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NOTICE

The specifications contained within this Sharp Memory Data Book are current as of the
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, a mainlabel 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.

© SHARP Corporation, 1994. 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,
computer-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 PSRAMs, SRAMs,
Mask-Programmable ROMs, and FIFO Memories for use in numerous areas of application.
Sharp memory units are used extensively in personal computers, advanced office auto-
mation and measuring control equipment, video games, as well as in character processing
and dictionary 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.
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General Information — Product Lineup

PSEUDO-STATIC RAMs MASK-PROGRAMMABLE ROMs (cont’d)
Density Organization Density Organization
LH5P832 256K 32K x 8 2-1 LH534000B 4aM 512K x 8/256K x 16 4-56
LH5P864 512K 64K x 8 2-8 LH534000B-S 4M 512K x 8/256K x 16 4-62
LH5P8128 M 128K x 8 2-17 LH534100B 4M 512K x 8 4-68
LH5P8129 iMm 128K x 8 2-29 LH534500A 4M 512K x 8/256K x 16 4-73
Pseudo-Static RAM Cross Reference 2-41 LH534600A 4aM 512K x 8/256K x 16 4-79
LH538P00A 8M 1M x 8/512K x 16 4-84
STATIC RAMs LH538RO0A  8M 1Mx8 4-90
LH5101 1K 256 x 4 3-1 LH538000-S 8M 1M x 8/512K x 16 4-95
LH5114 4K 1K x 4 3-7 LH538300B 8M iMx8 4-101
LH5116/H 16K 2K x 8 3-13 LH538500B 8M 1M x 8/512K x 16 4-106
LH5116S 16K 2K x 8 3-21 LH538600 M 1M x 8/512K x 16 4-113
LH5118/H 16K 2K x 8 3-28 LH5316500C 16M 2M x 8/1M x 16 4-120
LH5168/H 64K 8K x 8 3-36 LH5316501 16M 2M x 8/1M x 16 4-126
LH5168SH 64K 8K x 8 3-45 LH5332500 32M 4M x 8/2M x 16 4-131
LH5168ST 64K 8K x 8 3-53
LH516828 64K 8K x 8 (3V) 3-61 FIFO MEMORIES
LH5168Z9 64K 8K x 8 (3V) 3-69 LH5481/91 0.5K 64 x 8/64 x 9 5-2
LH5268A 64K 8K x 8 3-77 LH5492 36K 4K x 9 5-16
LH51256L 256K 32K x 8 3-85 LH5496/96H 4.5K 512x 9 5-34
LH52B256 256K 32K x 8 3-92 LH5497/97H 9K 1K x 9 5-49
LH52252A 256K 64K x 4 3-101 LH5498 18K 2K x 9 5-64
LH52253 256K 64K x 4 3-108 LH5499 36K 4K x 9 5-79
LH52258A 256K 32K x 8 3-115 LH5420 18K 256 x 36 x 2 5-94
LH521002 M 256K x 4 3-123 LH540202 9K 1K x 9 5-129
LH521007A M 128K x 8 3-131 LH540203 18K 2K x9 5-145
LH521008 iM 128K x 8 3-139 LH540204 36K 4K x 9 5-161
LH521028 1.125M 64K x 18 3-147 LH540205 72K 8K x 9 5-177
LH52vV1036B2 1.125M 32K x 36 3-162 LH540215/25 9K/18K 512 x 18/1K x 18 5-193
LH52V1036C4 1.125M 32K x 36 3-178 LH543601/11 18K/36K 256 x 36 x 2/
Static RAM Cross Reference 3-195 512 x 36 x 2 5-231
LH543620 36K 1K x 36 5-271
MASK-PROGRAMMABLE ROMs FIFO Cross Reference 5-306
LH53259 256K 32K x 8 4-1
LH53515 512K 64K x 8 4-5 APPLICATION NOTES & CONFERENCE PAPERS
LH53H0900 1M 128K x 8 4-9 Pseudo-Static RAMs
LH530800A 1M 128K x 8 4-13 Pseudo-Static RAMs 6-1
LH530800A-Y 1M 128K x 8 4-17 FIFO Memories
LH5310008 M 128K x 8 4-20 Parity Checking in the Ll-f5420 BiFIFO 6-5
LH5320008  2M 256K x 8/128K x 16 4-24 FIFO Flag Timing: Marching To
LH5320008-S 2M 256K x 8/128K x 16 4-30 Two Different Drummers &8
Different Strokes: How to Cascade and Parallel
LH532100B  2M 256K x 8 4-36 FIFOs of Various Architectures 6-16
LH53H4000/ 4M 512K x 8/256K x 16
LH53H4100 512K x 8 4-40 PACKAGING
LH534K00 aM 512K x 8 4-41 Package Selections: Static RAMs 7-1
LH534P00  4M 512K x 8/256K x 16 4-46 Package Selections: Mask-Programmable ROMs ~ 7-2
LH534R00 am 512K x 8 4-51 Package Selections: FIFO Memories 7-3
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General Information — Product Lineup

PSEUDO STATIC RAMs
ORGAN- MODEL ACCESS TIMES (ns) CYCLE TIMES (ns) PACKAGE gk.
DENSITY IZATION NUMBER 50 60 70 80100120 70 100 110130140 150160 190 SDIPDIP SOP SOJ DIP TSOP
2sek|-aokxs Hmspeaz H | | | | HIEEER |28 28] [28] |
e
ES
POWER
CONFIG- ACCESS | CYCLE |CONSUMPTION
CAPACITY URATION MODEL NO. |TIME (ns) | TIME (ns)] OPERATING/ | OPERATING | ppciagE
(WORDS x BITS) MAX. MIN. STANDBY MODE
(mW) MAX.
P/
100 160 357.5/16.5 PSEUDO 2601
256K 32,768 x 8 LH5P832 120 150 0165 SRAM 2825828:5/
PSEUDO
512K 65,536 X 8 LH5P864 80 140 440/55 SRAM 32 SOP
60 100 572/55
LH5P8128 80 130 440/55
100 160 358/5.5 320DIP/
™ 131,072x 8 P | s2sop/
60 100 572/5.5 32TSOP?
LH5P8129 80 130 385/5.5
100 160 358/5.5
NOTES:
I = Not available.
= Operating frequency or access/cycle time parts that are either available
now or soon to be available. Contact your Sharp representative for availability.
1. CS Control
2. CE Control
3. TSOP(l)
4. TSOP(ll) - Consult factory for availability. o
MD-7A




General Information — Product Lineup

STATIC RAMs
PACKAGE
ORGAN- MODEL ACCESS TIME (ns) SK-
PROCESS DENSITY IZATION NUMBER 70 80 100 120 150200260 3005001000 DIP DIP SOP TSOP SOJ
- }—fsocxd—{ st [TITT1T Z
1Kxa ] Lrstia
LHS116H_
LH5116S
-—-l  2Kx8 | E‘_J
LH5118/H
FULL H
CMOS | LH5168/H |
| LH5168SH |
64 | Lri51685T |
LOW- LHs16828 |
POWER | | LH516829
STATIC
RAM 32sz|-—-[ thst2sel |—{
[ |—{ 8k x8 | Lrszeen | ] | ]
PERIPHERY @ 32KxaH Urioonase | I
7 9 10 12 15 17 20
o [ T T [ [ 11
64K x4
256K] wseess | | | | ]
aokxs}—] thsazssa | | | | |
zsaced—{ ooz | T [ ] ]
HIGH
SPEED -|penipHERY tszroora}— [ [ [ ]
wezioos |- T ] ]
ak x 18— whs2ros f— | | | |
NOTES:
[ = Not available.
= Operating frequency or access/cycle time parts that are either available
now or soon to be available. Contact your Sharp representative for availability.
MD-3
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General Information — Product Lineup

STATIC RAMs
POWER
PROCESS | DENsiTy | ORGANIZATION MODEL NO. ﬁﬁﬁ"zﬁf) G | COPERATAG PACKAGE
(WORDS x BITS) MAX. | (ns)MIN. |  STANDBY
(mWIW) MAX.
FULL CMOS K 256 x 4 LH5101 300 300 137.5/55 22DIP
« 1,024 x4 LH5114 150 150 1100275 18DIP
16K 2,048x8 LH5116 100 100 220055 24DIP/24SOP/24SK-DIP
LH5116H ' 100 100 22055
LH5116S * 1000 1000 33133 24S0P
LH5118 100 100 22055 24DIP/24SOP/24SK-DIP
LH5118H ' 100 100 22055
64K 8,192 x 8 LH5168 100 100 248/5.5 28DIP/28SOP/28SK-DIP/
28TSOP()
LHs168H ' 100 100 275/165 28DIP/2850P/28SK-DIP
LH5168SH " * 500 500 60/9 (3V) 28S0P
LH5168ST 500 500 60/3 (3V) 28TSOP()
LH516828 200 200 60/3 (3V) 2850P
LH516829 260 260 60/3 (3V) 28S0P
256K 32,768 x 8 LH51256L ' 100 100 2481275 28DIP/28S0P
. 120 120
CMOS 84K 8,192 x 8 LH5268A 100 100 220/220 28DIP/28SK-DIP/28S0P
PERIPHERY 256K 65,53 x 4 LH52252A 25 25 825/5500 24SK-DIP/24S0J
35 35 660/5500
45 45 550/5500
LH52253 20 20 800/5500 285K-DIP/28S0J
25 25 745/5500
35 35 745/5500
32,768 x 8 LH52B256 70 70 440/550 28DIP/28SOP/28SK-DIP/
100 100 385/550 28TSOP(l)
LH52258A 20 20 825/5500 285K-DIP/2850
25 25 745/5500
™ 262,144 x 4 LH521002 20 20 715/11000 28501
25 25 660/11000
35 35 550/11000
131,072 x 8 LH521008 20 20 825/11000 32804
25 25 770/11000
35 35 660/11000
LH521007A 20 20 770/27500 32504
25 25 688/27500
35 35 633/27500
1.125M 65,53 x 18 LH521028 20 20 1650/275000 52PLCC
25 25 1650/275000
35 35 1650/275000
32,768 x 36 LH52V103682 9 15 866/295 100TQFP
10 15 866/295
12 20 7281243
17 25 624/208
LH52V1036C4 7 15 866/295
10 20 7281243
12 25 624/208
15 30 572191

NOTES:

1. Topr =-40 to +85°C

2. T TSOP (Type I) Forward bend
TR TSOP (Type I) Reverse bend

3. Supply Voltage (V) = 3 £ 10%

Supply Voltage (V) =2.5to 5.5

»
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General Information — Product Lineup

MASK-PROGRAMMABLE ROMs
ORGAN- MODEL ACCESS TIME (ns) PACKAGE
PINOUT  DENSITY  IZATION NUMBER 5570 80 100120150 200500 DIP SOP TSOP QFP
—{2sek}— a2k x8]—] thsszse 1 T T ] | Hesles|  [a4?]
512K 6akx8}—] thsasis T | ] [ Hes|28] [+]
tHs30800A - | | | | Ha32[s2]|  [44°]
H ™ {128 x s} H-ursaosooay-{ T [ ] [+
JEDEC LH53H0900 | [ ] Hazse] [ |
_|sTaNDARD| |
EPROM - am |—]esexxsl—{LHssztoo |- [ | [ | H32] 32 32* |
thsaatoosf— [ | | |
oo L T T 1 1
m
staxx) thsaaroo H T [ | Haz2ls2 |3 | |
LH53H4100 || ] Haz[s2]at | |
LH5383008 32|32 | 32°
] oosf— | | | pEIEI
thsssrooAlH [ T | Hazla2 [32* [ |
—{ 1M 128k xs]—{ thssto0e - T T ] [Hes[28]  [4a']
HoM =ecg] rLirsszoos - [ T ] Hao a0 T 48° 447
E wsazoooes- [ [ [ a0 [0 ] 46° [aa'q
Fl Hsas0008 | | | ]
HurssaoossH T T ] 40 [40 | 48° Ja4'3]
soxna] (Lirsassooal{ T T T [ Ha4oT40 [ 48° Jua']
L] [256K x 18] L T hsassooa [ | | [ HaoT40 ] 48® [ aa']
- Lisaapoo [ T T a0 40 | 48° [ 44']
8/x 16
- Méﬁlﬁ(; ROMI— U hssHaooo H ] Ha4oJa0T4s® ] ]
— LHs38000-s | | 42 [44 | 48° | 64 |
o] H rsassoos - | Haz 44 | 48® fua'ed]
212K 181 | I hiszs00 |- ] Haz 44 | 48 fua'eq]
R = Hazj4a [ 488 [ |
Helel ]
LHs316500C|{ ] [Hazfsa]4s®] |
] Tesszsoo || | H el =]
NOTES:
[ = Not available.
= Operating frequency or access/cycle time parts that are either available
now or soon to be available. Contact your Sharp representative for availability.
LH5XXX: CMOS
1. 14 x 14 mm?2 package
2. QFP also available in 10 x 10 mm? package
3. TSOP (Type )
4. TSOP (Type Il) MD-5

SHARP



General Information — Product Lineup

MASK-PROGRAMMABLE ROMs

ACCESSTME|  powen
DENSITY (ej‘:ngﬂz:;% MODELNO. | USERSNO. |  {ng) MAX. ccmsv})»mlcou PACKAGE
(ns) MIN.
256K 32768x8 | LH53259 LH5359XX 150 110 28DIP/28SOP/44QFP 2
512K 65536 %8 | LH53515 LH5315XX 150 195 28DIPRBSOP/A4QFP 2 /3250P
™ 131072x8 | LH53H0900 LH5HO9XX 55 660 32DIP/32S0P
LH530800A LH531HXX 150 195 32DIP/32SOP/44QFP 2
LH530800A-Y LH531YXX 500 193 32DIP/32SOP/44QFP 2
LH5310008 LH531GXX 150 195 28DIP/28SOP/44QFP !
oM 262144x8 | LH5321008 LH532HXX | 1201150 o75 32DIP/32SOP/32TSOP(l)
262,144 % 8 LH5320008 LH532GXX 120/150 275 40DIP/40SOP/44QFP 2 /48TSOP(l)
13107216 ) {issonoos-s LH5325XX 500 2251275 40DIP/40SOPIU4QFP 2 (48TSOP()
a 524288x8 | LH53H4100 LH5H41XX 80 550 32DIP/32SOP/32TSOP(l)
LH534K00 LH534KXX 150 3% 32DIP/32SOP/32TSOP(l)
LH534R00 LH534RXX 120 358 32DIP/32SOP/32TSOP(l)
LH5341008 LH534HXX 200 275 32DIP/3250P
524288 x8 | LH53H4000 LH5HA0XX ) 550 40DIP/40SOPHSTSOP()
2214416 1" Lsaupoo LH534PXX 120 358 40DIPI40SOP/44QFP '/48TSOP())
LH534600A LH534UXX 100 550 40DIP/40SOP/44QFP '/48TSOP(l)
LH534500A LH534FXX 150 275 40DIP/40SOPH4QFP ' 48TSOP()
LH5340008 LH534GXX 200 275 40DIP/40SOP/44QFP '? /48TSOP(l)
LH534000B-S LH534SXX 500 225/275 40DIP/40SOP/44QFP 2 148TSOP(l)
8M 1048576 x8 | LHS38RODA LH538HXX 120 30 32DIP/32SOP/32TSOP(l)
LH5383008 LH5383XX 150 215 32DIP/32SOP/32TSOP(l)
1,048576x8 | LH538PO0A LH538PXX 120 330 42DIP/44SOPHBTSOP()
52428816 ' yeaaoo0- LH538SXX 500 2251275 42DIP/4SOPI4BTSOP()B4QFP
LH5385008 LH5385XX 150 275 42DIPU4SOP/44QFP ! /64QFP/ASTSOP()
LH538600 LH5386XX 100 385 42DIPU4SOP/44QFP ! /64QFP/4STSOP()
16M 2007152 x8 | LH5316500C LH5370XX 150 275 42DIP/44SOPHSTSOP()
1048576316 ') isates01 LHS37IXX |  150770° 385 42DIPM4SOP
32M 4194304 x8 | LH5332500 LH5355XX 150 275 44SOP/B4QFP
2,097,152 x 16

NOTES:

1. 14 x 14 mm? package

2. QFP also available in 10 x 10 mm? package
3. Page Mode only available in 70 ns
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General Information — Product Lineup

FIFO MEMORIES
OPERATING
FREQUENCY
ORGAN- MODEL (MH2) PACKAGE
TYPE DENSITY  [ZATION  _NUMBER 35 25 15 DIPSOJ SK-DIPPLCC
64x8 |—| LHs4s1
| sHaLow =3 x8 LS
ASYNCH.
64x9 [—| LH5491
ACCESS TIME (ns)
— 45K |—{s12x9 |—{LH5496/06H
— ok |—{ 1kx9 |—{LHs497/97H
— ok | 1kxo9 LH540202
—{ 18k {2k xo | Lrsa08
| | opeerer | |
ASYNCH. 18K |— 2Kx9 LH540203

FIFO

CLOCK SYNCH.

36K | akx9 }—]{ LHs400

86K |—1 akx9 |— LHs40204

32
| |—{28]28] 28 |a2]

Sl

72K }— 8Kx9 |—{ LHs40205

| ] [22] |

CYCLE TIME (ns)
15 20 25 30 35

9K |—512 x 18}—] LHs40215

18K |—] 1kx 18 |—{ Lrs40225

36K

4Kx9 |— LHsae2 |— |

36K |—] 1K x36 LH543620

32

[&]
Le'_ﬂ
(=]
PQFP
132

L BIDIRECTIONAL

NOTES:

[C1 =Contact your Sharp representative for availability.

= Operating frequency or access/cycle time parts which either are available
now or are soon to be available. Contact your Sharp representative for availability.
Asychronous parts are specified according to access time or operating frequency;
synchronous parts are specified according to cycle time.

PGAPQFP

MD-6
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General Information — Product Lineup

FIFO MEMORIES
POWER
ORGANIZATION OPERATING ACCESS CYCLE CONSUMPTION
DENSITY (WORDS x BITS) MODEL NO. FREQUENCY TIME TIME (mW) MAX. PACKAGE
(MH2) (ns) MAX. | (ns)MIN. ACTIVE/
STANDBY
0.5K 64x8 LH5481 26 67 248/~ 28SK-DIP/28PLCC
22 40
20 28
64x9 LH5491 26 67 248/ - 28SK-DIP/28PLCC
22 40
20 28
45K 512x9 LH5496 550/28 28SK-DIP/28DIP/32PLCC
LH5496/96H
9K 1,024 x 9 LH5497 55028 28SK-DIP/28DIP/32PLCC
LH5497/97H
LH540202 * 550/28 28SK-DIP/28DIP/28S0J/
32PLCC
512x 18 LH540215 * 55028 68PLCC
18K 256 x 36 x 2 LH5420 1540/ - 120PGA/132PQFP
LH543601 * 1540/ - 120PGA/132PQFP
2,048 x9 LH5498 55028 28SK-DIP/28DIP/32PLCC
Primary parameter for speed-grade specification.
* Contact your Sharp representative for availability.
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General Information —~ Product Lineup

FIFO MEMORIES (cont’d)
OPERATING CYCLE | CONSUMPTION
NSUMPTI
DENsITY | SRSANZATION | MoDELNO. | FREQUENCY TIME (mW) MAX, PACKAGE
(WORDS x BITS) (MHz) (ns) MIN. ACTIVE/
STANDBY
18K 2048 x 9 LH540203 * 40 550028 285K-DIP/28DIP/28S0)/
32PLCC
1,024 x 18 LH540225 * 550128 68PLCC
36K 512 36 x 2 LH543611 * 1540/ - 120PGA'132PQFP
4,096 x 9 LH5499 60544 28DIP/2PLCC
LH540204 * 605/44 285K-DIP/28DIP/2850J/
32PLCC
LH5492 825/138 32PLCC
1,024 x 36 LH543620 * TBD 132PQFP
72K 8192 %9 LH540205 * 605/44 26SK-DIP/28DIP

Primary parameter for speed-grade specification.
* Contact your Sharp representative for availability.

SHARP
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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, Sham 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:

e 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 meas-
uring devices should be carefully monitored to
ensure quality and reliability from the very beginning
of the production process.

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

e 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-
velopmentand design can be maintained, whether there
are any discrepancies in the production process and
whatyields 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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Figure 1. New Product Development Steps
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PROCESS CHARACTERISTIC(S) CONTROLLED PURPOSE OF CONTROL
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Figure 2. Example of the Quality Control Process




General Information — Quality Assurance

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:

e |Initial selections of a raw material manufacturer.

e 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 room where there is minimal airborne 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

Humidity 45 +5% RH

Control of Facilities
and Instrumentation

Intregrated circuit device technology is experiencing
rapid revolutionary change, and advances in IC pro-
duction 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:

e operator-initiated maintenance;
e 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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1. STATIC OR DYNAMIC BURN-IN

WAREHOUSINGl

2. FUNCTIONAL, ELECTRICAL
CHARACTERISTICS AND APPEARANCE
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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 builtin. 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 proc-
ess. CIM is used to implement comprehensive
production control, including conveyance within a proc-
ess, 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 ltems

REFERENCE
CLASSIFICATION TEST PURPOSE &CONDITIONS STANDARDS
Thermal Soldering Heat JISC 7022: A-1

To determine soldering heat resistance.

Environment Standard test conditions: 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 = Tstg 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 = Tstg MIN ~ Tstg max [liquid environment]
Mechanical Variable Frequency To determine resistance to vibration during JIS C 7022: A-10
Environment Vibration transportation and use. MIL-STD-883 C 2007
Tests tions: 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, £t Yand+ Z

Mechanical Shock

To determine resistance to shocks during
transportation & use.

Peak acceleration: 1500 G

Pulse duration: 0.5 ms

Orientation: three (3) pulses in each of the
orientations + X, + Y and + Z

JIS C 7022: A-7
MIL-STD-883 C 2002
IEC Pub. 68 Test Ea

Constant Acceleration

To determine resistance to constant acceleration.

Stress level: 20,000 G,
Orientation: applied for one (1) min. in each
of the orientations + X, + Y and + Z

JIS C 7022: A-9
MIL-STD-883 C 2001
IEC Pub. 68 Test Ga

Lead Integrity

To determine resistance to installation and handling
such as wiring.
(1) Tensile strength.

A specified load is applied in a direction
parallel to the lead axis for 10 + 1 sec.
(2) Bending strength.

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

JIS C 7002: A-11
IEC Pub. 68 Test U
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Table 2. (cont’d)
Reliability Test ltems

REFERENCE
CLASSIFICATION TEST PURPOSE &CONDITIONS STANDARDS
Mechanical Solderability To determine the solderability of leads which are JIS C 7022: A-2
Environment connected 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
hermetically sealed devices.

(1) Fine leak detection (helium): measured with a
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.

JIS C 7022: A-6
MIL-STD-883 C 1014
IEC Pub. 68 Test Q

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
.Slanda[d test pgndu'gns.
Ta= Top MAX
Operating source voltage = Max. operating voltage
High Temperature To determine resistance to prolonged high JIS C 7022: B-3
Storage temperature storage. MIL-STD-883 C 1008
Ta = Tstg MAX
Low Temperature To determine resistance to prolonged low temperature |JIS C 7022: B-4
Storage storage. IEC Pub. 68 Test A
Stand o
Ta= Tstg MIN
High Temperature/ To determine resistance to prolonged temperature, JIS C 7022: B-5
High Humidity Bias humidity and electrical stress. IEC Pub. 68 Test C
85°C, 85% RH
Applied voltage = VTypPiCAL
1-16 SHARP
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Table 2. (cont’d)
Reliability Test ltems

REFERENCE
CLASSIFICATION TEST PURPOSE &CONDITIONS STANDARDS
Miscellaneous Pressure Cooker To evaluate moisture resistance in a short period of EIAJ IC-121: 18

(PCT)

time.

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

Composite Test

Several tests (selected from those listed above)
performed 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.
S ftions:

(1) Condenser charge

(2) Current application

(3) Vcc overvoltage application

1-17
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Reliability Tests

Reliability Test Methods

Reliability tests should always have good reproduci-
bility. Thus, reliability tests for IC devices are based on
standardized test methods. Such uniform testing stand-
ards include those established by JIS (Japanese Indus-
trial 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 reliability
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 an increased 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. Itis necessary to establish various
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 } ----------------- :
]
TROUBLE, INCIDENT
oA RESPONSE FEEDBACK
REGULAR | TO RELATED
REQUIREMENTS QUALITY DEPARTMENTS
[SALES & MARKETING | CONSULTATION
DEPARTMENT QUALITY
IMPROVEMENT
ACTIVITIES
RESPONSE
COMMUNICATION :
RELIABILITY B GREEEEY
CONTROL DEPARTMENT
DATA FAILURE
SERVICES ANALYSIS
i
|
1
REQUEST CORRECTIVE MEASURES ¢
1
Fataiieii kb demmmmmee (]
: REPORTS;
i PROPOSALS :
PRODUCTION DESIGN AND
DEPARTMENT ENGINEERING 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

Itis 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 maxi-
mum, 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 tempera-
ture range (Topr) or the absolute maximum ratings, but
that storage temperature (Tstg) is the range in a non-
operating condition.

Storage Precautions

General Storage Precautions

a. Storing product in the packing in which it is shipped
is recommended. If 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. ltem (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 (109 - 10" Q) 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.
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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
according 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 meas-
ures 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
BONDING TEMPERATURE TEST
Cleaning Solution 15 to 40°C METHOD AND TIME POSITION
Temperature Peak temp. 240°C or less
:2;:3‘? d 230°C or more within 15 sec. g::g:elc
Heating speed: 1 to 4°C/sec.
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
Ejggﬁng 260°C or less, within 10 sec. | 1 Ue"
SHARP 1-23




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

Don'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
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PSEUDO-STATIC RAMs

Density Organization

LH5P832 256K 32K x 8
LH5P864 512K 64K x 8
LH5P8128 LY 128K x 8
LH5P8129 M 128K x 8

Pseudo-Static RAM Cross Reference

Page
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LH5P832

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

FEATURES
e 32,768 x 8 bit organization

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

e Power consumption:
Operating: 357.5/303 mW
Standby: 16.5 mW

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

o 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 Packages:
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 external assistance.

PIN CONNECTIONS

SHARP

28-PIN DIP TOP VIEW
28-PIN SK-DIP
28-PIN SOP
ALC] 1@ 281 Ve
A 2 270 RW
A 3 26 1Aq3
As] 4 25[]Ag
As] 5 24[ 1Ay
A 6 23[ Ay,
Al 7 22[]OE/RFSH
A 8 21 Ay
A e 20[1CE
A,]10 19[11/0g
vo, 11 18 [110,
10,12 17 [J10,
105 ]13 16[11/05
GND []14 15110,
—
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
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iﬂqps: SELECTOR [ IN
Row BUFFER
ADDRESS } ‘
BUFFER |
] MEMORY
EXT/INT ROW
ARRAY
AbbRESS || Mox || |_|PECO0ER| | 2s6ROWS
COUNTER {128 COLUMNS
DATA

BUFFER

-

CE CLOCK
€1 genenaton

AUTO-REFRESH|[ ™| SELF-REFRESH

— CONTROLLER || TIMER
OE/
RFSHé L

5P832-2

Figure 2. LH5P832 Block Diagram
PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
RW Read/Write input Ag-Ais Column Address inputs
OE/RFSH Output Enable/Refresh input CE Chip Enable input
1/01 - 1/Og Data inputs and outputs Vce Power supply
Ao- A7 Row address inputs GND Ground
TRUTH TABLE
CE WE OE/RFSH MODE V01 - VOs Icc NOTE
L L X Write Data in Operating (Icc) 1
L H L Read Data out Operating (Icc)
L H H CE-Only Refresh High-Z Operating (Icc)
H X L Auto Refresh High-Z Operating 1,2
H X L Self Refresh High-Z Standby 1,3
NOTES:

1. X=HorL 2.0E Pulsewidth <8 us 3. OE Pulsewidth > 8 pus

2-2 SHARP




CMOS 256K (32K x 8) Pseudo-Static RAM LH5P832

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Applied voltage on any pin VT -1.0to +7.0 \" 1
Output short circuit current lo 50 mA
Power consumption Pp 600 mW
Operating temperature Topr Oto +70 °C
Storage temperature Tstg -65 to +150 °C

NOTE:
1. Referenced to GND

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vce 4.5 5.0 5.5 \
Input voltage Vi 22 Vec+03 v

Vi -1.0 +0.8 \'

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

PARAMETER SYMBOL MIN. MAX. UNIT
Input capacitance ﬁ -ﬁ‘l' R/W_ Cnr 8 PF
CE, OE/RFSH Cinz 5 pF
Input/output capacitance 1/01 - 1/Os Cout1 12 pF

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

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Operating current Icct trc = 160 ns 65 mA 1
Operating current lcct trc = 190 ns 55 mA 1
Standby current lcce CE = Vi, OE/RFSH = ViH 3 mA 1
Self refresh average current lcca CE = Vi, OE/RFSH = ViL 3 mA

CPU internal cycle

average current lccs trc = 160 ns 65 mA 1,2
ch ‘:a;‘;eéﬂfr'e%"'e lccs | tRc = 190 ns 55 mA 1,2
Input leakage current Lt OV<VN<S65V -10 10 pA

Output leakage current ILo 0OV <Vour£Vecc+03V -10 10 HA 1
Output High voltage VoH lout=-1 mA 24 Vv

Output Low voltage VoL loutr =4 mA 0.4 v

NOTES:
1. The output pins are in high-impedance state.
2. lgcy and Igc4 depend on the cycle time.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 06t024V
Input rise/fall 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 '? (Vcc = 5.0 V £10%, TA = 0 to 70°C)
PARAMETER SYMBOL 160 ns 190 ns UNIT | NOTE
MIN. MAX. MIN. MAX.
Random read, write cycle time trc 160 190 ns
Read modify write cycle time tRMW 225 280 ns
CE pulse width tce 100 10,000 120 10,000 ns
CE precharge time tp 50 60 ns
Address setup time tas 0 0 ns
Address hold time taH 20 30 ns
Read command hold time tRCH 0 0 ns
Read command setup time trcs 0 0 ns
CE access time tcea 100 120 ns 3
OE access time toea 40 50 ns 3
CE to output in Low-Z teLz 10 10 ns
OE to output in Low-Z toLz 0 0 ns
Output enable from end of write twiLz 0 0 ns
Chip disable to output in High-Z tcHz 0 30 0 35 ns 2
Output disable to output in High-Z toHz 0 30 0 35 ns 2
Write enable to output in High-Z twHz 0 30 0 35 ns 2
OE setup time toes 10 10 ns
OE hold time toeH 0 0 ns
OE lead time toEL 10 10 ns
Write command pulse width twep 60 85 ns
Write command setup time twes 60 85 ns
Write command hold time tweH 60 85 ns
Data setup time from write tosw 40 50 ns
Data setup time from CE tosc 40 50 ns
Data hold time from write toHw 0 0 ns
Data hold time from CE toHC 0 0 ns
Transition time (rise and fall) tr 3 35 3 35 ns
Refresh time interval tREF 4 4 ms
REFRESH CYCLE
Auto refresh cycle time trc 160 190 ns
Refresh delay time from CE tRFD 50 60 ns
Refresh pulse width (Auto refresh) traP 60 8,000 80 8,000 ns
e gy 19 tme w | w a0 ns
&Ege:ae\}/r :sr?s from refresh active tece 190 205 ns
Refresh pulse width (Self refresh) tFAs 8,000 8,000 ns
T e ns
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 V, 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. C oap = 5 pF.

3. Measured with a load circuit equivalent to 1TTL loads and 100 pF.

24
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CMOS 256K (32K x 8) Pseudo-Static RAM LH5P832

tae
tee t
. Vp— 4 3
GE WMo h / N
tas tan
o~ Vi~ X semress XOOOOOOOCOOOOOOCOTOOCONK
toEH toeL I__'OES
OF/ Viu— b
R \ 11/
tRCS tRCH
V,
— H™
RW vy — j toea tcuz \—
toea tonz
Vou — /
O, - UG VI ~ §X>§g Qur
torz
toz
5P832-3
Figure 3. Read Cycle
tae
tce L
GE Y- N / \
L x 7 | W
tas tan
Ag-Ars &:[': X Aooress )( <><><><>(\><><
toes toEn
OF/ v, —
o
RFSH ViL— j et twi ‘\-
Ccs
twep
AW VM \ /
tosw torw
tosc tone
1/O4 - I/Oq Q/’:r: gz DATA- IN :E———
5P832-4

Figure 4. Write Cycle




LH5P832 CMOS 256K (32K x 8) Pseudo-Static RAM

trmw
tee tp
— V- )
Ew-_/ N RN
tas ] tan
e Y7 Y e KX RXRXCX KKK KR ARKKARXK
toen toes|
55 v 1
_— H™ B
RFSH ViL— \( J /
taes twes
twee
— V- 4
RW VD \ 7
tosw torw
tosc tore
3:5: (L DATA-IN JE——-
tcea twhz
Vo'-lf toea tonz twiz tonz
xﬁ: ,:XX); DATAOUT  } { ——
| {foz
toz
5P832-5
Figure 5. Read/Write Cycle
tac
tee Lt
— v, —_—
CE wi- X ’l{ \R__
tas || tan
o~ Yt~ XOOK_reomess K OOOOOCOOOOOOOGROOOROONNX
toes L‘o_@'
OF/ v,
H™
RFSH ViL— —/Ftncs e \_
. R
RW v~/ \__
VO, - 0 ¥gr: HIGH-Z
NOTE: Ag- Ay, = Don't care .

Figure 6. CE Only Refresh Cycle




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

LH5P832

= Vu-— y
CE vy, _
* ‘—/ tarD tec trce \_
trap tep trap
OF/ v, — —
Rrs Ve \ \ T
VO, - VOg VOH HIGH-Z
oL—
NOTE: A, - Ay, RW = Don't care i
Figure 7. Auto Refresh Cycle
CE V- )
CE vy — / \
trrD tras ters
O/ y,— —
AFsH Vi — \ /
1O, - 04 ¥g,: - HIGH-Z
NOTE: A, - A;y, RW = Don't care 5Pas28
Figure 8. Self Refresh Cycle
ORDERING INFORMATION
LH5P832 X - ##
Device Type Package Speed
10 100 .
I—{ 12 120 Access Time (ns)
J’ 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) sraszo
2-7
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LH5P864

CMOS 512K (64K x 8) Pseudo-Static RAM

FEATURES

¢ 65,536 x 8 bit organization
e Access time: 80 ns (MAX.)
e Cycle time: 140 ns (MIN.)

e Power supply:
5V+10%

o Power consumption: 440 mW (MAX.)

e Operating temperature:
0 to 70°C

e TTL compatible 1/O

o Average supply current in self refresh
cycle: 1 mA

e 512 refresh cycles/8 ms (MAX.)

e Available for auto-refresh and self-refresh
modes

e Package: 32-pin, 525-mil SOP

DESCRIPTION

The LH5P862 is a 512K-bit Pseudo-Static RAM or-
ganized as 65,536 x 8 bits. It is fabricated using sili-
con-gate CMOS process technology. With its built-in
oscillator, it is easy to refresh memories without an
external clock.

PIN CONNECTIONS
32-PIN SOP TOP VIEW
TEST[] 1@ 32[JVee
Ne [ 2 31[dNC
A 3 30[1 CE,
Ap ] 4 291 RW
A 5 28[J A3
A, s 270 Ag
A0 7 26[ 1A,
A 8 25[ 1Ay
A o 247 OB/RFSH
A 10 23 A,
A, O 11 22 CE,
A, 12 21710,
110, []13 20[1 10,
Vo, 14 19[7 /05
Vo, Ié 15 18110,
GND 16 17[d 1o,
5P864-1

Figure 1. Pin Connections for SOP Package
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CMOS 512K (64K x 8) Pseudo-Static RAM

LH5P864

de)GND
gy 32 vcc
NP Vgs GENERATOR
Ay
A1
As(9) COLUMN
A ADDRESS COLUMN
A BUFFER DECODER
5
As(8) Tt
A
A: SENSE |l 1O o— DNA 13910,
NS ROW AMPS SELECTOR BUFFER |- @a)vo,
ADDRESS 510,
A0@ | BUFFER 19 vo,
A
o oy
REFRESH | | [llo
A3@® | ADDRESS| | Amomnns oW 2561 GO 10,
Agy COUNTER[=#1" "1 x — MEFI‘\QR(Y DATA =t ()0,
2561 ouT
BUFFER |~
CE, cLOCK
CE, 30—| GENERATOR
REFRESH REFRESH
|__4 CONTROLLER | |  TIMER
OF ooy | g )
RFSH
RW
5P864-2
Figure 2. LH5P864 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao - A Address input Vce Power Supply
RW Read/Write Enable input GND Ground
OE/RESH 8uhr;ut Enable input/Refresh Test Test Input :
I P NC No Connection
CE4, CE2 Chip Enable input
/Og - 1VO7 Data input/output
2-9



LH5P864

CMOS 512K (64K x 8) Pseudo-Static RAM

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Applied voltage on any pin VT -1.0t0 +7.0 \" 1
Output short circuit current lo 50 mA
Operating temperature Topr 0to+70 °C
Storage temperature Tstg -65 to +150 °C

NOTE:

1. The maximum applicable voitage on any pin with respect to GND.

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Vce 45 5.0 5.5 v
Supply voltage
pply g GND o 5 5 v
Input voltage Vi 24 Vcc +0.5 v
Vi -1.0 0.8 v

CAPACITANCE (TA=0to +70°C, f = 1M, Vcc = 5.0 V +10%)

PARAMETER CONDITION SYMBOL MIN. MAX. UNIT
Ao - A4 Cint 8 pF
Input capacitance R/W, OE/RFSH Cing 5 pF
CE4, CE2 CiNa 5 pF
Input/Output capacitance | 1/Oo - I/O7 CouT1 10 pF
DC CHARACTERISTICS (Ta =0 to +70°C, Vcc = 5.0 V £10%)

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Operating current lcct trc = trc (MIN.) 80 mA 1,2
Standby current lcc2 1.0 mA 1,3
Self refresh average current lecs 1.0 mA 1,4

OVSVNEZ65YV, R
Input leakage current It 0V except on test pins 10 10 LA
0V <Vour<Vcc+03YV, R
Output leakage current Io Outputs in High-Z state 10 10 HA
Output HIGH voltage VoH loH =-1.0 mA 2.4 \
Output LOW voltage VoL lout = 4.0 mA 0.4 Vv
NOTES:
1. The output pins are in high-impedance state.
2. lgcy depends on the cycle time.
3. CE, =CE; = V), OE/RFSH = Vi
4. CE,=CE,=Vjy, OE/RFSH=V,_
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CMOS 512K (64K x 8) Pseudo-Static RAM

LH5P864

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

PARAMETER SYMBOL MIN. MAX. UNIT NOTE
Random read, write cycle time trc 140 ns
Read modify write cycle time tRMwW 205 ns
CE pulse width tce 80 10,000 ns
CE precharge time tp 50 ns
Address setup time tas 0 ns 4
Address hold time taH 20 ns 4
Read command setup time trcs 0 ns
Read command hold time tReH 0 ns
CE access time tceA 80 ns 5
OE access time toEA 30 ns 5
CE to output in Low-Z tcLz 20 ns
OE to output in Low-Z toLz 0 ns
R/W to output in Low-Z twiz 0 ns
Chip disable to output in High-Z tcHz 25 ns
Output disable to output in High-Z toHz 25 ns
Write enable to output in High-Z twHz 25 ns
OE setup time toes 10 ns
OE hold time toeH 10 ns
OE lead time toEL 10 ns
Write command pulse width twp 30 ns
Write command setup time twes 30 ns
Write command hold time twcH 50 ns
Data setup time from write tosw 30 ns 6
Data setup time from CE tbsc 30 ns 6
Data hold time from write toHw 0 ns 6
Data hold time from CE tbHC 0 ns 6
Transition time (rise and fall) T 3 35 ns
Refresh time interval tREF 8 ms
Auto refresh cycle time trc 130 ns
Refresh delay time from CE tRFD 50 ns
Refresh pulse width (Auto refresh) trapP 30 8,000 ns
Refresh precharge time (Auto refresh) trp 30 ns
?e?r edse’:?y time from refresh precharge (Auto trRs 30 ns
Refresh pulse width (Self refresh) tFAs 8,000 ns
gler :ser:?y time from refresh precharge (Self teRs 160 ns
NOTES:
1. In order to initialize the circuit, CE,, CE, and OE/RFSH should
be kept in Vi for 100 ps after power-up and followed by at least 26V
8 dummy cyc.leé. INPUT g.g ://
2. AC characteristics are measured at ty = 5 ns. = 0.6V
3. AC characteristics are measured at the following condition (see
figure at right): 22V
4. Address is latched at the negative edge of CE, or CE,. OUTPUT XOAB Vv
5. Measured with a load equivalent to 2TTL + 100 pF.
6. Datais latched at the positive edge of R/W or at the positive edge 5P864-3
of CE, or CE,.
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LH5P864

CMOS 512K (64K x 8) Pseudo-Static RAM

tac
tp tce tp
CE, V- 4
(ORTEy) ViL— \ /
CE, V- f
(ORCE,;) ViL— _/
ILQS_ tan
ViL—- b,
toeH toeL toes
—— V- ) s
OE/RFSH yM_ \ /
tacs tren
Vi— Y
RW Vi — / \
loea forz.
tcea tonz
torz
oz
Voun— 7 4
0o - V07 y3'_ < VALID-DATA OUTPU T
5P864-4
Figure 3. Read Cycle
212 SHARP




CMOS 512K (64K x 8) Pseudo-Static RAM

LH5P864

tre
te tce te
Soe, Wi \ 7
(ORCE,) ViL— F 7
CE, V- f
(ORCE,) ViL— _/
tas tan
Ao-Ayy VH™ ADDRESS INPUT ‘[( ><><><><><><><X:><
ViL— 7
toes 'Olﬂ
[ — V|H_
OE/RFSH '~ / \
twen
twes
twep
v -—
RW Vi — \
tosw tonw
tosc torc
Viy— Y
V0o - 107 ' { VALID-DATAINPUT oo
5P864-5
Figure 4. Write Cycle
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LH5P864

CMOS 512K (64K x 8) Pseudo-Static RAM

CE; Viu—
(ORCE,) ViL—
CE, Vi~
(ORCTE;) ViL—
CA, Ve
Po-Au i
OE/RFSH "~
Viu—
RW ViL—

(v,
™
ViL—

110, - 05 <

Vou—
N\ VoL—

tre
tp tce tp
4 ! 4
/I I —
_/
t
.]As« tan
X
Mmoo KKK
_l.'°E.'.‘_ llA_S,
\ / /
twes
tacs twee
s
/ N
tosw tonw
tosc _lio_qg
§: VALID-DATA INPUT ;}——
tcen
toea
oz [z
oz fowz | |wz 'z
4 ¥ p 4
— (R —O0———

Figure 5. Read-Modify-Write Cycle
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CMOS 512K (64K x 8) Pseudo-Static RAM

LH5P864

tre

tp tee tp

CE; Vm— N Z‘ j\
(ORCE,) ViL— X 7 _
CE, V- r
(ORCE;) ViL— _/
ts tan
7 V- y
toes bEli
OERFSH yHT /] \
ViL—

tacs tac
e l 1
W YD/

U0 - 0, VoM S
NOTE: A, - Ay, Don't Care 5P864-7
Figure 6. CE Only Refresh Cycle
CE, WM / \
oE, o / N
trep trc trc
teap tep teap
oy T
OEAFSH W~ F Ny
110, - 0, ¥g[‘ - OFEN
NOTE: A; - Ay, R/W Don't Care 5P864-8
Figure 7. Auto Refresh Cycle
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LH5P864 V CMOS 512K (64K x 8) Pseudo-Static RAM

— Vg — 27 i
CE, v:’:_ / \
v r ).
V-
CEx v, — / \
tarD tras teRs
e V- —
OE/RFSH v~ ! % 1/
- OPEN

0 - 0, VOHZ 9%

NOTE: A, - Ay, RW Don't Care

5P864-9
Figure 8. Self Refresh Cycle
ORDERING INFORMATION
LH5P864 N - #i#
Device Type Package Speed
l— 80 Access Time (ns)
32-pin, 525-mil SOP (SOP32-P-525)
CMOS 512K (64K x 8) Pseudo-Static RAM
Example: LH5P864N-80 (CMOS 512K (64K x 8) Pseudo-Static RAM, 80 ns, 32-pin, 525-mil SOP) spaBet0
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LH5P8128

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

FEATURES

131,072 x 8 bit organization
Access times (MAX.): 60/80/100 ns
Cycle times (MIN.): 100/130/160 ns

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

TTL compatible 1/O

Available for auto-refresh and self-refresh
modes

512 refresh cycles/8 ms

Compatible with JEDEC standard 1M
SRAM pinout

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.

APSRAM uses on-chip refresh circuitry witha DRAM
memory cell for pseudo static operation which elimi-
nates external 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 32[ 1 Ve

Ag ] 2 31 E Ass
Al 3 30[JCE,
Ap ] 4 29[ JRW

A s 28] A5

A e 27{1Ag

A 7 26 1Ay

A 8 2511 Ay

A o 24[JCE

A, 1o 23[ 1A,

A 11 22[7] CE,

A, (12 21 o,

0, 13 20 [11/0g

1o, []14 19 [ /O

vo, OJ1s 18[vo,

GND Euj 1103 i}
'8128-1

Figure 1. Pin Connections for DIP and
SOP Packages
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LH5P8128 CMOS 1M (128K x 8) Pseudo-Static RAM

32-PIN TSOP (Type I) (NORMAL BEND) 32-PIN TSOP (Type I) (REVERSE BEND)
4 N\ I 4 \
Ay 10 327 oE A CJ1e 17 Ag
A 2 310 A, A; 15 18[1A,
A 3 so[cEg, A4 19 [ A,
Az ] 4 29[1vo, A7|:13 20 [ Ay
RW[] 5 28[11/0g Ap 12 21110,
c5, [ & 271 1o, Ay, 11 22 [T o,
As] 7 26710, A O]10 23[T o,
Ve [ 8 25{11/0,4 RFSH[] 9 241 GND
RFSH ] © 241 GND Vec [ 8 25110,
A 10 23 ;J /0, As] 7 26110,
Ay O 22[1 10, CE,[] 6 27 [0
Ap 12 21110, rRWL] 5 28 [ 1104
A, 13 20[1 Ay As[] 4 29110,
A T]14 197 A, AsL] 3 30 [1CE,
As []15 18[1 A, AT 2 310 A
A, []16 17| A, A1,|:L1o 32[70E
. J J
5P8128-1A

Figure 2. Pin Connections for TSOP Packages
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8128

(16) GND
———y VCC
COLUMN
ADDRESS COLUMN
BUFFER DECODER
SENSE vo . DfJA 13)10o
ROW AMPS SELECTOR BUFFER |=- (4 vo,
ADDRESS (1510,
BUFFER (1D V0,
I ] 8 Vo,
EXT/INT ROW MEMORY m 4
REFRESH ADDRESS (19105
ADDRESS =] MUX PDECODER| _| ARRAY GO V0,
COUNTER
DATA ’— 200,
ouTt
BUFFER [~
CLOCK
CEQ GENERATOR
REFRESH [ REFRESH
CONTROLLER | w] TIMER
RFSH (1 jj—r
o o)
RW
5P8128-2
Figure 3. LH5P8128 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao-Ass Address input CE1, CE2 Chip Enable input
RW Read/Write input RFSH Refresh input
OE Output Enable Input /O¢ - VO7 Data input/output
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Applied voltage on any pins Vr -1.0t0 +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 Po 600 mwW
NOTE:
1. The maximum applicable voltage on any pin with respect to GND.
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LH5P8128

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

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Vee 45 5.0 55 Y,
Supply voltage
pply voltag oo g : : 4
Input voltage ViH 24 Vce +0.3 v
Vie -1.0 0.8 \

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

PARAMETER SYMBOL MIN. MAX. UNIT
Ao - Ate CiNt 8 pF
Input capacitance RW, OF Cinz 5 pF
CE4, CE2 Cins 5 pF
RFSH Cing 5 pF
Input/output capacitance 1/0g - 1107 CouT1 10 pF
DC CHARACTERISTICS (Ta=0to +70°C, Vcc =5.0 V +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 lccz ! mA 13
CMOS Input 0.05 1,4
Self-refresh average TTL Input 1 1,5
lcca mA
current CMOS Input 0.05 1,6
CPU internal cycle LH5P8128-60 AE 104
average curren)( LH5P8128-80 lcca (RMW = OF = Vi) 80 mA 1.2
LH5P8128-10 65
OVSVINSE5V )
Input leakage current I 0V on all other test pins 10 10 HA
0V<Vour<Vcc+0.3V
1/0 leakage current o Output in high- -10 10 A
impedance state
Output HIGH voltage VoH lout =1 mA 2.4 \'
Output LOW voltage VoL lout =4 mA 0.4 \Y

NOTES:

1. The output pins are in high-impedance state
2. lggy and Iggq depend on the cycle time

3. CEy =V, RFSH =V

4. CE{=Vcc-02V,RFSH=Vs-02V

5. CEy=Vy, RFSH =V,

6. CE;=Vgs-02V,RFSH=02V
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CMOS 1M (128K x 8) Pseudo-Static RAM

LH5P8128

AC ELECTRICAL CHARACTERISTICS %2 (Ta = 0 to +70°C, Vcc = 5.0 V +10%)

PARAMETER SYMBOL LH5P8128-60 LH5P8128-80 LH5P8128-10 uNIT | 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 trRecs 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 tcLz 20 20 20 ns
OE to output in Low-Z toLz 0 0 0 ns
Output enable from end of write twiz 0 0 0 ns
Chip disable to output in High-Z tcHz 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 toEH 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 tweH 40 50 60 ns
Data setup time from write tosw 25 30 35 ns 6
Data setup time from CE tbsc 25 30 35 ns 6
Data hold time from write toHW 0 0 0 ns 6
Data hold time from CE toHe 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:gsrl;f?:;fs width tap | 30 | 8000 | 30 | 8000 | 30 | 8000 | ns
ot rechares e K B B "
Refresh pulse width (Self refresh) tras 8,000 8,000 8,000 ns
o e omaar™ | vm | 0 s
NOTES: -
1. Inorder to initialize the circuit, CE; should be kept at V|, or CE,
should be kept at V,_for 100 ps after power-up.
2. AC characteristics are measured at ty = 5 ns. 26V
3. AC charagteristics are measured at the following condition (see INPUT Xs.g\\;
figure at right). - 06V
4. Address is latched at the negative edge of CE; or at the positive
edge of CE;. 22V
5. Measured with a load equivalent to 2TTL + 100 pF. OUTPUT 0.8V
6. Data is latched at the positive edge of W/R or at the positive
edge of CE; or at the negative edge of CE,.
5P8128-3
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LH5P8128 CMOS 1M (128K x 8) Pseudo-Static RAM

tac

S VA /s —
CE: V- / \ /

- p|
e T N/ \

tas tan

ot W= OOOCA SRR KIOOOOOOQOOOOOOUSOXNX

— V- X 4
O - N /
tacs oo
Viu—
RW - / \
toea
toea tonz
oz
toz tenz
Veu— 4 AW
1/0g - 1107 vg[‘_ {X}gﬁ VALID-DATA OUTRUT  )yp——
tep
ters_| | take ’ trep
RFSH VT / \ /N

NOTE: (_ZE =LOW, CE, = HIGH. 5P8128-4

Figure 4. Read Cycle




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

tac
tp tce

— v i —
=N \ /

OF2 Y= \ / N

tas tan

ao-me W OOOO0OK s XOOOOOOOGGN)

toes

OE Vm~ f N
CE vy, - / twes

twen
twe
v —_
AW Mo \ /
tosw touw

tosc torHe

Vo~ p: \
10 - 107 SR~ { DATA INPUT 7}——

e

trrs | [tRHC taeD
RFSH Vi~ i N / N\

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

5P8128-5

Figure 5. Write Cycle 1 (OE = HIGH)
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LH5P8128 CMOS 1M (128K x 8) Pseudo-Static RAM

tac

~e Viy— ‘. b

& v / N 7

B W= \ / )
R

tas tan

ro-ms Y= OO XOXOQOOOOGAOXK

== Vu— Y
OF - j \
twes
twen
twe
Viu— y
RW 2 \ /
tosw torw
tosc touc
— A l} !
Din x:[‘_ <k VALID DATA INPUT )——
‘7 _|twhz. oz
11O, - /0.
o -0, toz tonz twiz tonz
V —_
Dour V3 -

e

teRs ll"ﬂ:. tarp
RFSH |- / N /N

NOTE: CE, = LOW, CE, = HIGH. 5P8128.6

Figure 6. Write Cycle 2 (OE Clock)
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CMOS 1M (128K x 8) Pseudo-Static RAM

LH5P8128

CE,

CE,

Ag-As

RW

o

1/0q - O,

L

Dour

RFSH

Viu—
ViL—

Vin—
ViL—

Vin—
ViL—

Vi~
ViL—

Vin—
ViL—

Vin—
ViL—

VoL—

Vin—
ViL—

tac
tp tce
4 \ t"‘_"“'
—/ N 7
\ \
tas tan
4 ADDRESS 3
XOQOOOA_ 15— KOO0
twes
twen
twe
—
\ b
tosw torw
tosc fome
—{: ALID DATA INPUT ;5—
_twnz tenz
torz twiz
tep
ters _| |tRHc taFp

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

5P8128-7

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

tamw
tp tce
CE. V- v J———
B v / X 7
- 4
W T N b
N,
tas tan
N Viu— ADDRESS y
fo-me VT OOOXKA [ K X0
—_ Vi — !
OE M~ N /
tacs twes
twen
twe
Viu— 4
AW vy - _____/ \k /]
toea tosw| torw
L fera | tbsc torc,
Vin- { DATA INPUT —
l’ DN V- A 7
oz Swnz tenz
1O, - 10, oz torz iz
l. Vou—
Dour V3~ DATA OUTPUT
tep
ters l‘an tarp
RFsH Vi~ i
RFSH \MH_ / \ / \
NOTE: CE, = LOW, CE, = HIGH. 5P81288

Figure 8. Read-Modify-Write Cycle
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CMOS 1M (128K x 8) Pseudo-Static RAM

LH5P8128

CE,

CE,

Ag-Ase

1Oy - O

RFSH

Vin—
ViL—

L=

Viu—
Vie—

Vin—
-

Vin—
ViL—

Von—
VoL—

Vin—
ViL—

tac
1) tce
1 i f
¥|H" \ i \-S
i
XXX X X000QQOXXXA
{oen

tacH

OPEN

tarp

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

5P8128-9

Figure 9. CE Only Refresh

CE, gr: / \k___.__..__
ce, Yo~ NWWWW 77777
s YHHHHHANNNNNN
cE, Wi X 1
e / ‘J
VO, - 0, ":[': OPEN
Figure 10. Self Refresh Cycle -
2-27



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

SR /
S N 7277777

CE: Yz VAN

tec trc
CE, Vm~
2\ Z
L 7
taep tanc
tep trap tep trap tep
==az VoH~ f b f 3
RFSH \O1- \ s N\ 7 \
UOp- U0, \H ~ OPEN
L 5P8128-11

Figure 11. Auto Refresh Cycle

ORDERING INFORMATION
LH5P8128 X - ##
Device Type Package Speed
60L 60
80L 80 Access Time (ns)
10L 100

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

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

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

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

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)

5P8128-12
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LH5P8129

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

FEATURES

131,072 x 8 bit organization

Access times (MAX.): 60/80/100 ns
Cycle times (MIN.): 100/130/160 ns
Power supply: +5V £10%

Pin compatible with 1M standard SRAM

Power consumption:
Operating: 572/385/358 mW (MAX.)
Standby (TTL level): 5.5 mW (MAX.)
Standby (CMOS level): 0.55 mW (MAX.)

TTL compatible /O

Available for auto-refresh and self-refresh
modes

512 refresh cycles/8 ms

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 LH5P8129 is a 1M bit Pseudo-Static RAM
organized as 131,072 x 8 bits. It is fabricated using
silicon-gate CMOS process technology.

APSRAM uses on-chip refresh circuitry witha DRAM
memory cell for pseudo static operation which elimi-
nates external clock inputs, while considering the pinout
compatibility with industry standard SRAMs. The
advantage is the cost savings realized with the lower
cost PSRAM.

The LH5P8129 PSRAM has a built-in oscillator,
which makes it easy to refresh memories without ex-
ternal clocks.

PIN CONNECTIONS
32-PIN DIP TOP VIEW
32-PIN SOP
Y
RFSH [] 1e 321 Ve
Ag ] 2 311 Ass
ALl 3 30[dcs
Ap ] 4 29[ 1RW
A s 28| A
A ] 6 27 A
A0 7 26[ 1Ay
A ] 8 2511 Ay
A 9 24[J0E
A, 10 231 A,
A O11 22[]CE
A, 012 21vo,
10, 13 201 10g
1o, []14 19[11/05
1o, [}15 18110,
GND [J16 171104
5P8129-1

Figure 1. Pin Connections for DIP and
SOP Packages

SHARP
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LH5P8129 CMOS 1M (128K x 8) Pseudo-Static RAM

32-PIN TSOP (Type I) (NORMAL BEND) 32-PIN TSOP (Type ) (REVERSE BEND)
( N ( A
A 1e 32[] OE A 16 170 A,
A 2 31[ 1Ay As 15 18] A,
Agl] 3 30[]CE A (14 191 A,
Al 4 29110, A, 18 20|17 A,
RW[] 5 28[11/0g A 12 21 [0,
cs e 27[11/05 A 011 22 [ /0,
As] 7 261 1/0, A []10 23[Jvo,
Vec [] 8 257 1/0, RFSH[] 9 241 GND
RFSH[] 9 241 GND Vec [ 8 25110,
A []10 23[11/0, As] 7 26 [11/0,
A 11 227 1/0, cs e 27 O 05
A 12 21110, RWI[] 5 28 [11/0
A, []13 20[] Ay Asl] 4 29[ 1o,
As []14 . 19[7 A, As[] 3 30[JCE
As 15 18] A, A 2 31[J A
16 17 A A 1 32[10E
Ay E\ Y 3 11 E\ L ):j
5P8129-2
Figure 2. Pin Connections for TSOP Packages
TRUTH TABLE
CE cs OE RW RFSH Ao - Ate VO1 - VOs MODE
L H L H H VX Dour | Read
L H X L H VX DiN Write
L H H H H vy High-Z CE only refresh
L L X X X X High-Z CS standby
H X X X L X High-Z Auto/Self refresh
H X X X H X High-Z Standby
NOTES:

H = High at Vjy = Vg + 0.3 V to Vi (MIN.)
L=Lowat V)=V, (MAX)to-1.0V
X =Don'tcare at Voc +0.3Vto -1.0 V
VX = Ay-Ag address input when CE = L, then Don't Care
VY = Ay-Ag address input when CE = L, then Don't Care,
and Ag-Asg address = Don't Care at Ve + 0.3V to-1.0 V
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8129

(1e)GND
~—9—32) Ve
Vg GENERATOR |<—
COLUMN
ADDRESS COLUMN
BUFFER DECODER
SENSE vo o—i DNA 13)1/0
ROW AMPS SELECTOR BUEFER |=- | G9vo,
ADDRESS (510,
BUFFER | 7)o,
8 /O
EXT/INT row | | (19 vo,
REFRESH ADDRESS DECODER Mf%?\r;Y @ /05
ADDRESS f=#- MUX [ ] (20 /04
COUNTER DATA |—H @)uo,
out
BUFFER |~
CE CLOCK
CS (30—{ GENERATOR
REFRESH [™] REFRESH
CONTROLLER | .| TIMER
NOTE: Pin numbers apply to 32-pin DIP or SOP. spe120-3]
Figure 3. LH5P8129 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao- Ais Address input CS Chip Select input
RW Read/Write input RFSH Refresh input
OE Output Enable input 1100 - 1107 Data input/output
CE Chip Enable input
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LH5P8129 CMOS 1M (128K x 8) Pseudo-Static RAM

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Applied voltage on any pins VT -1.0to +7.0 Vv 1
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -65to +150 °C
Output short circuit current lo 50 mA
Power consumption Po 600 mwW

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

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Vee 4.5 5.0 55 Y,
Supply voltage
pply voltag ) : . ; v
Input voltage ViH 24 Vcc +0.3 v
ViL -1.0 0.8 v

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

PARAMETER SYMBOL MIN. MAX. UNIT
Ao - Ate Cint 8 pF
Input capacitance HAN' OE Cinz 5 pF
CE, CS CiN3 5 pF
RFSH Cing 5 pF
Input/output capacitance 1/01 - /07 Cout1 10 pF

DC CHARACTERISTICS (Ta=0to +70°C, Vcc = 5.0 V +10%)

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
LH5P8129-60 104
Operating current LH5P8129-80 lect tRC = trc (MIN) 70 mA 1,2
LH5P8129-10 65
Standby current TTL Input lccz ! mA 1.3
CMOS Input 0.1 1,4
Self-refresh TTL Input 1 1,5
. ! mA
average current CMOS Input ccs 0.1 1,6
0V<ViNSBSV R
Input leakage current L 0V except on test pins 10 10 A
0V<VoursVcc+03V )
/O leakage current o Output in high-impedance state 10 10 WA
Output HIGH voltage VoH lout=1mA 24 \
Output LOW voltage VoL lout =4 mA 0.4 Vv
NOTES:
1. The output pins are in high-impedance state
2. lccy depends on the cycle time
3. CE=Vjy, RFSH=Vy
4. CE=Vge-0.2V,RFSH = Ve -02V
5. CE=Vjy, RFSH=V,
6. CE=Vge-02V,RFSH=02V
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8129

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

PARAMETER SYMBOL LH5P8129-60 LH5P8129-80 LH5P8129-10 uNiT | 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
CS setup time tcss 0 0 0 ns
CS hold time tosH 15 20 25 ns
Address setup time tas 0 o] 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 twiLz 0 0 0 ns
Chip disable to output in High-Z tcHz 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 toEH 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 tweH 40 50 60 ns
Data setup time from write tosw 25 30 35 ns 6
Data setup time from CE tosc 25 30 35 ns 6
Data hold time from write tDHW 0 0 0 ns 6
Data hold time from CE toHC 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:gi';f‘r’:ﬁ width A | 30 | 8000 | 30 | 8000 | 30 | 8000 | ns
e E 0 ® s
Refresh pulse width (Self refresh) tFas 8,000 8,000 8,000 ns
oy e | s | w0 s
NOTES:
1. In order to initialize the circuit, an initial pause of 100 us with
CE = V}y, RFSH = V, after power-up, followed by at least 8
dummy cycles. - 26V
2. AC characteristics are measured at ty = 5 ns. INPUT 3;3 &
3. AC characteristics are measured at the following condition (see 06V
figure at right).
4. Measured with a load equivalent to 2TTL + 100 pF. 22V
5. Address is latched at th: negative edge of CE. g ouTRUT 08V
6. Data is latched at the positive edge of R/W or at the positive
edge of CE. 5P8129-4
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LH5P8129

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

cs

Ag-Ase

110g - VO,

RFSH

Vin—
ViL—

Vou—
VoL—

Vin—
ViL—

—/

tre
tp tee
N
'lﬁs‘s tesH
N\
tas tan

—
><><><>< )giADDRESS INPUT

A XOUOOKOOHIXHXX

taen

tep

trrs_| | tRHC

toea
tcea oz
toLz
torz tonz
iXx VALID-DATA OUTPUT »—
tarD

4

\

5P8129-5

Figure 3. Read Cycle
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CMOS 1M (128K x 8) Pseudo-Static RAM

LH5P8129

tac
tp tce
CE ViH— d 4
CE V:f— / \( /
'CSS tcsﬂ |
os V- / J\
tas tan )
o Yy XTTTX Y i K X XTTTTTROON
’_,_'OL toen
pu— V -
OE v:['_ / twes N
twen
twe
- -
AW (- /
tosw torw
=
tosc tore
110, - 1105 Vg[‘: { DATA INPUT —
e
trrs 'tRHC tarp
RFSH "~ / \ /
5PB129-6
Figure 4. Write Cycle 1 (OE = HIGH)
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LH5P8129

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

cs

Ag. A

-

1O, - 110,

L

RFSH

Dour v,

Vin—
L=

Viu—
ViL—-

Vin—
Vie—

Vin—
ViL—

Vin—
ViL—

Vin—
Vi

Vou—
oL—

/

4

p

\

tae
tp tce
Vi N z’_’—
I%ﬁ tosH
I_tAS‘ tan
EOOLOOTOT T
/ N
twes
twen
twp
y
\ /
tosw torw
tosc touc
J,L VALID-DATA INPUT ;
_|twrz. torz
torz tonz twiz tonz
e

5P8129-7

Figure 5. Write Cycle 2 (OE Clock)
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8129
tac
tp tee
—_ V- — J y—
B vis / N A
tess tesH
v —_
v
tas tan
e 1 YR K X
G
twes
twen
twe
_ /
AW \ /
tosw tonw
tosc torc
Vin— r 3
Dn vy — <l VALD-DATAINPUT AE_
[ _|twhz tenz
1/0g - /0, oz iz
v -
Doyr VoI
tep
ters | |tRHg tRrp
aran VH— '4
RFSH (M~ / \ / \
5P8129-8
Figure 6. Write Cycle 3 (OE = LOW)
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LH5P8129 CMOS 1M (128K x 8) Pseudo-Static RAM
tamw
e
= V- s \ /aaa———
Cow- ___/ X 7
tess tesH
cS Vu-
w- _—/ \
s | tan
e = KOO0 treremerr KX XOCXCKXOKHXEX
oE Wi X /
twes
tacs
twe
V- 7 y
VS N/
toea tosw| tonw
toea tbsc torc
Viu— Y, 3
l’ Dn V- { DATA INPUT ,E—
oz twnz tenz
/Oy - /0, toz tonz twiz
|‘ Dour 38[': * DATAOUTPUT ) ZXE
tep
ters_| [tRHc trFD
PE— V — "4
RFSH i / \ /N
5P8129-9
Figure 7. Read-Modify-Write Cycle
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CMOS 1M (128K x 8) Pseudo-Static RAM

LH5P8129

trc
to tee )
CE Vmu~— 4 \ J/_
L= / N
toss tosn
Viu— —\
CSs v — / \
tas tan
on Y XRXCKKA im0
L= X
toes toen
aE Viu—
Vie— / \
taes tac
Vi— !
RW v - / \
1/Oq - 110, \\;OH— OPEN
oL—
th
> tarp
ters_| | trHe
— V- Y
RFSH M~ \ / \
5P8129-10
Figure 8. CE Only Refresh
CE Vm— ( 3
Vie- / T
taep tec tec l tane
trp tear trp trap tep
RFSH Vi~
Vie— / \( \
VO, - VO, VOH™ OPEN
0" T VoL~
NOTE: CS, OE, R/W, A -Ag = Don't Care PB129-11
Figure 9. Auto Refresh Cycle
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LH5P8129 CMOS 1M (128K x 8) Pseudo-Static RAM

— V- \
GE - /] | S—
treD taHe
tep | tras . trRs
—_— - 4
RFSH ‘6:[*_ ; \t J’ -
1/0g - /O, ‘\;g’:: OPEN
NOTE: CS, OE, R/W, Aq - A = Don't Care sPa12e.12

Figure 11. Self Refresh Cycle

— v -
CE v:['— / S(

tess tosn

Vin— \
cs ViL— ) J/

NOTE: OE, RW, RFSH, Ag - Ay = Don't Care

5P8129-13

Figure 12. CS Standby Mode

ORDERING INFORMATION
LH5P8129 X - ##
Device Type Package Speed
60L 60
80L 80 Access Time (ns)
10L 100

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

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

T 32-pin, 8 x 20 mm? TSOP (Type 1) (TSOP32-P-0820)

TR 32-pin, 8 x 20 mm?2 TSOP (Type ) Reverse bend (TSOP32-P-0820)

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

Example: LH5P8129N-60L (CMOS 1M (128K x 8) Pseudo-Static RAM, 60 ns, 32-pin, 525-mil SOP)

5P8129-14
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Pseudo-Static RAM Cross Reference

PSEUDO-STATIC RAM CROSS REFERENCE

ORGANIZATIONAL COMPETITIVE COMPETITIVE PACKAGE
STRUCTURE SHARP MODEL VENDOR MODEL ACCESS TIME OPTIONS
32K x 8 LH5P832 Hitachi HM652568B 100/120 ns DIP/SKDIP/SOP
Toshiba TC51832
64K x 8 LH5P864 - - 80 ns SOP
128K x 8 LH5P8128 Hitachi HM658128A 60/80/100 ns DIP/SOP/TSOP-|
Toshiba TC518128A
128K x 8 w/CS LH5P8129 Toshiba TC518129A 60/80/100 ns DIP/SOP/TSOP-I
SHARP 2-41
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STATIC RAMs

Density Organization Page

LH5101 1K 256 x 4 3-1
LH5114 4K 1K x 4 3-7
LH5116/H 16K 2K x 8 3-13
LH5116S 16K 2K x 8 3-21
LH5118/H 16K 2K x 8 3-28
LH5168/H 64K 8K x 8 3-36
LH5168SH 64K 8K x8 3-45
LH5168ST 64K 8K x 8 3-53
LH5168Z8 64K 8K x8(3V) 3-61
LH516829 64K 8K x8(3V) 3-69
LH5268A 64K 8K x 8 3-77
LH51256L 256K 32K x 8 3-85
LH52B256 256K 32K x 8 3-92
LH52252A 256K 64K x 4 3-101
LH52253 256K 64K x 4 3-108
LH52258A 256K 32K x 8 3-115
LH521002 ™M 256K x 4 3-123
LH521007A M 128K x 8 3-131
LH521008 M 128K x 8 3-139
LH521028 1.125M 64K x 18 3-147
LH52V1036B2 1.125M 32K x 36 3-162
LH52V1036C4 1.125M 32K x 36 3-178
Static RAM Cross Reference 3-195

Choosing a Sharp Static RAM 3-198



LH5101

CMOS 1K (256 x 4) Static RAM

FEATURES

256 x 4 bit organization
Access time: 300 ns (MAX.)

Low-power consumption:
Operating: 137.5 mW
Standby: 55 pW

Single +5 V power supply
Fully-static operation

TTL compatible 1/0

Three-state outputs

Two Chip Enables for ease of use

CE; signal enables the device to operate
on a minimum standby current

Data retention is possible with low supply
voltage (2.0 V)

Pin-to-pin equivalent to the Intel 5101
Package: 22-pin, 300-mil DIP

DESCRIPTION

The LH5101 is a static RAM organized as 256 x 4
bits. It is fabricated using silicon-gate CMOS process
technology.

PIN CONNECTIONS
28-PIN DIP TOP VIEW

Ag Eﬁj Vee
AL 2 211,
AL 3 20 [dRW
AL 4 19 [1CE,
A s 18[10D
A 6 17 [JCE,
A 7 16 [ 1DO,

GND[] 8 15[7Dl,
DL [ 9 14[1DOg
DO, 510 13[JDIg

DI, ] 11 12]7po,

5101-1

Figure 1. Pin Connections for DIP Package

SHARP
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LH5101 CMOS 1K (256 x 4) Static RAM

Ay »
@ =
A u 5 9 Vee
A gl 4 MEMORY
Aq =40 a CELL MATRIX 8) GND
z@ z (32x32)
As 2 2

CE, —DO—Docs_
— COLUMN I/0
CE, CIRCUITS
RW (0) e '
DIy INPUT COLUMN ADDRESS
DI, DATA DECODER
DI CONTROL '
3
Dl,
COLUMN ADDRESS
BUFFER
oD —'_\/
G&—E—D
A A A oD-CS
5101-2
Figure 2. LH5101 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao- A7 Address input CEz Chip Enable input 2
Dly - Dl Data input oD Output disable
DO - DO4 Data output Vce Power supply
RW Read/write Enable input GND Ground (0 V)
CE1 Chip Enable input 1
TRUTH TABLE
CE; CEz oD RW Din OUTPUT MODE
H X X X X High-Z Deselect
X L X X X High-Z Deselect
X X H H X High-Z Output deselect
L H H L X High-Z Write
L H L L X DiN Write
L H L H X Dout Read
NOTE:
1. X=HorlL
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CMOS 1K (256 x 4) Static RAM

LH5101

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
Output voltage Vout -0.3to Vcc +0.3 Vv 1
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55 to +150 °C

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

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

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Input ‘LOW’ voltage ViL 0.65 Vv
Input ‘HIGH’ voltage ViH 2.2 Vv
Output ‘LOW’ voltage VoL loL=2.0mA 0.4 v
Output ‘HIGH’ voltage VoH loH =-1.0mA 24 Vv
Input leakage current Ly | Vi=0VtoVce 1.0 HA
Output leakage current ol Vi=0VtoVce, CE1=22V 1.0 pA
lect OU‘P%%?FvaG\Q; Vec, 20 mA
Operating current -
| Outputs open, Vi=22V, 25 mA
cc2 CE1<0.65V
Standby current Iss VICiE(;Z g’,! sc’ 10 pA
AC CHARACTERISTICS
(1) READ CYCLE (TA=01t070°C,Vcc =5V £10%)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Read cycle time trc 300 ns
Address access time 7Y 300 ns
Chip enable access time 1 tcot 250 ns
Chip enable access time 2 tcoz 350 ns
Output disable to output tob 180 ns
Data output to high-Z state toF 100 ns
Previous read data valid with respect
to address change toHt 0 ns
Previous read data valid with respect
to chip enable toHz 0 ns
(2) WRITE CYCLE (Ta=0t0 70°C,Vcc =5V +10%)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Write cycle time twe 300 ns
Chip enable (CE1) to end of write tew1 250 ns
Chip enable (CE2) to end of write towa 250 ns
Address valid time taw 60 ns
Data valid to end of write tow 150 ns
Data hold time toH 40 ns
Write recovery time twr 40 ns
OD setup time top 100 ns

SHARP

3-3



LH5101 CMOS 1K (256 x 4) Static RAM
AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 065Vto22V
Input rise/fall 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 | Vccpr Vce2<0.2V 2.0 \'%
" Vce2<0.2V,

Data retention current lccor Vocor =20 V 10 pA

Chip disable to data

retention tcor 0 ns

Recovery time tR tRc ns 2
NOTES:
1. In the data hold mode, voltage on any I/O pin should be lower than Vpg.
2. tgc =Read cycle time
CAPACITANCE (f = 1MHz, Ta = 25°C)

PARAMETER ‘SYMBOL CONDITIONS MIN. TYP. MAX. UNIT

Input capacitance CiN Vin=0V 3.5 6 pF

Input/output _

capacitance Cuo Vio=0V 9 12 pF

SUPPLY DATA RETENTION
VOLTAGE
________________________________ /o]
N\ /
5101-5
Figure 3. Low Voltage Data Retention
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CMOS 1K (256 x 4) Static RAM LH5101

tac
ADDRESS X
tcon ton1
CE,
tome
CE, \
. tco2
too|
oD —
(1/0 COMMON) (NOTE)
tor
DATA OUTPUT X DATA VALID OUTPUT
NOTES:
1. When data input and output are separately used, OD should be LOW.
2. During read cycle, R/W should be HIGH. 1013

Figure 4. Read Cycle
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LH5101 CMOS 1K (256 x 4) Static RAM

ADDRESS

towt

oD
(1/O COMMON) (NOTE)

DATA OUTPUT :)( l

RW

|
g

NOTE: When input and output pins are commonly used, OD should be HIGH during write cycle.
When separately used, OD don't care HIGH or LOW.

5101-4
Figure 5. Write Cycle
ORDERING INFORMATION
LH5101 - ##
Device Type Speed
|— 30 300 Access Time (ns)
CMOS 1K (256 x 4) Static RAM

Example: LH5101-30 (CMOS 1K (256 x 4) Static RAM, 300 ns) s1016
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LH5114

CMOS 4K (1K x 4) Static RAM

FEATURES
e 1,024 x 4 bit organization
Access time: 150 ns (MAX.)

Power consumption:
Operating: 110 mW (MAX.)
Standby: 27.5 yW (MAX.)

¢ Single +5 V power supply

e Low V¢ (2.0 V) data retention capability
* No need for external clock and refreshing
e TTL compatible I1/O
e Three-state outputs

o Easy expansion of memory capacity
through chip select signal

o Data pins common to input and output
+ Package: 18-pin, 300-mil DIP

DESCRIPTION

The LH5114H is a static RAM organized as 1,024
x 4 bits. It is fabricated using silicon-gate CMOS proc-

ess technology.

PIN CONNECTIONS
28-PIN DIP TOP VIEW
SR
AC] 1@ 18 Ve
A 2 17 A,
AL 3 16 Ag
A 4 151 Ag
A0 s 14310,
A 6 13[1 10,
A7 121103
cs]s 1[0,
GNDL 9 10[JWE
-/
5114H1

Figure 1. Pin Connections for DIP Package

SHARP
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LH5114

CMOS 4K (1K x 4) Static RAM

cs(@—

]
[ g we
=)
g A MEMORY
g w 28 CELL
2 w (32 x 128)
m
: +
. @
I~
L =&
N s =] COLUMN
= ) 110
=1 CIRCUIT
N 83
COLUMN
ADDRESS DECODER

WE(9——

COLUMN INPUT
BUFFER

48 Voo
9) GND

000G

As As A7 Ag Ag

5114H-2

PIN DESCRIPTION

Figure 2. LH5114H Block Diagram

SIGNAL PIN NAME SIGNAL PIN NAME
Ao- Ag Address input /O1 - /O4 Data input/output
WE Write Enable input Vee Power supply (5 V or 2 V)
[ Chip Select input GND Ground
TRUTH TABLE
cs WE MODE VO1 - VOs NOTE
H X Deselect High-Z 1
L L Write DiN
L H Read Dout
NOTE:
1. X=HorL
3-8 SHARP



CMOS 4K (1K x 4) Static RAM

LH5114

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT
Supply voltage Vee -0.3t0 +7.0 \4
Input voltage VIN -0.3to Vcc +0.3 \
Output Voltage Vout -0.3to Vcc +0.3 \4
Operating temperature Topr 0to +70 °C
Storage temperature Tstg -55 to +150 °C

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

PARAMETER SYMBOL CONDITIONS MiN. TYP. MAX. UNIT
Input ‘Low’ voltage ViL 0.8 \
Input ‘High’ voltage ViH 2.2 \4
Output ‘Low’ voltage VoL loL=2.0mA 0.4 Vv
Output ‘High’ voltage VoH loH =-1.0mA 24 \
Input leakage current Hyt ViNn=0VtoVce 1.0 pA
Output leakage current ol CS=VH, Vio=0.4V to Vcc 1.0 pA
Operating current lcc CS = ViL, Minimum cycle 10 20 mA
Standby current Iss CS=Vcg, ViNn=0V to Vee 5.0 pA
AC CHARACTERISTICS
(1) READ CYCLE (TA=0to +70°C,Vcc =5V +10%)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Read cycle time tRc 150 ns
Address access time taa 150 ns
Chip enable access time tacE 150 ns
Output hold time toH 15 ns
Output to Chip Select toc 15 ns
Output floating to Chip Select tcz 40 ns
(2) WRITE CYCLE (TA =0to +70°C, Vcc =5 V +10%)
PARAMETER SYMBOL MiN. TYP. MAX. UNIT
Write cycle time twe 150 ns
Chip enable to end of write tew 110 ns
Address valid time taw 110 ns
Address setup time tas 0 ns
Write pulse width twe 110 ns
Write recovery time twr 20 ns
Data valid to end of write tow 70 ns
Data hold time toH 20 ns
WE to output in High-Z twz 40 ns
Output active from end of write tow 15 ns
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LH5114 CMOS 4K (1K x 4) Static RAM

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 08Vto22V
Input rise/fall time 10ns
Timing reference level 1.5V
Output load condition 1TTL + 100 pF

DATA RETENTION CHARACTERISTICS (Ta = 0°C to 70°C)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Data retention voltage | Vccor 2.0 \
‘?ata retention CS ViGS) 2.2V <Vccpp) < Vee 2.2 \'

oltage 20V<Veeppy<2.2V | Vecpp) \'J
Data retention current lccor Vi=Vec =20V 0.5 10 HA
g:;p:‘ :ijci)s;‘able to data tcoR tRe ns
Recovery time R trRc ns

CAPACITANCE (f = 1 MHz, Ta = 25°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Input capacitance CiNn 5 pF
Input/output
capacitance Cuo 8 PF

Vee

5114H-5

Figure 3. Low Voltage Data Retention
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CMOS 4K (1K x 4) Static RAM

LH5114

tac
Ao~ Ag X
tan ton
& K Y
tacs
toc tez
Dour < < DATA VALID >>
5114H-3

Figure 4. Read Cycle

tae
ho-Ag X

taw

tow
5 NN N
tas twe
wE 1\X’\ g
tow | ton [tow
ODATAVALID ><><><><
twz
AN ANAN ANAN
[T T T7T77F

5114H-4

Figure 5. Write Cycle
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LH5114 CMOS 4K (1K x 4) Static RAM

ORDERING INFORMATION

LH5114H - #4#
Device Type Speed
L 15 150 Access Time (ns)

CMOS 4K (1K x 4) Static RAM

Example: LH5114H-15 (CMOS 4K (1K x 4) Static RAM, 150 ns)

5114H-6
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LH5116

CMOS 16K (2K x 8) Static RAM

FEATURES
e 2,048 x 8 bit organization
e Access time: 100 ns (MAX.)

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

e Single +5 V power supply
o Fully-static operation

e TTL compatible I/O

o Three-state outputs

o Wide temperature range available
LH5116H: -40 to +85°C
e Packages:
24-pin, 600-mil DIP
24-pin, 300-mil SK-DIP
24-pin, 450-mil, SOP

ROM pinout

Compatible with 16K EPROM and mask

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 10 24 [Vee
As] 2 2311Ag
A 3 22 A,
A 4 21 [JWE
A 5 20 [JOE
A 6 19[A
A 7 18 []JCE
A 8 17 [avo,
o, 9 16 [0,
Vo, 10 15 [11/0g
o] 11 14 [Jvog
GND []12 13 [0,
5116-1

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

LH5116
44 8 MEMORY CELL e
au ARRAY
<y a (128 x128) & GND
3] =
e o)
= 4
[ CE /'Y
a _fk
2 COLUMN ——1
£ 1/0 CIRCUIT ‘ l >
8 N
O >
g COLUMN DECODERS 1\
S P
| ! P
COLUMN ADDRESS L
- BUFFERS N
CE ]
CE (18
WE @1
DEED
@O—0G)—6)—@)
Ay A3 A A
5116-2
Figure 2. LH5116 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao-A1o Address input /O1 - I/0g 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 VO1 - VOs SUPPLY CURRENT NOTE
L X L Write Din Operating (Icc) 1
L L H Read Dour Operating (lcc)
H X X Deselect High-Z Standby (lss) 1
L H X Outputs disable High-Z Operating (Icc) 1
NOTE:
1. X=HorlL
SHARP
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CMOS 16K (2K x 8) Static RAM

LH5116

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vce -0.3to0 +7.0 \'4 1
Input voltage VIN -0.3to Vecc + 0.3 \') 1
Operating temperature Topr 0t +70 °C 2
-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 LH5116/D/NA
3. Applied to the LH5116H/HD/HN
RECOMMENDED OPERATING CONDITIONS '
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vee 4.5 5.0 55 \4
Input voltage ViH 22 Vec +03 v
ViL -0.3 0.8 Vv
NOTE:
1. Ta=0to 70°C (LH5116/D/NA), T, = -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=2.1 mA 0.4 Vv
Output ‘HIGH’ voltage VoH loH =-1.0mA 24 \'
Input leakage current Hu 'l Vin=0VtoVce 1.0 pA
Output leakage current | Ilol CE = Vi, Vio =0V to Vce 1.0 pA
Operating current loct Outputs open «Ef Vee) 25 30 mA 2
lcc2 Outputs open (OE = Vi) 30 40 mA 3
CE2Vcc-0.2V 1.0
Standby current Iss All other input pins = 0 V to Vcc 0.2 KA 4
NOTES:
1. Tp =0 to 70°C (LH5116/D/NA), T, = -40 to +85°C (LH5116H/HD/HN)
2. CE =0 V; all other input pins = 0 V to Vo
3. CE =V, all other input pins = Vy_to Vi
4. Ty=25C
AC CHARACTERISTICS !
(1) READ CYCLE (Vcc =5 V +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 terz 10 ns 1
Output enable access time toE 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. Cioap = 5 PF.
SHARP 3-15



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

(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
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 tbH 10 ns
Output enable to output in High-Z toHz ) 40 ns 2
Output active from end of write tow 10 ns 2

NOTES:

1. Ta=0to +70°C (LH5116/D/NA), T, = -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. Cioap = 5 pF.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 08Vto22V
Input rise/fall time 10ns
Timing reference level 1.5V
Output load condition 1TTL + 100 pF

DATA RETENTION CHARACTERISTICS

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
Data retention voltage | Vccor CE>Vccre-0.2V 2.0 v
. CE>Vcepr-0.2V, 1.0

Data retention current lccor Vecpr = 3.0V 02 pA 2

Chip disable to data

retention teor 0 ns

Recovery time trR tRc ns 3
NOTES:
1. Ta =010 +70°C (LH5116/D/NA), Ta = -40 to +85°C (LH5116H/HD/HN)
2. To=25°C

3. tgc = 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 Cuo 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

LH5116

tcor DATA RETENTION MODE ta
e === — -~ g p——
22V - - - -+ (- -~ \- ——————————————— / —--X-----
VoooR - - - [ — o [ ___ \----
CE CE 2 V¢epr 02V
GND == = m m m e e e e e m e e — e
5116-6
Figure 3. Low Voltage Data Retention
tac
Yo~ X A
taa ton
tace
CE \
% N\ S
toe oz
OE Y/
o DN Y U
torz tonz
toz
Dour < < DATAVALID  j——
NOTE: WE = "HIGH"
5116-3
Figure 4. Read Cycle
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LH5116 CMOS 16K (2K x 8) Static RAM

twe ,
Ao-Ar X
taw twa (NOTE 3)
tew
& \W LTI
tas twe
(NOTE 2)
— 1 /
WE A /]
twrz(NOTE 4) tow
(NOTE 5)
Doyr (7777777777
tow tow (NOTE 6)
ow XXX
OE=" .
NOTES: Low
1. WE must be HIGH when there is a change in Aj - Ayq.
2. When CE 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 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. Doy 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. S1164
Figure 5. Write Cycle 1
twe
Ao - Aro )
(NOTE 3)
taw twa
& Jf PN
tew
tas A twe
(NOTE 2)
WE /| touz
ton
tow
TTTTTTTTN otEe
Dour
tow
(NOTES 4, 5) T L tou
(NOTE 7)
/[
ow { AKX
NOTES:
1. WE must be HIGH when there is achange in Ag - Aqp.
2. When CE and WE are all LOW at the same time, write occurs during the period typ.
3. tyg 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 outputs will remain high-impedance.
5. Doy 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. . 51165

Figure 6. Write Cycle 2 (Note 1)
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CMOS 16K (2K x 8) Static RAM

LH5116

ACCESS TIME t,, tace (RELATIVE VALUE)

AVERAGE SUPPLY CURRENT (mA)

ACCESS TIME VS. SUPPLY VOLTAGE

1.1 \

"N
1.0
09
0.8
40 45 5.0 55 6.0
SUPPLY VOLTAGE Ve (V)

AVERAGE SUPPLY CURRENT VS.
SUPPLY VOLTAGE
25

20 <~
/

15

10
5
4.0 45 5.0 5.5 6.0
SUPPLY VOLTAGE V¢ (V)

ACCESS TIME ty, tace (RELATIVE VALUE)

AVERAGE SUPPLY CURRENT |l (MmA)

2A(:(:ESS TIME VS. AMBIENT TEMPERATURE
1.

11 ~

1.0 /

0.9

0.8
0 25 50 75 100

AMBIENT TEMPERATURE T, (°C)

AVERAGE SUPPLY CURRENT VS.

AMBIENT TEMPERATURE
25
20
15
\\
10
5
] 25 50 75 100

AMBIENT TEMPERATURE T, (°C)

INPUT VOLTAGE VS.
INPUT VOLTAGE VS. SUPPLY VOLTAGE 25 AMBIENT TEMPERATURE
s s
a_. 20 < 20
= =
I I
i Viy &
g 15 Q15
r | _— Vi ar Vi
9] — B °
> | >
= | = Vi
g 10 2 10
z 4
05 0.5
40 45 5.0 5.5 6.0 0 25 50 75 100
SUPPLY VOLTAGE V¢ (V) AMBIENT TEMPERATURE T, (°C)
5116-7
Figure 7. Electrical Characteristic Curves
(Vcc =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 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)
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)

5116-9
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LH5116S

CMOS 16K (2K x 8) Static RAM

FEATURES
e 2,048 x 8 bit organization
e Access time: 1000 ns (MAX.)

e Low-power consumption:
Operating: 33 mW (MAX.)
Standby: 3.3 uW (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
3V £10%.

PIN CONNECTIONS

24-PIN SOP TOP VIEW

ALl 1@ 24 [ Ve

Asl] 2 23{JA,

AsC] 3 22 Ay

A 4 21 IWE

A 5 20 [110E

AL] 6 19 [JAq

AO 7 18 [JCE

AL 8 17 [0

vo,] o 16 [JV0,

Vo, [j10 15 [ 11/0g

104 ] 11 14 [0

GND[J12 - 13[Jvo,
5116S-1

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

MEMORY CELL D v
ARRAY ce
(128 x128) ‘ D GND

ROW ADDRESS
BUFFERS
ROW DECODERS

3 ke
£ COLUMN
zZ I/0 CIRCUITS LL"
8 —
> . ]
';: COLUMN DECODERS E
e N
I I P
COLUMN ADDRESS L
~9 BUFFERS

GE (3
WE @21
=o——= )

(@O—06)—6)—7)
Ac A3 A A

51168-2

Figure 2. LH5116S Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao- Ao Address input ~ Y/O1-1/Os Data input/output
CE Chip Enable input Vee Power supply
OE Output Enable input GND Ground
WE Write Enable input
TRUTH TABLE
CE OE WE MODE V01 - VOg SUPPLY CURRENT | NOTE
L X L Write Din Operating (Icc) 1
L L H Read Dout Operating (lcc)
H X X Deselected High-Z Standby (Iss) 1
L H X Output disable High-Z Operating (lcc) 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 -0.3t0 +7.0 \ 1
Input voltage ViN -0.3to Vecc +0.3 v 1
Operating temperature Topr Oto +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 Vce 2.7 3.0 3.3 \'
Input voltage Vi 22 Vec +03 v

Vi -0.3 0.8 v

DC CHARACTERISTICS (Vcc =3V +10%, Ta =0 to +50°C)

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT | NOTE

Output ‘LOW’ voltage VoL loL=2.1mA 0.5 v

Output ‘HIGH’ voltage VOH loH =-1.0mA Vec-0.5 Y

Input leakage current Hull ViN=0Vto Vcc 1.0 pA

Output leakage current Iol CE =V, Vio=0Vto Vcc 1.0 HA

Operating current lect Outputs open ((E= Veo) 8 10 mA !
lcc2 Outputs open (OE = ViH) 8 10 mA 2

CEx2Vcc-02V
Standby current lecL | All other input pins = 0 V to Voo 1.0 KA

NOTES:
1. CE =0V, all other input pins =0 V to Ve
2. CE = Vy; all other input pins = V;,_to Viy

AC CHARACTERISTICS (Vcc =3V £10%, Ta = 0 to +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 tace 1000 ns
CE Low to output in Low-Z toz 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. C oap = 5 pF.
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LH5116S CMOS 16K (2K x 8) Static RAM

(2) WRITE CYCLE (Vcc =3V +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 tow 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. Cioap = 5 pF.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude Oto 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 Vcepr CE 2 Vccpr-02V 2.0 \"
Data retention current lccor EVZc Zgg[fé 83 v, :)(2) pA -
Chip disable to data retention tcor 0 ns
Recovery time tr tRe ns 2
NOTES:
1. Tp=25C

2. tgc = Read cycle time

CAPACITANCE ! (Ta =25°C, f = 1MHz2)

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

tcor DATA RETENTION MODE ta

OV mm m o oo oo
51165-6
Figure 3. Low Voltage Data Retention
tac
ho~ Ao A A
taa ton
. tace
. A S A
toe tonz
NN 2
toz tonz
torz
Doyt { < DATA VALID >>
NOTE: WE = "HIGH" s1165.3

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

twe
Ag-Ag )(
faw twg (NOTE 3)
tew
tas twp
(NOTE 2)
— N /
WE NN /
twrz (NOTE 4) tow
l (NOTE 5)
Cour 77777777777
tow ton
(NOTE 6)
Din )W

NOTES: OE = "LOW"
1. WE must be HIGH when there is achange in Ag - Aqq.
2. When CE and WE are both LOW at the same time, write occurs during the period typ.
3. twg 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 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.

5116S-4

Figure 5. Write Cycle 1

twe ,
Ao~ Ao X
taw twr (NOTE 3)
& N NN
tew
E N \[ /s
tas . twe
(NOTE 2)
W NN /
WE o N\ ] oz
fow (NOTE 5)
Dour
low |
(NOTE 4) toH
(NOTE 6)
L
O - { KRRX
NOTES:
1. WE must be HIGH when there is a change in A - Asq.
2. When CE and WE are both LOW at the same time, write occurs during the period twp.
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 output will remain high-impedance.
5. Doyy 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. 511655

Figure 6. Write Cycle 2

3-26 SHARP



CMOS 16K (2K x 8) Static RAM : LH5116S

ORDERING INFORMATION
LH5116S N (Blank)
Device Type Package Speed

‘— 1000 Access Time (ns)

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

CMOS 16K (2K x 8) Static RAM

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

5116S-7
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LH5118

CMOS 16K (2K x 8) Static RAM

FEATURES
e 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 /O
Three-state outputs

» Wide temperature range available
LH5118H: -40 to +85°C

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

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.

PIN CONNECTIONS

24-PIN DIP TOP VIEW
24-PIN SK-DIP :
24-PIN SOP

1
2
3
4
5
6
7
8
9

vo,}
110, ]
oz
GND[]12

5118-1

cARL-a b

Figure 1. Pin Connections for Dl|5, SK-DIP,
and SOP Packages
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CMOS 16K (2K x 8) Static RAM LH5118

Ay ° ®
Ag B & vV,
As 44 8 MEMORY CELL 2 e
A oW ARRAY
A: ; 'é a8 (128 x128) (2 GND
I S 5
Ay (19 - 1;
&
/0,
10, 4 Wy
1o, s COLUMN
Vo, z O CIRCUIT I I_\’\C
/05 2 L]
1/0g K COLUMN DECODERS N
110, a -
1VOg (17 } } =
COLUMN ADDRESS L
= BUFFERS N
CE g
WE
CE, )
_c &
: @O—0B)—06)—@
Ay Az A A
5118-2
Figure 2. LH5118 Block Diagram
PIN DESCRIPTION
SIGNAL PIN NAME SIGNAL PIN NAME
Ao- Ao Address input I/O1 - VOg Data Input/Output
CE2 Chip Enable input no. 2 Vee Power supply
CE;4 Chip Enable input no. 1 GND Ground
WE Write Enable input
TRUTH TABLE
CEj CE2 WE MODE V01 - VOs SUPPLY CURRENT NOTE
X H X Deselect High-Z Standby (Isg) 1
H X X Deselect High-Z Standby (Isg) 1
L L L Write Din Operating (lcc)
L L H Read Dout Operating (lcc)
NOTE:
1. X=HorlL
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LH5118 CMOS 16K (2K x 8) Static RAM

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

Oto +70 2
Operating temperature Topr °C
P 9 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 LH5118/D/N

3. Applied to the LH5118H/HD/HN

RECOMMENDED OPERATING CONDITIONS '

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vece 45 5.0 5.5 \';
Input voltage Vi 22 Vec +0.3 v

ViL -0.3 0.8 v

NOTE:
1. Ta=0to +70°C (LH5118/D/NA), T4 = ~40 to +85°C (LH5118H/HD/HN)

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

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
Output ‘LOW’ voltage VoL loL=2.1mA 0.4 Vv
Output ‘HIGH' voltage VoH loH=-1.0mA 2.4 v
Input leakage current Hul ViN=0VtoVce 1.0 [17.
CEz2 = Vi or CE1 = Vi, Vio
Output leakage current lhol =0VioVee 1.0 A
Operating current loct Outputs open (Y.V..E_= Vo) % 80 mA 2
lccz Outputs open (WE = V1) 30 40 mA 3
{(1)CE22Vcc- 02V, and
(CE12Vcc-0.2Vor 1.0 HA
CE1<0.2V)or
Standby current Is (2) CE1 2 Voo - 0.2 V, and
(CE22Vcc-0.2Vor
CE2<0.2V) 02 KA 4

All other inputs =0 V to Vce

NOTES:

Ta = 010 +70°C (LH5118/D/N), Ta = -40 to +85°C (LH5118H/HD/HN)
. CE, = CE, = 0 V; all other input pins = 0 V to V¢

. CE, = CE, = Vy; all other input pins = V, to Viy

Ta=25°C

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

AC CHARACTERISTICS

(1) READ CYCLE (Vcc =5V +10%)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE

Read cycle time trRc 100 ns
Address access time taa 100 ns
CE1 access time tAcE1 100 ns
CE2 access time tace2 100 ns
CE1 Low to output in Low-Z teLz 10 ns 2
CE2 Low to output in Low-Z tolze 10 ns 2
CE1 to output in High-Z tcHz1 0 40 ns 2
CEz2 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

NOTES: .

1. Ta=0to +70°C (LH5118/D/N), T, = -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. C,oap = 5 pF.
AC TEST CONDITIONS
PARAMETER MODE

Input voltage amplitude 08Vto22V
Input rise/fall time 10ns
Input reference level 15V
Output load condition 1TTL + 100 pF
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LH5118 CMOS 16K (2K x 8) Static RAM

DATA RETENTION CHARACTERISTICS '

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE
; CE1>Vecpr-0.2Vor
Data retention voltage | Vccor CE2 > Vocor - 0.2V 2.0 \
CE12Vcepr- 02V, and
(CE22Vcepr-0.2Vor 1.0
CE2<02V)or
Data retention current Iccor CE2 > Vcepr- 0.2V, and uHA
(CE12Vcepr-0.2Vor
CE1<0.2V) 02 2
Veceor=3.0V
Chip disable to data
retention tcoR 0 ns
Recovery time R trc ns 3
NOTES:
1. Ta=0to +70°C (LH5118/D/N), T = -40 to +85°C (LH5118H/HD/HN)
2. Tp=25°C

3. tgc = 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 Cuo Vio=0V 10 PF

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

tcor DATA RETENTION MODE ta

CE; or CE,
GND — = = = = m - e o e

5118-5

Figure 3. Low Voltage Data Retention




CMOS 16K (2K x 8) Static RAM

LH5118

tac
o~ A X A
tan ton
tace2
S W\ Y
tace tonz
%2 MMM //
CE, \\\\ N / /// //
tozt tenze
torze
Dout VA % DATA VALID > }
NOTE: WE ="HIGH" 5118-3
Figure 4. Read Cycle
twe
Ag- Ao }(
taw twq (NOTE 3)
, tew
tas twe
(NOTE 2)
— \ Y/
WE &\ /
twhz(NOTE 4) tow
(NOTE 5)
. SSNSTRRRTN
o [/ /71T T
tow ton (NOTE 6)
Din DATA VALID )
NOTES:
1. WE must be HIGH when there is a change in Ag - Asq.
2. When CE,,CE, 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,,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. Doyt 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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LH5118

CMOS 16K (2K x 8) Static RAM

ACCESS TIME VS. SUPPLY VOLTAGE

12ACCESS TIME VS. AMBIENT TEMPERATURE

w fm
2 p=}
2 <
S S
Yo \ SRR ~
= N £
3 3
w w
4 c /
# 10 810
3 i |7
w w
= \ =
F 09 = 09
(2] 1]
«n %]
w w
Q Q
o o
< o8 < 08
4.0 45 5.0 5.5 6.0 25 50 75 100
SUPPLY VOLTAGE V¢ (V) AMBIENT TEMPERATURE T, (°C)
AVERAGE SUPPLY CURRENT VS. AVERAGE SUPPLY CURRENT VS.
SUPPLY VOLTAGE AMBIENT TEMPERATURE
25 25
< <
E E
8 8
-~ 20 ~ - 20
& L~ £
w w
o o
o o
3 15 // 8 15
o a ——
5 g
7 / 7
§ 10 w10
z :;
g g
< < -
5 5
4.0 45 5.0 55 6.0 25 50 75 100
SUPPLY VOLTAGE V¢ (V) AMBIENT TEMPERATURE T, (°C)
INPUT VOLTAGE VS.
INPUT VOLTAGE VS. SUPPLY VOLTAGE 20 AMBIENT TEMPERATURE
s s
= 20 - 15 v
> > H
I I
> >
Vi V
G 15 8 1.0 'L
< <
S 5
S "1 >
5 — | 5 os
2 10 2 0
£ z
0.5
4.0 45 5.0 5.5 6.0 25 50 75 100
SUPPLY VOLTAGE V¢ (V) AMBIENT TEMPERATURE T, (°C)
- 5118-6
Figure 6. Electrical Characteristic Curves
(Vec =5V, Ta = 25°C Unless Otherwise Specified)
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CMOS 16K (2K x 8) Static RAM LH5118
ORDERING INFORMATION (Ta = 0 to +70°C)
LH5118 X - ##
Device Type 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)
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) 117
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) st
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LH5168

CMOS 64K (8K x 8) Static Ram

FEATURES
e 8,192 x 8 bit organization

o Access times: 80/100 ns (MAX.)

o Low-power consumption:
Operating:
303 mW (MAX.) LH5168/D/N
@ 80 ns
248 mW (MAX.) LH5168/D/N/T/TR
@ 100 ns
275 mW (MAX.) LH5168H/HD/HN
@ 100 ns
Standby:
5.5 uW (MAX.) LH5168/D/N/T/TR
16.5 pW (MAX.) LH5168H/HD/HN

Fully-static operation

Three-state outputs

Single +5 V power supply
TTL compatible I/O
Pin compatible to 64K bit EPROM

Wide temp. range available
LH5168: -10 to +70°C
LH5168H: -40 to +85°C

Packages:
28-pin, 600-mil DIP
28-pin, 300-mil SK-DIP
28-pin, 450-mil SOP
28-pin, 8 x 13 mm? TSOP (Type 1)

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
28-PIN DIP TOP VIEW
28-PIN SK-DIP
28-PIN SOP
Ne[ t1e 28[ Ve
A 2 270 WE
N 26[1CE,
As[] 4 25[1Ag
AL s 24[]Ag
ALl 6 23[ 1A,
AL 7 22[OE
AL] 8 21 A
AL o 20[1CE,
A,J10 19[1 10,
o, ] 11 18[1vo,
1o, 12 17[v0,
0,13 16[11/0,
GND[}14 15110,
5168-1

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




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

28-PIN TSOP (Type ) (NORMAL BEND) 28-PIN TSOP (Type l) (REVERSE BEND)

—( A (~ )

CE[] 1e 2817 Ay A 14 15[7A,
Aq [ 2 27[dcE, A, s 16 1A,
A 3 26 [ 11/0g As 12 170 A
A ] 4 25[11/0, A O 11 18 [11/0,
Cg, [ 5 247 1/04 A; 10 19 [ /0,
Wl s 2311105 An}o 20 [J 1o,
Vee [ 7 22710, NCc ] s 21 [JGND
NC[] 8 211 GND Vec O 7 22[ 10,
A 9 20 [1/04 WE[] 6 23 [ 104
A; []10 19 [0, CE, [} 5 24 [11/04
A O] 11 18[T 1o, A 4 25 [Jvo,
As []12 170 A, AL 26 [11/0,
A, 18 16[1 A, A2 27 [1CE,
A; 14 15[ A, CE[] 1e 28 [ Ay,

\ J \. J
5168-8

Figure 2. Pin Connections for TSOP Packages




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

MEMORY 8) Ve
ARRAY
(256 x 256) 14) GND

ROW ADDRESS
BUFFERS
ROW DECODERS

s <
9 9O
D&

{e]
CIRCUITS

DATA CONTROL

COLUMN DECODERS

| !

COLUMN ADDRESS
BUFFER

[T
RARNARA

"o D—
=

(0—(0—@E)—C)—23
Ay Al Ay Ap Ay

5168-2

Figure 3. LH5168 Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao- A2 Address inputs /O1 - VOg Data inputs and outputs
CEj - CE2 Chip Enable input Vce Power supply
WE Write Enable input GND Ground
OE Output Enable input NC Non-connection




CMOS 64K (8K x 8) Static RAM LH5168
TRUTH TABLE
CE1 CEz WE OE MODE V01 - /Og SUPPLY CURRENT NOTE
H X X X Deselect High-Z Standby (Isg) 1
X L X X Deselect High-Z Standby (Isg) 1
L H L X Write DIN Operating (Icc)
L H H L Read Dout Operating (Icc)
L H H H Output disable High-Z Operating (lcc)
NOTE:
1. X=HorlL
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL 80 ns 100 ns UNIT NOTE
RATING RATING
Supply voltage Vce -0.3to0 +7.0 -0.3t0 +7.0 \ 1
Input voltage VIN -0.5toVcc +0.5 | -0.3to Vce +0.3 \4 1
Operating temperature Topr 1010 +70 -1010+70 °C 2
-40 to +85 °C 3
Storage temperature Tstg -55 to +150 -55to +150 °C
NOTES:
1. The maximum applicable voltage on any pin with respect to GND.
2. LH5168/D/N
3. LH5168H/HD/HN
RECOMMENDED OPERATING CONDITIONS (Note 1)
PARAMETER SYMBOL 80ns 100 ns UNIT
MIN. TYP. MAX. MIN. TYP. MAX.
Supply voltage Vce 4.5 5.0 5.5 4.5 5.0 5.5 \'/
Input voltage ViH 2.2 Vcc +0.5 2.2 Vce +0.3 \'J
ViL -0.5 0.8 -0.3 0.8 \"
NOTE:
1. Ta=-10to +70°C (LH5168/D/N), T, = -40 to +85°C (LH5168H/HD/HN).
DC CHARACTERISTICS ! (Vcc =5V £10%)
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Input leakage current [ Vin=0to Vcec 1.0 pA
; CE1=ViHorCE2= VL
?ul:'trgl:\tt leakage Lo orOE = ViHor WE = Vi 1.0 HA
Vyo=0to Vcc
CE1=Vi,VIN=ViLtoVIH | tcycLlE= 55 mA
CE2 = Vi, Outputs open 80ns
) CE1=Vi, ViN=ViLtoVIiH | tovcle= 45 2
Operating current lec CEg2 = Vi, Outputs open 100 ns 50 3
CE1=Vi,Vin=02Vto _ mA
Ve - 02V roLe = 10
CE2 = Vi, Outputs open Ous
IsB1 CE1=ViHorCE2=ViL 10 mA
Standby current lss ___CEzsg02Vor TA<70°C 1.0 pA 2
S CE1,CE22Vcc-02V | Th<85°C 3.0 LA 3
Output voltage VoL loL=21mA 0.4 v
VoH loH =-1mA 2.4 v

NOTES:

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

2. LHS5168/D/N/T/TR
3. LH5168H/MHD/HN

SHARP
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LH5168 CMOS 64K (8K x 8) Static RAM
AC CHARACTERISTICS !
(1) READ CYCLE (Vcc =5V +10%)
PARAMETER SYMBOL 80 ns 100 ns UNIT | NOTE
MIN. MAX. MIN. MAX.
Read cycle trRe 80 100 ns
Address access time taa 80 100 ns
Chip enable (CEy) tACE1 80 100 ns
access time (CE2) tacE2 80 100 ns
Output enable access time toe 40 40 ns
Output hold time toH 10 10 ns
Chip enable to (CEy) tLz1 10 10 ns 2
output in Low-Z (CE2) tizo 10 10 ns 2
(L):vtvp;t enable to output in toLz 5 5 ns 2
Chip enable to (CEy) tHz1 0 30 0 30 ns 2
output in High-Z (CE2) | tnze 0 30 0 30 ns 2
Sz;ﬁ_uzt disable to output in torz 0 20 0 20 ns 2
NOTES:
1. Ta=-10 to +70°C (LH5168/D/N/T/TR), T, = -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. Cyoap = 5 pF.
(2) WRITE CYCLE (Vcc =5V +10%)
PARAMETER SYMBOL 80 ns 100 s UNIT NOTE
MIN. MAX. MIN. MAX.
Write cycle time twc 80 100 ns
Chip enable to end of write tcw 70 80 ns
Address valid to end of write taw 70 80 ns
Address setup time tas 0 0 ns
Write pulse width twp 60 60 ns
Write recovery time twr 0 0 ns
Data valid to end of write tow 40 40 ns
Data hold time toH 0 0 ns
Output active from end of write tow 10 10 ns 1
WE to output in High-Z twz 0 30 0 30 ns 1
OE to output in High-Z toHz 0 20 0 20 ns 1
NOT_E:
1. Active output to high-impedance and high-impedance to output active tests specified for a £500 mV fransition
from steady state levels into the test load. C oap = 5 pF.
AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 0.6t0o2.4V
Input rise/fall time 10ns
Timing reference level 1.5V
Output load conditions (1TTL + CL = 100 pF)
3-40 SHARP



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 Cvo 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 CE1, CE2 > Ve - 02V 2.0 \'
Vccor=3V, 0.6 pA 2
Data retention current lccor CE2<0.2VorCEj1,
CE22Vccpr-02V 15 HA 3
Chip disable to data retention tcor 0 ns
Recovery time trROR tre ns 4
NOTES:
1. Tp=-10 to +70°C (LH5168/D/N/T/TR), T = -40 to +85°C (LH5168H/HD/HN)
2. LH5168/D/N/T/TR at T, < 70°C
3. LH5168H/HD/HN at T, < 85°C
4. tgc = Read cycle time
CE, CONTROL (NOTE) DATA RETENTION MODE
Vee
4a5V---|---NK----o - -
22V - b e o
_ Vecor - 5
CE, CE,>Vepr 02V
CE, CONTROL
DATA RETENTION MODE
Vee
CE,
CE,<02V
NOTE: To control data hold at (_:E‘, fix the input level of CE, between V¢cpg to Vecpr-0.2V or0Vio 0.2V
during the data retention mode. 51686

Figure 4. Low Volitage Data Retention




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

IS X

tan

NN LA

iz thz1

tace2

e, Z1TIIIITI T
= T LT

tonz

— ol X0
ton

NOTE: WE = "HIGH"

Figure 5. Read Cycle




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

S X
oF __J[ taw (NOTE 4)\- Eﬁg‘j&
- YNXN__ 7
o /TR T
oon FEFR TP PR R e

(NOTE 6)

o o WYX

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.

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

. twg 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 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.

[0 A

5168-4.

Figure 6. Write Cycle 1




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

twe
o-Ar A A
taw
tow twr | (NOTE 4)
(NOTE 2)
AT W
tow twr
e IR PANNNNN
tas twp twr
(NOTE 3) (NOTE 1)
v N L
(NOTE 5) nz m ;WE 5
D, AAOANVNAN AN ANNNANNN AN NN HIGH-Z
o S LTI T T T TA
tow ton
NOTE 7,
D | ) DATA VALID < ><><
OE = "LoW"
NOTES: . .
1. The writing occurs during the overlap (typ) of CE, ="LOW", CE, = "HIGH", and WE = "LOW".
2. {cy 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. 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. 5168-5

Figure 7. Write Cycle 2

ORDERING INFORMATION
LH5168 X X - ##
Device Type Operating Package  Speed
Temperature
10L 100 .
L_{BOL 80 Access Time (ns)

Blank 28 pin, 600-mil DIP (DIP 28-P-600)

D 28-pin, 300-mil SK-DIP (SK-DIP28-P-300)

N 28-pin, 450-mil SOP (SOP28-P-450)

T 28-pin, 8 x 13 mm2 TSOP (Type |) (TSOP28-P-0813)

TR 28-pin, 8 x 13 mm?2 TSOP (Type ) Reverse Bend
{Blank -10 to 70°C (TSOP28-P-0813)

|H -40 to +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

CMOS 64K (8K x 8) Static Ram

FEATURES
8,192 x 8 bit organization

Access time: 500 ns (MAX.)

Power consumption:
Operating:
60 mW (MAX.) @ 3V
Standby:
3 uwW (MAX)) @ 70°C @ 3V
9 uW (MAX.) @ 85°C @ 3V

Fully-static operation

Three-state outputs

Single 2.5 to 5.5 V power supply
TTL compatible 1/0

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
)

NC[] 1e 28[ 1 Vge
A 2 27 WE
. 26/ 1CE,
AsL] 4 25[71Ag
As] 5 24 JAg
AL 6 23[ A,
Al 7 22[10E
A 8 21[J A
Al 9 20| CE,
A]10 19[1/04
o, 11 18[1v0,
10,412 17 [11/0s
voz[]13 16[11/0;

GND[{14 15/ 110,

51685-1

Figure 1. Pin Connections for SOP Package




LH5168SH CMOS 64K (8K x 8) Static RAM

[/2]

a 5

waown o

o o MEMORY 8 Vce

ait Q ARRAY

;B a (256 x 256) 12) GND

S 3

o« 4

1o
CIRCUITS E
DATA CONTROL ;
COLUMN DECODERS E
COLUMN ADDRESS
BUFFER k_l
=o—T=D—
o =
CE, 2§
CE, @o
10—0)—( 3
Ay Ay Ay A Ag
5168S-2

Figure 2. LH5168SH Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao- A2 Address inputs I/O1 - /Og Data inputs and outputs
CE:-CE2 Chip Enable input Vce Power supply
WE Write Enable input GND Ground
OE Output Enable input NC Non connection




CMOS 64K (8K x 8) Static RAM LH5168SH

TRUTH TABLE
CEs CE2 WE OE MODE VO1 - VOs SUPPLY CURRENT | NOTE
H X X X Deselect High-Z Standby (Isg) 1
X L X X Deselect High-Z Standby (Iss) 1
L H L X Write DN Operating (Icc)
L H H L Read Dout Operating (Icc)
L H H H Output disable High-Z Operating (Icc)
NOTE:
1. X=HorlL
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vce -0.3to +7.0 Vv 1
Input voltage VIN -0.3to Vcc +0.3 Vv 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 Vee 2.5 3.0 5.5 \'
Input voltage ViH Vee-0.2 Vcc +0.3 Vv
(Vec=2.5t04.5V) ViL 03 0.2 \
Input voltage ViH 22 Vcc +0.3 \
(Vcc=4.5t05.5V) Vi 03 0.8 Vv

DC CHARACTERISTICS (Ta = -40 to +85°C, Vcc =2.5t05.5V)

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Input leakage current T | Vin=0to Vcc -1.0 1.0 pA
CE1=VHorCE2=VyL
col::,tr%l:‘tt leakage lol or OE = ViHor WE = ViL -1.0 1.0 pA
Viio=0to Vcc
CE1=02V,ViN=02Vor
Vec-02V tcycLe = 20
CE2=Vcc-02V, 500 ns
Output open
. CE1=02V,VN=02Vor
Operating supply oG Vce-02V toYoLE = 10 mA
current CEz2=Vcc-02V, 1.0 ps
Output open
CE1=02V,ViN=02Vor
Vec-02V teyeLe = 8
CE2=Vcc-02V, 1.0ps
Output open, Vec =3.3V
Iss _CE2<02Vor ~+70°C 1.0 A
Standby current CE12Vcc-02V ~ +85°C 3.0 i 1
Isp1 CE1=ViqorCEa =V 5 mA
Output Low voltage VoL loL = 500 pA 0.5 \'
Output High voltage VoH loH =-500 pA Vec-0.5 \' 2

NOTES:
1. CEpshouldbe>Vgc-02Vor<02V.
2. Vouis 45V (Min.)atVgc>5V.
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LH5168SH

CMOS 64K (8K x 8) Static RAM

AC CHARACTERISTICS
(1) READ CYCLE (Ta = -40 to +85°C, Vcc = 2.5 to 5.5 V)
PARAMETER SYMBOL MIN. MAX. UNIT NOTE
Read cycle trc 500 ns
Address access time taa 500 ns
Chip enable (CE1) tace1 500 ns
access time (CE2) tacez 500 ns
Output enable access time toe 200 ns
Output hold time toH 10 ns
Chip enable to (CEy) tLz1 20 ns 1
output in Low-Z (CEz) tLzo 20 ns 1
Output enable to output in Low-Z toLz 10 ns 1
Chip enable to (CEy) tHz1 0 60 ns 1
output in High-Z (CE2) thze 0 60 ns 1
Output disable to output in High-Z toHz 0 40 ns 1
(2) WRITE CYCLE (Ta = -40 to +85°C, Vcc = 2.5 t0 5.5 V)
PARAMETER SYMBOL MiIN. MAX. UNIT NOTE
Write cycle time twe 500 ns
Chip enable to end of write tow 250 ns
Address valid to end of write taw 250 ns
Address setup time tas 100 ns
Write pulse width twe 150 ns
Wirite recovery time twr 50 ns
Data valid to end of write tow 100 ns
Data hold time toH 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

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

P proy
i

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 0to Vcc
Input rise/fall time 10 ns
Timing reference level 1.5V
Output load conditions No load

CAPACITANCE (Ta = 25°C, f = 1MHz)

o ouput active tests specified for a $500 mV transition

PARAMETER SYMBOL CONDITIONS NN, TYP. MAX. UNIT
Input capacitance Cw Vin=0V 7 pF
Input/output capacitance Cio Vwo =0V 10 pF

NOTE:

This parameter is sampled and not production tested.




CMOS 64K (8K x 8) Static RAM

LH5168SH

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

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
. CE2<02Vor
Data retention voltage Vceor CE1 > Vecor- 02 V 2.0 Vv 1
Vccor=30V Ta=25°C 0.2
Data retention current lccor CE2<02Vor Ta = 70°C 06 pA
CE12Vcepr-0.2V 1.5 1
Chip disable to data retention tcor 0 ns
Recovery time tROR trc ns 2
NOTES:
1. CE; should be 2 Vgopr - 02 Vor<0.2 V.
2. tgc = Read cycle time
CE, CONTROL (NOTE ) DATA RETENTION MODE
Vee
_ Vecon -
CE, CE;2Vccpr 02V
CE, CONTROL
f DATA RETENTION MODE :
CE,<02V
NOTE: To control data hold at CE,, fix the input level of CE, between Vcpr 10 Vecpr-0-2 V or 0V to 0.2 V
during the data retention. 516856
Figure 3. Low Voltage Data Retention
349



LH5168SH CMOS 64K (8K x 8) Static RAM

R G— X
= T h T
<. ZITIIF m TR
= \\\\\\\\\\\\\\\\\\\\\\\\\\"’f / //////

fonz

1/0; - Og (  DaTAVALD %X)—
ton

NOTE: WE = "HIGH"

5168S-3

Figure 4. Read Cycle
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CMOS 64K (8K x 8) Static RAM LH5168SH
twe
o~ A A A
— 4 \
Ot _———J taw (NOTE 4)
tow twa
(NOTE 2)
cE. \
c& NN LN
tew twr
/ L NN
e NI
tas ) twe twr
(NOTE 3) \L (NOTE 1)
WE \
NN AT
tonz
(NOTE 5)
D AAMAMN NV NN N AN N ANANN NN NNV N HIGH-Z
ouw S/ 7777777777
ow ton
NOTE 6,
Din { ) DATA VALID >\
NOTES: - o
1. The writing occurs during the overlap (typ) of CE4 ="LOW", CE, = "HIGH", and WE = "LOW".
2. tcw 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. tyg 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. 16854
Figure 5. Write Cycle 1
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LH5168SH CMOS 64K (8K x 8) Static RAM

twe

- A A

taw

tow twr [(NOTE 4)
(NOTE 2)

% g L

tow twa

LI E AN

tas twe twr

(NOTE 3) (NOTE 1)

we N
(NOTE 5) lnz (N:;_VE 5
NN AN AN AN A VAN HIGH-Z
[T A
fow ton

Cl

&

NOTE 7,
Diy ( ) DATA VALID ><>0<

OE = "LOW"

NOTES:

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

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

5168S-5

Figure 6. Write Cycle 2

ORDERING INFORMATION

LH5168SH N (Blank)
Device Type Package Speed

|— 500 Access Time (ns)

28-pin, 450-mil SOP (SOP28-P-450)

CMOS 64K (8K x 8) Static RAM
H = -40°C to +85°C Operation
S =3 V Operation

Example: LH5168SHN (CMOS 64K (8K x 8) Static RAM, 500 ns, 28-pin, 450-mil SOP)

5168S-7
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LH5168ST

CMOS 64K (8K x 8) Static RAM

FEATURES

8,192 x 8 bit organization

Access times:
500 ns (MAX.)

Power consumption:
Operating:
60 mW (MAX.) @ 3V
Standby:
3 uw (MAX.) @ 3V
Data hold
0.2 pA (Vec =3V, Ta = 25°C)
Wide operating voltage range:
25Vto55V

Fully-static operation
TTL compatible I/O
Three-state outputs

Operating temperature:
-10 to +70°C

Package: 28-pin, 8 x 13 mm? TSOP
(Type 1)

DESCRIPTION

The LH5168ST is a static RAM organized as
8,192 x 8 bits. It is fabricated using silicon-gate CMOS

process technology.

PIN CONNECTIONS
28-PIN TSOP TOP VIEW
—( )
CE[] 1e 2811 A
Aq] 2 27 [ CE,
A 3 26{ ] VO,
A 4 251710,
Ccg, [ s 24110
WEL] 6 23[11/05
Vec O 7 22[7 10,
Ne [ 8 21 1GND
Az ] 9 20710,
A; [10 19110,
A O 11 18110,
As [J12 17 A,
A, 18 16 1A,
A (14 157 A
L J
5168S-1

Figure 1. Pin Connections for TSOP Package
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LH5168ST CMOS 64K (8K x 8) Static RAM

Ag
Ag @ —
Az ) Q
A & z MEMORY 7) Voo
ot o ARRAY
As 5 z (256 x 256) ) GND
As o 3
] i
A‘ o
Ay
1104 k—
110, [
/04 COLUMN I/0 —LC
10, INPUT CIRCUITS
DATA 4
/05 CONTROL LC
/0g COLUMN SELECT
1o, ) ) -
1/0g |
COLUMN ADDRESS L]
BUFFERS

= p——E >
CE,
CE,

19—G9—a)—C2
A Ap Ay Ay A

5168S-2

Figure 2. LH5168ST Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao- A2 Address inputs /O1 - VOs Data inputs and outputs
CE;-CE2 Chip Enable input Vee Power supply
WE Write Enable input GND Ground
CE Output Enable input NC Non connection
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CMOS 64K (8K x 8) Static RAM LH5168ST

TRUTH TABLE
CEq CE2 WE OE MODE V01 - VOg SUPPLY CURRENT NOTE
H X X X Standby High-Z Standby (lss) 1
X L X X Standby High-Z Standby (lss) 1
L H L X Write DiN Operating (Icc) 1
L H H L Read Dout Operating (Icc)
L H H H Output deselect High-Z Operating (Icc)
NOTE:
1. X=Horl
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vee -0.3t0 +7.0 \ 1
Input voltage VIN -0.3to Vcc +0.3 Vv 1
Operating temperature Topr -10 to +70 °C
Storage temperature Tstg -65 to +150 °C

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

RECOMMENDED OPERATING CONDITIONS (TaA = -10 to +70°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vce 24 3.0 5.5 \'/
Input voltage ViH Vec-0.5 Vec +0.3 )
(Vcc=2.5t04.5V) ViL 03 0.2 Vv
Input voltage ViH 22 Vce +0.3 \'/
(Vcc=4.5t05.5V) Vi 03 0.8 V]

DC CHARACTERISTICS (Ta=-10to +70°C, Vcc =2.4t0 5.5V)

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Input leakage current Iy Vin=0to Vee -1.0 1.0 A
CE1=ViHorCE2=VyL
Output leakage Lo or OE = Vi or WE = Vi 1.0 10 uA
Vio=0to Vce
CE1=02V,Vin=02Vor
Vecc-02V teycLe = 20
CE2=Vcc-02V, 500 ns
Outputs open
CE1=02V,Vin=0.2Vor
Operati t Vecc-02V tevoLe = mA
perating curren CE2 ~Vec 02V, 10ps 10
Outputs open
CE1=02V,VnN=02Vor
Vec-02V tcycLe = 8
CE2=Vcc-02V, 10us
Outputs open, Vcc = 3.3V
Standby current Iss CE2 522 VorCEy2Vcc-02V 1.0 pA 1
IsB1 CE1=ViHOrCEy1=ViL 5 mA
Output Low voltage VoL loL = 500 pA 0.5 \")
Output High voltage VoH loH =-500 pA Vcc -0.5 \' 2
NOTES:

1. CEpshould be 2Vgc-02Vor<0.2V.
2. Vouis 45V (Min)atVee>5V.
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LH5168ST CMOS 64K (8K x 8) Static RAM

AC CHARACTERISTICS
(1) READ CYCLE (TA =-10t0 +70°C,Vcc =2.5t05.5V)
PARAMETER SYMBOL MIN. MAX. UNIT

Read cycle trc 500 ns
Address access time taa 500 ns
Chip enable (CEv) tace1 500 ns
access time (CE) tace2 500 ns
Output enable access time toe 200 ns
Output hold time toH 10 ns
Chip enable to (CEv) tLz1 20 ns
output in Low-Z (CE2) tzo 20 ns
Output enable to output in Low-Z toLz 10 ns
Chip enable to (CEy) tHz1 0 60 ns
output in High-Z (CE2) thze 0 60 ns
Output disable to output in High-Z toHz 0 40 ns

(2) WRITE CYCLE (Ta =-10 to +70°C, Ve = 2.5 to 5.5 V)

PARAMETER SYMBOL MIN. MAX. UNIT
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 twep 150 ns
Write recovery time twr 50 ns
Data valid to end of write tow 100 ns
Data hold time toH 0 ns
Output active from end of write tow 20 ns
WE to output in High-Z twz 0 60 ns
OE to output in High-Z toHz 0 40 ns
AC TEST CONDITIONS

PARAMETER MODE
Input voltage amplitude 0toVce
Input rise/fall time 10ns
Timing reference level 15V
Output load conditions No load

CAPACITANCE (Ta =25°C, f=1 MH2)

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

NOTE:
This parameter is sampled and not production tested.
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CMOS 64K (8K x 8) Static RAM LH5168ST

DATA RETENTION CHARACTERISTICS (Ta =-10to +70°C)

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
. __CE2<502Vor
Data retention voltage Vceopr CE; > Vocor - 0.2V 1.8 \' 1
Vccor=3.0V Ta=25°C 0.2
Data retention current lccor CE2<02Vor Ta = 40°C 0.4 pA
CE1 2Vcepr-02V 06 1
Chip disable to data retention tcor 0 ns
Recovery time tRDR trc ns 2

NOTES:
1. CEjp should be > Vgepr - 0.2 Vor<02 V.
2. tgc = Read cycle time.

tac

ADDRESS X X

tacet

a2 NN

-
-
§

tizy thz1

tace2

e LTI WA

thzo

tzo

N
-ﬁ//

torz

52 _LNMIMIINMIIINIINNY AT

tonz

Dour (  DaTAVALID —
| fon

NOTE: WE is "HIGH" level during the read cycle.

L~

5168S-3

Figure 3. Read Cycle




LH5168ST CMOS 64K (8K x 8) Static RAM

twe
ADDRESS X X
— 4 \
OE _/
taw
tew twr
(NOTE2) (NOTE 4)
— \
AN J77
tew twr
o JIIIIIITIINITTTTE RN
tas ) twe twr
(NOTE 3) (NOTE 1)
WE \
e N HTTTTT
tonz
Do ISOSS VAN ANAANANNNN NN
o [/ 7]
tow ton
NOTE 5]
Ou O ™ owavn WX X
NOTES: — =
1. The writing occurs during an overlapping period of CE; = "LOW," CE, = "HIGH," and WE = "LOW" (typ).
2. tow is defined as the time from the last occuring transit, either CE,; LOW transit or CE, HIGH transit,
to the time when the writing is finished. .
3. tas 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. The input signals of opposite phase to the outputs must not be applied while I/O pins are in the output state.
51

Figure 4. Write Cycle 1
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CMOS 64K (8K x 8) Static RAM LH5168ST
twe
ADDRESS )( X
taw
tow twr
I NOTE 4
(NOTE 2) ( )
c& AMMMIIINIINNG 2
tew twr
N ALY
tas twe twa
(NOTE 3) (NOTE 1)
WE ) \\ / mmz7
AN\ /
twz, tow
(NOTE 6) (NOTE7)
D, AANAMAANNANANNANNNNNNVENN
o [T TR
tow ton
(NOTE 5)
Din DATA VALID /\>O<
NOTES: — —_—
1. The writing occurs during an overlapping period of CE, = "LOW," CE, = "HIGH," and WE = "LOW" (typ).
2. e is defined as the time from the last occuring transit, either CE, LOW transit or CE, HIGH transit,
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. The input signals of opposite phase to the outputs must not be applied while I/O pins are in the output state.
6. If CE{ LOW transit or CE, HIGH transit occurs at the same time or after WE LOW transit, the
output will remain high-impedance. .
7. If CE, HIGH transit or CE, LOW transit occurs at the same time or before WE HIGH transit, the output will
remain high-impedance. 51685-5
Figure 5. OE Low Fixed
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LH5168ST CMOS 64K (8K x 8) Static RAM

CCE, CONTROL (NOTE) DATA HOLD MODE

CE; 2Veepr -02V

CE, CONTROL
DATA HOLD MODE
o " cE <02V
NOTE: To control data hold mode at Ev fix the input level of CE, between V¢cpg to Vocpr-02VoroVteo 0.2V
during the data hold mode. 51685-6
Figure 6. Low Voltage Data Retention
ORDERING INFORMATION
LH5168 S T
Device Type Package
L 28-pin, 8 x 13 mm2TSOP (Type I) (TSOP28-P-0813)
Low Voltage Option
CMOS 64K (8K x 8) Static RAM
Example: LH5168ST (CMOS 64K (8K x 8) Static RAM, 28-pin, TSOP Type ) s1o8571

360 SHARP



LH5168Z8

CMOS 64K (8K x 8) Static RAM

FEATURES
8,192 x 8 bit organization

Access time:
200 ns (Vcc = 3.0 V MAX))

Power consumption:
Operating:
60 mW (MAX.) @ 3V
Standby (to 60°C):
3 uwW (MAX) @ 3V
Data hold
0.6 pA (Vec =3V, Ta = 60°C)
Operating voltage range:
30Vto36V

-30 to 60°C
Fully-static operation
TTL compatible I1/0
Three-state outputs
Package: 28-pin, 450-mil SOP

L[]

Wide operating temperature range:

DESCRIPTION

The LH5168Z8 is a static RAM organized as
8,192 x 8 bits. It is fabricated using silicon-gate CMOS
process technology.

PIN CONNECTIONS
28-PIN SOP TOP VIEW
SR
NC[] 1e 28{1 Ve
Ap ] 2 271 wWE
A0 3 261 CE,
A 4 257 A,
A; [ 5 2414,
Al e 23 A,
A0 7 22[]CE
AL 8 210 A
Al e 20 [ CE,
A Q1o 194110,
vo, ] 11 181 vo,
vo, []12 171 /0,
Vo, (13 16 {1 vo,
GND [{14 15]7vo,

S10828-1

Figure 1. Pin Connections for SOP Package




LH5168Z8

CMOS 64K (8K x 8) Static RAM

Ay
AAG @ 5
12 w o 8
A oo =i MEMORY
o u ARRAY
As <5 = (256 x 256) Q4
As el 3
Aq € &
Ag
Yoy | h
VO, N
/O, COLUMN /O =
7o) INPUT CIRCUITS
4 DATA =
/05 CONTROL L
1/Og COLUMN SELECT
o, ’ ’ |
1/Og
COLUMN ADDRESS D
BUFFERS _I
®)—()—9 9)
A Ay Ay Ay Ay

GND

516828-2

Figure 2. LH516828 Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao- A2 Address inputs I/O1 - /Og 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 LH5168Z8

TRUTH TABLE
CEy CE2 WE OE MODE V01 - VOg SUPPLY CURRENT | NOTE
H X X X Standby High-Z Standby (Isg) 1
X L X X Standby High-Z Standby (Iss) 1
L H L X Write DiN Operating (lcc) 1
L H H L Read Dout Operating (lcc)
L H H H Output deselect High-Z Operating (lcc)
NOTE:
1. X=HorL
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vce -0.3t0 +7.0 v 1
Input voltage VIN -0.3to Vec +0.3 Vv 1
Operating temperature Topr -30 to +60 °C
Storage temperature Tstg -65to +150 °C
NOTE:

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

RECOMMENDED OPERATING CONDITIONS (Ta = -30 to +60°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vce 3.0 3.6 \
Input voltage ViH Vcc-0.5 Vcec +0.3 \"
(VCC =3.0t0 3.6 V) VIL 0.3 0.2 Vv
DC CHARACTERISTICS (Ta =-30 to +60°C, Vcc =3.0t0 3.6 V)
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Input leakage current Iyl ViN=0to Vce -1.0 1.0 pA
CE1=ViHorCE2 =V
Output leakage ol or OF = Vie o WE = Vi 40 | 10 | pa
Vo =0to Vce
CE1=02V,VN=02Vor
Vcc-02V tevcLe = 20
CE2=Vcc-0.2V, 200 ns
Outputs open
CE1=02V,ViN=02Vor
Operati t I Vec-02V teycle = A
perating curren ce CE2=Vcc-02V, 1.0 ps 0 m
Outputs open
CE1=0.2V,ViN=02Vor
Vcc-02V tevcLe = 8
CE2=Vcc-0.2V, 1.0pus
Outputs open, Vecc =3.3V
_CE2<0.2Vor To
Standby current lss CE12Voc-02V +60°C 10 HA 1
Isg1 CE1=ViHorCEz = VL 5 mA
Output voltage Vou loL = 500 pA 05 \'
VoH loH =-500 pA Vcc-0.5 \Y
NOTE:

1. CEjp should be 2 Vg - 02V or<0.2 V.




LH5168Z8 CMOS 64K (8K x 8) Static RAM

AC CHARACTERISTICS
(1) READ CYCLE (Ta = -30 to +60°C,Vcc =3.0t0 3.6 V)
PARAMETER SYMBOL MIN. MAX. UNIT

Read cycle tRe 200 ns
Address access time taa 200 ns
Chip enable (CEq) tace 200 ns
access time (CE2) tace2 200 ns
Output enable access time toe 150 ns
Output hold time toH 10 ns
Chip enable to (CEy) Lz 20 ns
output in Low-Z (CE2) 2 20 ns
Output enable to output in Low-Z toLz 10 ns
Chip enable to (CEy) tHz1 0 60 ns
output in High-Z (CE2) thzz 0 60 ns
Output disable to output in High-Z toHz 0 40 ns

(2) WRITE CYCLE (Ta =-30 to +60°C, Vcc =3.0t0 3.6 V)

PARAMETER SYMBOL MIN. MAX. UNIT
Write cycle time twe 200 ns
Chip enable to end of write tocw 180 ns
Address valid to end of write taw 180 ns
Address setup time tas 0 ns
Write pulse width twp 150 ns
Write recovery time twr 0 ns
Data valid to end of write tow 100 ns
Data hold time toH 0 ns
Output active from end of write tow 20 ns
WE to output in High-Z twz 0 60 ns
OE to output in High-Z tonz 0 40 ns
AC TEST CONDITIONS

PARAMETER MODE
Input voltage amplitude O0toVce
Input rise/fall time 10ns
Timing reference level 1.5V
Output load conditions No load

CAPACITANCE (TA = 25°C, f = 1 MHz)

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

NOTE:
This parameter is sampled and not production tested.




CMOS 64K (8K x 8) Static RAM LH5168Z8

DATA RETENTION CHARACTERISTICS (Ta =-30 to +60°C)

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Data retention voltage Vceor C—E?E"’Vig';\_/ gr2 v 20 v 1
. Vccor=30V Ta =25°C 0.2
Data retention current lccor ﬁ?gz\, i 2; Y 8,2 v Ta=60°C 06 pA ]
Chip disable to data retention tcor 0 ns
Recovery time tRDR tRc ns 2
NOTES:
1. CE; should be 2 Vgopr- 0.2V or<02 V.
2. trc = Read cycle time
tac
ADDRESS X X
taa
tacer
% Ty A
iz thzt
tace2
oe. JIIIIIITIIE LTI
tz thze
toe
toz
EA NI L
tonz
ton

(Comme XX——

NOTE: WE is "HIGH" level during the read cycle.

516828-3

Figure 3. Read Cycle




LH5168Z8 CMOS 64K (8K x 8) Static RAM
twe
ADDRESS X )(
— 4 \
OE ___/
taw
, tow twr
J\ (NOTE 2) (NOTE4)
g5 LTI L
tew twr
e JIITITTTITITITE UMM
tas twp twa
(NOTE 3) \L (NOTE 1)
WE \
we N Y
tonz
D SOAONNVANA AV VAN ANNNAN NAAN
o J /[T T[T/ /7] []7
tow tou
Dy (NOTES) DATA VALID >\ ><><
NOTES: - J—
1. The writing occurs during an overlapping period of CE; = "LOW," CE, = "HIGH," and WE = "LOW" (twg).
2. tow is defined as the time from the last occuring transit, either CE; LOW transit or CE, HIGH transit,
to the time when the writing is finished.
3. tag is defined as the time from address change to writing start.
4. tyris defined as the time from writing finish to address change.
5. The input signals of opposite phase to the outputs must not be applied while /O pins are in the output state. 166284
Figure 4. Write Cycle
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CMOS 64K (8K x 8) Static RAM

LH5168Z8

N

[ IS ]

twe

ADDRESS )(

taw
, tow twn |(NOTE 4)

SN e

& LTI RN

tas twe twr
(NOTE 3) (NOTE 1)

we RN L

¢

W, fow
(NOTE 6) (NOTE?)
Sy VA NANANANAVA VA VA N VA VA VA VA VA VA NAVAVANA
ovr [T
tow ton
o
Dy (NOTE ) DATA VALID /<><><

NOTES:
1. The writing occurs during an overlapping period of E, ="LOW," CE, = "HIGH," and WE ="LOW" (twp)-
. tow is defined as the time from the last occuring transit, either CEy LOW transit or CE, HIGH transit,

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.

. The input signals of opposite phase to the outputs must not be applied while I/O pins are in the output state.
. If CEy LOW transit or CE, HIGH transit occurs at the same time or after WE LOW transit, the output will

remain high-impedance.

7. 1t CE, HIGH transit or CE, LOW transit occurs at the same time or before WE HIGH transit, the output will
remain high-impedance.
516828-5
Figure 5. OE Low Fixed
SHARP
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LH516828 CMOS 64K (8K x 8) Static RAM

CE, CONTROL (NOTE) DATA HOLD MODE

CE, CONTROL

CE,<02V

NOTE: To control the data hold mode at CE;, fix the input level of CE, between Vcpg to Vegpr- 0.2V or 0 V1o 0.2 V
during the data hold mode.

5168286
Figure 6. Low Voltage Data Retention
ORDERING INFORMATION
LH5168Z8
Device Type
L CMOS 64K (8K x 8) Static RAM
Example: LH5168Z8 (CMOS 64K (8K x 8) Static RAM, 200 ns, 28-pin, 450-mil SOP) s16828.7
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LH516829

ADVANCE INFORMATION
CMOS 64K (8K x 8) Static Ram

FEATURES
8,192 x 8 bit organization

e Access time: 260 ns
o Power consumption:
Operating:
60 mW (MAX)) @ 3V
Standby (to 60°C):
3uw (MAX) @ 3V
Data hold
0.6 pA (Ve =3V, To = 60°C)
Operating voltage range:
27Vto36V
Operating temperature range:
-10 to 60°C

Fully-static operation

TTL compatible I/O
Three-state outputs

Package: 28-pin, 450-mil SOP

]

DESCRIPTION

The LH5168Z9 is a static RAM organized as
8,192 x 8 bits. It is fabricated using silicon-gate CMOS
process technology.

PIN CONNECTIONS
28-PIN SOP TOP VIEW
)

NC[] 1e 281 Ve
A 2 27 [ WE
A, 3 26 [1CE,
A 4 25 ] Ag
A0 s 247 Ay
Al e 2334,
Al 7 22[10E
AL 8 21 T Ay
A e 20 [ CE,
A, 10 19 [11/0g
vo, [ 11 181 vo,
o, []12 17 [d1/0g
o5 13 16 [ 10,

GND []14 15[ vo,

51682Z9-1

Figure 1. Pin Connections for SOP Package
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LH516829 ADVANCE INFORMATION CMOS 64K (8K x 8) Static RAM

Ay
AAG 8 5
M2 w o
Ay o o MEMORY Vee
an o ARRAY
< 2
As 3 = (256 x 256) 44) GND
As <] 2
A4 o
Ag
vo, k——“
10, [
1105 COLUMN 1/O —
V0, INPUT CIRCUITS >
DATA
/05 CONTROL Q
1/0g COLUMN SELECT >
110, (8 T ]
1/0g W |
COLUMN ADDRESS D
BUFFERS _I
®)—0©)—(0 )
Ay Ay Ay Ay Ay
516829-2

Figure 2. LH5168Z9 Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao- A2 Address inputs 1/O1 - /Os Data inputs and outputs
CE4/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 ADVANCE INFORMATION LH516829

TRUTH TABLE
CE1 CE2 WE OE MODE VO1 - VOg SUPPLY CURRENT NOTE
H X X X Standby High-Z Standby (Iss) 1
X L X X Standby High-Z Standby (Iss) 1
L H L X Write DiN Operating (lcc) 1
L H H L Read Dout Operating (Icc)
L H H H Output deselect High-Z Operating (Icc)
NOTE:
1. X=HorlL
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vce -0.3t0 +7.0 \' 1
Input voltage ViN -0.3to Vcc +0.3 \ 1
Operating temperature Topr -10 to +60 °C
Storage temperature Tstg -65 to +150 °C

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

RECOMMENDED OPERATING CONDITIONS (TA = -10 to +60°C)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vce 2.0 3.6 \'
Input voltage ViH Vcc-0.5 Vec +0.3 \
(Vcc =3.0t0 3.6 V) ViL .03 02 Vv
DC CHARACTERISTICS (Ta =-10 to +60°C, Vcc =2.7t0 3.6 V)
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Input leakage current Tyl Vin=0to Vcc -1.0 1.0 pA
CE1=ViHor CE2=ViL
Output leakage ol or OE = Vi or WE = Vi 1.0 10 uA
Vyo=0to Vce
CE1=02V,ViN=02Vor
Vecc-02V tcycLe = 20
CE2=Vcc-0.2V, 200 ns
Outputs open
CE1=02V,ViIN=02Vor
o ti t I Vcc-02V teycLe = A
peraling curren ce CE2=Vcc-02V, 1.0 ps 10 m
Outputs open
CE1=02V,Vin=02Vor
Vec-02V teycLe = 8
CE2=Vcc-0.2V, 1.0 us
Outputs open, Vcc =3.3V
_CE2<02Vor To
Standby current IsB CE1>Vcc-02V +60°C 10 KA 1
IsB1 CE1=ViHorCE2= Vi, 5 mA
Output Low voltage VoL loL = 500 pA 0.5 Vv
Output High voltage VoH loH =-500 pA Vec-0.5 \'
NOTE:

1. CE, should be > Vg - 02 Vor<02 V.
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LH5168Z9 ADVANCE INFORMATION CMOS 64K (8K x 8) Static RAM

AC CHARACTERISTICS
(1) READ CYCLE (Ta =-10to +60°C, Vcc =2.7 t0 3.6 V)
PARAMETER SYMBOL MIN. MAX. UNIT

Read cycle trc 260 ns
Address access time taa 260 ns
Chip enable (CEy) tAcE1 260 ns
access time (CE2) tace2 260 ns
Output enable access time toe 200 ns
Output hold time ton 10 ns
Chip enable to (CEy) tLz1 20 ns
output in Low-Z (CE2) tizo 20 ns
Output enable to output in Low-Z toLz 10 ns
Chip enable to (CEv) tHz1 0 60 ns
output in High-Z (CE2) thze 0 60 ns
Output disable to output in High-Z toHz 0 40 ns

(2) WRITE CYCLE (Ta = -10 to +60°C, Vcc = 2.7 10 3.6 V)

PARAMETER SYMBOL MIN. MAX. UNIT
Write cycle time twe 260 ns
Chip enable to end of write tow 200 ns
Address valid to end of write taw 200 ns
Address setup time tas 0 ns
Write pulse width twp 150 ns
Write recovery time twR 0 ns
Data valid to end of write tow 100 ns
Data hold time toH 0 ns
Output active from end of write tow 20 ns
WE to output in High-Z twz 0 60 ns
OE to output in High-Z toHz 0 40 ns
AC TEST CONDITIONS

PARAMETER MODE
Input voltage amplitude 0Vto Vce
Input rise/fall time 10ns
Timing reference level 1.5V
Output load conditions No load

CAPACITANCE (Ta =25°C, f=1 MH2)

PARAMETER SYMBOL CONDITIONS MiIN. 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 ADVANCE INFORMATION LH516829
DATA RETENTION CHARACTERISTICS (TA =-10 to +60°C)
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
. CEz2<02Vor
Data retention voltage Vcebr CE: > Vecor- 02 V 2.0 v 1
Vcepr=3V Ta=25°C 0.2
Data retention current lccor CE2<02Vor pHA
CE12Vcepr-0.2V Ta=60"C 0.6 1

Chip disable to data retention tcor 0 ns

Recovery time tROR tRc ns 2
NOTES:
1. CEj, should be > Vgepr- 0.2 Vor<0.2 V.
2. tgc = Read cycle time

CE, CONTROL (NOTE) DATA HOLD MODE
CE, CONTROL
DATA HOLD MODE
NOTE: To control the data hold mode at C_E,, fix the input level of CE, between Vcpg to Veepr-0.2Vor0Vio 0.2V
during the data hold mode. 5168296
Figure 3. Low Voltage Data Retention
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LH5168Z9 ADVANCE INFORMATION CMOS 64K (8K x 8) Static RAM

Y X
S8 MMMy A
& LTI \r\ i
o€ AN A
Dour 'X.

NOTE: WE is "HIGH" level during the read cycle.

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

ADVANCE INFORMATION

LH51682Z9

NOTES:

to the time when the writing is finished.

s = ]
5 -/ 3
_ (NOTE 3) 'o \\&L (NOTE 1) }{W
o EEEESTRRR | —
D (NOTE 5) DATAVALID >\ XX

3. tag is defined as the time from address change to writing start.
4. twr is defined as the time from writing finish to address change.
5. The input signals of opposite phase to the outputs must not be applied while I/O pins are in the output state.

1. The writing occurs during an overlapping period of CE, = "LOW," CE, = "HIGH," and WE = "LOW" (typ).
2. tcw is defined as the time from the last occuring transit, either CE; LOW transit or CE, HIGH transit,

516829-4

Figure 5. Write Cycle

3-75



LH5168Z9 ADVANCE INFORMATION CMOS 64K (8K x 8) Static RAM

twe
ADDRESS X X
taw
‘ tow tw |(NOTE 4)
(NOTE 2)
AN m ZTTIIT
tew twr
& LTI RN
tas twp twa
(NOTE 3) (NOTE 1)
we N Y
e, tow
(NOTE 6) (NOTE 7)
Dour AANVN VNN AN NNNANNANN N NN
[T 777777777777/
tow ton
Din (NOTES) DATA VALID /<><><
NOTES:
1. The writing occurs during an overlapping period of CE, = "LOW," CE, = "HIGH," and WE = "LOW" (tyg)-

2. teoy is defined as the time from the last occuring transit, either CE, LOW transit or CE, HIGH transit,

to the time when the writing is finished.

3. tag is defined as the time from address change to writing start.
4. twp is defined as the time from writing finish to address change.
5. The input signals of opposite phase to the outputs must not be applied while I/O pins are in the output state.
6. If CE, LOW transit or CE, HIGH transit occurs at the same time or after WE LOW transit, the output will
remain high-impedance. -
7. If CE, HIGH transit or CE; LOW transit occurs at the same time or before WE HIGH transit, the output will
remain high-impedance.
516829-5
Figure 6. OE Low Fixed
ORDERING INFORMATION
LH5168Z9
Device Type
l— CMOS 64K (8K x 8) Static RAM
Example: LH516829 (CMOS 64K (8K x 8) Static RAM) ste0707
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LH5268A

CMOS 64K (8K x 8) Static Ram

FEATURES

8,192 x 8 bit organization
Access times: 100 ns (MAX.)

Power consumption:
Operating:
220 mW (MAX.)
55 mW (MAX) (tRC, twe =1 l.lS)
Standby:
220 uW (MAX.)
Data retention:
55 I.LW (VCC =3 V, TA = 2500)

Operating temperature:
0°C to 70°C

Fully-static operation

Three-state outputs

Single +5 V power supply (5 V + 10%)
TTL compatible I/O

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

DESCRIPTION

The LH5268A is a static RAM organized as 8,192
x 8 bits. Itis fabricated using silicon-gate CMOS proc-
ess technology.

PIN CONNECTIONS

28-PIN DIP
28-PIN SK-DIP
28-PIN SOP

Ne
A
A0
A
AsC]
A
A
A,
A0
A
10, ]
10, ]
10, O}

[1Vee
[1WE
] CE,
[ 1Ag
(A,
1A
10E
[1A10
] CE,
] 1/0g
110,
[11/0g
[11/05

GND[|

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

10 19

1" 18

12 17

13 16

14 15

[ 110,

TOP VIEW

5268A-1

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

SHARP
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LH5268A CMOS 64K (8K x 8) Static RAM

@ i
A7 (3) i 2 MEMORY 9 V.
As(4) 8k 3 ARRAY oc
<35 a8 (256 x 256) 49 GND
As 9 % o =
A6 & Q
Ag
10,
10, .
1105 o ——1 -
10, CIRCUITS >
/o, DATA CONTROL S
5
1/Og COLUMN DECODER >
or 1
/Og
COLUMN ADDRESS Lo
BUFFER 1
T -
T
CcE,
CE,
232a23(8)10X9)
A1AgArpAz Ag Ay
5268A-2

Figure 2. LH5268A Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao-A12 Address inputs I/O1 - /Og 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 LH5268A

TRUTH TABLE
CEy CE2 WE OE MODE VO1 - VOg SUPPLY CURRENT NOTE
H X X X Standby High-Z Standby (Isg) 1
X L X X Standby High-Z Standby (Isg) 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

ABSOLUTE MAXIMUM RATINGS

RATING
PARAMETER SYMBOL UNIT NOTE
70 ns 100 ns
Supply voltage Vce -0.5t0 +7.0 -0.3to +7.0 Vv 1
Input voltage VIN -0.5to Vcc +0.5 | -0.3to Vcc +0.5 v 1,2
Operating temperature Topr 0to +70 0to +70 °C
Storage temperature Tstg -55 to +150 -65 to +150 °C

NOTES:
1. The maximum applicable voltage on any pin with respect to GND.
2. Undershoot of -3.0 V is allowed once per cycle.

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE
Supply voltage Vee 4.5 5.0 5.5 \
Input voltage Vi 22 Vee +05 v
ViL -0.3 0.8 \' 1

NOTE:
1. Undershoot of -3.0 V is allowed once per cycle.

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

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE
Input leakage
cu‘::']ent 9 I ViIN=0to Vcc -1 1 A
EE_= ViHor CE2=ViL
cOul:'tr[;l:‘tt leakage o orOE =ViHorWE =V -1 1 pA
Viyo=0Vto Vcc
CE1=Vi,, ViN=ViLor ViH tcycLE = 40
CE2 =V, lio=0mA 100 ns
Operating current lcc CE1=02V,Vin=0.2Vor
Vcc-02V teycLe = 10
CE2=Vcc-02V, lio=0 1.0 us
mA
IsB1 CE1=ViHorCE2= V) 3 mA
Standby current CE2<02Vor
Iss CE1>Voc-02V 40 HA 1
= . 8 V
Output voltage Vo loL=2.1mA 04
VoH loH=-1.0mA 24 \"

NOTE:
1. CE;2Vcg-02VorCE, <02V
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LH5268A CMOS 64K (8K x 8) Static RAM

AC CHARACTERISTICS
(1) READ CYCLE (Ta=0to +70°C, Vcc =5V £10%)
PARAMETER SYMBOL MIN. MAX. UNIT NOTE
Read cycle tRc 100 ns
Address access time taa 100 ns
Chip enable (CE1) tACE1 100 ns
access time (CE2) tace? 100 ns
Output enable access time toe 40 ns
Output hold time toH 10 ns
Chip enable to (CEq) tLz1 10 ns 1
output in Low-Z (CE2) tize 10 ns 1
I(_)Qu":ﬁ;t enable to output in torz 5 ns 1
Chip enable to (CE1) tHz1 0 30 ns 1
output in High-Z (CE2) thze 0 30 ns 1
Output disable to output in
ngh-Z toHz (0] 20 ns 1
NOTE:

1. Active output to high-impedance and high-impedance to output active tests specified for a £200 mV transition
from steady state levels into the test load.

(2) WRITE CYCLE (Ta =0 to +70°C, Vcc =5 V £10%)

PARAMETER SYMBOL MIN. MAX. UNIT NOTE
Write cycle time twe 100 ns
Chip enable to end of write tow 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 200 mV transition
from steady state levels into the test load.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 0.6t02.4V
Input rise/fall time 10ns
Timing reference level 1.5V
Output load conditions 1TTL + C (100 pF)
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CMOS 64K (8K x 8) Static RAM LH5268A
CAPACITANCE (Ta = 25°C, f = 1MHz)
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX.

Input capacitance CiN Vin=0V 7 pF

Input/output capacitance Cio vViiO=0V 10 pF
NOTE:
1. This parameter is sampled and not production tested.
DATA RETENTION CHARACTERISTICS (TA = 0 to +70°C)

PARAMETER SYMBOL CONDITIONS MIN. | MAX. | UNIT | NOTE
Data retention _ CE2<02Vor
voltage Vecor CE1 > Vocor - 0.2V 20 | 85 |V
. Veeor=3V, ta=
cDuar(raerl;ften“on Iccor _ CEz2<02Vor 25°C ! KA 1
CE12=Vcepr-02V 20 HA

Chip disable to

data retention tcoR 0 ns

Recovery time tRDR tRc ns 2
NOTES:
1. CEp2Vgepr-02Vor CE; <02V
2. tgc = Read cycle time

CE, CONTROL (NOTE) DATA RETENTION MODE
CE, CONTROL
DATA RETENTION MODE
Vee
CE,
CE,<02V
NOTE: To control the data retention mode at C—E,, fix the input level of CE, between Vcpr and Voepr-0.2Vor0Vand 02V
during the data retention mode. 526046

Figure 3. Low Voltage Data Retention




LH5268A CMOS 64K (8K x 8) Static RAM

tac
ADDRESS X )(
tan
tacet
S5 g YA
iz thz1
tace2

e JIIITIIIIE \Ik MINRN

toz
CAANMNMNNININNINNNY LA
tonz
ton

(o XX

NOTE: WE is "HIGH" level during the read cycle.

Figure 4. Read Cycle




CMOS 64K (8K x 8) Static RAM LH5268A

ADDRESS )( X
oE i PN
taw
(N(;C%NE 5 Iwa (NOTE 4)
AN LAY,
tow twr
o= TN UMMM
(::cs)TE 3 ' (No'?E, 1) e
WE \\\\t L.
Cour PP
tow ton

D DATA VALID ><><><
NOTES:

1. The writing occurs during an overlapping period of CE, = "LOW," CE, = "HIGH," and WE = "LOW" (typ).

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

5268A-4

Figure 5. Write Cycle 1




LH5268A CMOS 64K (8K x 8) Static RAM

twe
ADDRESS X ) (
taw
- tow twa |(NOTE 4)
(NOTE 2)
= TN LT
tew twr
. ZZTITIY T
tas twp twr
(NOTE 3) (NOTE 1)
v N T
twz tow
b TR\\\(QOJE\G)\\\\\\\\\\\\ (NOTE?)
o S/ /[T
tow ton
O DATA VALID {XX
(NOTE 5)

NOTES:

. The writing occurs during an overlapping period of CE, = “LOW," CE, = "HIGH," and WE = "LOW" (typ).

. 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.

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

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

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

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

[

[ A

7. If CE{ HIGH transition or CE, LOW transition occurs at the same time or before WE HIGH transit, the
outputs will remain high-impedance.
5268A-5
Figure 6. Write Cycle 2
ORDERING INFORMATION
LH5268A X - ## LL
Device Type  Package  Speed Power
L Low-Low-power standby 40 uA MAX.
100 Access Time (ns)
Blank 28 pin, 600-mil DIP (DIP28-P-600)
D 28-pin, 300-mil SK-DIP (SK-DIP28-P-300)
N 28-pin, 450-mil SOP (SOP28-P-450)
CMOS 64K (8K x 8) Static RAM
Example: LH5268AD-10LL (CMOS 64K (8K x 8) Static RAM, Low-Low-power standby, 100 ns, 28-pin, 300-mil SK-DIP)
5268A-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 uW (MAX.)
(Ta = 0 to 60°C)
Fully-static operation
TTL compatible 1/0

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 N
Al 1@ 28[1 Ve
AL 2 27[JWE
A 3 26[ A5
AL 4 2517 Aq
W 24[1 A
AL 6 2317 Ay
A 7 22[0E
Al 8 21 A
Al o 20[1CE
Aq]10 19110,
170, ] 11 18[1vo,
110, [}42 17[10g
o 13 161105
GND |14 15110,
51256L-1

Figure 1. Pin Connections for DIP and
SOP Packages




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

MEMORY

ARRAY Vee
(512x512)
19 aND

ROW ADDRESS
BUFFERS
ROW ADDRESS
DECODERS

10,

V0, COLUMN
110

10,

CIRCUITS

ﬁ7ﬁl7ﬁ7T
v vIvlv

INPUT DATA
CONTROL CIRCUIT

COLUMN
ADDRESS DECODER

— COLUMN ADDRESS
WE ﬂj— s BUFFERS
Ee@——4d )
CeEC

Ag Az Ay Ag A1 Ay

51256L-2

Figure 2. LH51256L Block Diagram

PIN DESCRIPTION

SIGNAL PIN NAME SIGNAL PIN NAME
Ao-Ais Address input /O1 - 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 VO1 - VOs SUPPLY CURRENT NOTE
H X X Non selected High-Z Standby (lIss) 1
L L X Write Din Operating (lcc) 1
L H L Read Dout Operating (Icc)
L H H Output disable High-Z Operating (lcc)
NOTE:
1. X=HorlL




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

ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTE
Supply voltage Vce -0.3t0 +7.0 Vv 1
Input voltage VIN -0.3t0 +7.0 \') 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 45 5.0 55 Vv
Input voltage Vi 22 Vec +03 v

ViL -0.3 0.8 \

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

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT
Vcc=55V
Input leakage current Hul ViN=0to Vce 1 HA
CE or OE = Vi,
Output leakage current ol Vio =0 to Ve 1 uA
) CE=Vu,
Operating current lec Outputs open 45 mA
IsB1 CE=VH 10 mA
CE2Vcc-0.2V 1
Standby current | Ta =0 to +60°C A
sB —
CE2>Vcc-02V
Ta = -40 0 +85°C 5 pA
Output voltage Vou oL =2.1mA 04 v
Vou loH =-1.0mA 2.4 Vv
AC CHARACTERISTICS
(1) READ CYCLE (Vcc =5V +10%, Ta = -40 to +85°C)
LH51256/N-10L LH51256/N-12L
PARAMETER SYMBOL UNIT NOTE
MIN. MAX. MIN. MAX.
Read cycle time tRc 100 120 ns
Address access time taa 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
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LH51256L CMOS 256K (32K x 8) Static RAM

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

PARAMETER SYMBOL LHS1256/N-10L LH51256M-12L UNIT NOTE
MIN. MAX. MIN. MAX.
Write cycle time twe 100 120 ns
CE Low to end of write tew 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. C opp = 5 pF.

AC TEST CONDITIONS
PARAMETER MODE
Input voltage amplitude 06Vto24V
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 Cio Vwo=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 Vcepr CE>Vcepr-0.2V 2.0 \Y
_ Vecor=3.0V,
2 Voo 02, s | wa
Data retention current lccor Vin = 0to Vecor
__Vceor=3.0V
G2 Vomon- 023 0 |
Vin =0to Vcepr
CE setup time tcor 0 ns
CE hold time tRDR tRc ns 1

NOTE:
1. tgc = Read cycle time




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

DATA RETENTION MODE

Vin
CE 2 Vgepr 0.2V

51256L-6

Figure 3. Data Retention Characteristics

e X X

= TITIN (7
£ THR Wil 777

Dour XY o XX

NOTE: WE = "HIGH"

51256L-3

Figure 4. Read Cycle




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

twe

wne X )

.
N BT

t
\ ‘:‘:’v (NOTE 2)
= TN W
(NéATsE 3 ' (Not:; 3 WA_| (NOTE 4)
= W i
tonz
Doy SIIS TSI TITTTTNTN
[/ [/ [[/[] tow on
O =2 DATA VALID O(

NOTES:
1. The write pulse occurs during the overlap (typ) of CE = LOW and WE = LOW.
2. tow is defined as the time from CE LOW transition to the end of writing.
3. tyg 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 I/O pins are in the output state, input signals with the opposite logic level must not be applied. 125604

Figure 5. Write Cycle 1 (OE Clock)
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CMOS 256K (32K x 8) Static RAM LH51256L

twe
o A A X
taw
tow (NOTE 2)
Z e Y
tas twe twa_| (NOTE 4)
(NOTE 3) IR (NOTE 1)
We R\ Y
(NOTE 6) twz low __ (NOTE7)
D \\\\\\\\\\\\\\\\.\_{]
oo S/ tow ton

Dy DATA VALID /%
NOTES:

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

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

3. 15g is defined as the time from address change to the start of writing.

4. typ 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.

51256L-5

Figure 6. Write Cycle 2 (OE Low)

ORDERING INFORMATION

LH51256 X - ##
Device Type Package Speed

10L 100 .
‘—(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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LH52B256

CMOS 32K x 8 Static RAM

FEATURES
e Access Times: 70/100 ns

Automatic Power Down During Long Read
Cycles
¢ Low-Power Standby When Deselected

TTL Compatible I/O

e 5V +10% Supply
Fully-Static Operation
2 V Data Retention

Packages:
28-Pin, 300-mil DIP
28-Pin, 600-mil DIP
28-Pin, 450-mil SOP
28-Pin, 8 x 13 mm? TSOP (Type |)

FUNCTIONAL DESCRIPTION

The LH52B256 is a high-density 262,144 bit static
RAM organized as 32K x 8. An efficient design is 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) control permits Read and Write operations when
active (LOW) or places the RAM in a low-power standby
mode when inactive (HIGH). Standby power (IsB1) drops
to its lowest level if E is raised to within 0.2 V of Vcc.

Write cycles occur when both Chip Enable (E) and
Write Enable (W) are LOW. Data is transferred from the
DQ pins to the memory location specified by the 15
address _lines. The proper use of the Output Enable
control (G) can prevent bus contention.

When E isLOW and Wis HIGH, a static Read will occur
at the memory location specified by the address lines. G
must be brought LOW to enable the outputs. Since the
device is fully static in operation, new Read cycles can be
performed by simply changing the address. An Automatic
Power Down feature decreases current consumption
when Read cycles extend beyond their minimum cycle
time.

High-frequency design techniques should be em-
ployed to obtain the best performance from this device.
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
28-PIN DIP TOP VIEW
28-PIN SOP —
Ay 1e 28| Vee
A, 2 7 W
A, 3 26[1 Ayg
A 4 257 Ag
As[] s 241 Ag
A6 23[1 Ay,
AO7 22[1G
A, s 2111 Ay
Ao 20[] E
A, Oto 191 DQ,
DQ, 11 18[] DQg
DQ, 12 17| DQg
DQ, 13 161 DQ,
Vgs (14 15[ DQg
—
52B256LL-1

Figure 1. Pin Connections for DIP and
SOP Packages
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CMOS 32K x 8 Static RAM LH52B256

28-PIN TSOP (I) (NORMAL BEND) 28-PIN TSOP (I) (REVERSE BEND)
e \ ( \
G1e 281 A A, 14 151 A,
AqO2 27 E A, 13 16 |1 A,
A 3 26 [1DQy As 12 170 A,
A ] 4 25[71DQ, As ] 11 18 [ DQ,
As 5 24[1DQg A; 1o 19 [1DQ,
w e 23[1DQg A 9 20 [ paq,
Vee [} 7 227 pq, ALL] 8 211 GND
Al 8 21[JGND Vec [ 7 22|71 DQ,
Ao 20[1DQg w s 231 DpQg
A; 1o 19[1DQ, Azl 5 24 1 DQg
Ag 11 181 DQ, A ] 4 25[1DQ,
A []12 170 A, A 3 26 [1DQ,
A, 13 16 [ A Al 2 271E
A []14 157 A G 1e 28[ 1Ay
\. J \_ _J
52B256LL-2

Figure 2. Pin Connections for TSOP Packages
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LH52B256 ~ CMOS 32K x 8 Static RAM

Ao —
A, —
w
A8
AR MEMORY ARRAY
As — ; (32,768 x 8)
A —|&
A, —
Az — ||
8 So 8
DQ, - DQ, L 1/0 CIRCUIT
L[ BLOCK COLUMN
DECODE DECODE

Ay A Az Ay Ay Ag Agy

4 4 O>—
—

o El mi

52B256LL-3

Figure 3. LH52B256 Block Diagram

TRUTH TABLE PIN DESCRIPTIONS
E|G | W MODE DQ Icc PIN DESCRIPTION
H | X | X | Standby High-Z Standby Ao—A14 Address Inputs
L | H| H| Read High-Z Active DQo - DQ7 Data Inputs/Outputs
L{L|H]| Read Data Out | Active E Chip Enable input
L | X | L | Wrt Data In Active G Output Enable input
NOTE: W Wirite Enable input
X =Don'tCare, L =LOW, H=HIGH Vce Positive Power Supply
Vss Ground
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CMOS 32K x 8 Static RAM LH52B256

ABSOLUTE MAXIMUM RATINGS '

PARAMETER RATING
Vcc to Vss Potential -05Vto7V
Input Voltage Range -0.5VtoVec+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 °Cc
Vce Supply Voltage 45 | 50 55 \
Vss Supply Voltage 0 0 0 \"
ViL Logic ‘0’ Input Voltage ' | -0.5 0.8 v
VIH Logic ‘1" Input Voltage 22 Vcc +0.5 \'

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
Icct Operating Current ! tac=70ns 70 | mA
Icct Operating Current ' tac = 100 ns 70 | mA
IsB1 Standby Current Ex>Vcc-02V 40 pA
IsB2 Standby Current E>VH 3 mA
Iu Input Leakage Current ViN=0Vto Vcc -1 1 LA
Lo I/O Leakage Current ViN=0Vto Vce -1 1 pHA
VoH Output High Voltage loH=-1.0mA 24 Y
VoL Output Low Voltage loL=2.0mA 0.4 \"
VDR Data Retention Voltage | E>Vcc-02V 2 5.5 \"%
IbR Data Retention Current | VCC=3V,E>Vcc-02V 6 20 pA

NOTE:

1. lcc is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times.
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LH52B256 CMOS 32K x 8 Static RAM

AC TEST CONDITIONS
PARAMETER RATING +5V
Input Pulse Levels 06to24V
Input Rise and Fall Times 10ns “oa
Input and Output Timing Ref. Levels 15V DQPINS
Output Load, Timing Tests Figure 3 550 L Jo0pr-
CAPACITANCE '
PARAMETER RATING —
CiN (Input Capacitance) 7pF * INCLUDES JIG AND SCOPE CAPACITANCES  sympssii s
NiDE: (VO Capacitance) 10pF Figure 4. Output Load Circuit

1. Capacitances are maximum values at 25°C measured at 1.0 MHz
with Vgias=0V and Vcc = 5.0 V.
2. Sample tested only.

DATA RETENTION TIMING

E must be held above the lesser of ViH or Vec-0.2V
to assure proper operation when Vcc < 4.5 V. E must be
Vcc—0.2 V or greater to meet Ipr specification. All other
inputs are ‘Don’t Care.’

0ns MIN tac MIN

REVER 7T

Figure 5. Data Retention Timing

52B256LL-5
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CMOS 32K x 8 Static RAM

LH52B256

AC ELECTRICAL CHARACTERISTICS ! (Over Operating Range)

SYMBOL DESCRIPTION -70 ~19 UNITS
MIN | MAX | MIN | MAX
READ CYCLE
tRe Read Cycle Time 70 100 ns
taa Address Access Time 70 100 ns
toH Output Hold from Address Change 10 10 ns
teA E Low to Valid Data 70 100 | ns
teLz E Low to Output Active %3 10 ns
teHz E High to Output High-Z 23 0 35 45 ns
tcA G Low to Valid Data 40 60 ns
taLz G Low to Output Active 23 ns
taHz G High to Output High-Z 23 35 45 ns
WRITE CYCLE

twe Write Cycle Time 70 100 ns
tew E Low to End of Write 60 65 ns
taw Address Valid to End of Write 60 90 ns
tas Address Setup 0 0 ns
twr Address Hold from End of Write ns
twp W Pulse Width 55 65 ns
tow Input Data Setup Time 30 35 ns
toH Input Data Hold Time ns
twHz W Low to Output High-Z 23 40 45 ns
twiz W High to Output Active 23 ns

NOTES:

1. AC Electrical Characteristics specified at ‘AC Test Conditions’ levels.

2. Active output to High-Z and High-Z to output active tests specified for a £200 mV transition from steady state levels into the test load.

3. Sample tested only.
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LH52B256

CMOS 32K x 8 Static RAM

TIMING DIAGRAMS - READ CYCLE

Read Cycle No. 1

Chip is in Read Mode: W is HIGH, Eis LOW and G is
LOW. Read Cycle timing is referenced from when all
addresses are stable until the first address transition.
Crosshatched portion of Data Out implies that data lines
are in the Low-Z state but the data is not guaranteed to
be valid until taa.

Read Cycle No. 2

Chip is in Read Mode: W is HIGH. Timing illustrated
for the case when addresses are valid before E goes
LOW. Data Out is not specified to be valid until tea or tca,
but may become valid as soon as teiz or tgLz. Outputs
will transition directly from High-Z to Valid Data Out. Valid
Data will be present following tca only if tea timing is met.

tac

ADDRESS

VALID ADDRESS

X

taa

ton

N 7 N
pa XXX X previous D"TA<XX><><X><>L VALID DATA l

52B256LL-6
Figure 6. Read Cycle No. 1
tac
_ o
E \ /
tep
tea tenz
G N
tea
oLz tanz
tez
[ [ 7
pa =< VALID DATA
tey
SUPPLY \
CURRENT N\
52B256LL-7
Figure 7. Read Cycle No. 2
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CMOS 32K x 8 Static RAM

LH52B256

TIMING DIAGRAMS - WRITE CYCLE

Addresses must be stable during Write Cycles. The
outputs will remain in the High-Z state if W is LOW when
E goes LOW. If G is HIGH, the outputs will remain in the
High-Z state. Although these examples illustrate timing
with G active, it is recommended that G be held HIGH for
all Write cycles. This will prevent the LH52B256LL’s
outputs from becoming active, preventing bus contention,
thereby reducing system noise.

Write Cycle No. 1 (W Controlled)

Chip is selected: E is LOW, G is LOW. Using only W
to control Write Cycles may not offer the best perform-
ance since both twHz and tpw timing specifications must
be met.

Write Cycle No. 2 (E Controlled)

Gis LOW. DQ lines may transition to Low-Z if the falling
edge of W occurs after the falling edge of E.

twe
ADDRESS X VALID ADDRESS )(
twr
tas twe
w \ K W /
twhz tow twiz
ton
DQ
DATAON PREVIOUS OUTPUT HIGH-Z INPUT LOW-Z
DQ LINES
52B256LL-8
Figure 8. Write Cycle No. 1
twe
ADDRESS X VALID ADDRESS X
tew
E —\\ /——
1"‘_5. twp twel
% AN 27
terz twhz tow toH
b < —
DATA ON HIGH-Z LOW-Z  HIGH-Z INPUT
DQ LINES
52B256LL-9
Figure 9. Write Cycle No. 2
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LH52B256 CMOS 32K x 8 Static RAM
ORDERING INFORMATION
LH52B256 X - ## LL

Device Type Package  Speed Power

‘— Low-Low-power standby

70
100

J D 28-pin, 300-mil DIP (DIP28-P-300)

Access Time (ns)

Blank 28-pin, 600-mil DIP (DIP28-P-600)

N 28-pin, 450-mil SOP (SOP28-P-450)

T 28-pin, 8 x 13 mm?2 TSOP Type | (TSOP28-P-0813)

TR 28-pin, 8 x 13 mm2 TSOP Type | (TSOP28-P-0813)
Reverse bend pin

CMOS 32K x 8 Static RAM

Example:

LH52B256D-70LL (CMOS 32K x 8 Static RAM, Low-Low-power standby, 70 ns, 28-pin, 300-mil DIP)
52B256LL-10
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LH52252A

CMOS 64K x 4 Static RAM

FEATURES
Fast Access Times: 25/35/45 ns

Low-Power Standby When Deselected
TTL Compatible I/0

5V +10% Supply

Fully-Static Operation

Common /O for Low Pin Count
JEDEC Standard Pinouts

Packages:
24-Pin, 300-mil DIP
24-Pin, 300-mil SOJ

FUNCTIONAL DESCRIPTION

The LH52252A is a high-speed 262,144 bit static RAM
organized as 64K x 4. A fast, efficient design is 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 to the chip when E is HIGH. Standby
power (IsB1) drops to its lowest level 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 16 address lines.

Read cycles occur when E is LOW and Wis HIGH. A
Read cycle will begin upon an address transition, on a
falling edge of E, or on a rising edge of W.

High-frequency design techniques should be em-
ployed to obtain the best performance from this device.
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
24-PIN SOJ
Al 1e 241 Vge
A2 237 A5
A ] 3 22[1 Ay
A3 [] 4 211 A5
A s 20[1 As2
A s 19[1 Ay
A7 18[1 Ay
A7 s 17 DQ,
As ] 9 16[1 DQ,
A 10 15[1 pQ,
E n 14[1 pQ,
Ves (12 130w
52252A-1D

Figure 1. Pin Connections for DIP and
S0J Packages
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LH52252A CMOS 64K x 4 Static RAM

MEMORY ARRAY
(65,536 x 4)

ROW DECODE

DQ
o /0 CIRCUIT

L
I 7
DQ, gJ : BLOCK COLUMN Té_
~
| T

DECODE DECODE
DQ,
R '
As A7 Ag Ay Ayg Ay App Agg jw

Figure 2. LH52252A Block Diagram

52252A-3

TRUTH TABLE PIN DESCRIPTIONS
E| W MODE DQ Icc PIN DESCRIPTION
H | X | NotSelected | High-Z Standby Ao-A1s Address Inputs
L | H | Read Data Out Active DQo —-DQs3 Data Inputs/Outputs
L | L | Wrte Data In Active E Chip Enable input
NOTE: w Wirite Enable input
X = Don't Care, L = LOW, H = HIGH Voo Positive Power Supply
Vss Ground
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CMOS 64K x 4 Static RAM

LH52252A

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING
Vcc to Vss Potential -05Vto7V
Input Voltage Range -0.5VtoVcc+0.5V
DC Output Current 2 +40mA
Storage Temperature Range -65°C to 150°C
Power Dissipation (Package Limit) | 1.0 W

NOTES:
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’

1.

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 5.5 \
Vss Supply Voltage 0 0 \'
ViL Logic ‘O’ Input Voltage ! | —0.5 0.8 v
VIH Logic ‘1’ Input Voltage 22 Vce + 0.5 \'
NOTE:
1. Negative undershoot of up to 3.0 V is permitted once per cycle.
DC ELECTRICAL CHARACTERISTICS
SYMBOL PARAMETER TEST CONDITIONS MN | TYP' | MAX | UNIT
Icci Operating Current 2 Outputs open, trRc = 25 ns 110 150 mA
Icci Operating Current 2 Outputs open, trc = 35 ns 95 120 mA
Icct Operating Current Outputs open, trc = 45 ns 85 | 100 | mA
IsB1 Standby Current ExVcc-02V 0.02 1 mA
IsB2 Standby Current E>Vi 3 5 mA
Iu Input Leakage Current | ViN=0Vto Vcc -2 2 A
o I/O Leakage Current ViN=0Vto Vce -2 2 A
VoH Output High Voltage loH=-4.0mA 24 Vv
VoL Output Low Voltage loL=8.0mA 0.4 \
NOTES:

1.
2.

Typical values at Voc =5V, Ta=25°C.

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

3-103



LH52252A CMOS 64K x 4 Static RAM
AC TEST CONDITIONS
PARAMETER RATING 45V
Input Pulse Levels Vssto 3V g
Input Rise and Fall Times 5ns 480 Q <
Input and Output Timing Ref. Levels 15V DQPINS
Output Load, Timing Tests Figure 3
1.2 25503 ——30pF*
CAPACITANCE ™
PARAMETER RATING
CiN (Input Capacitance) 6 pF =
Cpa (/O Capacitance) 8 pF * INCLUDES JIG AND SCOPE CAPACITANCES seas2a2]
NOTES:
1. Capacitances are maximum values at 25°C measured at 1.0 MHz Figure 3. Output Load Circuit
with VBas =0V and Vcc=5.0 V.
2. Sample tested only.
AC ELECTRICAL CHARACTERISTICS ! (Over Operating Range)
SYMBOL DESCRIPTION ~28 38 i UNITS
MIN | MAX | MIN { MAX | 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 3 5 5 5 ns
teHz E High to Output High-Z 23 12 15 20 | ns
tPu E Low to Power Up Time 4 0 0 0 ns
tPD E High to Power Down Time 4 30 35 40 ns
WRITE CYCLE
twe Write Cycle Time 25 35 45 ns
tEw E Low to End of Write 20 30 35 ns
taw Address Valid to End of Write 20 30 35 ns
tas Address Setup 0 0 0 ns
taH Address Hold from End of Write 0 0 0 ns
twp W Pulse Width 20 25 35 ns
tow Input Data Setup Time 12 15 20 ns
tDH Input Data Hold Time 0 0 0 ns
twHz W Low to Output High-Z %2 8 10 15 ns
twiz W High to Output Active 0 0 0 ns
NOTES:

1. AC El<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>