of the smallest IC pattern, can
result in defects later in the process.

Particulates not only affects chip yields, but can also
have a lethal affect on the quality and reliablity of a
device. Therefore, the cleanliness of every piece of
equipment and facility in the plant as well as that of
work clothes and work articles are controlled. Degree
of cleanliness is usually expressed numerically as the
number of particles over 0.5 um per cubic foot of air.

The degree of cleanliness maintained in Sharp clean
rooms, where wafers come in direct contact with air, is
Class 1. Temperature and humidity are maintained at

constant levels by continuous computer-controlled
monitoring (Table 1).

The ultrapure de-ionized (DI) water used in the wafer
process is manufactured with an ultrapurification equip-
ment, employing ion-exchange treatment, ultraviolet
irradiation and ultrafiltration systems.

Table 1.
Clean Room Temperature & Humidity Standards

Temperature 24+0.5°C

451+ 5% RH

Humidity

Control of Facilities
and Instrumentation

Intregrated circuit device technology is experiencing
rapid revolutionary change, and advances in IC produc-
tion facilities and equipment are equally impressive.

Process automation is promoted by using the latest
CIM (Computer Intregrated Manufacturing) system to
create devices having stable quality and to reduce
variance of characteristics. In addition, production fa-
cilities maintenance control, and precision control for
various instrumentation devices are implemented by
both daily and periodic spot inspections.

Facilities’ control is conceptually based on Total Pro-
ductive Maintenance (TPM), in which all concerned
employees systematically participate in facilities main-
tenance activities. Sharp’s goal is to create a highly
skilled human resource through activities such as:

» operator-initiated maintenance;
* scheduled maintenance;
e corrective maintenance.

Control of instrumentation devices is in accordance
with Japanese national standards. Regular calibration
by overseeing public agencies also helps maintain a
high level of accuracy in these devices.
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IN

INSPECTIONS DURING
PRODUCTION PROCESS

PROCESS

BURN-IN?

(FINISHED
PRODUCTS)

FINALZ
TEST

. SHIPPING3
INSPECTION

PERIODIC

1. STATIC OR DYNAMIC BURN-IN

2. FUNCTIONAL, ELECTRICAL
CHARACTERISTICS AND APPEARANCE

3. SAMPLING INSPECTION (BY LOT)

WAREHOUSINGI

RELIABILITY TESTING

MD-10

Figure 3. Product Inspection System

Quality Control During
the Production Process

Designed-in quality and reliability must be faithfully
built into a device during production to manufacture
consistently high-quality and high-reliability products.

Production Operations are therefore based on spe-
cific, established operational standards. Checks are
performed at each process step to decide whether
specific characteristics have been obtained and quality
has been built in. Each process is monitored to ensure
that defectives are not sent to the next process. This
is done by rigorously carrying out various standardized
controls, appropriate to each process, such as moni-
toring, visual inspections and sampling inspections.

Sharp strongly promotes the automation of produc-
tion facilities and equipment. Sharp works to prevent
quality problems before they occur and to stabilize
quality. Operations that required human skills in the

past are now automated. Computer Integrated Manu-
facturing (CIM) is being introduced into the wafer pro-
cess. CIM is used to implement comprehensive
production control, including conveyance within a pro-
cess, equipment monitoring and progress control. CIM
enables several types of process data to be processed
together. Control charts and process capacity index
(Cpk) are computed in real time for individual pieces of
equipment. Even minute fluctuations in characteristics
are fed back to improve control.

Reliability is also being assessed by periodic sam-
pling. This test is a long-term reliability assessment,
and the results are fed back to the related divisions.

While quality assurance tests and inspections are
conducted for improving and maintaining quality, they
also are used to predict the probable reliability a product
will have in the marketplace. They provide a multi-fac-
eted approach to ensuring product quality.
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Table 2.
Reliability Test items

CLASSIFICATION TEST PURPOSE &CONDITIONS RETERENCE
Thermal Soldering Heat To determine soldering heat resistance. JIS C 7022: A-1
Environment itions: MIL-STD-750 C 2031
Tests Solder bath temperature: 260 + 5°C |IEC Pub. 68 Test Tb
Time: 10+ 1 sec.
Solder composition: Pb:Sn = 4:6
Temperature Cycling | To determine resistance to high and low temperatures |JIS C 7022: A-4
and to temperature changes between these extremes. (MIL-STD-883 C 1010
itions; IEC Pub. 68 Test Na, Nb
Ta = Taig MIN ~ Tstg MAX [gas environment]
Thermal Shock To determine resistance to sudden changes in JIS C 7022: A-3
temperature. MIL-STD-883 C 1011
. IEC Pub. 68 Test Nc
Ta = Tsig MIN ~ Tstg MAX [liquid environment]
Temperature & To determine resistance to conditions of high tempera- |JIS C 7022: A-5
Humidity Cycling ture and high humidity. MIL-STD-883 C 1004
Standard test conditions: IEC Pub. 68 Test Z/AD
-10 ~ 65°C, 90 ~ 95% RH, one (1) cycle
every 24 hours
Mechanical Variable Frequency To determine resistance to vibration during transporta- [JIS C 7022: A-10
Environment Vibration tion and use. MIL-STD-883 C 2007
Tests itions: IEC Pub. 68 Test Fc
Cycle: 100 ~ 2000 Hz in 4 min.
Peak acceleration: 20 G
Orientation: four (4) times in each of the
orientations of + X, + Yand + Z
Mechanical Shock To determine resistance to shocks during transporta-  |JIS C 7022: A-7
tion & use. MIL-STD-883 C 2002
. IEC Pub. 68 Test Ea
Peak acceleration: 1500 G
Pulse duration: 0.5 ms
Orientation: three (3) pulses in each of the
orientations + X, Yand + Z
Constant Acceleration | To determine resistance to constant acceleration. JIS C 7022: A-9
itions: MIL-STD-883 C 2001
Stress level: 20,000 G, IEC Pub. 68 Test Ga
Orientation: applied for one (1) min. in each
of the orientations + X, + Y and + Z
Lead Integrity To determine resistance to installation and handling JIS C 7002: A-11
such as wiring. IEC Pub. 68 Test U
(1) Tensile strength.
A specified load is applied in a direction
parallel to the lead axis for 10 £ 1 sec.
(2) Bending strength.
Standard itions:
A specified load is applied to the tip of each
lead and the lead is bent once each through a
+ and - 90" arc and back. (The specified load
is determined by nominal cross section or nominal
section modulus.)
*TCP (tape carrier package): N/A
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Table 2. (cont’d)
Reliability Test items

CLASSIFICATION TEST PURPOSE &CONDITIONS REFERENCE
Mechanical Solderability To determine the solderability of leads which are con- |JIS C 7022: A-2
Environment nected by soldering. MIL-STD-883 C 2003
Tests itions:
‘Solder bath temperature: 230 + 5°C,
Dip time: 5+ 0.5 sec.
Solder composition: Pb:Sn = 4:6, used with
rosin flux.
Seal (Hermeticity) To determine the effectiveness of the seal of hermeti- |JIS C 7022: A-6
cally sealed devices. MIL-STD-883 C 1014
(1) Fine leak detection (helium): measured with a IEC Pub. 68 Test Q
helium detector after storage in an He atmosphere at
a prescribed pressure for a designated time period.
(2) Gross leak observation (bubbles): observation of
bubbles formed by a fluorocarbon or silicone oil.
Salt Atmosphere To determine resistance to corrosion in a salt fog. JIS C 7022: A-12
(Corrosion) itions: MIL-STD-883 C 1009
Exposure to salt spraying conditions of salt IEC Pub. 68 Test Ka
concentration, 5 + 1%.
Spray rate: 0.5 ~ 3 ml/80 em¥h
Salt fog temperature: 35 + 2°C for a designated
period of time.
Life Tests High Temperature To determine resistance to prolonged operating JIS C 7022: B-1
Operation stress, electrical and thermal. MIL-STD-883 C 1005
Standard ftions:
Ta = Top MAX
Operating source voltage = Max. operating voltage
High Temperature To determine resistance to prolonged high tempera-  |JIS C 7022: B-3
Storage ture storage. MIL-STD-883 C 1008

Ta= Tsta MAX

Low Temperature
Storage

To determine resistance to prolonged low temperature
storage.
Standard itions:

Ta = Tsig MIN

JIS C 7022: B-4
IEC Pub. 68 Test A

High Temperature/
High Humidity Bias

To determine resistance to prolonged temperature, hu-
midity and electrical stress.

85°C, 85% RH
Applied voltage = VrvypicaL

JIS C 7022: B-5
IEC Pub. 68 Test C

High Temperature/
High Humidity Storage

To determine resistance to prolonged storage at high
temperature and humidity.
Standard test conditions:

(1) 60°C, 90% RH

(2) 85'C, 85% RH

JIS C 7022: B-5
IEC Pub. 68 Test C

SHARP
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Table 2. (cont’d)
Reliability Test items

CLASSIFICATION

TEST

PURPOSE &CONDITIONS

REFERENCE
STANDARDS

Miscellaneous

Pressure Cooker

(PCT)

To evaluate moisture resistance in a short period of
time.

121°C, 2atm, no electrical load.
100% RH

EIAJ IC-121: 18

Composite Test

Several tests (selected from those listed above) per-
formed in series to effectively evaluate product.
Example: for a surface mount device:
High-Temperature/High-Humidity
Storage—Soldering Heat
Resistance—Pressure cooker (PCT)

Electrostatic
Discharge Strength

To determine resistance to electrostatic stress.
(1) Human body model:
Earth capacity C = 100 pF, equivalent
Resistance R = 1.5 kQ
(2) Machine model:
Earth capacity C = 200 pF, equivalent
Resistance R = 0Q

MIL-STD-883 C 3015
EIAJ IC-121:20

Latch-Up Strength

To determine resistance to latch-up.

(1) Condenser charge
(2) Current application
(3) Vcc overvoltage application

1-22




General Information — Quality Assurance

BUSINESS QUALITY | PRODUCTION
STIRIVISION AFFAIRS PLANNING  |ENGINEERING | PRODUCTION | ASSURANCE | | GONTROL
PLANNNG {  MARKETRESEARCH )
C)EVELOPMENT EVELOP BASI
PLANNING TECHNOLOGY
STUDY OF
SPECIFICATIONS,
| DETERMINATION OF DEVELOPMENT PLAN (NEW PRODUCTS PLANNING COUNCIL) |
DEVELOPMENT LOGIC DESIGN
DESIGN
TRIAL
PRODUCTION NOTE: | DR I: LOGIC DESIGN AND SOFTWARE |
DR = DESIGN REVIEW
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| DR II: LAYOUT DESIGN |
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| DR ll: TS EVALUATION, PROCESS EVALUATION |
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Figure 4a. Quality Assurance System
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ST&MSION B ARG PLANNING | ENGINEERING | PRODUCTION | aSSURANGE | | iopiuCTION
(Cont'd from figure 1-4a)
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INSTRU-
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Figure 4b. Quality Assurance System
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Reliability Tests

Reliability Test Methods

Reliability tests should always have good reproduc-
ibility. Thus, reliability tests for IC devices are based
on standardized test methods. Such uniform testing
standards include those established by JIS (Japanese
Industrial Standard), MIL (U.S. MiLitary Standard), EIAJ
(Electronic Industries Association of Japan) and IEC
(International Electrotechnical Commission). As indi-
cated in Table 2, however, Sharp has established its
own testing method based on these standards.

Advances in semiconductor device technology are
astonishing, and they call for higher quality and reliabil-
ity standards. Improved failure analysis techniques are
therefore necessary to ensure semiconductor device
reliablity.

The causes of semiconductor device failure are be-
coming increasingly diverse. This diversity is the result
of element and interconnect miniaturization required for
higher integration. It is also due to an increasingly
complex manufacturing process with anincreased num-

ber of steps from the wafer fabrication process to the
assembly process.

Failure analysis is the use of human, physical and
electrical analytical procedures to clarify the failure
mechanisms of defective parts. It is used to evaluate
defective items appearing throughout the life of parts:
during the semiconductor manufacturing process, out-
going inspections and reliability testing; during the
user’s incoming inspections, processing and reliability
testing; and during operation in the field.

The ultimate goal of failure analysis is to prevent the
recurrence of failure. It is necessary to establish vari-
ous measures based on the results of failure analysis
and to feed those measures back to the manufacturing
process and product users.

Sharp has an on-going program of supplying users
with our own quality data, reliability test data, etc., upon
request. It is just one of Sharp’s efforts to maintain a
high degree of user service. Figure 5 illustrates Sharp’s
Quality Information Routes.

I USER } ----------------- :
L
TROUBLE, INCIDENT
SO RESPONSE FEEDBACK
REGULAR | TO RELATED
REQUIREMENTS QUALITY | DEPARTMENTS
SALES & MARKET CONSULTATION
DEPARTMENT QUALITY
IMPROVEMENT
ACTIVITIES
RESPONSE
COMMUNICATION I
RELABILITY _ |---======-====- :
[CONTROL DEPARTMENT]|
DATA FAILURE
SERVICES ANALYSIS
i
:
:
:
REQUEST CORRECTIVE MEASURES |
:
------------------ L
; )
: REPORTS!
: :
PRODUCTION ] PROPOSALS _r DESIGN AND
DEPARTMENT |« 1ENGINEERING DEPARTMENT|
REQUEST MODIFICATIONS
MD-12
Figure 5. Routes through which malfunctions outside

the company are handled.
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Handling Precautions

All the semiconductor products listed in this data
book are manufactured based on exacting designs and
under comprehensive quality control. However, to take
full advantage of the features offered and to assure
each products’ long-life service, please refer to the
following items.

Maximum Ratings

It is generally known that the failure rate of semicon-
ductor products increases as the temperature in-
creases. It is therefore necessary that the ambient
temperature be within the maximum rated temperature.
Further, it is desirable from the stand-point of reliability
that the ambient temperature be lowered as much as
possible. The voltage, current, and electric power used
are also factors that significantly influence the life of
semiconductor products. Voltage or current that ex-
ceeds the rated level may damage the semiconductor
product; even if applied only momentarily and the unit
continues to operate properly, excessive voltage or
current will likely increase the failure rate.

Therefore, in actual circuit design, it is important that
the semiconductor products have an allowance with
respect to the voltage, current and temperature condi-
tions under which they will be used. The greater this
allowance, the fewer the failures that will occur.

To keep failures to a minimum, the circuit should be
designed so that under all conditions to absolute max-
imum, the ratings are not exceeded even momentarily
and so that the maximum values for any two or more
items are not achieved simultaneously. In addition,
remember that the circuit functions of semiconductor
products are guaranteed within the operating temper-
ature range (Topr) or the absolute maximum ratings,
but that storage temperature (Tstg) is the range in a
nonoperating condition.

Storage Precautions

General Storage Precautions

a. Storing product in the packing in which it is shipped
is recommended. |f transferred to a different con-
tainer, use one that will not readily carry an elec-
trostatic charge.

b. Store at conditions of normal temperature (5 - 35°C)
and normal humidity (45 - 75% RH).

c. Avoid storing product in the presence of corrosive
gases or dusty areas.

d. Avoid storing product in areas of direct sunlight or
where sudden temperature changes will occur.

e. Avoid stacking product or otherwise applying heavy
loads.

f. In the case of extended storage, take particular
care against corrosion and deterioration in lead
solderability. Inspecting such product before use
is recommended.

Basic Electrostatic Discharge
Countermeasures

Semiconductor device mounting requires exacting
precautions to avoid applying excessive static electricity
to the semiconductor. Item (a) - (c) below are basic
electrostatic discharge countermeasures.

a. Use humidifiers and the like to ensure against ex-
cessively low relative humidity in the work environ-
ment. (Maintaining relative humidity consistently
above 50% is ideal).

b. To prevent sudden electrostatic discharge, spread
high-resistance electroconductive mats (about
1069) over workbenches and have workers wear
wrist (ground) straps.

Have workers wear clothing made of charge-resis-
tant cotton, noncharging materials (10° - 10'4Q) or static
electricity dissipating materials (10° - 10°Q). Anti-static
foot apparel is also effective.

c. lonizers (ionized air blowers) are effective when it
is difficult to discharge static electricity from mount-
ing equipment, contacting dielectrics and semicon-
ductors.

Sharp recommends using static electricity measuring
devices to quantify electrostatic charges and develop
effective countermeasures.

When forming the lead wires of semiconductor prod-
ucts to be mounted, forceps or a similar tool that will
prevent stress from being applied to the base of the
wires should be used.

To prevent the input terminals of semiconductor prod-
ucts on completed printed circuit boards from becoming
open during storage or transport, the terminals of the
circuit board should be shortcircuited or the entire circuit
board itself should be wrapped in aluminium foil.

1-26
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Figure 6. Failure Analysis Procedure
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Soldering and Cleaning

When a semiconductor product is solder-bonded,
specify the best conditions according to Table 4. If
using a soldering iron, use one that doesn't leak from
the soldering tip. An ‘A Class’ soldering iron with an
insulation resistance of less than 10 MQ is recom-
mended. When using a solder bath, it should be
grounded to prevent an unstable electric potential.

Using a strongly acidic or alkaline flux for soldering
can cause corrosion of the lead wires. A rosin flux is
ideal for this type of soldering.

To assure the reliability of a system, removal of the
solder flux is generally required.

To prevent stress of semiconductor products and
circuit boards when using ultrasonic cleaning, a clean-
ing method must be used that will shadow the main unit
from the vibrator and specify the best conditions ac-
cording to the following:

Table 3.
Recommended Conditions for PC Board Cleaning

Ultrasonic Power less than 25 W/I

Adjustment and Tests

When the set is to be adjusted and tested upon
completion of the printed circuit board, the printed circuit
board must be checked to ensure that there are no
solder bridges or cracks before the power is turned on.
Also, if the market-rated voltage and current are to be
used, it is wise to use a current limiter.

Whenever a printed circuit board is to be removed
or mounted, or mounted on a socket, the power must
be turned off.

When testing with a probe, care must be taken to
assure that the probe does not come in contact with
other signals or the power supply. If the test location
has been decided beforehand, it is wise to set up a
specially designed test-pin for testing.

When testing in high and low temperatures, the con-
stant-temperature bath must be grounded and mea-
sures taken to protect the set inside the bath from static
electricity.

Table 4 outlines the semiconductor bonding and
testing methods.

Table 4.
Cleaning Conditions less than one minute total Semiconductor Bonding and Testing Methods
| i BONDING TEMPERATURE TEST
Cleaning Solution 15 to 40°C METHOD AND TIME POSITION
Temperature =
infrared | F82K temp. 240°C or less Surface IC
reflow 230°C or more within 15 sec. ackage
Heating speed: 1 to 4°C/sec. P 9
Flow 245°C or less
diopin Within 3 sec./cycle Solder bath
pping Within 5 sec. in total
215°C or less
VPS 250°C or less, within 40 sec. Steam
;*jggring 260°C o less, within 10 sec., | | auter
1-28 SHARP




General Information - Timing Diagram Conventions

TIMING DIAGRAM CONVENTIONS

TIMING DIAGRAM

INPUT FUNCTIONS

HIGH or LOW

HIGH-to-LOW transitions allowed
LOW-to-HIGH transitions allowed
bon’t care

(Does not apply)

OUTPUT FUNCTIONS

HIGH or LOW

HIGH-to-LOW transitions
during designated interval

LOW-to-HIGH transitions
during designated interval

State unknown or changing

Centerline is high-impedance

MD-14

SHARP

1-29






GENERAL INFORMATION -1

DYNAMIC RAMs - 2

PSEUDO STATIC RAMs - 3

STATIC RAMs - 4

EPROMs/OTPROMs - 5

MASK PROGRAMMABLE ROMS - 6

FIFO MEMORIES -7

FIELD MEMORIES - 8

APPLICATION AND TECHNICAL INFORMATION -9

PACKAGING - 10







LH21256/7/8

NMOS 256K (256K x 1) Dynamic RAM

FEATURES
e 262,144 x 1 bit organization

e Access times: 100/120/150 ns (MAX.)
e Cycle times: 200/230/260 ns (MIN.)

e Page mode operation (LH21256)
Nibble mode operation (LH21257)
Byte mode operation (LH21258)

e Power supply: +5V +10%

e Power consumption:
Operating: 440/440/385 mW (MAX.)
Standby: 27.5 mW (MAX.)

e TTL compatible I/O
o Built-in gated CAS function
e Separate I/O allows Early-Write action

e Available for read modify write RAS only
refresh, hidden refresh, CAS before
RAS refresh

e 256 refresh cycle (refreshing time 4 ms)
e Built-in high output bias generator circuit

e Packages:
16-pin, 300-mil DIP
16-pin, 325-mil ZIP

DESCRIPTION

The LH21256/7/8 is a 262,144 word x 1 bit dynamic
RAM fabricated using N-channel 2-layer polysilicon gate
process technology. With mulitiplexed address inputs
and standard 16-pin DIP/ZIP packages, it is easy to
comprise memory systems with high speed, low power
consumption and large memory capacity. The
LH21256/7/8 operates on a single +5 V power supply.
The built-in high output substrate bias generator circuit
eliminates sensitivity to undershoot on the input signals.

PIN CONNECTIONS
16-PIN DIP TOP VIEW
Al 10 161 Vss
b 2 15[ ] CAS
WE[] 3 14 Doyt
RAS[] 4 137 As
A0 s 12[JA,
A0 s 1A,
AO 7 10 As
Vec [ 8 . 9dA,
—
16-PIN ZIP

£ + 12|Dour
g
WE N
Aola: Bl:/:S
A“

21256-1

Fig. 1. Pin Connections for DIP & ZIP Packages
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LH21256/7/8

NMOS 256K (256K x 1) Dynamic RAM

N CLOCK
RAS GENERATOR
NO. 1
CLOCK
— GENERATOR
CAS NO. 2
o COLUMN WRITE g WE
- JAvar= DECODER cLocks [~ O
BUFFER
ADDRESS
< — SENSE /0 DATA OUT g
INPUT AMPLIFIERS SELECTOR BUFFER [ Dour
ROW
. ADDRESS
~ BUFFER |t
EXTINT ™| mow [ | MEMoRY DATA IN b
ADDRESS|  |pECODER ARRAY BUFFER [————————®0w
REFRESH MUX. ==
ADDRESS =1
COUNTER
Vee
Vgg GENERATOR
Vss
NOTE: Pin numbers apply to 16-pin DIP.
21256-2
Figure 2. LH21256/7/8 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao - Ag Address input DiN Data input
RAS Row address strobe Dout Data output
CAS Column address strobe Vce Power supply (+5 V)
WE Write enable Vss Power supply (0 V)
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage VT -1.0t07.0 \" 1
Output short-circuit current lo 50 mA
Power consumption Pp 1.0 w
Operating temperature Topr 0to+70 °C
Storage temperature Tstg -5510 +150 °C

NOTE:
1. Referenced to Vss

2-2
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NMOS 256K (256K x 1)

Dynamic RAM

LH21256/7/8

RECOMMENDED OPERATING CONDITIONS (Ta= 0to +70°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Supply voltage Vee 45 5.0 55 v
Vss 0 0 )
Input voltage ViH 2.4 6.5 v
ViL -1.0 0.8

NOTE:
1. Referenced to Vss

CAPACITANCE (Vcc =5V +10%, Ta =0 to +70°C, f = 1MHz2)

PARAMETER SYMBOL | MIN. TYPICAL | MAX. UNIT
Input capacitance 3:1 %E Ciny 5 PF
RAS, CAS Cinz 7 pF
Output capacitance Dourt Cout 7 pF
DC CHARACTERISTICS (Vcc= 5V +10%, Ta= 0to +70°C)
PARAMETER SYMBOL MIN. MAX. UNIT NOTE
LH21256/7/8-10 — 80
fiverage o :SZ',’;?::M LH21256/7/8-12 lcct = 80 mA 1,2
LH21256/7/8-15 — 70
Average supply current in standby mode Iccz — 5.0 mA 1
Average supply current LH21256/7/8-10 — 60
in RAS only refresh time | LH21256/7/8-12 loca — 60 mA 1.2
LH21256/7/8-15 — 55
LH21256-10 — 50
i’,‘,";;i,gj,:;’gg'y current LH21256-12 lcca — 45 mA 1,2
LH21256-15 — 40
LH21257-15 — 65
i motle mose e [LH21257:10 loce [ — [ | mA | 12
LH21257-12 — 49
LH21258-10 — 60
Qvg;?eg © supply current I 12 1258-12 lcca — 55 mA 1,2
LH21258-15 — 50
TAS before RAS LH21256/7/8-10 — 65
average supply current LH21256/7/8-12 lccs — 60 mA 1,2
in refresh cycle LH21256/7/8-15 — 55
Input leakage current g \\; i nVIaTI itﬁi \F/ﬁ ns i -10 10 pA
0V<Vour<65V
Output leakage current Output in high- low) -10 10 pA
impedance state
Output "High" voltage lout = -5 mA VoH 24 — \
Output "Low" voltage lout = 4.2 mA VoL —_ 0.4 v

NOTES:

1. The output pins are in high-impedance state.
2. lccy, lees, Icca and Iccs depend on the cycle time.

SHARP
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LH21256/7/8

NMOS 256K (256K x 1) Dynamic RAM

AC CHARACTERISTICS™ 2 3 (Vcc =5V £ 10%, Ta = 0 to 70°C)

PARAMETER SYMBOL LH21256/7/8-10 | LH21256/7/8-12 | LH21256/7/8-15 uniT | NoTE
MIN. MAX. MIN. MAX. MIN. MAX.
Random read/write cycle time tre 200 — 230 — 260 — ns
Read write cycle time tawe 240 — 275 — 310 — ns
Access time from RAS trac — 100 — 120 — 150 ns 4,6
Access time from CAS tcac - 50 — 60 — 75 ns 56
Output turn-off delay time toFF 0 30 0 35 0 40 ns
Rise and fall time tr 3 35 3 35 3 35 ns 3
RAS precharge time trp 85 — 100 — 100 — ns
RAS pulse width tras 100 10,000 120 10,000 150 10,000 ns
RAS hold time tRsH 50 — 60 — 75 — ns
CAS precharge time 1PN 25 — 30 — 35 — ns
CAS pulse width tcas 50 10,000 60 10,000 75 10,000 ns
CAS hold time tesH 100 — 120 — 150 — ns
CAS hold time (CAS before RAS) trcH 100 — 120 — 150 —_ ns
CAS set up time (CAS before RAS) trcs 10 — 10 — 30 — ns
RAS/CAS delay time taco 20 50 25 60 30 75 ns 7,8
CAS/RAS precharge time tcRp 10 — 10 — 30 — ns
Row address setup time tasr 0 — 0 —_— [} — ns
Row address hold time tRAH 10 — 15 — 20 — ns
Column address setup time tasc [ —_ 0 — 0 — ns
Column address hold time tcan 25 — 25 —_ 45 — ns
Column address hold time from RAS tar 75 — 90 — 120 — ns
Read command setup time tres o — [} — 0 — ns
Read command hold time tRCH 0 — 0 — 0 — ns 11
Read command hold time from RAS tRRH 10 — 10 — 20 — ns 11
Write command setup time twes o —_ ] — [} — ns 10
Write command hold time tweH 35 — 40 — 45 —_ ns
Write command hold time from RAS twer 85 — 100 — 120 — ns
Write command pulse width twp 35 —_ 40 —_ 45 — ns
Write command RAS read time tRwL 35 — 40 —_ 45 — ns
Write command CAS read time fowL 35 — 40 —_ 45 — ns
RAS write command delay time trwo 95 — 120 — 150 — ns
CAS write command delay time tewn 45 — 60 — 75 — ns
Data input setup time tos 0 — 0 — 0 — ns 9
Data input hold time ton 30 — 30 — 35 — ns 9
Data input hold time from RAS 1oHR 80 — 90 — 110 — ns
Refresh time tREF — 4 — 4 — 4 ms
RAS precharge CAS hold time tape 0 — 0 — 0 — ns
NOTES:
1. For proper operation, at least 500 ps of pause time after power-on 8. treb (MIN.) = tran (MIN.) + 2t + tasc (MIN.).
followed by severalinitialization cycles (usually 8 ordinary refresh 9. tps and tpw are given with respect to the fall of CAS in the
cycles) should be given. Early-Write cycle and fall of WE in the read/write cycle and the
2. AC characteristics assume tr = 5 ns. (tr refers to the transition Read-Modify-Write cycle.
time between ViH and VL) 10. twes, towp and trwp are the specified points of the operating
3. Timing measurements are referenced to ViH (MIN.) and Vi mode, and do not represent a limit of operation. When twcs =
(MAX.). twes (MIN.), it comes into early write cycle with Dout pin coming
4. Only when trep < taco (MAX.). If taeo > trco (MAX.), trac will into high-impedance state. When tcwo 2 tcwp (MIN.) and tawp
ey - L, o T e e e
5. When tRCD..Z thop (MAX.). u:m the abovge-mentions will give undeﬁneg valué o;";:T:gS:. o
6. Load condition for 2TTL + 100 pF: 11. The operation is ensured when either trcH or trrH is satisfied
7. trep (MAX.) is the maximum point for trep where trac (MAX.) is :
ensured, and does not represent a limit of operation. If trep
(MAX.) < trep, the access time is controlled by tcac.
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NMOS 256K (256K x 1) Dynamic RAM

LH21256/7/8

tac
oy \ tras
A N / \
'CSH tFiP
tacp tasn tcrp
teas
S 3:[': !\ \ ] / /l X
tar teen
tasm_| tran  tasc| tean
fo-he Yt~ XX K acoass JOOK_aomness K OQQQOOKIINX
ta
tra_cﬂ tRF::H
we = [T e AN
trac __Jtorr
Dour woH ~ HIGH-Z ¥ DATA ’>—
OUT Vg — A VALID #
212563
Figure 3. Read Cycle
tac
oy \ tras .
RAS Vi- N / A\
tasH trp
tes
tacp " teas fore
— Vi — \ / 4 N\
cAS V- NN 4\
no-a Ve~ XX aobtss JOOK soneas OQQOQQOOOOMNK
twi
= tow
twes tweH
twp
EARANNNAN NN _ LI
__t1DS__ ‘DHWL
our
Dour YOH™ HIGH-Z
212564
Figure 4. Write Cycle (Early Write)
25



LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM

tawe
tras
t
e W AR 4 \
RAS = N y, X
tasn trp
tesn tcre
tacp tcas
& V- , \
CAS Vi A\ A R
taar_  tasc| teen
tasm|| ‘_I toan
Vi —
R0~ Vi~ X0 pomares KOX_sates JOOCOOO0OOOOOONN
ta tew
rc_;s_l towo WL
— V-
we W= ////N///] N L/
tawp twe o
teac —-| OFF
Dour V&H: HiGh.Z §r DATA VALID —
trac
tlBE oy
ow Vit 2 XOQOOOOOOOOOOOKXX_ ot KXOXOXXXXXX
21266-5
Figure 5. Read-Write/Read-Modify-Write Cycle
tac
taas
s Y- \ If \
taan tre
tash
et Y~ KOO rommess XRXOCKXCKROCTIN
Dour ¥g€,: HIGH-Z
NOTE: m=V|H
21256-6

Figure 6. RAS Only Refresh Cycle




NMOS 256K (256K x 1) Dynamic RAM

LH21256/7/8

tac
tras
tar tap tras ) tras tap
s YT\ N 2N o\
taep trsH tcre
teas
oAs Yo N o J
_L[tRan tean i feen
tasn L_ tsd | [
<
RO EL4L% €., € OO TOTITOTO00H TOTOTOTOTOO 0000
LG
el N =
we W= /LN . ” AN
trac * tore
5<
Dour V3 HAE { DATA VALID :: %_
NOTES: JJ
1. Row address
2. Column address 2567
Figure 7. Hidden Refresh Cycle
tre
tras
RAS Jr I\ / )
§ tecs ‘ ’ tap \_
tecn tapc
oS / L
soore NSO LTI
Dour ¥gf: HIGH-Z
212568
Figure 8. CAS Before RAS Refresh Cycle
2-7
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM

PAGE MODE CHARACTERISTICS (Vcc =5V +10%, Ta = 0 to +70°C)

21 10 LH; 12 LH -15
PARAMETER SYMBOL LH21256- 21256- 212561 UNIT NOTE
MIN. MAX. MIN. MAX. MIN. MAX.
Page mode cycle time trc 100 — 120 — 145 — ns
CAS precharge time tcp 40 — 50 — 60 — ns
thas
tar
aas Vu— Y\
RAS H \
ViL— S( 55 /
tesH tap
trc tasH
trep || feas tep teas tcas terp
cas ViH— [y ) 7
oA Wiz 4 N V7 N\
teau toan
| teen
tasa] | tasc tasc
o sl |
Viy —
SR € 2 XKz XXX
[._teac teac
torF | _Lftore | 1, |torF
Vou— ____HIGH-Z f"f PR Al
Dout Vg — S A 'y gr;
_|tRes tacs
trcs tacH r tacH trRRH
w7 NS N | L W
NOTES: =
1. Row address
2. Column address
21256-9

Figure 9. Page Mode Read Cycle




NMOS 256K (256K x 1) Dynamic RAM

LH21256/7/8

Dy

NOTES:

LSRN\

S
N
ﬂg
N

tras
tar
=5 Vu—
RAS Wi- \ y
tesn
tec ) tasu tap
taco teas ter tcas tcas tcre
oAS Vi N /[ :
| o] toan teen
] Wse 11 [
Viu— \
oo ViiZ 2 JOONOOX
twen
few

Vin—
vz X0

twp twe twe
ton ton taw
tos tos | fos ton

ha—

DATA )
% VALID /

tonR

1. Row address
2. Column address

21256-10

Figure 10. Page Mode Write Cycle
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM

NIBBLE MODE CHARACTERISTICS (Vcc =5V +10%, Ta = 0 to +70°C)

PARAMETER sympoL | 2126710 LH21257-12 LH2125715 UNIT NOTE
MIN. MAX. MIN. MAX. MIN. MAX.
Nibble mode access time tNac — 25 — 30 — 35 ns
Nibble mode RAS cycle time tNRC 400 — 460 — 520 — ns
Nibble mode RAS pulse width tNRA 300 — 350 —_ 410 —_ ns
Nibble mode cycle time tNe 60 — 65 — 80 — ns
tr}l;?é)le mode CAS precharge tnop 25 _ 25 . a5 . ns
Nibble mode CAS pulse width tNCA 25 — 30 - 35 - ns
Nibble mode RAS hold time tNRSH 45 — 50 — 55 —_ ns
Nibble mode CAS/WE delay tNCWD 15 — 20 — 25 — ns
Iéfgllee?dog; :mte command tNCWL 20 _ 25 _ 25 _ ns
gfls)'fe:dofi; :mte command INRWL 40 _ 45 _ 55 _ ns
Nibble mode write command
pulse width Inwp 20 — 25 — 35 — ns
RAS
CAS
Ao-Ag
Dour \@/
wE \/ ENNN\\N
NOTES:
1. Row address
2. Column address
3. Nibble address: RA8, CA8
®.®.®.(@: Vvalid data-out number 24256.11

Figure 11. Nibble Mode Read Cycle
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NMOS 256K (256K x 1) Dynamic RAM

LH21256/7/8

N
[
N
S YT\ /RN
taco tne trp
teas _ | tnep tnep tNRsH
— v —_
oS i A /NS
_{|tRan tean tnea
tash_ | | tysd
Ao e VT KUK X
oy | tow |
e tnAwL
V- //7?\\ //77}7}7}7}77}717
WE VT- ‘W;A X
tou
O V- TR X OQOOUXXXX
NOTES:
1. Row address
2. Column address 212
1256-12
Figure 12. Nibble Mode Write Cycle
tap
A / q\
Lo toas _  tner
—_— v — T —
CAS yp” tagn 7N /_\_/—\___/_
tasm | | tasdl tnea
V, —
o he W1~ XA XK 2 RIXXIRXIXKKXRKKIXXIXXXIAXHKXAX
—~own | N
fowe R, TnewL thRwL
— V- \ \
we VT ANV //AN: W 7/AN LN\ /7777777
WP —
_—l | twe _'o_s_j F— tawe
L
v —_
ou V2= XOOOROK ot XXX et OX et XX ontem QOO
_| Jeac
trac
Von— HIGH-Z £\ /\ /~\ /~\
NOTES: Pour Vo - & & & &
1. Row address
2. Column address
®.®.0®).@: Valid data-out number 2125613
Figure 13. Nibble Mode Read-Modify-Write Cycle
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM

BYTE MODE CHARACTERISTICS (Vcc =5V £ 10%, Ta = 0 to +70°C)

PARAMETER SYMBOL LH21258-10 LH2125812 LH2125815 UNIT | NOTE
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Byte mode access time tsac — 25 — 30 — 35 ns
Byte mode RAS cycle time tBRC 640 —_ 740 —_ 840 —_ ns
Byte mode RAS pulse width tBRA 540 | — | 630 | — 730 | — ns
Byte mode cycle time t8c 60 — 70 —_— 80 — ns
Byte mode CAS precharge time tacp 25 _— 30 — 35 — ns
Byte mode CAS pulse width teca 25 — 30 — 35 — ns
Byte mode RAS hold time BRSH 45 — 50 — 55 — ns
Byte mode CAS, WE delay tscwp 15 — 20 —_— 25 — ns
Byte mode write command CAS
lead time tBcwL 20 — 25 —_ 25 —_ ns
Byte mode write command RAS
load time tBRWL 40 — 45 — 55 —_ ns
Byte mode write command
pulse width tawe 20 - % - % - ns
tarc
R
RAS Vm— \ \
RAS iL— S( QS [
taco tsc ) jod trp
teas tace tace tarsH

|
— Vi — \ frem—
o W j’ \ ;./G
L—
tRaH

@
Al o
o W L \ VRV V/ AN

1. Row address
2. Column address

®.@ ...@.(@®: Valid data-out number
Figure 14. Byte Mode Read Cycle

21256-14
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NMOS 256K (256K x 1) Dynamic RAM LH21256/7/8

tarc
taRA
e Ve T
RAS wi- \ S / N
trop tac jod Lild
tcas torsH

CAs Vm—

L=

Vi —
Ag-Ag vy

we Vo~ T //_\‘]/7\ VAN S/

s s

h—

2
ow Y™ X)(X)()(omm@ KX @@@m XGERDXXNXX XXX

1. Row address
2. Column address 21256-15

Figure 15. Byte Mode Write Cycle

z

tae
mS g ) o f N_
thep  _teas _ ler  teca 7
CAS v:r: tran N 7 1/%\_/_\_/-
T tcan
tasn || | tasc
e Y= XK R XXX
tow, ‘acwn
'cwo terwL
wE v~ AN :IL v/ \ me/// \\\ /1111
‘DH
on Yy M)(Xx R RO EBX XXX
'm\c_.I = loac
carlp —5 {5} (@) 5@)
NOTES:
1. Row address
2. Column address
®.@...®@.@®: Valid data-out number 2125616

Figure 16. Byte Mode Read-Modify-Write Cycle
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM

ORDERING INFORMATION

LH2125# X - ##
Device Type Package Speed

10 100
12 120 Access Time (ns)
15 150

[Blank  16-pin, 300-mil DIP (DIP16-P-300)
12 16-pin, 325-mil ZIP (ZIP16-P-325)

J’6 Page mode
7 Nibble mode
18 Byte mode

Example: LH21256-10 (NMOS 256K (256K x 1) Dynamic RAM, 100 ns, 16-pin, 300-mil DIP, Page Mode)

2125617
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LH2464

NMOS 256K (64K x 4) Dynamic RAM

FEATURES

65,536 x 4 bit organization

Access times: 100/120/150 ns (MAX.)
Cycle times: 200/220/260 ns (MIN.)
Page mode, Read-Modify-Write operation
Power supply: +5V £+ 10%

Power consumption (MAX.):
Operating: 523/457/413 mW (MAX.)
Standby: 27.5 mW

TTL compatible /O
Built-in gated CAS function

Early-write or OE control allows bus
management of the data-out buffer

RAS only refresh, Hidden refresh, CAS
before RAS refresh capability

256 refresh cycle (refreshing time 4 ms)

Built-in high output substrate bias
generator circuit

Package:
18-pin, 300-mil DIP

DESCRIPTION

The LH2464 is a 65,536 x 4 bit dynamic RAM fabri-
cated using N-channel 2-layer polysilicon gate process
technology. With multiplexed address inputs and a
standard 18-pin DIP package, it is easy to comprise
memory systems with high speed, low power consump-
tion and large memory capacity. The LH2464 operates
on a single +5 V power supply. The built-in high output
substrate bias generator circuit eliminates sensitivity to
undershoot on the input signals.

PIN CONNECTIONS
18-PIN DIP TOP VIEW

CE[] 1e 18 1Vss

o} 2 1710,

1o, 3 16 [JCAS

WEL] 4 1510,

RAS[] s 1474,
A6 13[A,
A} 7 12[]A,
A 8 11[A;

Ve © 100a,

~—
24641

Figure 1. Pin Connections for DIP Package
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LH2464 NMOS 256K (64K x 4) Dynamic RAM

__ CLOCK
RAS GENERATOR |
NO. 1
CLOCK WRITE o
e —C)
cAs E_’ GENERATOR CLOCKS D WE
—{ COLUMN »] COLUMN
CODER
ADDRESS DE y—
Ao BUFFER BUFFER
Ay
A2 111 B o,
ol SENSE Vo 3) 0,
2: AMPLIFIER SELECTOR 45) 0,
42 Vo,
Ao 1111
7 ROW =
ADDRESS pATA OUTHH
—{ BUFFER [~ BUFFER
EXT/NT |- | ]
ADDRESS ROW MEMORY
MULTI- DECODER ARRAY
REFRESH PLEXER "” =1
ADDRESS [~
COUNTER
Vgs GENERATOR
Vss
24642]

Figure 2. LH2464 Block Diagram

PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao - A7 Address input OE Output enable
RAS Row address strobe /O - /04 Data input/output
CAS Column address strobe Vee Power supply (+5 V)
WE Write enable Vss Power supply (0 V)

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage vt -1.0t0 +7.0 \" 1
Output short-circuit current lo 50 mA
Power consumption Pp 1.0 w
Operating temperature Topr O0to +70 °C
Storage temperature Tstg -55to +150 °C

NOTE:
1. Referenced to Vss
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NMOS 256K (64K x 4) Dynamic RAM LH2464
RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Vce 45 5.0 55
Supply voltage v 1
ppPly g Vs o o °
Input voltage Vin 24 65 \ 1
Vi -1.0 0.8
NOTE:
1. Referenced to Vss
CAPACITANCE (Vcc =5V £ 10%, Ta =0 to 70°C, f = 1MHz)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Ao - A7 CiNt 5
Input capacitance OE, WE Cin2 7 pF
RAS, CAS CiN2 10
Input/Output capacitance 101 - 1/O4 Cio 8 pF
DC CHARACTERISTICS (Vcc =5V +£10%, Ta = 0 to +70°C)
PARAMETER SYMBOL MIN. MAX. UNIT NOTE
Average supply current LH2464-10 — %5
in normal operation LH2464-12 leet — 83 mA 1.2
LH2464-15 — 75
Average supply current in the standby mode lcc2 — 5.0 mA 1
Average supply current LH2464-10 — 85
in RAS only refresh time LH2464-12 lccs — 63 mA 1.2
LH2464-15 —_ 65
Average supply current LH2464-10 — 0
in page mods LH2464-12 lcca _ 60 mA 1
LH2464-15 — 50
CAS before RAS LH2464-10 — 85
average supply current LH2464-12 lces — 70 mA 1,2
in refresh cycle LH2462-15 — 5
OVSVINSBSV
Input leakage current 0 V on all other pins It -10 10 pA
0V<Vour<65V
Output leakage current Output in high-impedance state Lo -10 10 pA
Output "High" voltage lout = -2 mA VoH 24 — \Y
Output "Low" voltage lout =4.2mA VoL — 0.4 \"
NOTES:
1. The output pins are in high-impedance state.
2. lcce, lees, Iccs, and lccs depend on the cycle time.
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LH2464 NMOS 256K (64K x 4) Dynamic RAM

AC CHARACTERISTICS ' % 3 (Vcc = 5 V + 10%, Ta = 0 to +70°C)

PARAMETER SYMBOL LH2464-10 - LH2464-12 LH2464-15 UNIT | NOTE
MIN. MAX. MIN. MAX. MIN. MAX.
Random read/write cycle time tre 200 — 220 — 260 — ns
Read write cycle time trwe 280 — 305 — 360 —_ ns
Page mode cycle time tec 100 —_ 120 — 145 —_ ns
Access time from RAS trac — 100 - 120 — 150 ns 4,6
Access time from CAS tcac — 50 — 60 — 75 ns 5,6
Output turn off delay time torr 0 30 o 30 0 40 ns
Rise and fall time tr 3 35 3 35 3 35 ns 3
RAS precharge time tap 90 - 90 — 100 — ns
RAS pulse width tras 100 10,000 120 10,000 150 10,000 ns
RAS hold time tRsH 50 — 60 — 75 —_ ns
Refresh counter test cycle time trTC 385 445 520 ns 12
Refresh counter test RAS pulse width trras 285 335 410 ns 12
CAS precharge time tep 40 — 50 —_ 60 —_ ns
CAS pulse width tcas 50 10,000 60 10,000 75 10,000 ns
CAS hold time tesH 100 — 120 — 150 — ns
CAS hold time (CAS before RAS) tFCH 100 — 120 — 150 — ns
CAS setup time (CAS before RAS) tres 10 — 10 — 30 — ns
RAS/CAS delay time tco 20 50 25 60 30 75 ns 7.8
CAS/RAS precharge time tcRp 10 —_ 10 — 30 — ns
Row address setup time tasr 0 — 0 — [} — ns
Row address hold time tRaH 10 — 15 - 20 — ns
Column address setup time tasc 0 — 0 — 1] — ns
Column address hold time tcan 20 — 20 — 45 — ns
Column address hold time from RAS tar 75 — 80 — 120 —_ ns
Read command setup time tres 0 — 0 — 0 _ ns
Read command hold time tRCH 0 — 0 —_ 0 — ns 10
Read command hold time from RAS tRRH 10 — 10 — 20 — ns 10
Write command setup time twes [ — 0 — 0 — ns 9
Write command hold time tweH 35 — 40 = 45 - ns
Write command hold time from RAS twer 85 — 100 — 120 — ns
Write command pulse width twp 35 — 40 —_ 45 —_ ns
Write command RAS lead time tRwL 35 — 40 — 45 — ns
Write command CAS lead time fowL 35 —_ 40 — 45 — ns
RAS write command delay time trwD 140 — 160 — 200 — ns
CAS write command delay time towp 90 — 100 — 125 — ns
Data input setup time tos 0 — 0 — 0 — ns
Data input hold time from CAS toHe 35 — 40 — 45 —_ ns
Data input hold time from RAS tonR 85 — 100 — 120 —_ ns
Refresh interval tREF — 4 — 4 — 4 ns
RAS precharge CAS hold time tapc 0 — 0 — 0 — ns
OE command hold time toeH 25 — 25 — 40 — ns 11
OE access time toea — 25 — 30 — 40 ns
OE to data delay toeD 30 — 30 —_ 40 —_ ns
Output buffer turn-off delay time from OE toez 0 30 0 30 0 40 ns
Data input hold time from WE toHw 35 — 40 — 45 - ns
NOTES:
1. For proper operation, atleast 500 us of pause time after power-on 6. Load condition for 2TTL + 100 pF.
followed by several initialization cycles (usually 8 ordinary refresh 7. tRep (MAX.) is the max. point foi trcp where trac (MAX.) is
cycles) should be given. ensured, and doesn't represent a limit of operation. If taco (MAX.)
2. AC characteristic assume tr = 5 ns. (tr refers to the transition < trep, the access time will come under the control of tcac.
time between Vix and ViL.) 8. trco (MIN.) = tRaH (MIN.) + 2t + tasc (MIN.).

3. Timing measurements are referenced to Vi (MIN.) and ViL 9. When twes = twes (MIN.), it comes into early write cycle.

(MAX). . 10. The operation is ensured when either trcH or trrH is satisfied.
4. Only when trcp < tRco (MAX.). If tacp > tac (MAX.), trac will 11. Only when twcs < twes (MIN.), it must be satisfied.

increase by (trch - tRed (MAX.)). il —
5. When trco 2 trep (MAX). 12. Only when in CAS-before-RAS refresh counter test cycle.
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NMOS 256K (64K x 4) Dynamic RAM

LH2464
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Figure 5. Write Cycle (OE Controlled Write)
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LH2464
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Figure 10. CAS Before RAS Refresh Cycle
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LH2464

tac tac
taas tras
RAS N Vi N l{ \_
trep tRsH trp tap
Tl '_} I3 /
I_;Agﬁ_ H 'ASC _AFL'
%04 X)X osaess JOOK %33;}0000000000000000%
1O, - 1O, HonZ 4 VALID DATA-OUT —
trac
NOTE: (WE 2V} (MIN.), OE < V,_(MAX.)) .
Figure 11. Hidden Refresh Cycle
tarc
tRas
RAS \ 1[ \_
tecs tosH tep tash tap
te.
w T\ X AT\
tasc| |_toan towr
a1 KOO SR ) 4
‘ncs-—l tewn twptRWL .
oy L/ N Y/ A4
EH]
ey LT ol NIV - opemarion
ED _ ‘DS HW
i XO000OOCOOOONKINXK_ o kam QXX
(write) DATA-IN )
tacy
tRes |l e N
vomy /LI . NN
teac FF,
_ READ
roa) \\\\\\\\\\\\\\\\\\\\\\&* JZW ///// ( operation
A EZ
Il(:(’:e-a Z?4 hicGHZ { VALID DATA-OUT ;5— J
2464-12
Figure 12. CAS Before RAS Refresh Counter
Test Cycle
SHARP 2-23



LH2464

NMOS 256K (64K x 4) Dynamic RAM

CAS-before-RAS Refresh Counter
Test Cycle

The CAS-before-RAS refresh counter test cycle is
used to verify the operation of the internal refresh
counter. The verification can be done by following the
steps as described below.

1. Write "0" into 256 row addresses on a particular
column address, which are selected by the internal
refresh counter, by the write operation of the CAS-
before-RAS refresh counter test cycle mode with any
given column address.

2. Read and verify "0" of the 256 row addresses on
the same column in regular read mode by externally
supplying address signals.

Then, write "1" into the above 256 row addresses in
regular write mode.

3. Read and verify "1" of the 256 row addresses in
the CAS-before-RAS refresh counter test cycle mode.

Referto timing chart (12) of the CAS-before-RAS refresh
counter test cycle.

ORDERING INFORMATION
LH2464 X - #it
Device Type Package Speed

10 100
12 120 Access Time (ns)
15 150

Example: LH2464-10 (NMOS 256K (64K x 4) Dynamic RAM, 100 ns, 18-pin, 300-mil DIP)

Blank 18-pin, 300-mil DIP (DIP18-P-300)

NMOS 64K x 4 Dynamic RAM

2464-13]
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LH2465

NMOS 256K (64K x 4) Dynamic RAM

FEATURES

65,536 x 4 bit organization
Access times: 120/150 ns (MAX.)
Cycle times: 220/260 ns (MIN.)

Nibble-Mode, Read-Modify-Write
operation

Power supply: +5V + 10%

Power consumption:
Operating: 457/413 mW (MAX.)
Standby: 27.5 mW (MAX.)

TTL compatible /O
Built-in gated CAS function

Early-write or OE control allows bus
management of the data-out buffer

RAS only refresh, Hidden refresh, CAS
before RAS refresh capability

256 refresh cycle (refreshing time 4 ms)

Built-in high output substrate bias
generator circuit

Package:
18-pin, 300-mil DIP

DESCRIPTION

The LH2465 is a 65,536 x 4 bit dynamic RAM fab-
ricated using N-channel 2-layer polysilicon gate process
technology. With multiplexed address inputs and a
standard 18-pin DIP package, it is easy to comprise
memory systems with high speed, low power consump-
tion and large memory capacity. The LH2465 operates
on a single +5 V power supply. The built-in high output
substrate bias generator circuit eliminates sensitivity to
undershoot on the input signals.

PIN CONNECTIONS
18-PIN DIP _ TOP VIEW
OEE 1e 18 DVSS
vo,[ 2 17 0o,
10, 3 16 [ JCAS
WEL] 4 15 [J/0,
RAS[] 5 14[7A,
AOs 13[A,
A7 1274,
A8 1A,
Vec[] 9 10[JA,
—
2465-1

Figure 1. Pin Connections for DIP Package
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LH2465 NMOS 256K (64K x 4) Dynamic RAM

e CLOCK
RAS (5)——={GENERATOR [
NO. 1
CLOCK .
o WRITE _______(4 WE
CAs (© @*GE%&;TO" CLOCKS P
—1 COLUMN o coLumn
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oy DATA IN
A BUFFER
A, ]
A, ﬂ ‘T @ 1o,
As UV SENSE Vo 3) 10,
:45 AMPLIFIER SELECTOR 45) 1/0,
7) 110,
% 1111 h
7 Aorss | DATA OUT
ke BUFFER it BUFFER [~
EXT/INT |—» —
ADDRESS ROW MEMORY
MULTH DECODER ARRAY
REFRESH PLEXER [ ]
ADDRESS =
COUNTER
Vce r—— (1 OE
Vgs GENERATOR
Vss
2465-2

Figure 2. LH2465 Block Diagram

PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao - Ay Address input OE Output enable
RAS Row address strobe /01 - /04 Data input/output
CAS Column address strobe Vee Power supply (+5 V)
WE Write enable Vss Power supply (0 V)

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage VT -1.0t0 +7.0 \" 1
Output short-circuit current lo 50 mA
Power consumption Pp 1.0 w
Operating temperature Topr 010 +70 °C
Storage temperature Tstg -55 to +150 °C

NOTE:
1. Referenced to Vss
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NMOS 256K (64K x 4) Dynamic RAM

LH2465

RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Supply voltage Vee 45 5.0 55 v 1
Vss 0 0 )
Input voltage Vi 24 6.5 v ]
ViL -1.0 0.8

NOTE:
1. Referenced to Vss

CAPACITANCE (Vcc =5V +10%, Ta =0 to +70°C, f = 1MHz2)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Ao - A7 CiN1 5
Input capacitance OE, WE Cinz 7 pF
RAS, CAS CiN3 10
Input/Output
capacitance VO - VO4 Cio 8 pF
DC CHARACTERISTICS (Vcc =5V £10%, Ta =0to +70°C)

PARAMETER SYMBOL MIN. MAX. UNIT NOTE
Average supply current LH2465-12 — 83
in normal operation LH2465-15 lcct — 75 mA 1.2
Average supply current in standby mode lccz — 5.0 mA 1
Average supply current LH2465-12 ; — 63 mA 12
in RAS only refresh time LH2465-15 ccs — 65 mA ’
Average supply current LH2465-12 ) —_ 60 mA 1
in nibble mode LH2465-15 CC4 — 55 mA
CAS before RAS LH2465-12 — 70 mA
average supply current lecs 1,2
in refresh cycle LH2465-15 — 65 mA

OV<SVINSBSEV
Input leakage current 0V on all other pins hyy -10 10 pA
0V<Vour<65V
Output leakage current Output in high-impedance low) -10 10 pA
state

Output "High" voltage lout = -2 mA VoH 24 —_ \
Output "Low" voltage lout = 4.2 mA Vou — 0.4 v

NOTES:

1. The output pins are in high-impedance state.
2. lcey, lees, lccs, and Iccs depend on the cycle time.
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LH2465

NMOS 256K (64K x 4) Dynamic RAM

AC CHARACTERISTICS "' 23 (Vg = 5 V + 10%, Ta = 0 to +70°C)

PARAMETER SYMBOL LH2465-12 LH2465-15 UNIT NOTE
MIN. MAX. MIN. MAX.

Random read/write cycle time trc 220 _— 260 — ns

Read write cycle time trwe 305 — 360 — ns

Access time from RAS tRac —_ 120 — 150 ns 4,6
Access time from CAS toac —_ 60 - 75 ns 56
Output turn off delay time toFF 0 30 [ 40 ns

Rise and fall time tr 3 35 3 35 ns 3
RAS precharge time trp 90 — 100 . ns

RAS pulse width tras 120 10,000 150 10,000 ns

RAS hold time trsH 60 — 75 — ns

CAS precharge time tcp 50 —_ 60 — ns

CAS pulse width tcas 60 10,000 75 10,000 ns

CAS hold time tesH 120 — 150 — ns

CAS hold time (CAS before RAS) trcH 120 — 150 - ns

CAS setup time (CAS before RAS) trcs 10 — 30 — ns

RAS/CAS delay time trco 25 60 30 75 ns 7,8
CAS/RAS precharge time terp 10 — 30 - ns

Row address setup time tasr 0 —_ 0 —_ ns

Row address hold time tRAH 15 o 20 —_ ns

Column address setup time tasc 0 —_ 0 —_ ns

Column address hold time tcan 20 — 45 — ns

Column address hold time from RAS tan 80 — 120 — ns

Read command setup time tres 0 — [} —_ ns

Read command hold time tRcH 0 — 0 — ns 10
Read command hold time from RAS trRH 10 — 20 — ns 10
Write command setup time twes 0 —_ 0 _ ns 9
Write command hold time tweH 40 — 45 — ns

Write command hold time from RAS twer 100 — 120 — ns

Write command pulse width twp 40 — 45 - ns

Write command RAS lead time tAwL 40 — 45 — ns

Write command CAS lead time fowL 40 — 45 — ns

RAS write command delay time trwD 160 —_ 200 — ns

CAS write command delay time tcwo 100 - 125 - ns

Data input setup time tos 0 —_ 0 —_ ns

Data input hold time from CAS toHe 40 —_— 45 — ns

Data input hold time from RAS 1oHR 100 — 120 — ns

Refresh interval tREF —_ 4 —_ 4 ms

RAS precharge CAS hold time tapc 0 — 0 — ns

OE command hold time toEH 25 - 40 — ns 1
OE access time toEA — 30 — 40 ns

OE to data delay 1oED 30 —_ 40 — ns

Output buffer turn-off delay time from OE toez 0 30 0 40 ns

Data input hold time from WE toHw 40 —_ 45 — ns

Refresh counter test cycle time trrc 445 520 ns 12
Refresh counter test RAS pulse width trras 335 410 ns 12

NOTES

1. Forproper operation, atleast 500 ps of pause time after power-on 6. Load condition for 2TTL + 100 pF.
followed by several initialization cycles (usually 8 ordinary refresh 7. trep (MAX.) is the maximum point for trcp where trac (MAX.) is
cycles) should be given. ensured, and does not represent a limit of operation.

2. AC characteristic assume tr = § ns. (tr refers to the transition If taep (MAX.) < trep, the access time will come under the control
time between ViH and ViL.) of tcac.

3. Timing measurements are referenced to Viu (MIN.) and ViL 8. trcp (MIN.) = tran (MIN.) + 2t7 + tasc (MIN.).
(MAX.). 9. When twcs 2 twes (MIN.), it comes into early write cycle.

4. Only when trep < trep (MAX.). If trep > taep (MAX.), trac will 10. The operation is ensured when either tRcH or tReH is satisfied.
increase by (tRco - taco (MAX.)). 11. Only when twes < twes (MIN.), it must be satisfied.

5. When trcp 2 taco (MAX.). 12. Only when in CAS-before-RAS refresh counter test cycle.
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NMOS 256K (64K x 4) Dynamic RAM LH2465
NIBBLE MODE CHARACTERISTICS (Ta =0to +70°C,Vcc =5V £ 10%)
PARAMETER SYMBOL LH246512 LH2465-15 UNIT NOTE
MIN. MAX. MIN. MAX.
Nibble mode access time tNAC — 30 — 35 ns
Nibble mode RAS cycle time NRC 460 —_ 520 —_ ns
Nibble mode RAS pulse width tNRA 350 —_ 410 — ns
Nibble mode cycle time tNe 70 — 80 —_ ns
Nibble mode CAS precharge time tnep 30 —_— 35 —_ ns
Nibble mode CAS pulse width tNCA 30 — 35 - ns
Nibble mode RAS hold time INRSH 50 — 55 — ns
Nibble mode CAS/WE delay tNCWD 70 - 85 — ns
Nibble mode write command CAS lead time tNewL 30 — 35 — ns
Nibble mode write command hold time INWCH 30 —_ 35 —_ ns
Nibble mode write command pulse width tNwP 30 —_ 35 — ns
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Figure 3. Read Cycle
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NMOS 256K (64K x 4) Dynamic RAM

LH2465
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Figure 7. Nibble Mode Write Cycle
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LH2465 NMOS 256K (64K x 4) Dynamic RAM
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Figure 9. RAS Only Refresh Cycle
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NMOS 256K (64K x 4) Dynamic RAM

LH2465

CAS-Before-RAS Refresh Counter
Test Cycle

The CAS-before-RAS refresh counter test cycle is
used to verify the operation of the internal refresh
counter. The verification can be done by following the
steps as described below.

(1) Write "0" into 256 row addresses on a particular
column address, which are selected by the internal
refresh counter, by the write operation of the CAS-be-
fore-RAS refresh counter test cycle mode with any given
column address.

(2) Read and verify "0" of the 256 row addresses
on the same column in regular read mode by externally
supplying address signals.

Then, write "1" into the above 256 row addresses in
regular write mode.

(3) Read and verify "1" of the 256 row addresses
inthe CAS-before-RAS refresh countertest cycle mode.

Refer to timing chart (Figure 12) of the CAS-before-
RAS refresh counter test cycle.

tae
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—_
RAS N \
tecs tecH tap
tapc
CAs \ I\
Vo, - 10, HIGH-Z
2465-10|
Figure 10. CAS Before RAS Refresh Cycle
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Figure 11. Hidden Refresh Cycle
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Figure 12. CAS Before RAS Refresh Counter =
Test Cycle
ORDERING INFORMATION
Deb?c?‘?’?pe Pac)l:age .pz:d

12 120
l—{15 150 Access Time (ns)

Blank 18-pin, 300-mil DIP (DIP18-P-300)

NMOS 256K (64K x 4) Dynamic RAM

Example: LH2465-12 (NMOS 256K (64K x 4) Dynamic RAM, 120 ns, 18-pin, 300-mil DIP)

2465-13
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LH604256

CMOS 1M (256K x 4) Dynamic RAM

FUNCTION

262,144 Words x 4-Bit Dynamic RAM
Access times: 80/100 ns (MAX.)
Power supply: +5V + 10%

Power consumption (MAX.):
Operating: 374/340 mW
Standby: 374/340 mW

TTL compatible /0

Early-write or OE control allows bus
management of the data-out buffer

RAS only refresh, Hidden refresh and
CAS before RAS refresh capability

512 refresh cycle
(refresh period (MAX.) = 8 ms)

Packages:
20-pin, 300-mil DIP
26-pin, 300-mil SOJ
20-pin, 400-mil ZIP

DESCRIPTION

The LH604256 is a 262,144 word x 4 bit dynamic
RAM which provides a high-speed page mode
operation.

The LH604256 is fabricated using advanced CMOS
process technology. With multiplexed address inputs
and standard 20-pin DIP/ZIP or 26-pin SOJ packages,
it is easy to comprise memory systems with high speed,
lower power consumption and large memory capacity.
The LH604256 operates on a single 15 V power supply.

PIN CONNECTIONS
TOP VIEW
20-PIN DIP
o, ] t1e 20| Vg
o, [ 2 191 1o,
WE [ 3 18110,
RAS ] 4 17[] CAS
NC [] 5 161 OE
A O s 15[ A,
A7 147 A,
A, s 13[ A
AO 127 A5
Vee 10 111 A,
26-PIN SOJ 20-PIN ZIP
vo,.] '® 260 Ves
o, 2 2s5[Jvo,
WEL] 3 24[11/0,
RAS[] 4 23[caAs
Qc] s 22[OE
AL o 18] A,
A[l10 17[JA,
A 11 16[JAg
A3E12 155]A5
Vec[]13 14[A,
604256-1

Figure 1. Pin Connections for DIP, SOJ,
and ZIP Packages

SHARP
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LH604256 CMOS 1M (256K x 4) Dynamic RAM

— TIMING
RAS (@) | GENERATOR [
T TIMING
GAs GENERATOR
WRITE
| AODRESS COLUMN CLOCK WE
O BUFFER DECODERS GENERATOR
A - —
A; g (90E
As(9) INTERNAL REFRESH -] —
AG)—4 |ADDRESS CONTROL SENSE OUTPUT
AsGD COUNTER CLOCK AMPs | | SELECTION | _| BUFFER o,
n® | 1 T 1 Bvor
NC ROW ] (o,
%09 LI AopRess ROW WORD MEMORY INPUT | 8o,
BUFFERS DECODERS| |DRIVERS| CELLS BUFFER
Vec (0 ]
Vss(Gy
ON CHIP Vgg
604256-2
Figure 2. LH604256 Block Diagram
PIN DESCRIPTION
PIN NAME FUNCTION PIN NAME FUNCTION
Ao-As Address input WE Write enable
RAS Row address strobe Vce Power supply (+5 V)
CAS Column address strobe Vss Ground (0 V)
DQj - DQ4 Data input/output NC No connection
OE Output enable
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CMOS 1M (256K x 4) Dynamic RAM LH604256
ABSOLUTE MAXIMUM RATINGS
RATING SYMBOL CONDITIONS VALUE UNIT
Voltatge on any pin relative to Vss \28 Ta-25C -11047.0 Vv
Short circuit output current los Ta-25'C 50 mA
Power dissipation Pp Ta-25'C 1 w
Operating temperature Topr 0to +70 ‘C
Strorage temperature Tstg -55to +150 ‘C
RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Vce 45 5 55 v
Supply voltage
PPy g Vss 0 0 0 Vv
Input high voltage ViH 2.4 6.5 "
Input low voltage ViL -1 0.8 Vv
DC CHARACTERISTICS (Vcc=5V +£10%, TA =01to +70°C)
H604 X
PARAMETER SYMBOL CONDITIONS LHE04256-80A LHE04256-10A UNIT | NOTE
MIN. MAX. MIN. MAX.
Output high voltage VoH loH=-5mA 24 Vce 24 Vcc \
Output low voltage VoL loL=4.2mA [¢] 04 0 0.4 \
0V<Vi<65 V
Input leakage current u all other pins not under -10 10 -10 10 A
test=0V
Output leakage current Io Dour disable -10 10 -10 10 HA
P 9 0V<Vos<55V
Average power supply RAS, CAS cycling
current (operating) lect tRC = min. s 65 mA 1
Power supply current leca %: \\;:L‘ LS 2 2 mA ]
(standby) Dour = Hz MOS 1 1 mA
Average power supply RAS cycling
current (RAS only lcca CAS =V 75 65 mA 1
refresh) trc = min.
Average power supply e .
current (CAS before lccs '(TRSAS ef%y‘:h%gA_S' 75 65 mA 1
RAS refresh) re
Average power supply RAS - ViL
current (Fast page lcc7 CAS cycling 65 60 mA 1
mode) tpc - min.
NOTE:
1. lcc is dependent on output loading and cycle rates. Specified values are obtained with the outputs open.
CAPACITANCE (Vcc =5V £10%, f = 1MHz, TA = 0 to 70°C)
PARAMETER SYMBOL | CONDITIONS TYP. MAX. UNIT
Input capacitance — iAi — Cin1 — — 6 pF
RAS,CAS,0E,WE Cinz — — 7 PP
Input/Output
capacitance VO1 - VO, Cvo - 7 pF
SHARP 237



LH604256

CMOS 1M (256K x 4) Dynamic RAM

AC CHARACTERISTICS 23 (Vo =5V +£10%, Ta=0to +70°C)

PARAMETER SYMBOL LHE04256-80A LH604256-10A UNIT NOTE
MIN. MAX. MIN. MAX.
Refresh period tREF - 8 - 8 ms
Random read or write cycle time trc 160 - - - ns
Read/write cycle time trwe 215 - - - ns
Fast page mode cycle time tec 50 - - - ns
Fast page mode read/write cycle time tPRMW 105 - - - ns
Access time from RAS trac - 80 - 100 ns 4,56
Access time from CAS toac - 20 - 25 ns 4,5
Access time from column address taa - 40 - 50 ns 4,6
Access time from CAS precharge tcpa - 45 - 50 ns 4
Output low impedance time from CAS torz 0 - 0 - ns 4
Output buffer turn-off delay toFF [ 20 [)] 20 ns
Transition time tr 3 50 3 50 ns 3
RAS precharge time tap 70 - 80 - ns
RAS pulse width tras 80 10,000 100 10,000 ns
RAS pulse width (Fast page mode cycle only) trasp 80 100,000 100 100,000 ns
RAS hold time tRSH 20 - 25 - ns
CAS precharge time (Fast page mode cycle only) tcp 10 - 10 - ns
CAS pulse width toas 20 10,000 25 10,000 ns
CAS hold time tosH 80 - 100 - ns
RAS to CAS delay time tReD 22 60 25 75 ns [
RAS to column address delay time trRaD 17 40 20 50 ns 6
CAS to RAS precharge time terp 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 - 0o - ns
Column address hold time tcaH 15 - 20 - ns
Column address hold time from RAS tar 60 - 75 - ns
Column address to RAS lead time tRaL 40 - 50 - ns
Read command set-up time tres [} - 0 - ns
Read command hold time tRCH 0 - 0 - ns 8
Write command hold time from RAS twer 60 - 75 - ns
Write command set-up time twes 0 - 0 - ns 7
Write command hold time tweH 15 - 20 - ns
Write command pulse time twp 15 - 20 - ns
Write command to RAS lead time tRwL 20 - 25 - ns
Write command to CAS lead time towL 20 - 25 - ns
Data-in set-up time tos 0 - o - ns
Data-in hold time foH 15 - 20 - ns
Data-in hold time from RAS 1DHR 60 - 75 - ns
CAS to WE delay tewp 50 - 60 - ns 7
RAS to WE delay tRwD 110 - 135 - ns 7
Column address to WE delay time tawp 70 - 85 - ns 7
Read d hold time ref d to RAS tRRH 10 - 10 - ns 8
RAS to CAS set-up time (CAS before RAS) fcsR 10 - 10 - ns
RAS to CAS hold time (CAS before RAS) ICHR 30 - 30 - ns
CAS active delay from RAS precharge tRpc 10 - 10 - ns
CAS precharge time(Refresh counter test) tepr 40 - 50 - ns
CAS precharge time’ tepn 10 - 15 - ns
RAS hold time referenced to OE tRoM 20 - 20 - ns
Access time from OE toea - 20 - 25 ns
OE delay time 10ED 20 - 25 - ns
OE to data output buffer turn-off delay toez 0 20 0 25 ns
OE command hold time toeH 20 - 25 - ns

See next page for notes.
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CMOS 1M (256K x 4) Dynamic RAM

LH604256

NOTES:
1.

proper device operation is achieved.
2. The AC characteristics assume at tr = 5 ns.

and ViL.
4. Measured with a load circuit equivalent to 2TTL + 100 pF.

5. Operation within the taco (MAX.) limit insures that trac (MAX.)
can be met. trco (MAX.) is specified as a reference point only;

iftrcpis greater than the specified tacp (MAX.) limit, then access
time is controlled exclusively by tcac.

An initial pause of 100 ps is required after power-up followed by
any 8 RAS cycles. (Examples: RAS only Refresh cycle) before

Vi (MIN.) and ViL (MAX.) are reference levels for measuring of
input signals. Also, transition times are measured between ViH

Operation within the trap (MAX.) limit insures that trac (MAX.)
can be met. trap (MAX.) is specified as a reference point only;
if traD is greater than the specified trap (MAX.) limit, then access
time is controlled exclusiviely by taa.

twes, tcw, taRwp, and tawp are not restrictive operating parame-
ters. They are included in the data sheet as electrical charac-
teristics only; if twcs = twes (MIN.), the cycle in an early write
cycle and the data out pin will remain open circuit (high-imped-
ance) throughout the entire cycle; if tcwp 2 tcwp (MIN.), tawp 2
trwp (MIN.) and tawp 2 tawp (min.), the cycle is read/write cycle
and the data out will contain data read from data out (at access
time) is indeterminate.

Either tRrH or trcH must be satisfied for a read cycle.

: taas e trp
mAS VD N - Ve
tesH
tcre taco tasH
&% (L NS/ _
tash| Ln%q tl';c toan -
ho-he Y™ o G OO ST
WE Yo L o AN
toea
G vi'= A\\\\ \\\\\\\\\\m //j///L{O/_{////////////
trac toez
1104 - O, ¥gr: OPEN - ’@‘ VALID DATAOUT )
Figure 3. Read Cycle
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tac
s Y- \ 5 - ,Z‘ e ]
oS Vo _/r_’ o 1‘\\ : / / \_
won tez TOCET X BB KOORRRTORRIRX
wE Vi ?XSSRTR{T\\ tw:w L/
I /////'Df L/
tos|._ | tou
Figure 4. Write Cycle (Early Write) =
- o
RAS VMZ N = = St N
o Y f _ﬂ;_l:\\ — A, _
- PAT Hsd |tows
Ao-Ag ' _ XX>< ADD. }@1 ADDRESS ,K 'cthRWL
RN NN ‘Srj“’—ﬁ/////ﬁ///[//ﬂ////
SR | - T}\\\\\\\\\\\\\\\\\\\\\\X
 —

Figure 5. Write Cycle (OE Control)
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LH604256

tawe
taas tap
tar \
RAS WHZ N D N
tcre tacp fost tasH
cAs W= _/F X e d
tash| faan  tasc|  |toa|
Vi — ROW f  COLUMN
Ao-Ag v _ADD. ,5®3‘ ADDRESS ’(XXXXXXXXXXXXXXXXXXX_
trap tewn fow .J
tawp taw
WE Yno I N7
toEa
o ¥~ TN
teac fos||_ ton
trac

1104 - /0,4 ¥"°” - ﬁwun DATA VALID DATA K><><><><><><><><
voL — o [ " IN
LZ
604256-6]
Figure 6. Read/Write, Read-Modify-Write Cycle
trasp tap
t,
— V- T X AR Y/
RAS wi— N 5 I\
tec ) i tasH
tcas tcas
—_— V- h J
s Vi \ \ T\
- traL
tcan asg] | foan
Po-Ag VI ADDRESS ones X OO X
S| thcs| |
, & TTT —piRe
— V-
WE Vi I ML INNN\\N
v | toea ’ [ toea ~ toe
a8 v~ AN |/ Y, Z/A\\ 0V 771777772
|feac | forr teac ['ggr 77 teac torr
taac toez tcLz toez torz toez
/04 -1/04 301_: P~ MgUQATEE%XsALgUQATIH’%& wu.(n))U I%ATA —
- 6042560-7
Figure 7. High Speed Page Mode Read Cycle
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taasp tap
tar
mAs WMo N\ « Alee N
tro 27
tere tasH
taep e
tcas teas tcas
s o f N N ”‘]x 7\
tasr| Lo tesH | traL
_" " 'Asc‘__LﬂH_ tasc | | toan l‘ﬂ’. tean
Vip— Ro@ COLUMN ‘KXX); COLUMN XX;Z);' COLUMN Y
Ao-Ag vy — ADD, ADDRESS £ ADDRESS AADDRESS £
L twest |
mtwc, fren T twen ‘_| T tweH
— _ N\ L | twe twe tw
WE xr— :::\ r’;; ::5 /7§ i ‘;:;;;;;:;
los| [tow los | L__l ‘OH
VO, - 110, YoH — {  VALID { VALID VALID
174 VoL — )]\ DATA-IN ,@\ DATA-IN m;)( DATA- IN
tonr
NOTE: OE = Don't care ouz568
Figure 8. High Speed Page Mode Write Cycle (Early Write)
trasp trp
RV —
RAS Vj'_ N \
I tesn tasH i tcer
forp taco e tep
tcas tep tcas F teas)
—_V )
CAS vy j . taao \\x 4 . \ 7 N /
ASZ‘RAH tasc| ,CA!L'CWL —A5Cl tasc| |fcan
/s - \ /c lCA'i‘ r—
N D G o WWW
taw
S b o
— vV, \
WE ViIZ Y\\\\\\\\\\\\ AN\ W 7/A\\" ///////
OE ¥:f: i 1
toep
tonr
U0y -0, W = X
604256-9

Figure9. High Speed Page Mode Write Cycle

(OE Control)
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LH604256

thase
tar
V- -
RAS VI'Z N N\_
taep
J— — !
CAS ¥:f_ thap \\
ia
il el
Ao- Ag ¥::‘: (COLUMN
tres
— V- 7
we = /111N
Je— v _
OE vj'_
trac
VO, -0, ¥:r -
B AT & O e Ok
604256-10
Figure 10. High Speed Page Mode Read/Write Cycle
thc
tap
thas
I \
RAS M \
'CRP ‘RPC
7% Y \V
tasp] [t
Vi — 4
o-s Vit~ XXX XeoBRtssK XXX
NOTES: WE, OE = Don't care 604256-11
Figure 11. RAS Only Refresh Cycle
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tap tac tap
aas V- _/ !B thas "V \—
RAS \VH™ tare
v ;N tosn targ
A tcHR
J— _ \
e x:t— _/'OFF y \__
10,10, Yo~ — OPEN
NOTE: WE, BE,AO-AesDon‘twre 604256-12
Figure 12. CAS Before RAS Refresh Cycle
the tre
taas tap tras tap
ms oW N N\ N
terp taco tasH | tcHr
o Vo TRy / AN
Aﬂ::‘hmu gl toay
R 5 4% G T X
tacs - taaH
LRy ///// 4RV B \\\\\\\\\AAAANNNRNNNRNNY
troH
[Toea |
AN\ \\\\\\\t: ML
trac "‘c_"zw ‘oz 1
U0, - U0, \oH- ’@( VALID DATA-OUT »
604256-13

Figure 13. Hidden Refresh Read Cycle
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LH604256

tae tae

tras tap taas trp
Ve T\ n ;——s T
RAS V- \ \ ; \

RP) tacp tasH tenr

I\ ! \

tasc | toan

‘!‘_ tral

/s \

(30 K XXQOOOOOXOONX

twes twen

twe

L/

& \uw ZZTIT I TTTTTTTTTTTTTTTTTTTTTTTTITITIIIT]

tos ton
vor-o, G~ JOOKK_vamoarain X XOOOOGOOOOOONNK
| toHR
604256-14
Figure 14. Hidden Refresh Write Cycle
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taas tap
]\( / K
e [ W— av
l..‘ic— tean
- XTI o X .
| oo
WE Wi ////////////////f . L AN
& VP2 AN \\\ \\\:'og’ / 'o// /1
tore
1/0,- 110, ¥°“: OPEN §®§' VALD DATA-OUT  ——
WE Yro \\\\\\\\\\\\\\\ s— /) /////////
G Vo /////////////// ////////////////// /1]
1O, - /O, V OPEN ‘__I
we Z o L/ \WJ/

g ¥~ ThImey |

/0, .0, ng:

OPEN

604256-15

Figure 15. CAS Before RAS Refresh Counter

Test Cycle
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CMOS 1M (256K x 4) Dynamic RAM

LH604256

ORDERING INFORMATION

LH604256 X

- ##

Device Type Package

Speed
80A 8 .
I—{1 0A 180 Access Time (ns)

D 20-pin, 300-mil DIP (DIP20-P-300A)
K 20-pin, 300-pin SOJ (SOJ20-P-300)

Z 20-pin, 400-mil ZIP (ZIP20-P-400)

CMOS 1M (256K x 4) Dynamic RAM

Example: LH604256D-80A (CMOS 1M (256K x 4) Dynamic RAM, 80 ns, 20-pin, 300-mil DIP)

604256-16

SHARP
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LH64258

CMOS 1M (256K x 4) Dynamic RAM

FEATURES
e 262,144 x 4 bit organization

e Access times: 100/120 ns (MAX.)
e Cycle times: 160/190 ns (MIN.)

e Cycle time in static column mode:
55/65 ns (MIN.)

e Power supply: +5V +10%

o Power consumption (MAX.):
Operating: 374/340 mW
Standby: 11 mW

e TTL compatible IO

e Early-write or OE control allows bus
management of the data-out buffer

o RAS only refresh, Hidden refresh and
CS before RAS refresh capability

e 512 refresh cycle
(refresh period (MAX.) = 8 ms)

o Packages:
20-pin, 300-mil DIP
26-pin, 300-mil SOJ
20-pin, 400-mil ZIP

DESCRIPTION

The LH64258 is a 262,144 word X 4 bit dynamic
RAM which provides a static column mode operation.

The LH64258 is fabricated using advanced CMOS
process technology. With multiplexed address inputs
and standard 20-pin DIP/ZIP or 26-pin SOJ packages,
it is easy to comprise memory systems with high speed,
low power consumption and large memory capacity.
The LH64258 operates on a single +5 V power supply.
The built-in high output substrate bias generator circuit
eliminates sensitivity to undershoot on the input signals.

PIN CONNECTIONS
20-PIN DIP TOP VIEW
vo,{ 1@ 20| Vss
10, 2 1e[dvo,
WEL] 3 18[11/0,
RAS[] 4 171cs
Nc[ s 16[JOE
A 6 15[ A,
A7 14[JA,
A 8 13[JAg
A 9 12[0As
vecl10 11[3A,
26-PIN SOJ 20-PIN ZIP

e T S H
hoetes

5

64258-1

Figure 1. Pin Connections for DIP, SOJ,
and ZIP Packages
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CMOS 1M (256K x 4) Dynamic RAM

LH64258

W0, 10, /O3 1O,
M i
AE OE CLOCK
OE (9 GENERATOR Vas
GENERATOR
DATA IN DATA OUT
BUFFER BUFFER
WE R/W CLOCK
WE® GENERATOR }
— ngcc
== CS CLOCK v
cs ¢ GENERATOR N s
Ela
— MEMORY Q
— RAS CLOCK .| w
RAS (4)— ARRAY o
¢ GENERATOR 1,048,576 BTS | 3 S
w3
(238 =]
Slo
Row REFRESH A ©ne
ADDRESS CONTROL
BUFFER
‘ ROW
DECODER
ADDRESS
BUFFER
J|
O—@—E@—O@O—0O—E—B—W 5
Ao Ay A A Ay A As A; Ag
NOTE: The pin numbers apply to 20-pin DIP. 642582
Figure 2. LH64258 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao- Ag Address input OE Output enable
RAS Row address strobe /01 - 1104 Data input/output
CS Chip Select Vce Power supply (+5 V)
WE Write enable Vss Power supply (0 V)
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage VT -1.0t0 +7.0 v 1
Output short-circuit current lo 50 mA
Power consumption Pp 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55 to +150 °C

NOTE:
1. Referenced to Vss

SHARP

2-49



LH64258 CMOS 1M (256K x 4) Dynamic RAM

RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Supply voltage Ve 45 5.0 55 v 1
Vss 0 0 0
Input voltage Vin 24 6.5 v 1

ViL -1.0 0.8 1
NOTE:

1. Referenced to Vss

DC CHARACTERISTICS (Vcc =5V +10%, Ta =0 to +70°C)

PARAMETER SYMBOL MIN. MAX. UNIT NOTE
Average supply current LH64258-10 — 68(80)
in normal operation LH64258-12 leet — 62(68) mA 1.2,3
Average supply current in standby mode lccz — 2.0 mA 1
Average supply current LH64258-10 — 60
in the static column mode LH64258-12 lcca _ 55 mA 1.2
Average supply current LH64258-10 — 68(80)
in CS before R lcca mA 1,2,3
refresh cycle LH64258-12 — 62(68)
Average supply current LH64258-10 — 68(80)
in RAS only refresh cycle LH64258-12 lccs _ 62(68) mA 1,23

OV<VINSBS5V
Input leakage current 0V on all other pins It -10 10 A
0V<Vour<65V

Output leakage current Output in high-impedance state Io -10 10 HA
Output "High" voltage lour=-5mA VoH 24 — v
Output "Low" voltage louT =4.2 mA VoL —_ 0.4 \)

NOTES:

1. The output pins are in high-impedance state.

2. lccet, lees, Iccs and Iccs depend on the cycle time.

3. Cycle time: 190 ns (LH64258-10), 220 ns (LH64258-12).
Figures in parenthesis indicate current under minimum cycle time operation.
Address transition is occurs when RAS = Vi and RAS = VL.

CAPACITANCE (Vcc =5V £10%, Ta =0to +70°C, f = 1MHz)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT

Ai - A7 CiNg — 5 pF

Input capacitance Ao As. CIN2 - 8 pF
OE,CS Cing —_ 8 pF

RAS,WE Cing — 5 oF

L’;F;‘;"’:g:;“’:‘;‘ VO:1-10s | Cours - 10 oF
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CMOS 1M (256K x 4) Dynamic RAM LH64258
AC ELECTRICAL CHARACTERISTICS ' %34 (Voc =5V +10%, Ta = 0 to +70°C)
PARAMETER SYMBOL LHE4258-10 LHE4258-12 UNIT NOTE
MIN. | MAX. | MIN. | MAX.
(1) READ CYCLE
Random read or write cycle time trc 160 190 ns
Access time from RAS taac 100 120 ns 7
Access time from CS tacs 25 30 ns 7
Access time from column address taa 50 60 ns 7
Access time from OE toea 25 30 ns 7
Row address set-up time tasr 0 [} ns
Row address hold time tRAH 15 15 ns
Column address delay time (RAS) trap 20 50 20 60 ns 5
Column address lead time (RAS) tRAL 50 60 ns
Column address hold time (RAS) taHR 15 15 ns
RAS pulse width tras 100 10,000 120 10,000 ns
RAS precharge time tap 50 60 ns
CS precharge time (RAS fall) torp 0 0 ns
CS delay time (RAS) taco 25 75 35 90 ns 6
CS lead time (RAS) tasL 25 30 ns
OE command RAS lead time thoL 0 0 ns
Output data disable time (CS) toFF 25 30 ns
Output data disable time (OE) toez 25 30 ns
Output data hold time (address) taoH 5 5 ns
Output data hold time (CS) tsoH 0 0 ns
Output data hold time (OE) tooH 0 0 ns
Read command set-up time (CS) tacs 0 0 ns
Read command hold time (CS) tReH 10 10 ns 8
Read command hold time (RAS fall) tRRHN 10 130 ns 8
Read command hold time (RAS rise) taRHP 10 10 ns 8
Transition time (rise and fall) tr 3 35 3 35 ns
Refresh time interval tReF 8 8 ms
(2) STATIC COLUMN MODE READ CYCLE
Static column mode cycle time tsc 55 65 ns
Column address hold time (RAS) tar 100 120 ns
(3) WRITE CYCLE (EARLY WRITE)
Column address set-up time (CS) tasc [} 0 ns
Column address hold time (CS) tcan 20 20 ns
Write command set-up time (CS) twes (1] [V} ns 9
Write command hold time (CS) tweH 15 20 ns
Data input set-up time tos 0 [\] ns
Data input hold time ton 20 20 ns
Write pulse width (CS) twp 15 20 ns
(OE CONTROL WRITE)
TS set-up time (WE) tows 0 0 ns 9
CS hold time (WE) town 15 20 ns
Write command lead time (RAS) tRwL 30 40 ns
Write pulse width (WE) twp 15 20 ns
OF hold time (WE) toen 20 20 ns 10
Column address set-up time (WE) tasw 0 0 ns
Column address hold time (WE) twaH 20 20 ns
See next page for notes.
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LH64258 CMOS 1M (256K x 4) Dynamic RAM
PARAMETER SYMBOL LH64258-10 LH64258-12 UNIT NOTE
MIN. MAX. MIN. MAX.
(4) READ-WRITE CYCLE
Read-write cycle time tawe 225 270 ns
WE delay time (RAS) tRwD 135 160 ns
Column address delay time (WE) tawp 85 100 ns
WE delay time (CS) tow 60 70 ns
OF delay time toep 25 30 ns
(5) STATIC COLUMN MODE WRITE CYCLE
—W_—E inactive time twi 10 15 ns
CS inactive time tor 10 15 ns
CS set-up time (WE) tows 15 20 ns 1
Write command delay time (RAS) tawn2 100 120 ns
(6) CS-BEFORE-RAS REFRESH CYCLE/HIDDEN REFRESH CYCLE
CS set-up time (RAS) tcsr 0 0 ns
[ TS hold time (RAS) 1cHR 20 25 ns
CS precharge time (RAS rise) trpcp 10 10 ns
WE precharge time (RAS) twrp (1] 0 ns
CS precharge time (RAS fall) tRePN 100 120 ns

NOTES:
1.

For proper operation, at least 500 ps of pause time after power-on
followed by several initialization cycles (usually 8 ordinary refresh

cycles) should be given.

2. AC characteristics assume tr = 5 ns. (tr refers to the transition

time between V4 and ViL.)

3. Timing measurements are referenced to Vi (MIN.) and Vi

(MAX.).

lcc when power on depends on RAS input level.

1f RAS = ViL when power on, LSI goes into an active cycle and
may have a large current Icc. It is recommended to rise RAS
with Vce or fix at Vi, when power on.

. traD (MAX.), is the maximum point for trap where taa (MAX.) is
ensured, and does not represent a limit of operation.

If traD 2 traD (MAX.), the access time comes under the control
of taa.

6. trcp (MAX.) is the maximum point for trcp where tacs (MAX.) is
ensured, and does not represent a limit of operation.
If trep 2 trep (MAX.), the access time comes under the control
of tacs.

7. 2TTL + 100 pF load

8. The operation is ensured when either trcH or trrH is satisfied.

9. twcs, tcws are not restrictive operating parameters. |f twes 2
twes (MIN.), the cycle is an early write cycle and the data out
buffers remain inactive throughout entire cycle.

10. togH is required to keep /O pin floating.

When OE goes "Low" with CS = "Low" and WE = "High", I/O pin
is used to output data as written.

11. tcws is not restrictive operating parameter. When tcws < tcws

(MIN.), it may come into early write cycle.
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LH64258

tac
thas tap
_—
RAS N\ 7 vy
taap traL tanR
tasr| | tran ‘&_‘
- ROW o COLUMN -V
Ao-he ADDRESS ADDRESS WO(:X _ V:f
trRHN
Y -y
WE _/ taRHP \ - v:t
facs Yo
taco tast [
cs Vi
troL
o \ “u
L'o_EA, kel
taa tson
tAcs 'OEZ
trac toon
1/0, - 10,4 VALID DATA- — xg[a
64258-3
Figure 3. Read Cycle
tac
tras - tgp
T —
RAS N ,J N\ C zr
tash| [traH tasc toan
j -V,
Ao Ao Aob. s X XX vy
tawe
taco twe terp
) ] .
cs N ] vy
twes twen
WE \ —Viu
We Z 4 —Vi
tos| | _ton
7 N
o0, X XA omam KXXOOXXXX “vr
NOTE: OE = Don't care i
Figure 4. Write Cycle (Early Write)
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tras . tae

— y } 7 —Vin
RAS N p \ —v,

Vi

><]

—Vin
—Vi

- e 2
oe toe N\ Yy
toez ‘lggl toH

vor-10, - X OCKXXX XK okt XXXXXXXXXX. Zvr

8

64258-5
Figure 5. Write cycle (OE Controlled Write)
tawe
tras tRp

_ \ -V

RAS N\ 7 \ —v::
_.‘-ASR -— tRap
o KL

A o

oo XOO0kaEXOOK 288 T 0000~
tawp
trep fowH terp
— -V
cs —Vi
WE ~Vi
WE .
SE =V
OE _—
10, - 110, =V, Vou
= Vi, Vo
64258-6

Figure 6. Read/Write Cycle




CMOS 1M (256K x 4) Dynamic RAM

LH64258

- ROW
wrhe - JOC08 KOO K eoness

COLUMN

tawp2

tras v
RAS —Vin
RAS \__ Yy
taap tap
tasa| |tran - tsc | tRaL
B COLUMN Y COLUMN COLUMN =V
Ao~ As DDRESS, \ ADDRESS #\\ ADDRESS ADDRESS )OOO(XXYXX _ v::
tRAHN |
tar 'CRP
thco ter tasy
cs f —Vi
\ /|l e/ vy
tacs taeH | | _o lcH
tacs taann
= :
WE —Vi
WE __/ J \__ — V"_
troL
OE —Vi
°F \‘ / ~ViL
foea facs ] torr
taa taa taa
tacs taon | _|tore toez
110, - /O, — 7 A0 D f VALID b Vi Vou
e 3 \  DATAOUTN 4 Vi VoL
64258-7
Figure 7. Static Column Mode Read Cycle
tras
-V
RAS H
RAS N ¥ w N ° ¥e
tran tasc

vy

J]t —Vi
— Vi

1/0; - O

VALID
DATA-

tos| | ton bs

VALID VALID _
DATA- DATA- Vi
VL

64258-8

NOTE: OE = Don't care

Figure 8. Static Column Mode Write Cycle (Early Write)
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LH64258 CMOS 1M (256K x 4) Dynamic RAM

tras
E—
R -V,
RAS N w N - w
tasw
-‘-I sk |- H twan tasw  twan tasw twan
Ay-Ag ROW COLUMN f COLUMN COLUMN ~Vin
ADD. 4 ADDRESS 4 ADDRESS ADD. -V
tawp2
frep  ftows| | town o ows ] fewn _ _ferr,
— 4 —V,
cs \ / 1 J[ vy
tsc isc tawL
twe twi twp twi wp
— IL—! /_—_ —Vi
WE \_; \ /7 \ / —Vi
loen loen
Il 1 v
OE \ :vm
toep 22} loeo L
=Vin
~Vi
64258.9
Figure 9. Static Column Mode Write Cycle
(OE Control Write)
tras
RACG _VIH
RAS \ tap -V
tasp| |tran twan
- ROW COLUMN COLUMN -V,
ho-hs 5@2& e KOO s | QOGO Ve
tawp
tacp town fown crp
=5 / ;l‘ -V
[ \ p \‘ 4 _ V:'L‘
tewo two "
tacs tawp twe tawp twp
) -V,
WE -/ \ \:U/ vy
) troL j
toen acs  loep toEH
" = |
OE =V
OE OED \—_ — Vi
TPOEA. w | o
An £Z
oo o] Py o L tos| |_ ton
aae ALT ‘ =
7 VALID Al VALID -V
1/0, - VO, {DATA-R pATA-IN D DATAN DATA-IN _V::'
64258-10

Figure 10. Static Column Mode Read/Write Cycle
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tae tac
taas tap tras )
— s \ —V,
w N I U =
taap taaL
tasn| {tRAH Ll tar
g Mzl ™
8 ADD. \ _ ADDRESS -V
taco tRsL | tcHR torp|
— J&  -Vu
cs / —Vi
taRHN
j tres 'Rmp‘\__}_'ﬂnf ,
ﬁ “VIH
—_— —V
troL
== Vi
OE \ / ~Vi
tL" toea torr
a-BA L =~
| tacs | | loez|
taac
1/O; - O, ’," VALID DATA-OUT :}-— :x:f
64258-11
Figure 11. Hidden Refresh Cycle
tac
tras )
RAS )l} h =V
X . VW
tap
tash | | tran
ROW -V
o s X XK anontss K XOOXOQOOOOOOOXXX XXX =
NOTE: CS ="H" WE, OE = Don'tcare 125812
Figure 12. RAS Only Refresh Cycle
frc
tras )
. T y \ —V,
\ | — N
tap
tapcn
tosh teHR ; to tapce
_ Y -V
« N/ N
NOTE: WE, OE, Ay-Ag = Don't care 25815

Figure 13. CS Before RAS Refresh Cycle
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LH64258

CMOS 1M (256K x 4) Dynamic RAM

ORDERING INFORMATION

LH64258 X
Device Type Package

- ##
Speed

10 100
12 120

D 20-Pin, 300-mil DIP (DIP20-P-300A)

Access Time (ns)

K 26-Pin, 300-mil SOJ (SOJ26-P-300)
lZ 20-Pin, 400-mil ZIP (ZIP20-P-400)

CMOS 1M (256K x 4) Dynamic RAM

Example: LH64258D-10 (CMOS 1M (256K x 4) Dynamic RAM, 100 ns, 20-Pin, 300-mil DIP)

64258-14
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LH64400

PRELIMINARY .

CMOS 4M (1M x 4) Dynamic RAM

FEATURES

PIN CONNECTIONS

e 1,048,576 x 4 bit organization

o Access times: 80/100 ns (MAX.) 20-PIN DIP TOP VIEW

o Cycle times: 140/160 ns (MIN.) Vo, 1e 20[JVss

2 19110,

e Cycle time in high speed page mode: "%E s - §| /o:
50/55 ns (MIN.) __ _
RASC] 4 17[71CAS

e Power supply: +5V + 10% A s 16[JOE

o Power consumption (MAX.): :°E : :i g:"
Operating: 523/468 mW (MAX.) 1[: o oy = 7
Standby: 5.5 mW (MAX.) Ae As

A 9 12[0As
e TTL f;orrrpatlble_I/O Vec[CJ10 1A,
e Early-write or OE control allows bus
management of the data-out buffer 20-PIN ZIP
* RAS only refresh, Hidden refresh and ol e
CAS-betfore-RAS refresh capability o, 5 f Ic/:oﬁt:e,

e 8-bit parallel test mode xgs 2t i8luoy

(contact SHARP for details) o2k Bl wE
RASIS:  1qa,

e 1,024 refresh cycle ] S L
(refresh period (MAX.) = 16 ms) L [

<l idA,

e Packages: :5 7 idas
20-pin, 300-mil DIP 1% zda,
26-pin, 300-mil SOJ
20-pin, 400-mil ZIP
26-pin, 300-mil TSOP 26-PIN TSOP 26-PIN TSOP

(normal/reverse bend pins) (NORMAL BEND) (REVERSE BEND)
I0;[] 1@ 26 [11/0,

DESCRIPTION o, 2 25 10,

WE[] 3 24 1 WE

The LH64400 is a 1,048,576 x 4 bit dynamic RAM RAS[] 4 23 IRAS

which provides a high speed page mode operation. Nc[ s 22 INC
The LH64400 is fabricated using advanced CMOS

process technology. With multiplexed address inputs

and standard 20-pin DIP/ZIP or 26-pin SOJ/TSOP pack- ':o E 9 : g 1A

ages, it is easy to comprise memory systems with high N 1 A %:'2

speed, low power consumption and large memory A: 12 15 (1A,
capacity. The LH64400 operates on a single +5 V power Vec 13 14 [ Vee
supply. The built-in high output substrate bias generator —

circuit eliminates sensitivity to undershoot on the input 64400-1

signals.

Figure 1. Pin Connections for DIP, SOJ,
ZIP, and TSOP Packages
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LH64400 PRELIMINARY CMOS 4M (1M x 4) Dynamic RAM

1o, O, 1O WO,
E—0@—(®—639
= OE CLOCK
OE (& GENERATOR | 1 Ves
DATA IN DATA OUT GENERATOR
BUFFER BUFFER
wWE R/W CLOCK
WE @ GENERATOR }
ngoc
p— CAS CLOCK v
cAs ()——]GeNERaTOR e
Ele
3|5
— MEMORY Qlo
—= RAS CLOCK w
RAS (@—— ARRAY - | g
¢ GENERATOR 4,194,304 g2
BITS I
0|2
@8
ADFE)%V;’SS REFRESH @
BUFFER CONTROL
l ROW
DECODER
ADDRESS
BUFFER
1
©O—@—0E@—0O@—1W—@—©E——® 5
Ao A A A A, As  As A Ag Ag
NOTE: The pin numbers apply to 20-pin DIP.
64400-2|
Figure 2. LH64400 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao- Ag Address input OE Output enable
RAS Row address strobe /01 - 1104 Data input/output
CAS Column address strobe Vee Power supply (+5 V)
WE Write enable Vss Power supply (0 V)

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage vVt -1.0t0 +7.0 Vv 1
Output short circuit current los 50 mA
Power consumption Pp 1.0 w
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55 to +150 °C

NOTE:
1. Referenced to Vss
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CMOS 4M (1M x 4) Dynamic RAM PRELIMINARY LH64400
RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Vce 45 5.0 55 v 1
Supply voltage
PPl 9 Vss 0 0 0 Vv
Input voltage Vi 24 6.5 v L
Vi -1.0 0.8 \" 1
NOTE:
1. Referenced to Vss
DC CHARACTERISTICS (TA=01to +70°C, Vcc =5V + 10%)
PARAMETER SYMBOL MIN. MAX. UNIT NOTE
Average supply current LH64400-80 — 95
in normal operation LH64400-10 lecs — a5 mA 1.2,3
Supply current in standby mode Iccz — 1.0 mA 1
Average supply current LH64400-80 —_ 70
in high speed page mode LH64400-10 leca _ 60 mA 1.2
Average supply current LH64400-80 — 95
in CAS before RAS Iccs mA 1,2,3
refresh cycle LH64400-10 — 85
Average supply current LH64400-80 — 95
in RAS only refresh cycle LH64400-10 lec7 — 85 mA 1.2,3
OV<VN<65V
Input leakage current 0V on all other pins ] -10 10 pA
0V<Vour<65V
Output leakage current Output in high-impedance state o -10 10 pA
Output "High" voltage lout = -6 mA VoH 24 —_ \"
Output "Low" voltage lour=4.2mA VoL — 04 v
NOTES:
1. The output pins are in high-impedance state.
2. leey, lees, lecs and lee7 depend on the cycle time.
3. Address transition occurs when RAS = Vi and RAS = Vi,
CAPACITANCE (Vcc=5V +10%, Ta =0 to 70°C, f = 1MHz)
PARAMETER SYMBOL MIN. MAX. UNIT
Ao - Ag Cint — 5 pF
Input capacitance RAS, CAS Cinz _ 5 pF
WE, OE CiNa — 5 pF
Input/output capacitance /01 - 1/O4 Court1 — 7 pF
SHARP 2-61



LH64400

PRELIMINARY

CMOS 4M (1M x 4) Dynamic RAM

AC CHARACTERISTICS 234 (Ta = 0to +70°C, Vcc = 5 V + 10%)

PARAMETER SYMBOL LH64400-80 LH64400-10 UNIT NOTE
MIN. | MAX. | MIN. [ MAX.
(1) READ CYCLE

Random read/write cycle time tre 140 160 ns

Access time from RAS tRac 80 100 ns 7
Access time from CAS tcac 25 30 ns 7
Access time from column address taa 40 50 ns 7
Access time from OE toea 20 25 ns 7
Row address setup time tasr 0 0 ns

Row address hold time tRaH 10 15 ns

Column address setup time tasc 0 0 ns

Column address delay time (ﬁfg) traD 15 40 20 50 ns 5
Column address lead time (RAS) tRAL 40 50 ns

Column address hold time (RAS) tcan 15 20 ns

RAS pulse width tras 80 10,000 100 10,000 ns

RAS precharge time trp 50 50 ns

CAS precharge time (RAS fall) tcRP 0 0 ns

CAS delay time (RAS) thco 20 55 25 70 ns 6
CTAS lead time (RAS) tast 25 30 ns

OE command RAS lead time tRoL 0 0 ns

Output data disable time (CAS) torF 20 25 ns

Output data disable time (OE) toez 20 25 ns

CAS pulse width tcas 25 10,000 30 10,000 ns

CAS hold time tosH 80 100 ns

Output data hold time (CTA?T tsoH 0 0 ns

Output data hold time (OE) tooH 0 0 ns

Read command setup time tacs 0 0 ns

Read command hold time (CAS) trReH 10 10 ns 8
Read command hold time (RAS rise) 1RRH 10 10 ns 8
Transition time (rise and fall) tr 3 50 3 50 ns

Refresh time interval tReF 16 16 ms

(2) HIGH SPEED PAGE MODE READ CYCLE

High speed page mode cycle time tec 50 55 ns

CAS precharge time tcp 10 10 ns

CAS precharge access time (CAS rise) tcace 45 50 ns 7,10
RAS pulse width trasP 80 10,000 100 10,000 ns

High speed page mode read write cycle time tPRWC 105 115 ns 1

(3) WRITE CYCLE EARLY WRITE)

Data input setup time tos 0 0 ns

Data input hold time toH 15 15 ns

Write command set-up time twes 0 0 ns 9
Write command hold time tWeH 10 15 ns

(OE CONTROL)

CAS set-up time (WE) tows 0 0 ns 9
Write command lead time (RAS) tRWL 20 25 ns

Write command lead time (CAS) towL 20 25 ns

Write pulse width (WE) twp 15 15 ns

OE hold time (WE) toEH 20 20 ns

(4) READ-WRITE CYCLE
Read-write cycle time trwe 195 225 ns 1
WE delay time (RAS) trRwD 110 135 ns 1
Column address delay time (WE) tawp 70 85 ns 1
WE delay time (CAS) towp 55 65 ns [T
OE delay time toep 20 25 ns
(5) CAS BEFORE RAS REFRESH CYCLE/HIDDEN REFRESH CYCLE

CAS setup time (RAS) tesa 0 0 ns

CAS hold time (RAS) toHR 20 20 ns

'RAS/CAS precharge time (RAS rise) tRPc 10 10 ns

WE precharge time (RAS) [ 0 0 ns

WE/RAS hold time tWRH 10 10 ns

CAS precharge time (RAS fall) topn 10 10 ns

* See next page for notes.
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CMOS 4M (1M x 4) Dynamic RAM

PRELIMINARY

LH64400

NOTES:

1.

For proper operation, at least 200 ps of pause time after power-on
followed by several initialization cycles (usually 8 ordinary refresh
cycles) should be given.

AC characteristic assume tr = 5 ns. (tr refers to the transition
time between Vi4 and Vi)

Timing measurements are referenced to Vin (MIN.) and Vi
(MAX.).

Icc when power on depends on RAS input level.

If RAS = ViL when power on, LS| goes into an active cycle and
may have a large current Icc. It is recommended to rise RAS
with Vcc or fix at Vi when power on.

treo (MAX.), is the maximum point for trap where taa (Max.) is
ensured, and does not represent a limit of operation.

If traD 2 tRAD (MAX.), the access time comes under the control
of taa.

®

trep (MAX.), is the maximum point for trRap where tcac (MAX.)
is ensured, and does not represent a limit of operation.

If trep 2 trep (MAX.), the access time will come under the control
of tcac.

2TTL + 100 pF load.

The operation is ensured when either trcH or trrH is satisfied.
twcs is not a restrictive operating parameter. It comes into early
write cycle with the WE = "Low" at the falling edge of CAS. Then,
1/O pins remain inactive until the CAS = "High" irrespective of
WE.

10. If tcace 2 tcp + tcac + tr, the access time depends upon tcace.

1.

trRwc, tRwD, tawp, tcwp and tPrwc are not restrictive operating
parameters.

tac
taas tap
—
RAS N 7 \
tosn
— ih ZF_ —
cAs tacs p
t_‘§°.| tcas terp
facp tasL
trap traL
tasa| | taan
ROW [} COLUMN b
Ao~ Ao X>§‘ ADDRESS m ADDRESS /
toan
taRH
__ Y
WE _/ troL, 'ﬁgﬁ\_
o N
|tore
oA tsoH
taa loez
teac toon
trac
110, - IO, t‘wxug \DATA )
64400-3
Figure 3. Read Cycle
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LH64400 PRELIMINARY CMOS 4M (1M x 4) Dynamic RAM
tac
taas tre
[ —— ; p
RAS S( T ) W
taco tasL torp
N \ ‘S
CAS \ /
tcas
tesH
taap  ftasc
tIA’SE‘ trAH tcan
ROW " COLUMN Y
Aoy porss O s QOOOOOCOOOON
twes twen
WE \[ /
s || toH
10, XXX XXX o XXX XXX
NOTE: OE = Don't care 644004
Figure 4. Write Cycle (Early Write)
tac
thas tap
[N ———
RAS N P \
[ tere
CAs /
teas
tesn
taap _tasc
tash| | tran tcan
i |
o XX KX 00K
- om |
_ | fews
taw
\ twp
We N/
toen
-
OE /| toeo 1\\\\\\\\\\\\\\\\\
toez {bos| | ton
w10, YOOOOOOOTK o FKIOOVOTVK.
64400-5'

Figure 5. Write Cycle (OE Control)
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CMOS 4M (1M x 4) Dynamic RAM PRELIMINARY LH64400
tawe
tRas /P
Ty \
RAS N / \
tesH
tacp | fere
cAs N A‘
tpap!ASC| r low,
tash| [taan tcan e
%o XX tss X 58 )X OOOOOOOOCOOOOONXK
tawp
tawp
WE
OE
1/0y - /O,
644006
Figure 6. Read/Write Cycle
tRas tap
— T\
\ 5 N
tpc e tasL
trep tas  for | foas | tep teas tcrp
o — )
CAS ‘\ N /
tesH
lacs
tRap -
tasc é
t M t t
‘:35 .'RA".; bo.'c_m.l :Asg Lony 3 lfoan,
%o XX eiees KOOOQOURORaR KON et KON e XX
tcace cace taru
e ,
__ \ taa
OE \
foac
toEa
110, - VO, {
64400-7
Figure 7. High Speed Page Mode Read Cycle
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LH64400 PRELIMINARY CMOS 4M (1M x 4) Dynamic RAM
tras tap
. Ty *'_!
RAS \ 59 V| \_
tec tec tast.
tacp feas_  fep | leas | ler, tcas tcrp
cas N \ /
tesh )
trap :
AsC
t aE tasg |fcan tasd [tcan
Ag-As X)g‘ ROW (CoLUMNY ooLtﬁ COLUMN ‘WX)(
\ ADDRESS \ ADD.1 ADD.2 ADD.N
WE
1O, - IO,
644008
Figure 8. High Speed Page Mode Write Cycle
LIS p
fesH ﬁ\
ms N . )
trep teRwe terwe tasL
teas tep teas for teas
CcAs tan \ 7 N 557 \ 1/
T e o thscl | o
ASR WL
L RAH: _A_Sg%‘-:’l ﬁso':_ g 6'0»{
fa-2a YK soncees XOC0n &5 G, &
J
) tawo 'cv_v;l | tawo _ tow | tawo
tres tewo twe fewo || twe| tewn
X \ J/ \ twe
WE / \ l/ \ A
tcace -5 teace
e — SS
_ e \
OE 5 t o
toa ED £D
o t toea toeal || || [l
: |l ) r t°°H‘ toeo
toea_| toon tos| teag Lo | toae| -H~ftoez
taac I " _‘Qﬂ_‘ taa | ﬁ tan tooH
1104 - 1O, — : ] {
VALID  VALID VALID VALID VALID VALID
DATA-  DATA- DATA- DATA- DATA- DATA-
ouTi  IN1 ouT2 IN2 OUTN INN
64400-9

Figure 9. High Speed Page Mode Write Cycle
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CMOS 4M (1M x 4) Dynamic RAM PRELIMINARY LH64400
tre tre
tras trp tras e
=
RAS N / !\‘ JZ
taco tasL tonr terp|
_ —
CAS \ /
trap traL
tasr| [tRAH tasq |_tcan
=
4 p'
ho- Ao :‘Eﬂ@& aooness KUQOQOXVOOOXXXX
|
tacs tRRH L'Wﬂ‘
] T
WE L] \/
o N A
tero ] o
tan toez
trac
1O, - VO, ‘; VALID DATA-OUT ;
64400-10
Figure 10. Hidden Refresh Cycle
tre
tras
_ \
RAS " 4 . \
tash| | tran
ot XK K KX XXX KKK
NOTE: CAS = 'High‘;VvE, OE = Don't care 64400-11
Figure 11. RAS Only Refresh Cycle
tre
taas
__
RAS N / N
tap
tcen  fesr tenr tarc
CAS K
twre| |_ twaH
J— X
we ////) AL AN ANNAN
NOTE: OE, A,- Ag =Don'tcare 64400-12
Figure 12. CAS Before RAS Refresh Cycle
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LH64400 PRELIMINARY CMOS 4M (1M x 4) Dynamic RAM

ORDERING INFORMATION

LH64400 X - ##
Device Type Package Speed

l—{?g ?80 Access Time (ns)

Blank 20-pin, 300-mil DIP (DIP 20-P-300A)
K 26-pin, 300-mil SOJ (SOJ26-P-300)
lz 20-pin, 400-mil ZIP (ZIP 20-P-400)

S 26-pin TSOP (TSOP26-P-300 type II) Normal bend
SR 26-pin TSOP (TSOP26-P-300 type Il) Reverse bend

CMOS 4M (1M x 4) Dynamic RAM
Example: LH64400K-80 (CMOS 4M (1M x 4) Dynamic RAM, 80 ns, 26-pin, 300-mil SOJ)
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LH5P832

CMOS 256K (32K x 8) Pseudo-Static RAM

FEATURES
e 32,768 x 8 bit organization

Access time:
120 ns (MAX.)

o Cycle time:
190 ns (MIN.)

e Power consumption:
Operating: 303 mW
Standby: 16.5 mW

e TTL compatible I/O
e 256 refresh cycle/4 ms

e Auto refresh is executed by internal
counter (controlled by OE/RFSH pin)

o Self refresh is executed by internal timer
e Single +5 V power supply

e Package:
28-pin, 600-mil DIP
28-pin, 300-mil SK-DIP
28-pin, 450-mil SOP

DESCRIPTION

The LH5P832 is a 256K bit Pseudo Static RAM
organized as 32,768 x 8 bits. It is fabricated using
silicon-gate CMOS process technology.

The LH5P832 uses convenient on-chip refresh cir-
cuitry with a DRAM memory cell for pseudo static
operation. This simplifies external clock inputs, while
providing the same simple, non-multiplexed pinout as
industry standard SRAMs. Moreover, due to the func-
tional similarities between PSRAMs and SRAMs, many
32K x 8 SRAM sockets can be filled with the LH5P832
with little or no changes. The advantage is the cost
savings realized with the lower cost PSRAM.

The LH5P832 PSRAM has the ability to fill the gap
between DRAM and SRAM by offering low cost, low
standby power, and a simple interface.

Three methods of refresh control are provided for
maximum versatility. A ‘CE-Only’ refresh cycle re-
freshes the addressed row of memory cells transpar-
ently. All 256 rows must be refreshed or accessed every
four milliseconds. ‘Auto Refresh’ automatically cycles
through a different row on every OE/RFSH clock pulse,
accomplishing the row refreshes without the need to
supply row addresses externally. ‘Self Refresh’ further
simplifies the refresh requirements by eliminating the
need for address inputs and clock pulses entirely. An
automatic timer senses time periods when memory
accesses have ceased, and provides full refresh of all
rows of memory without any extenal assistance.

PIN CONNECTIONS
28-PIN DIP TOP VIEW
28-PIN SK-DIP
28-PIN SOP
)
Al 10 281 Vee
A 2 270 RW
A, 03 26[JA3
A 4 25[]A,
AsC] 5 24[A,
AL s 23[JA,,
A7 22| JOE/RFSH
A 8 21[J A
Al o 20[CE
A, 10 19[11/0g
1o, 11 18 [dil0,
10,012 17 310,
1o, 13 16[11/0s
GND 14 15710
—
5P832-1

Figure 1. Pin Connections for DIP, SK-DIP,
and SOP Packages
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LH5P832

CMOS 256K (32K x 8) Pseudo-Static RAM

———

Vgs BIAS-GENERATOR

GND|

COLUMN
ADDRESS COLUMN
BUFFER DECODER
[le] DATA
SENSE |-l SELECTOR [ IN
ROW AMPS BUFFER
ADDRESS ‘ 4
BUFFER L
1 MEMORY
EXT/INT
REFRESH|  |ADDRESS| L, oY
ADDRESS [==t{  MUX 125 COLUMNS
COUNTER DATA
ouT
| BUFFER
CLOCK
CEQD 1| eNERATOR
AUTO-REFRESH [~ SELF-REFRESH
_ CONTROLLER |-  TIMER
OFE/
RFSH,
2 D
o e— )
spasz-2|
Figure 2. LH5P832 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
RW Read/Write input Ag - Aig Column Address inputs
OE/RFSH Output Enable/Refresh input CE Chip Enable input
/01 - 1/Og Data inputs and outputs Vee Power supply
Ao- A7 Row address inputs GND Ground
TRUTH TABLE
CE WE OE/RFSH MODE VO - VO Icc NOTE
L L X Write Datain Operating (Icc) 1
L H L Read Data out Operating (lcc)
L H H CE-Only Refresh High-Z Operating (lcc)
H X L Auto Refresh High-Z Operating 1,2
H X L Self Refresh High-Z Standby 1,3
NOTES:

1. X=HorL 2 OE Pulsewidth <8 s 3. OE Pulsewidth > 8 ps
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CMOS 256K (32K x 8) Pseudo-Static RAM LH5P832

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Applied voltage on any pin \24 -1.0to +7.0 \" 1
Output short circuit current lo 50 mA
Power consumption Pp 600 mW
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55 to +150 °C

NOTE:
1. Referenced to GND

RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vee 45 5.0 5.5 "
Input voltage Vi ,2'4 Vec +03 v

ViL -1.0 +0.8 "

CAPACITANCE (Vcc =5.0V +£10%, Ta =0 to +70°C, f = 1MHz2)

PARAMETER SYMBOL MIN. MAX. UNIT
Input capacitance 2 -i“ ﬂ Ot 8 PF
CE, OE/RFSH Cin2 5 pF
Input/output capacitance /04 - /08 Cout1 12 pF

DC CHARACTERISTICS (Vcc=5V+ 10%, Ta=0 to +70°C)

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Operating current lcct trc = 190 ns 55 mA 1
Standby current lcc2 CE = Vi, OE/RFSH = ViH 3 mA 1
Self refresh average current lcca CE = Vi, OE/RFSH = Vi 3 mA
Input leakage current Iul OV<VN<SBS5V -10 10 HA
Output leakage current ILo 0V<Vour<Vec+03V -10 10 A 1
Output High voltage VoH lout = -1 mA 24 \

+Output Low voltage VoL lout = 4 mA 04 Vv
NOTES:
1. The output pins are in high-impedance state.
AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 0.6t024V
Input riseffall time 5ns
Timing reference level 15V
1TTL gate, CL = 100 pF
Output load conditions (Includes scope and jig
capacitance)
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LH5P832 CMOS 256K (32K x 8) Pseudo-Static RAM

AC CHARACTERISTICS
READ AND WRITE CYCLES 2 (Vcc =5.0 V +10%, Ta = 0 to 70°C)
PARAMETER SYMBOL MIN. MAX. UNIT NOTE

Random read, write cycle time tRC 190 ns

Read modify write cycle time tRMW 280 ns

CE pulse width tce 120 10,000 ns

CE precharge time tp 60 ns

Address setup time tas 0 ns

Address hold time tAH 30 ns

Read command hold time tRcH 0 ns

Read command setup time tRcs 0 ns

CE access time tcEA 120 ns

OE access time toEA 50 ns

CE to output in Low-Z tcLz 10 ns

OE to output in Low-Z toLz 0 ns

Output enable from end of write twLz 0 ns

Chip disable to output in High-Z tcHz (o] 35 ns 2
Output disable to output in High-Z toHz 0 35 ns 2
Write enable to output in High-Z twHz 0 35 ns 2
OE setup time toEs 10 ns

OE hold time toEH 0 ns

OE lead time tOEL 10 ns

Write command pulse width twep 85 ns

Write command setup time twes 85 ns

Write command hold time twcH 85 ns

Data setup time from write tosw 50 ns

Data setup time from CE tpsc 50 ns

Data hold time from write tDHW 0 ns

Data hold time from CE tpHe 0 ns
Transition time (rise and fall) tr 3 35 ns

Refresh time interval tReF 4 ms
REFRESH CYCLE

Auto refresh cycle time trc 190 ns

Refresh delay time from CE tRFD 60 ns

Refresh pulse width (Auto refresh) tFAP 80 8,000 ns
Pt ey e e E s
&Emge::x' ;ls"r:? from refresh active trcE 225 ns

Refresh pulse width (Self refresh) tFas 8,000 ns
e o aam 5

NOTES:
1. Atleast 1 ms of pause time after power on should be given for proper device operation.

CE and OE/RFSH must be fixed at Vi for 1 ms from the Vpp reached to the specified voltage level.
2. Active output to high-Z and high-Z to output active tests specified for a 500 mV transition

from steady state levels into the test load. CLoap = 5 pF.
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CMOS 256K (32K x 8) Pseudo-Static RAM LH5P832
tae
tce tp
— | 4 )
GE WM y, \
tas tan
o Y2 X s XXX KKIK KRKKXXK
toEH torL _| toes
OE/ Viu— 4
W Al
tRes, tacH
v
RW V:f—_/ tcea torz \_
toea torz |
VO, - 10g V' :X}l,’ DATA B
oz
oz
5P832-3
Figure 3. Read Cycle
tac
tee to
= Vp— Y /4 \
CE = \ 1 \"
as 1, tan
v 3= ) oo K XXXXAXKIARK TXXXXKX
toes l'_o_s;c‘
OF/ v, -
RFSH, Vi— j wn \_
twes
twep
RAV \H \ /
tosw touw
tosc e
|/0,-|/08&r: DATA-IN )E——
5P832-4
Figure 4. Write Cycle
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LH5P832

CMOS 256K (32K x 8) Pseudo-Static RAM

tamw
tee tp
— Ve —
CE wi- ; N f —
tas tan
e 3= Y e KOCXXXKXCKAX YOXXX
foen toes|_
OF/ vy,
RFSH Vie— \t / /
twes
tres twep
— Vi — 4 Yy
sl v:f— j \ 7
tosw touw
tosc tore
v:[.: i DATA- IN —
to t
0y - I'Og I_EA'OEA tor":zi“lz twiz tonz
Vox — \
L T 00—
| forz
oz
5P832:5
Figure 5. Read/Write Cycle
tac
tee ) tp
= e —— —
ViL—- X X
tas tan
hohr Y= XXX _soomess X XOOOOOOOOXXOOOOOOOKXXX
toes ‘b%
oF/ Vih—
RFSH ViL— —/:ms toom \_
— V — X
RW W=/ ___
VO, - U0y Yor~ HIGH-Z
o —
NOTE: Ag- Ay =Don'tcare 5P832-6
Figure 6. CE Only Refresh Cycle
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LH5P832

CMOS 256K (32K x 8) Pseudo-Static RAM

— v
CEV/Z / e .

R N\ (7777777777777

NOTE: A, - A,,, RW = Don't care

5P832-7

Figure 7. Auto Refresh Cycle

CE WM _/ N

taFD teas teRs
OF/ Vu—
RFSH ViL — \ /
VO, - 10, ¥gr - HIGH-Z

NOTE: A, - A4, RW = Don't care

5P832-8

Figure 8. Self Refresh Cycle

ORDERING INFORMATION

LH5P832 X - #H#
Device Type Package Speed

‘— 12 120 Access Time (ns)

Blank 28-pin, 600-mil DIP (DIP28-P-600)
D 28-pin, 300-mil SKDIP (SKDIP28-P-300)
N 28-pin, 450-mil SOP (SOP28-P-450)

CMOS 256K (32K x 8) Pseudo Static RAM

Example: LH5P832N-12 (CMOS 256K (32K x 8) Pseudo Static RAM, 120 ns, 28-pin, 450-mil SOP)

5P832-9

SHARP
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LH5P8128

CMOS 1M (128K x 8) Pseudo-Static RAM

FEATURES
e 131,072 x 8 bit organization

o Access times (MAX.): 60/80/100 ns
o Cycle times (MIN.): 100/130/160 ns

e Power consumption:
Operating: 572/440/358 mW (MAX.)
Standby: 275 uW (MAX.) in self-refresh
mode

e TTL compatible I/O

e Available for auto-refresh and
self-refresh modes

e 512 refresh cycles/8 ms

e Compatible with JEDEC standard 1M
SRAM pinout

e Packages:
32-pin, 600-mil DIP
32-pin, 525-mil SOP
32-pin, 8 x 20 mm? TSOP (Type )
(normal and reverse bend pins)

DESCRIPTION

The LH5P8128 is a 1M bit Pseudo Static RAM
organized as 131,072 x 8 bits. It is fabricated using
silicon-gate CMOS process technology.

A PSRAM uses on-chip refresh circuitry with a DRAM
memory cell for pseudo static operation which elimi-
nates extemal clock inputs, while having the same
pinout as industry standard SRAMs. Moreover, due to
the functional similarities between PSRAMs and
SRAMs, existing 128K x 8 SRAM sockets can be filled
with the LH5P8128 with little or no changes. The
advantage is the cost savings realized with the lower
cost PSRAM.

The LH5P8128 PSRAM has the ability to fill the gap
between DRAM and SRAM by offering low cost, low
power standby and a simple interface.

PIN CONNECTIONS
32-PIN DIP TOP VIEW
32-PIN SOP
—
RFSH[] 1e 327 Vee
A 2 310 A5
AL 3 301 CE,
A 4 29[ JRW
A s 28[7 A5
A e 2710 A
A7 26[A,
A s 25 Ay
Ao 24[10E
A, O 23 Ay
A, O 22 CE,
A, 12 21 o,
o, 13 203110
Vo, 14 19105
o, [J15 18310,
GND {16 17310,
D — 5P8128-1

Figure 1. Pin Connections for DIP and
SOP Packages
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8128
32-PIN TSOP (l) (NORMAL BEND) 32-PIN TSOP (l) (REVERSE BEND)
4 N —_ 4 N\
Ay 10 32[] OE A6 170 A,
A 2 31 Ay A; 15 18 A,
A 3 30[ CE, Ag 14 19 A,
A ] 4 29710, A; [ ]13 204,
RW[] s 28] 1/0¢ A 2 21 [0,
CE, [ 6 273104 A, On 221 vo,
AsO 7 26110, A 10 23 o,
Vec [] 8 25[J1o0, RFSH[] 9 247 GND
RFSH[] o 2471 GND Voo [ 8 25110,
Ays []10 23[1110, AsO 7 26 [0,
A 11 22[7 10, CE,[] 6 270,
A 12 21310, RW[] 5 28 [ 110
A; []18 20[J Ay Aa[] 4 29[ vo,
Ag []14 19[7 A, A 3 30 [] CE,
As[]15 18[ A, AL 2 31[J Ay
A []16 170 A, An] 1 32[0E
. J \. J
5P8128-1A
Figure 2. Pin Connections for TSOP Packages
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LH5P8128 CMOS 1M (128K x 8) Pseudo-Static RAM

(de)aND
~+—e—32) Vee
:
1
A
Ay COLUMN
A ADDRESS COLUMN
As BUFFER DECODER
A 11
N SENSE 1o . D'ANT A 13 10,
:: _ oW aMps [ ]sELECTOR BUFFER == | @vo,
ADDRESS (150,
A10@d | BUFFER (D vo.
3
Aﬂ @ EXT/INT e @ V°4
Arz REFRESH|  |ADDRESS bEcobER| | MEMCRY 19 vos
Ais ADDRESS jte{  MUX . 29 10g
AMy(3) | COUNTER DATA |=td ()10,
Ass ouT
A BUFFER [~
CE, €2 CLOCK
CE GENERATOR
REFRESH [*~] REFRESH
CONTROLLER | ..} TIMER
RFSH jD_r
seer——d )
RW
NOTE: Pin numbers apply to 32-pin DIP or SOP. sporon
Figure 3. LH5P8128 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao - At Address input CE;, CE2 Chip Enable input
RW Read/Write input RFSH Refresh input
OE Output Enable Input I/Op - /07 Data input/output
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Applied voltage on any pins VT -1.0to +7.0 \ 1
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55 to +150 °C
Output short circuit current lo 50 mA
Power consumption Pp 600 mW
NOTE:

1. The maximum applicable voltage on any pin with respect to GND.
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8128

RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vee 45 5.0 55 v
GND 0 0 0 v
Input voltage Vi 24 Vee +0.3 Vv
ViL -1.0 0.8 v

CAPACITANCE (Ta =0to +70°C, f = 1MHz, Vcc = 5.0 V £ 10%)

PARAMETER SYMBOL MIN. MAX. UNIT
Ao - At CiNt 8 pF
Input capacitance RW, OE Cinz S pF
CEs, CE2 Cing | 5 pF
RFSH Cina | 5 pF
Input/output capacitance /Op - VO7 Court1 10 pF
DC CHARACTERISTICS (Ta=0to +70°C,Vcc=5.0V+ 10%)
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT | NOTE
LH5P8128-60 104
Operating current LH5P8128-80 lcct trc = trc (MIN) 80 mA 1,2
LH5P8128-10 65
Standby current TTL Input lcc2 1 mA 1.3
CMOS Input 0.05 1,4
Self-refresh average TTL Input 1 1,5
lccs mA
current CMOS Input 0.05 1,6
CPU internal cycle LH5P8128-60 104
average curren){ LH5P8128-80 lcca (RW =OE = Vi) 80 mA | 1,2
LH5P8128-10 65
0V<ViNSBSV
Input leakage current Ll 0V on all other test pins -10 10 HA
0V<Vour<Vcc+03V
/0 leakage current Lo Output in high- -10 10 HA
impedance state
Output HIGH voltage VOH lout=1mA 2.4 v
Output LOW voltage VoL loutr =4 mA 0.4 \
NOTES:
1. The output pins are in high-impedance state
2. lcct and Iccs depend on the cycle time
3. CE1=Vi, RFSH =V
4. CE1=Vcc-0.2V,RFSH = Vec-0.2V
5. CE1=Vi, RFSH = ViL
6. CE1=Vcc-0.2V,RFSH=02V
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LH5P8128 CMOS 1M (128K x 8) Pseudo-Static RAM

AC ELECTRICAL CHARACTERISTICS "'23 (Ta = 0 to +70°C, Vcc = 5.0 V + 10%)

PARAMETER SYMBOL LH5P8128-60 LH5P8128-80 LH5P8128-10 uNiIT | NOTE
MIN. MAX. MIN. MAX. MIN. MAX.
Random read, write cycle time tRC 100 130 160 ns
Read modify write cycle time tRMW 155 195 235 ns
CE pulse width tce 60 10,000 80 10,000 100 10,000 ns
CE precharge time tp 30 40 50 ns
Address setup time tas 0 0 0 ns 4
Address hold time tAH 15 20 25 ns 4
Read command setup time tRCs 0 0 0 ns
Read command hold time tRCH 0 0 0 ns
CE access time tCEA 60 80 100 ns 5
OE access time toEA 25 30 35 ns 5
CE to output in Low-Z toLz 20 20 20 ns
OE to output in Low-Z toLz 0 0 0 ns
Output enable from end of write twLz 0 0 0 ns
Chip disable to output in High-Z tCHzZ 20 25 30 ns
Output disable to output in High-Z toHZ 20 25 30 ns
Write enable to output in High-Z twHz 20 25 30 ns
OE setup time toEs 0 0 0 ns
OE hold time 1OEH 10 10 10 ns
Write command pulse width twp 30 30 30 ns
Write command setup time twes 30 30 30 ns
Write command hold time twcH 40 50 60 ns
Data setup time from write tDsw 25 30 35 ns 6
Data setup time from CE tosc 25 30 35 ns 6
Data hold time from write 1DHW 0 0 0 ns 6
Data hold time from CE tDHC 0 0 0 ns 6
Transition time (rise and fall) tr 3 35 3 35 3 35 ns
Refresh time interval tREF 8 8 8 ms
Refresh command hold time tRHC 15 15 15 ns
Auto refresh cycle time trc 100 130 160 ns
Refresh delay time from CE tRFD 30 40 50 ns
m{g"}';ffgg‘)’ width tap | 30 | 8000 | 30 | 8000 | 30 | 8000 | ns
Pelicah procharge o w | % a0 v
Refresh pulse width (Self refresh) tFAs 8,000 8,000 8,000 ns
O e o repesh trRs | 140 160 190 ns

NOTES: _
1. In order to initialize the circuit, CE1 should be kept at Vin or CE2
should be kept at Vi for 100 pus after power-up.

2. AC characteristics are measured at tt = 5 ns.

3. AC characteristics are measured at the following condition (see 24V 26V
figure at right). INPUT XO.B \ 06V

4. Address is latched at the negative edge of CE1 or at the positive ’
edge of CEa. 33V

5. Measured with a load equivalent to 2TTL + 100 pF. OUTPUT Xo_'a v

6. Data is latched at the positive edge of W/R or at the positive
edge of CE1 or at the negative edge of CE2.

5P8128-3
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8128
tac
te tce
—_ - —
& wo __ /N /
— X
CE, VT \ /] \
tas tan
v ]
rome W OOOOK e K OOOOOOOOOOODKHKKK
6 Vm- \ /
OE Vi — L
l"'&S’ tacH
Vi —
RW V:r— 4 \
toea
tcea tonz
oz
terz tenz
110, - /07 vg':: :DQ( VALID-DATA OUTPUT »)_._
e
teas_| | tarc tarp
RFSH VyC / \ /
NOTE: CE, = LOW, CE, = HIGH. 5PB1284

Figure 4. Read Cycle
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LH5P8128

CMOS 1M (128K x 8) Pseudo-Static RAM

tae
tp tce
— v —
CEr vi— / \L /
Vi — p|
CE M \ /] N
tas tan
Viu— i ADDRESS
RPN, D § 00N OO
toes
l——— toen
OE vIL_ / tWCS M
twen
twe
- 4
RW &:f_ /
_ fosw | torw
tosc toHe
1/0, - YO, ¥g[‘: { DATA INPUT
tp
tas | |tHe taFD
aren  VH—
RFSH yH~ / \ \
NOTE: CE, = LOW, CE, = HIGH. 5P81285

Figure 5. Write Cycle 1 (OE = HIGH)
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CMOS 1M (128K x 8) Pseudo-Static RAM

LH5P8128

CE,

Ao.Ass

110, - VO,

L

RFSH

Dout v,

Viu—
ViL—

Vin—
ViL—

Viu—
ViL—

V-
L=

Viu—
ViL—

Viu—
ViL—

Von—
oL—

VlH -
ViL—

tac

tp

XXXXK

tas tan

ADDRESS
INPUT

twen

twe

tosw

toHw

tosc

touc

toz

tonz

VALID DATA INPUT

tep

%Rs I‘RHc

Ltor _

twz

tonz

tarp

NOTE: CE, = LOW, CE; = HIGH.

5P8128-6

Figure 6. Write Cycle 2 (OE Clock)
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LH5P8128

CMOS 1M (128K x 8) Pseudo-Static RAM

tac
tp tee
= e —
CE / N /
Viu— L
CE, gz \ / N\
tas tan
_ ADDRESS h
ST D S S ¢
—— V —_
o V:f— twes
twen
twp
Viy— s
RW VM- \ /
tosw tonw
/ =
tosc tore
l' Diy ¥:’:: {  vAUDDATA INPUT
| twez tonz
110, - 11O, forz bz
L Vou—
KRR
tep
Rs |'an tarp
RFSH VM~
ViL— /
NOTE: CE, = LOW, CE, = HIGH. 5P8128.7

Figure 7. Write Cycle 3 (OE = LOW)
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8128

tamw

= N
2 wi- k—/ U‘___

tas tan

R Vin— ADDRESS b
ro-me Yoo OO "o XOOOOOOOXKXK

OE VYm— h
OF  vi- st /
tacs twes
twen
twp
Vi —
RW (T / \ /
toEa tosw| tonw
cea Iosc tonc
Viu— y
[ on Vi— { DATA INPUT )E———
oz twiz tonz
-1
/G - VO7 oz tonz twiz
L Dour ¥ng DATA OUTPUT ZXE—
tep
%rs | |‘an tarp
RFSH UM~

ViL— /‘ \ / \

NOTE: CE, = LOW, CE, = HIGH.

5P8128-8

Figure 8. Read-Modify-Write Cycle

SHARP 3-17



LH5P8128 CMOS 1M (128K x 8) Pseudo-Static RAM

tre
tp lee ,
CE rC A SF L
% T N |
sl
Aoke V= OO e KX KXKIHXIKIKK
loEH
& \C N\
loes
trcs tacH
Yo / N
1Oy - O, ¥gr: OPEN
fee IRFD
teRs I‘RHc
N / N / N
NOTE: CE, = LOW, CE, = HIGH. 5P8128.0

Figure 9. CE Only Refresh

&Y/ | S
o5, Y- NNN\N\\\/77774/4
o g
% W [//7777777 NN\
ot Y- ) '

tarp In
tep | tras FRs
— V- i
RFSH ' _ f
U0,-10; WM™ OPEN

-

5P8128-11

Figure 10. Auto Refresh Cycle
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CMOS 1M (128K x 8) Pseudo-Static RAM

LH5P8128

CE,

CE,

CE,

RFSH

1/0, - IO,

weo_ / N

Vo \N\N\NN\\\\N\ /1

v ///////// NN\

W N o
I_'F_P_ ) tras teRs

Vo / \L / LN

ORDERING INFORMATION

Figure 11. Self Refresh Cycle

LH5P8128

X

- ##

Device Type

Package

Speed

60L 60
80L 80 Access Time (ns)
i0L 100

Blank 32-pin, 600-mil DIP (DIP32-P-600)
N 32-pin, 525-mil SOP (SOP32-P-525)

CMOS 1M (128K x 8) Pseudo-Static RAM

Example: LH5P8128N-60L (CMOS 1M (128K x 8) Pseudo-Static RAM, 60 ns, 32-pin, 525-mil SOP)

T 32-pin, 8 x 20 mm? TSOP(I) (TSOP32-P-0820)
TR 32-pin, 8 x 20 mm? TSOP(I) Reverse bend (TSOP32-P-0820)

5P8128-12
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LH5116

CMOS 16K (2K x 8) Static RAM

FEATURES

2,048 x 8 bit organization

Access time:
100 ns (MAX.)

Power consumption:
Operating: 220 mW (MAX.)
Standby: 5.5 uyW (MAX.)

Single +5 V power supply
Fully static operation

TTL compatible 11O
Three-state outputs

Wide temperature range available
LH5116H: -40 to +85°C

Packages:
24-pin, 600-mil DIP
24-pin, 300-mil SK-DIP
24-pin, 450-mil, SOP

Compatible with 16K EPROM and mask

ROM pinout

DESCRIPTION

The LH5116 is a static RAM organized as 2,048 x 8
bits. It is fabricated using silicon-gate CMOS process
technology. It features high speed access in read mode
using output enable (toE).

PIN CONNECTIONS
24-PIN DIP TOP VIEW
24-PIN SK-DIP —_—

24-PIN SOP Al 1e 24 Jvee

As] 2 23[1A,

AsC] 3 2 [A,

A 4 21 OWE

A0 5 20 [JOE

A 6 19 [ 1Ay

Al 7 18 [JCE

Al 8 17 [0,

o, o 16 [JVO,

1o, Cj10 15 [J1/0g

1o, 11 14 [ 1110,

GND []12 13 [Jwo,
5116-1

Figure 1. Pin Connections for DIP, SK-DIP,
and SOP Packages
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LH5116 CMOS 16K (2K x 8) Static RAM

é » % 4) V,
34 e MEMORY CELL c
(=] & 8 ARRAY q GND
<5 =] (128 x128)
b =
Q e}
« «
L 1! X
3 — T
& COLUMN — N
3 /0 CIRCUIT >
3 N
(8]
< <
L COLUMN DECODERS >
3 ~
| <\
COLUMN ADDRESS L]
™ BUFFERS
CE
CE (8
WE @i
OE (9 a }
OmOmOme),
Ar Ay Ay Ay
5116-2

Figure 2. LH5116 Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao - Ao Address input 1/O1 - 1Og Data input/output
CE Chip Enable input Vce Power supply
OE Output Enable input GND Ground
WE Write Enable input
TRUTH TABLE
CE OE WE MODE 10, - Os SUPPLY CURRENT | NOTE
L X L Wirite DiN Operating (lcc) 1
L L H Read Dout Operating (lcc)
H X X Deselect High-Z Standby (IsB) 1
L H X Outputs disable High-Z Operating (lcc) 1
NOTE:
1. X=Horl
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CMOS 16K (2K x 8) Static RAM LH5116
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vce -0.3t0+7.0 Vv 1
Input voltage VIN -0.3to Vcc + 0.3 Vv 1
. 0to +70 2
Operating t t T °C
perating temperature opr 2010485 3
Storage temperature Tstg -55 to +150 °C
NOTES:
1. The maximum applicable voltage on any pin with respect to GND.
2. Applied to the LH5116/D/NA
3. Applied to the LH5116H/HD/HN
RECOMMENDED OPERATING CONDITIONS *
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vce 4.5 5.0 5.5 \'J
Input voltage Vin 22 Vec + 03 v
ViL -0.3 0.8 Vv
NOTE:
1. Ta=0to 70°C (LH5116/D/NA), Ta = -40 to +85°C (LH5116H/HD/HN)
DC CHARACTERISTICS ' (Vec =5V £10%)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
Output "LOW" voltage VoL loL=2.1mA 0.4 "
Output "HIGH" voltage VoH loH =-1.0 mA 2.4 v
Input leakage current 1] Vin=0Vto Vcc 1.0 pHA
Output leakage current o] CE = ViH, Vio =0 V to Ve 1.0 HA
Operating current lect Outputs open (O = Vce) 25 30 mA 2
Icc2 Qutputs open (OE = Vi) 30 40 mA 3
CE2Vcc-0.2V 1.0
Standby current s All other input pins = 0 V to Vcc 0.2 HA 4
NOTES:
1. Ta=0to 70°C (LH5116/D/NA), Ta = -40 to +85°C (LH5116H/HD/HN)
2. CE =0 V; all other input pins =0 V to Vcc
3. CE = Vi; all other input pins = ViL to ViH
4. Ta=25°C
AC CHARACTERISTICS '
(1) READ CYCLE (Vcc =5V +10%)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Read cycle time tRc 100 ns
Address access time tAA 100 ns
Chip enable access time tacE 100 ns
CE Low to output in Low-Z tcLz 10 ns 1
Output enable access time toE 40 ns
Output enable Low to output in Low-Z toLz 10 ns 1
Chip disable to output in High-Z tcHz 0 40 ns 1
Output disable to output in High-Z toHz 0 40 ns 1
Output hold time toH 10 ns

NOTE:

1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition
from steady state levels into the test load. CLoap = 5 pF.

SHARP



LH5116 CMOS 16K (2K x 8) Static RAM

(2) WRITE CYCLE ! (Vec =5V + 10%)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Write cycle time twe 100 ns
Chip enable to end of write tcw 80 ns
Address valid time taw 80 ns
Address setup time tas 0 ns
Write pulse width twp 60 ns
Write recovery time twR 10 ns
Output active from end of write tow 10 ns 2
WE Low to output in High-Z twHz 30 ns 2
Data valid to end of write tow 30 ns
Data hold time tDH 10 ns
Output enable to output in High-Z toHz 40 ns 2
Output active from end of write tow 10 ns 2

NOTE:

1. Ta =0 to +70°C (LH5116/D/NA), Ta = -40 to +85°C (LH5116H/HD/HN)

2. Active output to high-impedance and high-impedance to output active tests specified for a 500 mV transition
from steady state levels into the test load. CLoap = 5 pF.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 08Vto22V
Input rise/all time 10ns
Timing reference level 15V
Output load condition 1TTL + 100 pF

DATA RETENTION CHARACTERISTICS !

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
Data retention voltage | Vccopr CE 2 Vccre - 0.2V 2.0 v
. CE > Vccpr-0.2V, 1.0
retention I . v
Data on current CCDR VocDR = 3.0 V o2 pA 2
Chip disable to data
retention tcor 0 ns
Recovery time tr trc ns 3
NOTES:
1. Ta =0 to +70°C (LH5116/D/NA), Ta = -40 to +85°C (LH5116H/HD/HN)
2. Ta=25°C

3. trc = Read cycle time

CAPACITANCE ! (f = 1MHz, Ta = 25°C)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Input capacitance CiN VIN=0V 7 pF
Input/output
capacitance Cuwo Vio=0V 10 pF
NOTE:

1. This parameter is sampled and not production tested.




CMOS 16K (2K x 8) Static RAM

LH5116
toor DATA RETENTION MODE ta
Vee
4as5V- -~~~ ikl Wittt —--r-----
22V---- '——--\- --------------- / N, S —
(Y AN W AN \ ———
CE CE 2 Vgcpr -02V
] » Yy
5116-6
Figure 3. Low Voltage Data Retention
tac
Ay-Ayp )( >(
tan ton
tace
e \\\\k L7
toe tenz
SE 4
o8 \NNWNNNNNR 1N
torz tonz
oz
Dout ( ( DATA VALID ) 7
NOTE: WE = "HIGH"
5116-3

Figure 4. Read Cycle
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LH5116 CMOS 16K (2K x 8) Static RAM

twe
Ag-Ag )(
aw ‘twn (NOTE 3)
few
& \\\ L7777
tas twe
(NOTE 2)
__ \ S
WE &\ /
twhz (NOTE 4) tow
(NOTE 5)
Dour 1777777777
tow ton (NOTE 6)
Diy )ee%@

NOTES: OE = "LOW"
1. WE must be HIGH when there is a change in Ag - Ayo.
2. When CE and WE are all LOW at the same time, write occurs during the period typ.
3. tyg s the time from the rise of CE or WE, whichever is first, to the end of the write cycle.
4. If CE LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high-imped:
5. Doyt outputs data with the same logic level as the input data of this write cycle.
6. If CE is LOW during this period, the input/output pin is in the output state. During this state, input
signals of opposite logic level must not be applied.

51164

Figure 5. Write Cycle 1

twe
-A 4
Ao-Aqo )\
(NOTE 3)
taw twr
& [/ RN
fow
= Th\ [T
tas fwp
(NOTE 2)
— X\ /
WE R\ R / otz
o ~
tow
(NOTE 6)
Dour
tow
(NOTES 4, 5) = ton
(NOTE 7)
Ow < AVLVAY
NOTES:
1. WE must be HIGH when there is a change in Ay - Ao
2. When CE and WE are all LOW at the same time, write occurs during the period typ.
3. tyg s the time from the rise of CE or WE, whichever is first, to the end of the write cycle.
4. If CE LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high-impedance.
5. Doyr outputs data with the same logic level as the input data of this write cycle.
6. If CE is LOW during this period, the input/output pin is in the output state. During this state, input
signals of opposite logic level must not be applied. 1165

Figure 6. Write Cycle 2 (Note 1)
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CMOS 16K (2K x 8) Static RAM LH5116
. ACCESS TIME VS. SUPPLY VOLTAGE ACCESS TIME VS. AMBIENT TEMPERATURE
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Figure 7. Electrical Characteristic Curves
(Vce =5V, Ta = 25°C unless otherwise specified)
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LH5116

CMOS 16K (2K x 8) Static RAM

ORDERING INFORMATION (Ta = 0°C to 70°C)

LH5116
Device Type

X

- it

Package

Speed
I——— 10 100 Access Time (ns)

[ Blank 24-pin, 600-mil DIP (DIP24-P-600)

D 24-pin, 300-mil SK-DIP (DIP24-P-300)
| NA 24-pin, 450-mil SOP (SOP24-P-450)

CMOS 16K (2K x 8) Static RAM

Example: LH5116NA-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP)

5116-8
ORDERING INFORMATION (TA =-40°C to +85°C)
LH5116H X - ##
Device Type Package Speed
10 100 Access Time (ns)
Blank 24-pin, 600-mil DIP (DIP24-P-600)
D 24-pin, 300-mil SK-DIP (DIP24-P-300)
| N 24-pin, 450-mil SOP (SOP24-P-450)

CMOS 16K (2K x 8) Static RAM

Example: LH5116HN-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP) s1160

4-8
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LH5116S

CMOS 16K (2K x 8) Static RAM

FEATURES

2,048 x 8 bit organization

Access time:
1000 ns (MAX.)

Low power consumption:
Operating: 33 mW (MAX.)
Standby: 3.3 pW (MAX.)

Fully static operation
Three-state outputs
Single +3 V power supply

Package:
24-pin, 450-mil SOP

DESCRIPTION

The LH5116S is a static RAM organized as 2,048 x 8
bits. It is fabricated using silicon-gate CMOS process
technology. It operates at a low supply voltage of
3Vt 10%.

PIN CONNECTIONS

24-PIN SOP TOP VIEW

A 1e 24 [Vee

A 2 23 1A,

As 3 22 1Ay

AL 4 21 [JWE

A 5 20 [JOE

AL] 6 19 [ 1Ay

Al 7 18 [JCE

A 8 17 [O1/Og

1o, o 16 [0,

Vo,10 15 [J1/0g

1o, 11 14 1o,

GND 12 13 [J1o,
5116SN-1

Figure 1. Pin Connections for SOP Package
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LH5116S CMOS 16K (2K x 8) Static RAM

0
2, i
o
55 9 MEMORY CELL DV
ok 8 ARRAY cc
] S (128 x128) > GND
€ 2
| S
] .
. COLUMN —1 K
5 VO CIRCUITS | k
8 l k
<
>3 COLUMN DECODERS
a QY
— S
COLUMN ADDRESS
9 BUFFERS N
CE

@@ g
WE @1
OE g }

Ay Az A A

5116SN-2

Figure 2. LH5116S Block Diagram

PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao - Ao Address input /O - 1/Og Data input/output
CE Chip Enable input Vce Power supply
OE Output Enable input GND Ground
WE Write Enable input
TRUTH TABLE
CE OE WE MODE VO - VOs SUPPLY CURRENT NOTE
L X L Write Din Operating (lcc) 1
L L H Read Dout Operating (lcc)
H X X Deselected High-Z Standby (Isg) 1
L H X Output disable High-Z Operating (Icc) 1
NOTE
1. X=HorlL
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CMOS 16K (2K x 8) Static RAM LH5116S
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vce -0.3to +7.0 \" 1
Input voltage VIN -0.3to Vcc +0.3 " 1
Operating temperature Topr 0to +50 °C
Storage temperature Tstg -55 to +150 °C
NOTE:
1. The maximum applicable voltage on any pin with respect to GND.
RECOMMENDED OPERATING CONDITIONS (Ta =0 to +50°C)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vece 2.7 3.0 33 v
Input voltage Vi 22 Vec +03 v
ViL -0.3 0.8 "
DC CHARACTERISTICS (Vcc =3V +£10%, Ta =0 to +50°C)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT | NOTE
Output "LOW" voltage VoL loL=2.1 mA 0.5 v
Output "HIGH" voltage VoH loH =-1.0 mA Vce - 0.5 "
Input leakage current ) Vin=0Vto Vcc 1.0 pA
Output leakage current | ol CE=Vm, Vio=0Vto Vcc 1.0 HA
Operating current lcct Outputs open (O_E =Vce) 8 10 mA 1
lcc2 Outputs open (OE = ViH) 8 10 mA 2
CE2Vcc-02V
Standby current lccL All other input pins = 0 V to Vcc 1.0 uA
NOTES:
1. CE =0V, all other input pins =0 V to Vcc
2. CE = Vi; all other input pins = ViL to Vin
AC CHARACTERISTICS (Vcc =3V +10%, Ta =0to +50°C)
(1) READ CYCLE
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Read cycle time tRc 1000 ns
Address access time taA 1000 ns
Chip enable access time 1ACE 1000 ns
CE Low to output in Low-Z teLz 10 ns 1
Output enable access time toe 100 ns
Output enable Low to output in Low-Z toLz 10 ns 1
Chip disable to output in High-Z tcHz 0 40 ns 1
Output enable to output in High-Z toHz 0 40 ns 1
Output hold time toH 10 ns

NOTE:

1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition
from steady state levels into the test load. Croap = 5 pF.
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LH5116S CMOS 16K (2K x 8) Static RAM

(2) WRITE CYCLE (Vcc =3V 1+10%, Ta =0 to +50°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Write cycle time twe 1000 ns
Chip enable to end of write tcw 100 ns
Address valid time taw 100 ns
Address setup time tas 0 ns
Write pulse width twp 100 ns
Write recovery time twr 20 ns
WE Low to output in High-Z twHz 30 ns 1
Data valid to end of write tow 50 ns
Data hold time toH 20 ns
Output active from end of write tow 10 ns 1
Output enable to output in High-Z toHz 40 ns 1

NOTE:
1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition
from steady state levels into the test load. CLoap = 5 pF.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 0to Vcc
Input rise/fall time 10ns
Timing reference level 15V
Output load conditions 1TTL + 100 pF

DATA RETENTION CHARACTERISTICS (Ta =0 to +50°C)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
Data retention voltage Vceor | CE2Vecpr-0.2V 2.0 v
Data retention current lccor EEfCZSSZRZ"g 5 V. ;: HA 1
Chip disable to data retention tCDR 0 ns
Recovery time R trc ns 2
NOTES:
1. Ta=25°C

2. tre = Read cycle time

CAPACITANCE ! (Ta = 25°C, f = 1MHz)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Input capacitance CiN ViN=0V 7 pF
Input/output capacitance Ciro Vio=0V 10 pF

NOTE:
1. This parameter is sampled and not production tested.
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CMOS 16K (2K x 8) Static RAM LH5116S

teor DATA RETENTION MODE ta
VOC _____ pe | G —
25V
22V e mmm e e - / B .
VeeoR = = = 5 = = = - = e - - - - - \----
CE CE 2 Vegpr 0.2V
OV mmm e e e e e e
5116SN-6
Figure 3. Low Voltage Data Retention
tae
Ao-Avo X
tace
& \\\\\ 77
toe tonz
ot NN R y
torz tonz
oz
Dout ( ( DATAVALID  j—} )
NOTE: WE = "HIGH"
5116SN-3

Figure 4. Read Cycle
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LH5116S CMOS 16K (2K x 8) Static RAM

fwe
Ag-Aro )(
taw n”j(NOTE 3)
few
CE ;:5\ /;;;;;;;;z
tas twe
(NOTE 2)
— SQ .
WE NAR /
(NOTE 4) tow
(NOTE 5)
DOUTIL(!fﬁﬁf!(ﬂ
fow ton
(NOTE 6)
Ow VivAvAVi
NOTES: OF = "LoW"
1. WE must be HIGH when there is a change in Ag - Ayq.
2.When CE and WE are both LOW at the same time, write occurs during the period twp.
3. typis the time from the rise of CE or WE, whichever is first, to the end of the write cycle.
4. 1f CE LOW transition occurs at the same time or before WE LOW transition, the output will remain high-impedance.
5. Doyt outputs data with the same logic level as the input data of this write cycle.
6. If CE is LOW during this period, the input/output pins are in the output state. During this state, input
signals of opposite logic level must not be applied. 51165N-4

Figure 5. Write Cycle 1

twe ,
vy 4
Ao- Ao )\
taw twr (NOTE 3)
& //f N\
few
& \\\\ LI
tas twe
(NOTE 2)
— X\ /
WE \\ A\ / otz
tonz tow =
(NOTE 5)
Douyr
tow
(NOTE 4) ] ton
(NOTE 6)
w4 N/N/NINE
Dw ¢ VAVAVAN
NOTES:
1. WE must be HIGH when there is a change in Ag - Asq.
2. When CE and WE are both LOW at the same time, write occurs during the period typ.
3. twn is the time from the rise of CE or WE, whichever is first, to the end of the write cycle.
4. If CE LOW transition occurs at the same time or before WE LOW transition, the output will remain high-impedance.
5. Doy outputs data with the same logic level as the input data of this write cycle.
6. If CE and OE are LOW during this period, the input/output pins are in the output state. During this state, input
signals of opposite logic level must not be applied. 51165N-5]

Figure 6. Write Cycle 2
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CMOS 16K (2K x 8) Static RAM LH5116S

ORDERING INFORMATION

LH5116S X - #t
Device Type Package Speed

I-——— 10 1000 Access Time (ns)

N 24-pin, 450-mil SOP (SOP24-P-450)

CMOS 16K (2K x 8) Static RAM

Example: LH5116SN-10 (CMOS 16K (2K x 8) Static RAM, 1000 ns, 24-pin, 450-mil SOP)

5116SN-7
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LH5117

CMOS 16K (2K x 8) Static RAM

FEATURES

2,048 x 8 bit organization

Access time:
100 ns (MAX.)

Power consumption:
Operating: 220 mW (MAX.)
Standby: 5.5 uW (MAX.)

Single +5 V power supply
Fully static operation

TTL compatible I/O
Three-state outputs

Wide temperature range available
LH5117H: -40 to +85°C

Packages:
24-pin, 600-mil DIP
24-pin, 300-mil SK-DIP
24-pin, 450-mil SOP

DESCRIPTION

The LH5117 is a static RAM organized as 2,048 x 8
bits. It is fabricated using silicon-gate CMOS process
technology.

The chip select input provides high speed access in
read mode.

PIN CONNECTIONS
g:EiE ggglp TOP VIEW
24- - -~
A0 10 24 [JVcc
As] 2 23[1As
AsL] 3 22 1A,
A 4 21 WE
A0 5 20 [Cs
A 6 19 :IA“,
A 7 18 [JCE
A 8 17 [JV/O,
o] 9 16 [ 11/0,
110,10 15 [11/0g
110, 11 14 o,
GND 12 130,
51171

Figure 1. Pin Connections for DIP, SK-DIP,
and SOP Packages
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CMOS 16K (2K x 8) Static RAM

LH5117

'—C_E
§ a % DV,
i 8 MEMORY CELL e
Q & 8 ARRAY 12 GND
<5 o (128 x128)
23 2
€ 2
. ]
s COLUMN — N
z /O CIRCUIT
g I S
< <V
] COLUMN DECODERS
a <V
1 R
COLUMN ADDRESS <]
7 BUFFERS
CE |
WEQ ——g )
CE (8
OmOmOm);
Ay A3 Ay A
5117-2
Figure 2. LH5117 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao - Ao Address input /01 - 1108 Data Input/Output
CE Chip Enable input Vce Power supply
CS Chip Select input GND Ground
WE Write Enable input
TRUTH TABLE
CE cs WE MODE 1O+ - /O SUPPLY CURRENT | NOTE
L L L Write Din Operating (lcc)
L L H Read Dout Operating (lcc)
L H X Deselect High-Z Operating (lcc) 1
H X X Deselect High-Z Standby (IsB) 1
NOTE
1. X=HorlL
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LH5117 CMOS 16K (2K x 8) Static RAM

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vce -0.3to0 +7.0 \ 1
Input voltage VIN -0.3to Vec + 0.3 Vv 1

. 0to +70 2
Operating temperature Topr °C

pe 9 Pe P -40 to +85 3
Storage temperature Tstg -55 to +150 °C

NOTES:
1. The maximum applicable voltage on any pin with respect to GND.

2. Applied to the LH5117/D/N
3. Applied to the LH5117H/HD/HN

RECOMMENDED OPERATING CONDITIONS !

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vee 45 5.0 55 v
Input voltage Vi 22 Vec +0.3 v

ViL -0.3 0.8 Vv

NOTE:
1. Ta =0 to 70°C (LH5117/D/NA), Ta = -40 to +85°C (LH5117H/HD/HN)

DC CHARACTERISTICS ! (Vec =5V + 10%) ‘
PARAMETER SYMBOL CONDITIONS MIN. [ TYR | MAX. UNIT | NOTE

Output "LOW" voltage VoL loL=2.1 mA 0.4 \
Output "HIGH" voltage VoH loH=-1.0 mA 2.4 \
Input leakage current L] ViN=0Vto Vce 1.0 RA
Output leakage current | o] C\Eu: X"g'\?gflgé”’ 1.0 RA
Operating current lecs 25 30 mA 2
lcc2 30 40 mA 3
_CE2Vcc-0.2V, 1.0
Standby current Iss - ZC\/gcg 6%2\/\/ or 02 pA 4
All other input pins = 0 V to Vcc
NOTES:
1. Ta=010 70°C (LH5117/D/N), Ta = -40 to +85°C (LH5117HHD/HN)
2. E = 0 V; all other input pins = 0 V to Vce, outputs open
3. CE = Vy; all other input pins = ViL to ViH, outputs open
4. Ta=25°C
AC CHARACTERISTICS !
(1) READ CYCLE (Vcc = 5V +10%)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Read cycle time tRC 100 ns
Address access time LV 100 ns
Chip enable access time tACE 100 ns
Chip enable Low to output in Low-Z tcLz 10 ns 2
Chip select access time tacs 40 ns
Chip select Low to output in Low-Z tsLz 10 ns 2
Chip enable to output in High-Z tcHz 0 40 ns 2
Chip select to output in High-Z tsHz 0 40 ns 2
Output hold time toH 10 ns
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CMOS 16K (2K x 8) Static RAM LH5117

(2) WRITE CYCLE ' (Vce = 5 V +£10%)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Write cycle time twe 100 ns
Chip enable to end of write tcw 80 ns
Address valid time taw 80 ns
Address setup time tas 0 ns
Write pulse width twp 60 ns
Write recovery time twR 10 ns
Write enable Low to output in High-Z twHz 30 ns 2
Data valid to end of write tow 30 ns
Data hold time toH 10 ns
Output active from end of write tow 10 ns 2

NOTE:

1. Ta =0 to +70°C (LH5117/D/N), Ta = -40 to +85°C (LH5117H/HD/HN)

2. Active output to high-impedance and high-impedance to output active tests specified for a 500 mV transition
from steady state levels into the test load. CLoap = 5 pF.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 08Vto22V
Input rise/fall time 10ns
Input reference level 15V
Output reference level 1TTL + 100 pF

DATA RETENTION CHARACTERISTICS !

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
Data retention voltage | Vccpr CE = Vccre - 0.2V 20 \'
CE 2 Vcepr-0.2, 1.0
Data retention current lccor __CS52Vcepr-0.20r pA
CS<0.2V,Vccpr=3.0V 0.2 2

Chip disable to data

retention tcoR 0 ns

Recovery time tR trc ns 3
NOTES:
1. Ta =0 to +70°C (LH5117/D/N), Ta = -40 to +85°C (LH5117H/HD/HN)
2. Ta=25°C

3. trc = Read cycle time

CAPACITANCE ! (f = 1MHz, Ta = 25°C)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Input capacitance CIN ViN=0V 7 pF
Input/output capacitance Crvo Vio=0V 10 pF

NOTE:
1. This parameter is sampled and not production tested.
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LH5117 CMOS 16K (2K x 8) Static RAM

- tro
Ao-Ay )(
tan tou
tace
CE
K L7
tacs toHz
& \ 4 y
EANNANINNNNN L1101/,
tsiz tonz
oz
Dout ( V4 DATA VALID \L}
NOTE: WE = "HIGH"
5117-3
Figure 3. Read Cycle
twe
Ag-Ayo )<
taw twq (NOTE 3)
tow
e&5 \\\ /77//7////
tas twe
(NOTE 2)
__ _'_SQ S
WE N\ /
twiiz (NOTE 4) tow
(NOTE 6)
D AN VAN N VAN
o J/ [T TTT/]
tow ton (NOTE 5)
D DATA VALID )%eeé-
NOTES:
1. WE must be HIGH when there is a change in Ag - Aq.
2. When CE, CS and WE are all LOW at the same time, write occurs during the period typ.
3. twg is the time from the rise of CE, CS or WE, whichever is first, to the end of the write cycle.
4. If CE or CS LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high-impedance.
5. Doy outputs data with the same logic level as the input data of this write cycle.
6. If both CE and CS are LOW during this period, the input/output pins are in the output state. During this state, input
signals of opposite logic level must not be applied. 1174

Figure 4. Write Cycle
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CMOS 16K (2K x 8) Static RAM LH5117
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Figure 5. Electrical Characteristic Curves
(Vcc =5V, Ta = 25°C Unless Otherwise Specified)
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LH5117 CMOS 16K (2K x 8) Static RAM

tcor DATA RETENTION MODE R

VocnR—---/Z —————————— \----
CE CE > Vgepr -02V

51175

Figure 6. Low Voltage Data Retention

ORDERING INFORMATION (Ta =0 to +70°C)

LH5117 X - #i
Device Type Package Speed

l—— 10 100 Access Time (ns)

Blank 24-pin, 600-mil DIP (DIP24-P-600)
D 24-pin, 300-mil SK-DIP (DIP24-P-300)
N 24-pin, 450-mil SOP (SOP24-P-450)

CMOS 16K (2K x 8) Static RAM

Example: LH5117N-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP)

5117-7,

ORDERING INFORMATION (Ta = -40 to +85°C)

LH5117H X - ##
Device Type Package Speed

l— 10 100 Access Time (ns)

Blank 24-pin, 600-mil DIP (DIP24-P-600)
D 24-pin, 300-mil SK-DIP (DIP24-P-300)
N 24-pin, 450-mil SOP (SOP24-P-450)

CMOS 16K (2K x 8) Static RAM

Example: LH5117HN-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP)

51178
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LH5118

CMOS 16K (2K x 8) Static RAM

FEATURES

2,048 x 8 bit organization

Access time:
100 ns (MAX.)

Power consumption:
Operating: 220 mW (MAX.)
Standby: 5.5 pW (MAX.)

DESCRIPTION

The LH5118 is a static RAM organized as 2,048 x 8
bits. It is fabricated using silicon-gate CMOS process
technology.

The LH5118 accepts two chip-enables. These allow
data to be held with battery back-up for memory
expansion (used in systems with multiple memory
devices).

Low power mode (IsB) is available with CE1 and CE2
deactivated.

¢ Single +5 V power supply PIN CONNECTIONS
e Fully static operation 2PN Sk DI TOP VIEW
24-PIN SOP A E’ 1e 24‘:|Vcc
. 7
e TTL compatible I/O A 2 2[1a,
As] 3 221 Ay
e Three-state outputs Ad s 21 WE
. . A 5 20[] CE,
e Wide temperature range available A & 19T A
LH5118H: -40 to + 85°C Al 7 18[1CE,
AL 8 1710,
o Packages: vo,[] 9 16|10,
24-pin, 600-mil DIP 1o, CJ10 15110,
24-pin, 300-mil SK-DIP vo, [ 11 141110,
24-pin, 450-mil SOP R G
5118-1
Figure 1. Pin Connections for DIP, SK-DIP,
and SOP Packages
SHARP 423



LH5118

CMOS 16K (2K x 8) Static RAM

)
4., f v
34 g MEMORY CELL «©
= e ARRAY 42 GND
5 a (128 x128)
2l 3
€ 2
= ] —
g’ T
o COLUMN |
s /O CIRCUIT
8 l_\
<
> COLUMN DECODERS 6
o 6
1 S
COLUMN ADDRESS
I~ BUFFERS N
CE
[\
|/
[ o=
OO
Ay A3 A A
5118-2
Figure 2. LH5118 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao - Ao Address input /04 - I/Og Data Input/Output
CE2 Chip Enable input no. 2 Vce Power supply
CEy Chip Enable input no. 1 GND Ground
WE Write Enable input
TRUTH TABLE
CEy CE2 WE MODE VO - VOs SUPPLY CURRENT | NOTE
X H X Deselect High-Z Standby (IsB) 1
H X X Deselect High-Z Standby (IsB) 1
L L L Write Din Operating (lcc)
L L H Read Dout Operating (lcc)
NOTE:
1. X=HorlL

4-24

SHARP



CMOS 16K (2K x 8) Static RAM

LH5118
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vee -0.3t0+7.0 \ 1
Input voltage ViIN -0.3to Vcc + 0.3 \ 1
. 0to +70 2
Operating temperature Topr °C
P 9 P P -40 to +85 3
Storage temperature Tstg -65 to +150 °C
NOTES:
1. The maximum applicable voltage on any pin with respect to GND.
2. Applied to the LH5118/D/N
3. Applied to the LH5118H/HD/HN
RECOMMENDED OPERATING CONDITIONS *
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vee 45 5.0 55 v
Input voltage ViH 22 Vec + 0.3 v
ViL -0.3 0.8 \"
NOTE:
1. Ta=0to +70°C (LH5118/D/NA), Ta = -40 to +85°C (LH5118H/HD/HN)
DC CHARACTERISTICS ! (Vee =5V £10%)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
Output "LOW" voltage VoL loL=2.1 mA 0.4 v
Output "HIGH" voltage VoH loH =-1.0 mA 24 v
Input leakage current | ) ViN=0Vto Vce 1.0 HA
CEz = Vi or CEq = Vin, Vio
Output leakage current I lo| =0 V1o Voe 1.0 HA
Operating current lcct Outputs open (VE: Vee) 25 30 mA 2
lcc2 Outputs open (WE = ViH) 30 40 mA 3
(1) CE22Vce - 0.2V, and
(CE1>Vcc-0.2Vor 1.0 pA
CE1<0.2V)or
Standby current IsB (2) CE1 2 Vec - 0.2V, and
(CE22Vcc-0.2Vor
CE2<02V) 0.2 A 4

All other inputs = 0 V to Vcc

NOTES:

1. Ta =0 to +70°C (LH5118/D/N), Ta = -40 to +85°C (LH5118H/HD/HN)
2. CEz=CE1 =0 V; all other input pins = 0 V to Vcc

3. CE2 = CE1 = Vi; all other input pins = ViL to Vin

4. Ta=25C

SHARP
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LH5118 CMOS 16K (2K x 8) Static RAM

AC CHARACTERISTICS *
(1) READ CYCLE (Vcc =5V +10%)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Read cycle time trc 100 ns
Address access time taa 100 ns
CE; access time tACE1 100 ns
CE> access time tAcE2 100 ns
CE1 Low to output in Low-Z tcLz 10 ns 2
CE2 Low to output in Low-Z tcLze 10 ns 2
CE; to output in High-Z tcHz1 0 40 ns 2
CE2 to output in High-Z tCHZ2 0 40 ns 2
Data hold time toH 10 ns
(2) WRITE CYCLE (Vcc =5V +10%)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Write cycle time twe 100 ns
Chip enable to end of write tcw 80 ns
Address valid time taw 80 ns
Address setup time tas 0 ns
Write pulse width twp 60 ns
Write recovery time twr 10 ns
WE Low to output in High-Z twHz 30 ns 2
Data valid to end of write tow 30 ns
Data hold time toH 10 ns
Output active from end of write tow 10 ns 2
NOTE:

1. Ta =010 +70°C (LH5118/D/N), Ta = -40 to +85°C (LH5118H/HD/HN)

2. Active output to high-impedance and high-impedance to output active tests specified for a $£500 mV transition
from steady state levels into the test load. CLoaD = 5 pF.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 0.8Vto22V
Input rise/fall time 10ns
Input reference level 15V
Output load condition 1TTL + 100 pF
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CMOS 16K (2K x 8) Static RAM LH5118

DATA RETENTION CHARACTERISTICS

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
. CE1 2 Vcepr - 0.2V or
Data retention voltage | Vccpr CE2> VooDR- 0.2V 20 \
CE1 2 Vcepr - 0.2V, and
(CE22 Vcepr-0.2Vor 1.0
CE2<0.2V)or
Data retention current lccor CE>» > Veeor - 0.2V, and A
(CEy 2 Vccpr-0.2Vor 02 2
CE1<0.2V) -
Vcepr=3.0V
Chip disable to data
retention tcoR 0 ns
Recovery time tR tRc ns 3
NOTES:
1. Ta =0 to +70°C (LH5118/D/N), Ta = -40 to +85°C (LH5118H/HD/HN)
2. Ta=25°C

3. trc = Read cycle time

CAPACITANCE ! (f = 1MHz, Ta = 25°C)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Input capacitance CiN ViN=0V 7 pF
Input/output
capacitance Cro Vio=0V 10 pF
NOTE:

1. This parameter is sampled and not production tested.

tcon DATA RETENTION MODE ta

GND = = = == m = mmm e e e e e

51185

Figure 3. Low Voltage Data Retention
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LH5118 CMOS 16K (2K x 8) Static RAM
tre
Ao~ Ao A A
taa ton
tace2 ’
% \\\\k A
tacer tehze
CAANANINANNAN Y LN
toizs torzy
foize
Dour ( ( DATA VALID ) )
NOTE: WE = "HIGH" 51183
Figure 4. Read Cycle
fwe
Ao- Ay )(
taw twpl‘ (NOTE 3)
tew
GB35 \\\ Y
tas twe
(NOTE 2)
— SQ /
WE NN /
twhz(NOTE 4) tow
(NOTE 5)
D, NANNNANANNN
our [JJT /T ]
tow ton (NOTE 6)
Dy DATA VALID )@%@6{
NOTES:
1. WE must be HIGH when there is a change in Ay - Aqq.
2. When CE,,CE, and WE are all LOW at the same time, write occurs during the period typ.
3. tygis the time from the rise of CE,,CE, or WE, whichever is first, to the end of the write cycle.
4. If CE; or CE, should drop at the same time as WE or later, the output buffer is maintained at high-impedance.
5. Doy outputs data with the same logic level as the input data of this write cycle.
6. If both CE, and CE, are LOW during this period, the input/output pin is in the output condition. During this condition,
a data input signal with a logic level opposite that of the output is not permitted. 51184

Figure 5. Write Cycle (Note 1)
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CMOS 16K (2K x 8) Static RAM

LH5118

ACCESS TIME VS. SUPPLY VOLTAGE

; 2ACCESS TIME VS. AMBIENT TEMPERATURE
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o 0T
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w / w
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SUPPLY VOLTAGE Vcc (V) AMBIENT TEMPERATURE T, (°C)
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s s
= 20 -, 15 7
> > H
i i
> >
Vi V,
§ 15 e & 10 L
< <
'8 — V Vi g
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z z
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SUPPLY VOLTAGE Vg (V) AMBIENT TEMPERATURE T, (°C)
5118-6
Figure 6. Electrical Characteristic Curves
(Vce =5V, Ta = 25°C Unless Otherwise Specified)
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LH5118 CMOS 16K (2K x 8) Static RAM

ORDERING INFORMATION (Ta =0to +70°C)

LH5118 X - ##
Device Type Package Speed

10 100 Access Time (ns)

[ Blank 24-pin, 600-mil DIP (DIP24-P-600)
D 24-pin, 300-mil SK-DIP (DIP24-P-300)
N 24-pin, 450-mil SOP (SOP24-P-450)

CMOS 16K (2K x 8) Static RAM

Example: LH5118N-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP)

5118-7

ORDERING INFORMATION (Ta =-40 to +85°C)

LH5118H X - ##
Device Type Package Speed

L— 10 100 Access Time (ns)

]' Blank 24-pin, 600-mil DIP (DIP24-P-600)
D 24-pin, 300-mil SK-DIP (DIP24-P-300)
N 24-pin, 450-mil SOP (SOP24-P-450)

CMOS 16K (2K x 8) Static RAM

Example: LH5118HN-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP)

5118-8
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LH5168

CMOS 64K (8K x 8) Static Ram

FEATURES

e 8,192 x 8 bit organization

e High speed access time:
100 ns (MAX.)

e Low power consumption:
Operating:
248 mW (MAX.) LH5168/D/N
275 mW (MAX.) LH5168H/HD/HN
Standby:
5.5 uyW (MAX.) LH5168/D/N
16.5 uyW (MAX.) LH5168H/HD/HN

e Fully static operation

e Three-state outputs

e Single +5 V power supply

e TTL compatible I/O

e Pin compatible to 64K bit EPROM

o Wide temp. range available
LH5168H: -40 to +85°C

e Packages:
28-pin, 600-mil DIP
28-pin, 300-mil SK-DIP
28-pin, 450-mil SOP

DESCRIPTION

The LH5168 is a static RAM organized as 8,192 x 8
bits. It is fabricated using silicon-gate CMOS process
technology.

The LH5168H is designed for wide temperature
range from -40 to +85°C.

PIN CONNECTIONS
26.PIN SK.DIP ToP VIEW
28-PIN SOP
)
Nc[] 1 28] Vee
Atzd 2 27 WE
. ] 26[] CE,
AL 4 25[1Ag
As[] 5 24[ 1A
ALl 6 23[1A;
A0 7 22[10E
A 8 210 Ay
Al o 20[7 CE,
A}10 19110,
o, ] 11 18[110,
o, 12 17 [JV0,
110, 13 16[1V0s
GND[14 15110,
5168-1

Figure 1. Pin Connections for DIP, SK-DIP,
and SOP Packages




LH5168 CMOS 64K (8K x 8) Static RAM

COLUMN ADDRESS
BUFFER

4 2
@ Q v,
o Q MEMORY 8 Veo
ol Q ARRAY
5 o (256 X 256) 44) GND
EL] =
2 g
1o —1 (4
CIRCUITS E
DATA CONTROL
COLUMN DECODERS . ||

OE
CEp

EO—— )|
=)

CE,

—0—6B)—e)—ad
Ao Al Ay Ay Ay

5168-2

Figure 2. LH5168 Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao - A2 Address inputs /01 - 1108 Data inputs and outputs
CE; - CE2 Chip Enable input Vee Power supply
WE Write Enable input GND Ground
OE Output Enable input NC Non-connection
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CMOS 64K (8K x 8) Static RAM LH5168

TRUTH TABLE
CE; CE: WE OE MODE VO - VOs SUPPLY CURRENT | NOTE
H X X X Deselect High-Z Standby (Iss) 1
X L X X Deselect High-Z Standby (Isg) 1
L H L X Write Din Operating (lcc)
L H H L Read Dour Operating (Icc)
L H H H Output disable High-Z Operating (lcc)
NOTE:
1. X=HorlL

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vee -0.3to +7.0 v 1
Input voltage ViN -0.3to Vcc +0.3 \" 1
Operating temperature Topr -1010+70 °c 2

-40 to +85 °C 3
Storage temperature Tstg -55 to +150 °C

NOTES:

1. The maximum applicable voltage on any pin with respect to GND.
2. LH5168/D/IN

3. LH5168H/HD/HN

RECOMMENDED OPERATING CONDITIONS (Note 1)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vee 45 5.0 55 )
Input voltage Vin 22 Ve +03 v

ViL -0.3 0.8 Vv

NOTE:
1. Ta=-10to +70°C (LH5168/D/N), Ta = -40 to +85°C (LH5168H/HD/HN).

DC CHARACTERISTICS ! (Vcc =5V +10%)

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Input leakage current I VIN =0to Vce 1.0 HA
CE; = ViHor CE2= Vi
couurtrzlr’\tt leakage o or OE = Vi or WE = Vi 1.0 RA
Vvo =0to Vcc
CE1=ViLVN=ViLtoVIH | tcvcie= 45 2
CE2 = ViH, Outputs open 100 ns 50 3
Operating current I e mA
L 9 ce CE1=Vi,, VIN=0.2Vto tCYCLE =
Vecc-02V 1.0 10
CE2 = Vi, Outputs open Ops
IsB1 CE1=ViHorCE2=ViL 10 mA
Standby current | ___CEz<02Vor Ta<70°C 1.0 HA 2
S8 CE1,CE22Vcc-02V [ Ta<85°C 3.0 A 3
Output voltage VoL loL=2.1 mA 0.4 v
VoH loH=-1mA 24 v
NOTES:
1. Ta =-10 to 70°C (LH5168/D/N), Ta = -40 to +85°C (LH5168H/HD/HN)
2. LH5168/D/N

3. LH5168H/HD/HN




LH5168

CMOS 64K (8K x 8) Static RAM

AC CHARACTERISTICS '
(1) READ CYCLE (Vcc =5V +£10%)
PARAMETER SYMBOL MIN. MAX. UNIT NOTE

Read cycle tRc 100 ns
Address access time taA 100 ns
Chip enable (CEy) tACE1 100 ns
access time (CE2) tacez 100 ns
Output enable access time toE 40 ns
Output hold time toH 10 ns
Chip enable to (CEv) tLz1 10 ns 2
output in Low-Z (CE2) tLz2 10 ns 2
(I_):\:ﬁ;t enable to input in toLz 5 ns 2
Chip enable to (CE) tHz1 0 30 ns 2
output in High-Z (CE2) tHz2 0 30 ns 2
S‘ugtrp‘)-uzt disable to output in tomz o 20 ns 2

NOTE:

1. Ta =-10to +70°C (LH5168/D/N), Ta = -40 to +85°C (LH5168H/HD/HN)

2. Active output to high-impedance and high-impedance to output active tests specified for a £500 mV transition
from steady state levels into the test load. Croap = 5 pF.

(2) WRITE CYCLE (Vcc=5V £ 10%)
PARAMETER SYMBOL MIN. MAX. UNIT NOTE
Write cycle time twe 100 ns
Chip enable to end of write tcw 80 ns
Address valid to end of write taw 80 ns
Address setup time tas 0 ns
Write pulse width twp 60 ns
Write recovery time twR 0 ns
Data valid to end of write tow 40 ns
Data hold time toH 0 ns
Output active from end of write tow 10 ns 1
WE to output in High-Z twz 0 30 ns 1
OE to output in High-Z toHz 0 20 ns 1

NOTE:

1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition
from steady state levels into the test load. CLoap = 5 pF.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 0.6t024V
Input riseffall time 10ns
Timing reference level 15V
Output load conditions (1TTL + CL = 100 pF)
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CMOS 64K (8K x 8) Static RAM

LH5168
CAPACITANCE ! (Ta = 25°C, f = 1MHz)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Input capacitance CiN ViN=0V 7 pF
Input/output capacitance Cro Vio=0V 10 pF
NOTE:
1. This parameter is sampled and not production tested.
DATA RETENTION CHARACTERISTICS !
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
. __ CE2<02Vor
Data retention voltage Vcebr CEy, CE2> Vg - 0.2 V 2.0 v
Veeor=3 V 0.6 pA
Data retention current lccor CE2<0.2Vor éE,
CE22>Vcepr-02V 15 uA
Chip disable to data retention tcor 0 ns
Recovery time tRDR trc ns 4
NOTES:
1. Ta=-10 to +70°C (LH5168/D/N), Ta = -40 to +85°C (LH5168H/HD/HN)
2. LH5168/D/N at Ta < 70°C
3. LH5168H/HD/HN at Ta < 85°C
4. trc = Read cycle time
CE, CONTROL (NOTE) DATA RETENTION MODE
CE, CONTROL
DATA RETENTION MODE
CE;<0.2V
NOTE: To control data hold at CE,, fix the input level of CE; between Vccpr to Voopr-0-2Vor0 Vo 0.2 V
during the data retention mode. 51686

Figure 3. Low Voltage Data Retention




LH5168 CMOS 64K (8K x 8) Static RAM

fo-Arz X _ A
ZIANNNNNRNRNNNNNN h i
e ZLITTTTTTTTTTIIR ,m I NNANNNNAY
FZANNANAAARRRRRRNNNY / /Z;// 7

o,

NOTE: WE = "HIGH"

Figure 4. Read Cycle
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CMOS 64K (8K x 8) Static RAM LH5168

twe
Ao-Ag X X
_ 4 \
ok — taw (NOTE 4) m
tow
(NOTE 2)
& AN A
tew twr
we: Z7777TITTTITTIIF AARANRNNY
tas twe twm
(NOTE 3) (NOTE 1)
we PN Y I
tonz
(NOTE 5)
Bour TS S S SSINRRRNNNNNN HiGHZ
IS NNNSNNANNNNN
ow ton
D LaLL DATA VALID >< ><><

NOTES:
1. The writing occurs during the overlap (typ) of CE1 ="LOW", CE; = "HIGH", and WE = "LOW".
2. oy is defined as the time from the last occuring transition, either CE, LOW transition or CE, HIGH transition,
to the time when the writing is finished.

. tas is defined as the time from address change to writing start.

. twr is defined as the time from writing finish to address change.

. If CE, LOW transition or CE, HIGH transition occurs at the same time or aﬁer WE LOW transition, the
output will remain high-impedance.

6. While the 1/0 pins are in the output state, input signals with the opposite Iogtc level must not be applied.

(S )

5168-4)

Figure 5. Write Cycle 1




LH5168 CMOS 64K (8K x 8) Static RAM

twe
Aoz A A
taw
few twr_|(NOTE 4)
(NOTE 2)
— \ /
IANNNRANANNANRNR Y Vi
tew twa
& [///IINIIIIIE RANNARANNNY
tas twe twa
(NOTE 3) (NOTE 1)
we K 177777
(NOTE 5) vz (N:}"l’i 5
D, AAUNVAVNNANAANNN N NANNN NN HIGH-Z
ouT [ LTI T I
tow fon
NOTE
Din { U DATA VALID < ><><
OE ="LOW"
NOTES: _ .
1. The writing occurs during the overlap (typ) of CE, ="LOW", CE, = "HIGH", and WE = "LOW".
2. tow is defined as the time from the last occuring transition, either CE, LOW transition or CE, HIGH transition,
to the time when the writing is finished.
3. tagis defined as the time from address change to writing start.
4. typ is defined as the time from writing finish to address change. .
5. If CE, LOW transition or CE, HIGH transition occurs at the same time or after WE LOW transition, the
output will remain high-impedance. _
6. If CE, HIGH transition or CE, LOW transition occurs at the same time or before WE HIGH transition, the
output will remain high-impedance.
7. While the /O pins are in the output state, input signals with the opposite logic level must not be applied. 51685

Figure 6. Write Cycle 2

ORDERING INFORMATION
LH5168 X X - i
Device Type Operating Package Speed
Temperature L 1oL 100 Access Time (ns)

J' Blank 28 pin, 600-mil DIP (DIP 28-P-600)
D 28-pin, 300-mil SK-DIP (SK-DIP28-P-300)
l N 28-pin, 450-mil SOP (SOP28-P-450)

{ Blank -10to 70°C
L H -40to +85°C

CMOS 64K (8K x 8) Static RAM
Example: LH5168D-10L (CMOS 64K (8K x 8) Static RAM, 100 ns, 28-pin, 300-mil SK-DIP)

5168-7
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LH5168SH

PRELIMINARY
CMOS 64K (8K x 8) Static Ram

FEATURES

8,192 x 8 bit organization

Access time:
500 ns (MAX.)

Low current consumption:
Operating: 50 mA (MAX.)
Standby: 3 pA (MAX.)

Fully static operation
Three-state outputs

Single 2.5 to 5.5 V power supply
TTL compatible I/O

Wide temp. range
toPR: -40 to +85°C

Package:
28-pin, 450-mil SOP

DESCRIPTION

The LH5168SH is a static RAM organized as
8,192 x 8 bits. It is fabricated using silicon-gate CMOS
process technology.

It is designed for 2.5 to 5.5 V low voltage operation
and wide temperature range from -40 to +85°C.

PIN CONNECTIONS

28-PIN SOP TOP VIEW

Nccm:lvoc

A0 2 27 IWE

A0 8 2671 CE,

Asl] 4 25[71A,

AsC] s 24[1A,

AL 6 23[JAy,

Al 7 22[10E

A0 8 21A

A o 20[11CE,

AC]10 19[ 110,

vo, ] 1 18110,

1o, 12 17 Vo,

1o, [}13 1610,

GND[}14 15310,
5168SHN-1

Figure 1. Pin Connections for SOP Package
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LH5168SH PRELIMINARY CMOS 64K (8K x 8) Static RAM

A;
weon
A 4.4 8 MEMORY D) Voo
ay S ARRAY
A, ; 5 a (256 x 256) 14) GND
Ag 3 %
Ag o« 3
Az
10,
1105 _fz:
/Oy ) 1
Vo, CIRCUITS >
DATA CONTROL <
105
/0g COLUMN DECODERS
vo,
1 b
COLUMN ADDRESS
BUFFER ]

OE )

CE,
f1ogs;2g

Ay Ay Ay Ay Ay

WE @) j )
=1D,

5168SHN-2

Figure 2. LH5168SH Block Diagram

PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao - A2 Address inputs /01 - /08 Data inputs and outputs
CE1-CE2 Chip Enable input Vce Power supply
WE Write Enable input GND Ground
OE Output Enable input NC Non connection
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CMOS 64K (8K x 8) Static RAM PRELIMINARY LH5168SH
TRUTH TABLE
[ Tk CE WE OF MODE UO:-U0s | SUPPLY CURRENT | NOTE
H X X X Deselect High-Z Standby (IsB) 1
X L X X Deselect High-Z Standby (Isg) 1
L H L X Write DiN Operating (lcc)
L H H L Read Dour Operating (Icc)
L H H H Output disable High-Z Operating (lcc)
NOTE:
1. X=HorlL
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vee -0.3t0+7.0 ) 1
Input voltage VIN -0.3to Vcc +0.3 v 1
Operating temperature Topr -40 to +85 °C
Storage temperature Tstg -55to +150 °C
NOTE:
1. The maximum applicable voltage on any pin with respect to GND.
RECOMMENDED OPERATING CONDITIONS (Ta = -40 to +85°C)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vce 25 3.0 5.5 \'
Input voltage VIH Vee - 0.2 Vec + 0.3 v
ViL -0.3 0.2 \
DC CHARACTERISTICS (Ta=-40to +85°C,Vcc=25t05.5V)
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Input leakage current | Vin=0to Vce 1.0 HA
Output leakage ol o?%LE-V\'}:Ho;F WE/LE-.\OILL 1.0 HA
Vo =0to Vce
Operating current Icc %Eé:\%,\g'u?p\u/{é tc:)p\e/rl\H 50 mA
IsB1 CE1=VHorCE2=Vi 10 mA
Standby current s __ CE2502Vor 1.0 pA 1
CEy, CE22Vcc-02V 3.0 HA 2
Output Low voltage VoL loL = 400 pA 0.5 v
Output High voltage VoH loH = -400 pA Vcc - 0.5 v

NOTE:
1. TA<+70°C
2. Tas<+85°C




LH5168SH PRELIMINARY CMOS 64K (8K x 8) Static RAM
AC CHARACTERISTICS
(1) READ CYCLE (Ta =-40to +85°C, Vcc =2.510 5.5 V)
PARAMETER SYMBOL MIN. MAX. UNIT NOTE
Read cycle tRc 500 ns
Address access time taa 500 ns
Chip enable (CEv) tACE1 500 ns
access time (CE2) tACE2 500 ns
Output enable access time toe 100 ns
Output hold time toH 20 ns
Chip enable to (CEy) tLz1 20 ns 1
output in Low-Z (CE2) W22 20 ns 1
Output enable to input in Low-Z toLz 10 ns 1
Chip enable to (CEy) tHz1 0 60 ns 1
output in High-Z (CE2) thz2 0 60 ns 1
Output disable to output in High-Z toHz 0 40 ns 1
(2) WRITE CYCLE (Ta =-40to +85°C,Vcc=25t05.5V)
PARAMETER SYMBOL MIN. MAX. UNIT NOTE
Write cycle time twe 500 ns
Chip enable to end of write tcw 250 ns
Address valid to end of write taw 250 ns
Address setup time tAs 100 ns
Write pulse width twp 150 ns
Write recovery time twr 50 ns
Data valid to end of write tow 100 ns
Data hold time tDH 0 ns
Output active from end of write tow 20 ns
WE to output in High-Z twz 0 60 ns 1
OE to output in High-Z toHz 0 40 ns 1

NOTE:

1. Active output to high-impedance and high-impedance to output active tests specified for a 500 mV transition

from steady state levels into the test load. CLoap = 5 pF.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 0to Vce
Input riseffall time 10ns
Timing reference level 15V
Output load conditions No load

CAPACITANCE (Ta = 25°C, f = 1MHz)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Input capacitance CiN ViN=0V 7 pF
Input/output capacitance Cvo Vio=0V 10 pF

NOTE:

This parameter is sampled and not production tested.
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CMOS 64K (8K x 8) Static RAM PRELIMINARY LH5168SH

DATA RETENTION CHARACTERISTICS (Ta =-40 to +85°C)

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
) CE2<0.2Vor CEy,
Data retention voltage Vcebr CE22Voepr- 0.2V 20 v
Vcecor=3.0 V.
Data retention current Iccor CE2<0.2 VorCE;4, 15 pA
CE22Vcepr-0.2V
Chip disable to data retention tcor 0 ns
Recovery time tRDR trc ns 1

NOTE:
1. trc = Read cycle time

"CE, CONTROL (NOTE ) DATA RETENTION MODE

Vee

CE, 2 V¢cpr 02V

DATA RETENTION MODE

CE,<02V

NOTE: To control data hold at C_E1, fix the input level of CE, between Vgcpr 10 Veepr-0.2VorovVto 0.2V
during the data retention. 51

Figure 3. Low Voltage Data Retention




LH5168SH PRELIMINARY CMOS 64K (8K x 8) Static RAM
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oE \\\\\\\\\\\\\\Y\V\JE £/, Z/j

Figure 4. Read Cycle
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CMOS 64K (8K x 8) Static RAM PRELIMINARY LH5168SH

) twe
Ag-As2 )% )(
— /4 N
°k — taw (NOTE 4) m
tew twr
\ (NOTE 2)
& AWV ) A
few twr
<, ZLTTTITITITTTIY ARARNRANS
tas twp twr
(NOTE 3) (NOTE 1)
W RN L7777
tonz
(NOTE 5)
Doy SOV SN NNV NN NN N NNNNSNNNN\HIGHZ
ANNSNNSNNSNNNESNNENN

ow tou

(NOTE 6)

Din DATA VALID ><><>Z

NOTES:

1. The writing occurs during the overlap (twp) of CE; ="LOW", CE, = "HIGH", and WE = "LOW".

2. tow is defined as the time from the last occuring transition, either CE, LOW transition or CE, HIGH transition,
to the time when the writing is finished.

3. tag is defined as the time from address change to writing start.

4. typ is defined as the time from writing finish to address change. -

5. If CE, LOW transition or CE, HIGH transition occurs at the same time or after WE LOW transition, the
output will remain high-impedance.

6. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied.

5168SHN-4,

Figure 5. Write Cycle 1
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LH5168SH PRELIMINARY CMOS 64K (8K x 8) Static RAM

twe )
Ao-Arz P4 ))(
taw
tow twa |(NOTE 4)
(NOTE 2)
B ANV
tow twr
I I 4 MW
'S twp twa
(NOTE 3) (NOTE 1)
WE K 277
twz tow
o S5 \;(QO\T E\EB)V\ TUUSL LS\ Highz | (NOTES
ot J /T T T/
tow ton
Dn (OTED) DATA VALID <><><
OE ="LowW"

NOTES:

1. The writing occurs during the overlap (twp) of CE; ="LOW", CE; = "HIGH", and WE = "LOW".

2. towis defined as the time from the last occuring transition, either CE, LOW transition or CE, HIGH transition,
to the time when the writing is finished.

3. tas is defined as the time from address change to writing start.

4. typis defined as the time from writing finish to address change.

5. If CE, LOW transition or CE, HIGH transition occurs at the same time or after WE LOW transition, the
output will remain high-impedance.

6. If CE, HIGH transition or CE; LOW transition occurs at the same time or before WE HIGH transition, the
output will remain high-impedance.

7. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied.

5168SHN-5
Figure 6. Write Cycle 2
ORDERING INFORMATION
LH5168 N -
Device Type Package Speed
l——— 50 500 Access Time (ns)
28-pin, 450-mil SOP (SOP28-P-450)
CMOS 64K (8K x 8) Static RAM
Example: LH5168SHN-50 (CMOS 64K (8K x 8) Static RAM, 500 ns, 28-pin, 450-mil SOP) S168SHNT
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LH51256

CMOS 256K (32K x 8) Static RAM

FEATURES

32,768 x 8 bit organization

Access times:
100/120 ns (MAX.)

Power consumption:
Operating: 248 mW (MAX.)
(TA = -40 to 85°C, minimum cycle)
Standby: 16.5 uW (MAX.)
(TA = 0 to 60°C)

Fully static operation

TTL compatible /O
Three state outputs
Single +5 V power supply

Packages:
28-pin, 600-mil DIP
28-pin, 450-mil SOP

DESCRIPTION

The LH51256 is a 256K bit static RAM organized as
32,768 x 8 bits. It is fabricated using silicon-gate CMOS
process technology.

PIN CONNECTIONS
28-PIN DIP
28-PIN SOP TOP VIEW
AL 10 28[1Vec
AL 2 27 WE
A, 3 26[1A,s
A 4 250 A,
A s 241 A,
A 6 23] A,
A0 7 22[7GE
A 8 21[Ay
Al o 20[CE
A 10 1917 1104
10, 11 18110,
10, }12 1711 10,
o, 13 161 VOg
GND[14 1510,
51256-1

Figure 1. Pin Connections for DIP
and SOP Packages




LH51256 CMOS 256K (32K x 8) Static RAM
(]
e ds
G 5 MEMORY
Qk 28 - ARRAY Voo
z3 W (512x512)
2 ol (9 aND
E NG
'5 E [
=0 COLUMN P
<5 o L=
p CIRCUITS i
g2 ~
r4 g 2’
COLUMN
ADDRESS DECODER
J— COLUMN ADDRESS
WE €9 a )c BUFFERS
OE
CE
BOOOBE
As Az Ay AgAvi Ay
51256-2
Figure 2. LH51256 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao - A1 Address input /O, - /Osg Data I/0
CE Chip Enable input Vee Power supply
WE Write Enable input GND Ground
OE Output Enable input
TRUTH TABLE
CE WE OE MODE VO - VOs lcc NOTE
H X X Non selected High-Z . Standby (lsg) 1
L L X Write Datain Operating (lcc) 1
L H L Read Data out Operating (lcc)
L H H Output disable High-Z Operating (lcc)
NOTE: ’
1. X=HorlL
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CMOS 256K (32K x 8) Static RAM

LH51256

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vee -0.3to +7.0 \" 1
Input voltage VIN -0.3t10+7.0 \ 1
Operating temperature Topr -40 to +85 °C
Storage temperature Tstg -565to +150 °C

NOTES:

1.

RECOMMENDED OPERATING CONDITIONS (Ta = -40 to + 85°C)

The maximum applicable voltage on any pin with respect to GND.

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vce 45 5.0 55 v
Input voltage ViH 2.2 Vee +0.3 v
ViL -0.3 0.8 v
DC CHARACTERISTICS (Vcc =5V +10%, Ta =-40 to +85°C unless otherwise noted)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Vcc =5.5V, )
Input leakage current 1u| Vin = 0 to Voc 1 pA
CE or OE = Vi,
Output leakage current | o] Vio = 0 to Ve 1 nA
; CE=Vi,
Operating current lcc Outputs open 45 mA
IsB1 CE=VH 10 mA
CE=2Vcc-0.2V,
Standby current Ta= O‘ig +60°C’ 3 HA
Iss
CE2>Vcc-02V, 10 pA
TA = -40 to +85°C
Output voltage Vo loL=2.1mA 04 v
VoH loH =-1.0 mA 2.4 Vv
AC CHARACTERISTICS
(1) READ CYCLE (Vcc =5 V +10%, Ta = -40 to +85°C)
PARAMETER SYMBOL LH51256M-10 LH51256M-12 UNIT NOTE
MIN. MAX. MIN. MAX.
Read cycle time trc 100 120 ns
Address access time taa 100 120 ns
CE access time tACE 100 120 ns
Output enable time toe 50 60 ns
Output hold time toH 5 5 ns
CE Low to output in Low-Z tLz 5 5 ns 1
OE Low to output in Low-Z toLz 5 5 ns 1
CE High to output in High-Z tHz 0 30 0 30 ns 1
OE High to output in High-Z toHz 0 30 0 30 ns 1
NOTE:
1. Active output to high-impedance and high-impedance to output active tests specified for a 500 mV transition
from steady state levels into the test load. CLoap = 5 pF.
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LH51256 CMOS 256K (32K x 8) Static RAM

2) WRITE CYCLE (Vcc =5 V +10%, Ta = -40 to +85°C)

PARAMETER SYMBOL LH51256/N-10 LHS1256/N-12 UNIT NOTE
MIN. MAX. MIN. MAX.
Write cycle time twe 100 120 ns
CE Low to end of write tcw 90 100 ns
Address valid to end of write taw 90 100 ns
Address setup time tas 5 5 ns
Write recovery time twr 15 15 ns
Write pulse width twp 50 50 ns
Input data setup time tow 30 30 ns
Input data hold time toH 10 10 ns
WE High to output active tow 0 0 ns 1
WE Low to output in High-Z twz 0 30 0 30 ns 1
OE High to output in High-Z toHz 0 30 0 30 ns 1

NOTE:
1. Active output to high-impedance and high-impedance to output active tests specified for a 500 mV transition
from steady state levels into the test load. CLoaD = 5 pF.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 0.6Vto24V
Input rise/fall time 10ns
Timing reference level 15V
1TTL + CL =100 pF
Output load conditions (Includes scope and jig
capacitance)

CAPACITANCE ! (Ta = 25°C, f = 1MHz)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Input capacitance CiN ViN=0V 7 pF
Input/output capacitance Cro Vio=0V 10 pF

NOTE:
1. This parameter is sampled and not production tested.

DATA RETENTION CHARACTERISTICS (Ta =-40 to +85°C except as noted)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
Data retention voltage Veebr CE 2 Vcepr - 0.2V 2.0 \'}
Vccpr=3V
CE=>Vcepr-0.2V, 1 uA
Ta = 0to +60°C,
Data retention current lccor ViN = 0o Vecor
__Vccor=3V
CE 2>Vcepr-0.2V, 6 pA
Ta = -40 to +85°C,
VIN = 0 to Vcepr
CE setup time tcDR 0 ns
CE hold time tR tre ns 1

NOTE:
1. trc = Read cycle time
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CMOS 256K (32K x 8) Static RAM LH51256
DATA RETENTION MODE
Voo = (——-—-—
e
Vin
P CE 2 Vgepr 0.2V
51256-6
Figure 3. Low Voltage Data Retention
Ao~ Avs * X
L tM
CANNINARARRRRRNASY ) I
lton
& \\\\\\ o LN
tace oz
iz |
(o XXX
NOTE: WE = "HIGH" s12560
Figure 4. Read Cycle
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LH51256 CMOS 256K (32K x 8) Static RAM

Ag-Ass )(7 )

taw

tew

& MWW - e 17

1 twp 1
(NC;TSE 3) (NO¥E 1) - (NOTE 4)
N /

S
N BT

§

gl
g A
2

AANMNVANNANNANNNNNNN

Dour

tow ton

NOTE 5
{ ) DATA VALID )

Din

NOTES:
1. The write pulse occurs during the overlap (twp) of CE = LOW and WE = LOW.
2. tcw is defined as the time from the CE low transition to the end of write.
3. 145 is defined as the time from address change to the start of writing.
4. tyR is defined as the time from the end of writing to the address change.
5. When the /O pins are in the output state, input signals with the opposite logic level must not be applied.

51256-4)

Figure 5. Write Cycle 1 (OE Clock)

twe
wome X X
taw
tcw (NOTE 2)
tas twe Iwr_| (NOTE 4)
(NOTE 3) \ (NOTE 1)
we N /
(NOTE &) 1 tow _ (NOTE?)
lDW"//_IIL/ILl/j//////II Tow Ton

(NOTE 5)

Diy DATA VALID \%é
NOTES:

1. The write pulse occurs during the overlap (twp) of CE = LOW and WE = LOW.

2. oy is defined as the time from the CE low transition to the end of write.

3. 155 is defined as the time from address change to the start of writing.

4. twr is defined as the time from the end of writing to the address change.

5. When the I/O pins are in the output state, input signals with the opposite logic level must not be applied.

6. If CE LOW transition occurs at the same time or after WE LOW transition, the output will remain high-lmpedance
7. If CE HIGH transition occurs at the same time or prior to the WE HIGH transition, the output will remain high-impedance. s51256-5|

Figure 6. Write Cycle 2 (OE Low)
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CMOS 256K (32K x 8) Static RAM LH51256
ORDERING INFORMATION
LH51256 X - ##
Device Type Package Speed
L{ 12 :gg Access Time (ns)
Blank 28-pin, 600-mil DIP (DIP28-P-600)
N 28-pin, 450-mil SOP (SOP28-P-450)
CMOS 256K (32K x 8) Static RAM
Example: LH51256N-10 (CMOS 256K (32K x 8) Static RAM, 100 ns, 28-pin, 450-mil SOP) s1256.7
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LH51256L

CMOS 256K (32K x 8) Static RAM

FEATURES

32,768 x 8 bit organization

Access times:
100/120 ns (MAX.)

Power consumption:
Operating: 248 mW (MAX.)
(TA = -40 to 85°C, minimum cycle)
Standby: 5.5 uyW (MAX.)
(TA = 0 to 60°C)

Fully static operation

TTL compatible /O
Three state outputs
Single +5 V power supply

Packages:
28-pin, 600-mil DIP
28-pin, 450-mil SOP

DESCRIPTION

The LH51256L is a 256K bit static RAM organized
as 32,768 x 8 bits which provides low-power standby
mode. Itis fabricated using silicon-gate CMOS process
technology.

PIN CONNECTIONS
28-PIN DIP TOP VIEW
28-PIN SOP —
Al 1@ 28V
A 2 27[OWE
A 3 26[ A5
A] 4 25 Ag
AsC] 5 24 ] Ag
A e 23[JA,
A 7 22[]0E
A 8 21A,
A 9 20[CE
AC10 19[71/0,
vo,] 11 18110,
10, 12 17 Dlms
1o, C}13 16| JV/Os
GNDL{14 1530,
51256L-1

Figure 1. Pin Connections for DIP and
SOP Packages
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CMOS 256K (32K x 8) Static RAM LH51256L

Ay @9
A13 O
Al gw ﬁ 2
AA? 2 § i § § MEMORY
; oL ARRAY v,
A z 2 % 2 (512x 512) had
(=}
A & 8 j@'«; GND
A‘ 7’
" _}’
1o, (11 k IS
- |
110, (2 E >
IIO: 13 = § COLUMN N
g 10 b
Vo, g § CIRCUITS Pery
1105 (8 53 i
1106 (17) z5 L * TN
vo, @8 P
,ﬁ 3 COLUMN
s ADDRESS DECODER

a COLUMN ADDRESS
BUFFERS

)
ED

AQ A2 A1 A0 Aﬂ A10

51256L-2

Figure 2. LH51256L Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao - A1a Address input /01 - VOg Data Input/Output
CE Chip Enable input Vee Power supply
WE Write Enable input GND Ground
OE Output Enable input
TRUTH TABLE
CE WE OE MODE VO - VOs SUPPLY CURRENT | NOTE
H X X Non selected High-Z Standby (IsB) 1
L L X Write DiN Operating (lcc) 1
L H L Read Dour Operating (lcc)
L H H Output disable High-Z Operating (lcc)
NOTE:
1. X=HorlL
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LH51256L CMOS 256K (32K x 8) Static RAM

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vee -0.3t0+7.0 \' 1
Input voltage VIN -0.3t0 +7.0 \ 1
Operating temperature Topr -40 to +85 °C
Storage temperature Tstg -55 to +150 °C

NOTE:
1. The maximum applicable voltage on any pin with respect to GND.

RECOMMENDED OPERATING CONDITIONS (Ta = -40 to +85°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vee 45 5.0 55 v
Input voltage Vi 22 Vec +03 v

ViL -0.3 0.8 v

DC CHARACTERISTICS (Vcc =5V +10%, Ta =-40 to +85°C)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Vcc =55 V
Input leakage current (LN Vin = 0 to Voo 1 A
CEorOE = Vi,
Output leakage current | o] Vio = 0to Ve 1 HA
. CE=Vui,
Operating current lcc Outputs open 45 mA
IsB1 CE=VH 10 mA
CE2Vcc-02V
Standby current . Ta = 01to +60°C 1 HA
sB
CE>Vcc-02V 5
Ta = 40 10 +85°C HA
Output voltage Vo oL =2.1 mA 04 v
VoH loH=-1.0mA 24 \
AC CHARACTERISTICS
(1) READ CYCLE (Vcc =5V +10%, Ta =-40 to +85°C)
PARAMETER sympor | LHS1256M-10L LHS125N12L | ynir | noTE
MIN. MAX. MIN. MAX.
Read cycle time tRc 100 120 ns
Address access time VY 100 120 ns
Chip enable access time tacE 100 120 ns
Output enable access time toE 50 60 ns
Output hold time toH 5 5 ns
CE Low to output in Low-Z tLz 5 5 ns 1
OE Low to output in Low-Z toLz 5 5 ns 1
CE High to output in High-Z tHz 0 30 0 30 ns 1
OE High to output in High-Z toHz 0 30 0 30 ns 1




CMOS 256K (32K x 8) Static RAM LH51256L
(2) WRITE CYCLE (Vce =5 V +10%, TA = -40 to +85°C)
PARAMETER symoL | |HS1256M-10L LH51256N-12L UNIT | NOTE
MIN. MAX. MIN. MAX.
Write cycle time twe 100 120 ns
CE Low to end of write tcw 90 100 ns
Address valid to end of write taw 90 100 ns
Address setup time tas 5 5 ns
Write recovery time twr 15 15 ns
Write pulse width twp 50 50 ns
Input data setup time tow 30 30 ns
Input data hold time toH 10 10 ns
WE High to output in High-Z tow 0 0 ns 1
WE Low to output in High-Z twz 0 30 0 30 ns 1
OE High to output in High-Z toHz 0 30 0 30 ns 1
NOTE:
1. Active output to high-impedance and high-impedance to output active tests specified for a £500 mV transition
from steady state levels into the test load. CLoap = 5 pF.
AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 0.6Vto24V
Input rise/fall time 10ns
Timing reference level 15V
1TTL + CL =100 pF
Output load conditions (Includes scope and jig
capacitance)
CAPACITANCE ! (Ta = 25°C, f = 1MHz)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Input capacitance CiN ViIN=0V 7 pF
Input/output capacitance Civo Vvo=0V 10 pF
NOTE:
1. This parameter is sampled and not production tested.
DATA RETENTION CHARACTERISTICS (Ta =-40 TO +85°C)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
Data retention voltage Vceor CE=>VcepRr-0.2V 2.0 '
Gelg/%%o: :oog, v, 06 oA
Ta = 01to +60°C,
Data retention current lccor Vin = 0to Vecor
__Vccor=3.0V
Yooy 0 |
ViN =0 to Vceor
CE setup time tCDR ] ns
CE hold time trROR tRc ns 1
NOTE:
1. trc = Read cycle time
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LH51256L

CMOS 256K (32K x 8) Static RAM

DATA RETENTION MODE

Vin

CE 2 Vgepr -0-2V

Figure 3. Data Retention Characteristics
o X X
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& A\ A
foe lon

Ty L7777

iz thz -
Dour ( DATA VALID }m'—-

Figure 4. Read Cycle =
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CMOS 256K (32K x 8) Static RAM LH51256L

D )

.
N AT

taw
tew (NOTE 2)
& AN\ £/
tas twe twa
{NOTE 3) (NOTET) (NOTE 4)
e AMAR\
WE NN L7777
tonz
D S ANV NN N NVA NN NNANNDN
ot ST T 7 777777 ow ton
Din (NOTES) DATA VALID />

NOTES:
1. The write pulse occurs during the overlap (twp) of CE = LOW and WE = LOW.
2. tow is defined as the time from CE LOW transition to the end of writing.
3. t5s is defined as the time from address change to the start of writing.
4. twp is defined as the time from the end of writing to the address change.
5. When the V/O pins are in the output state, input signals with the opposite logic level must not be applied.

51256L-4

Figure 5. Write Cycle 1 (OE Clock)

twe
o Au A A
taw
tew (NOTE 2)
CE Nk L7777
s twp wr_| (NOTE 4)
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Diy DATA VALID %é
NOTES:

1. The write pulse occurs during the overlap (typ) of CE = LOW and WE = LOW.

2. oy is defined as the time from CE LOW transition to the end of writing.

3. tg is defined as the time from address change to the start of writing.

4. ty is defined as the time from the end of writing to the address change.

5. When the I/O pins are in the output state, input signals with the opposite logic level must not be applied.

6. If CE LOW transition occurs at the same time or after WE LOW transition, the output will remain high-impedance.

7. If CE HIGH transition occurs at the same time or prior to the WE HIGH transition, the output will remain high-impedance. g ,cq 5

Figure 6. Write Cycle 2 (OE Low)




LH51256L CMOS 256K (32K x 8) Static RAM

ORDERING INFORMATION

LH51256 X - #Ht
Device Type Package Speed

i0L 100 y
l—{12|_ 120 Access Time (ns)

[Blank 28-pin, 600-mil DIP (DIP28-P-600)
N 28-pin, 450-mil SOP (SOP28-P-450)

CMOS 256K (32K x 8) Static RAM, Low-power standby

Example: LH51256N-10L (CMOS 256K (32K x 8) Static RAM, 100 ns, 28-pin, 450-mil SOP)

51256L-7
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LH511000

PRELIMINARY
CMOS 1M (128K x 8) Static RAM

FEATURES

131,072 x 8 bit organization

Access times:
100/120 ns (MAX.)

Power consumption:
Operating: 330 mW (MAX.)
Standby at Ta = 0 to 70°C
220 pW (MAX.) ("L" version)
110 pW (MAX.) ("LL" version)
22 uW (MAX.) ("UL" version)

Wide temperature range
-40 to +85°C

Fully static operation

TTL compatible 1/0
Three state outputs
Single +5 V power supply

Packages:
32-pin, 600-mil DIP

DESCRIPTION

The LH511000 is a 1M bit static RAM organized as
131,072 x 8 bits. It is fabricated using silicon-gate
CMOS process technology.

PIN CONNECTIONS

32-PIN DIP TOP VIEW
32-PIN SOP

-
[ ]

2
3
4
5
6
7
8
9

32-pin, 525-mil SOP 10001
32-pin, 8 x 20 mm? TSOP (Type 1) Figure 1. Pin Connections for DIP and
(normal and reverse bend pins) SOP Packages
32-PIN TSOP (f) (NORMAL BEND) 32-PIN TSOP (I) (REVERSE BEND)
4 4 N\
Ay 10 3271 0E A, 16 170 A,
A 2 310 A As [}15 18[0A;
Asl] 3 3o[]CE, A e 19 [ A,
Apl] 4 29[11/0, A, 13 20h 4
WEL] s 28[7v0, A 12 21 o,
ce, O 6 2710, A O 22 vo,
As 7 261110 A 10 23vo,
Vec [ 8 2510, NC[] o 24 [ GND
Nc[] o 241 GND Vec [ 8 25 (1o,
A 10 23[V0, AsO 7 26 [110g
A 11 22vo, CE, [ 6 27 310
Ap 12 210, WEL] 5 28 [ VO,
A, 13 201 Ay A 4 20[110,
As 14 1837 Al 3 30 [ CE,
As Q15 18[ 1A, A 2 31 [J A
A Qe 1734, Al 1o azj:lﬁ
511000-1A
Figure 2. Pin Connections for TSOP Packages
SHARP 4-61



LH511000 PRELIMINARY CMOS 1M (128K x 8) Static RAM

@ 8.
w
=2 i MEMORY
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N
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zs —r
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NOTE: Pin numbers apply to 32-pin DIP or 32-pin SOP. 5110002

Figure 3. LH511000 Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao - At Address input /04 - /Og Data Input/Output
CE; - CE2 Chip Enable input Vce Power supply
WE Write Enable input GND Ground
OE Output Enable input
TRUTH TABLE
CEy CE2 WE OE MODE VO, - VOs STANDBY CURRENT NOTE
H X X X Non selected High-Z Standby (Isg1) 1
X L X X Non selected High-Z Standby (Isg1) 1
L H L X Write DN Operating (Icc) 1
L H H L Read Dout Operating (lcc)
L H H H Output disable High-Z Operating (lcc)
NOTE:
1. X=HorlL
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CMOS 1M (128K x 8) Static RAM PRELIMINARY LH511000
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vee -0.3t10+7.0 v 1
Input voltage VIN -0.3t0 +7.0 Vv 1
Operating temperature Topr -40 to +85 °C
Storage temperature Tstg -55 to +150 °C
NOTE:
1. The maximum applicable voltage on any pin with respect to GND.
RECOMMENDED OPERATING CONDITIONS (Ta = -40 to +85°C)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vce 4.5 5.0 55 \'J
ViH 2.2 Vee + 0.3 Vv
Input volt
nput voltage ViL -0.3 0.8 Vv
DC CHARACTERISTICS (Vcc =5V +10%, Ta =-40 to +80°C)
PARAMETER | SYMBOL |  CONDITIONS LHS1o00L LHS11000LL LHs11000UL unrT | NoTE
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
Output
LOW VoL loL=2.0mA 04 0.4 0.4 v
voltage
Output
HIGH VoH loH=-1.0 mA 24 24 24 v
voltage
Input
leakage | u| VIN=0to Vcc 1 1 1 HA
current
CE1=Vior
Output CE2= Vi,
leakage |lo| orOE = Vi or 1 1 1 HA
current WE = Vi,
Vvo = 0to Vce
CE1 =V,
VIN = ViLto Vi
lcct CE2 =V, 60 60 60 | mA
Cycle = MIN.
Operating gj tputs open
current CE1 <0.2Vor
Vecc-0.2V 1 6 1 6 1 6 1
ViIN<0.2V or
'CCZ VCC -0.2 V, mA
Cycle = 1 MHz, 5 | 15 5 | 15 s | 15 2
Outputs open
Isa1 i A 3 3 3 | ma
Standby CE2<0.2V 40 20 4
current 2<0.c Vor
Iss CE1, CE22 A
Voo -02V 120 60 12
NOTES:
1. Read cycle
2. Write cycle
3. Ta=0to 70°C
4. Ta=-40to +85°C




LH511000 PRELIMINARY CMOS 1M (128K x 8) Static RAM

AC CHARACTERISTICS
(1) READ CYCLE (Vcc =5V +10%, Ta = -40 to +85°C)
PARAMETER SYMBOL 100 ns 120 ns UNIT | NOTE
MIN. MAX. MIN. MAX.
Read cycle time tre 100 120 ns
Address access time taa 100 120 ns
Chip enable access time tACE" 100 120 ns
tacE2 100 120 ns
Output enable time toe 50 60 ns
Output hold time toH 10 10 ns
CE Low to output in Low-Z Lz 5 5 ns L
tLze 5 5 ns 1
OE Low to output in Low-Z toLz 5 5 ns 1
CE High to output in High-Z izt 0 35 0 45 ns !
tHz2 0 35 0 45 ns 1
OE High to output in High-Z toHz 0 35 0 45 ns 1
(2) WRITE CYCLE (Vcc =5V +10%, Ta =-40 to +85°C)
PARAMETER SYMBOL LH511000/N-10,-10L LH511000/N-12,-12L UNIT NOTE
MIN. MAX. MIN. MAX.
Write cycle time twe 100 120 ns
CE Low to end of write tcw 80 100 ns
Address valid to end of write taw 80 100 ns
Address setup time tas 0 0 ns
Write recovery time twR [o] 0 ns
Write pulse width twp 75 85 ns
Input data setup time tow 40 50 ns
Input data hold time toH 0 0 ns
WE High to output in High-Z tow ] 0 ns 1
WE Low to output in High-Z twz 5 5 ns 1
OE High to output in High-Z toHz 0 35 ] 45 ns 1
NOTE:

1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition
from steady state levels into the test load. Croap = 5 pF.

AC TEST CONDITIONS

PARAMETER MODE
Input voltage amplitude 0.8t02.2V
Input risefall time 5ns
Timing reference level 15V

1TTL + 100 pF
Output load conditions (Includes scope and jig
capacitance)
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CMOS 1M (128K x 8) Static RAM PRELIMINARY LH511000
CAPACITANCE (Ta = 25°C, f = 1MHz)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
Input capacitance CiN Vin=0V 8 pF 1
Input/output capacitance Cvo Vio=0V 10 pF 1
NOTE:
1. This parameter is sampled and not production tested.
DATA RETENTION CHARACTERISTICS (Ta =-40to +85°C)
PARAMETER SYMBOL CONDITIONS MIN. [ TYP. | MAX. | UNIT NOTE
Data retention CE2<0.2Vor
voltage Veeor CE1,CE22Vcc-0.2V 20 v
1 1
25°C 05 | HA 2
CE2<02V, 01 3
Data retention lec __ Vcc=2Vor 20 1
current DR CEy, CE22Vcc-0.2V 0to 70°C 10 pA 2
Vec=3V
2 3
60 1
-40 to 85°C 30 pA 2
6 3
CE setup time tcDbR 0 ns
CE hold time ta trc ns 4
NOTE:
1. LH511000L
2. LH511000LL
3. LH511000UL
4. trc = Read cycle time
tre
Ag-Asg ) )
taa
tacer
CANNANANANARANAN .
Wz bz1
tace2
oe [/LIIIIITITITTE AN
oe iz
oz |
a8 ANV A
tonz
O, - 10, DATA VALID (X
NOTE: WE = "HIGH"
511000-3
Figure 4. Read Cycle
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LH511000 PRELIMINARY CMOS 1M (128K x 8) Static RAM

woae X X
s | f IANANAY

o tow twr |(NOTE 4)
EANNNNNN NN NN R 7777777474
tew twa

ce. Z77TTTITTTITTTIT NNANARNANY

tas twp twr

(NOTE 3) (NOTE 1)

= ™ LTTTTTTTTT.
cor TP TITTITTYTT ST et

tow o
NOTE 6
Din { ) DATA VALID < XX
NOTES:

1. The writing occurs during the overlap (twp) of CE, ="LOW", CE; = "HIGH", and WE = "LOW".
2. tow is defined as the time from the last occuring transition, either CE, LOW transition or CE, HIGH transition,
to the time when the writing is finished.

3. tag is defined as the time from address change to writing start.

4. tywg is defined as the time from writing finish to address change.

5. If CE, HIGH transition or CE, LOW transition occurs at the same time or before WE HIGH transition, the
output will remain high-impedance.

6. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied.

511000-4

Figure 5. Write Cycle 1

4-66 SHARP



CMOS 1M (128K x 8) Static RAM PRELIMINARY LH511000
twe
Ao Are A A
taw
tew twr | (NOTE 4)
B \ (NOTE 2) ,
&8 AN Y A
few
e J///1/N /1] RAARARRNANY
tas twe twr
(NOTE 3) (NOTE 1)
W RN K77
twz tow
b TSN AT TTTTT L Honz | (OTED
oot [/ T/ T7TT7T777/
tow ou
Din (NOTE7) DATA VALID /<><><
OE ="LOW"
NOTES:
1. The writing occurs during the overlap (typ) of CE; ="LOW", CE, = "HIGH", and WE = "LOW".

2,

tew is defined as the time from the last occuring transition, either CE, LOW transition or CE, HIGH transition,
to the time when the writing is finished.

3. tagis defined as the time from address change to writing start.
4.
5. If CE, LOW transition or CE, HIGH transition occurs at the same time or after WE LOW transition, the

twn is defined as the time from writing finish to address change.

output will remain high-impedance.

. 1f CE, HIGH transition or CE, LOW transition occurs at the same time or before WE HIGH transition, the

output will remain high-impedance.

. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied.

511000-5

Figure 6. Write Cycle 2
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LH511000 PRELIMINARY CMOS 1M (128K x 8) Static RAM

ORDERING INFORMATION

LH511000 X T x

Device Type  Package  Speed  Standby
|—{ tL 42(;?/.\'““?;\()'( Standby current
UL 4 pA MAX. (Ta =0 to 70°C)

10 100
12 120

Blank 32-pin, 600-mil DIP (DIP32-P-600)

N 32-pin, 525-mil SOP (SOP32-P-525)

lT 32-pin, 8 x 20 mm? TSOP (TSOP32-P-0820)

TR 32-pin, 8 x 20 mm? TSOP
(TSOP32-P-0820) Reverse bend pin

CMOS 1M (128K x 8) Static RAM
Example: LH511000N-10LL (CMOS 1M (128K x 8) Static RAM, 100 ns, 20 pA standby, 32-pin, 525-mil SOP)

511000-6

Access Time (ns)




LH5267A

CMOS 16K x 4 Static RAM

FEATURES

o Fast Access Times: 25/35/45 ns

e Output Enable Control

e JEDEC Standard 24-Pin, 300-mil DIP
¢ Low Power Standby When Deselected
e TTL Compatible /O

e 5V +10% Supply

o Fully Static Operation

e Common I/O for Low Pin Count

FUNCTIONAL DESCRIPTION

The LH5267A is a high-speed 65,536 bit static RAM
organized as 16K x 4. Fast, efficient designs are obtained
with a CMOS periphery and a matrix constructed with
polysilicon load memory cells.

_ This RAM is fully static in operation. The Chip Enable
(E) reduces power when E is inactive (HIGH). Standby
power drops to its lowest level (Ise1) when E is raised to
within 0.2 V of Vcc.

Write cycles occur when both E and Write Enable (W)
are LOW. Data is transferred from the DQ pins to the
memory location specified by the 14 address lines. Bus
contention during Write cycles may be easily avoided by
using the output enable (G) control.

When E is LOW and W is HIGH, a static read of the
memory location specified by the address lines will occur.
Since the device is fully static in operation, new read
cycles can be performed by simply changing the address.
The LH5267A offers an Output Enable (G) control.

High-frequency design techniques should be em-
ployed to obtain the best performance from these de-
vices. Solid, low-impedance power and ground planes,
with high-frequency decoupling capacitors, are recom-
mended. Series termination of the inputs should be con-
sidered when transmission line effects occur.

PIN CONNECTIONS
24-PIN DIP TOP VIEW
AL 10 24’:|voc
AL 2 23[1 A,
A 08 22%&2
A 4 21[A,,
AL 5 20[JAy
A s 19[]A
A 18[7INC
A, s 171 DQ,
A o 161 DQ,
EJio 15[1DQ,
G 11 14[71DQ,
Vss [J12 13w
5267A-1D

Figure 1. Pin Connections for DIP Package




LH5267A CMOS 16K x 4 Static RAM
A— T
A4 p—
ao — =
A, — 2 MEMORY ARRAY
o (16,384 x 4)
A — g
[+
AO p—
A13 — |
N
DQy = 1/0 CIRCUIT T
pQ }—' BLOCK COLUMN j——
5 ! | Dpecope DECODE T
° g T ITHES
DQ, 1T 7 Az Ay Ay A Ag A A ]
E _D— POWER DOWN
w [ 1 circurr
G—t—1 )
5267A-2i
Figure 2. LH5267A Block Diagram
TRUTH TABLE PIN DESCRIPTIONS
|E|W| G MODE [o]e] lec PIN DESCRIPTION
H| x| x gg:em o | HighZ | Standoy Ao-At3 Address Inputs
DQo - DQs Data Inputs/Outputs
L |H|L Read DataOut | Active E Chip Enable Input
L |H|H | Read High-Z Active W Write Enable Input
L L | X | Write Data In Active G Output Enable Input
NOTE: -
X - Don't Care, L= LOW, H = HIGH Vce Positive Power Supply
Vss Ground
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CMOS 16K x 4 Static RAM LH5267A

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING
Vcc to Vss Potential -05Vto7V
Input Voltage Range -05VtoVec+05V
DC Output Current 2 +40 mA
Storage Temperature Range -65°C to 150°C
Power Dissipation (Package Limit) 1.0W

NOTES:

1. Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the "Operating Range”
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time.

OPERATING RANGES
SYMBOL PARAMETER MIN | TYP MAX UNIT
TA Temperature, Ambient 0 70 °C
Vce Supply Voltage 45 55 v
Vss Supply Voltage 0 -0 Vv
ViL Logic "0" Input Voltage ! | 0.5 0.8 v
ViH Logic "1" Input Voltage 2.2 Vec+05 | Vv
NOTE:
1. Negative undershoot of up to 3.0 V is permitted once per cycle.
DC ELECTRICAL CHARACTERISTICS
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
lcct Operating Current ! 'é’?vffé";'\,'ﬁmm =tRC ortwe 120 | mA
IsB1 Standby Current E=Vec-02V 0.1 1 mA
IsB2 Standby Current E = ViH min 5 mA
L Input Leakage Current Vec=55V,ViN=0Vto Vcc -2 2 HA
ILo /O Leakage Current Vcc=55V,ViN=0Vto Vcc -2 2 HA
VOH Output High Voltage loH=-4.0 mA 24 v
VoL Output Low Voltage loL=8.0 mA 0.4 \'
NOTE:

1.

lcc is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times.

SHARP
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LH5267A CMOS 16K x 4 Static RAM
AC TEST CONDITIONS
PARAMETER RATING +5V
Input Pulse Levels Vssto3V
input Rise and Fall Times 5ns 480 OHMS
Input and Output Timing Ref. Levels 15V
Output Load, Timing Tests Figure 3 DQPINS
CAPACITANCE 2 255 OHMS = 30pF
PARAMETER RATING
CiN (Input Capacitance) 6 pF J_
Cpa (Input/Output Capacitance) 8 pF —
NOTES: * INCLUDES JIG AND SCOPE CAPACITANCES s267.3

1. Capacitances are maximum values at 25°C measured at 1.0MHz

with Vgias =0 Vand Vec =5.0V.
2. Sample tested only.

Figure 3. Output Load Circuit

AC ELECTRICAL CHARACTERISTICS ! (Over Operating Range)

SYMBOL DESCRIPTION =25 =35 —45 UNITS
MIN | max | mIN | mAXx [ mIN | mAX
READ CYCLE
trc Read Cycle Timing 25 35 45 ns
taA Address Access Time 25 35 45 ns
toH Output Hold from Address Change 3 3 3 ns
teA E Low to Valid Data 25 35 45 | ns
tELZ E Low to Output Active >° 5 5 5 ns
tEHZ E High to Output High-Z 2° 10 15 15 | ns
tca G Low to Valid Data 10 15 20 | ns
toLz G Low to Output Active >3 3 3 3 ns
t<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>