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NOTICE 

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

The productdata 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 main label may be 'Preliminary', 
but the 15 ns version of that part may be labeled 'Advance Information.' 

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

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

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

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

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



PREFACE 

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

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

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

This data book has been especially compiled for the use ot 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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DYNAMIC RAMs 
Density Organization 

LH2125617/S 256K 256K x 1 

LH2464 

LH2465 
LH604256 

LH6425S 

256K 

256K 
1M 

1M 
LH64400 4M 

PSEUDO STATIC RAMs 

LH5PS32 256K 
LH5PS12S 1M 

STATIC RAMs 

LH5116 16K 
LH5116S 16K 

LH5117 16K 
LH511S 16K 

LH516S 64K 
LH516SSH 64K 

LH51256 256K 
LH51256L 256K 
LH511000 1M 
LH5267A 64K 
LH52250A 256K 
LH52250AL 256K 
LH52251A 256K 
LH52252A 256K 

LH52252B 256K 
LH52253 256K 

LH52256 256K 
LH52256L 256K 

LH52256LL 256K 
LH5225S 256K 

LH5225SA 256K 
LH521002 1M 
LH521007 1M 

LH52100S 1M 
LH52102S 1M 

LH521032 1M 

EPROMs/OTPROMs 

LH5749/J 64K 

LH5762/J 64K 
LH5763/J 64K 
LH5764/J 64K 
LH57126/J 
LH57127/J 
LH5712S/J 

LH57254/J 
LH57256/J 

LH57512/J 
LH571000/J 

LH571001/J 

SHARP 

12SK 
12SK 
12SK 

256K 
256K 

512K 
1M 

1M 

64K x 4 

64K x 4 
256K x 4 

256K x 4 
1M x 4 

32K x 8 
12SK x S 

2K x S 
2K x S 

2K x S 
2K x S 
SK x S 
SK x S 

32K x S 
32K x S 
12SK x S 
16K x 4 
32K x S 
32K x S 

256K x 1 
64K x 4 

64K x 4 
64K x 4 

32K x S 
32K x S 

32K x S 
32K x S 
32K x S 
256K x 4 
12SK x S 

12SK x S 
64K x 1S 
256K x 4 

SK x S 
SK x S 
SK x S 

SK x S 
16K x S 
16K x S 
16K x S 

32K x S 
32K x S 

64K x S 
12SK x S 

12SK x 8 

2-1 

2-15 

2-25 
2-35 

2-4S 
2-59 

3-1 
3-S 

4-1 
4-9 

4-16 
4-23 

4-31 
4-39 

4-47 
4-54 
4-61 
4-69 
4-76 
4-76 
4-S4 
4-92 

4-99 

4-106 

4-113 
4-113 
4-120 
4-127 

4-135 
4-143 
4-151 

4-159 
4-167 

4-1S2 

5-1 
5-S 

5-15 
5-22 
5-29 
5-36 
5-43 

5-50 
5-57 

5-64 
5-72 
5-Sl 

General Information - Product Lineup 

MASKROMs 
Density Organization 

LH23126 12SK 16K x S 

LH23255 256K 

LH23512 512K 
LH231000B 1M 
LH231100B 1M 
LH53259 

LH53515 
LH53H1000 
LH53H1100 
LH530SOOA 

256K 

512K 
1M 
1M 
1M 

LH530900A 1 M 

LH531 OOOB 1 M 
LH532000B 2M 

LH532100B 2M 

LH532200B 2M 
LH534000B 4M 

LH5341 OOB 4M 
LH534200B 4M 
LH534300A 4M 
LH534400A 4M 
LH534500A 4M 
LH534600 4M 
LH53SOOO SM 

LH53S100 SM 
LH53S200 SM 

LH53S500A SM 

LH5316000 16M 
LH5332000 32M 

FIFO MEMORIES 

LH54S1/91 
LH54S5/95 
LH5496 

LH5497 
LH549S 
LH5499 

LH5492 
LH5493 

LH5494 
LH5420 

LH540201 /2/3 
LH540204 

LH540205 
LH540206 
LH540215/15 

LH543620 

FIELD MEMORIES 

LH64270 1M 

32K x S 

64Kx S 
12SK x S 

12SK x S 
32K x S 

64Kx S 
64K x 16 
12SK x S 
12SK x S 
12SK x S 

12SK x S 
256K x S/12SK x 16 

256K x S 

256K x S 
512K x S/256K x 16 

512K x S 
512K x S 
512K x S 
512K x S 
512K x S/256K x 16 
512K x S/256K x 16 
1M x S/512K x 16 

1M x S 
1M x S 
1M x S/512K x 16 

2MxS/1Mx16 
4MxS/2Mx16 

64xS/64x9 
256 x S/256 x 9 
512 x 9 

1K x 9 
2K x9 
4K x9 

4Kx9 
4K x9 

4K x 9 
256 x 36 x 2 

512 x 9/1K x 9/2K x 9 
4K x9 

SK x 9 
16K x 9 

512 x 18/1K x 18 
1K x36 

270K x 4 

LH661SO 1M 1SOK x 6 

APPLICATION AND TECHNICAL INFORMATION 

LH5420 Application Note 

LH5420 Conference Paper 

6-6 
6-10 

6-14 
6-1S 

6-22 
6-26 

6-32 
6-3S 
6-43 
6-4S 
6-54 

6-59 

6-65 
6-70 

6-74 
6-79 

6-S4 
6-S9 
6-93 
6-9S 

6-103 
6-109 
6-114 
6-120 

6-125 
6-130 

6-137 
6-143 

7-1 
7-16 
7-31 

7-47 
7-63 
7-79 

7-92 
7-114 

7-131 
7-147 

7-1SS 
7-190 

7-192 
7-194 
7-196 
7-213 

S-1 

S-7 

9-1 

9-7 



General Information - Product Lineup 

DYNAMIC RAMs 

NOTES: 

DYNAMIC 
RAM 

CONFIG
CAPACITY URATION 

OPERATING 
MODE 

PAGE MODE 

NIBBLE MODE 

BYTE MODE 

PAGE MODE 

NIBBLE MODE 

HIGH SPEED 
PAGE MODE 

STATIC 
COLUMN MODE 

HIGH SPEED 
PAGE MODE 

D (Empty box) - Contact Sharp representative for availability. 

1-2 

!El - Operating frequency or access/cycle time pal1S that are available 
at the publication time of this data book. 

MODEL ACCESS TIME (ns) PACKAGE 
NUMBER 80100120150 DIP TSOP SOJ ZIP 

LH21256 16 16 

LH21257 16 16 

LH21258 16 16 

LH2464 18 

LH2466 18 

LH604256 !!:I 20 26 20 

LH64258 20 26 20 

LH64400 20 26 (II) 26 20 

MD-2 



DYNAMIC RAMs 

CONFIGURATION CAPACITY (WORDS x BITS) 

256K 262,144x1 

65,536x4 

1M 262,144x4 

4M 1,048,576 x 4 

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

SR: Type II: Rewrse bend 

ACCESS 
MODEL NO. T~~s) 

l.H21256 100 

120 

150 

l.H21257 100 

120 

150 

l.H21258 100 

120 

150 

l.H2464 100 

120 

150 

l.H2465 120 

150 

l.H604256 80 

100 

l.H64258 100(50) 1 

120(60) 1 

l.H64400 1 80 (40) 2 

100 (50) 2 

General lnfonnatlon - Product Lineup 

POWER 
CYCLE CONSUPTION OPERATING 

TIME Jn•) OPERATING/ MODE PACKAGE 
Ml • STANDBY(mW) 

MAX. 

200 440128 Page mode 16DIP/16ZIP 

230 440128 

260 385128 

200 440128 Nibble mode 16DIP/16ZIP 

230 440/28 

260 385128 

200 440128 By1e Mode 16DIP/16ZIP 

230 440128 

260 385128 

200 523128 Page mode 18DIP 

220 457128 

260 413/28 

220 457128 Nibble mode 18DIP 

260 413/28 

160 (50) 2 413/11 High speed 20DIP/20ZIP/26SOJ 

190 (55) 2 358/11 
page mode 

160(55) 1 374111 Static column 20DIP/20ZIP/26SOJ 

190(65) 1 
mode 

340111 

140 (50) 2 523.5.5 High speed 20DIP/20ZIP/26SOJ 

160 (55) 2 468.5.5 
page mode 26TSOP(ll) 3 

1-3 



General Information - Product Lineup 

MASKPROGRAMMABLEROMs 

MASK ROM 

NOTES: 

PINOUT 

JEDEC 
STANDARD 

EPROM 
PINOUT 

MASK 
ROM 

SPECIFIC 
PINOUT 

x8/x16 
WORD WIDE 

PINOUT 

CON FIG-
URATION 

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

MODEL 
NUMBER 

LH2369 

LH23126 

LH23255 

LH53259 

LH23512 

LH53515 

LH530800A 

LH53H1100 

LH53H1000 

LH532100B 

l.l:IR:l4~A 
LH534100B 

LH538100 

LH231000B 

LH531000B 

LH231100B 

LH530900A 

LH532200B 

.l.t\.!?iM4QQA 
LH534200B 

LH538200 

LH532000B 

LH534600 
U-i534500A 
LH534oooEi 

LH538500A 
TH5380oo" 

LH5316000 

LH5332000 

ll3 = Operating frequency or access/cycle time parts that are available 
at the publication time of this data book. 

LH2XXX: NMOS LH5XXX: CMOS 

1. 14x14mm2package 

1-4 

ACCESS TIME (ns) 
35 55100120150200 

Mll-5 



General Information - Product Lineup 

MASK PROGRAMMABLE ROMs 

ACCESS TIME POWER CON· 
PROCESS CAPACITY CONFIGURATION MODEL NO. USERS NO. ~"&MAX. SUMPTION PACKAGE (WORDS x BITS) C TIME (mW)MAX. (na)MIN. 

NMOS 64K 8,192 x 8 LH2369 l.H2369XX 200 330 28DIP 

128K 16,384 x8 l.H23126 l.H2326XX 200 440 28DIP 

256K 32,768 x8 l.H23255 LH2355XX 200 440 28DIP 

512K 65,536 x8 l.H23512 l.H2312XX 200 550 28DIP 

1M 131,072x 8 l.H2310008 l.H231GXX 200 550 28DIP 

l.H2311008 l.H231JXX 200 550 32DIP 

CMOS 256K 32,768 x8 l.H53259 l.H5359XX 150 110 28DIP/28SOP/44QFP/32PLCC 

512K 65,536x8 l.H53515 l.H5315XX 150 195 28DIP/28SOP/440FP/32PLCC/32SOP 

1M 131,072x 8 L.H53H1100 L.HSH11XX 35 660 32DIP/32SOP 

l.H530800A l.H531HXX 150 195 32DIP/32SOP/440FP/32PLCC 

l.H530900A l.H531JXX 150 195 32DIP 

l.H5310008 l.H531GXX 150 195 28DIP/28SOP/440FP 1 

65,536x16 LH53H1000 LH5H10XX 55 660 4001P/40SOP 

2M 262,144x8 LH5321008 l.H532HXX 120/150 275 32DIP/32SOP/32PLCC 

l.H532200B L.H532JXX 150 275 32DIP 

262,144x8 LH532000B LH532GXX 1201150 275 4001P/40SOP/440FP 1/440FP 
131,072x 16 

4M 524,288x 8 LH534300A l.H534DXX 150 330 32DIP/32SOP/32PLCC 

l.H534100B l.H534HXX 200 275 32DIP/32SOP/32PLCC 

l.H534400A l.H534EXX 150 275 32DIP 

l.H534200B LH534JXX 200 275 32DIP 

524,288x8 LH534600 LH5346XX 100 550 40DIP/40SOP/44QFP 1 

262,144x 16 
l.H534500A l.H534FXX 150 275 40DIP/40SOP/440FP 1 

l.H5340008 LH534GXX 200 275 40DIP/40SOP/440FP 1 /440FP 

8M 1,048,576 x 8 LH538100 LH5381XX 200 275 32DIP/32SOP 

LH538200 l.H5382XX 200 275 32DIP 

1,048,576 x 8 LH538000 LH5380XX 200 275 42DIP/44SOP/48TSOP(l)/64QFP 
524,288x 16 

LH538500A LH538FXX 150 275 42DIP/44SOP/48TSOP/44QFP 1 /64QFP 

16M 2,097, 152 x 8 LH5316000 LH5316XX 200 275 64SDIP/64QFP 
1,048,576 x 16 

32M 4,194,304 x 8 LH5332000 l.H5332XX 200 275 44SOP/64QFP 
2,097,152x16 

NOTES: 
1. 14 x 14 mm2 package 

1-5 



General lnfonnatlon - Product Lineup 

EPROMs/OTPROMs 

EPROM 
oi'f>FiO"M 

NOTES: 

CONFIG
CAPACITY URATION 

ACCESS TIME (ns) 
55 70 90 100120150200250 

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

1-6 

El = Operating frequency or access/cycle lime parts that are available 
at the publication lime of this data book. 

REMARKS 

Standby mode 

Standby mode 

Standby mode 

Slandby mode 

Slandby mode 

Standby mode 

Standby mode 
JEDEC standard mask ROM ·nout 

Standby mode 
JEDEC standard EPROM inout 

MD-4 



General lnformauon - Product Lineup 

EPROMs/OTPROMs 

CONRGURATION STANDBY ACCESS POWER PROGRAM 
PRODUCT CAPACITY {WORDS x BITS) MODaNO. MODE TIME CONSUMPTION VOLTAGE PACKAGE 

(ns)MAX. (mW)MAX. (V) 

EPROM 64K 8,192x8 l..H5749/J 55 394 13 24CERDIP 1 

70 

l..H576:1J 55 394 12.5 28CERDIP 

70 

l..H5763J . 70 315 12.5 28CERDIP . 90 

l..H5764J . 200 165 12.75 28CERDIP 

• 250 

128K 16,384x8 l..H57126J 70 394 12.5 28CERDIP 

90 

l..H57127J . 100 315 12.5 28CERDIP 

l..H57128J . 250 165 12.75 28CERDIP 

256K 32,768x8 l..H57254J 70 420 12.5 28CERDIP 

90 

l..H57256J • 120 165 12.75 28CERDIP 

• 150 

512K 65,536x8 l..H5751:1J . 120 165 12.75 28CERDIP 

• 150 

1M 131,072 x 8 l..H571000J . 120 220 12.75 32CERDIP 2 . 150 

l..H571001J • 120 220 12.75 32CERDIP 3 . 150 

OTPROM 64K 8,192 x 8 l..H5749 70 394 13 24DIP/24SK-DIP/ 
24SDIP 

l..H5762 70 394 12.5 28DIP 

l..H5763 . 90 315 12.5 28DIP 

l..H5764 . 200 165 12.75 28DIP/28SOP . 250 

128K 16,384 x 8 l..H57126 90 394 12.5 28DIP 

l..H57127 • 120 315 12.5 28DIP 

l..H57128 . 250 165 12.75 28DIP/28SOP 

256K 32,768 x 8 l..H57254 90 420 12.5 28DIP 

l..H57256 • 150 165 12.75 28DIP/28SK-DIP/ 
28SOP 

512K 65,536x8 l..H57512 . 150 165 12.75 28DIP/28SOP 

1M 131,072x8 l..H571000 . 150 220 12.75 32DIP 2 

l..H571001 . 150 220 12.75 32DIP 3 

NOTES: 
The model numbers of OTPROMs in this catalog are different from those programmed ai::c:ording to customers request. 

1. Bipolar PROM pinout 

2. JEOEC standard mask ROM pinout 

3. JEDEC standard EPROM pinout 

SHARP 1·7 



General lnfonnatlon - Product Lineup 

STATIC RAMs 

LOW
POWER 
STATIC 

RAM 

HIGH 
SPEED 
STATIC 

RAM 

CMOS 
PERIPHERY 

CONFIG
CAPACITY URATION 

NOTES: 

1·8 

D (Empty box) - Contact Sharp representative for availability. 

Ell - Operating frequency or access/cycle time parts that are available 
at the publication time of this data book. 

PACKAGE 
ACCESS TIME (ns) SK-

55 70 901001201000 OIPDIPSOPTSOPSOJ 

24 24 24 
-- ·24 --

MD-3 



STATIC RAMs 

CONFIGURATION PROCESS CAPACfTY (WORDS x BITS) 

FULL CMOS 16K 2,048 x8 

64K 8,192x8 

256K 32,768 x 8 

1M 131,072x8 

CMOS 64K 16,384x4 
PERIPHERY 

256K 262,144x1 

65,536x4 

32,768 x8 

NOTES: 
1. ToPR = -40 to -Hl5°C 
2. T TSOP (Type I) Forward bend 

TR TSOP (Type I) Reverse bend 

3. Supply Voltage (V) = 3 ± 10% 

4. Supply Voltage (V) = 2.5 to 5.5 

ACCESS 
MODEL NO. Tl~~) 

l.H5116 100 

l.H5116H 1 100 
l.H5116S 4 1000 

l.H5117 100 

l.H5117H 1 100 
l.H5118 100 
l.H5118H 1 100 

l.H5168 100 

l.H5168H 1 100 
l.H5168SH 1, 4 500 
l.H51256 1 (l) 100 

120 
l.H511000 1 (L) 100 

120 
l.H5267A 2 25 

35 
45 

l.H52251A 25 
35 
45 

l.H52252A 25 
35 
45 

l.H52252B 15 
20 

25 
l.H52253 15 

20 

25 
35 

l.H52250A(L) 70 

90 
100 

l.H52256/L 70 
90 
120 

l.H52256LL 90 
l.H52258 30 

35 
45 
55 

l.H52258A 15 

20 

25 

General lnfOnnatlon - Product Lineup 

POWER CON-
CYCLE SUMPTION 
TIME OPERATING/ PACKAGE 

(ns)MIN. STANDBY 
(mW/µW) MAX. 

100 220/5.5 24DIP/24SOP/24SK-OIP 

100 220/5.5 
1000 3313.3 24SOP 

100 220/5.5 24DIP/24SOP/24SK-DIP 
100 220/5.5 
100 220/5.5 24DIP/24SOP/24SK-OIP 
100 22015.5 

100 24815.5 28DIP/28SOP/28SK-OIP 
100 275116.5 
500 150.9 J.3V)_ 28SOP 
100 248116.5(5.5) 28DIP/28SOP 

120 

100 330155(5.5) 32DIP/32SOPfJ2TSOP(I) 2 

120 
25 660/5500 24SK-DIP 

35 66015500 

45 66015500 

25 82515500 24SK-DIP/24SOJ 
35 660/5500 
45 55015500 

25 82515500 24SK-DIP/24SOJ 
35 66015500 
45 55015500 
15 910/5500 24SK-DIP/24SOJ 
20 80015500 

25 745/5500 
15 91015500 28SK-OIP/28SOJ 

20 80015500 

25 74515500 

35 74515500 

70 44015500 (550) 28DIP/28SOP/28SK-DIP 

90 385/5500 ~501 
100 385/5500~~ 
70 440/550 28DIP/28SOP 
90 385/550 
120 385/550 

90 385/220 28DIP/28SOP 
30 1020/5500 28SK-DIP/28SOJ 
35 71515500 

45 60515500 
55 85515500 
15 910/5500 28SK-DIP/28SOJ 
20 82515500 
25 74515500 
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General Information - Product Lineup 

STATIC RAMs (cont'd) 

POWER CON-
CONRGURATION ACCESS CYCLE SUMPTION 

PROCESS CAPACITY (WORDS x BITS) llODELNO. Tl~~) TIME OPERATING/ PACKAGE 
(n1)MIN. STANDBY 

(mW/µW) MAX. 

CMOS 1M 262,144x4 LH521002 20 20 715111000 28SOJ 
PERIPHERY 25 25 660fl1000 

35 35 550/11000 
LH521032 20 20 TBD 32SOJ 

25 25 TBD 
35 35 TBD 

131,072x8 LH521008 20 20 825111000 32SOJ 

25 25 770/11000 
35 35 660fl1000 

l.H521007 20 20 TBD 32SOJ 
25 25 TBD 
35 35 TBD 

1.125M 65,536x18 LH521028 20 20 TBD 52PLCC 
25 25 TBD 

30 30 TBD 
35 35 TBD 

1-10 SHARP 



General lnfonnatlon - Product Lineup 

FIFO MEMORIES 

TYPE 

SMALL 
CAPACITY 
ASYNCH. 

CONFIG-
CAPACITY URATION 

OPERATING 
FREQUENCY ACCESS 

MODEL (MHz) TIME (ns) 
NUMBER 35 25 15 

LH5481 

LH5491 

LH5485 

LH5495 

LH5496 

LH540201 

LH5497 

LH540202 

NOTES: 

LARGE 
CAPACITY 
ASYNCH. 

CLOCK SYNCH. 

PARALLEL-TO. 
SERIAL 

CONVERSION 

SERIAL-TO
PARALLEL 

CONVERSION 

BIDIRECTIONAL 

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

LH5498 

LH540203 

LH5499 

LH540204 

LH540205 

LH540206 

LH5492 

LH543620 1-------1 

LH5493 

LH5494 

LH5420 

El - Operating frequency or access/cycle time par1s that are available at the publication lime 
of this data book. Asychronous par1s are specified according to access time; synchronous 
parts are specified according to cycle lime. 

PACKAGE 
DIP SK-DIP PLCC 

28 28 

28 28 

28 28 

28 28 

28 28 32 

28 32 

28 28 32 

28 32 

28 28 32 

28 32 

28 32 

28 32 

28 32 

28 32 

32 

PGAPOFP 
120 132 

MD-6 
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General lnfonnatlon - Product Lineup 

FIFO MEMORIES 

POWER 
CONFIGURATION OPERATING ACCESS CYCLE CONSUWTION 

CAPACITY MODEL NO. FREQUENCY TIME TIME ('l~~ PACKAGE (WORDS x BITS) (MHz) (ns)MAX. (ns)MIN. 
STANDBY 

O.SK 64x8 LH5481 15 - - 2481- 28SK·DIP/28PLCC 

25 

35 

64x9 LH5491 15 - - 248/- 28SK-DP/28PLCC 

25 

35 

2K 256x8 LH5485 15 - - 385/- 28SK-DP/28PLCC 

25 

35 

256x9 LH5495 15 - - 385/- 28SK-DP/28PLCC 

25 

35 

4.SK 512x9 LH5496 - 15 - 550128 28DIP/28SK-DIPl32PLCC 

20 

25 

35 

50 

65 

80 

LH540201 - 12 - 550128 28SK-DP/32PLCC 

15 

20 

25 

35 

9K 1,024x9 LH5497 - 15 - 550128 28DIP/28SK-DIP/32PLCC 

20 

25 

35 

50 

65 

80 

LH540202 - 12 - 550128 28SK-DIP/32PLCC 

15 

20 

25 

35 

512x18 LH540215 - - 15 550128 68PLCC 

20 

25 

35 

16K 256x36x2 LH5420 - - 25 1540/- 120PGA/132POFP 

30 

35 
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General lnfOrmatlon - Product Lineup 

FIFO MEMORIES (cont'd) 
POWER 

CONFIGURATION ACCESS CYCLE CONSUMPTION 
CAPACITY MODEL NO. TIME TIME <rJi~ PACKAGE (WORDS x BITS) (ns)MAX. (ns)MIN. 

STANDBY 

181< 2,048x9 lH5498 15 - 550/28 28DIP/28SK-DIP/32PLCC 
20 
25 
35 
50 
65 
80 

LH540203 12 - 550/28 28SK-DP/32PLCC 
15 
20 
25 
35 

1,024x18 LH540225 - 15 550/28 68PLCC 
20 
25 
35 

36K 4,096x9 LH5499 20 - 550144 28DIP/32PLCC 
25 
35 
50 
65 
80 

LH540204 15 - 550/28 28SK-DIP/32PLCC 
20 
25 
35 

LH5492 - 25 8251138 32PLCC 
35 
50 

LH5493 - 25 8251138 32PLCC 
35 
50 

LH5494 - 25 8251138 32PLCC 
35 
50 

72K 8Kx9 LH540205 15 - 550144 28SK-DIP/32PLCC 
20 
25 
35 

144K 16Kx9 LH540206 15 - 550/44 28SK-DIP/32PLCC 
20 
25 
35 
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General lnfonnatlon - Product Lineup 

PSEUDO STATIC RAMs 

CONFIG- MODEL 
NUMBER 

ACCESS TIME (ns) PACKAGE SK-
CAPACITY URATION 50 65 80 100 120 SDIP DIP SOP SOJ DIP TSOP 

LH5P832 

PSEUDO RAM 

CON FIG- ACCESS CYCLE 
CAPACITY URATION MODEL NO. TIME (ns) TIME(ns) 

(WORDS x BITS) MAX. MIN. 

256K 32,768x8 LH5P832 120 120 

LH5P8128 60 100 

1M 131,072x8 LH5P8128 80 130 

LH5P8128 100 160 

NOTES: 
D (Empty box) - Contact Sharp representative for availability. 
ll!I = Operating frequency or access/cycle time parts that are avallable 

at the publication time of this data book. 

FIELD MEMORIES 

CONFIG-

28 28 28 

32 32 32 

POWER 
CONSUMPTION 

OPERATING/ OPERATING PACKAGE 
STANDBY MODE 
(mW) MAX. 

PSEUDO 28DIP/ 
303/16.5 SRAM 28SK-DIP/ 

28SOP 

57215.5 

32DIP/ 
440/5.5 PSEUDO 32SOP/ 

SRAM 32TSOP 

376/5.5 

ACCESS TIME (ns) PACKAGE 

7A 

CAPACITY URATION 
MODEL 

NUMBER 50 65 80 100120 SDIPDIPSOPSOJ 

IMAGE 
PROCESSING 

MEMORY 

CAPACITY 

1M 

1M 

NOTES: 

FIELD MEMORY 
FOREDTV 

FIELD MEMORY 
FORVCRs 

CON FIG-
URATION 

(WORDS x BITS) 

276,480x4 

189,360x 6 

ACCESS 
MODEL NO. TIME (ns) 

MAX. 

LH64270 50 

LH66180 65 

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

LH64270 

LH66180 

POWER 
CYCLE CONSUMPTION 

TIME(ns) OPERATING/ 
MIN. STANDBY 

(mW) MAX. 

60 5501110 

88 413183 

El - Operating frequency or access/cycle time parts that are available 
at the publication time of this data book. 
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28 

22 

OPERATING PACKAGE 
MODE 

FIELD MEMORY 28SDIP 
FOREDTV 

FIELD MEMORY 22DIP 
FORVCRs 
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QUALITY ASSURANCE 

Quality Assurance System 

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

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

In response, Sharp has implemented a total quality 
assurance system that encompasses the entire produc
tion process from planning to after-sales service. This 
system ensures that quality is a priority in the planning 
development and production and guarantees product 
reliability through rigorous reliability testing. We com
piled the "Sharp Semiconductor Reliability Handbook, 
IC Edition" to introduce you to the results of some of 
our research and to our quality and reliability philosophy 
and programs. We hope that it is informative and that -
it will help Sharp customers develop and refine their 
quality and reliability assurarice and control activities. 
We will introduce a part of this system here. 

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

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

In the design and development stages of new prod
ucts, create reliable designs that consider reliability 
in every respect. 

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

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

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

General Information - QualHy Assurance 

QualHy Assurance During 
New Product Development 

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

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

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

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

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

PROCESS 
DEVELOPMENT 

TS FABRICATION 

ESTABLISHMENT OF TARGET RELIABILITY 

DESIGN 

.._ ___ ..,.. ___ _, FUNCTION AND PERFORMANCE 

---------.EVALUATION 

ES FABRICATION 

QUALITY AND 
---------...., MANUFACTURABILITY ASSESSMENT 

RELIABILITY TESTING 

RELIABILITY ASSESSMENT 

PREPRODUCTION 

DETERMINATION OF MASS 
---------.PRODUCTION FEASIBILITY 

MASS PRODUCTION 

Figure 1. New Product Development Steps 

RELIABILITY 
DESIGN 

AND 
DESIGN 
REVIEW 

SHARP 
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PROCESS 

INCOMING 
INSPECTION 

OXIDATION 

CHARACTERISTIC(S) CONTROLLED PURPOSE OF CONTROL 

EXTERNAL APPEARANCE, DIMENSIONS, REMOVE PRODUCTS HAVING 
SHEET RESISTIVITY IMPROPER DIMENSIONS, 

FLAWS AND CRYSTAL DEFECTS. 
ENSURE PROPER SHEET 
RESISTANCE VALUES 

OXIDE INSPECTION 
MONITORING 

EXTERNAL APPEARANCE, FILM FIND PINHOLES, CHECK SURFACE 
THICKNESS, SURFACE CLEANLINESS CLEANLINESS AND CONTROL 

FILM THICKNESS 
PHOTO LITHOGRAPHY 

VISUAL INSPECTION DEVELOPABILITY, ETCHABILITY, 
MONITORING LINE WIDTH 

ION IMPLANTATION 

ELECTRICAL ELECTRICAL CHARACTERISTICS, 
INSPECTION OF CHIP MAJOR DEVICE CHARACTERISTICS 
MONITORING 

DICING 

BREAK, SORTING 

DIE 
INSPECTION 

DIE BONDS 

DIE BOND 
INSPECTION 
MONITORING 

WIRE BONDS 

WIRE BOND 
INSPECTION 
MONITORING 

EXTERNAL APPEARANCE 

EXTERNAL APPEARANCE 
ADHESIVE STRENGTH 

EXTERNAL APPEARANCE 
TENSILE STRENGTH 

ENCAPSULATION/MOL TEMPERATURE, TIME, STRESS 
MONITORING WIRE CONDUCTIVITY 

STABILIZED BAKE 

LEAD SURFACE 
FINISHING 

FINISHING 
INSPECTION 
MONITORING 

MARKING 

LEAD CUT 
FORMING 

INGREDIENTS, TEMPERATURE, 
CONTAMINATION 

THICKNESS, UNIFORMITY 
(SOLDERABILITY) 
PLATED LAYER COMPOSITION 
PLATED LAYER THICKNESS 

TEMPERATURE, TIME, 
MARKING MATERIAL 

TOOLING SHARPNESS 
TOOLING DIMENSIONS 

CHECK FOR PROPER 
DEVELOPMENT AND ETCHING. 
CONTROL LINE WIDTH 

REMOVE PRODUCTS HAVING 
POOR ELECTRICAL CHARACTER
ISTICS. ENSURE PROPER 
DEVICE CHARACTERISTICS 

REMOVE CRACKED AND 
CHIPPED ITEMS. 

ENSURE QUALITY OF DIE 
BONDS 

CHECK POSITION AND SHAPE OF 
BONDS. ENSURE PROPER WIRE 
TENSILE STRENGTH 

ENSURE MOLDABILITY. ENSURE 
PROPER WIRE CONFIGURATION 

MAINTAIN FINISH QUALITY 

REMOVE PRODUCTS HAVING 
PLATING IRREGULARITIES. 
MAINTAIN PLATING QUALITY 

MAINTAIN MARK QUALITY 

PREVENT ABNORMAL STRESS ON 
PLASTIC MOLD RESULTING IN 
DAMAGE 

MD-9 

Figure 2. Example of the Quality Control Process 
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General Information - Quallty 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: 

Initial selections of a raw material manufacturer. 

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

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

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

Control of the Manufacturing 
Environment 

Integrated circuit devices are manufactured in a 
clean room where there is minimal air-bom 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 µm or less), no more 
than 1 /5 - 1 /1 O 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 µm 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 
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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. 

Table1. 
Clean Room Temperature & Humidity Standards 

Temperature 

Humidity 

Control of Facilities 
and Instrumentation 

24±0.s•c 

45±5%RH 

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

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

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

operator-initiated maintenance; 

scheduled maintenance; 

corrective maintenance. 

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

INSPECTIONS DURING PROCESS 
PRODUCTION PROCESS 

(FINISHED 
PRODUCTS) 

1. STATIC OR DYNAMIC BURN-IN 

2. FUNCTIONAL, ELECTRICAL 
CHARACTERISTICS AND APPEARANCE 

3. SAMPLING INSPECTION (BY LOT) 

WAREHOUSING 

PERIODIC 
RELIABILITY TESTING 

MD-10 

Figure 3. Product Inspection System 

Quality Control During 
the Production Process 

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

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

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

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

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

While quality assurance tests and inspections are 
conducted for improving and maintaining quality, they 
also are used to predict the probable reliability a product 
will have in the marketplace. They provide a multi-fac
eted approach to ensuring product quality. 
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Table2. 
Rellablllty Test Items 

CLASSIFICATION TEST PURPOSE &CONDITIONS REFERENCE 
STANDARDS 

Thermal Soldering Heat To determine soldering heat resistance. JIS C 7022: A-1 
Environment Standard test conditjons· MIL-STD-750 C 2031 
Tests Solder bath temperature: 260 ± 5"C IEC Pub. 68 Test Tb 

lime: 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 
Standard test conditions: IEC Pub. 68 Test Na, Nb 

Ta= Ts1g MIN - Ts1g MAX (gas environment] 

Thermal Shock To determine resistance to sudden chang9s in JIS C 7022: A-3 
temperature. MIL-STD-883 C 1011 
Standard test conditions· IEC Pub. 68 Test Ne 

Ta• Ts1g MIN - Ts1g MAX [liquid environment] 

Temperature & To determine resistance to conditions of high tempera- JIS C 7022: A-5 
Humidity Cycling ture and high humidity. MIL-STD-883 C 1004 

Standard test conditions· IEC Pub. 68 Test ZJAD 
-10 - ss·c. 90 - 95% RH. one (1) cycle 
every 24 hours 

Mechanical Variable Frequency To determine resistance to vibration during transporta- JIS C 7022: A-10 
Environment Vibration tion and use. MIL-STD-883 C 2007 
Tests Standard lest conditions: IEC Pub. 68 Test Fe 

Cycle: 100 - 2000 Hz in 4 min. 
Peak acceleration: 20 G 
Orientation: four (4) times in each of the 
orientations of ± X, ± Y and ± Z 

Mechanical Shock To determine resistance to shocks during transporta- JIS C 7022: A-7 
lion & use. MIL-STD-883 C 2002 
Standard test conditions· IEC Pub. 68 Test Ea 

Peak acceleration: 1500 G 
Pulse duration: 0.5 ms 
Orientation: three (3) pulses in each of the 
orientations ± X, ± Y and ± Z 

Constant Acceleration To determine resistance to constant acceleration. JIS C 7022: A-9 
Standard test conditions· MIL-STD-883 C 2001 

Stress level: 20,000 G, IEC Pub. 68 Test Ga 
Orientation: applied for one (1) min. in each 
of the orientations ± X, ± Y and ± Z 

Lead Integrity To determine resistance to installation and handling JIS C 7002: A-11 
such as wiring. IEC Pub. 68 Test U 
(1) Tensile strength. 
Standard test conditions· 

A specified load is applied in a direction 
parallel to the lead axis for 10 ± 1 sec. 

(2) Bending strength. 
Standard test conditions· 

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): NIA 
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CLASSIFICATION TEST 

Mechanical Solderability 
Environment 
Tests 

Seal (Hermeticity) 

Salt Atmosphere 
(Corrosion) 

Life Tests High Temperature 
Operation 

High Temperature 
Storage 

Low Temperature 
Storage 

High Temperature/ 
High Humidity Bias 

High Temperature/ 
High Humidity Storage 

SHARP 
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Table 2. (cont'd) 
Rellablllty Test Items 

PURPOSE &CONDITIONS 

To determine the solderability of leads which are con-
nected by soldering. 
Slaadard 11151 i;aadiliim:r 

Solder bath temperature: 230±5"C, 
Dip time: 5 ± 0.5 sec. 
Solder composition: Pb:Sn = 4:6, used with 
rosin flux. 

To determine the effectiveness of the seal of hermeti-
cally 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. 

To determine resistance to corrosion in a salt fog. 
Slaadard l11sl i;aadiliaas· 

Exposure to salt spraying conditions of salt 
concentration, 5 ± 1 %. 
Spray rate: 0.5 - 3 ml/80 cm3!h 
Salt fog temperature: 35 ± 2·c for a designated 
period of time. 

To determine resistance to prolonged operating 
stress, electrical and thermal. 
Slaadard l11s1 i;aadiliaas· 

Ta• Top MAX 
Operating source voltage = Max. operating voltage 

To determine resistance to prolonged high tempera-
ture storage. 
Slaadacd 111:11 i;aaditiaa:i· 

Ta= Tatg MAX 

To determine resistance to prolonged low temperature 
storage. 
Slaadard li:il i;aadiliaas· 

Ta• Tatg MIN 

To determine resistance to prolonged temperature, hu-
midity and electrical stress. 
Slaadard 11151 i;aadiliaa:i· 

85"C, 85% RH 
Applied voltage - VTYPICAL 

To determine resistance to prolonged storage at high 
temperature and humidity. 
Slaal!ard 111:11 !<2al!iti12a:1· 

(1) 5o·c. 90% RH 
(2) 85'C, 85% RH 

REFERENCE 
STANDARDS 

JIS C 7022: A-2 
MIL-STD-883 C 2003 

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

JIS C 7022: A-12 
MIL-STD-883 C 1009 
IEC Pub. 68 Test Ka 

JIS C 7022: B-1 
MIL-STD-883 C 1005 

JIS C 7022: B-3 
MIL-STD-883 C 1008 

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

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

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

Miscellaneous Pressure Cooker 
(PCl) 

Composite Test 

Electrostatic 
Discharge Strength 

Latch-Up Strength 
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Table 2. (cont'd) 
Rellablllty Test Hems 

PURPOSE &CONDITIONS 

To evaluate moisture resistance in a short period of 
time. 
Standard test condjtjons· 

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

Several tests (selected from those listed above) per-
formed in series to effectively evaluate product. 
~ for a surface mount device: 

High-Temperature/High-Humidity 
Storage-+Soldering Heat 
Resistance-+Pressure cooker (PCl) 

To determine resistance to electrostatic stress. 
Standard test conditions: 

(1) Human body model: 
Earth capacity C • 100 pF, equivalent 
Resistance R • 1.5 kn 
(2) Machine model: 
Earth capacity C = 200 pF, equivalent 
Resistance R • on 

To determine resistance to latch-up. 
Standard test condjtjons· 

(1) Condenser charge 
(2) Current application 
(3) Vee oveNoltage application 

REFERENCE 
STANDARDS 

EIAJ IC·121: 18 

MIL-STD-883 C 3015 
EIAJ IC-121:20 
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~VISION BUSINESS I PLANNING } I l QUALITY 1 PRODUCTION 
ST AFFAIRS ENGINEERING PRODUCTION ASSURANCE CONTROL 

PLANNING MARKET RESEARCH ) 
I 

(DEVELOPMENT 
PLANNING 

'D_EVELOP BAS~ 
TECHNOLOGY 

]_ G STUDYOF ~ 
SPECIFICATIONS 

l 
L DETERMINATION OF DEVELOPMENT PLAN (NEW PRODUCTS PLANNING COUNCIL) ] 

DEVELOPMENT (LOGIC DESIGN) 
DESIGN 
TRIAL 

PRODUCTION NOTE: [ DR I: LOGIC DESIGN AND SOFTWARE J DR= DESIGN REVIEW 

( LAYOUT ) 

L DR II: LAYOUT DESIGN ] 

(TS AND ES TRIAL PRODUCTION) 

TS ES 
(FUNCTIONAL~ 

EVALUATION l 
~SAMPLE 

[ DR Ill: TS EVALUATION, PROCESS EVALUATION ] 

J l - ( MANUFACTURABILITY RELIABILITY) 
EVALUATION TESTING 

l l 
~SAMPLE l DR IV: ES EVALUATION J -- ]_ 

l COMPREHENSIVE EVALUATION (NEW PRODUCT TRANSFER COMMITTEE) ] 

DEVELOPMENT OF 
MANUFACTURING 

AND INSPECTION STANDARDS 

( PREPRODUCTION ) 

( PREPRODUCTION EVALUATION ) 

[ COMPREHENSIVE EVALUATION (MASS PRODUCTION TRANSFER COMMITTEE) J 
(J,nt'd ·Jl.O to ~re 1-4b) MD-11A 

Figure 4a. Quality Assurance System 
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MASS 
PRODUCTION 

MARKET 
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BUSINESS 
AFFAIRS 

MARKET 
CLAIMS 

PLANNING ENGINEERING PRODUCTION 
QUALITY 

ASSURANCE 
PRODUCTION 

CONTROL 

FEEDBACK 

(Cont'd from figure 1-4a) 

!-.-------....{ PRODUCTION 
PLAN 

PRODUCTION 

INTER
MEDIATE 

INSPECTIO 

FINAL 
INSPECTIO 

MATERIALS 
CONTROL 

PROCESS CONTROL, 
INSPECTION, 
BURN-IN 

SHIPPING 
INSPECTION 

PERIODIC SAMPLING 

RELIABILITY 
TESTING 

AREHOUSING 

FAILURE 
ANALYSIS 

CORRECTIVE 
ACTION INDICATED 

QUALITY INFORMATION INQUIRIES 
& RESPONSES 

MD-118 

Figure 4b. Quality Assurance System 



Reliability Tests 

Rellablllty Test Methods 

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

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

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

TROUBLE. INCIDENT 

CLAIM 

QUALITY 
REQUIREMENTS 

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

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

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

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

RESPONSE FEEDBACK 
TO RELATED 
DEPARTMENTS 

SALES & MARKETING 
DEPARTMENT 

REGULAR 
QUALITY 

CONSULTATION 

QUALITY 
IMPROVEMENT 
ACTIVITIES 

SHARP 

RESPONSE 

COMMUNICATION . 
RELIABILITY ---------------• 

CONTROL DEPARTMENT 

DATA 
SERVICES 

REQUEST CORRECTIVE MEASURES i . . . 

FAILURE 
ANALYSIS 

i- - --- ------ .. - --- .J .. --------. 

: REPORTS: 
...--'-....... ...,..--... •--. PROPOSALS ,....__.'...,,.,,.,.,...,.,.._ __ .l.... __ 

PRODUCTION DESIGN AND 
DEPARTMENT ENGINEERING DEPARTMENT 

REQUEST MODIFICATIONS 

Figure 5. Routes through which malfunctions outside 
the company are handled. 
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General Information - Quality Assurance 

Handling Precautions 
All the semiconductor products listed in this data 

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

Maximum Ratings 

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

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

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

Storage Precautions 

General Storage Precautions 

a. Storing product in the packing in which it is shipped 
is recommended. 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. 
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d. Avoid storing product in areas of direct sunlight or 
where sudden temperature changes will occur. 

e. Avoid stacking product or otherwise applying heavy 
loads. 

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

Basic Electrostatic Discharge 
Countermeasures 

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

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

b. To prevent sudden electrostatic discharge, spread 
hi~h-resistance electroconductive mats (about 
10 O) over workbenches and have workers wear 
wrist (ground) straps. 

Have workers wear clothing made of charge-resis
tant cotton, noncharging materials ~ 09 - 1O14n) or static 
electricity dissipating materials (10 -1090). Anti-static 
foot apparel is also effective. 

c. Ionizers (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. 



TERMINAL TERMINAL 
OPEN SHORT 

--- ----
1 HERMETICITY I 

: ~~S~EC!I~- ! 

CHARACTERISTICS 
MEASUREMENT 

DECAPPING 

FAILURE OCCURS 

INVESTIGATE CONDITIONS 
UNDER WHICH 

FAILURE OCCURED 

VISUAL INSPECTION 

ELECTRICAL PROPERTIES 
MEASUREMENT 

FAILURE MODE 
CLASSIFICATION 

UNACCEPTABLE 
CHARACTERISTICS 

NO GOOD 

ETCHING 
TO 

OBSERVE 
SURFACE 

FAILURE 
REPRODUCIBILITY 

EXPERIMENTS 

INTERNAL 
OPERATION ANALYSIS 

SEM 
MICROSCOPY 

RESULTS OF 
ANALYSIS 

FEEDBACK 
TO DESIGN 

AND PROCESSING 

General lnfonnatlon - Quality Assurance 

UNACCEPTABLE 
APPEARANCE 

PHYSICAL 
ANALYSIS 
CHEMICAL 
ANALYSIS 

PREPARE 
REPORT 

ACCEPTABLE 
CHARACTERISTICS 

GOOD 

GOOD 
PRODUCT 

NOTE: 

r- - -
1 1 This lnspecUon applies only 
I I for hermelic packages ___ J 

MD-13 
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General Information - Quality Assurance 

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 Mn is recom
mended. When using a solder bath, it should be 
grounded to prevent an unstable electric potential. 

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

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

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

Table 3. 
Recommended Conditions for PC Board Cleaning 

Ultrasonic Power less than 25 W/I 

Cleaning Conditions less than one minute total 

Cleaning Solution 
15 to 40°C Temperature 
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Adjustment and Tests 
When the set is to be adjusted and tested upon 

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

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

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

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

Table 4 outlines the semiconductor bonding and 
testing methods. 

Table 4. 
Semiconductor Bonding and Testing Methods 

BONDING TEMPERATURE TEST 
METHOD AND TIME POSITION 

Infrared Peak temp. 240°C or less 
Surface IC 

ref low 230°C or more within 15 sec. 
package Heating speed: 1 to 4°C/sec. 

Flow 245°C or less 

dipping Within 3 sec./cycle Solder bath 
Within 5 sec. in total 

VPS 215°C or less 
Steam 250°C or less, within 40 sec. 

Hand 260°C or less, within 1 O sec. IC outer 
soldering lead 

SHARP 



General Information - Timing Diagram Conventions 

TIMING DIAGRAM CONVENTIONS 

TIMING DIAGRAM INPUT FUNCTIONS OUTPUT FUNCTIONS 

HIGH or LOW HIGH or LOW 

\\\\\~ HIGH-to-LOW transitions allowed HIGH-to-LOW transitions 
during designated interval 

["l"!.l277 LOW-to-HIGH transitions allowed LOW-to-HIGH transitions 
during designated interval 

xxxxxxxxx Don't care State unknown or changing 

~tt~ <<-< ( (Does not apply) Centerline is high-impedance 

MD-14 
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LH21256/7 /8 
FEATURES 

• 262, 144 x 1 bit organization 

• Access times: 100/120/150 ns (MAX.) 

• Cycle times: 200/230/260 ns (MIN.) 

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

• Power supply: +5 V ± 10% 

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

• TTL compatible 110 

• Built-in gated CAS function 

• Separate 110 allows Early-Write action 

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

• 256 refresh cycle (refreshing time 4 ms) 

• Built-in high output bias generator circuit 

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

SHARP 

NMOS 256K (256K x 1) Dynamic RAM 

DESCRIPTION 
The LH21256f7/8 is a 262, 144 word x 1 bit dynamic 

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

PIN CONNECTIONS 

16-PIN DIP TOP VIEW 

As 1 • Vss 

2 CAS 

3 Dour 

4 As 
5 A3 

6 

A, 7 

Vee 8 

16-PIN ZIP 

21256·1 

Fig. 1. Pin Connections for DIP & ZIP Packages 
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM 

CLOCK 
GENERATOR 

N0.1 
CLOCK 

GENERATOR I---------~ 

ADDRESS 
INPUT 

Vee 

Vss 

3 

N0.2 

COLUMN I--~~~~~~~~~ .... 
ADDRESS 
BUFFER 

ROW 
ADDRESS 
BUFFER 

EXTnNT 
ADDRESS 

MUX. 

~---i Vee GENERATOR 

ROW 
DECODER 

NOTE: Pin numbers apply to 16-pin DIP. 

MEMORY 
ARRAY 

Figure 2. LH21256/7/8 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL 

Ao-As Address input D1N 

RAS Row address strobe DoUT 

CAS Column address strobe Vee 

WE Write enable Vss 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vr -1.0to 7.0 v 1 

Output short-circuit current lo 50 mA 

Power consumption Po 1.0 w 
Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -55 to +150 ·c 

NOTE: 
1. Referenced to Vss 

2-2 

DATA OUT 
BUFFER 

DATA IN ._------1 
BUFFER ~ 2 D1N 

21256-2 

PIN NAME 

Data input 

Data output 

Power supply (+5 V) 

Power supply (0 V) 



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

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Supply voltage 
Vee 4.5 5.0 5.5 v 1 
Vss 0 0 0 

Input voltage V1H 2.4 6.5 v 1 
V1L -1.0 0.8 

NOTE: 
1. Referenced to Vss 

CAPACITANCE (Vee= 5v±10%, TA= 0 to +70°C, f = 1MHz) 
PARAMETER SYMBOL MIN. TYPICAL MAX. UNIT 

Ao-Aa. C1N1 5 pF 
Input capacitance D1N.WE 

RAS,CAS C1N2 7 pF 

Output capacitance DoUT CoUT 7 pF 

DC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

LH2125617/8-1 0 - 80 
Average supply current 

LH2125617/8-12 lcc1 80 mA 1, 2 in normal operation -

LH2125617/8-15 - 70 

Average supply current in standby mode lcc2 - 5.0 mA 1 

LH2125617/8-1 0 - 60 
Average supply current 

LH2125617/8-12 lcca - 60 mA 1, 2 in RAS only refresh time 
LH2125617/8-15 - 55 

LH21256-10 - 50 
Average supply current 

LH21256-12 lcc4 45 mA 1, 2 in page mode -
LH21256-15 - 40 

LH21257-15 - 65 
Average supply current 

LH21257-10 ICC4 49 mA 1, 2 in nibble mode -

LH21257-12 - 49 

LH21258-10 - 60 
Average supply current 

LH21258-12 lcc4 55 mA 1, 2 in byte mode -
LH21258-15 - 50 

CAS before RAS LH2125617/8-10 - 65 

average supply current LH2125617/8-12 Ices - 60 mA 1, 2 
in refresh cycle 

LH2125617/8-15 55 -
Input leakage current 0 V S V1N S 6.5 V 

h(L) -10 10 µA O V on all other pins 

0 V S VoUT S 6.5 V 
Output leakage current Output in high- IO{LJ -10 10 µA 

impedance state 

Output "High" voltage lour= -5 mA VoH 2.4 - v 
Output "Low" voltage lour= 4.2 mA VOL - 0.4 v 

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

2. lcc1, ICC3, ICC4 and Ices depend on the cycle lime. 
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM 

AC CHARACTERISTICS1• 2• 3 (Vee= 5v±10%, TA= 0 to 70°C) 

PARAMETER SYMBOL 
LH2125617/8·10 

MIN. MAX. 

Random read/Write cycle time tRC 200 -
Read write cycle time tRWc 240 -
Access time from RAS IRAc - 100 

Access time from CAS lcAC - 50 

Output turn-off delay time loFF 0 30 

Rise and fall time Ir 3 35 

RAS precharge time IRP 85 -
RAS pulse width IRAs 100 10,000 

RAS hold time IRsH 50 -
CAS precharge time lcPN 25 -
CAS pulse width lcAs 50 10,000 

CAS hold time lcsH 100 -
CAS hold time (CAS before RAS) IFcH 100 -
CAS set up time (CAS before RAS) tFcs 10 -
RAS/CAS delay time IRco 20 50 

CAS/RAS precharge time lcRP 10 -
Row address setup time IASR 0 -
Row address hold time ""'" 10 -
Column address setup time r..sc 0 -
Column address hold time lcAH 25 -
Column address hold time from RAS IAR 75 -
Read command setup time !RCS 0 -
Read command hold time tRCH 0 -
Read command hold time from RAS lRRH 10 -
Write command setup time !wcs 0 -
Write command hold time !wCH 35 -
Write command hold time from RAS lwcR 85 -
Write command pulse width lwP 35 -
Write command RAS read time IRwL 35 -
Write command CAS read time lcWL 35 -
RAS write command delay time IRwo 95 -
CAS write command delay time tcwo 45 -
Data input setup time tos 0 -
Data input hold time loH 30 -
Data input hold time from RAS to HR 80 -
Refresh time lREF - 4 

RAS precharge CAS hold time IRPC 0 -

NOTES: 
1. For proper operation, at least 500 µs of pause time alter power-on 

followed by several initialization cycles (usually 8 ordinary refresh 
cycles) should be given. 

2. AC characteristics assume tr = 5 ns. (tr refers to the transition 
time between V1H and V1L.) 

3. Timing measurements are referenced to V1H (MIN.) and V1L 
(MAX.). 

4. Only when tRCD s IRCD (MAX.). If IRCD > IRCD (MAX.), tRAC will 
increase by (IRCD. tRCD (MAX.)) 

5. When IRCD"' IRCD (MAX.). 

6. Load condition for 2TTL + 100 pF. 

7. tRCD (MAX.) is the maximum point for IRCD where IRAC (MAX.) is 
ensured, and does not represent a limit of operation. If IRCD 
(MAX.) s IRCD, the access time is controlled by lcAc. 
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LH2125617/8·12 LH2125617/8-15 
UNIT NOTE 

MIN. MAX. MIN. MAX. 

230 - 260 - ns 

275 - 310 - ns 

- 120 - 150 ns 4,6 

- 60 - 75 ns 5,6 

0 35 0 40 ns 

3 35 3 35 ns 3 

100 - 100 - ns 

120 10,000 150 10,000 ns 

60 - 75 - ns 

30 - 35 - ns 

60 10,000 75 10,000 ns 

120 - 150 - ns 

120 - 150 - ns 

10 - 30 - ns 

25 60 30 75 ns 7,8 

10 - 30 - ns 

0 - 0 - ns 

15 - 20 - ns 

0 - 0 - ns 

25 - 45 - ns 

00 - 120 - ns 

0 - 0 - ns 

0 - 0 - ns 11 

10 - 20 - ns 11 

0 - 0 - ns 10 

40 - 45 - ns 

100 - 120 - ns 

40 - 45 - ns 

40 - 45 - ns 

40 - 45 - ns 

120 - 150 - ns 

60 - 75 - ns 

0 - 0 - ns 9 

30 - 35 - ns 9 

00 - 110 - ns 

- 4 - 4 ms 

0 - 0 - ns 

8. IRCD (MIN.) = tRAH (MIN.) + 2tr + IASc (MIN.). 

9. tos and toH are given with respect to the fall of CAS in the 
Early-Write cycle and fall of WE in the read/write cycle and the 
Read-Modify-Write cycle. 

1 O. twcs. tcwo and tRwo are the specified points of the operating 
mode, and do not represent a limit of operation. When twcs ;;, 
twcs (MIN.), it comes into early write cycle with Dour pin coming 
into high-impedance state. When tcwo ;;, tcwo (MIN.) and tRwo 
;;, IRWD (MIN.), it comes into the read/write cycle with the output 
data becoming the information for the selection cell. Timing other 
than the above-mentions will give undefined value of output. 

11. The operation is ensured when either IRCH or IRRH is satisfied. 
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NMOS 256K (256K x 1) Dynamic RAM LH21256/7/8 

00lJT VOH - --------""'H"'IG"'H""-z"--------vOL - ,..._ ___ _ 
21256-3 

Figure 3. Read Cycle 

212-

Figure 4. Write Cycle (Early Write) 
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LH21256n/8 NMOS 256K (256K x 1) Dynamic RAM 

'ilwc 

CAS V1H-
Vil-

Ao-As 
V1H-
Vil-

WE 
V1H-
Vil-

Dour VoH-
Vol-

D1N 
V1H-
Vil -

21256-5 

Figure 5. Read-Write/Read-Modify-Write Cycle 

'ilc 

Dour VoH- ________________ H_l_GH_-_z __________ _ 
Vol-

NOTE: CAS = V1H 
21256-6 

Figure 6. RAS Only Refresh Cycle 
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NMOS 256K (256K x 1) Dynamic RAM LH21256/7/8 

VOH- HIGH-Z DouT VOL - ------'-;;..;;;;..--.. ___ .(] 

'"--------~.~------J• 
DATA VALID 

NOTES: 
1. Row address 
2. Column address 

21258-7 

Figure 7. Hidden Refresh Cycle 

fiocH 

~-~ ~~=llllllllllllllllllllllllllllllllllllllllllll 
VoH- HIGH-Z 

DooT Vol _____________ ...:.;;.;;;;..;...;;;... ____________ _ 

21256-8 

Figure 8. CAS Before RAS Refresh Cycle 
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM 

PAGE MODE CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 

PARAMETER SYMBOL 
LH21256-10 LH21256·12 LH21256-15 

UNIT NOTE 
MIN. MAX. MIN. MAX. MIN. MAX. 

Page mode cycle time tpc 100 - 120 - 145 - ns 

CAS precharge time tcp 40 - 50 - 60 - ns 

IRAS 

!AR 

RAS V1H-
V1L-

lcsH '8P 

lcRP 

CAS V1H-
V1L-

Ao-Aa 

V0H- HIGH-Z 
DouT VoL _ -----;------<1 

~cs liiRH 

~:~= i1mo 
NOTES: 

1. Row address 
2. Column address 

21256-9 

Figure 9. Page Mode Read Cycle 
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NMOS 256K (256K x 1) Dynamic RAM LH21256nt8 

lilAs 
~R 

loHR 
NOTES: 

1. Row address 
2. Column address 

21256-10 

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

NIBBLE MODE CHARACTERISTICS (Vee= 5 v ± 100/0, TA= 0 to +70°C) 

LH21257·10 LH21257·12 
PARAMETER SYMBOL 

LH21257·15 
UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. 

Nibble mode access time tNAC - 25 - 30 - 35 ns 

Nibble mode RAS cycle time tNRC 400 - 460 - 520 - ns 

Nibble mode RAS pulse width tNRA 300 - 350 - 410 - ns 

Nibble mode cycle time tNc 60 - 65 - 80 - ns 

Nibble mode ~ precharge 
tNCP time 

25 - 25 - 35 - ns 

Nibble mode CAS pulse width tNCA 25 - 30 - 35 - ns 

Nibble mode RAS hold time tNRSH 45 - 50 - 55 - ns 

Nibble mode CASiWE delay tNcwo 15 - 20 - 25 - ns 

Nibble mode write command 
tNCWL 20 25 25 ns CAS lead time - - -

Nibble mode write command 
INRWL 40 45 55 ns RAS lead time - - -

Nibble mode write command 
tNWP 20 25 35 ns pulse width - - -

~RC 

~RA 

RAS V1H-
V1L-

CAS V1H-
V1L-

Ao-As V1H-
V1L-

DoUT VOH-_.......,H.,,IG::.H:.:-Z=-+-----t 
VOL-

loos 

~:~ = II II/I~ v 
!RAH 

fu\\\ v 
NOTES: 

1. Row address 
2. Column address 
3. Nibble address: RAB. CAS 

Q), @.@.©: Valid data-out number 
212156-11 

Figure 11. Nibble Mode Read Cycle 
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NMOS 256K (256K x 1) Dynamic RAM LH21256/7/8 

RAS V1H-
V1L-

CAS V1H-
V1L-

Ao-Aa V1H-
V1L-

WE 
V1H-
V1L-

D1N 
VIH-
V1L-

NOTES: 
1. Row address 
2. Column address 

21256-12 

Figure 12. Nibble Mode Write Cycle 

RAS V1H-
V1L-

CAS V1H-
V1L-

Ao-Aa V1H-
V1L-

WE 
V1H-
V1L-

o,N v,H
v,L - ._........___._+-"-""" ~~-~ 

NOTES: 

VOH- HIGH-Z 
DouT VOL-

1. Row address 
2. Column address 

(!),@,@,@: Vallddata-outnumber 21258-13 

Figure 13. Nibble Mode Read-Modify-Write Cycle 
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LH2125617/8 NMOS 256K (256K x 1) Dynamic RAM 

BYTE MODE CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL 
LH21258-10 LH21258-12 LH21258-15 

UNIT NOTE 
MIN. MAX. MIN. MAX. MIN. MAX. 

Byte mode access time tBAC - 25 - 30 - 35 ns 

Byte mode RAS" cycle time teRC 640 - 740 - 840 - ns 

Byte mode RAS" pulse width teRA 540 - 630 - 730 - ns 

Byte mode cycle time tee 60 - 70 - 80 - ns 

Byte mode eAS" precharge time tecP 25 - 30 - 35 - ns 

Byte mode CAS pulse width tecA 25 - 30 - 35 - ns 

Byte mode RAS" hold time tBRSH 45 - 50 - 55 - ns 

Byte mode ~. WE" delay tecwo 15 - 20 - 25 - ns 

Byte mode write command CAS 
tBCWL lead time 20 - 25 - 25 - ns 

Byte mode write command RAS 
teRWL lead time 40 - 45 - 55 - ns 

Byte mode write command 
teWP 20 - 25 - 35 - ns pulse width 

feRC 

'1lco 

v~ 
NOTES: 

1. Row address 
2. Column address 

(j),@ ... 0 ,@: Valid data-out number 
212!18-14 

Figure t4. Byte Mode Read Cycle 
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NMOS 256K (256K x 1) Dynamic RAM LH21256n/8 

fsRC 

RAS V1H-
VIL-

CAS V1H-
V1L-

Ao-As 
V1H-
V1L-

WE 
VOH-
VOL-

NOTES: 
1. Row address 
2. Column address 21256-15 

Figure 15. Byte Mode Write Cycle 

-V1H
WE V1L-__,.....,_.._. ...... .._......,_,........,..""'1-'_,_~"-++""l-'-"'---'1')o'o~....._..__....._.._._,_.._._,_.._._,_.._._ 

NOTES: 
1. Row address 
2. Column address 

(j),@ ... (Z) ,@: Valid data-out number 
21256-18 

Figure 16. Byte Mode Read·Modlfy·Wrtte Cycle 
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM 

ORDERING INFORMATION 

LH2125# 
Device Type 

x 
Package 

-## 

Spayed 10 
12 
15 

100 
120 Access Time (ns) 
150 

~-------<Blank 16-pin, 300-mil DIP (DIP16-P-300) 
Z 16-pin, 325-mil ZIP (ZIP16-P-325) 

6 Page mode 
.__------------<? Nibble mode 

8 Byte mode 

Example: LH21256-10 (NMOS 256K (256Kx 1) Dynamic RAM, 100 ns, 16-pin, 300-mil DIP, Page Mode) 
21256-17 
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LH2464 
FEATURES 

• 65,536 x 4 bit organization 

• Access times: 100/120/150 ns (MAX.) 

• Cycle times: 200/220/260 ns (MIN.) 

• Page mode, Read-Modify-Write operation 

• Power supply: +5 V ± 10% 

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

• TTL compatible 1/0 

• Built-in gated CAS function 

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

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

• 256 refresh cycle (refreshing time 4 ms) 

• Built-in high output substrate bias 
generator circuit 

• Package: 
18-pin, 300-mil DIP 

SHARP 

NMOS 256K (64K x 4) Dynamic RAM 

DESCRIPTION 
The LH2464 is a 65,536 x 4 bit dynamic RAM fabri

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

PIN CONNECTIONS 

18-PIN DIP TOP VIEW 

OE 1• 18 Vss 

1/01 2 1104 

1/02 3 CAS 

WE 4 1103 

RAS 5 Ao 
Ar, 6 13 A1 

As 7 Ai 
A4 8 11 ~ 

Vee 9 10 A, 

2464-1 

Figure 1. Pin Connections for DIP Package 
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LH2464 

CLOCK 
GENERATOR 

N0.1 

NMOS 256K (64K x 4) Dynamic RAM 

CLOCK WRITE i--------1.4 WE GENERATOR,__ _ __,, ___ __, CLOCKS 

N0.2 

COLUMN -----------
ADDRESS 
BUFFER 

A1 ROW 

Vee 

Vss 

ADDRESS 
BUFFER 

EXT/INT 
ADDRESS 

MULTI
PLEXER 

~---i V00 GENERATOR 

ROW 
DECODER 

MEMORY 
ARRAY 

Figure 2. LH2464 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL 

Ao-A1 Address input OE 

RAS Row address strobe 1101 -1/04 

CAS Column address strobe Vee 

WE Write enable Vss 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vr -1.0 to +7.0 v 1 

Output short-circuit current lo 50 mA 

Power consumption Po 1.0 w 
Operating temperature Topr Oto +70 oc 
Storage temperature Tstg -55to+150 oc 

NOTE: 
1. Referenced to Vss 
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~--------1.1 OE 

2464·2 

PIN NAME 

Output enable 

Data input/output 

Power supply (+5 V) 

Power supply (0 V) 



NMOS 256K (64K x 4) Dynamic RAM LH2464 

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Supply voltage 
Vee 4.5 5.0 5.5 v 1 
Vss 0 0 0 

Input voltage V1H 2.4 6.5 v 1 
V1L -1.0 0.8 

NOTE: 
1. Referenced to Vss 

CAPACITANCE (Vee= 5v±10%, TA= 0 to 70°C, f = 1MHz) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Ao-A1 C1N1 5 
Input capacitance OE.WE C1N2 7 pF 

RAS,CAS C1N2 10 

Input/Output capacitance 1/01 -1/04 C10 8 pF 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

LH2464-10 - 95 
Average supply current 

LH2464-12 lcc1 - 83 mA 1, 2 in normal operation 
LH2464-15 - 75 

Average supply current in the standby mode lee2 - 5.0 mA 1 

LH2464-10 - 85 
Average supply current 

LH2464-12 lee3 - 63 mA 1, 2 in RAS only refresh time 
LH2464-15 - 65 

LH2464-10 - 70 
Average supply current 

LH2464-12 lcc4 60 mA 1 in page mode -
LH2464-15 - 50 

CAS before RAS LH2464-10 - 85 
average supply current LH2464-12 Ices - 70 mA 1, 2 
in refresh cycle 

LH2464-15 - 65 

Input leakage current 0 VS VIN :S 6.5 V IL1 -10 10 µA 
O V on all other pins 

Output leakage current 
0 VS VoUT S 6.5 V 

ILO -10 10 µA 
Output in high-impedance state 

Output "High" voltage loUT= -2 mA VoH 2.4 - v 
Output "Low" voltage loUT=4.2mA VoL - 0.4 v 

NOTES: 
1. The output pins are in high-impedance state. 
2. lcc1. lcc3, ICC4, and Ices depend on the cycle time. 
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LH2464 NMOS 256K (64K x 4) Dynamic RAM 

AC CHARACTERISTICS 1• 2• 3 (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL 
LH2464·10 

MIN. MAX. 

Random read/Write cycle time tRC 200 -
Read write cycle time tRWc 280 -
Page mode cycle time tpe 100 -
Access time from RAS lAAc - 100 

Access time from CAS lcAc - 50 

Output turn off delay time loFF 0 30 

Rise and fall time Ir 3 35 

RAS precharge time 0.P 90 -
RAS pulse width IRAs 100 10,000 

RAS hold time "'"" 50 -
Refresh counter test cycle time lRrc 385 

Refresh counter test RAS pulse width lTRAS 285 

CAS precharge time lcP 40 -
CAS pulse width lcAS 50 10,000 

CAS hold time lcsH 100 

CAS hold time (CAS before RAS) IFCH 100 

CAS setup time (CAS before RAS) IF cs 10 

RAS/CAS delay time Oleo 20 

CAS/RAS precharge time lcRP 10 

Row address setup time IAsR 0 

Row address hold time ""'" 10 

Column address setup time !Ase 0 

Column address hold time lcAH 20 

Column address hold time from RAS IAR 75 

Read command setup time Oles 0 

Read command hold time tRCH 0 

Read command hold time from RAS tRRH 10 

Write command setup time twcs 0 

Write command hold time lwcH 35 

Write command hold time from RAS lwcR 85 

Write command pulse width lwP 35 

Write command RAS lead time 0.WL 35 

Write command CAS lead time lcwL 35 

RAS write command delay time tRWD 140 

CAS write command delay time tcwo 90 

Data Input setup time tos 0 

Data input hold time from CAS loHC 35 

Data input hold time from RAS loHR 85 

Refresh interval .... -
RAS precharge CAS hold time 0.PC 0 

OE command hold time loEH 25 

OE access ~me to •• -
OE to data delay loED 30 

Output buffer turn-off delay time from OE loEZ 0 

Data input hold time from WE loHW 35 

NOTES: 
1. For proper operation, at least 500 µs of pause time after power-on 

followed by several initialization cycles (usually 8 ordinary refresh 
cycles) should be given. 

2. AC characteristic assume tr = 5 ns. (IT refers to the transition 
time between V1H and V1L.) 

3. liming measurements are referenced to V1H (MIN.) and V1L 
(MAX.). 

4. Only when tRCD s; IRCD (MAX.). If tRCD > IRCD (MAX.), tRAC will 
increase by (IRCD - tRCD (MAX.)). 

5. When tRCD 2: IRCD (MAX.). 
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LH2464·12 LH2464-15 
UNIT NOTE 

MIN. MAX. MIN. MAX. 

220 - 260 - ns 

305 - 360 - ns 

120 - 145 - ns 

- 120 - 150 ns 4,6 

- 60 - 75 ns 5,6 

0 30 0 40 ns 

3 35 3 35 ns 3 

90 - 100 - ns 

120 10,000 150 10,000 ns 

60 - 75 - ns 

445 520 ns 12 

335 410 ns 12 

50 - 60 - ns 

60 10,000 75 10,000 ns 

120 - 150 - ns 

120 - 150 - ns 

10 - 30 - ns 

25 60 30 75 ns 7,8 

10 - 30 - ns 

0 - 0 - ns 

15 - 20 - ns 

0 - 0 - ns 

20 - 45 - ns 

80 - 120 - ns 

0 - 0 - ns 

0 - 0 - ns 10 

10 - 20 - ns 10 

0 - 0 - ns 9 

40 - 45 - ns 

100 - 120 - ns 

40 - 45 - ns 

40 - 45 - ns 

40 - 45 - ns 

160 - 200 - ns 

100 - 125 - ns 

0 - 0 - ns 

40 - 45 - ns 

100 - 120 - ns 

- 4 - 4 ns 

0 - 0 - ns 

25 - 40 - ns 11 

- 30 - 40 ns 

30 - 40 - ns 

0 30 0 40 ns 

40 - 45 - ns 

6. Load condition for 2TTL + 100 pF. 

7. IRCD (MAX.) is the max. point fo; IRCD where IRAC (MAX.) is 
ensured, and doesn't represent a limit of operation. If IRCD (MAX.) 
s; tRco, the access time will come under the control of tcAc. 

8. IRCD (MIN.) = !RAH (MIN.) + 2tr + !Ase (MIN.). 

9. When twcs 2: twcs (MIN.), it comes into early write cycle. 

10. The operation is ensured when either IRCH or IRRH is satisfied. 

11. Only when twcs < twcs (MIN.), it must be satisfied. 

12. Only when in CAS-before-RAS refresh counter test cycle. 

SHARP 



NMOS 256K (64K x 4) Dynamic RAM LH2464 

~c 
~AS ~p 

~D ~SH 
lcsH 

~AC 

1101 - 1104 ----------'H""'IG""H""--Z"------<i 

Figure 3. Read Cycle 

!RC 

~AS ~P 
~CD ~SH 

2464-4 

Figure 4. Write Cycle (Early Write) 
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LH2464 NMOS 256K (64K x 4) Dynamic RAM 

IRC 
IRAS 

lcsH 

OE 

l/01-V04 
-'-"'-'"-"'-"--I"-""-'"-"'-"-....... ~ 

lcwL 

2464-6 

Figure 5. Write Cycle (OE Controlled Write) 

IRWc 

2464-5 

Figure 6. Read-Write/Read-Modify-Write Cycle 
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NMOS 256K (64K x 4) Dynamic RAM LH2464 

ti.co 

foFF 

___ .:.H"'IG"'H""·.::Z._ ___ -<I ~~"T" 11-----
''---·" 2484-7 

Figure 7. Page Mode Read Cycle 

IRAs 

Figure 8. Page Mode Write Cycle 
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LH2464 

vo, -vo4 
NOTE: CAS 2: V1H (MIN) 
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NMOS 256K (64K x 4) Dynamic RAM 

HIGH-Z 

Figure 9. RAS Only Refresh Cycle 

HIGH-Z 

Figure 10. CAS Before RAS Refresh Cycle 

SHARP 



NMOS 256K (64K x 4) Dynamic RAM 

li!co liisH 

CAS 

HIGH-Z 
VALID DATA-OUT 

NOTE: (WE:!! V1H (MIN.), OE S V1L (MAX.)) 

WE 
(write) 

OE 
(write) 

vo,-1104 

(write) 

WE 
(read) 

OE 
(read) 

110,- l/04 
(read) 

Figure 11. Hidden Refresh Cycle 

ITRAS 

VALID DATA-OUT 

Figure 12. CAS Before RAS Refresh Counter 
Test Cycle 

liiP 

LH2464 

WRITE 
OPERATION 

READ 
OPERATION 

2484-12 
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LH2464 

CAS-before-RAS Refresh Counter 
Test Cycle 

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

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

ORDERING IN FORMATION 

_x_ ...:.!!!L 

NMOS 256K (64K x 4) Dynamic RAM 

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

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

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

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

LH2464 
Device Type T "j"' (~g ~gg Acceos llme I"') 

15 150 

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

'-------------- NMOS 64K x 4 Dynamic RAM 

Example: LH2464-10 (NMOS 256K (64K x 4) Dynamic RAM, 100 ns, 18-pin, 300-mil DIP) 
2464-13 
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LH2465 
FEATURES 

• 65,536 x 4 bit organization 

• Access times: 120/150 ns (MAX.) 

• Cycle times: 220/260 ns (MIN.) 

• Nibble-Mode, Read-Modify-Write 
operation 

• Power supply: +5 V ± 10% 

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

• TTL compatible 1/0 

• Built-in gated CAS function 

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

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

• 256 refresh cycle (refreshing time 4 ms) 

• Built-in high output substrate bias 
generator circuit 

• Package: 
18-pin, 300-mil DIP 

SHARP 

NMOS 256K (64K x 4) Dynamic RAM 

DESCRIPTION 
The LH2465 is a 65,536 x 4 bit dynamic RAM fab

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

PIN CONNECTIONS 

18-PIN DIP TOP VIEW 

OE 1• 18 Vss 

110, 2 17 l/04 

110:! 3 CAS 
WE 4 1/03 

RAS 5 Ao 
"6 6 A1 

~ 7 ~ 
~ 8 Aa 

Vee 9 10 A, 

2465-1 

Figure 1. Pin Connections for DIP Package 
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LH2465 

CLOCK 
GENERATOR 

N0.1 

NMOS 256K (64K x 4) Dynamic RAM 

CLOCK WRITE i-------f4 WE 
GENERATORt---~~----i CLOCKS 

Vss 

N0.2 

COLUMNi---+~~~~~~~~_.~ 
ADDRESS 
BUFFER 

EXT/INT 
ADDRESS 

MULTI
PLEXER 

....__ __ '""' Vee GENERATOR 

ROW 
DECODER 

MEMORY 
ARRAY 

Figure 2. LH2465 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL 

Ao-A1 Address input OE 

RAS Row address strobe 1101 - V04 

CAS Column address strobe Vee 

WE Write enable Vss 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vr -1.0to +7.0 v 1 

Output short-circuit current lo 50 mA 

Power consumption Po 1.0 w 
Operating temperature Topr o to +70 ·c 
Storage temperature Tstg -55to+150 •c 

NOTE: 
1. Referenced to Vss 
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2465-2 

PIN NAME 

Output enable 

Data input/output 

Power supply (+5 V) 

Power supply (O V) 

SHARP 



NMOS 256K (64K x 4) Dynamic RAM LH2465 

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Supply voltage 
Vee 4.5 5.0 5.5 v 1 

Vss 0 0 0 

Input voltage 
V1H 2.4 6.5 v 1 
V1L -1.0 0.8 

NOTE: 
1. Referenced to Vss 

CAPACITANCE (Vee= 5v±10%, TA= 0 to +70°C, f = 1MHz) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Ao-A1 C1N1 5 
Input capacitance OE.WE C1N2 7 pF 

RAS,CAS CiN3 10 

Input/Output 
1101 -1/04 C10 8 pF capacitance 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Average supply current LH2465-12 
lee1 

- 83 
mA 1, 2 in normal operation LH2465-15 - 75 

Average supply current in standby mode lee2 - 5.0 mA 1 

Average supply current LH2465-12 
leca 

- 63 mA 
1, 2 in RAS only refresh time LH2465-15 - 65 mA 

Average supply current LH2465-12 
lee4 

- 60 mA 
1 in nibble mode LH2465-15 - 55 mA 

CAS before RAS LH2465-12 - 70 mA 
average supply current Ices 1, 2 
in refresh cycle LH2465-15 - 65 mA 

Input leakage current 
0 V S V1N S 6.5 V 

h(L) -10 10 µA 
0 V on all other pins 

o Vs Vours 6.5 v 
Output leakage current Output in high-impedance IO(l) -10 10 µA 

state 

Output "High" voltage lour= -2 mA VoH 2.4 - v 
Output "Low" voltage lour=4.2 mA VoL - 0.4 v 

NOTES: 
1 . The output pins are in high-impedance state. 
2. lcc1, lcc3, ICC4, and Ices depend on the cycle time. 
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LH2465 NMOS 256K (64K x 4) Dynamic RAM 

AC CHARACTERISTICS 1• 2• 3 (Vee= 5v±10%, TA= 0 to +70°C) 

SYMBOL 
LH2465-12 LH2465-15 

PARAMETER 
MIN. 

Random read/Write cycle time IRC 220 

Read write cycle time IRWc 305 

Access time from RAS IAAc -
Access time from CAS lcAc -
Output turn off delay time toFF 0 

Rise and fall time IT 3 

RAS precharge time ""' 90 

RAS pulse width IRAs 120 

RAS hold time ""'" 60 

CAS precharge time lcP 50 

CAS pulse width lcAs 60 

CAS hold time lcsH 120 

CAS hold time (CAS before RAS) IFcH 120 

CAS setup time (CAS before RAS) IFcs 10 

RAS/CAS delay time IRCo 25 

CAS/RAS precharge time lcRP 10 

Row address setup time lAsR 0 

Row address hold time IAAH 15 

Column address setup time t..sc 0 

Column address hold time lcAH 20 

Column address hold time from RAS IAR 80 

Read command setup time IRCs 0 

Read command hold time IRCH 0 

Read command hold time from RAS tRRH 10 

Write command setup time twcs 0 

Write command hold time twcH 40 

Write command hold time from RAS lwcR 100 

Write command pulse wid1h twp 40 

Write command RAS lead time IRWL 40 

Write command CAS lead time lcWL 40 

RAS write command delay time IRWo 160 

CAS write command delay time tcwo 100 

Data input setup time tos 0 

Data input hold time from CAS loHC 40 

Data input hold time from RAS loHR 100 

Refresh interval IREF -
RAS precharge CAS hold time IRPC 0 

OE command hold time loEH 25 

OE access time loEA -
OE to data delay loED 30 

Output buffer turn-off delay time from OE loEz 0 

Data input hold time from WE loHW 40 

Refresh counter test cycle time IRTc 445 

Refresh counter test RAS pulse width tTRAS 335 

NOTES 
1. For proper operation, at least 500 µs of pause time after power-on 

followed by several initialization cycles (usually 8 ordinary refresh 
cycles) should be given. 

2. AC characteristic assume tr = 5 ns. (tr refers to the transition 
time between V1H and V1L.) 

3. Timing measurements are referenced to V1H (MIN.) and V1L 
(MAX.). 

4. Only when IRCD :s; tRCD (MAX.). If tRCD > IRCD (MAX.), IRAC will 
increase by (IRCD - IRCD (MAX.)). 

5. When IRCD 2: IRCD (MAX.). 
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UNIT NOTE 
MAX. MIN. MAX. 

- 260 - ns 

- 360 - ns 

120 - 150 ns 4,S 

60 - 75 ns 5,S 

30 0 40 ns 

35 3 35 ns 3 

- 100 - ns 

10,000 150 10,000 ns 

- 75 - ns 

- 60 - ns 

10,000 75 10,000 ns 

-
-
-
60 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
4 

-
-
30 

-
30 

-

150 - ns 

150 - ns 

30 - ns 

30 75 ns 7,8 

30 - ns 

0 - ns 

20 - ns 

0 - ns 

45 - ns 

120 - ns 

0 - ns 

0 - ns 10 

20 - ns 10 

0 - ns 9 

45 - ns 

120 - ns 

45 - ns 

45 - ns 

45 - ns 

200 - ns 

125 - ns 

0 - ns 

45 - ns 

120 - ns 

- 4 ms 

0 - ns 

40 - ns 11 

- 40 ns 

40 - ns 

0 40 ns 

45 - ns 

520 ns 12 

410 ns 12 

6. Load condition for 2TTL + 100 pF. 

7. IRCD (MAX.) is the maximum point for IRCD where tRAC (MAX.) is 
ensured, and does not represent a limit of operation. 
If IRCD (MAX.) :s; IRco, the access time will come under the control 
of lcAC. 

8. IRco (MIN.)= tRAH (MIN.)+ 2tr +!Ase (MIN.). 

9. When twcs <: twcs (MIN.), it comes into early write cycle. 

10. The operation is ensured when either IRCH or IRRH is satisfied. 

11. Only when twcs < twcs (MIN.), it must be satisfied. 

12. Only when in CAS.before-RAS refresh counter test cycle. 
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NMOS 256K (64K x 4) Dynamic RAM LH2465 

NIBBLE MODE CHARACTERISTICS (TA= 0 to +70°C, Vee= 5v±10%) 

PARAMETER SYMBOL 
LH2465-12 LH2465-15 

UNIT NOTE 
MIN. MAX. MIN. MAX. 

Nibble mode access time tNAC - 30 - 35 ns 

Nibble mode RAS cycle time tNRC 460 - 520 - ns 

Nibble mode RAS pulse width tNRA 350 - 410 - ns 

Nibble mode cycle time INC 70 - 80 - ns 

Nibble mode GAS" precharge time INCP 30 - 35 - ns 

Nibble mode CAS pulse width tNCA 30 - 35 - ns 

Nibble mode RAS hold time INRSH 50 - 55 - ns 

Nibble mode CAS/WE delay tNCWD 70 - 85 - ns 

Nibble mode write command CAS lead time INCWL 30 - 35 - ns 

Nibble mode write command hold time INWCH 30 - 35 - ns 

Nibble mode write command pulse width INWP 30 - 35 - ns 

1101-1/04 _________ H_IG_H_-z _____ I 
..___=.____,, 

24e5-3 

Figure 3. Read Cycle 
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LH2465 NMOS 256K (64K x 4) Dynamic RAM 

IRC 
IRAS 

IRSH 

110,-110. 
...i...:.t....~'-.:11.~'"'--l~~.Y 

2465-4 

Figure 4. Write Cycle (Early Write) 

2465-6 

Figure 5. Write Cycle (OE Controlled Write) 
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NMOS 256K (64K x 4) Dynamic RAM LH2465 

~p 

1101- 1/04 _____ _.H,..IG"'H"'-·-=Z-----<h 

2465-5 

Figure 6. Read-Write/Read-Modify-Write Cycle 

~RC 

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

~RC 

1101 -1104 -----------<I DATX~~1~0.1 ~--(IV 

110,-1104 

NOTE: CAS <!: V1N (MIN) 

2-32 

..._ _ __,, 

2465-8 

Figure 8. Nibble Mode Read Cycle 

~c 
~AS 

HIGH-Z 

2465-9 

Figure 9. RAS Only Refresh Cycle 



NMOS 256K (64K x 4) Dynamic RAM 

CAS-Before-RAS Refresh Counter 
Test Cycle 

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

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

LH2465 

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

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

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

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

lilc 

l/01-1104 
HIGH-Z 

2461MO 

Figure 10. CAS Before RAS Refresh Cycle 

lilc 

lilco ~p 

NOTE: (WE:!: v,H (MIN.), OE s v,L (MAX.) 
2465-11 

Figure 11. Hidden Refresh Cycle 
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LH2465 NMOS 256K (64K x 4) Dynamic RAM 

CAS 

WE 
(write) 

OE 
(write) 

110,-110. 
(write) 

WE 
(read) 

OE 
(read) 

uo, -1/04 
(read) 

~TC 

~SH 

VALID DATA-OUT 

Figure 12. CAS Before RAS Refresh Counter 
Test Cycle 

ORDERING INFORMATION 

LH2465 
Device Type 

x -## 
Package Speed 

~p 

WRITE 
OPERATION 

READ 
OPERATION 

2465-12 

LG~ ~~: Access Tlme (os) 

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

'-------------- NMOS 256K (64K x 4) Dynamic RAM 

Example: LH2465-12 (NMOS 256K (64K x 4) Dynamic RAM, 120 ns, 18-pin, 300-mil DIP) 
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LH604256 
FUNCTION 

• 262, 144 Words x 4-Bit Dynamic RAM 

• Access times: 801100 ns (MAX.) 

• Power supply: +5V ± 10% 

• Power consumption (MAX.): 
Operating: 374/340 mW 
Standby: 37 4/340 mW 

• TTL compatible 1/0 

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

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

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

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

CMOS 1 M (256K x 4) Dynamic RAM 

DESCRIPTION 

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

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

PIN CONNECTIONS 

TOP VIEW 
20-PIN DIP 

l/01 1• Vss 

l/02 2 l/04 

WE 3 l/03 

RAS 4 CAS 

NC 5 OE 

Ao 6 As 
A1 7 A1 

~ 8 As 
A3 9 As 

Vee ~ 

26-PINSOJ 20-PINZIP 

1101 1• Vss 
l/02 2 l/04 OE fl :~ CAS 
WE 3 l/03 l/01 !!l :~ l/04 

RAS 4 CAS Vss ~l :~ l/03 ~c 5 OE l/02 ~l 1fl WE 
RAS Q! fl NC 

Ao )! :c Ai 
As 

~ ~ [ A3 
A1 Voo !;! !( ~ 
As As j! !( As 
As A1 ~ ~ As 
~ 

804256-1 

Figure 1. Pin Connections for DIP, SOJ, 
and ZIP Packages 
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LH604256 

CAS 

COLUMN 

TIMING 
GENERATOR 

ADDRESS t------·---.. 
BUFFER 

INTERNAL 
ADDRESS i-----1 
COUNTER 

REFRESH 
CONTROL 

CLOCK 

ROW 
ADDRESS 
BUFFERS 

ROW WORD 
DECODERS DRIVERS 

'----iON CHIP V88 

MEMORY 
CELLS 

CMOS 1 M (256K x 4) Dynamic RAM 

TIMING 
GENERATOR 

WRITE 
CLOCK 

GENERATOR 

1/0 
SELECTION 

OUTPUT 
BUFFER 

604256-2 

Figure 2. LH604256 Block Diagram 

PIN DESCRIPTION 

PIN NAME FUNCTION PIN NAME FUNCTION 

Ao-As Address input WE Write enable 

RAS Row address strobe Vee Power supply (+5 V) 

CAS Column address strobe Vss Ground (0 V) 

001 -DQ4 Data input/output NC No connection 

OE Output enable 
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CMOS 1 M (256K x 4) Dynamic RAM LH604256 

ABSOLUTE MAXIMUM RATINGS 
RATING SYMBOL CONDITIONS VALUE UNIT 

Voltatge on any pin relative to Vss VT TA· 25"C -1 to +7.0 v 
Short circuit output current los TA· 25"C 50 mA 

Power dissipation Po TA-25"C 1 w 
Operating temperature Topr Oto+70 ·c 
Strorage temperature Tstg -55 to +150 ·c 

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 4.5 5 5.5 v 
Vss 0 0 0 v 

Input high voltage V1H 2.4 6.5 v 
Input low voltage V1L -1 0.8 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS 
LH604256-80A LH604256-10A 

UNIT NOTE 
MIN. MAX. MIN. MAX. 

Output high voltage VoH loH= -5 mA 2.4 Vee 2.4 Vee v 
Output low voltage VOL IOL=4.2mA 0 0.4 0 0.4 v 

OVSV1S6.5 V 
Input leakage current lu all other pins not under -10 10 -10 10 µA 

test-OV 

Output leakage current I Lo 
Dour disable -10 10 -10 10 µA ovs Vos5.5 V 

Average power supply 
lee1 

RAS, CAS cycling 
75 65 mA 1 current (operating) tRC• min. 

Power supply current RAS-V1H TTL 2 2 mA 
lcc2 CAS-V1H 1 (standby) Dour-Hz MOS 1 1 mA 

Average ~er supply RAS cycling 
current (RAS only lee3 CAS·V1H 75 65 mA 1 
refresh) tRe• min. 

Average ~er supply 
~cycli!)g_ current (CAS before Ices 75 65 mA 1 

RAS refresh) CAS before RAS 

Average power supply RAS-V1L 
current (Fast page lcc7 CAScycling 65 60 mA 1 
mode) tpe-min. 

NOTE: 
1. Ice is dependent on output loading and cycle rates. Specif10d values are obtained with the outputs open. 

CAPACITANCE (Vee= 5v±10%, f = 1MHz, TA= 0 to 70"C) 
PARAMETER SYMBOL CONDITIONS TYP. MAX. UNIT 

Input capacitance 
Ao-As C1N1 - - 6 pF 

RAS,CAS,OE,WE C1N2 - - 7 pF 

Input/Output 1/01-1/04 CllO - 7 pF capacitance 
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LH604256 CMOS 1M (256K x 4) Dynamic RAM 

AC CHARACTERISTICS 1•2•3 (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL 
LH604256-80A LH604256·10A 

UNIT NOTE 
MIN. MAX. MIN. MAX. 

Refresh period IREF - 8 - 8 ms 

Random read or write cycle time IRc 160 - - - ns 

Read/write cycle time !Awe 215 - - - ns 

Fast page mode cycle time ""' 50 - - - ns 

Fast page mode read/write cycle time li>RMW 105 - - - ns 

Access time from RAS IRAc - 80 - 100 ns 4,5,6 

Access time from CAS lcAc - 20 - 25 ns 4,5 

Access time from column address tu - 40 - 50 ns 4,6 

Access time from CAS precharge fcPA - 45 - 50 ns 4 

Output low impedance time from CAS fcLZ 0 - 0 - ns 4 

Output buffer turn-off delay loFF 0 20 0 20 ns 

Transition time tr 3 50 3 50 ns 3 

RAS precharge time IRP 70 - 80 - ns 

RAS pulse width IRAs 80 10,000 100 10.000 ns 
RAS pulse width (Fast page mode cycle only) lRAsp 80 100,000 100 100,000 ns 

RAS hold time tRSH 20 - 25 - ns 

CAS precharge time (Fast page mode cycle only) fcp 10 - 10 - ns 

CAS pulse width lcAS 20 10,000 25 10,000 ns 
CAS hold time fcSH 80 - 100 - ns 

RAS to CAS delay time IRco 22 60 25 75 ns 5 

RAS to column address delay time IRAo 17 40 20 50 ns 6 

CAS to RAS precharge time fcRP 10 - 10 - ns 

Row address set-up time fAsR 0 - 0 - ns 

Row address hold time IRAH 12 - 15 - ns 

Column address set-up time !Ase 0 - 0 - ns 

Column address hold time fcAH 15 - 20 - ns 

Column address hold time from RAS IAR 60 - 75 - ns 

Column address to RAS lead time IRAL 40 - 50 - ns 

Read command set-up time IRcs 0 - 0 - ns 

Read command hold time tRCH 0 - 0 - ns 8 

Write command hold time from RAS twcR 60 - 75 - ns 

Write command set-up time twcs 0 - 0 - ns 7 

Write command hold time lwcH 15 - 20 - ns 

Write command pulse time lwP 15 - 20 - ns 

Write command to RAS lead time IRwL 20 - 25 - ns 

Write command to CAS lead time fcWL 20 - 25 - ns 

Data-in set-up time tos 0 - 0 - ns 

Data-in hold time loH 15 - 20 - ns 

Data-in hold time from RAS loHR 60 - 75 - ns 

CAS to WE delay lcwo 50 - 60 - ns 7 

RAS to WE delay IRwo 110 - 135 - ns 7 

Column address to WE delay time IAwo 70 - 85 - ns 7 

Read command hold time referenced to RAS IRRH 10 - 10 - ns 8 

RAS to CAS set-up time (CAS before RAS) fcsR 10 - 10 - ns 

RAS to CAS hold time (CAS before RAS) !cHR 30 - 30 - ns 

CAS active delay from RAS precharge tRPC 10 - 10 - ns 

CAS precharge time( Refresh counter test) fcPT 40 - 50 - ns 

CAS precharge time· fcPN 10 - 15 - ns 

RAS hold time referenced to OE IROH 20 - 20 - ns 

Access time from OE loEA - 20 - 25 ns 

OE delay time loEO 20 - 25 - ns 

OE to data output buffer turn-off delay loEZ 0 20 0 25 ns 

OE command hold time loEH 20 - 25 - ns 

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

NOTES: 
1. An ini~use of 100 J.IS is required after power-up followed by 

any 8 RAS cycles. (Examples: RAS only Refresh cycle) before 
proper device operation is achieved. 

2. The AC characteristics assume at tr = 5 ns. 
3. VtH (MIN.) and VtL (MAX.) are reference levels for measuring of 

input signals. Also, transition times are measured between VtH 
andVtL. 

4. Measured with a load circuit equivalent to 2TIL + 100 pF. 
5. Operation within the IRCo (MAX.) limit insures that !RAC (MAX.) 

can be met. IRCD (MAX.) is specified as a reference point only; 
if IRCD is greater than the specified IRco (MAX.) limit, then acx:ess 
time is controlled exclusively by lcAc. 

li!AS 

RAS 
V1H-
V1L-

lcsH 

CAS V1H-
V1L-

Ao-As V1H-
V1L-

WE 
V1H-
V1L-

OE 
V1H-
V1L-

V01 - l/04 ~OH -
OL-

Flgure3. 

LH604256 

6. Operation within the !RAO (MAX.) limit insures that IRAc (MAX.) 
can be met IRAD (MAX.) is specified as a reference point only; 
if IRAD is greater than the specified IRAo (MAX.) limit, then access 
time is controlled exclusiviely by IAA. 

7. twcs, !cwt., IRwo. and IAwo are not restrictive operating parame
ters. They are included in the data sheet as electrical charac
teristics only; if twcs <: twcs (MIN.), the cycle in an early write 
cycle and the data out pin will remain open circuit (high-imped
ance) throughout the entire cycle; if tcwo <: tcwo (MIN.), IRWD <: 
IRwo (MIN.) and IAwo <: IAwo (min.), the cycle is read/write cycle 
and the data out will contain data read from data out (at access 
time) is indeterminate. 

8. Either tRRH or tRCH must be satisfied for a read cycle. 

lilP 

lcnP 

lilsH 
lcAs 

604256-3 

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

Iii 
IRAs fiip 

RAS 
V1H-
V1L-

lcRP 

lcsH 

fiisH 

CAS V1H-
V1L-

lcAS 

Ao·Aa V1H-
V1L-

WE 
V1H-
V1L-

OE 
V1H-
VIL -

l/01 • l/04 V1H-
V1L-

604256-4 

Figure 4. Write Cycle (Early Write) 

liic 
fiiAS !RP 

RAS 
V1H-
V1L-

lcRP 

lcsH 

CAS V1H-
V1L-

Ao·Aa V1H-
V1L-

WE 
V1H-
V1L-

OE 
V1H-
V1L-

1/01 -1104 V1H-
V1L-

604256-5 

Figure 5. Write Cycle (OE Control) 
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CMOS 1 M (256K x 4) Dynamic RAM LH604256 

RAS 
V1H-
V1L-

CAS 
V1H-
V1L-

Ao-Aa V1H-
V1L-

WE 
V1H-
V1L-

OE 
V1H-
V1L-

l/01-l/04 vi/OH -
vl/OL -

Figure 6. Read/Write, Read-Modify-Write Cycle 

CAS 
V1H-
V1L-

Ao-Aa V1H-
V1L-

WE 
V1H-
V1L-

OE 
V1-1-
VL-

V01-l/04 VOH-
VoL-

Figure 7. High Speed Page Mode Read Cycle 
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LH604256 

NOTE: OE • Doni care 

RAS 
V1H-
V1L-

CAS 
V1H-
V1L-

Ao-Aa V1H-
V1L-

WE 
V1H-
V1L-

OE 
V1H-
V1L-

110,-1/04 V1H -
V1L -
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CMOS 1 M (256K x 4) Dynamic RAM 

Figure 8. High Speed Page Mode Write Cycle (Early Write) 

Figure 9. High Speed Page Mode Write Cycle 
(OE Control) 
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CMOS 1 M (256K x 4) Dynamic RAM 

CAS 
V1H-
V1L-

Ao-As V1H-
V1L-

WE 
VIH-
V1L-

OE 
V1H-
V1L-

V1H
Ao-Aa VIL -

NOTES: WE, OE • Don't care 

SHARP 

Figure 10. High Speed Page Mode Read/Write Cycle 

IRAs 

lcRP 

Figure 11. RAS Only Refresh Cycle 

LH604256 

604256-11 
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LH604256 CMOS 1M (256K x 4) Dynamic RAM 

~p ~p 

~AS 

RAS 

lcHR 

CAS 

VoH-1101 - 1104 Vol ____ __,, 
OPEN 

NOTE: WE, OE, ~ - Ag • Don't care 604256-12 

Figure 12. CAS Before RAS Refresh Cycle 

RAS V1H-
V1l-

fcHR 

CAS V,H-
V1l-

~-As 
V1H-
V1l-

WE 
V1H-
V1l-

OE 
V,H-
V1l-

l/01-1104 VoH-
Vol- VALID DATA-OUT 

604256-13 

Figure 13. Hidden Refresh Read Cycle 
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CMOS 1 M (256K x 4) Dynamic RAM LH604256 

~ 
'iw; 

V1H- ~ 
RAS Vil-

'ilco 'i!SH 

CAS 
V1H-
Vil-

Ao-As 
V1H-
Vil-

WE 
V1H-
Vil-

OE 
V1H-
Vil-

l/01-1104 VoH-
Vol-

604256-14 

Figure 14. Hidden Refresh Write Cycle 
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RAS 
V1H-
V1L-

CAS 
V1H-
V1L-

Ao-As ~H-
IL-

WE 
V1H-
V1L-

OE 
V1H-
V1L-

ll0,-1104 VoH-
VOL-

WE 
V1H-
V1L-

OE 
V1H-
V1L-

110,-1104 V1H -
V1L -

1/01.1/04 VVvo1r 
VOL-

CMOS 1 M (256K x 4) Dynamic RAM 

Figure 15. CAS Before RAS Refresh Counter 
Test Cycle 

604256-15 
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CMOS 1 M (256K x 4) Dynamic RAM 

ORDERING INFORMATION 

LH604256 X _:.!!!L 
Device Type Package Speed 

~10A 100 I I f 5oA 80 Access Time (ns) 

l------------ CDM200S·p
1
inM, 3(

2
0
5
0
6
-mKixl D

4
1)PD(yDnlaPm20ic-PR-3AOMOA) 

'--------< K 20-pin, 300-pin SOJ (SOJ20-P-300) 
z 20-pin, 400-mil ZIP (ZIP20-P-400) 

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

SHARP 

LH604256 

604256-18 
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LH64258 
FEATURES 

• 262, 144 x 4 bit organization 

• Access times: 100/120 ns (MAX.) 

• Cycle times: 160/190 ns (MIN.) 

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

• Power supply: +5 V ± 10% 

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

• TTL compatible 1/0 

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

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

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

• Packages: 

2-48 

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

CMOS 1 M (256K x 4) Dynamic RAM 

DESCRIPTION 
The LH64258 is a 262, 144 word x 4 bit dynamic 

RAM which provides a static column mode operation. 

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

PIN CONNECTIONS 

20-PIN DIP TOP VIEW 

l/01 1• 20 Vss 

I~ 2 19 1104 

WE 3 18 l/03 

RAS 4 17 cs 
NC 5 16 OE 

Ao 6 15 Ae 
Ai 7 A1 

Az 8 Ae 
A3 9 As 

Vee 11 ~ 

26-PIN SOJ 20-PINZIP 

l/01 1• Vss 
I~ 2 l/04 
WE 3 l/03 

RAS 4 cs 
NC 5 OE 

84258-1 

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



CMOS 1 M (256K x 4) Dynamic RAM 

OECLOCK 1--~~~~~~~ 
GENERATOR 

RNtlCLOCK 
GENERATOR 

CS CLOCK 
GENERATOR 

RAS CLOCK 
GENERATOR1--~-+---~1--~--. 

NOTE: The pin numbers apply to 20-pin DIP. 

MEMORY 
ARRAY 

1,048,576 BITS 

ROW 
DECODER 

Figure 2. LH64258 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL 

Ao-Aa Address input OE 

RAS Row address strobe l/01 - l/04 

cs Chip Select Vee 

WE Write enable Vss 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vr -1.0to +7.0 v 1 

Output short-circuit current lo 50 mA 

Power consumption Po 1.0 w 
Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -55 to +150 ·c 

NOTE: 
1. Referenced to Vss 

~ 
(.!) 

~ 
a.: 
:::;; 
< 
w 
Cl) 
z w 
Cl) 

IC w 
0 

8 w 
0 
z :::;; 
::> .... 
0 
0 

Vee 
GENERATOR 

PIN NAME 

Output enable 

Data inpuUoutput 

Power supply (+5 V) 

Power supply (0 V) 

LH64258 

Vss 

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

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Supply voltage 
Vee 4.5 5.0 5.5 v 
Vss 0 0 0 

Input voltage 
V1H 2.4 6.5 v 
V1L -1.0 0.8 

NOTE: 
1. Referenced to Vss 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL 

Average supply current LH64258-10 
lcc1 in normal operation LH64258-12 

Average supply current in standby mode lcc2 

Average supply current LH64258-10 
Ices in the static column mode LH64258-12 

Average supp~ASrrent LH64258-10 
in CS" before ICC4 
refresh cycle LH64258-12 

Average supply current LH64258-10 
Ices in RAS only refresh cycle LH64258-12 

Input leakage current 0 Vs V1N:S6.5 V 
IL1 O Von all other pins 

Output leakage current o V s Vour s 6.5 V 
I Lo Output in high-impedance state 

Output "High" voltage lour=-5 mA VoH 

Output "Low• voltage lour•4.2 mA VOL 

NOTES: 
1. The output pins are in high-impedance stale. 

2. lcc1. ICC3, ICC4 and Ices depend on the cycle time. 
3. Cycle time: 190 ns (LH64258-10), 220 ns (LH64258-12). 

Figures in parenthesis indicalll current under minimum cycle time operation. 
Address transition is occurs when RAS = V1H and RAS = V1L. 

lllN. 

-
-
-
-
-
-
-
-
-
-10 

-10 

2.4 

-

CAPACITANCE (Vee= 5v±10%, TA= 0 to +70°C, f = 1MHz) 
PARAMETER SYMBOL MIN. TYP. MAX. 

A1 -A1 C1N1 - 5 

Input capacitance Ao.As CIN2 - 8 

OE.CS C1N3 - 8 

RAS",WE C1N4 - 5 

Input/Output 1/01-1/04 Cour1 - 10 capacitance 

2·50 

1 

1 

1 

llAX. UNIT NOTE 

68(80) 
mA 1,2,3 

62(68) 

2.0 mA 1 

60 
mA 1, 2 

55 

68(80) 
mA 

62(68) 
1,2, 3 

68(80) 
mA 1, 2, 3 

62(68) 

10 µA 

10 µA 

- v 
0.4 v 

UNIT 

pF 

pF 

pF 

pF 

pF 



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

AC ELECTRICAL CHARACTERISTICS 1• 2• 3• 4 (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL 
LH64258-10 LH64258-12 

UNIT NOTE 
MIN. MAX. MIN. MAX. 

(1) READ CYCLE 

Random read or write cycle time IAC 160 190 ns 

Access lime from RAS i...., 100 120 ns 7 

Access time from CS IAcs 25 30 ns 7 

Access lime from column address !AA 50 60 ns 7 

Access time from OE foEA 25 30 na 7 

Row address sat-up time IAsR 0 0 ns 

Row address hold time liwt 15 15 ns 

Column address delay time (RAS) """' 20 50 20 60 ns 5 

Column address lead time (RAS) IRAL 50 60 ns 
Column address hold time (RAS) IN<R 15 15 ns 

RAS pulse width IRAs 100 10,000 120 10,000 ns 

RAS precharge time ""' 50 60 ns 

CS precharge time (RAS fall) lcRP 0 0 ns 
CS delay time (RAS) IRco 25 75 35 90 ns 6 

CS lead time (RAS) """- 25 30 ns 

OE command RAS lead time IRoL 0 0 ns 

Output data disable time (CS) foFF 25 30 ns 

Output data disable time (OE) loez 25 30 ns 

Output data hold time (address) i..o.. 5 5 ns 

Output data hold time (CS) lsoH 0 0 ns 

Output data hold time (OE) looH 0 0 ns 

Read command set-up time (CS) IACs 0 0 ns 

Read command hold time (CS) IACH 10 10 ns 8 

Read command hold time (RAS fall) IRRHN 110 130 ns 8 

Read command hold time (RAS rise) IRRHP 10 10 ns 8 

Transition time (rise and fall) Ir 3 35 3 35 ns 

Refresh time interval IREF 8 8 ms 

(2) STATIC COLUMN MODE READ CYCLE 

Static column mode cycle time lac 55 65 ns 

Column address hold time (RAS) IAR 100 120 ns 

(3) WRITE CYCLE (EARLY WRITE) 

Column address sat-up time (CS) IAsc 0 0 ns 

Column address hold time (CS) lcAH 20 20 ns 
Write command set-up time (CS) IWcs 0 0 ns 9 

Write command hold time (CS) lwctt 15 20 ns 

Data input sat-up time tos 0 0 ns 

Data input hold time IDH 20 20 ns 

Write pulse width (CS) lwP 15 20 ns 

(OE CONTROL WRITE) 

CS sat-up time (WE) lcws 0 0 ns 9 

CS hold time (WE) lcwH 15 20 ns 

Write command lead time (RAS) t..,,L 30 40 ns 

Write pulse width (WE) lwP 15 20 ns 

OE hold lime (WE) foEH 20 20 ns 10 

Column address sat-up time (WE) IAsw 0 0 ns 

Column address hold time (WE) lwAH 20 20 ns 

See next page for no-. 
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LH64258 CMOS 1 M (256K x 4) Dynamic RAM 

PARAMETER SYMBOL 
LH64258-10 LH64258-12 

UNIT NOTE 
MIN. MAX. MIN. MAX. 

(4) READ-WRITE CYCLE 

Read-write cycle time IAWC 225 270 ns 
WE delay time (RAS) IRwo 135 160 ns 
Column address delay time (WE) IAwD 85 100 ns 
WE delay time (CS) lcwD 60 70 ns 
OE delay time loeD 25 30 na 

(5) STATIC COLUMN llODE WRITE CYCLE 

WE inactive time l\M 10 15 ns 
CS inactive time "" 10 15 ns 
CS set-up time (WE) lcws 15 20 ns 11 

Write command delay time (RAS) IRWDt 100 120 na 

(6) CS-BEFORE-RAS REFRESH CYCLE/HIDDEN REFRESH CYCLE 

CS set-up time (RAS) lcsR 0 

CS hold time (RAS) fcHR 20 

CS precharge time (RAS rise) IRPcP 10 

WE precharge time (RAS) lwRP 0 

CS precharge time (RAS fall) IRcPN 100 

NOTES: 
1. For proper operation, at least 500 J.IS of pause time after power-on 

followed by several initialization cycles (usually 8 ordinary refresh 
cycles) should be given. 

2. AC characteristics assume tr = 5 ns. (tr refers to the transition 
time between V1H and V1L.) 

3. Timing measurements are referenced to V1H (MIN.) and VL 
(MAX.). 

4. Ice when power on depends on RAS input level. 
If RAS = V1L when power on, LSI goes into an active cycle and 
may have a large current Ice. It is recommended to rise RAS 
with Vee or fix at V1H, when power on. 

5. tRAD (MAX.), is the maximum point for IRAD where IAA (MAX.) is 
ensured, and does not represent a limit of operation. 
If tRAD ~ IRAo (MAX.), the access time comes under the control 
of !AA. 

2-52 

0 ns 

25 ns 
10 ns 

0 ns 

120 ns 

6. tRCD (MAX.) is the maximum point for tRCo where IAcs (MAX.) is 
ensured, and does not represent a limit of operation. 
If tRCo ~ IRCo (MAX.), the access time comes under the control 
of IAcs. 

7. 2TTL + 100 pF load 
8. The operation is ensured when either tRCH or IRRH is satisfied. 
9. twcs, tcws are not restrictive operating parameters. If twcs ~ 

twcs (MIN.), the cycle is an early write cycle and the data out 
buffers remain inactive throughout entire cycle. 

10. loeH is required to keep l/O pin floating. 
When OE goes "Low" with CS = "Low" and WE = "High", 110 pin 
is used to output data as written. 

11. tcws is not restricliwi operating parameter. When tcws :s; fews 
(MIN.), it may come into early write cycle. 



CMOS 1 M (256K x 4) Dynamic RAM 

NOTE: OE - Don't care 

lmHN 

liico 

liiAL 

COLUMN 
ADDRESS 

----------------41 VALID DATA-1>---- -VoH 
OUT -Vol 

RAS 

Ao-Aa 

WE 

Figure 3. Read Cycle 

-VIH 

..,;..;;;,;;,;..;;;~ "-l"--:.1.~.lL....l~~.lL....l~:..J. -yll 

-VIH 

__......._..._.....,.,....__,,. "-----" "-'._......._..._.,._..."""-...._..._.,_ -VIL 

Figure 4. Write Cycle (Early Write) 

LH64258 

64258-3 

642~ 
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LH64258 

WE 

110, -110. 

RAS 

WE 

OE 

1101 -1104 
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CMOS 1M (256K x 4) Dynamic RAM 

Figure 5. Write cycle (OE Controlled Write) 

liiwo 

liiwc 

COLUMN 
ADDRESS 

-V1H 

I'--+------+--..._!------ -VIL 

-V1H 

-VIL 

-VIH 

-VIL 

Figure 6. Read/Write Cycle 

64258-5 

64258-8 
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CMOS 1 M (256K x 4) Dynamic RAM 

COLUMN 
ADDRESS 

COLUMN -V1H 
~==:J Jl._..:.;A::::DD:::R.::E:.::S;::.S _J "_,.._ ........ ......,.-"-I.............. - VIL 

-VIH 

---+---------------.------------ -VIL 

Ao·Ae 

NOTE: OE = Don't care 

VALID 
DATA-OUTN 

Figure 7. Static COiumn Mode Read Cycle 

Figure 8. Static COiumn Mode Write Cycle (Early Write) 

LH64258 

842511-7 
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LH64258 

RAS 

Ao-Aa 

vo,-110. 
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CMOS 1 M (256K x 4) Dynamic RAM 

Figure 9. Static Column Mode Write Cycle 
(OE Control Write) 

-VIH 
-VIL 

-VIH 
-VIL 

-VIH 
------VIL 

-V1H 
,._.._........_..._. ...... -VIL 

COLUMN -V1H 
i---AD_D_R_E_ss __ _, .. _....""'+-' ....... -v,L 

-VIH 

l'-+----++-...._-+-1"----++--+------ -VIL 

-VIH 
-----VIL 

-V1H 
1'..::==.JI "'-"-"-"_._-VIL 

Figure 10. Static Column Mode Read/Write Cycle 
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CMOS 1 M (256K x 4) Dynamic RAM LH64258 

-VIH 
-VIL 

-V1H 
-VIL 

-V1H 
-VIL 

WE -V1H 
-VIL 

-V1H 
-VIL 

loFF 
loez 

-V1H 
-VIL 

VALID DATA-OUT 

64258-11 

Figure 11. Hidden Refresh Cycle 

lilc 

Ao-As 

NOTE: CS -"H" WE, OE = Don't care 
642511-12 

Figure 12. RAS Only Refresh Cycle 

lilc 

RAS 

NOTE: WE, OE, Ao-As = Don't care 
642511-13 

Figure 13. CS Before RAS Refresh Cycle 
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LH64258 CMOS 1 M (256K x 4) Dynamic RAM 

ORDERING INFORMATION 

LH64258 
Device Type 

_x_ 
Package 

-## 
Speed 

y~g ~gg Access Time (ns) 

D 20-Pin, 300-mil DIP (DIP20-P-300A) 
'--------< K 26-Pin, 300-mil SOJ (SOJ26-P-300) 

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

~----------- CMOS 1M(256Kx4) Dynamic RAM 

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

2·58 

64258-14 
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LH64400 
FEATURES 

• 1,048,576 x 4 bit organization 

• Access times: 80/1 00 ns (MAX.) 

• Cycle times: 1401160 ns (MIN.) 

• Cycle time in high speed page mode: 
50/55 ns (MIN.) 

• Power supply: +5 V ± 10% 

• Power consumption (MAX.): 
Operating: 523/468 mW (MAX.) 
Standby: 5.5 mW (MAX.) 

• TTL compatible 110 

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

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

• 8-bit parallel test mode 
(contact SHARP for details) 

• 1,024 refresh cycle 
(refresh period (MAX.) = 16 ms) 

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

(normal/reverse bend pins) 

DESCRIPTION 
The LH64400 is a 1,048,576 x 4 bit dynamic RAM 

which provides a high speed page mode operation. 

The LH64400 is fabricated using advanced CMOS 
process technology. With multiplexed address inputs 
and standard 20-pin DIP/ZIP or 26-pin SOJ/TSOP pack
ages, it is easy to comprise memory systems with high 
speed, low power consumption and large memory 
capacity. The LH64400 operates on a single +5 V power 
supply. The built-in high output substrate bias generator 
circuit eliminates sensitivity to undershoot on the input 
signals. 

PRELIMINARY 
CMOS 4M (1 M x 4) Dynamic RAM 

PIN CONNECTIONS 

20-PINDIP 
TOP VIEW 

llO, 1• Vss 
2 l/04 

3 1'°3 
RAS 4 CAS 

Ag 5 

Ao 6 Ag 

A, 7 ,., 
"2 8 Ag 

As 9 As 
Vee A,, 

26-PIN SOJ 20-PINZIP 

1• Vss 
2 l/04 OE fl [~ CAS 
3 l'°3 1'°3 ~l :~ 110, 
4 CAS Vss ~= [~ 110, 5 OE l'°2 t: 

RAS ~= 
Ao )] 

9 Ag "2 ~= 
10 A1 Vee f( 
11 Ag As i! 
12 As A1 ~ 
13 A,, 

26-PINTSOP 26-PINTSOP 
(NORMAL BEND) (REVERSE BEND) 

1103 1• Vss •1 1103 
~ 2 llO, 2 l/04 
WE 3 l/02 3 WE 

RAS 4 CAS 4 RAS 
NC 5 OE 5 NC 

Ao 9 Ag 9 Ao 
A, 10 A1 10 A, 
"2 11 Ag 11 "2 
~ 12 As 12 A3 

Vee 13 A,, 13 Vee 

8440().1 

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

vo, l/04 

OE CLOCK 
GENERATOR Vee 

GENERATOR 

R/WCLOCK 
GENERATOR 

CASCLOCK 
CAS GENERATOR 

Vss 

~ a: w 
CJ c 

RAS CLOCK MEMORY !!2 8 
ARRAY n.: w 

GENERATOR c 
4,194,304 ::E z 

BITS < ::E w ::> 
(/) ....I z 8 ROW w 
(/) 

ADDRESS 
BUFFER 

ROW 
DECODER 

A, 

NOTE: The pin n11mbers apply to 20-pin DIP. 

Figure 2. LH64400 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-As Address input OE Output enable 

RAS Row address strobe 1101 -1/04 Data input/output 

CA'S' Column address strobe Vee Power supply (+5 V) 

WE Write enable Vss Power supply (0 V) 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vr -1.0to+7.0 v 1 

Output short circuit current los 50 mA 

Power consumption Po 1.0 w 
Operating temperature Topr Oto+70 •c 
Storage temperature Tstg -55to+150 •c 

NOTE: 
1. Referenced to Vss 
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CMOS 4M (1 M x 4) Dynamic RAM PRELIMINARY LH64400 

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Supply voltage 
Vee 4.5 5.0 5.5 v 1 

Vss 0 0 0 v 
Input voltage V1H 2.4 6.5 v 1 

V1L -1.0 0.8 v 1 

NOTE: 
1. Referenced to Vss 

DC CHARACTERISTICS (TA= 0 to +70°C, Vee= 5v±10%) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Average supply current LH64400-80 
lcc1 

- 95 
mA 1, 2, 3 in normal operation LH64400-10 - 85 

Supply current in standby mode lcc2 - 1.0 mA 1 

Average supply current LH64400-80 
lcc3 

- 70 
mA 1, 2 in high speed page mode LH64400-10 - 60 

Average supply current LH64400-80 - 95 
in CAS before RAS Ices mA 1,2, 3 
refresh cycle LH64400-10 - 85 

AvRA~e supply current LH64400-80 
ICC7 

- 95 
mA 1,2,3 in only refresh cycle LH64400-10 - 85 

Input leakage current 0 V S V1N S 6.5 V 
lu -10 10 µA O V on all other pins 

Output leakage current o V s Vour s 6.5 v 
lo -10 10 µA Output in high-impedance state 

Output "High" voltage lour--5 mA VOH 2.4 - v 
Output "Low• voltage lour=4.2 mA VoL - 0.4 v 

NOTES: 
1. The output pins are in high-impedance state. 
2. lcc1, ICC3, Ice& and ICC? depend on the cycle time. 
3. Address transition occurs when RAS = V1H and RAS = V1L 

CAPACITANCE (Vee= 5v±10%, TA= 0 to 70°C, f = 1MHz) 
PARAMETER SYMBOL MIN. MAX. UNIT 

NJ-~ C1N1 - 5 pF 
Input capacitance RAS,CAS C1N2 - 5 pF 

WE,OE C1N3 - 5 pF 

lnpuVoutput capacitance V01 -V04 Cour1 - 7 pF 
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LH64400 PRELIMINARY CMOS 4M (1 M x 4) Dynamic RAM 

AC CHARACTERISTICS 1•2•3•4 (TA= 0 to +70°C, Vee= 5v±100/0) 

PARAMETER SYMBOL 
LH6440o-80 LH64400.10 

UNIT NOTE 
lllN. MAX. lllN. llAX. 

(1) READ CYCLE 

Random read/WrilB cycle time !AC 140 160 ns 
Access time from RAS """ 80 100 na 7 
Access time from CAS lcAc 25 30 na 7 
Access time from column address t.A 40 50 ns 7 
Access time from OE loEA 20 25 ns 7 
Row address setup time t.sA 0 0 ns 
Row address hold time trw. 10 15 na 
Column address setup time IAsc 0 0 ns 
Column address delay time (RAS) - 15 40 20 50 na 5 
Column address lead time (RAS) IRAL 40 50 ns 
Column address hold time (RAS) lcNi 15 20 na 
RAS pulse width IRAS 80 10,000 100 10,000 ns 
RAS precharge time ""' 50 50 na 
CAS precharge time (RAS fall) lcFIP 0 0 ns 
CAS delay time (RAS) IACo 20 55 25 70 ns 6 
CAS lead time (RAS) IRsL 25 30 ns 
OE command RAS lead time IRot. 0 0 ns 
OUtput data disable time (CAS) loFF 20 25 ns 
OUtput data disable time (OE) loEZ 20 25 ns 
CAS pulse width lcAs 25 10,000 30 10,000 na 
CAS hold time lcSH 80 100 ns 
Output data hold time (CAS) """' 0 0 ns 
OUtput data hold time (OE) looH 0 0 ns 
Read command setup time IACs 0 0 ns 
Read command hold time (C~ IAcH 10 10 ns 8 
Read command hold time (R~rise) IRAli 10 10 ns 8 
Transition time (rise and fall) Ir 3 50 3 50 ns 
Refresh time interval IAEF 16 16 ms 

(2) HIC3H SPEED PAC3E MODE READ CYCLE 

High speed page mode cycle time IPC 50 55 ns 
CAS precharge time lcP 10 10 ns 
CAS precharge access time (CAS rise) lcAcP 45 50 ns 7, 10 
RAS pulse width !RASP 80 10,000 100 10,000 ns 
High speed page mode read write cycle time 1PRWC 105 115 ns 11 

(3) WRITE CYCLE EARLY WRITE) 
Data Input setup time los 0 0 ns 
Data input hold time loH 15 15 ns 
Write command set-up time IWcs 0 0 ns 9 
Write command hold time lwcH 10 15 ns 

(OECONTRO~ 

CAS set-up time (WE) lcws 0 0 ns 9 
Write command lead time (RAS) IANL 20 25 ns 
Write command lead time (CAS) lcwL 20 25 ns 
Write pulse width (WE) lwP 15 15 ns 
OE hold time (WE) loEH 20 20 ns 

(4) READ-WRITE CYCLE 

Read-write cycle time IANc 195 225 ns 11 
WE delay time (RAS) IRWD 110 135 ns 11 
Column address delay time (WE) IAwD 70 85 ns 11 
WE delay time (CAS) lcwo 55 65 ns 11 
OE delay time loeo 20 25 ns 

(5) CAS BEFORE RAS REFRESH CYCLE/HIDDEN REFRESH CYCLE 
CAS set-up time (RAS) lcsR 0 0 ns 
CAS hold time (RAS) lcHR 20 20 ns 
RAS/CAS precharge time (RAS rise) IRPC 10 10 ns 
WE precharge time (RAS) lwRP 0 0 ns 
WE/RAS hold time lwRH 10 10 ns 
CAS precharge time (RAS fall) lcPN 10 10 ns 

• See next page for notes. 
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CMOS 4M (1 M x 4) Dynamic RAM PRELIMINARY LH64400 

NOTES: 
1. For prcper operation, at least 200 µs of pause time after power-on 

followed by several initialization cycles (usually 8 ordinary refresh 
cycles) should be giwn. 

2. AC characteristic assume tr = 5 ns. (tr refers to the transition 
time between V1H and V1L.) 

3. Timing measurements are referenoed to V1H (MIN.) and V11. 
(MAX.). 

4. Ice when power on depends on RAS input lewl. 
If RAS= V1L when power on, LSI goes into an actill9 cycle and 
may have a large current Ice. It is recommended to rise RAS 
with Vee or fix at V1H when power on. 

5. tRCD (MAX.), is the maximum point for tRAo where IAA (Max.) is 
ensured, and does not represent a limit of operation. 
If tRAD <: tRAD (MAX.), the access time comes under the control 
of IAA. 

lilAs 

RAS ll 
tcsH 

CAS lilcs ~ 

~D ~ 
tRAD 

i::~ 
~ ROW 

ADDRESS 

WE J 
OE 

~AC 

6. tRCD (MAX.), is the maximum point for tRAD where tcAC (MAX.) 
is ensured, and does not represent a limit of operation. 
If IRco <: IRCD (MAX.), the acoess lime will come under the control 
of tcAC. 

7. 2TTL + 100 pF load. 
8. The operation is ensured when either tRCH or tRRH is satisfied. 
9. twcs is not a restrictiw operating parameter. It comes into early 

write cycle with the WE= "Low" at the falling edge of CAS. Then, 
1/0 pins remain inactive until the CAS = "High" irrespectiw of 
WE. 

10. If tcACP <: tcP + tcAC + IT. the access time depends upon lcAcP. 
11. tRWC, tRWo, ~wo. tcwo and tpRWC are not restrictive operating 

parameters. 

~p 

~ ~ 

_j 
IcAs lcRP 

~L 

tRAL 

COLUMN YJ ~ ADDRESS 

lcAH J 
~RH 

~OL ~ 
\. .1 

~ 
.i2! 

IAA lo~ 
lcAc looH 

VALID DATA-
OUT 

64400-3 

Figure 3. Read Cycle 

2-63 



LH64400 PRELIMINARY CMOS 4M (1 M x 4) Dynamic RAM 

IRC 

RAS 

lilco lilsL 

CAS 

lcAS 
lcsH 

lilAD IASc 

IAsR lilAH lcAH 

Ao-Ag 

lwcs 

WE 

NOTE: OE = Don't care 
64400-4 

Figure 4. Write Cycle (Early Write) 

RAS 

CAS 

WE 

OE 

64400-5 

Figure 5. Write Cycle (OE Control) 

2-64 SHARP 



CMOS 4M (1 M x 4) Dynamic RAM PRELIMINARY LH64400 

Figure 6. Read/Write Cycle 

RAS 

CAS 

Ao-Ag 

WE 

001-004 ---------------41 
84400-7 

Figure 7. High Speed Page Mode Read Cycle 

SHARP 2-65 



LH64400 

RAS 

RAS 

CAS 

Ao-Ag 

WE 

OE 
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PRELIMINARY CMOS 4M (1M x 4) Dynamic RAM 

IRAs 

Figure 8. High Speed Page Mode Write Cycle 

VALID 
DATA
OUT1 

VALID 
DATA

IN1 

VALID VALID 
DATA- DATA-
OUT2 IN2 

Figure 9. High Speed Page Mode Write Cycle 

VALID VALID 
DATA- DATA
OUTN INN 

64400-8 

64400-9 
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CMOS 4M (1 M x 4) Dynamic RAM 

OE 

1101-1104 

RAS 

Ao-Ao 

NOTE: CAS = "High"; WE, OE - Don't care 

RAS 

CAS 

WE 

NOTE: OE, Ao- Ag = Don't care 

PRELIMINARY 

VALID DATA-OUT 

Figure 10. Hidden Refresh Cycle 

Figure 11. RAS Only Refresh Cycle 

Figure 12. CAS Before RAS Refresh Cycle 

LH64400 

64400-10 

64400-11 

6440o-12 
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LH64400 PRELIMINARY CMOS 4M (1 M x 4) Dynamic RAM 

ORDERING INFORMATION 

LH64400 
Device Type 

_x_ 
Package 

-## 
Speed 

y~g ~~ Access Time (ns) 

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

---------< Z 20-pin, 400-mil ZIP (ZIP 20-P-400) 
S 26-pin TSOP (TSOP26-P-300 type II) Normal bend 
SR 26-pin TSOP (TSOP26-P-300 type II) Reverse bend 

------------CMOS 4M (1M x 4) Dynamic RAM 

Example: LH64400K-80 (CMOS 4M (1 M x 4) Dynamic RAM, 80 ns, 26-pin, 300-mil SOJ) 
&M00-13 
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LH5P832 
FEATURES 

• 32,768 x 8 bit organization 

• Access time: 
120 ns (MAX.) 

• Cycle time: 
190 ns (MIN.) 

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

• TTL compatible 1/0 

• 256 refresh cycle/4 ms 

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

• Self refresh is executed by internal timer 

• Single +5 V power supply 

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

DESCRIPTION 

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

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

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

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 

28-PINDIP TOP VIEW 
28-PIN SK-DIP 
28-PINSOP 

A14 1• Vee 

A12 2 Riii 
A1 3 26 A13 

As 4 25 Aa 
As 5 Aa 
A. 6 Au 

As 7 22 OEIRFSH 

~ 8 21 A10 

A1 9 20 CE 

Ao 1'°8 
l!Oy 

"°2 17 ''°• uo. 16 ''°" GND li04 

SP832-1 

Figure 1. Pin connections for DIP, SK-DIP, 
and SOP Packages 
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LH5P832 CMOS 256K (32K x 8) Pseudo-Static RAM 

Yee BIAS-GENERATOR 

1-----------i COLUMN 1---.. 
DECODER 

ROW 
DECOOER 

MEMORY 
ARRAY 

256ROWS 
128COl..UMNS 

VO 
SELECTOR 

SELF-REFRESH 
TIMER 

DATA 
IN 

BUFFER 

DATA 
OUT 

BUFFER 

Figure 2. LH5P832 Block Diagram 

PIN DESCRIPTION 
SIGNAL PIN NAME SIGNAL PIN NAME 

Rfll Read/Write input Aa-A14 Column Address inputs 

OEIRFSH Output Enable/Refresh input CE Chip Enable input 

V01-VOa Data inputs and outputs Vee Power supply 

Ao-A1 Row address inputs GND Ground 

TRUTH TABLE 

CE WE OE/RF SH MODE 110. -1/0a lee NOTE 

L L x Write Data in Operating (Ice) 1 

L H L Read Data out Operating (Ice) 

L H H CE-Only Refresh High-Z Operating (Ice) 

H x L Auto Refresh High-Z Operating 1, 2 

H x L Self Refresh High-Z Standby 1, 3 

NOTES: 
1. X = H or L 2. OE Pulsewidlh < 8 JJ.S 3. OE Pulsewidlh <: 8 JJ.S 

3-2 
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CMOS 256K (32K x 8) Pseudo-Static RAM LH5P832 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Applied voltage on any pin Vr -1.0to+7.0 v 1 

Output short circuit current lo 50 mA 

Power consumption Po 600 mW 

Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -55to+150 •c 

NOTE: 
1. Referenced to GND 

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage 

V1H 2.4 Vcc+0.3 v 
V1L -1.0 +0.8 v 

CAPACITANCE (Vee= 5.0v±10%, TA= 0 to +70°C, f = 1MHz) 

PARAMETER SYMBOL MIN. MAX. UNIT 

Input capacitance 
Ao-A14, RN/ C1N1 8 pF 

CE, OEIRFSH C1N2 5 pF 

lnpuUoutput capacitance l/01-1/0a Coun 12 pF 

DC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Operating current lcc1 tRe - 190 ns 55 mA 1 

Standby current lcc2 CE= V1H, OE/RFSH = V1H 3 mA 1 

Self refresh average current ICC3 CE • V1H, OE/RFSH • V1L 3 mA 

Input leakage current lu 0 V -S. V1N -S. 6.5 V -10 10 µA 

Output leakage current ILo o v -s. Vour -s. Vee + o.3 v -10 10 µA 1 

Output High voltage VOH lour= -1 mA 2.4 v 
.output Low voltage VoL lour= 4 mA 0.4 v 
NOTES: 
1. The output pins are in high-impedance state. 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.6to2.4 V 

Input rise/fall time 5ns 

Timing reference level 1.5V 

1TTL gate, CL= 100 pF 
Output load conditions (Includes scope and jig 

capacitance) 



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

AC CHARACTERISTICS 

READ AND WRITE CYCLES 1•2 (Vee= 5.0v±10%, TA= 0 to 70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Random read, write cycle time tRC 190 ns 

Read modify write cycle time tRMW 280 ns 

CE pulse width tcE 120 10,000 ns 

CE precharge time tp 60 ns 

Address setup time IA!; 0 ns 

Address hold time tAH 30 ns 

Read command hold time tRCH 0 ns 

Read command setup time tRCS 0 ns 

ct access time tcEA 120 ns 

OE access time toEA 50 ns 

CE to output in Low-Z tcLZ 10 ns 

OE to output in Low-Z toLZ 0 ns 

Output enable from end of write twLZ 0 ns 

Chip disable to output in High-Z tcHz 0 35 ns 2 
Output disable to output in High-Z toHZ 0 35 ns 2 
Write enable to output in High-Z twHz 0 35 ns 2 
OE setup time toES 10 ns 

OE hold time toEH 0 ns 

OE" lead time toEL 10 ns 

Write command pulse width twcP 85 ns 

Write command setup time twcs 85 ns 

Write command hold time twcH 85 ns 

Data setup time from write tosw 50 ns 

Data setup time from CE tosc 50 ns 

Data hold time from write toHW 0 ns 

Data hold time from ct toHC 0 ns 

Transition time (rise and fall) tr 3 35 ns 

Refresh time interval tREF 4 ms 

REFRESH CYCLE 

Auto refresh cycle time tfc 190 ns 

Refresh delay time from CE tRFD 60 ns 

Refresh pulse width (Auto refresh) tfAP 80 8,000 ns 

Refresh precharge time tfp 30 ns (Auto refresh) 

CE delay time from refresh active 
tFCE 225 ns (Auto refresh) 

Refresh pulse width (Self refresh) tFAS 8,000 ns 

CE delay time from refresh 
tFRS 225 ns precharge (Self refresh) 

NOTES: 
1. At least l.!!1s of pause time after power on should be given for proper devioe operation. 

CE and OE/RFSH must be fixed at V1H for 1 ms from the Voe 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. CLOAD = 5 pF. 
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CMOS 256K (32K x 8) Pseudo-Static RAM 

foEA 

VOH
l/01-l/Os VoL ----+---1--------------41 

OE/ V11-1-
RFSH V11.-

fcLZ 

Figure 3. Read Cycle 

lwcp 

Ip 

Rfii VH-

V11. - ---------~---------~1-1--H-----~ 

l/01 - I/Os VVIH - DATA. IN 
IL-

Figure 4. Write Cycle 

SHARP 

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

I~:~= 
1101 -1/08 

L VoH - ---1--~ 
Vol -

DATA 
OUT 

ti!Mw 

Figures. Read/Write Cycle 

V HIGH-Z l/01-llOsvOH-----------.;..;.;.;;"""'"'----------------
OL-

NOTE: Aa - A14 = Don't care 

Figure 6. CE Only Refresh Cycle 
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CMOS 256K (32K x 8) Pseudo-Static RAM 

OE/ V1H

RFSH V1L -

filFD 

vo,- 1108 vOH- _________ ..;..H;;..;IG;;.;.H;..;-z"'----------------
Va.-

NOTE: Ao - A14, Rfii • Don't care 

OE/ V1H

RFSH V1L -

Figure 7. Auto Refresh Cycle 

V HIGH-Z 
l/01-1/08 VOH- --------------------------OL -

NOTE: Ao -A14, Rfii • Don't care 

Figure 8. $elf Refresh Cycle 

ORDERING INFORMATION 

LH5P832 
Device Type 

x 
Package 

-## 
Speed 

L_ 12 120 Access Time (ns) 

Blank 28-pin, 600-mil DIP (DIP28-P-600) 
~------< D 28-pin, 300-mil SKDIP (SKDIP28-P-300) 

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

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

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

LH5P832 

5P832-7 

5P832-ll 

5P832-9 
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LH5P8128 
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 µW (MAX.) in self-refresh 
mode 

• TTL compatible 1/0 

• Available for auto-refresh and 
self-refresh modes 

• 512 refresh cycles/8 ms 

• Compatible with JEDEC standard 1 M 
SRAM pinout 

• Packages: 

3-8 

32-pin, 600-mil DIP 
32-pin, 525-mil SOP 
32-pin, 8 x 20 mm2 TSOP (Type I) 

(normal and reverse bend pins) 

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

DESCRIPTION 

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

A PSRAM uses on-chip refresh circuitry with a DRAM 
memory cell for pseudo static operation which elimi
nates 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 SAAM 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 SAAM by offering low cost, low 
power standby and a simple interface. 

PIN CONNECTIONS 

32-PIN DIP TOP VIEW 
32-PINSOP 

RFSH 1• Vee 

A,s 2 A,s 

A,. 3 CE2 

A,2 4 R/W 

A1 5 A,3 

As 6 As 
As 7 A,. 

A• 8 A,, 

A3 9 OE 

A2 10 A,o 
A, 11 CE1 

Ao 12 1'°7 
l/Oo 13 1105 

l/01 14 l/05 

l/Oi 15 l/04 

GND 16 l/03 

5P8123-1 

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

32-PIN TSOP (I) (NORMAL BEND) 

An 1 • 

Ao 2 

As 3 

A13 4 

R/W 5 

CE2 6 

A15 7 

V00 8 

RFSH g 

A1e 10 

A14 11 

A12 12 
A7 13 

Ao 14 

A5 15 

~ 16 

32-PIN TSOP (I) (REVERSE BEND) 

OE ~ 16 

A10 As 15 

CE1 As 14 

1/07 A1 13 

I/Os A12 12 

l/05 A14 11 

l/04 A1e 10 

1103 RFSH g 

GND Voo 8 

1/02 A,5 7 

l/01 CE2 6 

1/00 R/W 5 

Ao A13 4 

A1 A8 3 

~ A9 2 

~ A11 1• 

Figure 2. Pin Connections for TSOP Packages 

LH5P8128 

17 ~ 

18 ~ 

19 A1 

20 Ao 
21 llOo 
22 110, 

23 110:! 

24 GND 

25 11~ 

26 1104 

27 1105 

28 1106 

l/07 
30 CE1 

31 A10 

32 OE 

5P81211-1A 
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LHSP8128 

CE1 

EXT/INT 
ADDRESS 

MUX 

NOTE: Pin numbers apply to 32-pln DIP or SOP. 

REFRESH 
CONTROLLER 

REFRESH 
TIMER 

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

V88 GENERATOR 

DATA 
IN 

BUFFER 

DATA 
OUT 

BUFFER 

5P8128-2 

Figure 3. LHSP8128 Block Diagram 

PIN DESCRIPTION 
SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A1a Address input CE1, CE2 Chip Enable input 
RN/ Read/Write input RFSH Refresh input 

OE Output Enable Input VOo· VO, Data inpuVoutput 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Applied voltage on any pins VT -1.0to+7.0 v 1 
Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -55to+150 ·c 
Output short circuit current lo 50 mA 

Power consumption Po 600 mW 

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

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 4.5 5.0 5.5 v 

GND 0 0 0 v 
Input voltage V1H 2.4 Vcc+0.3 v 

V1L -1.0 0.8 v 

CAPACITANCE (TA= 0 to +70°C, f = 1 MHz, Vee= 5.0v±10%) 
PARAMETER SYMBOL MIN. MAX. UNIT 

Ao-A1s C1N1 8 pF 

Input capacitance R/W,OE C1N2 5 pF 

'CE1, CE2 C1N3 5 pF 

RFSH C1N4 5 pF 

lnpuUoutput capacitance VOo-VO, Cour1 10 pF 

DC CHARACTERISTICS (TA= 0 to +70°C, Vee= 5.0 v ± 10%) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

LH5P8128-60 104 
Operating current LH5P8128-80 lcc1 tRc = tRc (MIN) 80 mA 1, 2 

LH5P8128-10 65 

Standby current 
TTL Input 

lcc2 
1 

mA 
1, 3 

CMOS Input 0.05 1, 4 

Self-refresh average TTL Input 
lcC3 

1 
mA 

1, 5 
current CMOS Input 0.05 1, 6 

LH5P8128-60 104 
CPU internal cycle 

LH5P8128-80 lcC4 (R/W =OE= V1H) 80 mA 1, 2 average current 
LH5P8128-10 65 

Input leakage current lu 
0 V S V1N S 6.5 V -10 10 µA O V on all other test pins 

o Vs Vour s Vee+ o.3 v 
110 leakage current ILO Output in high- -10 10 µA 

impedance state 

Output HIGH voltage VoH lour= 1 mA 2.4 v 
Output LOW voltage VOL lour=4mA 0.4 v 

NOTES: 
1. The output pins are in high-impedance state 
2. lee1 and ICC4 dspsnd on the cycle time 
3. CE1 = V1H, RFSH = V1H 
4. CE1 = Vee - 0.2 V, RFSH = Vee - 0.2 V 
5. CE1 = V1H, RFSH = V1L 
6. CE1 = Vee - 0.2 V, RFSH = 0.2 V 
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LHSP8128 CMOS 1 M (128K x 8) Pseudo-Static RAM 

AC ELECTRICAL CHARACTERISTICS 1•2•3 (TA= 0 to +70°C, Vee= 5.0v±10%) 

PARAMETER SYMBOL 
LH5P8128-60 

MIN. 

Random read, write cycle time tRC 100 
Read modify write cycle time tRMW 155 
ct pulse width tcE 60 
ct precharge time tp 30 
Address setup time lAs 0 
Address hold time lAH 15 
Read command setup time tRCS 0 
Read command hold time tRCH 0 
CE access time tcEA 
OE access time toEA 
CE to output in Low-Z tcLZ 20 
OE to output in Low-Z toLZ 0 
Output enable from end of write twu 0 
Chip disable to output in High-Z tcHZ 
Output disable to output in High-Z tOHz 
Write enable to output in High-Z twHZ 
OE" setup time toes 0 
OE hold time toEH 10 
Write command pulse width twp 30 
Write command setup time twcs 30 
Write command hold time twCH 40 
Data setup time from write tosw 25 
Data setup time from CE tosc 25 
Data hold time from write toHw 0 
Data hold time from ct toHC 0 
Transition time (rise and fall) tr 3 
Refresh time interval tREF 
Refresh command hold time tRHC 15 
Auto refresh cycle time tFc 100 
Refresh delay time from CE tRFD 30 
Refresh pulse width 

tFAP 30 
(Auto refresh) 

Refresh precharge time 
tFP 30 (Auto refresh) 

Refresh pulse width (Self refresh) tFAS 8,000 
ct delay time from refresh 

IFRS 140 precharge (Self refresh) 

NOTES: 
1. In order to initialize the circuit, CE1 should be kept at V1H or CE2 

should be kept at V1L for 100 µs after power-up. 
2. AC characteristics are measured at tr = 5 ns. 
3. AC characteristics are measured at the following condition (see 

figure at right). 
4. Address is latched at the negative edge of CE1 or at the positive 

edge of CE2. 
5. Measured with a load equivalent to 2TTL + 100 pF. 
6. Data is latched at the positive edge of W/R or at the positive 

edge of CE1 or at the negative edge of CE2. 
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MAX. 

10,000 

60 
25 

20 
20 
20 

35 
8 

8,000 

LH5P8128-80 LH5P8128-10 
UNIT NOTE 

MIN. MAX. MIN. MAx. 

130 160 ns 

195 235 ns 
80 10,000 100 10,000 ns 

40 50 ns 

0 0 ns 4 
20 25 ns 4 
0 0 ns 
0 0 ns 

80 100 ns 5 
30 35 ns 5 

20 20 ns 

0 0 ns 

0 0 ns 
25 30 ns 

25 30 ns 

25 30 ns 

0 0 ns 

10 10 ns 

30 30 ns 

30 30 ns 

50 60 ns 

30 35 ns 6 
30 35 ns 6 
0 0 ns 6 
0 0 ns 6 
3 35 3 35 ns 

8 8 ms 
15 15 ns 

130 160 ns 
40 50 ns 

30 8,000 30 8,000 ns 

30 30 ns 

8,000 8,000 ns 

160 190 ns 

INPUT 
----.x,._2,,....4.,.,V,..,....------ 2.6 V 
----'· ""· o"".8:;.,V.._ ______ 0.6 V 

OUTPUT 
y22V 

---------'~ 
SP8128-3 



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

IAC 

lcE 

CE1 
V1H-
V1L-

CE2 
V1H-
V1L-

!AH 

Ao-A1e V1H-
V1L-

OE V1H-
V1L-

IACs 
~CH 

R/W V1H-
V1L-

foEA 

lcEA 

lot.z 

lcLZ lcHz 

1/00 -1/07 
VoH-
VoL-

VALID-DATA OUTPUT 

NOTE: CE1 •LOW, CE2 • HIGH. 5P8121M 

Figure 4. Read Cycle 
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LH5P8128 CMOS 1 M (128K x 8) Pseudo-Static RAM 

~c 

tp tee 

CE1 V1H-
V1L-

CE2 VIH-
V1L-

l.\s IAH 

Ao-A1e V1H-
V1L-

foes 

OE V1H-
V1L- lwcs 

lwcH 

lWf> 

RNI V1H-
V1L-

lose 

DATA INPUT 

NOTE: CE1 = LOW, CE2 - HIGH. 5P81211-5 

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

CE1 

OE V1H-
V1L-

R/W V1H-
V1L-

I 
D1N 

V1H-
V1L-

l!Oo-1101 

l DOUT 
VoH-
Vol-

RFSH 

NOTE: CE1 • LOW, CE2 • HIGH. 

ADDRESS 
INPUT 

twcH 

loHz 

tWP 

losw 

fwHz 

Figure 6. Wrtte Cycle 2 (OE Clock) 

LH5P8128 

lwcs 

~ 

lose foHC 

VALID DATA INPUT 

lwt.z 

5P8128-6 
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LH5P8128 CMOS 1 M (128K x 8) Pseudo-Static RAM 

fee 

CE1 V1H-
V1L-

CE2 V1H-
V1L-

!AS !AH 

Ao-A1e V1H- ADDRESS 

V1L- INPUT 

OE 
V1H-
V1L-

lwcs 

iwcH 

lwP 

R/W V1H-
V1L-

iosw loHW 
I 

/ 

lose lo He 

D1N 
V1H-

VALID DATA INPUT 

I V1L-

lwHZ fcHz 

1100 -1/07 hz lwLZ 

l DouT 
VoH-
Vol-

RFSH 

NOTE: CE1 =LOW, CE2 = HIGH. 5P8128-7 

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

filMW 

tee 

CE1 V1H-
V1L-

Cfie V1H-
V1L-

W; WI 

Ao-A1a V1H-
V1L-

OE V1H-
V1L-

files twcs 

lwcH 

""" R/W V1H-
V1L-

foEA lo to.m 

fcEA lose foHC 

V1H- DATA INPUT 

I D1N V1L-

lol2 lwiiz fcHz 

l/Oo - l/07 lcl2 foHZ 

l 0oUT VoH-
VOL-

NOTE: CE1 = LOW, CE2 = HIGH. 5P81211-8 

Figure 8. Read-Modify-Write Cycle 

SHARP 3-17 



LHSP8128 CMOS 1 M (128K x 8) Pseudo-Static RAM 

Ip Ice 

CE1 V1H-
V1L-

CE,, V1H-
V1L-

I As 

Ao-A10 V1H-
V1L-

•oeH 

OE V1H-
V1L-

I Res 

FWI V1H-
V1L-

1100 -110, VoH-
Vol-

OPEN 

NOTE: CE1 =LOW, CE2 =HIGH. 5P8128-Q 

Figure 9. CE Only Refresh 

CE1 ~H-
IL-

CE2 ~H-
IL-

OR ~H-
IL-

CE1 ~H-
IL-

CE2 V1H-
V1L-

5P812S..11 

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

CE1 V1H-
V1L-

CE2 V1H-
V1L-

CE1 V1H-
V1L-

CE2 V1H-
V1L-

RFSH 
VOH-
Va_ -

l/00- l/07 V1H -
V1L -

ORDERING INFORMATION 

LH5P8128 _x_ 
Device Type Package 

lilFD 

iioAS 

OPEN 

Figure 11. 5elf Refresh Cycle 

...:..J!!L 
Speed 

y6oL 60 
SOL 80 Access Time (ns) 
10L 100 

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

li!HC 

iioRS 

N 32-pin, 525-mil SOP (SOP32-P-525) 
T 32-pin, 8 x 20 mm2 TSOP(I) (TSOP32-P-0820) 

LH5P8128 

5P81211-11 

TR 32-pin, 8 x 20 mm2 TSOP(I) Reverse bend (TSOP32-P-0820) 

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

Example: LH5P8128N-60L (CMOS 1 M (128K x 8) Pseudo-Static RAM, 60 ns, 32-pin, 525-mil SOP) 
5P8128-12 
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LH5116 
FEATURES 

• 2,048 x 8 bit organization 

• Access time: 
100 ns (MAX.) 

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

• Single +5 V power supply 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

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

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

• Compatible with 16K EPROM and mask 
ROM pinout 

CMOS 16K (2K x 8) Static RAM 

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-PINSOP A1 1 • 24 Vrx; 

Ae 2 23 Aa 
As 3 22 Ae 
"4 4 21 WE 

A3 5 20 OE 

6 19 A10 

7 18 CE 

Ao 8 17 1/0a 

9 16 I~ 

va.i 15 1/0a 

1103 11 14 l/05 

GND 12 13 l/04 

5116-1 

Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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LH5116 

CE 

WE 

J 
(a< 
~ r,< 
~ 
~ (19 

(9 

~ (i1 
~ 
~ 
~ 
~ 
~ 

~ 
~ 
~ ..., 

r---
:g I/) 

IC 
WI/) w 
IC IC 0 
ow 0 
OU. fd r----cu. 0 
3: ii! 3: 0 0 IC IC 

-C:cE 

.___ 
r---

-' 

~ r--
z r----0 
0 

~ 
j§ 

...._,..._ 
-
CE 

~ ~ 

~ 
'----="! 

MEMORY CELL 
ARRAY 

(128 x128) 

1 
COLUMN 

l/OCIRCUIT 

COLUMN DECODERS 

I J 
COLUMN ADDRESS 

BUFFERS 

©--©--@---<?> 

CMOS 16K (2K x 8) Static RAM 

~ 
If ~ 
~ ...... 
~ 
~ 
........... 

~ 

Vee 

GND 

5116-2 

Figure 2. LH5116 Block Diagram 

PIN DESCRIPTION 
SIGNAL PIN NAME SIGNAL PIN NAME 

Ao·A10 Address input 1101 ·1/0a 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 I/Ci· 110. SUPPLY CURRENT NOTE 

L x L Write D1N Operating (Ice) 1 
L L H Read DoUT Operating (Ice) 

H x x Deselect High·Z Standby (lse) 1 
L H x Outputs disable High·Z Operating (Ice) 1 

NOTE: 
1. X=HorL 
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CMOS 16K (2K x 8) Static RAM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage V1N -0.3 to Vee + 0.3 v 1 

Operating temperature Topr 
Oto+70 ·c 2 

-40to+85 3 

Storage temperature Tstg -55to+150 ·c 
NOTES: 
1. The maximum applicable 110ltage on any pin with respect to GND. 
2. Applied to the LH51161D/NA 
3. Applied to the LH5116H/HD/HN 

RECOMMENDED OPERATING CONDITIONS 1 

PARAMETER SYMBOL MIN. TVP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage 

V1H 2.2 Vee+0.3 v 
V1L -0.3 0.8 v 

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

DC CHARACTERISTICS 1 (Vee= 5 v ± 100k) 
PARAMETER SYMBOL CONDmONS MIN. TVP. MAX. 

Ou1put "LOW" voltage VOL loL=2.1 mA 0.4 

Ou1put "HIGH" voltage VoH loH • -1.0 mA 2.4 

Input leakage current 1 lu I V1N • O Vto Vee 1.0 

Ou1put leakage current I ILo I CE"= V1H. VIJQ = 0 v to Vee 1.0 

Operating current 
lee1 Ou1pu1s open (OE• Vee) 25 30 

lee2 Outputs open (OE • V1H) 30 40 

Standby current Isa 
'Ci::!: Vee-0.2 V 1.0 

All other inpu1 pins • 0 V to Vee 0.2 

NOTES: 
1. TA= o to 10°c (LH5116/DtNA), TA= -40 to +as•c (LHs11sH1HDIHN) 
2. CE = O V; all other input pins = O V to Vee 
3. CE = Vu..; all other input pins = V1L to V1H 
4. TA= 2s0 c 

AC CHARACTERISTICS 1 

(1) READ CYCLE (Vee= 5 v ± 100k) 
PARAMETER SYMBOL MIN. TVP. MAX. UNIT NOTE 

Read cycle time tRC 100 ns 

Address access time tAA 100 ns 

Chip enable access time tilcE 100 ns 

CE Low to output in Low-Z tcLZ 10 ns 

Ou1put enable access time toE 40 ns 

Ou1put enable Low to output in Low-Z toLZ 10 ns 

Chip disable to output in High-Z tcHZ 0 40 ns 

Ou1put disable to output in High-Z tOHz 0 40 ns 

Ou1put 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. CLOAO = 5 pF. 

1 

1 

1 

1 

LH5116 

UNIT NOTE 

v 
v 

µA 

µA 
mA 2 

mA 3 

µA 
4 



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

(2) WRITE CYCLE 1 (Vee= 5 v ± 100k) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Write cycle time twc 100 ns 

Chip enable to end of write tcw 80 ns 

Address valid time lAw 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 

WE" Low to output in High-Z tWHz 30 ns 

Data valid to end of write tow 30 ns 

Data hold time toH 10 ns 

Output enable to output in High-Z toHZ 40 ns 

Output active from end of write tow 10 ns 

NOTE: 
1. TA= 0 to +70°C (LH5116/D/NA), TA= -40 to +B5°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 lhe test load. CLOAD = 5 pF. 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.8Vto2.2V 

Input rise/fall time 10 ns 

Timing reference level 1.5V 

Output load condition 1TTL+ 100pf 

DATA RETENTION CHARACTERISTICS 1 

PARAMETER SYMBOL CONDmONS MIN. TYP. MAX. 

Data retention voltage VccoR CE ~ VccRc - 0.2V 2.0 

Data retention current lccoR 
~ ~ VccoR - 0.2V, 1.0 

VccoR=3.0V 0.2 

Chip disable to data 
tcDR 0 retention 

Recovery time tR tRC 

NOTES: 
1. TA= 0 to +70°C (LH5116/0/NA), TA= -40 to +B5°C (LH5116HIHD/HN) 
2. TA= 2s•c 
3. tRc = Read cycle time 

CAPACITANCE 1 (f=1MHz, TA= 25°C) 

PARAMETER SYMBOL CONDmONS MIN. TYP. MAX. 

Input capacitance C1N V1N•OV 7 

Input/output 
Cvo Vvo=OV 10 capacitance 

NOTE: 
1. This parameter is sampled and not production tested. 
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2 

2 

2 

2 

UNIT NOTE 

v 

µA 
2 

ns 

ns 3 

UNIT 

pf 

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

.~~j'3-=T~:=~-O~=--~ 
~2V---- --------------------- ---- -----

VCCDR---- ----- ----- ----
CE CE :i: VCCOR -0.2 v 

GND-------------------------------------
511IMI 

Figure 3. Low Voltage Data Retention 

lcLZ 

Dour 

NOTE: WE = "HIGH" 
5116-3 

Figure 4. Read Cycle 



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

D,. 
NOTES: 

OE·"LOW" 

1. WE 1T11st be HIGH when there Is a change in Ao - A, .. 
2. When CE and WE are all LOW~t the same time, write occurs during the period ¥. 
3. ~ the time l!Om the rise of CE or WE, whichwer Is first, ID the end of the write cycle. 
4. II CE LOW transition occurs at the same time or before WE LOW transition, the outputs wlll remain high-Impedance. 
5. DQl!I outputs dala with the same logic level as the Input data of this write cycle. 
6. II CE Is LOW during this period, the input/output pin Is in the output state. During this state, Input 

signals of opposila logic level 1T11st not be applied. 

Figure 5. Write Cycle 1 

Ao·A10 

IAw 
(N0~3) 

OE 

CE 

(NOTE2) 

WE foLZ 

(NOTE&) 

Dour 

(NOTES4, 5) 

(NOTE7) 

o,. 
NOTES: 

1. WE must be HIGH when there Is a change in Ao-A, .. 
2. When CE and WE are all LOW~t the same time, write occurs during the period lwP-
3. lwa!! the time l!Om the rise of CE or WE, whichever is firs~ ID the end of the wrile cycle. 
4. II CE LOW transition occurs at the same time or before WE LOW transition, the outputs wlll remain high-impedance. 
5. Dour outputs data with the same logic level as the input data of this write cycle. 
6. ff CE is LOW during this period, the input/output pin Is in the output slate. During this slate, Input 

signals of opposile logic level must not be applied. 

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

ACCESS TIME VS. SUPPLY VOLTAGE 

j 1.0 1-----1--------+----t 

j 
w 
~ 0.9 i----+----+----+---1 

[fl 
~ 0.8 .__ __ ...._ __ _._ __ ....... __ __. 

4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE Yee (V) 

AVERAGE SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

! 
ffi 20 1----+----+----+-....,,,.'--I 
a: 
a: 
;;) 
0 

~ 15 1----+---....,..."---+---I 
a.. 
;;) 
Cl) 
w 
~ 101--~-+-~--t~~+-~--1 
w 
~ 

5~--~-----~--~ 
4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE Yee M 

INPUT VOLTAGE VS. SUPPLY VOLTAGE 
2.5 ---~-----~--~ 

~ 2.0 
~ 
:i: 
> 

~L 

w 
~ 1.5 

!::; 
g 
5 1.0 a.. -
ii!: 

0.5 
4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE Vee M 

ACCESS TIME VS. AMBIENT TEMPERATURE 
iii 1.2 

~ 
w 
> 1.1 s 
~ 
j 1.0 

j 
w 
~ 0.9 

[fl 
0 

!a! 0.8 

25 

< 
.5. 
Jl 20 t-
ffi 
a: 
a: 
;;) 
0 15 
~ a.. a.. 
;;) 
Cl) 
w 10 

~ 
w 
~ 

5 

2.5 

> -::; 2.0 
> 
:i: 
> 
w 
~ 1.5 
!::; 
g 
~ 1.0 
ii!: 

0.5 

./ 

v 
~ 

/ 

0 25 50 75 100 

AMBIENTTEMPERATURETA(°C) 
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Figure 7. Electrical Characteristic Curves 
(Vee= 5 V, TA= 25°C unless otherwise specified) 
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LH5116 CMOS 16K (2K x 8) Static RAM 

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

LH5116 
Device Type 

x 
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) 

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) 

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

LH5116H 
Device Type 

x 
Package 

-## 
Speed 

L_ 1 O 100 Access Time (ns) 

J 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) 

4-8 
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LH5116S 
FEATURES 

• 2,048 x 8 bit organization 

• Access time: 
1000 ns (MAX.) 

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

• Fully static operation 

• Three-state outputs 

• Single +3 V power supply 

• Package: 
24-pin, 450-mil SOP 

CMOS 16K (2K x 8) Static RAM 

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-PINSOP TOP VIEW 

1• 

2 

3 22 

4 21 

5 

6 

7 

8 l/09 

9 1"°7 
l/09 

l/05 
12 l/04 

5118SN·1 

Figure 1. Pin Connections for SOP Package 
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LH5116S 

CE 

WE 
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LCE 
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.-------, 

-' 
0 r---
~ I---8 
~ 
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0 

.........,__ 

CE 

l 
.d 

~ 

CMOS 16K (2K x 8) Static RAM 

MEMORY CELL 
ARRAY Vee 

(128 x128) GND 

I ~ COLUMN 
1/0 CIRCUITS ~~ 

COLUMN DECODERS ~ 
~ I I ...___!:'."'-, 
~ COLUMN ADDRESS 
~ BUFFERS 
V<::; 

4 5 6 1'-
5116SN·2 

Figure 2. LH5116S Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

A4-A10 Address input 1101-1/0a 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 llOt -1/0e SUPPLY CURRENT NOTE 

L x L Write D1N Operating (Ice) 1 

L L H Read Dour Operating (Ice) 

H x x Deselecled High-Z Standby (Isa) 1 

L H x Output disable High-Z Operating (Ice) 1 
NOTE: 
1. X=HorL 
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CMOS 16K (2K x 8) Static RAM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3 to +7.0 v 1 

Input voltage V1N -0.3 to Vee +0.3 v 1 

Operating temperature Topr Oto+50 ·c 
Storage temperature Tstg -55to+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 Vee 2.7 3.0 3.3 v 

Input voltage 
V1H 2.2 Vee+0.3 v 
V1L -0.3 0.8 v 

DC CHARACTERISTICS (Vee= 3v±10%, TA= 0 to +50°C) 
PARAMETER SYMBOL CONDmONS MIN. 

Output "LOW" voltage Vot. lot.= 2.1 mA 

Output "HIGH" voltage VoH loH•-1.0 mA Vee-0.5 

Input leakage current 1 lu I V1N - 0 V to Vee 

Output leakage current 1 ILOI CE • V1H, Vl/O = 0 V to Vee 

Operating current 
lee1 Outputs open (OE = Vee) 

lee2 Outputs open (OE = V1H) 

Standby current leeL 
CE ~Vee- 0.2 V 

All other input pins = O V to Vee 

NOTES: 
1. CE = O V; all other input pins = o V to Vee 
2. CE = V1.; all other input pins = V1. to V1H 

AC CHARACTERISTICS (Vee= 3v±10%, TA= 0 to +50°C) 

(1) READ CYCLE 
PARAMETER SYMBOL MIN. TYP. MAX. 

Read cycle time tRe 1000 

Address access time 1AA 1000 

Chip enable access time 1AeE 1000 

CE Low to output in Low-Z tcLZ 10 

Output enable access time toE 100 

Output enable Low to output in Low-Z toLZ 10 

Chip disable to output in High-Z tcHZ 0 40 

Output enable to output in High-Z toHZ 0 40 

Output hold time toH 10 

NOTE: 

TYP. MAX. 

0.5 

1.0 

1.0 

8 10 

8 10 

1.0 

UNIT NOTE 

ns 

ns 

ns 

ns 1 

ns 

ns 1 

ns 1 

ns 1 

ns 

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

LH5116S 

UNIT NOTE 

v 
v 

µA 

µA 

mA 1 

mA 2 

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

(2) WRITE CYCLE (Vee = 3 v ± 10%, TA = 0 to +50°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Write cycle time twc 1000 ns 

Chip enable to end of write tcw 100 ns 

Address valid time tAw 100 ns 

Address setup time tAs 0 ns 

Write pulse width twp 100 ns 

Write recovery time twR 20 ns 

WE Low to output in High·Z twHz 30 ns 

Data valid to end of write tow 50 ns 

Data hold time toH 20 ns 

Output active from end of write tow 10 ns 

Output enable to output in High·Z toHZ 40 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. CLOAD = 5 pF. 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude Oto Vee 

Input rise/fall time 10 ns 

Timing reference level 1.5V 

Output load conditions 1TTL+ 100pF 

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

PARAMETER SYMBOL CONDmONS MIN. TYP. MAX. 

Data retention voltage VccoR CE:!: VccoR - 0.2 v 2.0 

Data retention current lccoR 
'OE~ VccoR - 0.2 V, 1.0 

VccoR .2.0 V 0.2 

Chip disable to data retention tcDR 0 

Recovery time tR tRC 

NOTES: 
1. TA= 2s•c 
2. tRc = Read cycle time 

CAPACITANCE 1 (TA= 25°C, f = 1MHz) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Input capacitance C1N V1N•OV 7 

Input/output capacitance Cvo Vvo•OV 10 

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

4-12 
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CMOS 16K (2K x 8) Static RAM LH5116S 

2~~~-~T::==~=·--f\: 
~2V---- --------------------- ---- -----

VccoR - - - - - - - - - - - - - - - - - -
CE CE ~ VccoR -0.2 V 

ov-------------------------------------
5116SN-8 

Figure 3. Low Voltage Data Retention 

tile 

DouT 

NOTE: WE • "HIGH" 
5116SN-3 

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

4-14 

NOTES: 

D1N 

DE= "LOW" 

1. WE must be HIGH when there is a change in Ao- A10• 

2. When CE and WE are both LOW at the same time. write occurs during the period 'wP· 
3. ~ the time from the rise of CE or WE, whichever is firs~ to the end of the write cycle. 

(NOTE 5) 

4. If CE LOW transition occurs at the same time or before WE LOW transition, the ou1put will remain high-impedance. 
5. Dour outputs data with the same logic level as the input data of this write cycle. 
6. If CE is LOW during this period, the inpuVoutput pins are in the output state. During this s1ate, input 

signals of opposite logic level must not be applied. 

Figure 5. Write Cycle 1 

i---~lo~w~_.., (NOTE 5) 

low 

1. WE must be HIGH when there is a change in Ao - A10 
2. When CE and WE are both LOW at the same time, write occurs during the period twP· 
3. ~ 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. Dour 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. 

Figure 6. Write Cycle 2 

5116SN-4 

5116SN-5 
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CMOS 16K (2K x 8) Static RAM 

ORDERING INFORMATION 

x -## LH5116S 
Device Type Package Speed 

L: .:,.::::=~~P~J 
~-----------CMOS 16K (2K x 8) Static RAM 

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

SHARP 

LH5116S 

5116SN·7 
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LH5117 
FEATURES 

• 2,048 x 8 bit organization 

• Access time: 
100 ns (MAX.) 

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

• Single +5 V power supply 

• Fully static operation 

• TTL compatible 110 

• Three-state outputs 

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

• Packages: 

4-16 

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

CMOS 16K (2K x 8) Static RAM 

DESCRIPTION 

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

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

PIN CONNECTIONS 

24-PINDIP TOP VIEW 
24-PIN SK-DIP 
24-PINSOP 

A1 1• 24 Vee; 

Ag 2 23 Ag 

As 3 22 Ag 

"4 4 

5 20 cs 
6 19 A,o 

7 18 CE 

8 17 llOa 

l/01 9 16 1/0, 

lfO:! 15 llOa 

l/03 14 l/05 
GND 13 l/04 

5117-1 

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



CMOS 16K (2K x 8) Static RAM 

WE 2y :>4 ~ 
CE 18'- _[.....-1,___.:>4n .J'"'n------' 

MEMORY CELL 
ARRAY 

(128x128) 

1~ cs~-+-+-.::::iO ./~--------+----l--+---<,__----~ 

~~~~~~~~~~~~~~~~~t-~~~~~~~~~~ 

A,, Aa ~ A1 

Figure 2. LH5117 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A10 Address input V01 -VOe Data Input/Output 

CE Chip Enable input Vee Power supply 

cs Chip Select input GND Ground 

WE Write Enable input 

TRUTH TABLE 

CE cs WE MODE I/Ci -1/0a SUPPLY CURRENT NOTE 

L L L Write D1N Operating (Ice) 

L L H Read Dour Operating (Ice) 

L H x Deselect High-Z Operating (Ice) 1 

H x x Deselect High-Z Standby (Isa) 1 

NOTE: 
1. X=HorL 

LH5117 

5117-2 
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LH5117 CMOS 16K (2K x 8) Static RAM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3 to +7.0 v 1 

Input voltage V1N -0.3 to Vee + 0.3 v 1 

Operating temperature Topr 
Oto +70 oc 2 

-40to +85 3 

Storage temperature Tstg -55to+150 oc 
NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 
2. Applied to the LH5117/D/N 
3. Applied to the LH5117H/HD/HN 

RECOMMENDED OPERATING CONDITIONS 1 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

Input voltage 
V1H 2.2 Vee+ 0.3 v 
V1L -0.3 0.8 v 

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

DC CHARACTERISTICS 1 {Vee= 5v±10%) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Output "LOW" voltage VoL loL=2.1 mA 0.4 v 
Output "HIGH" voltage VoH loH=-1.0mA 2.4 v 
Input leakage current 1 lu I V1N = o V to Vee 1.0 µA 

Output leakage current I ILOI 
CE = V1H, CS = V1H, 1.0 µA 

Vvo = o V to Vee 

Operating current 
lcc1 25 30 mA 2 

lee2 30 40 mA 3 

CE;:: Vee - 0.2 V, 1.0 

Standby current lss 
CS ;:: Vee - 0.2 V or µA CSS0.2V 0.2 4 

All other input pins = O V to Vee 

NOTES: 
1. TA= 0 to 70'C (LH5117/D/N), TA= -40 to +85'C (LH5117H/HD/HN) 
2. CE = 0 V; all other input pins = 0 V to Vee, outputs open 
3. CE = V1L: all other input pins = V1L to V1H, outputs open 
4. TA= 25'C 

AC CHARACTERISTICS 1 

(1) READ CYCLE {Vee= 5v±10%) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRC 100 ns 

Address access time tAA 100 ns 

Chip enable access time !ACE 100 ns 

Chip enable Low to output in Low-Z tcLZ 10 ns 2 

Chip select access time !ACS 40 ns 

Chip select Low to output in Low-Z tSLZ 10 ns 2 

Chip enable to output in High-Z tcHz 0 40 ns 2 

Chip select to output in High-Z tSHZ 0 40 ns 2 

Output hold time toH 10 ns 
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CMOS 16K (2K x 8) Static RAM 

(2) WRITE CYCLE 1 (Vee = 5 v ± 1 Oo/o) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Write cycle time twc 100 ns 

Chip enable to end of write tcw 80 ns 

Address valid time lAw 80 ns 

Address setup time lAs 0 ns 

Write pulse width twp 60 ns 

Write recovery time twR 10 ns 

Write enable Low to output in High-Z tWHZ 30 ns 

Data valid to end of write tow 30 ns 

Data hold time tOH 10 ns 

Output active from end of write tow 10 ns 

NOTE: 
1. TA= 0 to +70"C (LH5117/D/N), TA= -40 to +85°C (LH5117H/HD/HN) 
2. Active output to high-impedance and high-impedance to output active tests specified for a ±500 mV transition 

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

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.8 Vto2.2 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 1TTL+100pF 

DATA RETENTION CHARACTERISTICS 1 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Data retention voltage VccoR CE 2 VccRc - 0.2V 2.0 

CE 2 VccoR - 0.2, 1.0 
Data retention current lccoR c;s 2 VccoR - 0.2 or 

e5 S 0.2 V, VccoR • 3.0 V 0.2 

Chip disable to data 
tcDR 0 retention 

Recovery time tR tRC 

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

3. tRc = Read cycle time 

CAPACITANCE 1 (f=1MHz, TA= 25°C) 

PARAMETER SYMBOL CONDmONS MIN. TYP. MAX. 

Input capacitance C1N V1N=OV 7 

Input/output capacitance CllO V110- 0 V 10 

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

SHARP 

LH5117 

NOTE 

2 

2 

UNIT NOTE 

v 

µA 
2 

ns 

ns 3 

UNIT 

pF 

pF 
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LH5117 CMOS 16K (2K x 8) Static RAM 

DouT 

NOTE: WE = "HIGH" 
5117·3 

Figure 3. Read Cycle 

Ao· A10 

!Aw 1wR(NOTE3) 

'cw 

CE,CS 

!WP 
(NOTE2) 

WE 

low 
(NOTES) 

Dour 

low loH(NOTE 5) 

D1N DATA VALID 

NOTES: 

1. WE must be HIGH when there is a change in Ao - A10. 

2. When CE, CS and WE are all LOW at the same time, write occurs during the period lwP· 
3. !WR is the time from the rise of CE, CS or WE, whichever is first, to the end of the write cycle. 
4. If CE or CS LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high-impedance. 
5. Dour outputs data with the same logic level as the input data of this write cycle. 
6. If both CE and CS are LOW during this period, the input/output pins are in the output state. During this state, input 

signals of opposite logic level must not be applied. 

Figure 4. Write Cycle 
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CMOS 16K (2K x 8) Static RAM LH5117 

ACCESS TIME VS. SUPPLY VOLTAGE 
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Figure 5. Electrical Characteristic Curves 
(Vee= 5 V, TA= 25°C Unless Otheiwlse Specified) 
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LH5117 CMOS 16K (2K x 8) Static RAM 

<~~~-=T~:=::=·--E\: 
~2V---- --------------------- ---- -----

VCCDR---- ----- ----- ----

CE CE ~ VCCDR -0.2 v 
ov-------------------------------------

Figure 6. Low Voltage Data Retention 

ORDERING INFORMATION (TA= 0 to +70°C) 

LH5117 
Device Type 

x 
Package 

-## 
Speed 

L_ 10 100 Access Time (ns) 

Blank 24-pin, 600-mil DIP (DIP24-P-600) 
'-------- D 24-pin, 300-mil SK-DIP (DIP24-P-300) 

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

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

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

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

LH5117H 
Device Type 

x 
Package 

-## 
Speed 

L_ 1 o 1 oo Access Time (ns) 

Blank 24-pin, 600-mil DIP (DIP24-P-600) 
'--------< D 24-pin, 300-mil SK-DIP (DIP24-P-300) 

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

'------------- CMOS .16K (2K x 8) Static RAM 

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

5117-5 

5117·7 

5117-8 
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LH5118 
FEATURES 

• 2,048 x 8 bit organization 

• Access time: 
100 ns (MAX.) 

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

• Single +5 V power supply 

• Fully static operation 

• TTL compatible 1/0 

• 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 

CMOS 16K (2K x 8) Static RAM 

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 (lse) is available with CE1 and CE2 
deactivated. · 

PIN CONNECTIONS 

24-PIN DIP 
TOP VIEW 24-PIN SK-DIP 

24-PINSOP 
1• Vee 

2 Aa 
3 As 
4 WE 

5 CE1 

6 A10 

7 c~ 

8 1/0a 

9 1'°7 

lfOe 

I/Os 
12 l/04 

51111-1 

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

4-23 



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

J ...- r----Ao II) 

As (;< lll a: 
f-- w .t.:::?I 

As ~ WUJ c Vee a: a: 8 MEMORY CELL 

~ Cf< cw 
A1 cu.. 1--1 ARRAY 

<"- w GND 
As ~ 3::ii! c (128 x128) 

Ag ~ 0 f-- ~ a: 
A1o (19 

--CcE 

...___ 

1 1101 (9 
r----

~ ~ 1'°2 ...J 

r------1 
1'°3 ~ ~ COLUMN ~ t----1 
l/04 ~ !z r------1 l/O CIRCUIT If' ~ 8 
l/05 
~ ~ ~ I/Os 
~ 2i COLUMN DECODERS 

~ l/07 I I I/Os ~ 
~ 

COLUMN ADDRESS 
.______ 
~ BUFFERS 

CE .......... 

51111-2 

Figure 2. LH5118 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A10 Address input V01 ·llOe Data Input/Output 

CE2 Chip Enable input no. 2 Vee Power supply 

CE1 Chip Enable input no. 1 GND Ground 

WE Write Enable input 

TRUTH TABLE 

CE1 CEz WE MODE 110, -1/0e SUPPLY CURRENT NOTE 

x H x Deselect High·Z Standby (lse) 1 

H x x Deselect High·Z Standby (Isa) 1 
L L L Write DIN Operating (Ice) 

L L H Read Dour Operating (Ice) 

NOTE: 
1. X=HorL 
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CMOS 16K (2K x 8) Static RAM LH5118 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage V1N -0.3 to Vee + 0.3 v 1 

Operating temperature Topr 
Oto +70 •c 2 

-40to+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 LH5118HIHDIHN 

RECOMMENDED OPERATING CONDITIONS 1 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

Input voltage 
V1H 2.2 Vee+0.3 v 

V1L -0.3 0.8 v 

NOTE: 
1. TA= 0 to +70°C (LH5118/D/NA), TA= -40 to +85'C (LH5118HIHD/HN) 

DC CHARACTERISTICS 1 (Vee= 5v±10%) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Output "LOW" voltage VoL IOL•2.1 mA 0.4 v 

Output "HIGH" voltage VOH Iott= -1.0 mA 2.4 v 

Input leakage current 1 lu I V1N = o V to Vee 1.0 µA 

Output leakage current 1 ILO I 
CE2 = V1H or CE1 • V1H, Vvo 1.0 µA -ovto Vee 

Operating current 
lcc1 Outputs open (WE - Vee) 25 30 mA 2 

lee2 Outputs open (WE • V1H) 30 40 mA 3 

(1) CE2 ~ Vee - 0.2 V, and 
(CE1 ~Vee - 0.2 V or 1.0 µA 

CE1 s 0.2 V) or 
Standby current lse (2~1 ~Vee - 0.2 V, and 

(CE2 ~Vee - 0.2 V or 
0.2 µA 4 CE2S0.2V) 

All other inputs = o V to Vee 

NOTES: 
1. TA= 0 to +70'C (LH5118/D/N), TA= -40 to +85'C (LH511BH/HD/HN) 
2. CE2 = CE1 = O V; all other input pins = O V to Vee 
3. CE2 = CE1 = V1L; all other input pins = V1L to V1H 
4. TA= 25'C 
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LH5118 CMOS 16K (2K x 8) Static RAM 

AC CHARACTERISTICS 1 

(1) READ CYCLE (Vee= 5v±10%) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRC 100 ns 

Address access time tAA 100 ns 

CE1 access time tACE1 100 ns 

CE2 access time 1ACE2 100 ns 

CE1 Low to output in Low-Z tcLZ1 10 ns 2 
CE2 Low to output in Low-Z tcLZ2 10 ns 2 

CE1 to output in High-Z tcHz1 0 40 ns 2 

CE2 to output in High-Z tcHZ2 0 40 ns 2 

Data hold time tQH 10 ns 

(2) WRITE CYCLE (Vee= 5v±10%) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Write cycle time twc 100 ns 

Chip enable to end of write tcw 80 ns 

Address valid time tt.w 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 

Data valid to end of write tow 30 ns 

Data hold time toH 10 ns 

Output active from end of write tow 10 ns 

NOTE: 
1. TA= 0 to +7Cl°C (LH5118/0/N), TA= -40 to +85°C (LH5118H/HD/HN) 
2. Active output to high-impedance and high-impedance to output active tests specified for a ±500 mV transition 

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

AC TEST CONDITIONS 
PARAMETER MODE 

Input voltage amplitude 0.8Vto2.2V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output load condition 1TTL+ 100pF 
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CMOS 16K (2K x 8) Static RAM LH5118 

DATA RETENTION CHARACTERISTICS 1 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Data retention voltage VccoR 
CE1 ~ VccoR - 0.2V or 2.0 v CE2 ~ VccoR - 0.2 v 

CE1 <!: VccoR - 0.2V, and 
(CE2 <!'. VccoR - 0.2 V or 1.0 

CE2 s 0.2 V) or 
Data retention current lccoR CE2 <!: VccoR - 0.2V, and µA 

(CE1 <!'. VccoR - 0.2 V or 0.2 2 CE1 S0.2V) 
VccoR=3.0V 

Chip disable to data 
tcDR 0 ns retention 

Recovery time tR tRC ns 3 

NOTES: 
1. TA= 0 to +70"C (LH5118/D/N), TA= -40 to +85°C (LH5118H/HD/HN) 
2. TA= 25°C 
3. IRC = Read cycle time 

CAPACITANCE 1 (f = 1MHz, TA= 25°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N=OV 7 pF 

Input/output 
Cvo Vvo-0 V 10 pF capacitance 

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

. ~~~-:,::==::' __ ft: 
~2V ---- --------------------- ---- -----

VccDA - - - - - - - - - - - - - - - - -
CE1 or ~ CE2 or CE1 ~ VccoR -0.2 V 

GND-------------------------------------

511&5 

Figure 3. Low Voltage Data Retention 
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LH5118 CMOS 16K (2K x 8) Static RAM 

tRC 

CE2 

tACE1 

CE1 

fcLZ1 

DOUT 

NOTE: WE= "HIGH" 

Figure 4. Read Cycle 

Ao-A10 

l.\w !wR(NOTE3) 

few 

CE1,CE2 

lwP 
(NOTE2) 

WE 

low 
(NOTES) 

DOUT 

low toH(NOTE6) 

D1N DATA VALID 
NOTES: 

4-28 

1. WE must b!._HIGH when there is a change in Ao - A10• 

2. When C~,CE1 and WE are all LOW at the same time, write occurs during the period lwP· 
3. lwe.!.s the ~e from the rise of C~,CE1 or WE, whichever Is first, to the end of the write cycle. 
4. If Cl:ii or CE1 should drop at the same time as WE or later, the output buffer Is maintained at high-Impedance. 
5. Dour outputs data with the same logic level as the Input data of this write cycle. 
6. If both CE1 and CE2 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. 

Figure 5. Write Cycle (Note 1) 
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CMOS 16K (2K x 8) Static RAM LH5118 

ACCESS TIME VS. SUPPLY VOLTAGE 

4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE Vrx; (V) 

AVERAGE SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

1 
~ 20 t----+----+----+-....... ""----1 
!z w 
a: 
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~ 
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>' 
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> 
w 
c> 

~ 
g 
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:::> a. 
l!!: 

5~--~--~--~--~ 
4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE Vrx; (V) 

INPUT VOLTAGE VS. SUPPLY VOLTAGE 
2.5 

2.0 

1.5 

1.0 

0.5 
4.0 

~ ~ --1 -

4.5 5.0 5.5 

SUPPLY VOLTAGE Vrx; (V) 

~ 

::!.J.L 

6.0 

ACCESS TIME VS. AMBIENT TEMPERATURE 
w 1.2 ....---....----.----.------. 

~ 
~ 1.1 1---+----1-----,J,.""""----I 

~ w e. 
Jj 1.0 f---,..."'---+---+----1 
j 
w 
:::!! 
i= 0.9 
Ill 
Ill w 
0 

~ 0.8 
0 

25 

< g 

~ 20 I-z 
w 
a: 
a: 
:::> 
0 15 
~ a. a. 
:::> 
Ill 
w 10 c> 
~ 
w 
~ 

5 
0 

2.0 

> 
-:. 1.5 
> 
.j 
~ 1.0 

f!: 
-' g 
!:; 0.5 a. 
l!!: 

25 50 75 100 

AMBIENT TEMPERATURE TA (°C) 

AVERAGE SUPPLY CURRENT VS. 

-

AMBIENT TEMPERATURE 

~ r--t--

25 50 75 

AMBIENT TEMPERATURE TA ("C) 

INPUT VOLTAGE VS. 
AMBIENT TEMPERATURE 

100 

V1H 

VIL 

0 25 50 75 100 

AMBIENT TEMPERATURE TA (°C) 

Figure 6. Electrical Characteristic Curves 
(Vee= 5 V, TA= 25°C Unless Otherwise Specified) 
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LH5118 CMOS 16K (2K x 8) Static RAM 

ORDERING INFORMATION (TA= Oto +70°C) 

LH5118 
Device Type 

x 
Package 

-## 
Speed 

L 1 o 1 oo 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) 

'-------------- CMOS16K(2Kx8)StaticRAM 

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

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

LH5118H 
Device Type 

x 
Package 

-## 
Speed 

L_ 1 O 1 oo 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(CMOS16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP) 
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LH5168 
FEATURES 

• 8, 192 x 8 bit organization 

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

• Low power consumption: 
Operating: 

248 mW (MAX.) LH5168/D/N 
275 mW (MAX.) LH5168H/HD/HN 

Standby: 
5.5 µW (MAX.) LH5168/D/N 
16.5 µW (MAX.) LH5168H/HD/HN 

• Fully static operation 

• Three-state outputs 

• Single +5 V power supply 

• TTL compatible 1/0 

• Pin compatible to 64K bit EPROM 

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

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

CMOS 64K (SK x 8) Static Ram 

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-PINSOP 

NC 1• Vee 

"12 2 WE 

A1 3 CE2 

"6 4 Ae 
As 5 Ag 

A,, 6 A11 

A3 7 OE 

~ 8 21 Aio 
A1 9 CE1 

Ao "°• 
1101 11 1,0., 

I~ l!Oa 

1103 l/05 

GND 1,0. 

5168-1 

Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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LH5168 

A3 ~\-----.r---, 
A.,~l-----o .... 
~ !!! 

A,, '5'r-----i w 

As ~1------i ~ ffi f-
A, ¥,_,__ ___ _, ~It 
As >is(,._ __ __,_, :?: ~ 
Ag ~·l-----o-i ~ 1----i 

A,2 ~}-----t __ _i 

L 
110, 1't>-------~ 

I/) 
a: 
w 
c 
§ 
c 

~ 

MEMORY 
ARRAY 

(256x 256) 

CMOS 64K (SK x 8) Static RAM 

--{~Vee 
14 GND 

1102 ~.,__ _____ _ 

1103 ~l--1-1-+-----o-i 
.--~.....___~~~>-~--. 

1---+----i 

lj~ ~>-+--------. 1104 fs:,__ _____ __,_, 
~ DATA CONTROL 

1105 '16'>---+-+-+-----1-. 

1106 ~71--t-+-t-+-t-.-----i 
110, ~>---+-+-+-+-+----1-.1 
I/Os ~>---+-+-+-+-+-+-+-< _ _, " ~.__ ___ ............ 

WE 1271----...... +--~-0 

~ 

OE 1221----'""---1-li:=a-u 

CE2~ R--J 

110 
CIRCUITS 

1------___,hlnllL.j ~ 
COLUMN DECODERS f"" 

1 ~ ~t-COLUMN ADDRESS k" 
___ s_u~F-FE_R~~.-1 ~ 

CE
1 
~ ._,. ______ ___, 

L~-----------------<~>-<~~•3l------------' 
Ao A1 A2 A10 A11 

Figure 2. LH5168 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A12 Address inputs V01 -I/Os Data inputs and outputs 

CE1 -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 (BK x 8) Static RAM LH5168 

TRUTH TABLE 

CE1 CEz WE OE MODE l/Oi -1/0a SUPPLY CURRENT NOTE 

H x x .X Deselect High-Z Standby (lse) 1 

x L x x Deselect High-Z Standby (lse) 1 

L H L x Write D1N Operating (Ice) 

L H H L Read Dour Operating (Ice) 

L H H H Output disable High-Z Operating (Ice) 

NOTE: 
1. X=HorL 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage V1N -0.3 to Vee +0.3 v 1 

Operating temperature Topr 
-10to+70 ·c 2 

-40to+85 ·c 3 

Storage temperature Tstg -55 to +150 ·c 

NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 
2. LH516B/D/N 
3. LH5168H/HD/HN 

RECOMMENDED OPERATING CONDITIONS (Note 1) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage 

V1H 2.2 Vcc+0.3 v 
V1L -0.3 0.8 v 

NOTE: 
1. TA= -10 to +70"C (LH5168/D/N), TA= -40 to +es•c (LH516BH/HD/HN). 

DC CHARACTERISTICS 1 (Vee= 5 V ± 10%) 

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Input leakage current lu V1N =Oto Vee 1.0 µA 

Output leakage CE1 - V1H or CE2 - V1L 
ILO or OE - V1H or WE - V1L 1.0 µA 

current 
V110 - O to Vee 

ct1 - V1L, V1N - V1L to V1H tcVCLE- 45 2 
CE2 - V1H, Outputs open 100 ns 50 3 

Operating current Ice 
CE1 = V1L, V1N • 0.2 V to 

mA 

Vcc-0.2 V tcVCLE • 10 
CE2 = V1H, Outputs open 

1.0µs 

lse1 CE1 = V1H or CE2 = V1L 10 mA 

Standby current 
lse 

CE2so.2 Vor TA s 1o·c 1.0 µA 2 
CE1. CE2 ~Vee - 0.2 V TA s a5•c 3.0 µA 3 

Output voltage 
VOL IOL= 2.1 mA 0.4 v 
VOH IOH •·1 mA 2.4 v 

NOTES: 
1. TA= -10 to 70°C (LH516B/D/N), TA= -40 to +es•c (LH5168H/HD/HN) 
2. LH5168/D/N 
3. LH5168H/HD/HN 



LH5168 CMOS 64K (SK x 8) Static RAM 

AC CHARACTERISTICS 1 

(1) READ CYCLE (Vee= 5v±10%) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle tRC 100 ns 

Address access time tAA 100 ns 

Chip enable 1 (°OE1) lACE1 100 ns 
access time l (CE2) tACE2 100 ns 

Output enable access time toE 40 ns 

Output hold time toH 10 ns 

Chip enable to 1 (~1) tLZ1 10 ns 2 
output in Low-Z J (CE2) tLZ2 10 ns 2 

Output enable to input in 
toLZ 5 ns 2 Low-Z 

Chip enable to l (°OE1) tHz1 0 30 ns 2 
output in High-Z j (CE2) tHZ2 0 30 ns 2 

Output disable to output in 
tOHZ 0 20 ns 2 High-Z 

NOTE: 
1. TA= -10 to +70°C (LH5168/D/N), TA= -40 to +as•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. CLOAO = 5 pF. 

(2) WRITE CYCLE (Vee= 5 v ± 10%) 

PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Write cycle time twc 100 ns 

Chip enable to end of write tcw 80 ns 

Address valid to end of write tAw 80 ns 

Address setup time tAs 0 ns 

Write pulse width twp 60 ns 

Write recovery time twR 0 ns 

Data valid to end of write tow 40 ns 

Data hold time tOH 0 ns 

Output active from end of write tow 10 ns 1 

WE to output in High-Z twz 0 30 ns 1 

OE to output in High-Z toHZ 0 20 ns 1 

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

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

AC TEST CONDITIONS 
PARAMETER MODE 

Input voltage amplitude 0.6to2.4 V 

Input rise/fall time 10ns 

Timing reference level 1.5 v 
Output load conditions (1TTL +Ct.· 100 pf) 
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CMOS 64K (BK x 8) Static RAM 

CAPACITANCE 1 (TA= 25°C, f = 1MHz) 

PARAMETER SYMBOL CONDmONs MIN. TYP. MAX. 

Input capacitance C1N V1N=OV 7 

Input/output capacitance Cvo Vvo= O V 10 

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

DATA RETENTION CHARACTERISTICS 1 

PARAMETER SYMBOL CONDmONS MIN. MAX. UNIT 

Data retention voltage VccDR 
CE2so.2 Vor 

2.0 v CE1, CE2 ~Vee - 0.2 v· 
VccDR=3 V 0.6 µA 

Data retention current lcCDR CE2 s 0.2 V or ~1. 
CE2 ~ VccDR - 0.2 v 1.5 µA 

Chip disable to data retention tcDR 0 ns 

Recovery time tRDR tRC ns 

NOTES: 
1. TA= -10 to +70°C (LH5168/D/N), TA= -40 to +85°C (LH5168H/HD/HN) 
2. LH5168/D/N at TA s 70°C 
3. LH5168H/HD/HN at TA s ss•c 
4. tRc = Read cycle time 

CE1 CONTROL (NOTE) DATA RETENTION MODE 

Vee ----...--l 

CE1 ~ VoooR -0.2 V 

ov----------------------------------

CE:z CONTROL 
DATA RETENTION MODE 

Vee-------..., 

~av----- ---------------------- ------

ov-----------------------------------
CE2s0.2V 

NOTE: To control data hold at CE1, fix the input level of CE2 between VeeoR to VeeoR·0.2 Vor 0 V to 0.2 V 
during the data retention mode. 

Figure 3. Low VoHage Data Retention 

LH5168 

UNIT 

pF 

pf 

NOTE 

2 

3 

4 
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LH5168 CMOS 64K (BK x 8) Static RAM 

WlE1 

OE 

1/01 -1/08 

NOTE: WE • "HIGH" 
5111&-3 

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

OE 

few 
(NOTE2) 

few 

WE 

Dour 
HIGH-Z 

fow !DH 

(NOTE6) 
DATA VALID 

NOTES: 
1. The writing occurs during the overlap (fwp) of CE1 •"LOW", CE2 •"HIGH", and WE - "LOW". 
2. few is defined as the time from the last occurlng transition, either CE1 LOW transition or CE2 HIGH transition, 

to the time when the writing Is finished. 
3. ~ is defined as the time from address change to writing start. 
4. ~defined as the time from writing finish to address change. _ 
5. If CE1 LOW transition or CE2 HIGH transition occurs at the same time or alter WE LOW transition, the 

output will remain high-impedance. 
6. While the 1/0 pins are in the output state, input signals with the opposite logic level must not be applied. 

Figure 5. Write Cycle 1 

LH5168 

5168-4 
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LH5168 CMOS 64K (SK x 8) Static RAM 

Ao·A12 

IAw 

few lwR (NOTE4) 
(NOTE2) 

CE1 

few 

c~ 

WI fwp 

(NOTE3) (NOTE 1) 

WE 

tow 
(NOTES) 

0ouT 
HIGH-Z 

low foH 

D1N 
(NOTE7) 

DATA VALID 

OEa"LOW" 

NOTES: 
1. The writing occurs during the overlap (!wP) of CE1 •"LOW", CE2 - "HIGH", and WE= "LOW". 
2. few is defined as the time from the last occuring transition, either CE1 LOW transition or CE2 HIGH transition, 

lo the time when the writing is finished. 
3. WI is defined as the lime from address change lo writing start 
4. ~ defined as the time from writing finish to address change. _ 
5. If CEt LOW transition or C~ HIGH transition occurs at the same time or after WE LOW transition, the 
o~t will remain high-impedance. _ 

6. If CE1 HIGH transition or CE2 LOW transition occurs at the same lime or before WE HIGH transition, the 
output will remain high-impedance. 

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

ORDERING INFORMATION 

LH516B 
Device Type 

x 
Operating 

Temperature 

Figure 6. Write Cycle 2 

x -## 
Package Speed 

'--- 10L 100 AccessTime(ns) 

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

51~ 

D 28-pin, 300-mil SK-DIP (SK-DIP28-P-300) 
N 28-pin, 450-mil SOP (SOP28-P-450) 

~------------<{Blank -10 to 70°C 
H -40 to +85°C 

----------------- CMOS 64K (BK x 8) Static RAM 

Example: LH5168D-10L (CMOS 64K (BK x B) Static RAM, 100 ns, 2B-pin, 300-mil SK-DIP) 
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LH5168SH 
FEATURES 

• 8, 192 x 8 bit organization 

• Access time: 
500 ns (MAX.) 

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

• Fully static operation 

• Three-state outputs 

• Single 2.5 to 5.5 V power supply 

• TIL compatible 110 

• Wide temp. range 
toPR: -40 to +85°C 

• Package: 
28-pin, 450-mil SOP 

SHARP 

PRELIMINARY 
CMOS 64K (BK x 8) Static Ram 

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-PINSOP TOP VIEW 

NC 1• Vee 

A,2 2 WE 

A1 3 CEz 

Ae 4 Ae 
As 5 Ae 
A,, 6 A,, 

A3 7 OE 

Az 8 A,o 

A, 9 CE1 

Ao 10 llOa 

llO, 11 1'°7 
I~ 12 l/09 

l/03 13 l/05 

GND 14 l/04 

5188SHN·1 

Figure 1. Pin Connections for SOP Package 



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

MEMORY 
ARRAY 

(256x256) 

1101 (t1'11---+-----

ll"2 ~~-Hr---~ 
I/Os ~,>---+-+-40-----
1104 (15\.,J---HH-.----i 

1--1----ir------....,~>-t--~ 
1---C-IR_~_u1_TS __ --1~ll ll~>...:if---. (8 DATA CONTROL 

II~ 16>r---t-H-1....----i 

1106 ~7>---+++-1-+1---i 
VO, (1811----t-H-1-++---

llOs ~r-rttM1tr-L----.-_J 
COLUMN DECODERS 1111 ~ 

I .____f15=~i--.., 
COLUMN ADDRESS '------I I--

BUFFER ,______ h ..,.._.....--.....--.......--...... - Li 

WEl27}---.,_~D 

OE ~ '-1------+---1----t--+--+--+------' 

:~J---6.-~-----' 

Figure 2. LH5168SH Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A12 Address inputs 1101 - l!Oa Data inputs and outputs 

°CE1 - CE:! Chip Enable input Vee Power supply 

WE Write Enable input GND Ground 

OE Output Enable input NC Non connection 

14 GND 

5188SHN-2 



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

TRUTH TABLE 

CE1 CE2 WE OE MODE I/~ ·I/Os SUPPLY CURRENT NOTE 

H x x x Deselect High·Z Standby (lse) 1 

x L x x Deselect High·Z Standby (lse) 1 

L H L x Write DIN Operating (Ice) 

L H H L Read Dour Operating (Ice) 

L H H H Output disable High·Z Operating (Ice) 

NOTE: 
1. X=HorL 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to +7.0 v 1 

Input voltage V1N -0.3 to Vee +0.3 v 1 

Operating temperature Topr -40to+85 oc 
Storage temperature Tstg -55 to +150 oc 

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 v 
Input voltage 

V1H Vcc-0.2 Vee+ 0.3 v 
V1L -0.3 0.2 v 

DC CHARACTERISTICS (TA = -40 to +85°C, Vee = 2.5 to 5.5 V) 

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Input leakage current 11u I V1N =Oto Vee 1.0 µA 

Output leakage CE1 = V1H or CE2 = V1L 
I ILO I orOE-V1H or WE= VIL 1.0 µA current 

Vvo= Oto Vee 

Operating current Ice CE1 = V1L. V1N = V1L to V1H 50 mA CE2 = V1H, Outputs open 

lse1 CE1 = V1H or CE2 = VrL 10 mA 
Standby current 

lse 
CE2 s 0.2 V or 1.0 µA 1 

CE1, CE2;;:, Vee - 0.2 V 3.0 µA 2 

Output Low voltage VoL loL = 400µA 0.5 v 
Output High voltage VoH loH=-400 µA Vcc-0.5 v 

NOTE: 
1. TAS:+70°C 
2. TA,;; +85°C 
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LH5168SH PRELIMINARY CMOS 64K (BK x 8) Static RAM 

AC CHARACTERISTICS 

(1) READ CYCLE (TA= -40 to +85°C, Vee= 2.5 to 5.5 V) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle tRe 500 ns 

Address access time 1AA 500 ns 

Chip enable } (CE1) tAeE1 500 ns 
access time (CE2) tAeE2 500 ns 

Output enable access time toE 100 ns 

Output hold time toH 20 ns 

Chip enable to l (CE°1) tu1 20 ns 1 
output in Low-Z (CE2) tLZ2 20 ns 1 
Output enable to input in Low-Z loLZ 10 ns 1 

Chip enable to } (CE1) tHZ1 0 60 ns 1 
output in High-Z (CE2) tHZ2 0 60 ns 1 

Output disable to output in High-Z toHZ 0 40 ns 1 

(2) WRITE CYCLE (TA= -40 to +85°C, Vee= 2.5 to 5.5 V) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Write cycle time twe 500 ns 

Chip enable to end of write tew 250 ns 

Address valid to end of write IAW 250 ns 

Address setup time IAS 100 ns 

Write pulse width twp 150 ns 

Write recovery time lwR 50 ns 

Data valid to end of write tow 100 ns 

Data hold time IDH 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 IOHZ 0 40 ns 1 

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

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

AC TEST CONDITIONS 
PARAMETER MODE 

Input voltage amplitude Oto Vee 

Input rise/fall time 10 ns 

Timing reference level 1.5 v 
Output load conditions No load 

CAPACITANCE (TA = 25°C, f = 1 MHz) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Input capacitance C1N V1N=OV 7 

Input/output capacitance Cvo Vvo= o V 10 
NOTE: 
This parameter is sampled and not production tested. 
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CMOS 64K (BK x 8) Static RAM PRELIMINARY 

DATA RETENTION CHARACTERISTICS (TA = ·40 to +85°C) 

PARAMETER SYMBOL CONDITIONS MIN. MAX. 

Data retention voltage VccoR 
CE2 s 0.2 Vor CE1, 2.0 CE2 ~ VccDR - 0.2 v 

VccoR = 3.0 Y..,_ 
Data retention current lccDR CE2 s 0.2 Vor CE1, 1.5 

CE2 ~ VccDR - 0.2 v 
Chip disable to data retention tcDR 0 

Recovery time tRDR tRC 

NOTE: 
1. tRc = Read cycle time 

CE1 CONTROL(NOTE) DATA RETENTION MODE 

Vcc------,---1 

CE, 2' VccoR -0.2 v 
ov----------------------------------

CE:i CONTROL 
DATA RETENTION MODE 

VccoR- - - - -

Q2V----- ---------------------- ------

ov-----------------------------------
CE2S0.2 V 

NOTE: To control data hold at CE1, fix the input level of CE2 between VccoR to VccoR-0.2 Vor 0 V to 0.2 V 
during the data retention. 

Figure 3. Low Voltage Data Retention 

SHARP 

LH5168SH 

UNIT NOTE 

v 

µA 

ns 

ns 1 

51685-6 
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LH5168SH PRELIMINARY CMOS 64K (BK x 8) Static RAM 

OE 

1101 -1108 -------------< 
NOTE: WE= "HIGH" 

5168SHN-3 

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

lwP 

HIGH-Z 

low loH 

(NOTES) 
DATA VALID 

NOTES: 
1. The writing occurs during the overlap (lwp) of CE1 ="LOW", CE2 = "HIGH", and WE= "LOW". 
2. lcw is defined as the time from the last occuring transition, either CE1 LOW transition or CE2 HIGH transition, 

to the time when the writing is finished. 
3. tAS is defined as the time from address change to writing start. 
4. lwR is defined as the time from writing finish to address change. 
5. If CE1 LOW transition or C~ HIGH transition occurs at the same time or after WE LOW transition, the 

output will remain high-impedance. 
6. While the ltO pins are in the output state, input signals with the opposite logic level must not be applied. 

Figure 5. Write Cycle 1 

SHARP 

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

lwc 

CE1 

WE 

low 
(NOTE6) 

HIGH-Z 
DouT 

low loH 

(NOTE7) 
D1N DATA VALID 

OE ="LOW" 

NOTES: 
1. The writing occurs during the overlap (lwP) of CE1 ="LOW", CE2 ="HIGH", and WE= "LOW". 
2. lcw is defined as the time from the last occuring transition, either CE1 LOW transition or CE2 HIGH transition, 

to the time when the writing is finished. 
3. tAS is defined as the time from address change to writing start. 
4. tWA Is defined as the time from writing finish to address change. 
5. If CE1 LOW transition or CE2 HIGH transition occurs at the same time or after WE LOW transition, the 

O':!!eUt will remain high-impedance. _ 
6. If CE1 HIGH transition or CE2 LOW transition occurs at the same time or before WE HIGH transition, the 

output will remain high-impedance. 
7. While the 1/0 pins are in the output state, input signals with the opposite logic level must not be applied. 

Figure 6. Write Cycle 2 

ORDERING INFORMATION 

LH5168 
Device Type 

N -## 
Package Speed 

L= 50 500 Access Time (ns) 

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

CMOS 64K (8K x 8) Static RAM 

Example: LH5168SHN-50 (CMOS 64K (8K x 8) Static RAM, 500 ns, 28-pin, 450-mil SOP) 
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LH51256 
FEATURES 

• 32,768 x 8 bit organization 

• Access times: 
100/120 ns (MAX.) 

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

CMOS 256K (32K x 8) Static RAM 

DESCRIPTION 
The LH51256 is a 256K bit static RAM organized as 

32, 768 x 8 bits. It is fabricated using silicon-gate CMOS 
process technology. 

PIN CONNECTIONS 

28-PIN DIP 
TOP VIEW 28-PINSOP 

1• Vee 

2 WE 

3 A,3 
4 Aa 
5 Aa 
6 A,, 

7 OE 

A10 
CE 

1/0a 

lfO., 

l!Oa 

l/05 

l/04 

Figure 1. Pin Connections for DIP 
and SOP Packages 

51258-1 
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LH51256 CMOS 256K {32K x 8) Static RAM 

WE 

OE 

CE 

@ 
~ 

(f 
tt 
ta< (i< 
ts< 
rs< 
Q' 

11' 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

~ 

t 

....---

en en wen 
a: a: ow cu. <U. 
~iil 
a: 

T 

1 

~ 
~ 

PIN DESCRIPTION 

r---

ra a: 
a:W MEMORY co 

1--1 cg ARRAY 

~ <w (512 x 512) 
~o 

L..--. 

r--- ri:C~ 1--I:: ~ 
i....:::::::: 

::J .r-... c( 0 COLUMN !;cg; 1/0 ft ~ oO 
CIRCUITS I- ....I 

::J a? k: K.... a. I-
t-- tc ~z 

0 t----1 
0 COLUMN 

ADDRESS DECODER ~ ....__,.._ 

r-{ COLUMN ADDRESS 
BUFFERS 

~ ..:y 

Figure 2. LH51256 Block Diagram 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao·A14 Address input 1101-1/0s Data 110 

CE Chip Enable input Vee Power supply 

WE Write Enable input GND Ground 

OE Output Enable input 

TRUTH TABLE 
CE WE OE MODE 1101. I/Os Ice NOTE 

H x x Non selected High-Z. Standby (lse) 1 
L L x Wr~e Data in Operating (Ice) 1 

L H L Read Data out Operating (Ice) 

L H H Output disable High-Z Operating (Ice) 

NOTE: 
1. X=HorL 
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CMOS 256K (32K x 8) Static RAM LH51256 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to +7.0 v 1 

Input voltage V1N -0.3to+7.0 v 1 

Operating temperature Topr -40 to +85 •c 

Storage temperature Tstg -55 to +150 ·c 

NOTES: 
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 4.5 5.0 5.5 v 

Input voltage 
V1H 2.2 Vcc+0.3 v 
V1L -0.3 0.8 v 

DC CHARACTERISTICS (Vee= 5V±10%, TA= -40 to +85°C unless otherwise noted) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. 

Input leakage current 1 lu I 
Vcc=5.5V, 

V1N =Oto Vee 

Output leakage current J ILOI 
CE or OE = V1H. 
Vvo= Oto Vee 

Operating current Ice 
CE= V1L. 

Outputs open 

ls01 CE= V1H 

Standby current 
CE <!: Vee - 0.2 V, 

lss 
TA= o to +60°c 

CE<!: Vee - 0.2 V, 
TA= -40 to +85°C 

Output voltage 
VoL loL= 2.1 mA 

VoH loH =-1.0 mA 2.4 

AC CHARACTERISTICS 

(1) READ CYCLE (Vee= 5v±10%, TA= -40 to +85°C} 

PARAMETER SYMBOL 
LH51256/N-10 LH51256/N-12 

UNIT 
MIN. MAX. MIN. MAX. 

Read cycle time tRC 100 120 ns 

Address access time tM 100 120 ns 

CE access time !ACE 100 120 ns 

Output enable time toE 50 60 ns 

Output hold time toH 5 5 ns 

CE Low to output in Low-Z tLZ 5 5 ns 

OE Low to output in Low-Z toLZ 5 5 ns 

CE High to output in High-Z tHZ 0 30 0 30 ns 

OE High to output in High-Z toHZ 0 30 0 30 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. CLOAD = 5 pF. 

SHARP 

MAX. UNIT 

1 JiA 

1 µA 

45 mA 

10 mA 

3 µA 

10 µA 

0.4 v 
v 

NOTE 

1 

1 

1 

1 
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LH51256 CMOS 256K (32K x 8) Static RAM 

2) WRITE CYCLE (Vee= 5v±10%, TA= -40 to +85°C) 
LH51256/N·10 LH51256/N· 12 

PARAMETER SYMBOL UNIT 
MIN. MAX. MIN. MAX. 

Write cycle time twc 100 120 

CE Low to end of write tcw 90 100 

Address valid to end of write !Aw 90 100 

Address setup time !As 5 5 

Write recovery time twR 15 15 

Write pulse width twp 50 50 

Input data setup time tow 30 30 

Input data hold time toH 10 10 

WE High to output active tow 0 0 

WE Low to output in High-Z twz 0 30 0 30 

OE High to output in High-Z toHZ 0 30 0 30 

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

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

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.6Vto 2.4 V 

Input rise/fall time 10 ns 

Timing reference level 1.5 v 
1TTL+ CL= 100 pF 

Output load conditions (Includes scope and jig 
capacitance) 

CAPACITANCE 1 (TA= 25°C, f = 1MHz) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Input capacitance C1N V1N=OV 7 

Input/output capacitance Cvo Vvo= o V 10 

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

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 

pF 

DAT A RETENTION CHARACTERISTICS (TA = -40 to +85°C except as noted) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Data retention voltage VccoR CE 2: VccoR • 0.2V 2.0 v 
VccoR =3 v 

CE 2: VccoR • 0.2V, 1 µA TA= o to +60°C, 

Data retention current lccoR 
V1N = O to VccoR 

VccoR=3V 
CE 2: VccoR. 0.2V, 

6 µA TA = -40 to +85°C, 
V1N = O to VccoR 

CE setup time tCDR 0 ns 

CE hold time tR tRC ns 

NOTE: 
1. tRc = Read cycle time 
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CMOS 256K (32K x 8) Static RAM LH51256 

DATA RETENTION MODE 

4.5 v - - - - - - - - - - - - - - - - - - - - - - - . 

VccoR 

CE<?: VccoR -0.2 v 
CE 

51256-6 

Figure 3. Low Voltage Data Retention 

~c 

OE 

loE 

CE 

DouT 

NOTE: WE = "HIGH" 
51256-3 

Figure 4. Read Cycle 
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LH51256 CMOS 256K (32K x 8) Static RAM 

OE 

tcw 

CE 

(NOTE 1) 

Dour 
low tDH 

D (NOTES) 
IN DATA VALID 

NOTES: 
1. The write pulse occurs during the overlap (tWP) of CE= LON and WE= LON. 
2. lcw is defined as the time from the CE low transition to the end of write. 
3. IAs is defined as the time from address change to the start of writing. 
4. lwR is defined as the time from the end of wrling to the address change. 
S. When the 110 pins are in the output state, input signals with the opposite logic level must not be applied. 

51256-4 

Figure 5. Write Cycle 1 (OE Clock) 

lcw (NOTE2) 

CE 

twp 

(NOTE 1) 

WE 

Dour 
low 

(NOTES) 

NOTES: 
1. The write pulse occurs during the overlap (!WP) of CE= LOW and WE = LOW. 
2. lcw is defined as the time from the CE low transition to the end of write. 
3. IAs is defined as the time from address change to the start of writing. 
4. twR is defined as the time from the end of writing to the address change. 
S. Wh~n the 110 pins are in the output state, input signals with the opposite logic level must not be applied. 
6. If g:: LOW transition occurs at the same time or alter 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. 

51256+5 

Figure 6. Write Cycle 2 (OE Low) 
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CMOS 256K (32K x 8) Static RAM 

ORDERING INFORMATION 

LH51256 
Device Type 

x 
Package 

-## 
Speed 

I f 1 O 100 Access Time (ns) L 12 120 

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

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

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

SHARP 

LH51256 
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LH51256L 
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 µW (MAX.) 

(TA= 0 to 60°C) 

• Fully static operation 

• TTL compatible VO 

• Three state outputs 

• Single +5 V power supply 

• Packages: 

4-54 

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

CMOS 256K (32K x 8) Static RAM 

DESCRIPTION 
The LH51256L is a 256K bit static RAM organized 

as 32,768 x 8 bits which provides low-power standby 
mode. It is fabricated using silicon-gate CMOS process 
technology. 

PIN CONNECTIONS 

28-PINDIP TOP VIEW 
28-PINSOP 

A14 1• 

A12 2 

A1 3 

Ae 4 

An 

OE 

A10 

9 CE 

lfOa 
l"°7 
llOe 

l/05 

l/04 

51258l-1 

Figure 1. Pin connections for DIP and 
SOP Packages 



CMOS 256K (32K x 8) Static RAM 

l/01 

1'°2 
l/03 
l/04 

l/05 

1/0a 
IJO, 
1/0a 

WE 

OE 

CE 

8 

ft 
~ 
~ 
~ 
~ 
~ 
~ 

~ 1 

~ 
~ 
~ 
~ 
(~ 
~ 

!Z 
~&! ow 
OLL 
<LL 

§ill 
a: 

; 

J 

1 

l~ 
I J3 \_ 
_t -<L..J 

PIN DESCRIPTION 

SIGNAL PIN NAME 

Ao-A14 Address input 

CE Chip Enable input 

WE Write Enable input 

OE Output Enable input 

TRUTH TABLE 

CE WE OE 

r-----; 

!Z rn wa: a:w MEMORY 
~§ ~ ARRAY 

§:!:: (512x 512) 

a: 

..___ 

~ " 
r---

1-----1 !:: ~ 
i..c.._ 

::> 

~~ COLUMN 
VO ~ i..c:.... 

!:lg CIRCUITS -" 
~ i..c:.... 

~!Z 1-----1 1--i 8 t.2:; 
COLUMN 

ADDRESS DECODER ~ ...._,.._ 

rl COLUMN ADDRESS 
BUFFERS 

~ 

Figure 2. LH51256L Block Diagram 

SIGNAL PIN NAME 

1/01-1/0a Data Input/Output 

Vee Power supply 

GND Ground 

MODE l/Oi- l/Oa SUPPLY CURRENT NOTE 

H x x Non selected High-Z Standby (lse) 1 

L L x Write D1N Operating (Ice) 1 

L H L Read Dour Operating (Ice) 

L H H Output disable High-Z Operating (Ice) 

NOTE: 
1. X=Horl 

LH51256L 

~ 

.A4 GND 

51256l.-2 



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

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage V1N -0.3to+7.0 v 1 

Operating temperature Topr -40to+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 4.5 5.0 5.5 v 
Input voltage V1H 2.2 Vcc+0.3 v 

V1L -0.3 0.8 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= -40 to +85°C) 
PARAMETER SYMBOL CONDmONS MIN. TYP. MAX. UNIT 

Input leakage current 1 lu I Vcc-5.5V 1 µA V1N• Oto Vee 

Output leakage current 1 ILOI CE or OE = V1H, 1 µA 
Vvo - O to Vee 

Operating current Ice CE=V1L, 45 mA Outputs open 

lse1 CE•VIH 10 mA 

Standby current 
Ci:~ Vee- 0.2 V 

1 µA TA= o to +so•c 
lse 

CE~ Vee- 0.2 V 
TA - -40 to +85°C 

5 µA 

Output voltage 
VOL lot.= 2.1 mA 0.4 v 
VOH loH•-1.0mA 2.4 v 

AC CHARACTERISTICS 

(1) READ CYCLE (Vee= 5v±100k, TA= -40 to +85°C) 

PARAMETER SYMBOL 
LH51256/N-10L LH512561N-12L 

UNIT NOTE 
MIN. MAX. MIN. MAX. 

Read cycle time tRC 100 120 ns 

Address access time IAA 100 120 ns 

Chip enable access time !ACE 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 tu 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 tQHZ 0 30 0 30 ns 1 
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CMOS 256K (32K x 8) Static RAM 

(2) WRITE CYCLE (Vee= 5v±10%, TA= -40 to +85°C) 

PARAMETER SYMBOL 
LH51256/N-10L LH51256/N-12L 

UNIT 
MIN. MAX. MIN. MAX. 

Write cycle time twc 100 120 ns 

CE Low to end of write tcw 90 100 ns 

Address valid to end of write !Aw 90 100 ns 

Address setup time !As 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 

WE Low to output in High-Z twz 0 30 0 30 ns 

OE High to output in High-Z toHZ 0 30 0 30 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. CLOAD = 5 pF. 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.6 Vto2.4 V 

Input rise/fall time 10 ns 

Timing reference level 1.5 v 
1ITL+ CL= 100 pF 

Output load conditions (Includes scope and jig 
capacitance) 

CAPACITANCE 1 (TA= 25°C, f = 1MHz) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Input capacitance C1N V1N = 0 V 7 

Input/output capacitance Cvo Vvo= o V 10 

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

DATA RETENTION CHARACTERISTICS (TA= -40 TO +85°C) 

UNIT 

pF 

pF 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Data retention voltage VccoR CE ~ VccoR - 0.2 v 2.0 v 
_yCCDR = 3.0 V, 
CE~ VccoR - 0.2 V, 0.6 µA TA= o to +60°c, 

Data retention current lccoR 
V1N = Oto VccoR 

VccoR =3.0 V 
CE~ VccoR - 0.2 v. 3.0 µA 
TA = -40 to +85°C, 
V1N = 0 to VccoR 

CE setup time lcDR 0 ns 

CE hold time tRDR tRC ns 

NOTE: 
1. tRc = Read cycle time 

LH51256L 

NOTE 

1 

1 

1 

NOTE 

1 
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LH51256L CMOS 256K (32K x 8) Static RAM 

DATA RETENTION MODE 

CE~ VccoR -0.2 V 

51256L-6 

Figure 3. Data Retention Characteristics 

liic 

OE 

CE 

lt.z 

NOTE: WE = "HIGH" 
512561.-3 

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

!cw (NOTE2) 

CE 

(NOTE1) 

low loH 

D (NOTES) 
IN DATA VALID 

NOTES: 
1. The write pulse occurs cl.Iring the overlap (tWP) of CE= LOW and WE= LOW. 
2. !cw is defiled as the lime from CE LOW transhlon lo the end of writing. 
3. IAs is defined as the time from address change lo the start of writing. 
4. '- Is defined as the time from the end of wrhing lo the address change. 
S. When the l/O pins are In the output state, Input signals with the cpposhe logic level must not be applied. 

512S6L_. 

Figure 5. Write Cycle 1 (OE Clock) 

lwc 

IAw 

!cw (NOTE2) 

CE 

(NOTE1) 

WE 

Dour 

(NOTES) 

NOTES: 
1. The wrlle pulse occurs during the overlap ('wP) of CE = LOW and WE = LOW. 
2. !cw Is defined as the time from CE LOW transition to the end of writing. 
3. ~ is defined as the time from address change to the start of writing. 
4. '- Is defined as the time from the end of writing to the address change. 
S. When the 1/0 pins are In the output state, Input signals with the opposlle logic level must not be applied. 
6. If CE LOW transition occurs at the same lime or attar 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. 51258L-5 

Figure 6. Write Cycle 2 (OE Low) 



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

ORDERING INFORMATION 

LH51256 
Device Type 

x 
Package 

-## 
Speed 

l.__ ____ --<(1 OL 1 oo Access Time (ns) 
12L 120 

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

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

Example: LH51256N-10L (CMOS 256K (32K x 8) Static RAM, 100 ns, 28-pin, 450-mil SOP) 
51256L-7 
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LH511000 
FEATURES 

• 131,072 x 8 bit organization 

• Access times: 
100/120 ns (MAX.) 

• Power consumption: 
Operating: 330 mW (MAX.) 
Standby at TA = o to 10°c 

220 µW (MAX.) ("L" version) 
110 µW (MAX.) ("LL" version) 
22 µW (MAX.) ("UL" version) 

• Wide temperature range 
-40 to +85°C 

• Fully static operation 

• TTL compatible 1/0 

• Three state outputs 

• Single +5 V power supply 

• Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 
32-pin, 8 x 20 mm2 TSOP (Type I) 

(normal and reverse bend pins) 

32-PIN TSOP (I) (NORMAL BEND) 

A,, 1• 

Ao 2 

Aa 3 

A13 4 

WE 5 

CE2 6 

Ats 7 

Vee 8 

NC 9 

A11 

A12 
A, 

As 
As 
A., 

OE 

31 A10 

CE, 

l!Oa 
VO, 

VOg 

VOs 

vo. 
GND 

VO. 
VO. 
vo, 
Ao 
A, 
Az 
Aa 

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

DESCRIPTION 
The LH511000 is a 1M bit static RAM organized as 

131,072 x 8 bits. It is fabricated using silicon-gate 
CMOS process technology. 

PIN CONNECTIONS 

32·PIN DIP 
32-PINSOP 

NC ie 

A18 2 

A14 3 

A12 4 

A, 5 

As 8 

Ao 7 

Aa 8 

Ao 9 

Az 
A, 

GND 

Vee 

31 A,. 

CE2 

WE 

A13 

As 
As 

TOP VIEW 

511000-1 

Figure 1. Pin Connections for DIP and 
SOP Packages 

32-PIN TSOP (I) (REVERSE BEND) 

A., 17 Ao 
As 18 Az 
As 19 At 
A1 20 Ao 

A12 21 vo, 
A14 22 VO. 
A11 23 VO. 
NC 9 24 GND 

Va; B 25 vo. 
Ats 7 26 VOs 

CE2 8 27 liOe 
WE 5 28 VO, 
A,3 4 vo. 
Aa 3 CEt 

Ao 2 31 A10 
A,, 1• 32 OE 

611000.1A 

Figure 2. Pin Connections for TSOP Packages 
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LH511000 

gj 
wen 1------. .... 
a: a: 
Ow 
0 LL 
<LL 
3:~ 
~m 1------. .... 

PRELIMINARY 

MEMORY 
ARRAY 

(512 x 2048) 

COLUMN ADDRESS 
BUFFERS ............... ....,......,... 

NOTE: Pin numbers apply to 32-pin DIP or 32-pin SOP. 

Figure 3. LH511000 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL 

Ao-A1s Address input 1101-1/0s 

CE1 -CE2 Chip Enable input Vee 
WE Write Enable input GND 

OE Output Enable input 

TRUTH TABLE 
CE1 CE:! WE OE MODE 1/0, -1/0a 

H x x x Non selected High-Z 

x L x x Non selected High-Z 

L H L x Write D1N 
L H H L Read DoUT 
L H H H Output disable High-Z 

NOTE: 
1. X =Hor L 
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CMOS 1M (128K x 8) Static RAM 

----{321Vcc 

___ ..,d"\116 GND 

511000.2 

PIN NAME 

Data Input/Output 

Power supply 

Ground 

STANDBY CURRENT NOTE 

Standby (lsB1) 1 
Standby (lsB1) 1 
Operating (Ice) 1 
Operating (Ice) 

Operating (Ice) 



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

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage V1N -0.3to+7.0 v 1 

Operating temperature Topr -40to+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. llAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 
Input voltage 

V1H 2.2 Vee+0.3 v 
V1L -0.3 0.8 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= ·40 to +80°C) 

PARAMETER SYMBOL CONDITIONS 
LH511000L LH511000LL LH511000UL 

UNIT NOTE 
MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. 

Output 
LOW VOL lot. =2.0 mA 0.4 0.4 0.4 v 
voltage 

Output 
HIGH VoH loH a -1.0 mA 2.4 2.4 2.4 v 
voltage 

Input 
leakage 1 lu I V1N =Oto Vee 1 1 1 µA 
current 

CE1 =V1Hor 
Output CE2• V1L, 
leakage I ILOI or OE= V1H or 1 1 1 µA 
current WE-V1L. 

V110 • o to Vee 

CE1 =VIL, 
V1N = V1L to V1H 

lcc1 CE2=V1H. 60 60 60 mA 
Cycle-MIN. 

Operating 
Outputs open 

current CE1 S0.2 Vor 
Vcc-0.2 V 1 6 1 6 1 6 1 

lcc2 
V1N S 0.2 Vor 

mA t---Vcc-0.2 V, 
Cycle • 1 MHz, 5 15 5 15 5 15 2 
Outputs open 

lse1 
CE1 = V1Hor 3 3 3 mA 

CE2• V1L 
Standby 

CE2s 0.2 Vor 40 20 4 ~ current 
Isa 'CE1, CE2 ~ µA 

Vcc-0.2 V 120 60 12 4 

NOTES: 
1. Read cycle 
2. Writecycle 
3. TA=0to70°C 
4. TA= -40 to ..as·c 



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

AC CHARACTERISTICS 

(1) READ CYCLE (Vee= 5v±10%, TA= ·40 to +85°C) 

SYMBOL 
100 ns 120 ns 

UNIT PARAMETER 
MIN. MAX. lllN. llAX. 

Read cycle time tRC 100 120 ns 

Address access time fAA 100 120 ns 

Chip enable access time tACE1 100 120 ns 

tAcE2 100 120 ns 

Output enable time toE 50 60 ns 

Output hold time toH 10 10 ns 

CE Low to output in Low-Z 
tlZ1 5 5 ns 

1Lz2 5 5 ns 

OE Low to output in Low-Z tou 5 5 ns 

~ High to output in High-Z fHz1 0 35 0 45 ns 

tHZ2 0 35 0 45 ns 

Qi: High to output in High-Z tOHZ 0 35 0 45 ns 

(2) WRITE CYCLE (Vee= 5v±10%, TA= -40 to +85°C) 

PARAMETER SYMBOL 
LH511000/N-10,-10L LH511000/N-12,-12L 

MIN. MAX. MIN. MAX. 

Write cycle time twc 100 120 

~ Low to end of write tcw 80 100 

Address valid to end of write tAw 80 100 

Address setup time tAs 0 0 

Write recovery time twR 0 0 

Write pulse width twP 75 85 

Input data setup time tow 40 50 

Input data hold time toH 0 0 

WE High to output in High-Z tow 0 0 

WE" Low to output in High-Z twz 5 5 

OE High to output in High-Z toHZ 0 35 0 45 

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 lhe test load. CLOAO = 5 pF. 

AC TEST CONDITIONS 
PARAMETER MODE 

Input voltage amplitude 0.8to2.2V 

Input rise/fall time 5 ns 

Timing reference level 1.5V 

1TTL+100pF 
Output load conditions (Includes scope and jig 

capacitance) 
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NOTE 

1 

1 

1 

1 

1 

1 

UNIT NOTE 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 1 

ns 1 

ns 1 



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

CAPACITANCE (TA = 25°C, f = 1 MHz) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input capacitance C1N V1N•OV 8 pF 1 

Input/output capacitance Cvo Vvo = 0 V 10 pF 1 

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 
VccoR 

CE2 s 0.2 Vor 2.0 v voltage CE1, CEz <!Vee - 0.2 V 

1 1 
25°C 0.5 µA 2 

CE2so.2v, 
0.1 3 

Data retention 
lccoR 

Vee-2Vor 20 1 
current CE1. CE2 <!Vee - 0.2 v Oto70"C 10 µA 2 

Vcc-3V 
2 3 

60 1 
-40to 85°C 30 µA 2 

6 3 
CE setup time teoR 0 ns 

CE hold time tR tRC ns 4 

NOTE: 
1. LH511000L 
2. LH511000LL 
3. LH511000UL 

4. tRc = Read cycle time 

t..ce1 

eE1 

OE 

li01 - I/Os 

NOTE: WE • "HIGH" 
5111J00.3 

Figure 4. Read Cycle 



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

OE --------'I 
lcw 

(NOTE2) 

tAS 
(NOTE3) 

WE 

(NOTES) 
D1N DATA VALID 

NOTES: 

4-66 

1. The writing occurs during the overlap (lwP) of CE1 ="LOW", CE2 ="HIGH", and WE= "LOW". 
2. lcw is defined as the time from the last occuring transition, either CE1 LOW transition or CE2 HIGH transition, 

to the time when the writing is finished. 
3. tAS 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. If CE1 HIGH transition or CE2 LOW transition occurs at the same time or before WE HIGH transition, the 

output will remain high-Impedance. 
6. While the 1/0 pins are in the output state, input signals with the opposite logic level must not be applied. 

Figure 5. Write Cycle 1 

511000-4 



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

Ao-A1s 

!AW 

lcw ~ (NOTE4) 
(NOTE2) 

CE1 

lcw 

CE2 

WI ~ 
(NOTE3) (NOTE 1) 

WE 

low 

HIGH-Z 
(NOTES) 

DOUT 

low loH 

D1N 
(NOTE7) 

DATA VALID 

OE-"l.DW" 

NOTES: 
1. The writing occurs during the overlap(~) of CE1 ="LOW", CE2 ="HIGH", and WE. "LOW". 
2. lcw Is defined as the time from the last occurlng transition, either CE1 LOW transition or CE2 HIGH transition, 

ID the time when the writing is finished. 
3. !AS is defined as the time from address change ID writing start. 
4. !WR Is defined as the time from writing finish to address change. 
5. If CE1 LOW transition or C~ HIGH transition occurs at the same time or after WE l.DW transition, the 

~utwill remain high-impedance. _ 
6. If CE1 HIGH transition or C~ LOW transition occurs at the same lime or before WE HIGH transition, the 

output will remain high-Impedance. 
7. While the 110 pins are in the output state, input signals with the opposite logic level must not be applied. 

Figure 6. Write Cycle 2 

SHARP 

LH511000 

511000-5 
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LH511000 PRELIMINARY CMOS 1 M (128K x 8) Static RAM 

ORDERING INFORMATION 

LH511000 
Device Type 

x 
Package 

-## xx 
Speed Standby 

L_J L 40 µA MAX. Standby current 

L bt ~0$ ~%.· (TA= Oto 70°C) 

1 O 1 OO Access Time (ns) 
12 120 

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

~----------"\ T 32-pin, 8 x 20 mm2 TSOP (TSOP32-P-0820) 
TR 32-pin, 8 x 20 mm2 TSOP 

(TSOP32-P-0820) Reverse bend pin 

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

Example: LH511000N-10LL (CMOS 1M (128K x 8) Static RAM, 100 ns, 20 µA standby, 32-pin, 525-mil SOP) 
511Cl00-6 
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LH5267A 
FEATURES 

• Fast Access limes: 25/35/45 ns 

• Output Enable Control 

• JEDEC Standard 24-Pin, 300-mil DIP 

• Low Power Standby When Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully Static Operation 

• Common 1/0 for Low Pin Count 

FUNCTIONAL DESCRIPTION 

The LH5267 A is a high-speed 65,536 bit static RAM 
organized as 16K x 4. Fast, efficient designs are obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 

This RAM is fully static in operation. The Chip Enable 
(E) reduces power when Eis inactive (HIGH). Standby 
power drops to its lowest level (lse1) when Eis raised to 
within 0.2 V of Vee. 

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

CMOS 16K x 4 Static RAM 

When E is LOW and W is HIGH, a static read of the 
memory location specified by the address lines will occur. 
Since the device is fully static in operation, new read 
cycles can be performed by simply changing the address. 
The LH5267Aoffers an Output Enable (G) control. 

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

PIN CONNECTIONS 

24-PIN DIP TOP VIEW 

Ao 1 • Vee 

A, 2 A,3 

~ 3 A,2 

A3 4 A,, 

A,. 5 A,o 

As 6 Ag 

Ae 7 NC 

A1 8 003 

As 9 002 

E oo, 
(3 000 

Vss 13 w 
5267A-1D 

Figure 1. Pin Connections for DIP Package 



LH5267A CMOS 16K x 4 Static RAM 

As 

"4 

A3 

~ 

A, 

Ao 

A,3 

D00 ------1 
D01 ----1--1---1 

D02 ----+-+-lf---1 

w 
a 
0 
0 
w 
0 

~ a: 

MEMORY ARRAY 
(16,384 x4) 

l/OCIRCUIT 

BLOCK 
DECODE 

COLUMN 
DECODE 

D03 --+-1--1--4----1 J--

E---<1 
w ----j---u__J 

TRUTH TABLE 

E w G MODE 

H x x Not 
Selected 

L H L Read 

L H H Read 

L L x Write 

NOTE: 
X = Don't Care, L = LOW, H = HIGH 
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POWER DOWN 
CIRCUIT 

Figure 2. LH5267A Block Diagram 

PIN DESCRIPTIONS 

DQ Ice PIN DESCRIPTION 

High-Z Standby Ao-A13 Address Inputs 

DQo-D03 Data Inputs/Outputs 
Data Out Active E Chip Enable Input 
High-Z Active w Write Enable Input 
Data In Active G Output Enable Input 

Vee Positive Power Supply 

Vss Ground 

5267A-2 

SHARP 



CMOS 16K x 4 Static RAM LH5267A 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5Vto7V 

Input Voltage Range -0.5 v to Vee+ 0.5 v 
DC Output Current 2 ±40mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 1.0W 

NOTES: 
1. Stresses greater lhan those listed under "Absolute Maximum Ratings• may cause permanent damage to the device. This is a stress rating for 

transient oonditions only. Functional operation of the device at these or any other oonditions above those indicated in the "Operating Range" 
of this specification is not implied. Exposure to absolute maximum rating oonditions for extended periods may affect reliability. 

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

OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

TA TerJllerature, Ambient 0 70 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic ·o· Input Voltage 1 -0.5 0.8 v 
V1H Logic ·1 • Input Voltage 2.2 Vec+0.5 v 

NOTE: 
1. Negative undershoot of up to 3.0 Vis pennitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

lee1 Operating Current 1 IOUT = 0 mA, teveLE = tRC or twe 120 mA 
ESV1L, G~VIH 

ISB1 Standby Current E~Vee-0.2V 0.1 1 mA 

ISB2 Standby Current E~V1Hmin 5 mA 

lu Input Leakage Current Vee =5.5 V, V1N =0 Vto Vee -2 2 µA 

ILO 1/0 Leakage Current Vee= 5.5 V, V1N = 0 Vto Vee -2 2 µA 

VoH Output High Voltage IOH=-4.0mA 2.4 v 
VOL Output Low Voltage IOL=8.0mA 0.4 v 

NOTE: 
1. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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LH5267A CMOS 16K x 4 Static RAM 

AC TEST CONDITIONS 
RATING +SV 

Vss to 3 v 
5 ns 

1.5V 
Figure 3 

CAPACITANCE 1•2 30pF• 

RATING 
6pF 
8pF 

NOTES: •INCLUDES JIG AND SCOPE CAPACITANCES 
1. Capaci1ances me maximum values at 25°C measured at 1.0MHz 

with Vi!iaa = O V and Va;= 5.0 V. 
2. Sample tested only. Figure 3. OUtput Load Circuit 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION -25 -35 -45 
MIN "MAX MIN Mil MIN MAX 

READ CYCLE 

tRC Read ~cle Timi~ 25 35 45 

IAA Address Access lime 25 35 45 

tOH Output Hold from Address Cha~ 3 3 3 
tEA E Low to Valid Data 25 35 45 

tELZ E Low to Output Active 2•3 5 5 5 
tEHZ E H!g_h to Output H_!g_h-Z 2•3 10 15 15 
tGA G Low to Valid Data 10 15 20 
tGLZ G Low to Output Active 2•3 3 3 3 
tGHZ G H.!g!l to Output High-Z 2•3 10 15 15 
tpu E Low to Power U_Q_ lime 3 0 0 0 
tpo E High to Power Down lime 3 25 35 45 

WRITE CYCLE 

twc Write C~le lime 25 30 40 
tEw E Low to End of Write 20 25 35 
tAW Address Valid to End of Write 20 25 35 
tAS Address Setup 0 0 0 
tAH Address Hold from W H_!g_h 0 0 0 
twp W Pulse Width 20 25 30 
tow Input Data Setu_j)_ lime 13 15 20 
toH Input Data Hold lime 0 0 0 

twLZ W H_!g_h to Ou!J:lt!t Active 2•3 3 3 3 
twHz W Low to Output High-Z 2•3 0 7 0 10 0 15 

NOTES: 
1. AC Electrical Characteristics specified at "AC Test Conditions" lewis. 

UNITS 

ns 
ns 
ns 

ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

ns 

ns 

2. Active output to High-Zand High-Z to output active tests specified for a ±500 mV transition from steady state lewis into the test load. The test 
load has 5 pF capacitances. 

3. Sample tested only. 
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CMOS 16K x 4 Static RAM 

TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: Wis HIGH, E and Gare LOW. 
Read cycle timing is referenced from when all addresses 
are stable until the first address transition. 

LH5267A 

Read Cycle No. 2 

Chip is in the Read Mode: Wis HIGH. lim!!!9 illustrated 
for the case when addresses are valid when E goes LOW. 
Data-out becomes valid at tEA and may become active as 
soon as tELZ. Data-out is valid when both tEA and tGA are 
met. 

ADDRESS VALID ADDRESS 

DO 

DO 

SUPPLY 
CURRENT 

Figure 4. Read Cycle No. 1 

faLZ 

Figure 5. Read Cycle No. 2 

foH 

VALID DATA 

5267""4 

lpo 

leHZ 

VALID DATA 

5267A·5 
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LH5267A 

TIMING DIAGRAMS - WRITE CYCLE 

Addresses roost be stable during Write cycles. E or W 
must be HIGH during address transitions. The outputs will 
remain in the High-Zstate if Wis LOW when Egoes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DO lines. 
This will prevent bus contention, reducing system noise. 
Although these timing diagrams assume G is LOW, it is 
recommended that G be kept high during Write cycles to 
insure that the output drivers are disabled. 

ADDRESS 

DQ 

DATA ON 
DO LINES 

PREVIOUS OUTPUT 

CMOS 16K x 4 Static RAM 

Write Cycle No. 1 (W controlled) 

Chip is selected: E and G are LOW. Using only w to 
control Write cycles may not offer the best device perfor
mance, since both twHz and tow timing specifications 
must be met. 

Write Cycle No. 2 (E controlled) 

_ DO lines may transition to Low-z if the falling edge of 
W occurs after the falling edge of E . 

VALD ADDRESS 

HIGH-Z INPUT 

5287MI 

Figure 6. Write Cycle No. 1 
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ADDRESS 

DO 

DATA ON 
DO LINES 

HIGH-Z OUTPUT 
(IFANY) 

lwc 

VALID ADDRESS 

tew 

Figure 7. Write Cycle No. 2 

low IOH 

INPUT 

52871r7 



CMOS 16K x 4 Static RAM 

ORDERING INFORMATION 

LH5267A 
Device Type 

_D_ -## PT. ~Yed 2355 
Access Time (ns) 

45 

24-pin, 300-mil DIP (DIP24-P-300) 

'-------------CMOS 16K x 4 Static RAM 

Example: LH5267AD-25 (CMOS 16K x 4 Static RAM, 25 ns, 24-pin, 300-mil DIP) 

LH5267A 

5287AMD 
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LH52250A 
LH52250AL 
FEATURES 

• Access limes: 70/90/100 ns 

• Space Saving 28-Pin, 300-mil DIP 

• Standard 28-Pin, 600-mil DIP 

• Standard 28-Pin, 450-mil SOP Package 

• Automatic Power Down During Long 
Read Cycles 

• Low Power Standby When Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully Static Operation 

• 2 V Data Retention 

FUNCTIONAL DESCRIPTION 
The LH52250A is a high-density 262, 144 bit static 

RAM organized as 32K x 8. An efficiert 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 (lse1) drops 
to its lowest level if Eis raised to within 0.2 V of Vee. 

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 
cortrol (G) can prevent bus cortertion. 
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ADVANCE INFORMATION 
CMOS 32K x 8 Static RAM 

When Eis LOW 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-PINSOP 

A,4 1• Vee 
A,2 2 w 
~ 3 A,3 

As 4 Aa 

As 5 Ag 

A,, 6 A,, 

A3 7 G 
~ 8 A10 
A, 9 E 
Ao DO, 

Dao Dae 
Do, DOs 
D02 004 
Vss D03 

52250A·1D 

Flgure1. Pin Connections for DIP and 
SOP Packages 



CMOS 32K x 8 Static RAM ADVANCE INFORMATION LH52250A/LH52250AL 

Ao 
A, 

"3 
w 
c 
0 

A,, 0 w 
As 

c 
;:: 

As ~ 
A1 

A12 

OOo-~ 
8 

e 
w~E=t=::;~~~~----' 

G----a.__.) 

MEMORY ARRAY 
(32,768 x 8) 

l/OCIRCUIT 

COLUMN 
DECODE 

8 

8 

Figure 2. LH52250A/LH52250AL Black Diagram 

TRUTH TABLE PIN DESCRIPTIONS 

E G w MODE DO Ice PIN DESCRIPTION 

H x x Standby High-Z Standby Ao-A14 Address Inputs 

L H H Read High-Z Active DQo-007 Data Inputs/Outputs 

L L H Read Data Out Active E Chip Enable input 

L x L Write Data In Active G Output Enable input 

NOTE: w Write Enable input 
X = Don't Care, L = LOW, H = HIGH 

Vee Positive Power Supply 

Vss Ground 
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LH52250A/LH52250AL ADVANCE INFORMATION CMOS 32K x 8 Static RAM 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5Vto7V 

Input Voltage Range -0.5 V to Vee+ 0.5 V 

DC Output Current 2 ±40mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 1.0W 

NOTES: 
1. Slresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage lo 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 lo absolute maximum rating conditions for extended periods may affect reliabili4'. 

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 oc 
Vee Supply Voltage 4.5 5.0 5.5 v 

Vss Supply Voltage 0 0 0 v 

V1L Logic "0" Input Voltage 1 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2.2 Vee+ 0.5 v 

NOTE: 
1. Negative undershoot of up lo 3.0 V is permitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

lcc1 Operating Current 1 tRc= 70 ns 80 mA 

lcc1 Operating Current 1 tRc= 90 ns 70 mA 

lcc1 Operating Current 1 tRe= 100 ns 70 mA 

ISB1 
Stancl:>y Current: LH52250A 

E<!:Vee-o.2v 
1 mA 

Standby Current: LH52250AL 0.1 mA 

ls02 Standby Current E<!:V1H 3 mA 

lu Input Leakage Current V1N = o v to Vee -2 2 µA 

ILO 1/0 Leakage Current VIN= OVto Vee -10 10 µA 

VoH OUtput High Voltage loH=-4.0mA 2.4 v 

VoL Output Low Voltage loL=8.0mA 0.4 v 

VoR Data Retention Voltage E<!:Vcc-o.2v 2 5.5 v 

IDR 
Data Retention Current: LH52250A 

Vce=3 V, E:l!:Vcc-0.2 V 
200 µA 

Data Retention Current: LH52250AL 50 µA 

NOTE: 
1. Ice is dependent upon output loading and cycle rates. Specified values are wi1h outputs open, operating at specified cycle times. 
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CMOS 32K x 8 Static RAM ADVANCE INFORMATION LH52250A/LH52250AL 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels 0.6to 2.4 V 

Input Rise and Fall limes 10 ns 

Input and Output liming Ref. Levels 1.5V 

Output Load, liming Tests Figure3 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance) 6pF 

Coo (1/0 Capacitance) 8pF 

NOTE: 
1. Capacilanoes are maximum values at 25°0 measured at 1.0MHz 

with V!!ias = O V and Vee = 5.0 V. 
2. Sample tested only. 

DATA RETENTION TIMING 

E must be held above the lesser of V1H or Vee - 0.2 V 
to assure proper operation when Vee< 4.5 V. E must be 
Vee - 0.2 V or greater to meet loR specification. All other 
inputs are "Don1 Care." 

Voo 4.5V -

V1H -
VoR -

E V1L -

OnsMIN 

+5V 

100 pF* 

• INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 3. Output Load Circuit 

MIN 

Figure 4. Data Retention Timing 

52250.\-2 

52250.\-3 



LH52250A/LH52250AL ADVANCE INFORMATION CMOS 32K x 8 Static RAM 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION 
-70 -90 -10 

UNITS 
MIN MAX MIN MAX MIN MAX 

READ CYCLE 

lRC Read Cycle lime 70 90 100 ns 

tAA Address Access lime 70 90 100 ns 

toH Output Hold from Address Change 10 10 10 ns 

tEA E Low to Valid Data 70 90 100 ns 

tetz E Low to Output Active 2•3 5 5 5 ns 

tEHZ E High to Output High-Z 2•3 35 40 45 ns 

tGA G Low to Valid Data 40 50 60 ns 

tGLZ G Low to Output Active 2•3 5 5 5 ns 

tGHZ G High to Output High-Z 2•3 35 40 45 ns 

tpu E Low to Power Up lime 3 0 0 0 ns 

tpo E High to Power Down lime 3 70 90 100 ns 

WRITE CYCLE 

twc Write Cycle lime 70 90 100 ns 

tew E Low to End of Write 45 55 65 ns 

lAW Address Valid to End of Write 65 80 90 ns 

tAs Address Setup 0 0 0 ns 

lAH Address Hold from W High 0 0 0 ns 

twp W Pulse Width 45 55 65 ns 

tow Input Data Setup lime 30 30 35 ns 

toH Input Data Hold lime 0 0 0 ns 

lwHZ W Low to Output High-Z 2•3 40 40 45 ns 

twLZ W High to Output Active 2•3 5 5 5 ns 

NOTES: 
1. AC Eleclrical Characteristics specified at "AC Test Conditions" levels. 

2. Active output to High-Zand 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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CMOS 32K x 8 Static RAM ADVANCE INFORMATION LH52250A/LH52250AL 

TIMING DIAGRAMS- READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: Wis 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 fAA. 

Read Cycle No. 2 

Chip is in Read Mode: w is HIGH. liming illu~rated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specified to be valid until tEA or tGA, 
but may become valid as soon as lELZ or tGLZ. Outputs 
will transition directly from High-Z to Valid Data Out. Valid 
Data will be present following tGA only if tEA timing is met. 

ADDRESS VALID ADDRESS 

SHARP 

DQ 

DQ 

SUPPLY 
CURRENT 

l 

Figure 5. Read Cycle No. 1 

IFIC 

I\ 

feA 

' 
faA 

faLZ 

laz 

~ 

ll:Z 7. :Z 
~~~~~ 

J 
Figure 6. Read Cycle No. 2 

H 

VALID DATA 

522!!0""4 

I 
I~ 
I~ 

l 

~ 

VALID DATA " 
\ -

52250A-5 
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LH52250A/LH52250AL ADVANCE INFORMATION CMOS 32K x 8 Static RAM 

TIMING DIAGRAMS-WRITE CYCLE 
Addresses rnust be stable during Write Cycles. The 

outputs will remain in the High-Z state if W is LOW when 
E goes LOW. H G is HIGH, the outputs will remain in the 
High-Z state. Although these examples illustrate timing 
with G active, ii is recommended that G be held HIGH for 
all Write cycles. This will prevent the LH52250A/ 
LH52250AL's outputs from becoming active, preventing 
bus contention, thereby reducing system noise. 

~ 

WrHe 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 performance 
since both twHZ and tow timing specifications must be 
met. 

WrHe Cycle No. 2 (E controlled) 

G is LOW. 00 lines may transition to L<>"!:Z if the falling 
edge of W occurs after the falling edge of E. 

ADDRESS VALID ADDRESS f\ 
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DQ 

DATA ON 
DQLINES 

ADDRESS 

DATA ON 
DQUNES 

l.\w WI 

~ lWP 

~ _J 
lwHz tow lwi.z 

~ 

II' 
_jt-

v---
_j~ L_ 

PREVIOUS OUTPUT HIGH-Z INPUT LOW-Z 

Figure 7. Wrtte Cycle No. 1 

VALID ADDRESS 

HIGH-Z LOW-Z HIGH-Z INPUT 

Figure 8. WrHe Cycle No. 2 



CMOS 32K x 8 Static RAM ADVANCE INFORMATION LH52250A/LH52250AL 

ORDERING INFORMATION 

LH52250A X - ## _x_ 
Power Device Type Package Speed 

I ( L Low-power standby 
'----1 Blank Standard power 

70 
~-------< 90 Access Time (ns) 

100 

D 28-pin, 300-mil DIP (DIP28-P-300) 
~---------< Blank 28-pin, 600-mil DIP (DIP28-P-600) 

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

~------------- CMOS 32K x 8 Static RAM 

Example: LH52250AD-70L (CMOS 32K x 8 Static RAM, Low-power standby, 70 ns, 28-pin, 300-mil DIP) 
52250AMD 



LH52251A 
FEATURES 

• Fast Access limes: 25/35/45 ns 

• Standard 24-Pin, 300-mil DIP 

• Space Saving 24-Pin, 300-mil SOJ 

• JEDEC Standard Pinout 

• Separate Data Input and Output 

• Low Power Standby When Deselected 

• TIL Compatible VO 

• 5V±10% Supply 

• Fully Static Operation 

• 2 V Data Retention 

FUNCTIONAL DESCRIPTION 
The LH52251 A is a high-speed 262, 144 bit static RAM 

organized as 256K x 1. 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 drops to its lowest level (lse1) if Eis raised to within 
0.2VofVcc. 

Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the D pin to the memory 
location specified by the 18 address lines. The Q pin goes 
into a High-Impedance state during Write cycles, allowing 
the user to connect D and a together if desired. 
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CMOS 256K x 1 Static RAM 

When E is LOW and W is HIGH, a static Read of the 
memory location specified by the address lines will occur. 
Since the device is fully static in operation, new Read 
cycles can be performed by simply changing the address. 

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-PINSOJ 

Ao 1• Vex; 

A1 2 A11 

~ 3 A1e 

Aa 4 A15 

~ 5 A14 

As 6 A1a 

Ae 7 A12 

A1 8 "11 

Ae 9 A10 

Q Ag 

w D 

Vss E 
52251A-1D 

Figure 1. Pin connections for DIP and SOJ 
Packages 



CMOS 256K x 1 Static RAM 

TRUTH TABLE 

E w MODE D 

H x Not x Selected 

L H Read x 
L L Write Data In 

NOTE: 
X =Don't Care, L =LOW, H =HIGH 

SHARP 

Ao 
As 

A,, 

A3 

A2 

A, 

A,, 

A10 

w 
c 
8 
w 
c 
;: 
0 
rr 

BLOCK 
DECODE 

MEMORY ARRAY 
(262,144x 1) 

l/OCIRCUIT 

COLUMN 
DECODE 

LH52251A 

,___ _ ___, >--- Q 

52251A-3 

Figure 2. LH52251 A Block Diagram 

PIN DESCRIPTIONS 

Q Ice PIN DESCRIPTION 

High-Z Standby Al::J-A17 Address Inputs 

D Data Input 
Data Out Active a Data Output 
High-Z Active E Chip Enable input 

w Write Enable input 

Vee Positive Power Supply 

Vss Ground 
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LH52251A CMOS 256K x 1 Static RAM 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5 Vto 7V 

Input Voltage Range -0.5VtoVee+0.5 V 

DC Output Current 2 ±40mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 1.0W 

Operating Temperature Oto 70°C 

NOTES: 
1. Stresses greater than those ~sled 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. Output should not be shorted for more than 30 seconds. 

OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

TA Temperature, Ambient 0 70 oc 
Vee Supply Voltage 4.5 5.0 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic "O" Input Voltage 1 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2.2 Vee +0.5 v 

NOTE: 
1. Negative undershoot of up to 3.0 Vis permitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

lee1 Operating Current 1 Output open, tevcLE = 25 ns 150 mA 
E = V1L. W = V1H orV1L 

lec1 Operating Current 1 Output open, teveLE = 35 ns 120 mA 
E = V1L, W = V1H or V1L 

lee1 Operating Current 1 Output open, teveLE = 45 ns 100 mA 
E = V1L, W = V1H or V1L 

lsa1 Standby Current E~Vee-0.2V 0.1 1 mA 

ls02 Standby Current E~V1H min 5 mA 

1 lu I Input Leakage Current V1N = o Vto Vee, Vee= 5.5 V -2 2 µA 

I ILOI Output Leakage Current V1N = O V to Vee, Vee = 5.5 V, -2 2 µA 
E=VIH 

VoH Output High Voltage loH=-4.0mA 2.4 v 
VOL Output Low Voltage IOL=8.0mA 0.4 v 
VoR Data Retention Voltage E~Vee-0.2V 2 5.5 v 
IDR Data Retention Current Vee= 3 V, E~ Vee-0.2V 250 µA 

NOTE: 
1. Ice is dependent upon output loading and cycle rates. Specified values are with output open, operating at specified cycle times. 
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CMOS 256K x 1 Static RAM 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Oto 3 V 

Input Rise and Fall Times 5 ns 

Input and Output liming Reference 1.5 v 
Levels 

Output Load, liming Tests Figure 3 

CAPACITANCE 1•2 

PARAMETER RATING 

Co (Input Capacitance) SpF 

Ca (Output Capacitance) 7pF 

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

with Vs; ... = o V and Vee = 5.0 V. 
2. Guaranteed but not tested. 

DATA RETENTION TIMING 

E must be held above the lesser of V1H or Vee - 0.2 V 
to assure proper operation when Vee < 4.5 V. E must be 
Vcc-0.2 V or greater to meet loR specification. All other 
inputs are "Don't Care." 

LH52251A 

+5V 

4800HMS 

OOUTPUT 

2550HMS 30 pf• 

• INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 3. Output Load ClrcuH 

52251A·9 

Figure 4. Data Retention Timing 
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LH52251A CMOS 256K x 1 Static RAM 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION 
-25 -35 -45 

UNITS 
MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle liming 25 35 45 ns 

w. Address Access lime 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 2•3 3 3 3 ns 

tEHZ E High to Output High-Z 2•3 12 15 20 ns 

tpu E Low to Power Up lime 3 0 0 0 ns 

tpo E High to Power Down lime 3 25 35 45 ns 

WRITE CYCLE 

twc Write Cycle lime 25 35 45 ns 

tEW E Low to End of Write 20 30 40 ns 

tAW Address Valid to End of Write 20 30 40 ns 

tAs Address Setup 0 0 0 ns 

tAH Address Hold 0 0 0 ns 

twP W Pulse Width 20 30 40 ns 

tow Input Data Setup lime 13 15 20 ns 

toH Input Data Hold lime 0 0 0 ns 

twHz W Low to Output High-Z 2·3 10 10 15 ns 

twLZ W High to Output Active 2•3 0 0 0 ns 

NOTES: 
1. AC Electrical Characteristics measurements specified at "AC Test Conditions" levels. 

2. Active output to High-Zand High-Z to active output tests specified for a ±200 mV transition from steady state levels into the test load. 
3. Guaranteed but not tested. 
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CMOS 256K x 1 Static RAM 

TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: Wis HIGH, and Eis LOW. Read 
cycle timing is referenced from when all addresses are 
stable until the first address transition. Crosshatched 
portion of Q implies that Data Out is in the Low-Z state 
and the data may not be valid. 

LH52251A 

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, but 
may become valid as soon as teLZ. 

VALID ADDRESS 

Q 

NOTE: E = "LOW", w = "HIGH" 

Q 

SUPPLY Ice 
CURRENT lccL 

NOTE: E = "HIGH" 

VALID DATA 

Figure 5. Read Cycle No. 1 

tile 

\ v 
I\ _/ 

ieA lpo 

iel2 ~ 

l/IZ.ZlT VALID DATA ' ~~~ 

~ 
. ------------------v 

.Ii 

Figure 6. Read Cycle No. 2 

52251A-4 

' I\__ 

52251A·5 
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LH52251A CMOS 256K x 1 Static RAM 

TIMING DIAGRAMS - WRITE CYCLE WrHe Cycle No. 2 (E Controlled) 

Addresses must be stable during Write Cycles. The 
output will remain in the High-Z state if W is LOW when 
EgoesLOW. 

Data-out may transition to Low-Z if the falling edge of 
W occurs after the falling edge of E. 

WrHe Cycle No. 1 (W Controlled) 

Chip is selected: Eis LOW. 

Ao· A11 

w 

D 

a 

NOTE: E = "LOW 

w 

D 

a 
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IAS 

tAS 

lwc 

VALID ADDRESS 

!AW tAH 

\wp 

lwHZ low lwtz 

52251A-6 

Figure 7. Write Cycle No. 1 

VALID ADDRESS 

lew 

\wp 

low loH 

INPUT DATA 

52251A-7 

Figure 8. WrHe Cycle No. 2 



CMOS 256K x 1 Static RAM 

ORDERING INFORMATION 

LH52251A 
Device Type 

x 
Package 

-## sy ~ Access Tlme (M) 

.__ _____ -< D 24-pin, 300-mil DIP (DIP24-P-300) 
K 24-pin, 300-mil SOJ (SOJ24-P-300) 

.__ ____________ CMOS 256K x 1 Static RAM 

Example: LH52251AD-25 (CMOS 256K x 1 Static RAM, 25 ns, 24-pin, 300-mil DIP) 

SHARP 

LH52251A 

52251AMD 
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LH52252A 
FEATURES 

• Fast Access limes: 25/35/45 ns 

• Standard 24-Pin, 300-mil DIP 

• Space Saving 24-Pin, 300-mil SOJ 

• JEDEC Standard Pinouts 

• Low Power Standby When Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully Static Operation 

• Common 1/0 for Low Pin Count 

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 Eis HIGH. Standby 
power (lse1) drops to its lowest level when Eis raised to 
within 0.2 V of Vee. 

Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the DO pins to the 
memory location specified by the 16 address lines. 
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CMOS 64K x 4 Static RAM 

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-PINSOJ 

Ao 1. Vee 

A, 2 A1s 

A,z 3 A14 

A3 4 A,3 

~ 5 20 A12 

As 6 19 A,, 

As 7 18 A10 

A1 8 003 

Aa 9 16 oo. 
Aa oo, 
E 11 DOo 

Vss w 
52252A-10 

Figure 1. Pin Connections for DIP and 
SOJ Packages 



CMOS 64K x 4 Static RAM LH52252A 

A,s 

A4 

A3 w 
0 

A2 8 MEMORY ARRAY w 
(65,536 x 4) 0 

A, 
~ 

Ao a: 

A14 

DO, --.-+-1t--t COLUMN 

DQ2 ----+-+-+-----1 DECODE 

D03 --+-+-+-+----< 

52252A-3 

Figure 2. LH52252A Block Diagram 

TRUTH TABLE PIN DESCRIPTIONS 

E w MODE DQ ice PIN DESCRIPTION 

H x Not Selected High-Z Standby Ao-A15 Address Inputs 

L H Read Data Out Active DOo-DOa Data Inputs/Outputs 

L L Write Data In Active E Chip Enable input 

NOTE: w Write Enable input 
X = Don't, Care, L = LOW, H = HIGH 

Vee Positive Power Supply 

Vss Ground 
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LH52252A CMOS 64K x 4 Static RAM 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5 Vto 7V 

Input Voltage Range -0.5 Vto Vee+0.5 V 

DC Output Current 2 ±40mA 

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 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic "O" Input Voltage 1 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2.2 Vee+ 0.5 v 

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 

lee1 Operating Current 1 Outputs open, tRe = 25 ns 150 mA 

lee1 Operating Current 1 Outputs open, tRe = 35 ns 120 mA 

lee1 Operating Current 1 Outputs open, tRe = 45 ns 100 mA 

lsa1 Standby Current E'"2:.Vee-0.2V 0.1 1 mA 

lsa2 Standby Current E'"2:.V1H 5 mA 

lu Input Leakage Current V1N = 0 Vto Vee -2 2 µA 

ILO 1/0 Leakage Current VIN= 0 Vto Vee -2 2 µA 

VoH Output High Voltage IOH =-4.0mA 2.4 v 
VOL Output Low Voltage loL=B.O mA 0.4 v 

NOTE: 
1. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cyde times. 
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CMOS 64K x 4 Static RAM LH52252A 

AC TEST CONDITIONS 

PARAMETER RATING +5V 

Input Pulse Levels Vssto3 v 
Input Rise and Fall Times 5 ns 4800HMS 

Input and Output Timing Ref. Levels 1.5 v 
DO PINS 

Output Load, Timing Tests Figure 3 

CAPACITANCE 1•2 
2550HMS 30pF• 

PARAMETER RATING 

C1N (Input Capacitance) 6pF 

Coo (1/0 Capacitance) 8pF • INCLUDES JIG AND SCOPE CAPACITANCES 

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

with VBias = 0 V and Vee = 5.0 V. 
2. Sample tested only. 

Figure 3. Output Load Circuit 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION 
-25 -35 -45 

MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle Timing 25 35 45 

IAA Address Access Time 25 35 45 

tOH Output Hold from Address Change 3 3 3 

tEA E Low to Valid Data 25 35 45 

tEL.Z E Low to Output Active 3 5 5 5 

tEHZ E High to Output High-Z 2•3 12 15 20 

tpu E Low to Power Up Time 4 0 0 0 

tpo E High to Power Down Time 4 30 35 40 

WRITE CYCLE 

twc Write Cycle Time 25 35 45 

tEW E Low to End of Write 20 30 35 

tAW Address Valid to End of Write 20 30 35 

tAS Address Setup 0 0 0 

IAH Address Hold from W High 0 0 0 

twp W Pulse Width 20 25 35 

tow Input Data Setup Time 12 15 20 

toH Input Data Hold Time 0 0 0 

tWHz W Low to Output High-Z 2•3 8 10 15 

twL.Z W High to Output Active 3 0 0 0 

NOTES: 
1. AC Electrical Characteristics specified at "AC Test Conditions" levels. 

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

3. Sample tested only. 

4. Guaranteed but not tested. 

SHARP 

52252A-2 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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LH52252A 

TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: Wis HIGH, and Eis LOW. Read 
cycle timing is referenced from when all addresses are 
stable until the first address transition. Crosshatched 
portion of DO implies that data lines are in the Low-Z state 
and the data may not be valid. 

CMOS 64K x 4 Static RAM 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. limi~ illustrated 
for the case when addresses are valid while E goes LOW. 
Data Out is not specified to be valid until tEA, but may 
become valid as soon as tELZ. Outputs will transition from 
High-Z to Valid Data Out. 

ADDRESS VALID ADDRESS 

4-96 

DO 

00 

SUPPLY 
CURRENT 

' 

Figure 4. Read Cycle No. 1 

I\ 
~ 

IELZ 

llZZZV-
"I\\\\ 

~ 

v 
J 

Figure 5. Read Cycle No. 2 

foH 

VALID DATA 

52252A-4 

v 
J 

I~ 
,~ 

VALID DATA ' .J 

~ ,_ 
52252A-5 



CMOS 64K x 4 Static RAM 

TIMING DIAGRAMS - WRITE CYCLE 

Addresses must be stable during Write cycles. E or w 
must be high during address transitions. The outputs will 
remain in the High-Z state if Wis LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DO lines. 
This will prevent bus contention, reducing system noise. 

LH52252A 

Write Cycle No. 1 (W Controlled) 

Chip is selected: E is LOW. Using only W to control 
Write cycles may not offer the best device performance, 
since both twHz and tow timing specifications must be 
met. 

WrHe Cycle No. 2 (E Controlled) 

_ DO lines may transition to Low_:? if the falling edge of 
W occurs after the falling edge of E. 

_) VALID ADDRESS 
"\[/' 
j ADDRESS 

SHARP 

w 

DO 

DATA ON 
DO LINES 

ADDRESS 

w 

DO 

DATA ON 
DO LINES 

IAw 

~ lwP 

~ 
lwHz low 

!--€~ 
PREVIOUS OUTPUT HIGH-Z 

HIGH-Z 

Figure 6. Write Cycle No. 1 

OUTPUT 
(IFANY) 

twc 

VALID ADDRESS 

Figure 7. Write Cycle No. 2 

!AH 

y 
lwLz -

~ 

,-
r'---

INPUT 

52252A-6 

INPUT 

52252A-7 
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LH52252A CMOS 64K x 4 Static RAM 

ORDERING INFORMATION 

LH52252A 
Device Type 

x 
Package 

-## 

Spied J ~~ Access Time (ns) 

--i45 

'--------< D 24-pin, 300-mil DIP (DIP24-P-300) 
K 24-pin, 300-mil SOJ (SOJ24-P-300) 

'------------- CMOS 64K x 4 Static RAM 

Example: LH52252AD-35 (CMOS 64K x 4 Static RAM, 35 ns, 24-pin, 300-mil DIP) 
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LH52252B 
FEATURES 

• Fast Access limes: 15/20/25 ns 

• Standard 24-Pin, 300-mil DIP 

• Space Saving 24-Pin, 300-mil SOJ 

• JEDEC Standard Pinouts 

• Low Power Standby When Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully Static Operation 

• Common 1/0 for Low Pin Count 

FUNCTIONAL DESCRIPTION 
The LH52252B 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 (lss1) drops to its lowest level when Eis raised to 
within 0.2 V of Vee. 

Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the DO pins to the 
memory location specified by the 16 address lines. 

SHARP 

ADVANCE INFORMATION 
CMOS 64K x 4 Static RAM 

Read cycles occur when Eis LOW and w is 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 

Ao 1• 24 Vee 

A1 2 23 A1s 
A, 3 22 A14 

A3 4 21 A13 

~ 5 20 A12 

As 6 19 A11 

As 7 18 A1o 

A, 8 17 003 

As 16 002 

Ag 15 001 

E 11 14 DOo 

Vss 13 w 
522521J.1D 

Figure 1. Pin COnnectlons for DIP and SOJ 
Packages 
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LH52252B ADVANCE INFORMATION CMOS 64K x 4 Static RAM 

As 
A,, 

A1 w 
c 

As 8 MEMORY ARRAY w 

A3 
c (65,536 x 4) 
;;:: 

A-z 
0 
n:: 

A1 

001 ---e...+-11--1 COLUMN 

002 -....++-1--l DECODE 

D03 -.+-t-Hr--t 

522528-2 

Figure 2. LH52252B Block Diagram 

TRUTH TABLE PIN DESCRIPTIONS 

E w MODE DO Ice PIN DESCRIPTION 

H x Not Selected High-Z Standby Ao-A1s Address Inputs 

L H Read Data Out Active D0o-D03 Data Inputs/Outputs 

L L Write Data In Active E Chip Enable input 

NOTE: w Write Enable input 
X =Don't Care, L =LOW, H =HIGH 

Vee Positive Power Supply 

Vss Ground 
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CMOS 64K x 4 Static RAM ADVANCE INFORMATION lH522528 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5 Vto 7V 

Input Voltage Range -0.5 Vto Vee+0.5 V 

DC Output Current 2 ±40mA 

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 oc 

Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L logic "O" Input Voltage 1 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2.2 Vee+ 0.5 v 

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 

lee1 Operating Current 1 Outputs open, teveLE = 15 ns 165 mA 

lee1 Operating Current 1 Outputs open, teveLE = 20 ns 145 mA 

lee1 Operating Current 1 Outputs open, teveLE = 25 ns 135 mA 

lsB1 Standby Current E;:::Vee-0.2V 0.1 1 mA 

lsB2 Standby Current E;:::V1H 10 mA 

lu Input leakage Current V1N = 0 Vto Vee -2 2 µA 

ILO 1/0 leakage Current V1N = 0 Vto Vee -2 2 µA 

VoH Output High Voltage IOH =-4.0 mA 2.4 v 
VOL Output Low Voltage IOL=8.0 mA 0.4 v 

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

SHARP 4-101 



LH52252B ADVANCE INFORMATION CMOS 64K x 4 Static RAM 

AC TEST CONDITIONS 

PARAMETER RATING +5V 

Input Pulse Levels Vssto3 V 

Input Rise and Fall Times 5 ns 4800HMS 

Input and Output Timing Ref. Levels 1.5V 
DO PINS 

Output Load, Timing Tests Figure 3 

CAPACITANCE 1•2 
2550HMS 30pF* 

PARAMETER RATING 

C1N (Input Capacitance) SpF 

Coo (1/0 Capacitance) SpF • INCLUDES JIG AND SCOPE CAPACITANCES 
NOTES: 
1. Capacitances are maximum values at 25°C measured at 1 .OMHz 

with Vs;as = 0 V and Vee = 5.0 V. 
2. Guaranteed but not tested. 

Figure 3. Output Load Circuit 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION -15 -20 -25 
MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle Timing 15 20 25 

tAA Address Access Time 15 20 25 

tOH Output Hold from Address Change 3 3 3 

tEA E Low to Valid Data 15 20 25 

tELZ E Low to Output Active 3 4 4 4 

tEHZ E High to Output High-Z 2•3 8 10 12 

tpu E Low to Power Up Time 3 0 0 0 

tpo E High to Power Down Time 3 20 25 30 

WRITE CYCLE 

twc Write Cycle Time 15 20 25 

tEw E Low to End of Write 12 15 20 

tAW Address Valid to End of Write 12 15 20 

1As Address Setup 0 0 0 

tAH Address Hold from W High 0 0 0 

twP W Pulse Width 10 12 15 

tow Input Data Setup Time 8 10 10 

toH Input Data Hold Time 0 0 0 

twHZ W Low to Output High-Z 2•3 6 7 8 

twLZ W High to Output Active 3 4 4 4 

NOTES: 
1. AC Electrical Characteristics specified at "AC Test Conditions" levels. 

522526-3 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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. 
CLOA0=5 pF. 

3. Guaranteed but not tested. 
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CMOS 64K x 4 Static RAM ADVANCE INFORMATION LH52252B 

TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: Wis HIGH, and Eis LOW. Read 
cycle timing is referenced from when all addresses are 
stable until the first address transition. Crosshatched 
portion of DO implies that data lines are in the Low-Z state 
and the data may not be valid. 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses are valid while E goes LOW. 
Data Out is not specified to be valid until tEA, but may 
become valid as soon as tELZ. 

ADDRESS VALID ADDRESS 

DO 

DO 

SUPPLY 
CURRENT 

' 

Figure 4. Read Cycle No. 1 

leA 
IELZ 

Jl1 _L _LV 
~::s::::s::::s::~ 

~ 

~ 
_J 

Figure 5. Read Cycle No. 2 

loH 

VALID DATA 

522528-4 

I{ 
_J 

I~ 
I~ 

VALID DATA ~ 
..Ii 

' f\__ 
522528-5 
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LH52252B ADVANCE INFORMATION CMOS 64K x 4 Static RAM 

TIMING DIAGRAMS - WRITE CYCLE 

Addresses must be stable during Write cycles. E or W 
must be high during address transitions. The outputs will 
remain in the High-Z state if Wis LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DQ lines. 
This will prevent bus contention, reducing system noise. 

Write Cycle No. 1 (W Controlled) 

Chip is selected: E is LOW. Using only W to control 
Write cycles may not offer the best device performance, 
since both twHz and tow timing specifications must be 
met. 

Write Cycle No. 2 (E Controlled) 

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

ADDRESS VALID ADDRESS 

4-104 

DO 

DATA ON 
DO LINES 

ADDRESS 

DO 

DATA ON 
DO LINES 

IWHz low 

PREVIOUS OUTPUT HIGH-Z 

HIGH-Z 

Figure 6. Write Cycle No. 1 

OUTPUT 
(IF ANY) 

!we 

VALID ADDRESS 

Figure 7. Write Cycle No. 2 

lwLZ 

INPUT 

522529-6 

INPUT 

522528·7 
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CMOS 64K x 4 Static RAM 

ORDERING INFORMATION 

LH52252B 
Device Type 

x 
Package 

ADVANCE INFORMATION 

-## 

Spled J ~~ Access Time (ns) 

---i2s 

'----------< D 24-pin, 300-mil DIP (DIP24-P-300) 
K 24-pin, 300-mil SOJ (SOJ24-P-300) 

....._ ____________ CMOS 64K x 4 Static RAM 

Example: LH52252BD-25 (CMOS 64K x 4 Static RAM, 25 ns, 24-pin, 300-mil DIP) 

LH52252B 

52252BMD 
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LH52253 
FEATURES 

• Fast Access limes: 15 */20/25/35 ns 

• Standard 28-Pin, 300-mil DIP 

• Space Saving 28-Pin, 300-mil SOJ 

• JEDEC Standard Pinouts 

• Low Power Standby when Deselected 

• TTL Compatible 1/0 

• 5 V ± 10% Supply 

• Fully Static Operation 

• Common 1/0 for Low Pin Count 

FUNCTIONAL DESCRIPTION 
The LH52253 is a very high-speed 256K-bit static RAM 

organized as 64K x 4. This RAM is fully static in operation. 
The Chip Enable (E) reduces power to !!_le chiE._ when E 
is inactive (HIGH). The combination of E and W control 
the mode of operation of the LH52253. 

Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the 00 pins to the 
memory location specified by the 16 address lines. 

When E is LOW and W is HIGH, a static read of the 
memory location specified by the address lines will occur. 
Since the device is fully static in operation, new read 
cycles can be performed by simply changing the address. 
An Automatic Power Down feature reduces the current 
consumption when Read and Write cycles extend beyond 
their minimum cycle times. 

• Note: only the 15 ns access time part is Advance Information. 

4-106 

CMOS 64K x 4 Static RAM 

The LH52253 offers an Output Enable (G) for use in 
managing the Data Bus. Bus contention during Write 
cycles may be easily avoided by using the G input in the 
LH52253. 

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

PIN CONNECTIONS 

28-PIN DIP TOP VIEW 
28-PINSOJ 

NC 1• Voo 

Ae 2 A,; 
A, 3 26 A._ 

Ae 4 As 
Ag 5 ~ 

A1o 6 A1 

A11 7 Ao 
A12 8 NC 

A13 NC 

A14 DC3 

00:! 
001 

DQ0 

Vss w 
52253-10 

Figure 1. Pin connections for DIP and SOJ 



CMOS 64K x 4 Static RAM 

A1 

Ae 
A5 

A, 

A3 

A2 

A1 

oo, ---1--1--1 

002 -...-r-t-t-1 

003 -..++--HH 

LH52253 

w 
0 
0 
0 MEMORY ARRAY w 

(65,536 x 4) 0 

~ 
a: 

Figure 2. LH52253 Block Diagram 

TRUTH TABLE PIN DESCRIPTIONS 

E w G MODE DQ Ice PIN DESCRIPTION 

H x x Not Selected High-Z Standby Ao-A15 Address Inputs 

L H L Read Data Out Active DQo-DQ3 Data lnputS/Outputs 

L H H Read High-Z Active E Chip Enable input 

L L x Write Data In Active w Write Enable input 

NOTE: G Output Enable input 
X = Don't Care, L = LOW, H = HIGH 

Vee Positive Power Supply 

Vss Ground 
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LH52253 CMOS 64K x 4 Static RAM 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5Vto7V 

Input Voltage Range -0.5 V to Vee+ 0.5 V 

DC Output Current 2 ±40mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 1.0W 

NOTES: 
1. Stresses grealBr than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating for 

transient conditions only. Function 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 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic "0" Input Voltage 1 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2.2 Vee+0.5 v 

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 

lee1 Operating Current 1 · Outputs open, teveLE = 15 ns 2 
165 mA G = V1H, CE = V1L. WE = V1L or V1H 

lee1 Operating Current 1 Qu!Puts open, teveLE = 20 ns 145 mA 
G = V1H, CE = V1L. WE = V1L or V1H 

lee1 Operating Current 1 Qutputs ~n. teveLE = 25 ns 135 mA 
G = V1H, CE= V1L, WE = V1L or V1H 

lee1 Operating Current 1 Outputs open, tRe = 35 ns 135 mA G = V1H, CE= V1L, WE = V1L or V1H 

lse1 Standby Current E:o::Vee-0.2V 1 mA 

ls02 Standby Current E:o::V1Hmin 10 mA 

lu Input Leakage Current Vee= 5.5V, V1N = OVto Vee -2 2 µA 

ILO VO Leakage Current Vee =5.5 V, V1N = OVto Vee -2 2 µA 

VoH Output High Voltage IOH=-4.0mA 2.4 v 
VoL Output Low Voltage loL=8.0mA 0.4 v 

NOTES: 
1. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
2. Note: only the 15 ns access time part is Advance Information. 
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CMOS 64K x 4 Static RAM LH52253 

AC TEST CONDITIONS 

PARAMETER NG 

Vssto3 v 
5ns 

1.5 v 
Figure3 

CAPACITANCE 1•2 

G 

SpF 
SpF 

NOTES: 
1. capacitances are maximum values at 25"C measured at 1.0MHz 

with VBiaa = o V and Vee= 5.0 V. 
2. Guaranteed but not tested. 

+5V 

4800HMS 

DQPINS 

2550HMS 30pF* 

•INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 3. OUtput Load Circuit 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION -154 -20 -25 -35 
MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read __gy_cle Timirm_ 15 20 25 35 

tAA Address Access Time 15 20 25 35 

toH Output Hold from Address Ch~e 3 3 3 3 

tEA E Low to Valid Data 15 20 25 35 

tELZ E Low to Output Active 2·3 4 4 4 4 

tEHZ E HJg_h to Output HJg_h-Z 2•3 8 10 10 12 

tGA G Low to Valid Data 8 10 12 15 

tGLZ G Low to OUtput Active 2•3 0 0 0 0 

tGHZ G HJg_h to output H.!g_h-Z 2•3 0 7 0 9 0 10 0 12 

tpu E Low to Power Uj)_ Time 3 0 0 0 0 

tpo E HJg_h to Power Down Time 3 20 25 30 35 

WRITE CYCLE 

twc Write GY_cle Time 15 20 25 35 

tEW E Low to End of Write 12 15 20 25 

tAW Address Valid to End of Write 12 15 20 25 

tAs Address Setl!E!_ 0 0 0 0 

tAH Address Hold from W High 0 0 0 0 

twP W Pulse Width 10 12 15 20 

tow l~ut Data Set~ lime 8 10 10 12 

toH l~ut Data Hold Time 0 0 0 0 

twLZ W H_ig_h to 01.itI>_ut Active 2•3 4 4 4 4 

twHZ W Low to Output H.!g_h-Z 2•3 6 7 8 10 
1. AC Electrical Characteristics specified at •AC Test Conditions" levels. 
2. Active output to High-Zand High-Z to output active tests specified for a ±500 mV transition from steady state levels into the test load. 

CLOAD =5pF. 
3. Guaranteed but not tested. 
4. Note: only the 15 ns access time part is Advance Information. 

52253-2 

UNITS 

ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 
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LH52253 

TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: Wis HIGH, E and Gare LOW. 
Read cycle timing is referenced from when all addresses 
are stable until the first address transition. Crosshatched 
portion of DO implies that data lines are in the Low-Z state 
and the data may not be valid. 

CMOS 64K x 4 Static RAM 

Read Cycle No. 2 

Chip is in the Read Mode: Wis HIGH. Tim!!!!J illustrated 
for the case when addresses are valid when E goes LOW. 
Data Out is not specified to be valid until tEA, but may 
become valid as soon as tELZ· Valid Data will be present 
following tGA only if tEA timing has been met. 

ADDRESS VALID ADDRESS 

4-110 

DQ 

DQ 

SUPPLY 
CURRENT 

foH 

VALIODATA 

Figure 4. Read Cycle No. 1 

faLZ 

feLZ 

VALID DATA 

Figure 5. Read Cycle No. 2 



CMOS 64K x 4 Static RAM 

TIMING DIAGRAMS- WRITE CYCLE 
Addresses must be stable during Write cycles. E or W 

must be HIGH during address transitions. The outputs will 
remain in the High-Z state if Wis LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DO lines. 
This will prevent bus contention, reducing system noise. 
These timing diagrams assume G is LOW, but it should 
be kept HIGH during Write cycles to insure that the output 
drivers are disabled. 

LH52253 

Write Cycle No. 1 (W Controlled) 

Chip is selected: E and Gare LOW. Using only W to 
cortrol Write cycles may not offer the best device perfor
mance, since both twHZ and tow timing specifications 
must be met. 

Write Cycle No. 2 (E Controlled) 

_ DO lines may transition to Low,:? if the falling edge of 
W occurs after the falling edge of E. 

ADDRESS VALID ADDRESS 

w 

DO 

DATA ON PREVIOUS OUTPUT HIGH·Z INPUT 
DO LINES 

52253-6 

Figure&. Wrfte Cycle No. 1 

lwc 

ADDRESS VALID ADDRESS 

few 

e 
!AS !wP 

w 
low 

DO 

DATA ON HIGH-Z OUTPUT INPUT 
DO LINES (IFANY) 

52253.7 

Flgure7. Write Cycle No. 2 
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LH52253 CMOS 64K x 4 Static RAM 

ORDERING INFORMATION 

LH52253 
Device Type 

x 
Package 

-## 

SpL{ed 15* 

~g Access Time (ns) 

35 

'----------< D 28-pin, 300-mil DIP (DIP28-P-300) 
K 28-pin, 300-mil SOJ (SOJ28-P-300) 

'-------------- CMOS 64K x 4 Static RAM 

•Only the 15 ns access time part is Advance Information. 

Example: LH52253K-25 (CMOS 64K x 4 Static RAM, 25 ns, 28-pin, 300-mil SOJ) 
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LH52256 
LH52256L 
FEATURES 

• 32,768 x 8 bit organization 

• Access times: 
70/90/120 ns (MAX.) 

• Low power consumption: 
Operating: 440/385/385 mW (MAX.) 
Standby: 550 µW (MAX.) 

• 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 

SHARP 

CMOS 256K {32K x 8) Static RAM 

DESCRIPTION 

The LH52256 is a low-power CMOS-periphery static 
RAM organized as 32, 768 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

PIN CONNECTIONS 

28-PIN DIP TOP VIEW 
28-PINSOP 

A14 1. Vee 

A12 2 WE 

3 A13 

4 As 

5 Ag 

6 A11 

A3 7 OE 

~ 8 A10 

A1 9 CE 

10 I/Os 

l/01 11 1/07 

12 I/Os 

13 I/Os 

14 1104 

52256-1 

Figure 1. Pin Connections for DIP 
and SOP Packages 
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LH52256/LH52256l CMOS 256K (32K x 8) Static RAM 

~ 
r-- r--

~ U) Cl) 
U) 

fflffi ~ WU) 
a: a: a:o MEMORY 

-'f4 2 ow 
~ cu. §l 0 t--1 ARRAY ~ <U. <O (1,024 x 256) 
~ 3: ill 3:~ 
'fl- 0 0 a: a: 
:8 

GND 

~ 
~ ...._____. :r 

r--

~1 
t-----1 

~ I-

~ 1..-G 5 
COLUMN <O 

~ !;( g; 1/0 

~ fsS 
oO CIRCUITS 

IA:. I- ..J 

~ ::>~ 
Q_ I- 1---1 ~ ~ 

J 
K.. ~z 

0 

~ 0 COLUMN 
ADDRESS DECODER 

~ ,____ 

CE COLUMN ADDRESS 
BUFFERS 

@- CONTROL 
CIRCUIT OE 

WE y 

L 10 9 8 7 ~ 

52256-2 

Figure 2. LH52256/LH52256L Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A14 Address inputs 1101 -1/0a Data inputs and outputs 

CE Chip Enable input Vee Power supply 

WE Write Enable input GND Ground 

OE Output Enable input 
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CMOS 256K (32K x 8) Static RAM LH52256/LH52256L 

TRUTH TABLE 
CE WE OE MODE "°1 • l/Oa SUPPLY CURRENT NOTE 

H x x Deselect High-Z Standby (lse) 1 

L H L Read Dour Operating (Ice) 

L H H Output disable High-Z Operating (Ice) 

L L x Write D1N Operating (Ice) 1 

NOTE: 
X=HorL 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage V1N 0.3to+7.0 v 1 

Operating temperature Topr Oto +70 ·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 +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

Input voltage 
V1H 2.2 3.5 Vcc+0.3 v 

V1L -0.3 +0.8 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
LH52256L·70 LH52256L-90,·12 

PARAMETER SYMBOL CONDmONS LH52256N·70L LH52256N-90L,·12L UNIT 
MIN. TYP. MAX. MIN. TYP. MAX. 

Input leakage 
1 lu I 

vcc .. 5.5 
1 1 µA current V1N =Oto Vee 

Output leakage 
1 ILOI 

CE = V1H or OE = V1H. 1 1 µA current V1JO = o to Vee 

Ice CE=V1L, 80 70 mA Outputs open 

Operating 
V1H=3.5V, 

lcc1 V1L-0.6 V 70 65 mA 
current Outputs open 

V1H=2.2V, 
lee2 V1L= 0.8 V 80 70 mA 

Outputs open 

Standby current 
lse1 ~=V1H 3 3 mA 

lse CE ;;? Vee - 0.2 0.1 0.1 mA 

Output voltage 
VoL loL=2mA 0.4 0.4 v 

VOH loH = ·1.0 mA 2.4 2.4 v 
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LH52256/LH52256L CMOS 256K (32K x 8) Static RAM 

AC CHARACTERISTICS 

(1) READ CYCLE (Vee= 5v±10%, TA= 0 to +70°C) 
LH52256L·70 LH52256L-90 LH52256L·12 

PARAMETER SYMBOL LH52256N·70L LH52256N-90L LH52256N·12L 

MIN. MAX. MIN. MAX. MIN. MAX. 

Read cycle time tRC 70 90 120 

Address access time tAA 70 90 120 

Chip enable access time 1ACE 70 90 120 

Output enable access time toE 40 50 60 

Output hold from address change toH 10 10 10 

Chip enable Low to output in Low-Z tLZ 5 5 5 

Output enable Low to output in 
toLZ 5 5 5 Low-Z 

Chip disable to output in High-Z tHz 0 35 0 40 0 45 

Output enable High to output in 
toHZ 0 35 0 40 0 45 High-Z 

(2) WRITE CYCLE (Vee= 5v±10%, TA= 0 to +70°C) 
LH52256L· 70 LH52256L-90 LH52256L· 12 

PARAMETER SYMBOL LH52256N-70L LH52256N·90L LH52256N·12L 

MIN. MAX. MIN. MAX. MIN. MAX. 

Write cycle time twc 70 90 120 

Chip enable to end of write tcw 45 55 65 

Address valid to end of write tAW 65 80 90 

Address setup time 1As 0 0 10 

Write pulse width twp 45 55 65 

Write recovery time twR 5 5 10 

Data valid to end of write tow 30 30 35 

Data hold time toH 0 0 10 

Output active from end of write tow 5 5 5 

Write Low to output in High-Z twz 0 40 0 40 0 45 

Output enable High to output in 
tQHZ 0 35 0 40 0 45 High-Z 

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

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

AC TEST CONDITIONS 
PARAMETER MODE 

Input voltage amplitude 0.6to2.4 V 

Input rise/fall time 10 ns 

Timing reference level 1.5V 

1 TTL gate, CL = 100 pF 
Output load conditions (Includes scope and jig 

capacitance) 
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UNIT NOTE 

ns 

ns 
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ns 

ns 1 
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ns 1 

ns 1 
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UNIT NOTE 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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CMOS 256K (32K x 8) Static RAM LH52256/LH52256L 

DATA RETENTION CHARACTERISTICS (TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Data retention voltage VccoR CE~ VccoR - 0.2 v 2.0 v 
Data retention current lccoR 

CE~ VccoR - 0.2 V, 6 50 µA 
VccoR=3.0 V 

Chip disable to data retention tcoR 0 ns 

Recovery time tR IRc* ns 

* tRc = Read cycle time 

CAPACITANCE 1 (TA= 25°C, f = 1MHz) 
PARAMETER SYMBOL CONDITIONS MAX. UNIT 

Input capacitance C1N V1N=OV 8 pF 

Input/output capacitance Cvo Vvo= o v 10 pF 

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

DATA RETENTION MODE 

Vee------. 
4.5V - - - - - -

VccoR 

CE"' VccoR -0.2 v 
CE 

52256-6 

Figure 3. Low Voltage Data Retention 

Ao-A14 

tAA 

OE 

loE 

CE 
loLZ 

!ACE 

tLZ 

Dour -------------< 

NOTE: WE ="HIGH" 

Figure 4. Read Cycle 
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LH52256/LH52256L CMOS 256K (32K x 8) Static RAM 

(OE Clock) 

OE 

IWP 
(NOTE1) 

DATA VALID 

(NOTE4) 

NOTES: 
1. The Write pulse occurs a.iring the overlap (lwp) of CE • i..OW" and WE • LOW. 
2. t,.6 Is defined as the time from address change to start of write. 
3. lwR Is defined as the time from end of write to address change. 
4. When llO pins are In the ou1put state, Input signals of ~ite logic level must not be applied. 
5. II CE LOW transition occurs at the same time or prior to WE LOW transition, the ou1pUI will remain high-impedance. 

Figure 5. Write Cycle 1 

(OE Low) lwc 

lcw 

CE 

(NOTE1) 

WE 

DOUT 
low 

(NOTE4) 
NOTES: 

1. The Write pulse occurs during the overlap (lwp) of CE = i..oW" and WE • LOW. 
2. IAs Is defined as the time from address to change to start of write. 
3. IWR is defined as the time from end of write to address change. 
4. When VO pins are in the ou1put state, Input signals of ~ite logic level must not be appHed. 
5. If CE LOW transition occurs al the same time or prior to WE LOW lransition, the ou1pul will remain high-impedance. 
6. If CE HIGH transition occurs al the same lime or prior to the WE HIGH lransillon, the ou1put will remain high-impedance. 

5225&-5 

Figure 6. Write Cycle 2 
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CMOS 256K (32K x 8) Static RAM LH52256/LH52256L 

ORDERING INFORMATION 

x _:.1!!L L LH52256 x ---
Device Type Power Package Speed Power Y Low-power standby (SOP only) 

70 70 
90 90 Access Time (ns) 
12 120 

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

~---------- L Low-power standby (DIP only) 
Blank Standard power 

'---------------- CMOS 256K (32K x 8) Static RAM 
Example: LH52256L-70 (CMOS 256K (32K x 8) Static RAM, Low-power standby, 70 ns, 28-pin, 600-mil DIP) 

52256-7 
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LH52256LL 
FEATURES 

• 32,768 x 8 bit organization 

• Access time: 
90 ns (MAX.) 

• Low power consumption: 
Operating: 385 mW (MAX.) 
Standby: 220 µW (MAX.) 

• Fully static operation 

• TTL compatible 1/0 

• Three state outputs 

• Single +5 V power supply 

• Package: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
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CMOS 256K (32K x 8) Static RAM 

DESCRIPTION 

The LH52256LL is an ultra-low power CMOS-periph
ery static RAM organized as 32, 768 x 8 bits. It is fab
ricated using silicon-gate CMOS process technology. 

PIN CONNECTIONS 

28·PIN DIP TOP VIEW 
28-PIN SOP 

A14 1. Vee 

A12 2 WE 

A1 3 A13 

Aa 4 Aa 
As 5 A., 

6 A11 

A3 7 OE 

A2 8 A10 

A1 9 CE 

10 I/Os 

1101 11 I/~ 

1102 12 I/Os 

13 1105 

14 1/04 

52256LL-1 

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

~ A4 

Ae ts< 
Ae (%< 
A1 ~ 
As (21 
~ Ae 

A11 ~ 
A12 ~ A,3 

~ A14 

(1~ vo, 

~ 110:! 
lfOa ~ 1104 ~ I/Os ~ 

J 
l/09 ~ 
l/07 ~ l/09 (19 

CE ~ 

0El2~----t 

WE iz'!l.7>-----1 

r---

U) 
U) 

~ffi 
Cu. 
Cu. 
<::> :r;m 
0 a: 

....___ 

·i..-c. 

K.. 

~ 

CONTROL 
CIRCUIT 

r---

U) 

f3 ffi a:c 
8g 1--1 <w 
~c 
a: 

T 
r---

r----1 
!:: 
::> 

~o 
<g; 
cO 
I- ...J 

::>~ 
D..1- r---: ~z 

8 
,___ 

MEMORY 
ARRAY 

(1,024 x 256) 

COLUMN 
l/O CIRCUITS 

COLUMN 
ADDRESS DECODER 

COLUMN ADDRESS 
BUFFERS 

LH52256LL 

Vee 

-1<4 GND 

~ 
~ 
~ 

L-~~~~~~~~~~~--t~·)-(~~·11-~~~~~~--l 
Ao A, ~ Aa A10 

52256U.-2 

Figure 2. LH52256LL Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A14 Address inputs V01-VOe Data inputs and outputs 

CE Chip Enable input Vee Power supply 

WE Write Enable input GND Ground 

OE Output Enable input 
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LH52256LL CMOS 256K (32K x 8) Static RAM 

TRUTH TABLE 

CE WE OE llODE I/~ -1/0a SUPPLY CURRENT NOTE 

H x x Deselect High-Z Standby (Isa) 1 

L H L Read Dour Operating (Ice) 

L H H Output disable High-Z Operating (Ice) 

L L x Write D1N Operating (Ice) 1 

NOTE: 
1. X=Horl 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage V1N 0.3to+7.0 v 1 

Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -55to+150 ·c 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

Input voltage 
V1H 2.2 3.5 Vcc+0.3 v 
V1L -0.3 +0.8 v 

DC CHARACTERISTICS (Vee = 5 v ± 10%, TA = 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input leakage 
1 lu I 

Vcc-5.5 
1 µA 

current V1N =Oto Vee 

Output leakage 
I ILol 

CE= V1H or OJ;"= V1H, 1 µA 
current Vvo=Oto Vee 

Ice CE-V1L. 70 mA 
Outputs open 

Operating 
V1H=3.5V, 

lcc1 V1L= 0.6 V 65 mA 
current Outputs open 

V1H•2.2V, 
lcc2 V1L= o.av 70 mA 

Outputs open 

Standby current 
lse1 CE•VIH 3 mA 

lse CE~ Vcc-0.2 V 2 40 µA 

Output voltage 
VOL lot.= 2 mA 0.4 v 
VOH IOH • -1.0 mA 2.4 v 
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CMOS 256K (32K x 8) Static RAM 

AC CHARACTERISTICS 

(1) READ CYCLE (Vee= 5v±100.k, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle time tRC 90 ns 

Address access time 1AA 90 ns 

Chip enable access time 1ACE 90 ns 

Output enable access time toe 50 ns 

Output hold from address change tOH 10 ns 

Chip enable Low to output in Low-Z tLZ 5 ns 1 

Output enable Low to output in Low-Z tot..z 5 ns 1 

Chip disable to output in High-Z IHz 0 40 ns 1 

Output enable High to output in High-Z tQHZ 0 40 ns 1 

(2) WRITE CYCLE (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Write cycle time twc 90 ns 

Chip enable to end of write tcw 55 ns 

Address valid to end of write 1Aw 80 ns 

Address setup time 1As 0 ns 

Write pulse width twp 55 ns 

Write recovery time twR 5 ns 

Data valid to end of write tow 30 ns 

Data hold time toH 0 ns 

Output active from end of write tow 5 ns 1 

Write Low to output in High-Z twz 0 40 ns 1 

Output enable High to output in High-Z tQHZ 0 40 ns 1 

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

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

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.6to2.4 V 

Input rise/fall time 1.0 ns 

Timing reference level 1.5V 

1TTLgate, CL= 100 pF 
Output load conditions (Includes scope and jig 

capacitance) 

LH52256LL 
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LH52256LL CMOS 256K (32K x 8) Static RAM 

DATA RETENTION CHARACTERISTICS (TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS 

Data retention voltage VccoR CE ~ VccoR - 0.2 v 
CE~ VccoR - 0.2 V, 

TA-2s0 c 
Data retention current lccoR VccoR=3.0V TA• Oto40°c 

TA·Oto70°c 

Chip disable to data retention tcDR 

Recovery time tR 

• 1111: = Read cycle time 

CAPACITANCE 1 (TA= 25°C, f = 1MHz) 
PARAMETER SYMBOL CONDITIONS MIN. 

Input capacitance C1N V1N=OV 

Input/output capacitance CllO V110 = 0 V 

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

Vee------. 
4.5V------

CE 

DATA RETENTION MODE 

VccoR 

CE l!: VccOR -0.2 V 

MAX. 

8 
10 

Figure 3. Low Voltage Data Retention 

NOTE: WE = "HIGH" 

Figure 4. Read Cycle 
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MIN. TYP. MAX. UNIT 

2.0 v 
1 

3 µA 

20 

0 ns 

tRc* ns 

UNIT 

pF 

pF 

522S6l.L-6 
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CMOS 256K (32K x 8) Static RAM LH52256LL 

(OE Clocked) 

Ao-A,. 

OE 

lcw 

CE 

'wP 
(NOTE1) 

WE 

Dour 

DATA VALID 

(NOTE4) 

NOTES: 
1. The Write pulse occurs during the overlap (!wp) with CE• LOW and WE = LOW. 
2. !AS is defined as the time from address to change to of write. 
3. 1Wf1 is defined as the lime from end of write to address change. 
4. When VO pins are in output state, input signals of opposite logic level must not be applied. 
5. If CE LOW transition occurs at the same time or prior to WE LOW transition, the output will remain high-impedance. 

52256Ll-4 

Figure 5. Write Cycle 1 

(OELow) 
'we 

Ao-A,. 

lcw 

CE 

(NOTE1) 

WE 

Dour 

NOTES: 
1. The Wrile pulse occurs during the overlap ('wp) with CE = LOW and WE • Low. 
2. W; is defined as the time from address to change to of write. 
3. 'wR is defined as the lime from end of write to address change. 
4. When 1/0 pins are in output state, input signals of opposite logic level must not be applied. 
5. If CE LOW transition occurs at the same time or prior to WE LOW transition, the output will remain higll-lmpedance. 
6. If CE HIGH transition occurs at the same time or prior to the WE HIGH transition, the output will remain higll-lmpedance. 

52256Ll-5 

Figure 6. Write Cycle 2 
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LH52256LL CMOS 256K (32K x 8) Static RAM 

ORDERING INFORMATION 

LH52256 
Device Type 

x -## LL ---
Package Speed Power 

I 
I L_ Low-power standby 220 µW MAX. 

,__ _____ 90 Access Time (ns) 

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

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

Example: LH52256N-90LL (CMOS 256K (32K x 8) Static RAM, 90 ns, 28-pin, 450-mil SOP) 
Sl25el.L·7 
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LH52258 
FEATURES 

• Fast Access Times: 30135/45/55 ns 

• Space Saving 28-Pin, 300-mil DIP 

• High Density 28-Pin, 300-mil SOJ 

• Low Power Standby When Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully Static Operation 

• 2 V Data Retention 

FUNCTIONAL DESCRIPTION 
The LH52258 is a high-speed 262, 144 bit static RAM 

organized as 32K x 8. 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) control permits Read and Write operations when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power (lse1) drops 
to its lowest level HE is raised to within 0.2 V of Vee. 

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

CMOS 32K x 8 Static RAM 

When E is LOW and W is HIGH, a static Read will 
occur at the memory location specHied 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. 

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-PINOIP TOP VIEW 
28-PINSOJ 

Ai4 1• Voo 

A,2 2 w 
A1 3 Ais 

As 4 As 
As 5 Ag 

~ 6 An 

Ag 7 G 

~ 8 A10 

Ai 9 E 
Ao ~ 

OOo 11 Das 

O~ 12 005 

O~ 13 004 

Vss 14 003 

522511-10 

Figure 1. Pin connections for DIP and SOJ 
Packages 
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LH52258 

Ao 
A, 

~ 
w c 
0 

~ 0 
w 

As 
c 

Ae ~ 
A1 

A12 

DOo-D~ 
8 

E 
w--!=::::i----::::------~ 

G----<l__) 

MEMORY ARRAY 
(32,768 x 8) 

l/OCIRCUIT 

COLUMN 
DECODE 

CMOS 32K x 8 Static RAM 

8 

8 

52258-9 

Figure 2. LH52258 Block Diagram 

TRUTH TABLE PIN DESCRIPTIONS 

E G w MODE DQ Ice PIN DESCRIPTION 

H x x Not Selected High-Z Standby Ao-A14 Address Inputs 

L H H Selected High-Z Active D0o-D07 Data Inputs/Outputs 

L L H Read Data Out Active E Chip Enable input 

L x L Write Data In Active G Output Enable input 

NOTE: w Write Enable input 
X = Don't Care, L = LOW, H = HIGH 

Vee Positive Power Supply 

Vss Ground 
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CMOS 32K x 8 Static RAM LH52258 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5Vto7V 

Input Voltage Range -0.5 V to Vee+ 0.5 V 

DC OUtput Current 2 ±40mA 

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. Outpu!S 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 oc 
Vee Supply Voltage 4.5 5.0 5.5 v 
Vss Supply Voltage 0 0 0 v 
V1L Logic "O" Input Voltage 1 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2.2 Vee+ 0.5 v 

NOTE: 
1. Negative undershoot of up to 3.0 Vis permitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Operating Current 1 
G = V1H, E = V1L, lour= o mA 

lcc1 All other Inputs = V1L or V1H 185 mA 
minimum cycle time = 30 ns 

Operating Current 1 
G=V1H, E=V1L, lour= OmA 

lee1 All other Inputs = V1L or V1H 170 mA 
minimum cycle time = 35 ns 

Operating Current 1 
G=V1H, E=V1L, lour= OmA 

lee1 All other Inputs = V1L or V1H 155 mA 
minimum cycle time= 45 ns 

Operating Current 1 
G = V1H, E= V1L, lour= 0 mA 

lee1 All other Inputs = V1L or V1H 155 mA 
minimum cycle time = 55 ns 

lse1 Standby Current E<!:Vee-0.2V 0.1 1 mA 

ISB2 Standby Current E<!:V1H 5 mA 

lu Input Leakage Current V1N = 0 Vto Vee -2 2 µA 

ILO 1/0 Leakage Current VIN= OVtoVee -2 2 µA 

VOH OUtput High Voltage IOH=-4.0mA 2.4 v 
VOL OUtput Low Voltage loL=8.0mA 0.4 v 
VoR Data Retention Voltage E<!:Vee-0.2V 2 5.5 v 
loR Data Retention Current Vee = 3 v, E <!:Vee - 0.2 v 200 µA 

NOTE: 
1. Ice is dependent upon output loading and cycle rates. Specified values are with outpu!S open, operating at specified cycle times. 
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LH52258 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto3 v 
Input Rise and Fall Times 5 ns 

Input and Output Timing Ref. Levels 1.5V 

Output Load, Timing Tests Figure 3 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance) 6pF 

Coo (1/0 Capacitance) 8pF 

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

with VBiao = 0 V and Vex; = 5.0 V. 
2. Guaranteed but not lasted. 

DATA RETENTION TIMING 

E must be held above the lesser of V1H or Vee - 0.2 V 
to assure proper operation when Vee< 4.5 V. E must be 
Vee - 0.2 V or greater to meet IDR specification. All other 
inputs are "Doni Care.• 

CMOS 32K x 8 Static RAM 

+5V 

4800HMS 

DCIPINS 

2550HMS 30pF• 

•INCLUDES JIG AND SCOPE CAPACITANCES 52258·2 

Figure 3. Output Load Circuit 

Figure 4. Data Retention Timing 
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CMOS 32K x 8 Static RAM LH52258 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION -30 -35 -45 -55 UNITS 
MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle Time 30 35 45 55 ns 

tAA Address Access Time 30 35 45 55 ns 

toH 
Output Hold from Address 5 5 5 5 ns Change 

tEA E Low to Valid Data 30 35 45 55 ns 

tEL.Z E Low to Output Active 2·3 3 3 3 3 ns 

tEHZ E High to Output High-Z 2·3 10 15 20 25 ns 

tGA G Low to Valid Data 10 15 20 25 ns 

tGL.Z G Low to Output Active 2·3 3 3 3 3 ns 

tGHZ G High to Output High-Z 2•3 10 15 20 25 ns 

tpu E Low to Power Up lime 3 0 0 0 0 ns 

tpo E High to Power Down 
Time 3 30 35 45 55 ns 

WRITE CYCLE 

twc Write Cycle lime 30 35 45 55 ns 

tEW E Low to End of Write 25 30 40 50 ns 

tA.w 
Address Valid to End of 25 30 40 50 ns Write 

1As Address Setup 0 0 0 0 ns 

1AH Address Hold from W High 0 0 0 0 ns 

twp W Pulse Width 20 20 25 25 ns 

tow Input Data Setup Time 13 15 20 25 ns 

toH Input Data Hold Time 0 0 0 0 ns 

twHZ W Low to Output High-Z 2•3 13 15 15 15 ns 

twL.Z W High to Output Active 2·3 0 0 0 0 ns 

NOTES: 
1. AC Electrical Characteristics specified at •AC Test Conditions" levels. 

2. Acliw output to High-Zand High-Z to output active tests specified for a ±200 mV transition from steady state levels into the test load. 
3. Guaranteed but not tested. 
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LH52258 

TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: Wis 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 lAA. 

CMOS 32K x 8 Static RAM 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. liming illu~rated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specHied to be valid until tEA or tGA, 
but may become valid as soon as tELZ or tGLZ. Outputs 
will transition directly from High-Z to Valid Data Out. Valid 
data will be present following tGA only if tEA timing is met. 

ADDRESS VALID ADDRESS 
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DQ 

DQ 

SUPPLY 
CURRENT 

Figure 5. Read Cycle No. 1 

\ 

feA 

\ 
faA 

latz 

letz 

_L _L_ .L 
::::s::::s:.:s:~ 

~ 

I{ 
_) 

Figure 6. Read Cycle No. 2 

VALID DATA 

I[ 
.J 
,~ 

I~ 

It 
_J 

~ 

VALID DATA ' .J 
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CMOS 32K x 8 Static RAM 

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 LH52258's outputs 
from becoming active, preventing bus contention, thereby 
reducing system noise. 

LH52258 

Write Cycle No. 1 (W Controlled) 

Chip is selected: Eis LOW, G is LOW. Using only W 
to control Write cycles may not offer the best performance 
since both twHz and tow timing specifications must be 
met. 

Write Cycle No. 2 (E Controlled) 

Gis LOW. DO lines may transition to Lo"!:Z if the falling 
edge of W occurs after the falling edge of E. 

ADDRESS VALID ADDRESS 

oa 

DATA ON 
DO LINES 

ADDRESS 

DO 

DATA ON 
DO LINES 

tAW 

~ lwP 

~ 
lwHz low 

1--ll" 
I\ 

PREVIOUS OUTPUT HIGH-Z 

Figure 7. Wrtte Cycle No.1 

VALID ADDRESS 

HIGH-Z LOW-Z 

Figure 8. Write Cycle No. 2 

Wi 

lwt.z 

~ 

~ L_ 

INPUT LOW-Z 

INPUT 
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LH52258 CMOS 32K x 8 Static RAM 

ORDERING INFORMATION 

LH52258 
Device Type 

x 
Package 

-## 

Spyed 30 

~ Access Time (ns) 

55 

'--------<JD 28-pin, 300-mil DIP (DIP28-P-300) 
K 28-pin, 300-mil SOJ (SOJ28-P-300) 

'------------- CMOS 32K x 8 Static RAM 

Example: LH52258K-35 (CMOS 32K x 8 Static RAM, 35 ns, 28-pin, 300-mil SOJ) 
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LH52258A 
FEATURES 

• Fast Access limes: 15 */20/25/30 ns 

• JEDEC Standard Pinout 

• Space Saving 28-Pin, 300-mil DIP 

• High Density 28-Pin, 300-mil SOJ 

• Low Power Standby when Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully Static Operation 

FUNCTIONAL DESCRIPTION 

The LH52258A is a high-speed 262, 144 bit static RAM 
organized as 32K x 8. 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) control permits Read and Write operations when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power (lsB1) drops 
to its lowest level if Eis raised to within 0.2 V of Vee. 

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

• Note: only the 15 ns access time part is Advance Information. 

SHARP 

PRELIMINARY 
CMOS 32K x 8 Static RAM 

When E is LOW and W is 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. 

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 SOJ 

A14 1• Vee 

A12 2 w 
A, 3 A13 

As 4 As 

As 5 As 
A4 6 A11 

A• 7 G 
~ 8 A10 

A1 9 E 
Ao oa, 

Dao 11 006 

001 005 

002 004 

Vss 003 

52258A·1D 

Figure 1. Pin Connections for DIP and SOJ 
Packages 
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LH52258A 

000 - D01 

TRUTH TABLE 

E G w MODE 

H x x Not Selected 

L H H Selected 

L L H Read 

L x L Write 
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8 

A,. 

As a: 
A, w 

0 

"2 
0 
0 w 

Ae 0 

s: 
A1 if 

A,2 

A,4 

PRELIMINARY 

MEMORY ARRAY 
(32,768 x 8) 

l/OCIRCUIT 

COLUMN 
DECODE 

Figure 2. LH52258A Block Diagram 

CMOS 32K x 8 Static RAM 

8 

8 

52258A-2 

PIN DESCRIPTIONS 

DO Ice PIN DESCRIPTION 

High-Z Standby AIJ-A14 Address Inputs 

High-Z Active DQo-DQ7 Data Inputs/Outputs 

Data Out Active E Chip Enable 

Data In Active G Output Enable 

w Write Enable 

Vee Positive Power Supply 

Vss Ground 



CMOS 32K x 8 Static RAM PRELIMINARY LH52258A 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5 Vto 7V 

Input Voltage Range -0.5 Vto Vee+ 0.5 V 

DC Output Current 2 ±40mA 

Storage Temperature Range -65° 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• 
section 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 oc 
Vee Supply Voltage 4.5 5.0 5.5 v 

Vss Supply Voltage 0 0 0 v 

V1L Logic "O" Input Voltage 1 -0.5 0.8 v 

V1H Logic "1" Input Voltage 2.2 Vee+ 0.5 v 

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 

lcc1 Operating Current 1 
tRe = 15 ns 2 
G ~ V1H, Es V1L, louT = O mA, 165 mA 
teveLE = 15 ns 

lec1 Operating Current 1 
tRe = 20 ns 
G ~ V1H, Es V1L, louT = o mA, 150 mA 
teveLE = 20 ns 

lee1 Operating Current 1 
tRe = 25 ns 
G ~ V1H, Es V1L, louT = O mA, 140 mA 
teveLE = 25 ns 

lee1 Operating Current 1 
tRe =30 ns 
G ~ V1H, Es V1L. louT = o mA, 130 mA 
teveLE = 30 ns 

lse1 Standby Current E~Vce-o.2v 0.1 1 mA 

lse2 Standby Current E~VIH 15 mA 

lu Input Leakage Current Vee= 5.5 v, V1N = o v to Vee -2 2 µA 

ILO 1/0 Leakage Current Vee= 5.5 V, V1N = o V to Vee -2 2 µA 

VoH Output High Voltage IOH =-4.0 mA 2.4 v 

VOL Output Low Voltage IOL=8.0mA 0.4 v 

VoR Data Retention Voltage E~Vee-0.2V 2 5.5 v 

IDR Data Retention Current Vee= 3 V, E~Vee-0.2 V 200 µA 

NOTES: 
1. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
2. Note: only the 15 ns access time part is Advance Information. 

4-137 



LH52258A PRELIMINARY CMOS 32K x 8 Static RAM 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vss to 3 v 
Input Rise and Fall Times 3ns 

Input and Output Timing Ref. Levels 1.5V 

Output Load, Timing Tests Figure 3 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance) 6pF 

Cea (110 Capacitance) BpF 

NOTES: 

1. capacitances are maximum values at 25°e measured at 1.0MHz 
with YBias = o V and Vee = 5.0 V. 

2. Guaranteed but not tested. 

DATA RETENTION TIMING 

E must be held above the lesser of V1H or Vee - 0.2 V 
to prevent improper operation when Vee< 4.5 V. E must 
be Vee - 0.2 V or greater to meet IDR specification. All 
other inputs are "Don't Care." 

Ons 

Yoo 4.5V -

V1H -

+5V 

4800HMS 

DO PINS 

2550HMS 30pF* 

•INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 3. Output Load Circuit 

MIN 

e 
VoR -
V1L - E~VoR·0.2V 

Figure 4. Data Retention Timlng 
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CMOS 32K x 8 Static RAM PRELIMINARY LH52258A 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION -15 4 -20 -25 -30 UNITS 
MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle lime 15 20 25 30 ns 

tAA Address Access lime 15 20 25 30 ns 

toH 
Output Hold from Address 4 4 4 5 ns 
Change 

tEA E Low to Valid Data 15 20 25 30 ns 

tELZ E Low to Output Active 2•3 4 4 4 3 ns 

tEHZ E High to Output High-Z 2•3 0 8 0 10 0 12 12 ns 

tGA G Low to Valid Data 8 10 12 12 ns 

tGLZ G Low to Output Active 2•3 0 0 0 3 ns 

tGHZ G High to Output High-Z 2•3 0 7 0 9 0 10 10 ns 

tpu E Low to Power Up lime 3 0 0 0 0 ns 

tpo 
E High to Power Down 
lime 3 20 25 30 30 ns 

WRITE CYCLE 

twc Write Cycle lime 15 20 25 30 ns 

tEW E Low to End of Write 12 15 20 25 ns 

lAw 
Address Valid to End of 12 15 20 25 
Write 

ns 

tAS Address Setup 0 0 0 0 ns 

lAH Address Hold from W High 0 0 0 0 ns 

twp W Pulse Width 10 12 15 20 ns 

tow Input Data Setup lime 8 10 12 13 ns 

tDH Input Data Hold lime 0 0 0 0 ns 

tWHZ W Low to Output High-Z 2•3 6 8 10 13 ns 

twLZ W High to Output Active 2•3 0 0 0 0 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 ±500 mV transition from steady state levels into the test load. The test 

load has 5 pF capacitances. 
3. Guaranteed by design but not tested. 
4. Note: only the 15 ns access time part is Advance Information. 
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LH52258A PRELIMINARY CMOS 32K x 8 Static RAM 

TIMING DIAGRAMS- READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: Wis 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 fAA. 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. Timing illu~rated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specified to be valid until tEA ortGA, 
but may become valid as soon as tEL2 or tGL2. Outputs 
will transition from High-Z to Valid Data Out. Valid data 
will be present following tGA only if tEA timing Is met. 

ADDRESS VALID ADDRESS 
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DQ 

DO 

SUPPLY 
CURRENT 

' 

Figure 5. Read Cycle No. 1 

IEA 

\ 
I\ 

liiA 

liiLZ 

laz 
77 _L_ 

~::s::::s::::s::~ 

~ 

v 
) 

Figure 6. Read Cycle No. 2 

VALID DATA 

_f 
I~ 
I~ 

)IF 

~ 

VALID DATA ~ 

~ 
I\ 

52258A-6 
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CMOS 32K x 8 Static RAM PRELIMINARY LH52258A 

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 Gbe held HIGH for 
all Write cycles. This will prevent the LH52258A'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 performance 
since both twHz and tow timing specifications must be 
met. 

Write Cycle No. 2 (E Controlled) 

Gis LOW. DO lines may transition to Lo~Z if the falling 
edge of W occurs after the falling edge of E. 

lwc 

) 
VALID ADDRESS ' _J 

ADDRESS 

SHARP 

w 

DO 

DATA ON 
DO LINES 

ADDRESS 

DO 

DATA ON 
DO LINES 

!Aw 

~ lwp 

'~Ii 
lwHz low 

).._V 
I\ 

PREVIOUS OUTPUT HIGH-Z 

Figure 7. Write Cycle No. 1 

lwc 

VALID ADDRESS 

HIGH-Z LOW-Z HIGH-Z 

Figure 8. Write Cycle No. 2 

IAH 

! 
lwt.z 

~ 

)-V--
I\.___ 

INPUT LOW-Z 

52258A·7 

INPUT 

52258A-8 
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LH52258A PRELIMINARY CMOS 32K x 8 Static RAM 

ORDERING INFORMATION 

LH52258A 
Device Type 

_x_ 
Package 

-## 

SpeL{d 15* 
~~ Access Time (ns) 

30 

'--------< D 28-pin, 300-mil DIP (DIP28-P-300) 
K 28-pin, 300-mil SOJ (SOJ28-P-300) 

'-------------- CMOS 32K x 8 Static RAM 
* Only the 15 ns access time part is advance information. 
Example: LH52258AK-25 (CMOS 32K x 8 Static RAM, 25 ns, 28-pin, 300-mil SOJ) 
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LH521002 
FEATURES 

• Fast Access limes: 20 */25/35 ns 

• High Density 28-Pin, 400-mil SOJ 

• JEDEC Standard Pinouts 

• Low Power Standby when Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully Static Operation 

• Common 1/0 for Low Pin Count 

• 2 V Data Retention 

FUNCTIONAL DESCRIPTION 

The LH521002 is a high speed 1,048,576-bit static 
RAM organized as 256K x 4. A fast, efficient design is 
obtained with a CMOS periphery and a matrix con
structed 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 drops to its lowest level (lse1) when Eis raised to 
within 0.2 V of Vee. 

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 18 address lines. 

• Note: only the 20 ns acx:ess time part is Advance Information. 

CMOS 256K x 4 Static RAM 

Read cycles occur when Eis 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 

28-PINSOJ TOP VIEW 

Ao 1 • 28 Vee 
A1 2 27 A11 

~ 3 26 A1& 

A:i 4 25 A1s 

A,, 5 24 A14 

As 6 23 A13 

As 7 22 A12 

A1 8 21 A11 

As 20 NC 
Ag 19 003 

A1o 11 18 DO:! 
e 17 001 

G 16 000 

Vss 15 w 
521002-10 

Figure 1. Pin Connections for SOJ Package 
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LH521002 

TRUTH TABLE 

E G w MODE 

H x x Standby 

L H H Selected 

L L H Read 

L x L Write 

NOTE: 
X = Don't Care, L = LOW, H = HIGH 

4-144 

(MSB) A1o 

Ag 

Ag w 
0 

A1 0 
0 

~ w 
0 

"3 3: 

~ ~ 

A1 

(LSB) Ao 

MEMORY ARRAY 
(262,144X4) 

BLOCK 
DECODE 

COLUMN 
DECODE 

Ag A5 A11 A12 A1e A13 A14 A15 A11 

CMOS 256K x 4 Static RAM 

(MSB) (LSB)(MSB) (LSB) 4 

521002-2 

Figure 2. LH521002 Block Diagram 

PIN DESCRIPTIONS 

DQ Ice PIN DESCRIPTION 

High-Z Standby Ao-A11 Address Inputs 

High-Z Active DQo-DQa Data Inputs/Outputs 

Data Out Active E Chip Enable input 

Data In Active w Write Enable input 

G Output Enable input 

Vee Positive Power Supply 

Vss Ground 



CMOS 256K x 4 Static RAM LH521002 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5 Vto 7V 

Input Voltage Range -0.5 V to Vee+ 0.5 V 

DC Output Current 2 ±40mA 

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 ID 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 ID 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 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic "O" Input Voltage 1•2 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2 2.2 Vce+0.5 v 

NOTES: 
1. Negative undershoot of up ID 3.0 Vis permitted once per cycle. 
2. See Applications Note "Input/Output Level Testing" for test considerations. 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

lee1 Operating Current 1 teveLE = 20 ns 2 
180 mA 

E=V1L, W=V1LorV1H 

lee1 Operating Current 1 teveLE = 25 ns 180 mA 
E= V1L, W= V1LorV1H 

lee1 Operating Current 1 teveLE = 35 ns 150 mA 
E=V1L, W=V1LorV1H 

lsB1 Standby Current E~Vee-0.2V 0.4 2 mA 

ISB2 Standby Current E~VIH 20 mA 

lu Input Leakage Current V1N = 0 Vto Vee -2 2 µA 

ILO 1/0 Leakage Current V1N = O V to Vee -2 2 µA 

VoH Output High Voltage IOH =-4.0 mA 2.4 v 
VoL Output Low Voltage loL=B.OmA 0.4 v 
VoR Data Retention Voltage E~Vee-0.2V 2 5.5 v 
IDR Data Retention Current Vee = 3 v, E ~Vee - 0.2 v 500 µA 

NOTE: 
1. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open. 
2. Note: only the 20 ns access lime part is Advance Information. 
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LH521002 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto3 V 

Input Rise and Fall limes 5 ns 

Input and Output liming Ref. Levels 1.5V 

Output Load, liming Tests Figure3 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance) 6pF 

Coo (1/0 Capacitance) 8pF 

NOTES: 
1. Capacitances are maximum values at 25°0 measured at 1.0MHz 

with V91., = O V and Vee= 5.0 V. 
2. This parame1Br is sampled and not proWction tested. 

DATA RETENTION TIMING 
E must be held above the lesser of V1H or Vee - 0.2 V 

to assure proper operation when Vee < 4.5 V. E must be 
Vee- 0.2 V or greater to meet IDR specHication. All other 
inputs are "Don't Care." 

4.5V -

CMOS 256K x 4 Static RAM 

+5V 

Ci.CAD • 30 pF • 

* INCLUDES JIG AND SCOPE CAPACITANCES 51!1002-4 

Figure 3. Output Load Circuit 

51!1002-3 

Figure 4. Data Retention liming 
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CMOS 256K x 4 Static RAM LH521002 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION 
-20 -25 -35 UNITS 

MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle liming 20 25 35 ns 

fAA Address Access lime 20 25 35 ns 

tOH Output Hold from Address Change 3 3 3 ns 

tEA E Low to Valid Data 20 25 35 ns 

tELZ E Low to Output Active 2•3 3 3 3 ns 

tEHZ E High to Output High-Z 2•3 10 12 20 ns 

tGA G Low to Valid Data 8 10 20 ns 

tGLZ G Low to Output Active 2·3 0 0 0 ns 

tGHZ G High to Output High-Z 2•3 8 10 20 ns 

tpu E Low to Power Up lime 3 0 0 0 ns 

tpo E High to Power Down lime 3 20 25 35 ns 

WRITE CYCLE 

twc Write Cycle lime 20 25 35 ns 

tew E Low to End of Write 15 20 30 ns 

f.Aw Address Valid to End of Write 15 20 30 ns 

f.As Address Setup 0 0 0 ns 

f.AH Address Hold from W High 0 0 0 ns 

twp W Pulse Width 15 20 25 ns 

tow Input Data Setup lime 12 15 15 ns 

toH Input Data Hold lime 0 0 0 

twHZ W Low to Output High-Z 2•3 8 10 15 ns 

twLZ W High to Output Active 2•3 3 3 3 ns 

NOTES: 
1. AC Elecb'icaf Characteristics specified at "AC Test Conditions" levels. 
2. Active output to High-Z and High-Z to output active tests specified for a ±5oo mV b'ansition from steady state levels into the test load. 

C1.om1 = 5 pF. 
3. Guaranteed but not tested. 
4. Note: only the 20 ns access time part is Advance Information. 
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LH521002 

TIMING DIAGRAMS- READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: Wis HIGH, E and Gare LOW. 
Read cycle timing is referenced from when all addresses 
are stable until the first address transition. Following an 
Address transition, Data Out is guaranteed valid at tM. 

CMOS 256K x 4 Static RAM 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. liming illustrated for 
the case when addresses are valid while E goes LOW. 
Data Out is _not specHied to be valid until tEA, but may 
become valid as soon as tELZ. Outputs will transition 
from High-Z to Valid Data Out. Data Out is valid after 
both tEA and tGA are met. 

ADDRESS VALID ADDRESS 
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DO 

DO 

SUPPLY 
CURRENT 

' 

Figure 5. Read Cycle No. 1 

"" K 
loo 

1<3A 

foLZ 

I\ 

leA 

leLZ 

77TV 
::'\: \" ~~ 

~ 

_) 

Figure 6. Read Cycle No. 2 

VALID DATA 

521002·5 

_/ 
-
I~ 

v 
} 

lpe 

~ 

VALID DATA ' 

~ -
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CMOS 256K x 4 Static RAM 

TIMING DIAGRAMS - WRITE CYCLE 

Addresses must be stable during Write cycles. E or W 
must be HIGH during address transitions. The outputs will 
remain in the High-Z state if Wis LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DO lines. 
This will prevent bus contention, reducing system noise. 

LH521002 

Wrtte Cycle No. 1 rl/ controlled) 

Chip is selected: E and G are LOW. Using only w to 
control Write cycles may not offer the best device perfor
mance, since both twHz and tow timing specifications 
must be met. 

Write Cycle No. 2 (E controlled) 

Gis LOW. 00 lines may transition to LoytZ if the falling 
edge of W occurs after the falling edge of E. 

ADDRESS ) VALID ADDRESS 
"W' 

00 

DATA ON 
OOLINES 

ADDRESS 

DATA ON 
DO LINES 

tAW tAH 

~ tWP 

\W\ It 

~ tow ~ 

i2!.. 

~ LZ.JT "'h _J u~ l\_JI\..__ 

PREVIOUS OUTPUT HIGH-Z INPUT 

HIGH-Z 

Figure 7. Wrtte Cycle No. 1 

OUTPUT 
(IFANY) 

VALID ADDRESS 

Figure 8. Wrtte Cycle No. 2 

tow foH 

INPUT 

521002-7 

521002-ll 
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LH521002 CMOS 256K x 4 Static RAM 

ORDERING INFORMATION 

LH521002 
Device Type 

K 
Package 

-## 
Speed Y 20• 

25 Access Time (ns) 
35 

~------ 28 pin, 400-mil SOJ (SOJ28-P-400) 

...__ ____________ CMOS 256K x 4 Static RAM 

• Only the 20 ns access time part is Advance Information. 

Example: LH521002K-25 (CMOS 256K x 4 Static RAM, 25 ns, 28 pin, 400-mil SOJ) 
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LH521007 
FEATURES 

• Fast Access limes: 20 */25/35 ns 

• Two Chip Enable Controls 

• High Density 32-Pin, 400-mil SOJ 

• Low Power Standby When Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully Static Operation 

• 2 V Data Retention 

FUNCTIONAL DESCRIPTION 

The LH521007 is a high speed 1,048,576-bit static 
RAM organized as 128K x 8. A fast, efficient design is 
obtained with a CMOS periphery and a matrix con
structed with polysilicon load memory cells. 

This RAM is fully static in operation. The Chip Enables 
(E1, E2) permit Read and Write operations when active 
(E1 = LOW and E2 = HIGH) or place the RAM in a 
low-power standby mode when inactive (E1 = HIGH or 
E2 =LOW). Standby power drops to its lowest level (ls01) 
if E1 is raised to within 0.2 V of Vee and E2 is lowered to 
less than 0.2 V. 

Write cycles occur when both Chip Enables and Write 
Enable are active. Data is transferred from the DO pins 
to the memory location specified by the 17 address lines. 
The proper use of the Output Enable control (G) can 
prevent bus contention. 

• Note: only the 20 ns access time part is Advance Information. 

PRELIMINARY 
CMOS 128K x 8 Static RAM 

When both Chip Enables are active and Wis inactive, 
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. 

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 

32-PINSOJ TOP VIEW 

NC 1• 32 Vee 

Ao 2 A,. 

A1 3 ~ 

~ 4 w 
~ 5 A,s 

A.. 6 A14 

As 7 A,s 

As 8 A12 

A, 9 G 
Ae A11 

Ae E1 

A1o D~ 

DOo DO. 

001 DOs 
002 18 004 

Vss 003 
521007-10 

Flgure1. Pin Connections for SOJ Package 
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LH521007 

5.2 
E1 

D00-D01 

E1 
w 
G---'=:u........J 

8 

TRUTH TABLE 

E1 E2 G w MODE 

H x x x Standby 

x L x x Standby 

L H H H Read 

L H L H Read 

L H x L Write 

NOTE: 
X = Don't Care, L = LOW, H = HIGH 

4-152 

A10 

Ao 
Aa w 

A1 
c 
8 

~ w c 
Aa 3: 

0 
A,, a: 

A1 

Ao 

PRELIMINARY 

MEMORY ARRAY 
(131,072X8) 

l/OCIRCUIT 

COLUMN 
DECODE 

CMOS 128K x 8 Static RAM 

8 

8 

521007·2 

Figure 2. LH521007 Block Diagram 

PIN DESCRIPTIONS 

DQ lee PIN DESCRIPTION 

High-Z Standby Ao-A1s Address Inputs 

High-Z Standby D0o-D07 Data Inputs/Outputs 

High-Z Active E1, E2 Chip Enable input 

Data Active Out 
G Output Enable input 

w Write Enable input 
Data In Active Vee Positive Power Supply 

Vss Ground 

SHARP 



CMOS 128K x 8 Static RAM PRELIMINARY LH521007 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5 Vto 7V 

Input Voltage Range -0.5 Vto Vee+ 0.5 v 
DC Output Current 2 ±40mA 

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 pennanent 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 oc 
Vee Supply Voltage 4.5 5.0 5.5 v 
Vss Supply Voltage 0 0 0 v 
V1L Logic "O" Input Voltage 1 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2.2 Vee+ 0.5 v 

NOTE: 
1. Negative undershoot of up to 3.0 Vis pennitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS 

lcct Operating Current t tcYCLE = 20 ns 2 

lcct Operating Current 1 tcvcLE = 25 ns 

lcc1 Operating Current t tcvcLE = 35 ns 
- 2 

lss1 Standby Current Et ~Vcc-0.2V 'E2:!>0.2V, 
Vee - 0.2 Vs All other inputs s 0.2 V 

ISB2 Standby Current Et ~ V1H 2 or E2 :!> V1L 

lu Input Leakage Current V1N = 0 Vto Vee 

ILO 1/0 Leakage Current V1N = 0 Vto Vee 

VoH Output High Voltage loH=-4.0mA 

VoL Output Low Voltage loL=B.OmA 

VoR Data Retention Voltage Et ~Vcc-0.2Vand E2S0.2 v 
IDR Data Retention Current Vee= 3 V, E1 ~Vee - 0.2 V and E2 s 0.2 V 

NOTES: 
t. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open. 
2. Note: only the 20 ns access time part is Advance lnfonnation. 

SHARP 

MIN 

-2 

-2 

2.4 

2 

TYP MAX UNIT 

mA 

mA 

mA 

mA 

mA 

2 µA 

2 µA 

v 
0.4 v 
5.5 v 
500 µA 
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LH521007 PRELIMINARY CMOS 128K x 8 Static RAM 

AC TEST CONDITIONS 

PARAMETER RATING +5V 

Input Pulse Levels Vss to 3 V 

Input Rise and Fall Times 5 ns 

Input and Output Timing Ref. Levels 1.5V 

Output Load, Timing Tests Figure 3 

CAPACITANCE 1•2 
30pF* 

PARAMETER RATING 

C1N (Input Capacitance) 6pF 

Coo (1/0 Capacitance) 8pF *INCLUDES JIG AND SCOPE CAPACITANCES 

NOTES: 
1. Capacitances are maximum values at 25"C measured at 1.0MHz 

with Veills = O V and Vee= 5.0 V. 
2. Sample tested only. 

DATA RETENTION TIMING 

E1 must be held above the lesser of V1H or Vee- 0.2 V 
to assure proper operation when Vee < 4.5 V. E1 must be 
Vee - 0.2 V or greater and E2 must be ~ 0.2 V to meet 
IDR specification. All other inputs are "Don't Care.· 

lcoRs Data retention mode 

Vee 

Figure 3. Output Load Circuit 

4.5 v --------- ----------- ------------------------------------- ----------- ---------

2.2V 

E1 ~V00 -0.2V 

GND -- ---- -- - - - - - -- ---- -- -- -- - - - - -- - -- -- -- -- - - -- - - - - - -- -- -- -- - - - - - - - ---- -- -- - - - - - - - - -

LOW SUPPLY VOLTAGE DATA RETENTION WAVEFORM (1) (E1 CONTROL) 

Data retention mode 

o.4 v ---------------- -------------------e~s-02v·----------------- ----------------

GND -- --- - - - - - - - - - - - - -- -- -- -- - - - - - - - -- -- -- -- - - - - - - - - - --- - -- -- - -- -- - - -- ---- -- - - - -- - - --

LOW SUPPLY VOLTAGE DATA RETENTION WAVEFORM (2) (E2 CONTROL) 

Figure 4. Data Retention Timing 
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CMOS 128K x 8 Static RAM PRELIMINARY LH521007 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range} 

SYMBOL DESCRIPTION 
-20 5 -25 -35 

UNITS 
MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle Timing 20 25 35 ns 

tAA Address Access Time 20 25 35 ns 

toH Output Hold from Address Change 3 3 3 ns 

tEA E Low to Valid Data 20 25 35 ns 

tEL2 E Low to Output Aclive 2•3 3 3 3 ns 

tEHZ E High to Output High-Z 2•3 10 12 20 ns 

tGA G Low to Valid Data 8 10 20 ns 

tGL2 G Low to Output Aclive 2•3 0 0 0 ns 

tGHZ G High to Output High-Z 2•3 8 10 20 ns 

tpu E Low to Power Up Time 4 0 0 0 ns 

tpo E High to Power Down Time 4 20 25 35 ns 

WRITE CYCLE 

twc Write Cycle Time 20 25 35 ns 

tEW E Low to End of Write 15 20 30 ns 

tAW Address Valid to End of Write 15 20 30 ns 

tAs Address Setup 0 0 0 ns 

1AH Address Hold from W High 0 0 0 ns 

twP W Pulse Width 15 20 25 ns 

tow Input Data Setup lime 10 12 15 ns 

toH Input Data Hold lime 0 0 0 ns 

twHz W Low to Output High-Z 2•3 8 10 15 ns 

twL2 W High to Output Aclive 2•3 3 3 3 ns 

NOTES: 
1. AC Electrical Characteristics specified at "AC Test Conditions" levels. 

2. Active output to High-Zand High-Z to output active tests specified for a ±500 mV transition from steady state levels into the test load. 
Ct.oac1 = 5 pF. 

3. Sample tested only. 
4. Guaranteed but not tested. 
5. Note: only the 20 ns access time part is Advance Information. 
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LH521007 PRELIMINARY CMOS 128K x 8 Static RAM 

TIMING DIAGRAMS- READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: Wand E2 are HIGH, E1 and G 
are 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. liming illustrated 
for the case when addresses are valid before E1 and E2 

are both active. Data Out is not specified to be valid until 
tEA or tGA, but may become valid as soon as tELZ or tGLZ. 
Outputs will transition directly from High-Z to Valid Data 
Out. Valid data will be present following tGA only if tEA 
timing is met. 

ADDRESS VALID ADDRESS 

DQ 

SUPPLY 
CURRENT 

4-156 

DQ 

v 

~ 

~ 

II 
) 

VALID DATA 

Figure 5. Read Cycle No. 1 

!Re 

leA 

' I\ 
laA 

~ 
leLZ 

OCTZX 

Figure 6. Read Cycle No. 2 

1121007·5 

"\ 

II 
J 

~ 
~ 

_l 

~ 

"' VALID DATA _) 

L 
1121007-6 
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CMOS 128K x 8 Static RAM PRELIMINARY LH521007 

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 
both E1 and E2 are active. If G is HIGH, the outputs will 
remain in the High-~ state. Although these examples 
illustrate timing with G active, it is recommended that G 
be held HIGH for all Write cycles. This will prevent outputs 
from becoming active, preventing bus contention, thereby 
reducing system noise. 

!we 

Write Cycle No. 1 (W Controlled) 

Chip is selected: E1 andG are LOW, E2 is HIGH. Using 
only W to control Write cycles may not offer the best 
performance since both twHz and tow timing specifica
tions must be met. 

Write Cycle No. 2 (E Controlled) 

Gis LOW. DO lines may transition to Low-Zif the falling 
edge of W occurs after the falling edge of E. 

ADDRESS VALID ADDRESS 

w 

DO 

DATA ON 
DO LINES 

ADDRESS 

w 

DO 

DATA ON 
DO LINES 

!Aw !AH 

lwP 

lwHZ low 

PREVIOUS OUTPUT HIGH-Z INPUT 

Figure 7. Write Cycle No.1 

!we 

VALID ADDRESS 

lew 

HIGH-Z LOW-Z INPUT 

Figure 8. Write Cycle No. 2 

lw12 

LOW-Z 

521007-7 

!AH 

521007-8 
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LH521007 PRELIMINARY CMOS 128K x 8 Static RAM 

ORDERING INFORMATION 

LH521007 
Device Type 

K 
Package 

·## 

Speed 20* 

L___J 25 Access Time (ns) 
---i35 

...._ ______ 32-pin, 400-mil SOJ (SOJ32-P-400) 

...._ ___________ CMOS 128K x 8 Static RAM 

* Only the 20 ns access time part is Advance Information. 
Example: LH521007K-25 (CMOS 128K x 8 Static RAM, 25 ns, 32-pin, 400-mil SOJ) 
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LH521008 
FEATURES 

• Fast Access Times: 20/25/35 ns 

• JEDEC Standard Pinout 

• High Density 32-Pin, 400-mil SOJ 
Package 

• Low Power Standby when Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully Static Operation 

• 2 V Data Retention 

FUNCTIONAL DESCRIPTION 
The LH521008 is a high speed 1,048,576-bit static 

RAM organized as 128K x 8. A fast, efficient design is 
obtained with a CMOS periphery and a matrix con
structed 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 drops to its 
lowest level {lse1) if Eis raised to within 0.2 V of Vee. 

Write cycles occur when both Chip Enable (E) and 
Write Enable (W) are LOW. Data is transferred from the 
DO pins to the memory location specified by the 17 
address lines. The proper use of the Output Enable 
control (G) can prevent bus contention. 

CMOS 128K x 8 Static RAM 

When E is LOW and W is 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. 

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 

32-PINSOJ TOP VIEW 

NC 1• Vee 

Ao 2 A1s 

A1 3 30 NC 

~ 4 w 
As 5 A1s 

A,. 6 A14 

As 7 ~3 

As 8 A12 

A, 9 G 
As ~1 

As E 
Alo ~ 

DOo DOe 

001 Das 
D~ 18 004 

Vss 17 ~ 
521008-10 

Flgure1. Pin Connections for SOJ Package 
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LH521008 

D00-D01 

TRUTH TABLE 

E G w MODE 

H x x Standby 

L H H Read 

L L H Read 

L x L Write 

NOTE: 
X = Don't Care, L = LOW, H = HIGH 

4-160 

(MSB)A10 

Ag 

As w 
A1 

c 
0 
0 

A2 w 
c 

Aa :;:: 
0 

A,. a: 

A1 

(LSB) Ao 

MEMORY ARRAY 
(131,072 x 8) 

l/OCIRCUIT 

COLUMN 
DECODE 

CMOS 128K x 8 Static RAM 

8 

521008-2 

Figure 2. LH521008 Block Diagram 

PIN DESCRIPTIONS 

DQ Ice PIN DESCRIPTION 

High-Z Standby Ao-A1s Address Inputs 

High-Z Active D0o-D07 Data Inputs/Outputs 

Data Out Active E Chip Enable input 

Data In Active G Output Enable input 

w Write Enable input 

Vee Positive Power Supply 

Vss Ground 



CMOS 128K x 8 Static RAM LH521008 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5 Vto 7V 

Input Voltage Range -0.5 V to Vee+ 0.5 V 

DC Output Current 2 ±40mA 

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 pennanent damage lo the device. This is a stress rating for 

transient conditions only. Functional operation of the device at these or any other concitions above those indicated in the 'Operating Range' 
of this specification is not implied. Exposure lo 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 oc 
Vee Supply Voltage 4.5 5.0 5.5 v 
Vss Supply Voltage 0 0 0 v 
V1L Logic "0" Input Voltage 1 ·2 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2 2.2 Vee+ 0.5 v 

NOTES: 
1. Negative undershoot of up lo 3.0 V is permitted once per cycle. 
2. See Applications Note 'Input/Output Level Testing' for test considerations. 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

lee1 Operating Current 1 teveLE = 20 ns 180 mA 
E = V1L, W=V1LorV1H 

lee1 Operating Current 1 teveLE = 25 ns 180 mA 
E = V1L, W = V1LorV1H 

lee1 Operating Current 1 teveLE = 35 ns 150 mA 
E = V1L, W = V1L or V1H 

ISB1 Standby Current E<::Vee-0.2V 0.4 2 mA 

ISB2 Standby Current E<::V1H 20 mA 

lu Input Leakage Current V1N = 0 Vto Vee -2 2 µA 

ILO 1/0 Leakage Current V1N = 0 Vto Vee -2 2 µA 

VOH Output High Voltage IOH=-4.0mA 2.4 v 
VOL Output Low Voltage IOL=8.0 mA 0.4 v 
VoR Data Retention Voltage E<::Vee-0.2V 2 5.5 v 
IDR Data Retention Current Vee =3 V, E<::Vee-0.2V 500 µA 

NOTE: 
1. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open. 

SHARP 4-161 



LH521008 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto3V 

Input Rise and Fall Times 5 ns 

Input and Output Timing Ref. Levels 1.5V 

Output Load, Timing Tests Figure3 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance) 6pF 

Coo (VO Capacitance) 8pF 

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

with V91ao = o V and Voo = 5.0 V. 
2. Guaranteed but not tested. 

DATA RETENTION TIMING 

E must be held above the lesser of V1H or Vee- 0.2 V 
to assure proper operation when Vee< 4.5 V. E must be 
Vee - 0.2 V or greater to meet loR specification. All other 
inputs are "Don't Care." 

CMOS 128K x 8 Static RAM 

+5V 

30pF* 

* INCLUDES JIG ANO SCOPE CAPACITANCES 521008-3 

Figure 3. Output Load Circuit 

521008-4 

Figure 4. Data Retention Timing 
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CMOS 128K x 8 Static RAM LH521008 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION -20 -25 ~ UNITS 
MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle Timing 20 25 35 ns 

tAA Address Access Time 20 25 35 ns 

toH Output Hold from Address Change 3 3 3 ns 

tEA E Low to Valid Data 20 25 35 ns 

tEL2 E Low to Output Active 2•3 3 3 3 ns 

tEHZ E High to Output High-Z 2•3 10 12 20 ns 

tGA G Low to Valid Data 8 10 20 ns 

tGL2 G Low to Output Active 2•3 0 0 0 ns 

tGHZ G High to Output High-Z 2•3 8 10 20 ns 

tpu E Low to Power Up Time 3 0 0 0 ns 

tpo E High to Power Down Time 3 20 25 35 ns 

WRITE CYCLE 

twc Write Cycle Time 20 25 35 ns 

tew E Low to End of Write 15 20 30 ns 

IAw Address Valid to End of Write 15 20 30 ns 

IAs Address Setup 0 0 0 ns 

IAH Address Hold from W High 0 0 0 ns 

twP W Pulse Width 15 20 25 ns 

tow Input Data Setup Time 12 15 15 ns 

toH Input Data Hold Time 0 0 0 ns 

twHz W Low to Output High-Z 2•3 8 10 15 ns 

twL2 W High to Output Active 2•3 3 3 3 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 ±500 m V transition from steady state levels into lhe test load. 

CL.oad = 5 pF. 
3. Guaranteed but not tested. 
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LH521008 

TIMING DIAGRAMS- READ CYCLE 

Read Cycle No. 1 

Chip is in Read Mode: Wis 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. 

CMOS 128K x 8 Static RAM 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. liming illu~rated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specified to be valid until tEA ortGA, 
but may become valid as soon as tELZ or tGLZ. Outputs 
will transition directly from High-Z to Valid Data Out. Valid 
data will be present when both tGA and tEA timing are met. 

ADDRESS VALID ADDRESS 
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DO 

DO 

SUPPLY 
CURRENT 

l 

Figure 5. Read Cycle No. 1 

!EA 

' 
foA 

lo12 

le12 

.ll777 

~ 
~I~~~ 

_/ 

Figure 6. Read Cycle No. 2 

VALID DATA 

521008-5 

v 
.J 

I~ 
I~ 

.! 

~ 

VALID DATA ' Ji 

~ 
521008-8 



CMOS 128K x 8 Static RAM 

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 outputs from becom
ing active, preventing bus contention, thereby reducing 
system noise. 

LH521008 

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 performance 
since both twHz and tow timing specifications must be 
met. 

Write Cycle No. 2 (E Controlled) 

G is LOW. oa lines may transition to Low-Zif the falling 
edge of W occurs after the falling edge of E. 

ADDRESS VALID ADDRESS 

w 

DO 

DATA ON 
DO LINES 

ADDRESS 

DO 

DATA ON 
DO LINES 

IAw 

~ lwP 

'~"K 
lwHz low 

~ 

PREVIOUS OUTPUT HIGH-Z 

Figure 7. Write Cycle No. 1 

VALID ADDRESS 

lwP 

HIGH-Z LOW-Z 

Figure 8. Write Cycle No. 2 

\AH 

_J 
lwLZ 

~ 

v---
.J~ 

INPUT LOW-Z 

521008-7 

low 

INPUT 

521008-8 
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LH521008 CMOS 128K x 8 Static RAM 

ORDERING INFORMATION 

LH521008 
Device Type 

_K_ -## 

Package Speyed 

~g Access Time (ns) 
35 

32-pin, 400-mil SOJ (SOJ32-P-400) 

~-----------CMOS 128K x 8 Static RAM 

Example: LH521008K-25 (CMOS 128K x 8 Static RAM, 25 ns, 32-pin, 400-mil SOJ) 
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LH521028 PRELIMINARY INFORMATION 

FEATURES 

• Fast Access Times: 20/25/30/35 ns 

• Space Saving 52-Pin PLCC 

• JEDEC Standard Pinout 

• Wide Word (18-Bits} for: 
- Improved Performance 
- Reduced Component Count 
- Nine-bit Byte for Parity 

• Transparent Address Latch 

• Reduced Loading on Address Bus 

• Low Power Stand-by Mode when 
Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• 2 V Data Retention 

FUNCTIONAL DESCRIPTION 
The LH521028 is a high speed 1,179,648-bit CMOS 

SAAM organized as 64K x 18. A fast, efficient design is 
obtained with a CMOS periphery and a matrix con
structed with polysilicon load memory cells. The 
LH521028 is available in a compact 52-Pin PLCC, which 
along with the six pairs of supply terminals, provide for 
reliable operation. 

The control signals include Write Enable (W), Chip 
Enable (E), High and Low Byte Select (SL and SH), Output 
Enable (G) and Address Latch Enable (ALE). The wide 
word provides for reduced component count, improved 
density, reduced Address bus loading and improved per
formance. The wide word also allows for byte-parity with 
no additional RAM required. 

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).The Byte-select controls, SH 
and SL, are also used to enable or disable Read and Write 
operations on the high and the low bytes. The Address 
Latches are transparent when ALE is HIGH (for applica
tions not requiring a latch), and are latched when ALE is 
LOW. The Address Latches and the wide word help to 
eliminate the need for external Address bus buffers and/or 
latches. 

CMOS 64K x 18 Static RAM 

Write cycles oca.ir when Chip Enable (E), SH and/or 
SL, and Write Enable (W) are LOW. The Byte-select 
signals can be used for Byte-write operations by disabling 
the other byte during the Write operation. Data is trans
ferred from the DO pins to the memory k>cation specified 
by the 16 address lines. The proper use of the Output 
Enable control (G) can prevent bus contention. 

When E and either SH or SL are LOW and Wis HIGH, 
a static Read will ocrur at the memory k>cation 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 with ALE HIGH. 

PIN CONNECTIONS 

52-PIN PLCC 

oa9 

0010 

Vee 

Vss 

oa,, 
oa,. 
oa,3 

oa,. 
v .. 
Vee 

oa,5 

oa,. 
0017 

TOP VIEW 

521028-10 

Figure 1. Pin Connections for PLCC Package 
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LH521028 PRELIMINARY INFORMATION CMOS 64K x 18 Static RAM 

ALE 

1121028-12 

Figure 2. LH521028 Block Diagram 
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CMOS 64K x 18 Static RAM PRELIMINARY INFORMATION LH521028 

TRUTH TABLE 

ADDRESS E SH SL ALE G w DO<t-DOa DOa-0011 MODE Ice 

Don't Care H x x H x x High-Z High-Z Standby ISB 

Valid L L H H L H Active High-Z Read lee1 

Valid L H L H L H High-Z Active Read lee1 

Valid L L L H L H Active Active Read lcc1 

Valid L L L H H H High-Z High-Z Read lee1 

Don't Care L L L L L H Data Out Data Out Read lec1 

Valid L L H H x L Data In Don't Care Write, low byte lcc1 

Valid L H L H x L Don't Care Data In Write, high byte lcc1 

Valid L L L H x L Data In Data In Write, both bytes lee1 

Valid L H H H x L Don't Care Don't Care Write, inhibited lcc1 

Don't Care L L L L x L Data In Data In Write, both bytes lcc1 

NOTE: 
X = Don't Care, L = LOW, H = HIGH 

PIN DESCRIPTIONS 

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL 

1 Vss 14 D013 27 Vss 40 D04 

2 Vee 15 D014 28 Vee 41 DQs 

3 SL 16 Vss 29 As 42 Vss 

4 SH 17 Vee 30 Ag 43 Vee 

5 E 18 D01s 31 A10 44 DOs 

6 Ao 19 D016 32 An 45 DO? 

7 Al 20 D017 33 A12 46 DQs 

8 DQg 21 A2 34 DOo 47 A13 

9 D010 22 A:J 35 D01 48 A14 

10 Vee 23 A4 36 Vee 49 A1s 

11 Vss 24 As 37 Vss 50 G 
12 D011 25 As 38 002 51 ALE 

13 D012 26 A1 39 D03 52 w 
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LH521028 PRELIMINARY INFORMATION CMOS 64K x 18 Static RAM 

PIN DEFINITION 

Vee Positive Supply Voltage Terminals 

Vss Reference Terminals 

Ao - A1s Address Bus Input 

The Address bus is decoded to select one 18-bit word 
out of the total 64K words for Read and Write operations. 

Chip Enable Active LOW Input 

Chip Enable is used to enable the device for Read and 
Write operations. When HIGH, both Read and Write 
operations are disabled and the device is in a reduced 
power state. When LOW, a Read or Write operation is 
enabled. 

Write Enable Active LOW Input 

Write Enable is used to select either Read or Write 
operations when the device is enabled. When Write 
Enable is HIGH and the device is Enabled, a Read 
operation is selected. When Write Enable is LOW and the 
device is enabled, a Write operation is selected. A Byte
write operation is available by using the Byte-select con
trols. 

SH, SL Select High 
Select Low 

Active LOW Inputs 

The Select High and Select Low signals, in conjunction 
with the Chip Enable and Write Enable signals, allow the 
selection of the individual bytes for Read and Write oper
ations. When High, the Select signal will deselect its byte 

4-170 

and prevent Read or Write operations. When the Select 
signal is LOW and Chip Enable is LOW, a Read or Write 
operation is performed at the location determined by the 
contents of the Address bus. When Chip Enable is HIGH, 
the Select signals are Donl Care. Select Low (SL) is 
assigned to DOo - DOa and Select High (SH) is assigned 
to DQg- DQ17. 

ALE Address Latch Active High Input 
Enable 

The Address Latch Enable signal is used to control the 
Transparent latches on the Address bus. The Latches are 
transparent when HIGH and are latched when LOW. H 
not required, Address Latch Enable may be tied HIGH, 
leaving the Address bus in a transparent condition. 

DQo - DQ17 Data Bus Input/Output 

DOo - DOs comprise the Low byte, selected by SL, 
and DQg - D011 comprise the High Data byte, selected 
by SH. The Data Bus is in a high impedance input mode 
during Write operations and standby. The Data bus is in 
a low-impedance output mode during Read operations. 

G Output Enable Active LOW Input 

The Output Enable signal is used to control the output 
buffers on the Data lnpuVOutput bus. When G is HIGH, 
all output buffers are forced to a high impedance condi
tion. When G is LOW, the output buffers will become 
active only during a Read operation (E and SH I SL are 
LOW, Wis HIGH). 

SHARP 



CMOS 64K x 18 Static RAM PRELIMINARY INFORMATION LH521028 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5 Vto 7V 

Input Voltage Range -0.5 V to Vee+ 0.5 V 

DC Output Current 2 ±40mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 2W 

NOTES: 
1. Stresses greater than those listed under "Absolute Maximum Ratings• may cause permanent damage lo 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 oc 
Vee Supply Voltage 4.5 5.0 5.5 v 
Vss Supply Voltage 0 0 0 v 
V1L Logic "O" Input Voltage 1 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2.2 Vee+ 0.5 v 

NOTE: 
1. Negative undershoot of up lo 3.0 Vis permitted once per cyde. 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

lee1 Operating Current 1 teYeLE = minimum 300 mA 

lse1 Standby Current All Inputs~ Vee -0.2 V, E ~ V1H 4 mA 
(Vee - 0.2 V) $All Other Inputs$ 0.2 V 

lse2 Standby Current E=VIH 40 mA 

lu Input Leakage Current Vee= 5.5 V, V1N = 0 Vto Vee -2 2 µA 

ILO 1/0 Leakage Current Vee= 5.5 V, V1N = 0 Vto Vee -2 2 µA 

VoH Output High Voltage IOH=-4.0mA 2.4 v 
VoL Output Low Voltage loL=8.0 mA 0.4 v 

E~ Vee-0.2V 
VoR Data Retention Voltage All other inputs 2 5.5 v 

(Vee - 0.2 V) $ V1N $ (0.2 V) 

Vee =3 V, E~Vee-0.2V 
IDR Data Retention Current All other inputs 500 µA 

(Vee - 0.2 V) $ V1N $ (0.2 V) 

NOTE: 
1. Ice is dependent upon output loading and cyde rates. Specified values are with outputs open. 
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LH521028 PRELIMINARY INFORMATION CMOS 64K x 18 Static RAM 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto3 V 

Input Rise and Fall Times 5 ns 

Input and Output Timing Ref. Levels 1.5V 

Output Load, Timing Tests Figure 3 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance) 5pF I 

Coo (1/0 Capacitance) 7pF 

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

with Va; .. = 0 V and Vee = 5.0 V. 
2. Guaranteed but not tested. 

DATA RETENTION TIMING 

E must be held above the lesser of V1H or V cc - 0.2 V 
to prevent improper operation when Vee < 4.5 V. E must 
be Vee - 0.2 V or greater to meet IDR specification. All 
other inputs must be held at CMOS input levels (Vee -
0.2 V) ~ V1N ~ (0.2V). 

Vee 

+SV 

•INCLUDES JIG AND SCOPE CAPACITANCES 52102&-13 

Figure 3. Output Load ClrcuH 

521028-15 

Figure 4. Data Retention Timing 
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CMOS 64K x 18 Static RAM PRELIMINARY INFORMATION LH521028 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION -20 -25 -30 -35 UNITS 
MIN MAX MIN ::MAX MIN liiY MIN Mii 
READ CYCLE 

tRC Read ~cle liming 20 25 30 35 ns 

tAA Address Access lime 20 25 30 35 ns 

tASl Address Setup to Latch Enable 1 1 2 2 ns 

lAl-L Address Hold from Latch Enable 4 4 5 5 ns 

ti.EA Latch Enable to Data Valid 22 27 32 37 ns 

tulM Latch Enable Hjg_h Pulse Width 5 6 6 6 ns 

tQH Output Hold from Address Change 3 3 3 3 ns 

tUi O~put Hold from Latch High 3 3 3 3 ns 

tEA E Low to Valid Data 20 25 30 35 ns 

lELZ E Low to Output Active 2•3 3 3 3 3 ns 

lEHZ E High to O~ut 1-!_ig_h-Z 2•3 10 12 15 20 ns 

tSA S Low to Valid Data 10 12 15 20 ns 

tsu S Low to Output Active 2•3 2 3 3 3 ns 

tSHZ S Hjgh to Output High-Z 2•3 10 12 15 20 ns 

tGA G Low to Valid Data 8 10 15 20 ns 

tGLZ G Low to Ou_!!!_ut Active 2•3 0 0 0 0 ns 

tGHZ G High to Output High-Z 2•3 8 10 15 20 ns 

tRCS Read Setup from W High 0 0 0 0 ns 

IRCH Read Hold from W Low 0 0 0 0 ns 

tpu E LOW to Power Up lime 3 0 0 0 0 ns 

tpo E HIGH to Power Down lime 3 20 25 30 35 ns 
WRITE CYCLE 

twc Write Cycle lime 20 25 30 35 ns 

tEW E Low to End of Write 15 20 25 30 ns 

tsw S LOW to End of Write 15 20 25 30 ns 

tAw Address Valid to End of Write 15 20 25 30 ns 

tAs Address Setup to Start of Write 0 0 0 0 ns 

lAH Address Hold from W Hjg_h 0 0 0 0 ns 

tASl Address Setup to Latch Enable 1 1 2 2 ns 

lAHL Address Hold from Latch Enable 4 4 5 5 ns 

tUiW Latch Hold from W HJ9!1 0 0 0 0 ns 

tulM Latch Enable HIGH Pulse Width 5 6 6 6 ns 

twp W Pulse Width 15 20 25 30 ns 

tow Input Data Setup lime 9 10 12 15 ns 

IOH lnJ>UI Data Hold lime 0 0 0 0 ns 

lwHZ W Low to Output High-Z 2.3 8 10 12 14 ns 

lwLZ W High to Output Active 2.3 3 3 3 3 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 ±500 mV transition from steady state levels into the test load. 

Cl..oad=5pF. 
3. Guaranteed but not tested. 
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LH521028 PRELIMINARY INFORMATION CMOS 64K x 18 Static RAM 

TIMING DIAGRAMS- READ CYCLE 

Read Cycle No. 1: (Unlatched Address Controlled 
Read) 

Chip is in Read Mode: ALE is HIGH (transparent 
mode), E andG are 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 fines are in the Low-Z state but the data is not 
guaranteed to be valid untn tAA. 

Read Cycle No. 2: (Unlatched Chip Enable 
Controlled Read) 

Chip is in Read Mode: ALE is HIGH (tran8P!_re.!!_I 
mode). Read cycle timing is referenced from when E, S, 
and G are stable until the first address transition. Cross
hatched portion of Data Out implies that data lines are in 
the Low-Z state but the data is not guaranteed to be valid. 

ADDRESS VALID ADDRESS 

DO VALID DATA 

521028-2 

Figure 5. Read Cycle No. 1 

ADDRESS ===><..._~~~~~~~VAL~•D_A_DD_R_Es_s~~~~~~~-:-><~-----
'ilcH 

DO VALID DATA 

521028-3 

Figure 6. Read Cycle No. 2 
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CMOS 64K x 18 Static RAM PRELIMINARY INFORMATION LH521028 

TIMING DIAGRAMS- READ CYCLE (cont'd) 

Read Cycle No. 3 (Latched Address controlled 
Read) 

Chip is in Read Mode: Wis HIGH, E, SH, SL and Gare 
LOW. Both fAA and tLEA must be met before valid data is 
available. If the address is valid prior to the rising edge of 

ii.HM 

ALE 

ADDRESS VALID ADDRESS 

DO PREVIOUS DATA 

ALE, then the access time is tLEA. If the address is valid 
after ALE is HIGH (or if ALE is tied HIGH) then the access 
time is fAA. 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 fAA. 

Ill 

521028-4 

Figure 7. Read Cycle No. 3 
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LH521028 PRELIMINARY INFORMATION CMOS 64K x 18 Static RAM 

TIMING DIAGRAMS - READ CYCLE (cont'd) 

Read Cycle No. 4 

Chip is in Read Mode: Timing illustrated for the case 
when addresses are valid before E goes LOW. Data Out 

!ASL 

ADDRESS VALID ADDRESS 

Ii.HM 

ALE 
lt..eA 

leA 

liics 

w lsA 

foLZ 

lstz 

leLZ 

DO 

is not specified to be valid until tEA, tsA and tGA, but may 
become active as early as teLZ. tsLZ or tGLZ. 

!AHL 

loo 

foA 

foHZ 

VALID DATA 

521028-5 

Figure 8. Read Cycle No. 4 
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CMOS 64K x 18 Static RAM PRELIMINARY INFORMATION LH521028 

TIMING DIAGRAMS - WRITE CYCLE 

Addresses must be stable during unlatched Write 
cycles. The outputs will remain in the High-Z state if W is 
LOW when E and SH I SL go LOW. If G is HIGH, the 
outputs will remain in the High-Z state. Although these 
examples ill~rate timing with G active, it is recom
mended that G be held HIGH for all Write cycles. This will 
prevent the LH521028's outputs from becoming active, 
preventing bus contention, thereby reducing system 
noise. 

ADDRESS 

w 
lwHz 

DO PREVIOUS OUTPUT 

Write Cycle No. 1 (Unlatched w Controlled WrHe) 

Chip is selected: E, G, and SH I SL are LOW ALE is 
High. Using only W to control Write cycles may ~ot offer 
the best performance since both twHz and tow timing 
specifications must be met. 

Write Cycle No. 2 (E, SL, SH Controlled WrHe) 

G is LOW. DO lines may transition to Low-Zif the falling 
edge of W occurs after the falling edge of E, SHISL if G is 
LOW. 

!we 

VALID ADDRESS 

!Aw 
!AH 

lwP 

low 

VALID DATA 

521028-6 

Flgure9. Write Cycle No. 1 

lwc 

ADDRESS VALID ADDRESS 

lew 

E, SL, SH 

!AH 

w 
low 

DO VALID DATA 

521028-7 

Figure 10. Write Cycle No. 2 



LH521028 PRELIMINARY INFORMATION CMOS 64K x 18 Static RAM 

TIMING DIAGRAMS- WRITE CYCLE (cont'd) 

Write Cycle No. 3 (Latched w Controlled Write) 

Chip is selected: E, G, and SH I SL are LOW. 

ALE 
l..sL 

ADDRESS 

w 
lwHz 

DO PREVIOUS OUTPUT 

Write Cycle No. 4 (E Controlled) 

G is LOW. DO lines may transition to Low-Zif the falling 
edge of W occurs after the falling edges of E and SH/SL. 

t,.HL 

VALID DATA 

521028-8 

Figure 11. Write Cycle No. 3 

lwc 

Ii.HM 

ALE 

ADDRESS VALID ADDRESS 

lew 
lsw 

low 

DO VALID DATA 

521CJ28.9 

Figure 12. Write Cycle No. 4 
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CMOS 64K x 18 Static RAM PRELIMINARY INFORMATION LH521028 

BYTE OPERATIONS 

ADDRESS 

ALE 

VALID DATA 

VALID DATA 

(1) (2) (3) (4) (5) 

521028-10 

Figure 13. Byte Read: (Els LOW and W Is HIGH) 

Byte Read Description (Figure 13) 

To read individual bytes, the device must be enabled 
(E is LOW), W must be HIGH, the outputs must be 
enabled (G is LOW) and the addresses must be either 
stable or latched with ALE. The above diagram is one 
example of the byte read capabilities of this device. The 
example shows two read operations. The first is a read of 
the high byte of the current memory location and the 
second is a read of the low byte of the memory location. 

(1) At the beginning of the cycle both SL and SH are 
HIGH. 

SHARP 

(2) SH goes LOW initiating a Read on the upper byte 
DOH(9-17J. SL remains HIGH keeping the lower byte 
DOL(o-a) disabled and in a high-impedance mode. 

(3) SL goes LOW activating DOL(O-SJ.Valid data is avail
able in tsA following SL going LOW. 

(4) When SH goes HIGH, D0H(9-17J remains valid for 
tsHz before returning to a high-impedance condition. 

(5) Finally, the Read for the lower byte is terminated by 
deasserting SL (HIGH). DOL(o.BJ remains active for 
tsHz following SL going HIGH. 
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LH521028 PRELIMINARY INFORMATION CMOS 64K x 18 Static RAM 

BYTE OPERATIONS (cont'd) 

ADDRESS VALID ADDRESS N VALID ADDRESS M 

ALE 

DATAIN(N 

DATAIN(M) 

(1) (2) (3) (4)(5) (6) (7) 
521028-11 

Figure 14. Byte write: (EIS LOW) 

Byte Write Description (Figure 14) 

To do individual byte-write operations, the device must 
be enabled (E is LOW, G is don't care) and addresses 
must be either stable or latched. The above diagram is 
one example of the byte-write capabilities of this device. 
The diagram shows two write operations with unlatched 
addresses. The first is a write to the low byte of memory 
location N and the second is a write to the high byte of 
memory location M. 

(1) W goes LOW while SL and SH remain HIGH. 

(2) SL goes LOW initiating a Write i~o the lower byte 
DOL(Q.8) of memory location N. SH remains HIGH 
preventing a Write into the upper byte DOL(9-17) of 
memory location N. 

4-180 

(3) SL now goes HIGH terminating the Write operation 
on the lower byte of memory location N. 

(4) Address N is changed to M. 

(5) The Write operation is r1£W initiated on the upper byte 
D0H(!H7) by bringing SH LOW. SL remains HIGH 
preventing a Write operation from occurring in the 
lower byte DOL(Q.8) of memory location N+ 1. 

(6) SH now goes HIGH terminating the Write operation 
on the upper byte of address M. 

(7) W goes HIGH, ending the Write operation. 



CMOS 64K x 18 Static RAM 

ORDERING INFORMATION 

LH521028 
Device Type 

u 
Package 

PRELIMINARY INFORMATION 

-## 

SpeL-{d 20 
~~ Access Time (ns) 

35 

LH521028 

~------ 52-pin, Plastic Leaded Chip Carrier (PLCC52-P-750) 

.._ ____________ CMOS 64K x 18 Static RAM 

Example: LH521028U-25 (CMOS 64K x 18 Static RAM, 25 ns, 52-pin, Plastic Leaded Chip Carrier) 
521028MD 
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LH521032 
FEATURES 

• Separate Data In and Data Out 

• Reduces Chip Count and 
Increases Performance 

• Fast Access Times: 20/25/35 ns 

• Space Saving 32-Pin, 400-mil SOJ 

• Low Power Standby When Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully Static Operation 

FUNCTIONAL DESCRIPTION 

The LH521032 is a high-speed 1,048,576-bit static 
RAM organized as 256K x 4 with separate Data Input and 
Output buses. 

This RAM is fully static in operation. The Chip Enable 
(E) gates power to the chip when E is HIGH. Standby 
power (lse1) drops to its lowest level when Eis raised to 
within 0.2 V of Vee. 

Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the Data In pins to the 
memory location specified by the 18 address lines. 

Read cycles occur when Eis LOW and w is HIGH. A 
Read cycle will begin upon an address transition, on a 
falling edge of E, or on a rising edge of W. Data will be 
output on the Data Out pins. The Data Out pins become 
high-impedance during Write operations, with the con
tents of the Data In bus flowing-through to the Data Out 
bus. 
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PRELIMINARY 
256K x 4 Separate 1/0 Static RAM 

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 

32-PINSOJ TOP VIEW 

NC 1• Voo 

Aia 2 Ai1 
Ao 3 Ais 
A, 4 Ai4 

~ 5 Aia 
A3 6 A12 

~ 7 Ai1 

As 8 A10 
As 9 NC 

A1 03 

As D2 
Ag 03 

Do 02 
o, o, 
E Oo 

Vss w 
521032·10 

Figure 1. Pin Connections for SOJ Package 



256K x 4 Separate 1/0 Static RAM 

(MSB) 

(LSB) 

Do 

01 

02 

03 

E 
w 

A1o 

Ag 

As 
w 

A1 0 
0 
0 

~ w 
0 

~ ~ 
IC 

~ 

A1 

PRELIMINARY 

MEMORY ARRAY 
(262, 144 x 4) 

l/OCIRCUIT 

Figure 2. LH521032 Block Diagram 

TRUTH TABLE 

E w MODE Do-Da Oo-Oa Ice 

H x Not Selected Don't Care High-Z Standby 

L H Read Don't Care Data Out Active 

l l Write Data In High-Z Active 

PIN DESCRIPTIONS 

PIN DESCRIPTION PIN 

Ao-A11 Address Inputs w 
Do-Da Data Inputs Vee 

Qo-Oa Data Outputs Vss 

E Chip Enable input 

LH521032 

521032-2 

DESCRIPTION 

Write Enable input 

Positive Power Supply 

Ground 
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LH521032 PRELIMINARY 256K x 4 Separate 1/0 Static RAM 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Vee to Vss Potential -0.5Vto7V 

Input Voltage Range -0.5 Vto Vee+ 0.5 V 

DC Output Current 2 ± 40mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 1.0W 

NOTES: 
1. Stresses greater than those lisllld under "Absolute Maximum Ratings• may cause permanent damage lo the device. This is a stress rating for 

transient oonditions only. Functional operation of the device at these or any other oonditions abow those indicallld in the 'Operating Range" 
of this specification is not implied. Exposure lo absolute maximum rating conditions for extended periods may affect reliability. 

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

OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

TA Temperature, Ambient 0 70 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic "0" Input Voltage 1 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2.2 Vee +0.5 v 

NOTE: 
1. Negatiw undershoot of up lo 3.0 V is permitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

lee1 Operating Current 1 Outputs open, tRe = min mA 

lse1 Standby Current E~ Vee-0.2V mA 

ISB2 Standby Current E~ V1H mA 

lu Input Leakage Current Vee = 5.5 v, V1N = o v to Vee -2 2 µA 

ILO 1/0 Leakage Current Vee= 5.5 v, VIN= OVto Vee -2 2 µA 

VoH Output High Voltage loH=-4.0mA 2.4 v 
VOL Output Low Voltage loL=8.0mA 0.4 v 

NOTE: 
1. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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256K x 4 Separate 1/0 Static RAM PRELIMINARY LH521032 

AC TEST CONDITIONS 

PARAMETER RATING +5V 

Input Pulse Levels Vssto3 V 

Input Rise and Fall Times 5 ns 4800HMS 

Input and Output Timing Ref. Levels 1.5 v 
DO PINS 

Output Load, Timing Tests Figure 3 

CAPACITANCE 1•2 
2550HMS 30pF* 

PARAMETER RATING 

C1N (Input Capacitance) 

Coo (1/0 Capacitance) * INCLUDES JIG AND SCOPE CAPACITANCES 

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

with Ve;as = 0 V and Vee= 5.0 V. 
2. Guaranteed but not tested. 

Figure 3. Output Load Circuit 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL DESCRIPTION -20 -25 -35 

MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle Timing 20 25 35 

tAA Address Access lime 20 25 35 

toH Output Hold from Address Change 5 5 5 

tEA E Low to Valid Data 20 25 35 

tELZ E Low to Output Active 2•3 5 5 5 

tEHZ E High to Output High-Z 2·3 10 15 20 

tpu E Low to Power Up Time 3 0 0 0 

tpo E High to Power Down Time 3 20 25 35 

WRITE CYCLE 

twc Write Cycle Time 20 25 35 

tew E Low to End of Write 15 20 30 

tAW Address Valid to End of Write 15 20 30 

tAs Address Setup 0 0 0 

tAH Address Hold from End of Write 0 0 0 

twP W Pulse Width 15 20 30 

tow Input Data Setup Time 10 12 15 

toH Input Data Hold Time 0 0 0 

twHZ W Low to Output High-Z 2•3 10 15 20 

twLZ W High to Output Active 2•3 0 0 0 

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 m V transition from steady state levels into the test load. 
3. Guaranteed but not tested. 

SHARP 

521032-3 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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LH521032 PRELIMINARY 256K x 4 separate 110 Static RAM 

TIMING DIAGRAMS- READ CYCLE 
Read Cycle No. 1 

Chip is in Read Mode: Wis HIGH, andE is LOW. Read 
cycle timing is referenced from when all addresses are 
stable untU the first address transition. Crosshatched 
portion of Do - Da implies that data lines are in the Low-Z 
state and the data may not be valid. 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. liming illustrated 
for the case when addresses are valid while E goes LOW. 
Data Out is not specified to be valid until tEA, but may 
become valid as soon as tELZ. 

ADDRESS VALID ADDRESS 

4-186 

Oo-Oa 

SUPPLY 
CURRENT 

Figure 4. Read Cycle No. 1 

!EA 

Figure 5. Read Cycle No. 2 

VALID DATA 

521032-4 

VALID DATA 

521032-5 



256K x 4 Separate 1/0 Static RAM PRELIMINARY 

Write Cycle No. 1 (W Controlled) 

Chip is selected: Eis LOW. 

Write Cycle No. 2 (E Controlled) 

LH521032 

TIMING DIAGRAMS - WRITE CYCLE 

Addresses must be stable during Write cycles. E or W 
must be high during address transitions. The outputs will 
remain in the High-Z state if Wis LOW when E goes LOW. 

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

lwc 

ADDRESS VALID ADDRESS 

DATA IN VALID 

0 0 - 03 DATA UNDEFINED 
HIGH-Z 

521032-6 

Figure 6. Write Cycle No. 1 

two 

ADDRESS VALID ADDRESS 

!WP 

low 

Do- D3 ----------< DATA IN VALID 

521032-7 

Figure 7. Write Cycle No. 2 
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LH521032 PRELIMINARY 256K x 4 Separate 110 Static RAM 

ORDERING INFORMATION 

LH521032 
Device Type 

K 
Package 

-## 

Speyed 20 
25 
35 

Access Time (ns) 

~------ 32-pin, 400-mil SOJ (SOJ32-P-400) 

------------- 256K x 4 Separate 1/0 Static RAM 

Example: LH521032K-25 ( 256K x 4 Separate 1/0 Static RAM, 25 ns, 32-pin, 400-mil SOJ ) 
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LH5749/J 
FEATURES 

• 8, 192 x 8 bit organization 

• Access times: 
LH5749J: ssno ns (MAX.) 
LH5749: 70 ns (MAX.) 

• Low power consumption: 
394 mW/(MAX.) 

• Single +5 V power supply 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• High speed programming: 
SHARP original programming algorithm 
(32 second programming) 

• Pin compatible with Bipolar PROM 

• Packages: 
EPROM 

24-pin, 600-mil CERDIP 
OTP ROM 

24-pin, 600-mil DIP 
24-pin, 300-mil SK-DIP 
24-pin, 300-mil SDIP 

• JEDEC standard pinout (CERDIP/DIP) 

SHARP 

CMOS 64K (8K x 8) OTPROM/EPROM 

DESCRIPTION 
The LH5749J is a high-performance 64K, UV eras

able, electrically programmable read-only-memory, or
ganized as 8,192 x 8 bits. It is manufactured in an 
advanced CMOS technology which allows it to operate 
at Bipolar speeds while consuming only 75 mA. 

The LH5749J is packaged in 24-pin CERDIP which 
is pin-compatible to bipolar PROM. 

The LH5749 is a one-time PROM packaged in plastic 
DIP. 

PIN CONNECTIONS 
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LH5749/J CMOS 64K (BK x 8) OTPROM/EPROM 

~ 
~ 
~ 
Cf; ROW 65,536 ADDRESS 

DECODER CELL MATRIX 

(~ 
~ 

l 
(a 
(7< COLUMN COLUMN OUTPUT rs< ADDRESS CONTROLLER rs< DECODER 
~ 

l 
CONTROL 

OUTPUT 
~ BUFFER 

SIGNAL CSNpp 
GENERATOR 

1 l -'C:7 

Voo GND 

5749-2 

Figure 2. LH5749/J Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

A1J • A12 Address input Vee Power supply 

Oo-07 Data output (input) 1 GND Ground 

CSNpp Chip Select/Program 
input 

NOTE: 
1. Co - 07 pins are also used to input data to the column output controller through input buffers in programming mode. 

TRUTH TABLE 
MODE Oo-0, CSNpp Vee NOTE 

Read 
Read Data out L +SV 

1 
Output disable High-Z H +SV 

Program Data in +13V +6V 
Program Program inhibit High-Z H +6V 

1 
Program verify Data out L +6V 

NOTE: 
1. H = V1H, L = V1L 
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CMOS 64K (BK x 8) OTPROM/EPROM LH5749/J 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Vee ·0.6to+7.0 
Supply voltage CSNpp -0.6to+14.0 v 1 

V1N.Vour ·0.6to+7.0 

Operating temperature Topr Oto +70 •c 

Storage temperature Tstg 
-65 to +150 •c 2 

-55 to +150 3 

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

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. ' 

3. Applied to plastic package. 

RECOMMENDED OPERATING CONDITIONS (Read Mode) (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.75 5.0 5.25 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vee+0.3 

DC CHARACTERISTICS (Read Mode) (Vee= 5 v ± 5%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input leakage current lu V1N = GND or Vee ·10 10 µA 

Output leakage current ILo Vour - GND or Vee ·10 10 µA 

Vee operating current lee1 CMOS input 75 mA 1, 2 

lee2 TTL input 75 mA 1, 3 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vee+0.3 v 
Output "Low" voltage VoL loL-16 mA 0.45 v 
Output "High" voltage VoH IOH=·4mA 2.4 v 

NOTES: 
1. Minimum cycle time, lour = O mA 

2. V1N = GND ± 0.3 V or Vee ± 0.3 V 
3. V1N = V1L or V1H 

AC CHARACTERISTICS (Read Mode) (Vee= 5 v ± 5%, TA= 0 to +70°C) 

LH5749J-55 LH5749J.70 
PARAMETER SYMBOL LH5749/DIT·70 UNIT 

MIN. MAX. MIN. MAX. 

Address valid to output valid tAee 55 70 ns 

Chip select to output valid tcs 25 25 ns 

Chip disable to output in High Z toF 0 20 0 25 ns 

Output hold from address toH 10 10 ns 

SHARP 



LH5749/J CMOS 64K (SK x 8) OTPROM/EPROM 

AC TEST CONDITIONS 
980HMS 

PARAMETER RATING 

Input voltage amplitude O Vto3 V 

Input rise/fall time s 10ns 

Input reference level 1 V,2V 

Output reference level 0.8 V, 2V 

2.01V=• l 
D.U.T. ------1 .. 

30pF• 

I 
• INCWDES JIG AND SCOPE CAPACITANCES 

Figure 3. Output Load Circuit 

CAPACITANCE (TA= 25°C, f = 1MHz) 

PARAMETER SYMBOL CONDmONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N=OV 4 6 pF 

Output capacitance CollT Vour•OV 8 12 pf 

)( K V1H 

VIL 
IACC loH 

CSNpp 

f--~- -------
l lcs 

V1H 

VIL 

- - - -w LL DATA VALID ~ 
HIGH-IMPEDANCE u 1.. - - --

VoH 

Voi. 
5741M 

Figure 4. Timing Diagram (Read Mode) 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± 5°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 5.75 6.0 6.25 v 
Program voltage CSNpp 12.7 13.0 13.3 v 
Input "Low" voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vcc+0.3 v 



CMOS 64K (BK x 8) OTPROM/EPROM 

DC CHARACTERISTICS (Program Mode) 

(Vee= 6.0 V ± 0.2S V, CSNpp = 13.0 ± 0.3 V, TA= 2S°C ± S°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. 

Input leakage current lu V1N • Vee or 0.45 V ·10 
CSNpp current lpp Programming 

Vee supply current Ice 
Input "Low" voltage V1L -0.1 

Input "High" voltage V1H 2.4 

Output "Low" voltage VOL IOL= 16 mA 

Output "High" voltage VOH loH = -4 mA 2.4 

NOTES: 
1. The program pulse CS/Vpp must be applied after Vrx; is stable and inhibited before Vrx; is turned off. 
2. CS/Vpp must not be greater than 14 volts including overshoot 

AC CHARACTERISTICS (Program mode) 

(Vee= 6.0 V ± 0.2S V, CSNpp = 13.0 V ± 0.3 V, TA= 2S°C ± S°C) 
PARAMETER SYMBOL MIN, TYP. MAX. UNIT 

Address setup time tAs 2 µs 

CSNpp rise time tR 1 100 µs 
CSNpp fall time ff 1 100 µs 

Data setup time tos 2 µs 

Chip select delay time tcs 30 ns 

Address hold time tAH 0 µs 

Data hold time toH 2 µs 
Output disable time toF 30 ns 

Vee setup time tves 2 µs 
CSNpp pulse width tPW 0.95 1.0 1.05 ms 

Add CSNpp pulse width • to PW 2.85 78.75 ms 

Program pulse count N 1 25 TIMES 

• This width is defined by lhe Program Flowchart (Figure 6). 

Ao-A12 
----.. ------------..... ---- V1H 

Oo·O,----il p.-,---

r-----V1H 

...+--------------sv 
Voo---~- ------------------------Yoo 

Ives 

Figure 5. Timlng Diagram (Program Mode) 

LH5749/J 

MAX. UNIT 

10 µA 
75 mA 

75 mA 

0.45 v 
Vcc+0.3 v 

0.45 v 
v 

5749-5 



LH5749/J 

PROGRAMMING 
Upon delivery from SHARP or after each erasure 

(see Erasure section), the LH5749 and LH5749J have 
all 8192 x 8 bits in the "1", or high state. "O's" are 
loaded into the LH5749 and LH5749J through the pro
cedure of programming. 

The programming mode is entered when +13.0 Vis 
applied to the CS/Vpp pin. A 0.1 µF capacitor between 
~NPP and GND is needed to prevent excessive volt
age transients, which could damage the device. The 
address to be programmed is applied to the proper 
address pins. 8 bit patterns are placed on the respec
tive data pins. The voltage levels should be standard 
TTL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH5749J to an 
ultraviolet light source. A dosage of 15 W-second/cm2 

is required to completely erase an LH5749J. This dos
age can be obtained by exposure to an ultra-violet lamp 
(wave-length of 2,537 Angstroms (A)) with intensity of 
12,000 µW/cm2 for 20 to 30 minutes. The LH5749J 
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should be about one inch from the source and all filters 
should be removed from the UV light source prior to 
erasure. 

It is important to note that the LH57 49J and similar 
devices, will erase with light sources having wave
length shorter than 4,000 A. Although erasure times 
will be much longer than with UV sources at 2,537 A, 
the exposure to fluorescent light and sunlight will even
tually erase the LH5749J and exposure to them should 
be prevented to realize maximum system reliability. If 
used in such an environment, the package windows 
should be covered by an opaque label or substance. 

CAUTION 
Fluorescent light and sunlight contain UV rays which 

will gradually erase the EPROM. To prevent deterio
ration of EPROM data due to UV rays, it is recom
mended that EPROMs should not be left under direct 
sunlight or fluorescent light, or the package window 
should be covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 



CMOS 64K (SK x 8) OTPROM/EPROM 

ADDRESS 
-ADDRESS+1 

START 

ADDRESS - START ADDRESS 

PROGRAM (IPW • 1 ms) Vpp • 13.0 V 

Vee= 5.25 V 

FAIL 

PASS 

DEVICED PASSED (STOP) 

Figure 6. Programming Flowchart 

NO 

DEFECTIVE 

ORDERING INFORMATION 

LH5749 
Device Type 

x 
Package 

-## 
Speed 

Y ~~ · Access Time (ns) 

OTP ROM 
D 24-pin, 300-mil SK-DIP (DIP24-P-300) 

~-------< T 24-pin, 300-mil SDIP (SDIP24-P-300) 
Blank 24-pin, 600-mil DIP (DIP24-P-600) 
EPROM 
J 24-pin, 600-mil CERDIP (WDIP24-G-600) 

• EPROM Only~----------- CMOS 64K (SK x S) OTPROM/EPROM 

Example: LH5749D-55 (CMOS 64K (SK x S) OTPROM, 55 ns, 24-pin, 300-mil SK-DIP) 

SHARP 

LH5749/J 

5749-6 

5749-7 
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LH5762/J 
FEATURES 

• 8, 192 x 8 bit organization 

• Access times: 
LH5762J: ssno ns (MAX.) 
LH5762: 70 ns (MAX.) 

• Single +5 V power supply 

• Low power consumption: 
Operating: 394 mW (MAX.) 
Standby: 78.75 mW (MAX.) 

• Fully static operation 

• Three-state outputs 

• TTL compatible 1/0 

• High speed programming: 
Compatible to INTEL intelligent 
programming™ algorithm 
(32 second programming) 

• Pin compatible with the i2764 

• Packages: 
EPROM 

28-pin, 600-mil CERDIP 
OTPROM 

28-pin, 600-mil DIP 

• JEDEC standard pinout 

DESCRIPTION 

The LH5762J is a high-performance 64K, UV eras
able, electrically programmable read-only-memory, or
ganized as 8,192 x 8 bits. It is manufactured in an 
advanced CMOS technology, which allows it to operate 
at Bipolar speeds while consuming only 75 mA. 

The LH5762J has very high output drive capability. 
It can source 4 mA and sink 16 mA per output. 

5-8 
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The LH5762J is configured in the standard EPROM 
pinout which provides an easy upgrade path for systems 
that are currently using standard EPROMs. 

The LH5762 is a one-time PROM packaged in plastic 
DIP. 

PIN CONNECTIONS 

28-PIN CERDIP TOP VIEW 

Vpp Vee 

A,2 PGM 

A1 NC 

Aa As 

As 
A,, 

OE 

A10 

CE 

Ao 0, 

Os 

o, 05 

04 

03 

28-PIN DIP 

Vpp 1• Vee 

A,2 2 PGM 

A1 3 NC 

As 4 As 

As 5 As 
~ 6 A,, 

A3 7 OE 

8 A,o 

A, 9 CE 

0, 

Os 

05 

04 

03 

57S2-1 

Figure 1. Pin Connections for CERDIP and DIP 
Packages 



CMOS 64K (SK x 8) OTPROM/EPROM 

ROW 
ADDRESS 
DECODER 

COLUMN 
ADDRESS 
DECODER 

OE C22l---I CONTROL 
CE C!OJ---1 SIGNAL 

PGM (27)----IGENERATOR 

Vee GND Vpp 

65,536 
CELL MATRIX 

COLUMN OUTPUT 
CONTROLLER 

OUTPUT 
BUFFER 

Figure 2. LH5762/J Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

A-0- A12 Address input Vpp Program power 

Oo-07 Data output (input) 1 Vee Power supply 

CE Chip Enable input GND Ground 

OE Output Enable input NC Non connection 

PGM Program input 

NOTE: 
1. Oo - 0, pins are also used to input data to the column output controller through input buffers in programming mode. 

TRUTH TABLE 

MODE Oo·<h CE OE PGM Vee Vpp 

Read Data out L L H +5V +5 v 
Read Output disable High-Z L H H +5V +5 v 

Standby High-Z H x x +5V +5 v 
Program Data in L H L +6 v +12.5 v 

Program Program verify Data out L L H +6 v +12.5V 

Program inhibit High-Z H x x +6V +12.5V 

NOTE: 
X = H or L, H = V1H, L = V1L 

SHARP 

LH5762/J 

5762-2 

NOTE 
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LH5762/J CMOS 64K (SK x 8) OTPROM/EPROM 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Vee -0.6to +7.0 
Supply voltage Vpp -0.6to+13.5 v 1 

V1N. Vour -0.6to +7.0 

Operating temperature Topr Oto +70 •c 

Storage temperature Tstg 
-65to +150 ·c 2 

-55 to +150 3 

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

Maximum ratings are those values beyond which damage to the device may occur. 

2. Applied to ceramic package. 
3. Applied to plastic package. 

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.75 5.0 5.25 v 
Vpp 4.75 5.0 5.25 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vcc+0.3 v 

DC CHARACTERISTICS (Read Mode) (Vee= 5 v ± 5%, Vpp =Vee, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input leakage current lu V1N = GND or Vee -10 10 µA 

Output leakage current ILO Vour = GND or Vee -10 10 µA 

Vpp supply current lpp Vpp =Vee 100 µA 

Vpp pin voltage Vpp Vee- 0.4 Vee v 
lss1 

CE = Vee± 0.3 V, 15 mA 
Vee standby current CMOS input 

lss2 CE = V1H, TTL input 20 mA 

Vee operating current 
lee1 CE = GND ± 0.3 V 75 mA 1, 2 

lee2 CE=V1L 75 mA 1, 3 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vee+ 0.3 v 
Output "Low" voltage VoL ioL= 16 mA 0.45 v 
Output "High" voltage VoH loH= -4 mA 2.4 v 

NOTES: 
1. Minimum cycle time, lour = 0 mA 
2. CMOS input: V1N = GND ± 0.3 V, or Vee ± 0.3 V 

3. TTL input: V1N = V1L or V1H 
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CMOS 64K (BK x 8) OTPROM/EPROM 

AC CHARACTERISTICS (Read Mode) (Vee= Vpp = 5 v ± 5%, TA= 0 to +70°C) 

PARAMETER SYMBOL 

Address to output delay tAcc 

CE to output delay tcE 

OE to output delay toE 

Output enable high to output float tDF 

Address to output hold toH 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0 Vto3 V 

Input rise/fall time s 10 ns 

Input reference level 1V,2V 

Output reference level 0.8V,2V 

LH5762J-55 LH5762J-70 
LH5762-70 

MIN. 

0 

10 

MAX. MIN. MAX. 

55 70 

55 70 

25 25 

20 0 25 

10 

980HMS 

2.01V== 

D.U.T. 

UNIT 

ns 

ns 

ns 

ns 

ns 

* INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 3. Output Load Circuit 

CAPACITANCE (TA = 25°C, f = 1 MHz) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N = 0 V 4 6 pF 

Output capacitance Gour Vour= O V 8 12 pF 

_x x. V1H 

VIL 

!Ace foH 

{__ ______ 
--------· 

l lcE 

V1H 

V1L 

CE 

v_: ______ 
--------· 

~ loF 

V1H 

VIL 

OE 

LL ~ 
------

HIGHZ u DATA VALID I -----· 
VoH 

VOL 
0 0 -07 

Figure 4. Timing Diagram (Read Mode) 

SHARP 

LH5762/J 

5762-3 

5762-4 
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LH5762/J CMOS 64K (SK x 8) OTPROM/EPROM 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± 5°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 5.75 6.0 6.25 v 
Vpp 12.2 12.5 12.8 

Input voltage 
V1L -0.1 0.45 v 
V1H 2.4 Vcc+0.3 

DC CHARACTERISTICS (Program Mode) 

(Vee= 6.0 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V, TA= 25°C ± 5°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input leakage current lu V1N - Vee or 0.45 V -10 10 µA 

Vee supply current Ice 75 mA 

Vpp supply current (pp CE= PGM = V1L 50 mA 

Input "Low" voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vcc+0.3 v 
Output "Low" voltage VoL loL = 16 mA 0.45 v 
Output "High" voltage VoH loH = -4 mA 2.4 v 

AC CHARACTERISTICS (Program Mode) 

(Vee= 6.0 V ± 0.25 v, Vpp = 12.5 v ± 0.3 v, TA= 2s0 c ± 5°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Address setup time tAS 2 µs 

Chip enable setup time lcES 2 µs 

Output enable setup time toES 2 µs 

Data setup time tos 2 µs 

Address hold time tAH 0 µs 

Data hold time toH 2 µs 

Chip enable to output float delay toF 0 150 ns 

Data valid from output enable toE 150 ns 

Vpp setup time tvps 2 µs 

Vee setup time Ives 2 µs 

PGM pulse width tpw 0.95 1.0 1.05 ms 

Add PGM pulse width to PW 2.85 78.75 ms 1 

Program pulse count N 1 25 TIMES 

NOTE: 
1. This width is defined by the Program Flowchart (Figure 6). 
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CMOS 64K (SK x 8) OTPROM/EPROM LH5762/J 

IDF 

Vpp ------------Vee 

------------sv 

----------- V1H 

-----------·VIL 

-------V1H 

---"'------------- V1L 
5762·5 

Figure 5. Timing Diagram (Program Mode} 

PROGRAMMING 
Upon delivery from SHARP or after each erasure 

(see erasure section), the LH5762 and LH5762J have 
all 8,192 x 8 bits in the "1", or high state. "O's" are 
loaded into the LH5762 and LH5762J through the pro
cedure of programming. 

The programming mode is entered when +12.5 Vis 
applied to the Vpp pin and CE is at V1L. A 0.1 µF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH5762J to an 
ultra-violet light source. A dosage of 15 W-second/cm2 

is required to completely erase an LH5762J. This dos
age can be obtained by exposure to an ultra-violet lamp 
(wave-length of 2,537 Angstroms (A)) with intensity of 
12,000 µW/cm2 for 20 to 30 minutes. The LH5762J 
should be about one inch from the source and all filters 
should be removed from the UV light source prior to 
erasure. 

It is important to note that the LH5762J and similar 
devices, will erase with light sources having wave
length shorter than 4,000 A. 

SHARP 

Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH5762J. 
Exposure to them should be prevented to realize max
imum system reliability. If used in such an environment, 
the package windows should be covered by an opaque 
label or substance. 

CAUTION 

Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 

1. V cc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 

2. Vpp must not be greater than 13.5 volts including 
overshoot. 

3. During CE= PGM = V1L. Vpp must not be switched 
from 5 volts to 12.5 volts or vice-versa. 

4. Removing or inserting the device while 12.5 volts 
is supplied may harm the reliability of the device. 
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LH5762/J CMOS 64K (BK x 8) OTPROM/EPROM 

YES 

OVER PROGRAM (loPW = 3·Nms) 

ADDRESS NO 
-ADDRESS+1 

Vcc=5.0V 
Vpp =5.0V 

DEVICED PASSED (STOP) 

FAIL 

Figure 6. Programming Flowchan 

DEFECTIVE 

ORDERING INFORMATION 

LH5762 
Device Type 

x 
Package 

-## 
Speed 

Y ~~·Access Time (ns) 

OTP ROM 
'----------{Blank 2S-pin, 600-mil DIP (DIP2S-P-600) 

EPROM 

5762-6 

J 2S-pin, 600-mil CERDIP (WDIP2S-G-600) 

• EPROM Only~----------- CMOS 64K (SK x S) OTPROM/EPROM 

Example: LH5762J-55 (CMOS 64K (SK x S) EPROM, 55 ns, 2S-pin, 600-mil CERDIP) 

5-14 
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LH5763/J CMOS 64K {BK x 8) OTPROM/EPROM 

FEATURES DESCRIPTION 

8, 192 x 8 bit organization 
The LH5763J is a CMOS UV erasable and electri-• cally programmable read-only-memory, organized as 

8, 192 x 8 bits. It is pin compatible with the Intel i2764 

• Access times: and the SHARP LH5764J, and designed to have fast 

LH5763J: 70/90 ns (MAX.) access time. 

LH5763: 90 ns (MAX.) The LH5763 is a one-time PROM packaged in plastic 
DIP. 

• Single +5 V power supply 
PIN CONNECTIONS 

• Low power consumption: 
TOP VIEW 

Operating: 315 mW (MAX.) 28-PIN CERDIP 

Standby: 1.05 mW (MAX.) Vpp Vee 

A,2 PGM 

• Fully static operation A, NC 

As Aa 

• Three-state outputs As Ag 

A4 A11 

• TTL compatible 1/0 Aa OE 

~ A10 

• High speed programming: A, CE 

Compatible to INTEL intelligent Ao o, 

programming™ algorithm 
Oa 

o, 05 
(32 second programming) 04 

03 

• Pin compatible with the i2764 

• Packages: 
28-PIN DIP 

Vpp 1• Vee 

EPROM 2 PGM 

28-pin, 600-mil CERDIP 3 NC 

OTP ROM Aa 4 Aa 

28-pin, 600-mil DIP As 5 Ag 

~ 6 A11 

JEDEC standard pinout A3 7 OE • 
~ 8 

A, 9 CE 

Ao o, 
Oa 

o, 05 

02 o. 
GND 03 

5763·1 

Figure 1. Pin Connections for CERDIP and 
DIP Packages 
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LH5763fJ CMOS 64K (SK x 8) OTPROM/EPROM 

ROW 
ADDRESS 
DECODER 

COLUMN 
ADDRESS 
DECODER 

OE ~~----t CONTROL 
CE {;!())----! SIGNAL 

PGM GENERATOR,__ ______ __, 

65,536 
CELL MATRIX 

COLUMN OUTPUT 
CONTROLLER 

OUTPUT 
BUFFER 

Figure 2. LH5763/J Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao· A12 Address input Vpp Program power 

Oo-07 Data output (input) 1 Vee Power supply 

CE Chip Enable input GND Ground 

Qi: Output Enable input NC Non connection 

PGM Program input 

NOTE: 
1. Oo - 0, pins are also used to input data to the column output controller through input buffers in programming mode. 

TRUTH TABLE 
MODE Oo-0, CE OE PGM Vee Vpp 

Read Data out L L H +5V +5V 
Read Output disable High·Z L H H +SV +SV 

Standby High-Z H x x +5V +5V 

Program Data in L H L +6V +12.5 v 
Program Program verify Data out L L H +6V +12.5 v 

Program inhibit High·Z H x x +6V +12.5 v 
NOTE: 
X = H or L, H = V1H, L = V1L 
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CMOS 64K (SK x 8) OTPROM/EPROM LH5763/J 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Vee -0.6to+7.0 

Supply voltage Vpp -0.6to+13.5 v 1 

V1N. Vour -0.6to +7.0 

Operating temperature Topr Oto +70 oc 

Storage temperature Tstg 
-65 to +150 oc 2 

-55to+150 3 

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

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 

RECOMMENDED OPERATING CONDITIONS (Read Mode) (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 4.75 5.0 5.35 v 
Vpp 4.75 5.0 5.25 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vcc+0.3 v 

DC CHARACTERISTICS (Read Mode) (Vee= 5 v ± 5%, Vpp =Vee, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low• voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vec+0.3 v 
Output "Low" voltage VoL loL = 2.1 mA 0.45 v 
Output "High" voltage VoH loH= -400µA 2.4 v 
Input leakage current lu V1N = GND or Vee -10 10 µA 

Output leakage current ILO Vour = GND or Vee -10 10 µA 

Vee operating current 
lcc1 CE = GND ± 0.3V 60 mA 1, 2 

lcc2 CE= V1L 60 mA 1, 3 

Vpp supply current lpp Vpp =Vee 100 µA 

Vpp pin voltage Vpp Vcc-0.4 Vee v 

Vee standby current 
ISB1 CE = Vee± 0.3 v 200 µA 2 

lss2 Ci:= V1H 10 mA 3 

NOTES: 
1. Minimum cycle time, lour = O mA 
2. CMOS input: V1N = GND ± 0.3 V or Vee ± 0.3 V 
3. TTL input: VIN = Vu. or V1H 

AC CHARACTERISTICS (Read Mode) (Vee= Vpp = 5 v ± 5%, TA= 0 to +70°C) 

LH5763J-70 LH5763J-90 
PARAMETER SYMBOL LH5763-90 UNIT 

MIN. MAX. MIN. MAX. 

Address to output delay IACC 70 90 ns 

CE to output delay ICE 70 90 ns 

OE to output delay toE 25 30 ns 

Output enable high to output float IDF 0 25 0 30 ns 

Address to output hold toH 0 0 ns 
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LH5763/J CMOS 64K (SK x 8) OTPROM/EPROM 

AC TEST CONDITIONS 

PARAMETER 

Input voltage amplitude 

Input rise/fall time 

Input reference level 

Output reference level 

MODE 

0 Vto3 V 

s 10 ns 

2.0 V, 1.0 V 

2.0 V, 0.8 V 

7BOOHMS 2.09V= 
D.U.T. 

•INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 3. Output Load Circuit 

CAPACITANCE (TA = 25°C, f = 1 MHz) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N=OV 4 6 pF 

Output capacitance Cour Vour-OV 8 12 pF 

) x V1H 

VIL 

!Ace loH 

{ 

l 
------- --------· 

lcE 

V1H 

VIL 

I V1H 

~ 
------- --------· 

_.!DE 

VIL 

------.LL DATA VALID ~ 
HIGH-Z \..ik. .L -----· 

VOH 

Vol 

Figure 4. Timing Diagram (Read Mode) 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± 5°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 5.75 6.0 6.25 v 
Vpp 12.2 12.5 12.8 

Input "Low• voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vee+ 0.3 

5763-3 

5763-4 
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CMOS 64K (SK x 8) OTPROM/EPROM LH5763/J 

DC CHARACTERISTICS (Program Mode) 

(Vee = 6.0 V ± 0.2S V, Vpp = 12.S V ± 0.3 V, TA = 2S°C ± S°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input leakage current lu V1N = Vee or 0.45 V -10 10 µA 

Vee supply current Ice 60 mA 

Vpp supply current lpp CE= PGM = V1L 50 mA 

Input "Low• voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vcc+0.3 v 
Output "Low" voltage VoL loL= 2.1 mA 0.45 v 
Output "High" voltage VoH IOH = -400µA 2.4 v 

AC CHARACTERISTICS (Program Mode) 

(Vee= 6.0 V ± 0.2S V, Vpp = 12.S V ± 0.3 V, TA= 2S°C ± S°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Address setup time IAS PGM - Address 2 µs 

Chip enable setup time ICES PGM-CE 2 µs 

Output enable setup time IOES Data-CE 2 µs 

Data setup time tos PGM-Data 2 µs 

Address hold time IAH OE-Address 0 µs 

Data hold time IDH PGM-Data 2 µs 

Chip enable to output 
toF 150 ns float delay 

Data valid from output 
toE 150 ns enable 

Vpp setup time tvps 2 µs 

Vee setup time tvcs 2 µs 

Program pulse width tpw 0.95 1 1.05 ms 

Add PGM pulse width * topw 2.85 78.75 ms 

Program pulse count N 1 25 TIMES 

* This width is defined by the Program Flowchart (Figure 6). 
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LH5763/J CMOS 64K (BK x 8) OTPROM/EPROM 

DATA OUTPUT 

loF 

Vpp ------------vcc 

Vee ------------5V 

- - - - - - - - - - - V1H 

- - - - - - - - - - - • V1L 

i.------- V1H 

------------------ VIL 
5763-5 

Figure 5. Timing Diagram (Program Mode) 

PROGRAMMING 
Upon delivery from SHARP or after each erasure 

(see erasure section), the LH5763 and LH5763J have 
all 8,192 x 8 bits in the "1", or high state. "O's" are 
loaded into the LH5763 and LH5763J through the pro
cedure of programming. 

The programming mode is entered when + 12.5 V is 
applied to the Vpp pin and CE is at V1L. A 0.1 µF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH5763J to an 
ultra-violet light source. A dosage of 15W-second/cm2 

is required to completely erase an LH5763J. This dos
age can be obtained by exposure to an ultra-violet lamp 
(wave-length of 2,537 Angstroms (A)) with intensity of 
12,000 µW/cm2 for 20 to 30 minutes. The LH5763J 
should be about one inch from the source and all filters 
should be removed from the UV light source prior to 
erasure. 

It is important to note that the LH5763J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. 
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Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH5763J and 
exposure to them should be prevented to realize max
imum system reliability. If used in such an environment, 
the package windows should be covered by an opaque 
label or substance. 

CAUTION 

Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 

1. V cc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 

2. Vpp must not be greater than 13.5 volts including 
overshoot. 

3. During CE= PGM = V1L, Vpp must not be switched 
from 5 volts to 12.5 volts or vice-versa. 

4. Removing or inserting the device while 12.5 volts 
is supplied may harm the reliability of the device. 



CMOS 64K (BK x 8) OTPROM/EPROM 

ADDRESS NO 
-ADDRESS+1 

Vcc=5.0V 
Vpp=5.0V 

FAIL 

DEVICED PASSED (STOP) 

Figure 6. Programming Flowchart 

ORDERING INFORMATION 

LH5763 
Device Type 

x 
Package 

-## 
Speed 

Y ~~ · Access Time (ns) 

OTP ROM 

DEFECTIVE 

'---------< Blank 28-pin, 600-mil DIP (DIP28-P-600) 
EPROM 
J 28-pin, 600-mil CERDIP (WDIP28-G-600) 

~----------- CMOS 64K (8K x 8) OTPROM/EPROM 
* EPROM Only 
Example: LH5763J-70 (CMOS 64K (8K x 8) EPROM, 70 ns, 28-pin, 600-mil CERDIP) 

SHARP 

LH5763/J 

5763-6 

5763-7 
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LH5764/J 
FEATURES 

• 8, 192 x 8 bit organization 

• Access times: 
LH5764J: 200/250 ns (MAX.) 
LH5764: 200/250 ns (MAX.) 

• Single +5 V power supply 

• Low power consumption: 
Operating: 165 mW (MAX.) 
Standby: 550 µW (MAX.) 

• High speed programming: 
tpw = 0.1 ms (Vpp = 12.75 V) or 
tpw = 1 ms (Vpp = 12.5 V) 
Compatible to INTEL quick pulse 
programming™ algorithm 
(1 second programming) 

• Fully static operation 

• Three-state outputs 

• TTL compatible 1/0 

• Pin compatible with the i2764 

• Packages: 
EPROM 

28-pin, 600-mil CERDIP 
OTP ROM 

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

• JEDEC standard pinout (CERDIP/DIP) 
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CMOS 64K (SK x 8) OTPROM/EPROM 

DESCRIPTION 

The LH5764J is a CMOS UV erasable and electrically 
programmable read-only-memory, organized as 8, 192 
x 8 bits. It provides low power consumption in standby 
mode. 

The LH5764 is a one-time PROM packaged in plastic 
DIP. 

PIN CONNECTIONS 

28-PIN CERDIP 
TOP VIEW 

Vee 

PGM 

NC 

As 
A,, 

A11 

OE 

Alo 

CE 

07 

Os 

Os 
04 

03 

28-PIN DIP 
28-PINSOP 

Vpp 1• Vee 

2 PGM 

A1 3 NC 

As 4 As 
5 A,, 
6 A11 

7 OE 

8 A1o 

9 CE 

10 07 

11 o. 
12 Os 

13 04 

14 03 

5764·1 

Figure 1. Pin Connections for CERDIP, DIP, 
and SOP Packages 

SHARP 



CMOS 64K (BK x 8) OTPROM/EPROM LH5764/J 

5764-2 

Figure 2. LH5764/J Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

Ao- A12 Address input Vpp Program power 

Oo-07 Data output (input) 1 Vee Power supply 

CE Chip Enable input GND Ground 

OE Output Enable input NC Non connection 

PGM Program input 

NOTE: 
1. Oo - Oi pins are also used to input data to the column output controller through input buffers in programming mode. 

TRUTH TABLE 

MODE Oo. 01 CE OE PGM Vee Vpp 

Read Data out L L H +5V +5V 
Read Output disable High-Z L H H +5V +5V 

Standby High-Z H x x +5V +5V 

Program Data in L H L +6.25 v +12.75V 
Program Program verify Data out L L H +6.25 v +12.75V 

Program inhibit High·Z H x x +6.25 v +12.75 v 
NOTE: 
x = H or L, H = V1H, L = V1L 
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LH5764/J CMOS 64K (BK x 8) OTPROM/EPROM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Vee -0.6to +7.0 
Supply voltage Vpp -0.6to+13.5 v 1 

V1N -0.6to+7.0 

Operating temperature Topr Oto +70 •c 

Storage temperature Tstg 
-65 to +150 ·c 2 

-55 to +150 3 

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

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 

3. Applied to plastic package. 

RECOMMENDED OPERATING CONDITIONS (Read Mode) (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 4.5 5.0 5.5 v 
Vpp 4.5 5.0 5.5 v 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vee+0.3 v 

DC CHARACTERISTICS (Read Mode) (Vee= 5 V ± 10%, Vpp =Vee, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vee+0.3 v 
Output "Low" voltage VoL loL = 2.1 mA 0.45 v 
Output "High" voltage VoH loH = -400µA 2.4 v 
Input leakage current tu V1N = GND or Vee -10 10 µA 

Output leakage current ILO Vour = GND or Vee -10 10 µA 

Vee operating current 
lee1 CE =GND±0.3 V 25 mA 1, 2 

lee2 CE=V1L 30 mA 1, 3 

Vpp supply current lpp Vpp =Vee 100 µA 

Vpp pin voltage Vpp Vee- 0.4 Vee v 
Vee standby current lss1 CE= Vee± 0.3 V 100 µA 

lss2 CE=V1H 1 mA 

NOTES: 
1. Minimum cycle time, lour = O mA 
2. CMOS input: V1N = GND ± 0.3 V or Vee± 0.3 V 
3. TTL input: V1N = V1L or V1H 
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CMOS 64K (SK x 8) OTPROM/EPROM LH5764/J 

AC CHARACTERISTICS (Read Mode) (Vee= 5v±10%, Vpp =Vee, TA= 0 to +70°C) 

LH5764J-20 LH5764J-25 
LH5764/N-25 PARAMETER SYMBOL 

MIN. 

Address to output delay tACC 

CE to output delay lcE 

OE to output delay loE 

Output enable high to output float tDF 0 

Address to output hold toH 0 

AC TEST CONDITIONS 

PARAMETER MOOE 

Input voltage amplitude 0.8 Vto2.2 V 

Input rise/fall time :s; 10ns 

Input reference level 1 V,2V 

Output reference level 0.8 V, 2V 

CAPACITANCE (TA = 25°C, f = 1 MHz) 

PARAMETER SYMBOL CONDITIONS 

Input capacitance C1N V1N =OV 

Output capacitance Gour Vour= o v 

_x 
IACC 

CE 

l lcE 

~ 
~ 

.LL 
HIGH-Z \_l 

MAX. MIN. MAX. 

200 250 

200 250 

55 65 

55 0 65 

0 

7800HMS 2.09V= 
DATA 

OUTPUT 
PIN. 

UNIT 

ns 

ns 

ns 

ns 

ns 

•INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 3. Output Load Circuit 

MIN. TYP. MAX. UNIT 

4 6 pf 

8 12 pf 

K 
V1H 

V1L 

loH 

{ V1H 

------- --------· V1L 

V _______ --------· 
V1H 

VIL 

loF 

:.s: ------
DATA VALID _j_ -----· 

VoH 

Vol 

Figure 4. Timing Diagram (Read Mode) 

SHARP 

5764·3 

5764-4 
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LH5764/J CMOS 64K (SK x 8) OTPROM/EPROM 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± S°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 5.75 6.25 6.5 v 
Vpp 12.2 12.75 13.0 

Input "Low" voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vee+0.3 

DC CHARACTERISTICS (Program Mode) 

(Vee= S.7S V to 6.S V, Vpp = 12.2 V to 13.0 V, TA= 25°C ± 5°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input leakage current lu V1N - Vee or 0.45 V -10 10 µA 

Vee supply current Ice 30 mA 

Vpp supply current lpp CE= PGM= V1L 30 mA 

Input "Low" voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vee+ 0.3 v 
Output "Low" voltage VoL loL=2.1 mA 0.45 v 
Output "High" voltage VoH loH = -400µA 2.4 v 

AC CHARACTERISTICS (Program Mode) 

(Vee= 6.2S V ± 0.2S V, Vpp = 12.7S V ± 0.2S V, TA= 2S°C ± S°C) (Note 1) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Address setup time tAS 2 µs 

Chip enable setup time tcES 2 µs 

Output enable setup time toES 2 µs 

Data setup time tos 2 µs 

Address hold time tAH 0 µs 

Data hold time IDH 2 µs 

Chip enable to output float delay toF 0 150 ns 

Data valid from output enable toE 150 ns 

Vpp setup time tvPS 2 µs 

Vee setup time tvcs 2 µs 

Program pulse width 01 : 2 tpw 95 100 105 µs 

Program pulse count N 1 25 TIMES 

NOTES: 
1. This width is defined by the Program Flowchart (Figure 6). 
2. Programmable under conditions Vee = 6.0 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V, tpw = 1 ms± 0.05 ms 
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CMOS 64K (BK x 8) OTPROM/EPROM LH5764/J 

.,.--+----.r-----· V1HiVoH 
~---f DATA OUTPUT 

liiF 

Vpp 

------------Vee 

- - - - - - - - - - - V1H 

VIL 

- - - - - - - - - - - . VIL 

;--------V1H 

- - - - - - - - - - - VIL 
5764·5 

Figure 5. Timing Diagram (Program Mode) 

PROGRAMMING 
Upon delivery from SHARP or after each erasure 

(see erasure section), the LH5764 and LH5764J have 
all 8,192 x 8 bits in the "1", or high state. "O's" are 
loaded into the LH5764 and LH5764J through the pro
cedure of programming. 

The programming mode is entered when + 12. 75 V 
is applied to the Vpp pin and CE is at V1L. A 0.1 µF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH5764J to an 
ultra-violet light source. A dosage of 15W-second/cm2 

is required to completely erase an LH5764J. This dos
age can be obtained by exposure to an ultra-violet lamp 
(wave-length of 2,537 Angstroms (A)) with intensity of 
12,000 µW/cm2 for 20 to 30 minutes. The LH5764J 
should be about one inch from the source and all filters 
should be removed from the UV light source prior to 
erasure. 

It is important to note that the LH5764J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. 

SHARP 

Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH5764J and 
exposure to them should be prevented to realize max
imum system reliability. If used in such an environment, 
the package windows should be covered by an opaque 
label or substance. 

CAUTION 
Fluorescent light and sunlight contain UV rays which 

will erase the EROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 

1. Vee must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 

2. Vpp must not be greater than 13.5 volts including 
overshoot. 

3. During CE= PGM = V1L, Vpp must not be switched 
from Vee to 12.75 volts or vice-versa. 

4. Removing or inserting the device while 12. 75 volts 
is supplied may harm the reliability of the device. 
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LH5764/J CMOS 64K (BK x 8) OTPROM/EPROM 

ADDRESS - START ADDRESS 

PROGRAM {lpw = 0.1 ms) 

YES 

ADDRESS NO 
-ADDRESS+1 

Vcc=5.0V 
Vpp = 5.0V 

DEVICED PASSED (STOP) 

FAIL 

Figure 6. Programming Flowchart 

DEFECTIVE 

ORDERING INFORMATION 

LH5764 
Device Type 

x 
Package 

-## 
Speed 

Y ~g ~gg Access Time (ns) 

OTP ROM 
Blank 2B-pin, 600-mil DIP (DIP2B-P-600) 

~-------< N 2B-pin, 450-mil SOP (SOP2B-P-450) 
EPROM 

5764-6 

J 28-pin, 600-mil CERDIP (WDIP28-G-600) 

'-------------- CMOS 64K (BK x B) OTPROM/EPROM 

Example: LH5764J-20 (CMOS 64K (BK x B) EPROM, 200 ns, 2B-pin, 600-mil CERDIP) 
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LH57126/J 
FEATURES 

• 16,384 x 8 bit organization 

• Access times: 
LH57126J: 70/90 ns 
LH57126: 90 ns 

• Single +5 V power supply 

• Low power consumption: 
Operating: 394 mW (MAX.) 
Standby: 78.75 mW (MAX.) 

• Fully static operation 

• Three-state outputs 

• TTL compatible 1/0 

• High speed programming 
Compatible to INTEL intelligent 
programming™ algorithm 
(64 second programming) 

• Pin compatible with the i27128 

• Packages: 
EPROM 

28-pin, 600-mil CERDIP 
OTP ROM 

28-pin, 600-mil DIP 

• JEDEC standard pinout 

DESCRIPTION 

The LH57126J is a high-performance 12BK, UV eras
able, electrically programmable read-only-memory. It 
is manufactured in an advanced CMOS technology 
which allows it to operate at Bipolar speeds while con
suming only 75 mA. 

The LH57126J is pin compatible with the Intel i27128 
and the SHARP LH57128J, and designed to have fast 
access time. 

SHARP 

CMOS 128K (16K x 8) OTPROM/EPROM 

The LH57126J is configured in the standard EPROM 
pinout which provides an easy upgrade path for systems 
which are currently using standard EPROMs. 

The LH57126 is a one-time PROM packaged in 
plastic DIP. 

PIN CONNECTIONS 

28-PIN CERDIP TOP VIEW 

Vpp Vee 

A12 PGM 

A, A13 

Aa Aa 
As Ag 

A4 Au 

A3 OE 

~ A10 

A1 CE 

Ao o, 
o. 
05 

o, 04 

GND 03 

28-PIN DIP 

Vpp 1• Vee 

A12 2 PGM 

A1 3 A13 

Aa 4 As 

As 5 Ag 

A. 6 Au 

A3 7 OE 

~ 8 A10 

A1 CE 

Ao o, 
Os 

01 05 

02 04 

GND 03 

57126-1 

Figure 1. Pin Connections for CERDIP and 
DIP Packages 
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LH57126/J CMOS 128K (16K x 8) OTPROM/EPROM 

ROW 
ADDRESS 
DECODER 

COLUMN 
ADDRESS 
DECODER 

CONTROL 
SIGNAL 

PGM (27'---tGENERATORt---------i 

131,072 
EPROM 

CELL ARRAY 

COLUMN OUTPUT 
CONTROLLER 

OUTPUT 
BUFFER 

Figure 2. LH57126/J Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao·A1a Address input PGM Program input 

Oo-07 Data output (input) 1 Vpp Program power 

CE Chip Enable input Vee Power supply 

OE Output Enable input GND Ground 

NOTE: 
1. Oo - 07 pins are also used to input data to the column output controller through input buffers in programming mode. 

TRUTH TABLE 

MODE Oo-0, CE OE PGM Vee Vpp 

Read Data out L L H +5V +5V 
Read Output disable High-Z L H H +5V +5V 

Standby High-Z H x x +5V +5V 

Program Data in L H L +6V +12.5 v 
Program Program verify Data out L L H +6V +12.5 v 

Program inhibit High-Z H x x +6V +12.5 v 
NOTE: 
X = H or L, H = V1H, L = V1L 
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CMOS 128K (16K x 8) OTPROM/EPROM LH57126/J 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Vee -0.6to+7.0 
Pin voltage Vpp -0.6 to +13.5 v 1 

V1N, Vour -0.6to+7.0 

Operating temperature Topr Oto +70 _i ·c 
Storage temperature Tstg 

-65 to +150 ·c 2 

-55 to +150 3 

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

Maximum ratings are those values beyond which damage to the device may occur. 

2. Applied to ceramic package. 

3. Applied to plastic package. 

RECOMMENDED OPERATING CONDITIONS (Read Mode) (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 4.75 5.0 5.25 v 
Vpp 4.75 5.0 5.25 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vcc+0.3 v 

DC CHARACTERISTICS (Read Mode) (Vee= 5 v ± 5%, Vpp =Vee, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vee+0.3 v 
Output "Low" voltage VoL loL=16mA 0.45 v 
Output "High" voltage VoH loH=-4 mA 2.4 v 
Input leakage current lu V1N = GND or Vee -10 10 µA 

Output leakage current ILO Vour = GND or Vee -10 10 µA 

Vee operating current 
lee1 CE = GND ± 0.3V 75 mA 1,2 

lee2 CE=V1L 75 mA 1,3 

Vpp supply current lpp Vpp =Vee 100 µA 

Vpp pin voltage Vpp Vcc-0.4 Vee v 

Vee standby current 
ISB1 CE = Vee± 0.3V 15 mA 4 

lsB2 CE= V1H 20 mA 5 

NOTES: 
1. Minimum cycle time, lour = O mA 

2. CMOS level: V1N = GND ± 0.3 V or Vee± 0.3 V 
3. TIL input: V1N = V1L or V1H 
4. All inputs are fixed at CMOS level. 
5. All inputs are fixed at TIL level. 
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LH57126/J CMOS 128K (16K x 8) OTPROM/EPROM 

AC CHARACTERISTICS (Read Mode) (Vee= 5 v + 5%, Vpp =Vee, TA= 0 to +70°C) 

LH57126J·70 LH57126J-90 
PARAMETER SYMBOL LH57126-90 UNIT 

MIN. MAX. MIN. MAX. 

Address to output delay tACC 70 90 ns 

CE to output delay lcE 70 90 ns 

OE to output delay loE 25 30 ns 

Output enable high to output float toF 0 25 0 30 ns 

Address to output hold loH 10 10 ns 

AC TEST CONDITIONS 

PARAMETER MODE 980HMS 

Input voltage amplitude 0 Vto 3 V 

Input rise/fall time s 10 ns 

Input reference level 1V,2V 

Output reference level 0.8 V, 2V 

2.01V=• 1 DATA 
OUTPUT -------... 

PIN. 30 F" Ip 
"INCLUDES JIG AND SCOPE CAPACITANCES 57126-3 

Figure 4. Output Load Circuit 

CAPACITANCE (TA= 25°C, f = 1MHz) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N=OV 4 6 pF 

Output capacitance Cour Vo1JT = 0 V 8 12 pF 

_)( K 
V1H 

V1L 
!Ace foH 

I V1H 

l 
------- --------· 

lcE 
V1L 

y_ ______ 
--------· 

~ loF 

V1H 

V1L 

_LL ~ 
------

HIGH-Z TI DATA VALID 7_ -----· 
VoH 

VoL 
57126-4 

Figure 3. Timing Diagram (Read Mode) 
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CMOS 128K (16K x 8) OTPROM/EPROM LH57126/J 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± S°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 5.75 6.0 6.25 v 
Vpp 12.2 12.5 12.8 

Input "Low• voltage VtL -0.1 0.45 v 
Input "High" voltage VtH 2.4 Vee+ o.3 v 

DC CHARACTERISTICS (Program Mode) 

(Vee= 6.0 V ± 0.2S V, Vpp = 12.S V ± 0.3 V, TA= 2S°C ± S°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input leakage current lu VtN - Vee or 0.45 V -10 10 µA 

Vee supply current Ice 50 mA 

Vpp supply current lpp CE =PGM =VtL 75 mA 

Input "Low• voltage VtL -0.1 0.45 v 
Input "High" voltage VtH 2.4 Vee+ 0.3 v 
Output "Low• voltage VoL loL=16mA 0.45 v 
Output "High" voltage VoH loH= -4 mA 2.4 v 

AC CHARACTERISTICS (Program Mode) 

(Vee= 6.0 V ±0.2S V, Vpp = 12.S V ± 0.3 V, TA= 2S°C ± S°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Address setup time IAS 2 µs 

Chip enable setup time ICES 2 µs 

Output enable setup time IOES 2 µs 

Data setup time tos 2 µs 

Address hold time IAH 0 µs 

Data hold time IDH 2 µs 

Chip enable to output float delay IDF 0 150 ns 

Data valid from output enable IOE 150 ns 

Vpp setup time lvPS 2 µs 

Vee setup time tvcs 2 µs 

PGM pulse width !PW 0.95 1.0 1.05 ms 

Add PGM pulse width" topw 2.85 78.75 ms 

Program pulse count N 1 25 TIMES 

• This width is defined by the Program Flowchart (Figure 6). 



LH57126/J 

PROGRAMMING 

Upon delivery from SHARP or after each erasure 
(see Erasure section), the LH57126 and LH57126J 
have all 16,384 x 8 bits in the "1", or high state. "O's" 
are loaded into the LH57126 and LH57126J through 
the procedure of programming. 

The programming mode is entered when + 12.5 V is 
applied to the Vpp pin and CE is at V1L. A 0.1 µF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH57126J to an 
ultra-violet light source. A dosage of 15 W-second/cm2 

is required to completely erase an LH57126J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 22537 Angstroms (A)) with inten
sity of 12,000 µW/cm for 20 to 30 minutes. The 
LH57126J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 

It is important to note that the LH57126J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. 

Ao-A1a 

!AS 

Oo- 0., 

Vpp 

Vee 

CMOS 128K (16K x 8) OTPROM/EPROM 

Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH57126J 
and exposure to them should be prevented to realize 
maximum system reliability. If used in such an envi
ronment, the package windows should be covered by 
an opaque label or substance. 

CAUTION 

Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 

1. Vee must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 

2. Vpp must not be greater than 13.5 volts including 
overshoot. 

3. During CE= PGM = V1L, Vpp must not be switched 
from 5 volts to 12.5 volts or vice-versa. 

4. Removing or inserting the device while 12.5 volts is 
supplied may harm the reliability of the device. 

DATA OUTPUT 

loF 

------------vee 

------------Vee 

- - - - - - - - - - - V1H 

-----------·VIL 

-------V1H 

- - - - - - - - - - - V1L 
57126-5 

Figure 5. Timing Diagram (Program Mode) 
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CMOS 128K (16K x 8) OTPROM/EPROM 

ADDRESS 
-ADDRESS+1 

START 

ADDRESS - START ADDRESS 

FAIL 

OVER PROGRAM (fopw = 3-Nms) 

FAIL 

DEVICED PASSED (STOP) 

Figure 6. Programming Flowchart 

DEFECTIVE 

ORDERING INFORMATION 

LH57126 
Device Type 

x 
Package 

-## 
Speed Y ~g • Access Time (ns) 

OTP ROM 
...._ _____ --< Blank 28-pin, 600-mil DIP (DIP28-P-600) 

EPROM 
J 28-pin, 600-mil CERDIP (WDIP28-G-600) 

'------------- CMOS 128K (16K x 8) OTPROM/EPROM 
• EPROM Only 

Example: LH57126J-70 (CMOS 128K (16K x 8) EPROM, 70 ns, 28-pin, 600-mil CERDIP) 

SHARP 

LH57126/J 

57126--6 

57126-7 
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LH57127/J 
FEATURES 

• 16,384 x 8 bit organization 

• Access times: 
LH57127J: 100 ns (MAX.) 
LH57127: 120 ns (MAX.) 

• Single +5 V power supply 

• Low power consumption: 
Operating: 315 mW (MAX.) 
Standby: 1.05 mW (MAX.) 

• Fully static operation 

• Three-state outputs 

• TTL compatible 1/0 

• High speed programming: 
Compatible to INTEL intelligent 
programming TM algorithm 
(64 second programming) 

• Pin compatible with i27128 

• Packages: 
EPROM 

28-pin, 600-mil CERDIP 
OTPROM 

28-pin, 600-mil DIP 

• JEDEC standard pinout 

5-36 

CMOS 128K (16K x 8) OTPROM/EPROM 

DESCRIPTION 

The LH57127J is a CMOS UV erasable and electri
cally programmable read-only-memory, organized as 
16,384 x 8 bits. It is pin compatible with the Intel i27128 
and the SHARP LH57128J, and designed to have fast 
access time. 

The LH57127 is a one-time PROM packaged in 
plastic DIP. 

PIN CONNECTIONS 

28-PIN CERDIP 
TOP VIEW 

Vpp Vee 

A,2 PGM 

A1 A,3 

Ae As 

Ae Ae 
A,, A,, 

~ OE 

A2 A10 

A, CE 

Ao 07 

Os 

o, 05 

02 04 

GND 03 

28-PIN DIP 

Vpp 1• Vee 

A,2 2 PGM 

A1 3 A,3 

Ae 4 As 
Ae 5 Ae 
A,, 6 A,, 

A3 7 OE 

~ 8 21 A,o 

A, 9 CE 

Ao 07 

Os 

12 Os 

13 04 

14 03 

57127-1 

Figure 1. Pin Connections for CERDIP 
and DIP Packages 
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CMOS 128K (16K x 8) OTPROM/EPROM 

ROW 
ADDRESS 
DECODER 

COLUMN 
ADDRESS 
DECODER 

131,072 
EPROM 

CELL ARRAY 

COLUMN OUTPUT 
CONTROLLER 

OUTPUT 
BUFFER 

Figure 2. LH57127/J Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao-A13 Address input PGM Program input 

Oo-01 Data output (input) 1 Vpp Program power 

CE Chip Enable input Vee Power supply 

OE Output Enable input GND Ground 

NOTE: 
1. Oo - 07 pins are also used to input data to the column output controller through input buffers in programming mode. 

TRUTH TABLE 

MODE Oo-07 CE OE PGM Vee Vpp 

Read Data out L L H +5V +5V 
Read Output disable High-Z L H H +5V +5V 

Standby High-Z H x x +5V +5V 

Program Data in L H L +6V +12.5 v 
Program Program verify Data out L L H +6 v +12.5 v 

Program inhibit High-Z H x x +6 v +12.5 v 
NOTE: 
X = H or L, H = V1H, L = V1L 

SHARP 

LH57127/J 

57127·2 

NOTE 
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LH57127/J CMOS 128K (16K x 8) OTPROM/EPROM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Vee -0.6to+7.0 

Supply voltage Vpp -0.6to+13.5 v 1 

V1N, VoUT -0.6to+7.0 

Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg 

-65 to +150 •c 2 

-55to+150 3 

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

Maximum ratings are those values beyond which damage lo the device may occur. 

2. Applied lo ceramic package. 
3. Applied lo plastic package. 

RECOMMENDED OPERATING CONDITIONS (~ead Mode) (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply Voltage 
Vee 4.75 5.0 5.25 v 
Vpp 4.75 5.0 5.25 v 

Input "Low• voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vee+0.3 v 

DC CHARACTERISTICS (Read Mode) (Vee= 5 v ± 5%, Vpp =Vee, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vee+0.3 v 
Output "Low" voltage VOL IOL•2.1 mA 0.45 v 
Output "High" voltage VoH loH=-400µA 2.4 v 
Input leakage current lu V1N • GND or Vee -10 10 µA 

Output leakage current ILO VOUT = GND or Vee -10 10 µA 

Vee operating current lcct CE=GND±0.3 V 60 mA 1, 2 

lcc2 CE=V1L 60 mA 1, 3 

Vpp supply current lpp Vpp. Vee 100 µA 

Vpp pin voltage Vpp Vee-0.4 Vee v 

Vee Standby current 
lsa1 CE • Vee± 0.3 V 200 µA 

lse2 CE=V1H 10 mA 

NOTES: 
1. Minimum cycle time, lour = O mA 
2. CMOS level: V1N = GND ± 0.3 V or Vee ± 0.3 V 
3. TIL input: V1111 = VIL or VH 

AC CHARACTERISTICS (Read Mode) (Vee= 5 v ± 5%, Vpp =Vee, TA= 0 to +70°C) 

PARAMETER SYMBOL 
LH57127J-10 LH57127·12 

UNIT 
MIN. MAX. MIN. MAX. 

Address to outpu1 delay tAeC 100 120 ns 

CE to output delay lcE 100 120 ns 

OE to output delay loE 30 30 ns 

Output enable high to output float !OF 0 30 0 30 ns 

Address to output hold toH 0 0 ns 
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CMOS 128K (16K x 8) OTPROM/EPROM 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude o Vto 3 V 

Input rise/fall time s 10 ns 

Input reference level 1V,2V 

Output reference level 0.8 V, 2 V 

CAPACITANCE (TA= 25°C, f = 1MHz) 
PARAMETER SYMBOL CONDITIONS 

Input capacitance C1N V1N=O V 

Output capacitance Cour Vour= o V 

:x 
I Ace 

[ Ice 

OE \ 

~ 

.LLf 
HIGH-Z u 0 0 - 0 7 

7800HMS 2.09V= 
DATA 

OUTPUT 
PIN. 

•INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 3. Output Load ClrcuH 

MIN. TYP. MAX. UNIT 

4 6 pF 

8 12 pF 

K 
VrH 

VIL 
'oH 

(_ ______ 
--------· 

VrH 

VrL 

v_: ______ 
--------· 

VrH 

VIL 

loF 

~ 
------

DATA VALID J_ -----· 
VoH 

VoL 

Figure 4. Timing Diagram (Read Mode) 

SHARP 

LH57127/J 

57127-3 

57127-4 
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LH57127/J CMOS 128K (16K x 8) OTPROM/EPROM 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± 5°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 5.75 6.0 6.25 v 
Vpp 12.2 12.5 12.8 

Input "Low" voltage V1L ·0.1 0.45 v 
Input "High" voltage V1H 2.4 Vee+0.3 v 

DC CHARACTERISTICS (Program Mode) 

(Vee = 6.0 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V, TA = 25°C ± 5°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input leakage current lu V1N • Vee or 0.45 V ·10 10 µA 

Vee supply current Ice 60 mA 

V pp supply current lpp °CE• PGM = V1L 50 mA 

Input "Low" voltage V1L -0.1 0.45 v 
Input ·"High" voltage V1H 2.4 Vec+0.3 v 
Output "Low" voltage VoL IOL•2.1 mA 0.45 v 
Output "High" voltage VoH loH = -400µA 2.4 v 

AC CHARACTERISTICS (Program Mode) 

(Vee = 6.0 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V, TA = 25°C ± 5°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Address setup time !As 2 µs 
Chip enable setup time !cES 2 µs 
Output enable setup time !oES 2 µs 
Data setup time tos 2 µs 
Address hold time !AH 0 µs 
Data hold time !DH 2 µs 
Chip enable to output float delay !OF 0 150 ns 

Data valid from output enable toE 150 ns 

Vpp setup time tvps 2 µs 
Vee setup time tves 2 µs 
Program pulse width !PW 0.95 1 1.05 ms 

Add PGM pulse width* !oPW 2.85 78.75 ms 

Program pulse count N 1 25 TIMES 

• This width is defined by the Program Flowchart (Figure 6). 
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CMOS 128K (16K x 8) OTPROM/EPROM 

PROGRAMMING 
Upon delivery from SHARP or after each erasure 

(see erasure section), the LH57127 and LH57127J 
have all 16,384 x 8 bits in the "1", or high state. "O's" 
are loaded into the LH57127 and LH57127 J through 
the procedure of programming. 

The programming mode is entered when + 12.5 V is 
applied to the Vpp pin and CE is at V1L. A 0.1 µF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TIL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH57127 J to an 
ultra-violet light source. A dosage of 15 W-second/cm2 

is required to completely erase an LH57127J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 22537 Angstroms (A)) with inten
sity of 12,000 µW/cm for 20 to 30 minutes. The 
LH57127J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 

It is important to note that the LH57127 J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. 

Oo-01 

Vpp 

LH57127/J 

Although erasure times will be much longer than with 
UV sources at 2,537 A. the exposure to fluorescent 
light and sunlight will eventually erase the LH57127J 
and exposure to them should be prevented to realize 
maximum system reliability. If used in such an envi
ronment, the package windows should be covered by 
an opaque label or substance. 

CAUTION 
Fluorescent light and sunlight contain UV rays which 

will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 

1. Vee must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 

2. Vpp must not be greaterthan 13.5 volts including 
overshoot. 

3. During CE= PGM = V1L. Vpp must not be switched 
from 5 volts to 12.5 volts or vice-versa. 

4. Removing or inserting the device while 12.5 volts 
is supplied may harm the reliability of the device. 

11---1----+- - - - - V1uVoL 

- - - - - - - - - - - - Vee 

----------- V1H 

-----------· V1t 

-------V1H 

- - - - - - - - - - - VIL 
57127-5 

Figure 5. Timing Diagram (Program Mode) 
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LH57127/J CMOS 128K (16K x 8) OTPROM/EPROM 

ADDRESS 
-ADDRESS+1 

ORDERING INFORMATION 

LH57127 
Device Type 

x 
Package 

START 

ADDRESS - START ADDRESS 

FAIL 

OVER PROGRAM (loPW = 3·Nms) 

FAIL 

DEVICED PASSED (STOP) 

Figure 6. Programming Flowchan 

-## 
Speed 

Y ~ g ~ g~ · Access Time (ns) 

OTP ROM 

DEFECTIVE 

....__ _____ --< Blank 28-pin, 600-mil DIP (DIP28-P-600) 
EPROM 
J 28-pin, 600-mil CERDIP (WDIP28-G-600) 

....__ ___________ CMOS 128K (16K x 8) OTPROM/EPROM 

* EPROM Only 

Example: LH57127J-10 (CMOS 128K (16K x 8) EPROM, 100 ns, 28-pin, 600-mil CERDIP) 
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LH57128/J 
FEATURES 

• 16,384 x 8 bit organization 

• Access times: 
LH57128J: 250 ns 
LH57128: 250 ns 

• Single +5 V power supply 

• High speed programming: 
tpw = 0.1 ms (Vpp = 12.75 V) or 
tpw = 1 ms (Vpp = 12.5 V) 
Compatible to INTEL quick pulse 
programming™ algorithm 
(2 second programming) 

• Low power consumption: 
Operating: 165 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Fully static operation 

• Three-state outputs 

• TTL compatible 1/0 

• Pin compatible with i27128 

• Packages: 
EPROM 

28-pin, 600-mil CERDIP 
OTPROM 

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

• JEDEC standard pinout 

CMOS 128K (16K x 8) OTPROM/EPROM 

DESCRIPTION 

The LH57128J is a CMOS UV erasable and electri
cally programmable read-only-memory organized as 
16,384 x 8 bits. It is pin compatible with the Intel i27128. 

The LH57128 is a one-time PROM packaged in plas
tic DIP or SOP. 

PIN CONNECTIONS 

28-PIN CERDIP TOP VIEW 

Vee 

PGM 

A13 

Ae 
Ae 
An 

OE 

A1o 

CE 

0., 

Oa 

Os 
04 

03 

28-PIN DIP 
28-PINSOP 

1• Vee 

2 PGM 

3 A13 

4 Ae 
5 Ae 
6 An 

7 OE 

8 A10 

9 CE 

0., 

Oa 
Os 
04 

03 

57128-1 

Figure 1. Pin Connections for CERDIP, DIP, 
and SOP Packages 
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LH57128/J CMOS 128K (16K x 8) OTPROM/EPROM 

A1o 1>---.._.. 
A11 (23]1----l 

ROW 
ADDRESS 
DECODER 

COLUMN 
ADDRESS 

1-----i DECODER 

131,072 
CELL MATRIX 

COLUMN OUTPUT 
CONTROLLER 

OUTPUT 
BUFFER 

Oo-01 

Figure 2. LH57128/J Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao-A13 Address input PGM Program input 

Oo-Or Data output (input) 1 Vpp Program power 

CE Chip Enable input Vee Power supply 

OE Output Enable input GND Ground 

NOTE: 
1. Co - en pins are also used to input data to the column output controller through input buffers in programming mode. 

TRUTH TABLE 

MODE Oo-07 CE OE PGM Vee Vpp 

Read Data out L L H +5V +5V 
Read Output disable High-Z L H H +5V +5V 

Standby High-Z H x x +5V +5V 

Program Data in L H L +6.25 v +12.75 v 

Program 
Program 

Data out L L H +6.25 v +12.75V verify 

Program 
High-Z H x x +6.25 v +12.75V 

inhibit 

NOTE: 
x = H or L, H = V1H, L = V1L 
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CMOS 128K (16K x 8) OTPROM/EPROM LH57128/J 

ABSOLUTE MAXIMUM RATING 
PARAMETER SYMBOL RATING UNIT NOTE 

Vee -0.6to+7.0 
Supply voltage Vpp -0.6 to + 13.5 v 1 

V1N, VoUT -0.6to+7.0 

Operating 
Topr Oto+70 ·c temperature 

Storage 
Tstg 

-65 to +150 ·c 2 
temperature -55 to +150 ·c 3 

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

Maximum ratings are those values beyond which damage to the device may oocur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 

RECOMMENDED OPERATING CONDITIONS (Read Mode) (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TVP. MAX. UNIT 

Supply voltage 
Vee 4.5 5.0 5.5 v 
Vpp 4.5 5.0 5.5 v 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vee+0.3 v 

DC CHARACTERISTICS (Read Mode) (Vee= 5v±10%, Vpp =Vee, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TVP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.0 Vee+0.3 v 
Output "Low" 

VoL IOL =2.1 mA 0.45 v 
voltage 

Output "High" 
VoH loH = -400 µA 2.4 v 

voltage 

Input leakage 
lu V1N = GND or Vee -10 10 µA 

current 

Output leakage 
ILO Vour = GND or Vee -10 10 µA 

current 

Vee operating lee1 CE=GND±0.3 V 25 mA 1, 2 
current lee2 CE-V1L 30 mA 1, 3 

Vpp supply current lpp Vpp=Vee 100 µA 

Vpp pin voltage Vpp Vee-0.4 Vee v 

Vee standby current 
lse1 Cl:= Vee ± 0.3 V 100 µA 

lse2 CE= V1H 1 mA 

NOTES: 
1. Minimum cycle time, louT = 0 mA 
2. CMOS level: V1N = GND ± 0.3 V or Vee± 0.3 V 
3. TTL input: V1N = VL or VH 
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LH57128/J CMOS 128K (16K x 8) OTPROM/EPROM 

AC CHARACTERISTICS (Read Mode) (Vee= Vpp = 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL 

Address to output delay tACC 

CE to output delay tcE 

OE to output delay toE 

Output enable high to 
toF output float 

Address to output hold toH 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.8 Vto 2.2V 

Input rise/fall time s 10 ns 

Input reference level 1V,2V 

Output reference level 0.8 V, 2V 

LH57128J-25 
LH57128-25 

MIN. MAX. 

250 

250 

75 

0 65 

0 

UNIT 

ns 

ns 

ns 

ns 

ns 

7800HMS 2.09V= 
DATA 

OUTPUT 
PIN 

•INCLUDES JIG AND SCOPE CAPACITANCES 57128-3 

CAPACITANCE (TA = 25°C, f = 1 MHz) 
Figure 3. Output Load Circuit 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N=OV 4 6 pF 

Output capacitance Cour VoUT= 0 V 8 12 pF 

)( K 
V1H 

V1L 

!Ace loH 

/_ ______ 
1--------· 

l tcE 

V1H 

V1L 

\ _y_ ______ 1--------· 

V1H 

V1L 

~ loF 

------LL DATA VALID ~ 
HIGH-Z u _j_ -----· 

VoH 

VOL 
Oo-01 

57128-4 

Figure 4. Timing Diagram (Read Mode) 
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CMOS 128K (16K x 8) OTPROM/EPROM LH57128/J 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± 5°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 5.75 6.25 6.5 v 
Program supply voltage Vpp 12.2 12.75 13.0 v 
Input "Low" voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vee+ 0.3 v 

DC CHARACTERISTICS (Program Mode) 

(Vee= 5.75 V to 6.5 V, Vpp = 12.2Vto13.0 V, TA= 2s0 c ± 5°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input leakage current lu V1N =Vee or 0.45 V -10 10 µA 

Vee supply current Ice 30 mA 

Vpp supply current lpp CE= PGM= V1L 30 mA 

Input "Low" voltage V1L -0.1 0.45 v 
Input "High" voltage VJH 2.4 Vee+ 0.3 v 
Output "Low• voltage VoL loL=2.1 mA 0.45 v 
Output "High" voltage VoH loH = -400 µA 2.4 v 

AC CHARACTERISTICS (Program Mode) 

(Vee= 6.25 V ± 0.25 V, Vpp = 12.75 V ± 0.3 V, TA= 25°C ± 5°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Address setup time !As 2 µs 

Chip enable setup time tcES 2 µs 

Output enable setup time toES 2 µs 

Data setup time tos 2 µs 

Address hold time tAH 0 µs 

Data hold time toH 2 µs 

Chip enable to output float delay toF 0 150 ns 

Data valid from output enable toE 150 ns 

Vpp setup time tvps 2 µs 

Vee setup time tvcs 2 µs 

Program pulse width tpw 95 100 105 µs 1, 2 

Program pulse count N 1 25 TIMES 

NOTES: 
1. This width is defined by the Program Flowchart (Figure 6). 
2. Programmable under conditions of add. program pulse count 3-N, Vee= 6.0 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V, IPW = 1 ms± 0.05 ms 
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LH57128/J 

PROGRAMMING 
Upon delivery from SHARP or after each erasure 

(see erasure section), the LH57128 and LH57128J 
have all 16,384 x 8 bits in the "1", or high state. "O's" 
are loaded into the LH57128 and LH57128J through 
the procedure of programming. 

The programming mode is entered when + 12. 75 V 
is applied to the Vpp pin and CE is at V1L. A 0.1 µF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data output pins. The voltage levels 
should be standard TTL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH57128J to an 
ultra-violet light source. A dosage of 15 W-second/cm2 

is required to completely erase an LH57128J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 22537 Angstroms (A)) with inten
sity of 12,000 µW/cm for 20 to 30 minutes. The 
LH57128J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 

It is important to note that the LH57128J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. 

Ao· A,3 

CMOS 128K (16K x 8) OTPROM/EPROM 

Although erasure times will be much longer than with 
UV sources at 2,537 A. the exposure to fluorescent 
light and sunlight will eventually erase the LH57128J 
and exposure to them should be prevented to realize 
maximum system reliability. If used in such an envi
ronment, the package windows should be covered by 
an opaque label or substance. 

CAUTION 

Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 

1. Vee must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 

2. Vpp must not be greaterthan 13.5 volts including 
overshoot. 

3. During CE= PGM = V1L, Vpp must not be switched 
from 5 volts to 12.75 volts or vice-versa. 

4. Removing or inserting the device while 12. 75 volts 
is supplied may harm the reliability of the device. 

_____ ,...._ - - - - • v,HIVoH 

~--- DATA OUTPUT 

Vpp 

Vee ------------SV 

----------- V1H 

-----------·VIL 

1.------- V1H 
OE 

-----------VIL 
57128-5 

Figure 5. Timing Diagram (Program Mode) 
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CMOS 128K (16K x 8) OTPROM/EPROM 

Vcc=6.25V: Vpp-12.75V 

PROGRAM (!i>w = 0.1 ms) 

YES 

ADDRESS NO 
-ADDRESS+1 

Vee = 5.0 V: Vpp = 5.0 V 

FAIL 

DEVICEO PASSED (STOP) 

Figure 6. Programming Flowchart 
(Vee= 6.25 v, Vpp = 12.75 V, tpw = 0.1 ms) 

DEFECTIVE 

ORDERING INFORMATION 

LH57128 
Device Type 

x 
Package 

-## 
Speed 

L__ 25 250 Access Time (ns) 

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

'---------< N 28-pin, 450-mil SOP (SOP28-P-450) 
EPROM 
J 28-pin, 600-mil CERDIP (WDIP28-G-600) 

'-------------- CMOS 128K (16K x 8) OTPROM/EPROM 

Example: LH57128J-25 (CMOS 128K (16K x 8) EPROM, 250 ns, 28-pin, 600-mil CERDIP) 

LH57128/J 

57128-8 

571211-7 



LH57254/J 
FEATURES 

• 32,768 x 8 bit organization 

• Access times: 
LH57254J: 70/90 ns 
LH57254: 90 ns 

• Single +5 V power supply 

• High speed programming: 
Compatible to INTEL intelligent 
programming™ algorithm 
(128 second programming) 

• Low power consumption: 
Operating: 420 mW (MAX.) 
Standby: 78.8 mW (MAX.) 

• Fully static operation 

• Three-state outputs 

• TTL compatible 110 

• Pin compatible with i27256 

• Packages: 
EPROM 

28-pin, 600-mil CERDIP 
OTPROM 

28-pin, 600-mil DIP 

• JEDEC standard pinout 

DESCRIPTION 

ThE LH57254J is a CMOS UV erasable and electri
cally programmable read-only-memory organized as 
32, 768 x 8 bits. It is pin compatible with the Intel i27256, 
and designed to have fast access time. 

The LH57254 is a one-time PROM packaged in 
. plastic DIP. 
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CMOS 256K (32K x 8) OTPROM/EPROM 

PIN CONNECTIONS 

28-PIN CERDIP 
TOP VIEW 

Vpp Vee 

A12 A14 

A1 Ais 
As As 

As Ae 
~ Ai1 

As OE 

~ Aio 

A1 CE/PGM 

Ao ~ 

Os 

01 Os 
o, 04 

GND 03 

28-PIN DIP 

Vpp 1 • Vee 

A12 2 A14 

A1 3 A,3 

As 4 As 
As 5 Ae 
~ 6 Ai1 

A3 7 OE 

~ 8 

A1 9 CE/PGM 

Ao ~ 

Oo Os 

01 05 

02 04 
GND Os 

57254-1 

Figure 1. Pin Connections for CERDIP 
and DIP Packages 



CMOS 256K (32K x 8) OTPROM/EPROM LH57254/J 

As 
A1 
As 
Ag ROW 262,144 

ADDRESS CELL MATRIX 
DECODER 

A,. 

A, 

Ai COLUMN COLUMN OUTPUT 
ADDRESS CONTROLLER ~ 7 DECODER 

A. 
As 

OE CONTROL 

CE/PGM 
SIGNAL OUTPUT GENERATOR BUFFER 

Vc:x; GND Vpp 

57254-2 

Figure 2. LH57254/J Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

Ao-A14 Address input Vpp Program power 

Oo-0, Data output (input) 1 Vee Power supply 

CE/PGM Chip Enable/Program input GND Ground 

OE Output Enable 

NOTE: 
1. Oo - 07 pins are also used to input data to the column output controller through input buffers in programming mode. 

TRUTH TABLE 
MODE Oo-07 CE/PGM OE Vc:x; Vpp 

Read Data out L L +5V +5V 
Read Output disable High-Z L H +5V +5V 

Standby High-Z H x +5V +5V 
Program Data in L H +6V +12.5 v 

Program Program verify Data out H L +6V +12.5 v 
Program inhibit High-Z H H +6V +12.5 v 

NOTE: 
X = H or L, H = V1H, L = V1L 
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LH57254/J CMOS 256K (32K x 8) OTPROM/EPROM 

ABSOLUTE MAXIMUM RATING 

PARAMETER SYMBOL RATING UNIT NOTE 

Vee -0.6 to +7.0 
Supply voltage Vpp -0.6to+13.5 v 1 

V1N. VoUT -0.6 to +7.0 

Operating temperature Topr o to +70 oc 

Storage temperature Tstg 
-65 to +150 oc 2 

-55to +150 3 

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

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 

RECOMMENDED OPERATING CONDITIONS (Read Mode) (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TVP. MAX. UNIT 

Supply Voltage 
Vee 4.75 5.0 5.25 v 
Vpp 4.75 5.0 5.25 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.2 Vee+0.3 v 

DC CHARACTERISTICS (Read Mode) (Vee= 5 v ± 5%, Vpp =Vee. TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TVP. MAX. UNIT NOTE 

Input "Low• voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.2 Vee+0.3 v 
Output "Low" voltage VoL ioL = 16 mA 0.45 v 
Output "High" voltage VoH loH= -4 mA 2.4 v 
Input leakage current lu V1N = GND or Vee -10 10 µA 

Output leakage current ILO Vour = GND or Vee -10 10 µA 

Vee operating current 
lee1 CE/PGM = GND ± 0.3 V 80 mA 1, 2 

lee2 CE/PGM= V1L 80 mA 1, 3 

Vpp supply current lpp VPP= Vee 100 µA 

Vpp pin voltage Vpp Vee - 0.4 Vee v 
Vee standby current 

Issi CE/PGM = Vee± 0.3 V 15 mA 4 

ls02 CE/PGM=V1H 30 mA 5 

NOTES: 
1. Minimum cycle time, lour = 0 mA 
2. CMOS level: V1N = GND ± 0.3 V or Vee± 0.3 V 
3. TTL level: V1L or V1H 
4. All inputs are fixed at CMOS level. 
5. All inputs inputs are fixed at TTL level. 
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CMOS 256K (32K x 8) OTPROM/EPROM LH57254/J 

AC CHARACTERISTICS (Read Mode) (Vee= Vpp = 5 v ± 5%. TA= 0 to +70°C) 

LH57254J·70 LH57254J-90 
PARAMETER SYMBOL LH57254-90 UNIT 

MIN. MAX. MIN. MAX. 

Address to output delay 
tACC 70 90 ns 

(CE/PGM = V1L) 

CE to output delay 
lcE 70 90 ns 

(OE= V1L) 

OE to output delay 
loE 25 30 ns (CE/PGM = V1L) 

Output enable high to 
tDF 0 25 0 30 ns 

output float 

Address to output hold toH 10 10 ns 

AC TEST CONDITIONS 

PARAMETER MODE 980HMS 

Input voltage 
0 Vto 3 V 

amplitude 

Input rise/fall time s 10ns 

Input reference level 1V,2V 

Output reference 
0.8 V, 2V level 

2.01V=• 1 DATA __ 

O~~UT -------.. 30 F• 

Ip 
• INCLUDES JIG AND SCOPE CAPACITANCES 57254-3 

Figure 4. Output Load Circuit 

CAPACITANCE (TA = 25°C, f = 1 MHz) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Input capacitance C1N V1N=OV 4 6 

Output capacitance Coor Vour=OV 8 12 

_)( K 
IACC foH 

{_ ______ 
--------· 

[ Ice 

\ v ------- --------· 
~ ~ 

-----· LL DATA VALID '"""Ji :si 
HIGH-Z Uk. .1.. -----· 
Figure 3. Timing Diagram (Read Mode) 

SHARP 

VoH 

Vol 

UNIT 

pf 

pf 



LH57254/J CMOS 256K (32K x 8) OTPROM/EPROM 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± S°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 5.75 6.0 6.25 v 
Vpp 12.2 12.5 12.8 

Input "Low" voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vcc+0.3 v 

DC CHARACTERISTICS (Program Mode) 

(Vee = 6.0 V ± 0.2S V, Vpp = 12.S V ± 0.3 V, TA = 2S°C ± S°C) 
PARAMETER SYMBOL CONDmONS MIN. TYP. MAX. UNIT 

Input leakage current lu V1N = Vee or 0.45 V -10 10 µA 

Vee supply current Ice 80 mA 

Vpp supply current lpp CEIPGM•VIL 50 mA 

Input "Low" voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vcc+0.3 v 
Output "Low" voltage VOL IOL•16mA 0.45 v 
Output "High" voltage VOH IOH•-4mA 2.4 v 

AC CHARACTERISTICS (Program Mode) 

(Vee = 6.0 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V, TA = 25°C ± S°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Address setup time !As 2 µs 

Data setup time tos 2 µs 

Output enable setup time ICES 2 µs 

Address hold time IAH 0 µs 

Data hold time toH 2 µs 

Output enable time toe 150 ns 

Output disable time loF 0 150 ns 

Vpp setup time lvPS 2 µs 

Vee setup time Ives 2 µs 

Program pulse width IPW 0.95 1.0 1.05 µs 

Add PGM pulse width • IQPW 2.85 78.75 ms 

Program pulse count N 1 25 TIMES 

•This width is defined by the Program Flowchart (Figure 6). 
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CMOS 256K (32K x 8) OTPROM/EPROM 

PROGRAMMING 

Upon delivery from SHARP or after each erasure 
(see erasure section), the LH57254 .and LH57254J 
have all 32,768 x 8 bits in the "1", or high state. "O's" 
are loaded into the LH57254 and LH57254J through 
the procedure of programming. 

The programming mode is entered when + 12.5 V is 
applied to the Vpp pin and CE/PGM is at V1L. A 0.1 µF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH57254J to an 
ultra-violet light source. A dosage of 15 W-second/cm2 

is required to completely erase an LH57254J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 2~537 Angstroms (A)) with inten
sity of 12,000 µW/cm for 20 to 30 minutes. The 
LH57254J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 

It is important to note that the LH57254J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. 

~s 

Vpp 

Vee 

LH57254/J 

Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH57254J 
and exposure to them should be prevented to realize 
maximum system reliability. If used in such an envi
ronment, the package windows should be covered by 
an opaque label or substance. 

CAUTION 
Fluorescent light and sunlight contain UV rays which 

will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 

1. Vee must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 

2. Vpp must not be greater than 13.5 volts including 
overshoot. 

3. During CEIPGM = V1L. Vpp must not be switched 
from Vee to 12.5 volts or vice-versa. 

4. Removing or inserting the device while 12.5 volts 
is supplied may harm the reliability of the device. 

VIH 

!AH 

-------·Vee 

-------·SV 

- - - - - - - • VL 

-----VH 
- - - - - - - VL 

57254-5 

Figure 5. Timing Diagram (Program Mode) 
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LH57254/J CMOS 256K (32K x 8) OTPROM/EPROM 

ADDRESS NO 
-ADDRESS+1 

ADDRESS - START ADDRESS 

PROGRAM (!i>w • 1 ms) 

Vcc-5.0V 
Vpp •5.0V 

DEVICED PASSED (STOP) 

FAIL 

Figure 6. Programming Flowchart 

DEFECTIVE 

ORDERING INFORMATION 

LH57254 
Device Type 

x 
Package 

-## 
Speed 

y ~g •Access Time (ns) 

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

EPROM 
J 28-pin, 600-mil CERDIP (WDIP28-G-600) 

'-------------- CMOS 256K (32K x 8) OTPROM/EPROM 
* EPROMOnly 
Example: LH57254J-70 (CMOS 256K (32K x 8) EPROM, 70 ns, 28-pin, 600-mil CERDIP) 
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LH57256/J 
FEATURES 

• 32,768 x 8 bit organization 

• Access times: 
LH57256J: 120/150 ns 
LH57256: 150 ns 

• Single +5 V power supply 

• High speed programming: 
tpw = 0.1 ms (Vpp = 12.75 V) or 
tpw = 1 ms (Vpp = 12.5 V) 
Compatible to INTEL quick pulse 
programming™ algorithm 
(4 second programming) 

• Low power consumption : 
Operating: 165 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Fully static operation 

• Three-state outputs 

• TTL compatible 1/0 

• Pin compatible with i27256 

• Packages: 
EPROM 

28-pin, 600-mil CERDIP 
OTP ROM 

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

• JEDEC standard pinout (CERDIP/DIP) 

SHARP 

CMOS 256K (32K x 8) OTPROM/EPROM 

DESCRIPTION 

The LH57256J is a CMOS UV erasable and electri
cally programmable read-only-memory organized as 
32, 768 x 8 bits. It is pin compatible with the Intel i27256, 
and designed to have fast access time. 

The LH57256 is a one-time PROM packaged in 
plastic DIP. 

PIN CONNECTIONS 

28-PIN CERDIP 
TOP VIEW 

Vpp Vee 

A12 A,4 
A, A,3 
Ag Ag 

As Ag 

~ A,, 

OE 

A,o 

A, CE/PGM 

Ao ~ 

Oe 
o, Os 

o, 
03 

28-PIN DIP 
28-PIN SK-DIP 
28-PINSOP 

Vpp 1• Vee 

A,2 2 A,, 

A, 3 A,3 

Ae 4 Ae 
As 5 Ag 

~ 6 A,, 

A3 7 OE 

A2 8 21 A,o 

A, CE/PGM 

Ao ~ 

Oe 
Os 
04 

03 

57256-1 

Figure 1. Pin Connections for CERDIP, DIP, 
SK-DIP, and SOP Packages 
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LH57256/J CMOS 256K (32K x 8) OTPROM/EPROM 

Aa & 
A.. (a< 
As (s< 
Ae >;;< ROW 262,144 
A1 ~ ADDRESS CELL MATRIX 

~ DECODER As 
A12 ~ 
A13 

)8 

E 
A14 

1a l Ao 
A1 ~ 
~ COLUMN OUTPUT 

~ 
COLUMN 

>--< ADDRESS CONTROLLER 
As DECODER 

A10 1 

A11 1 
OE CONTROL 

CEtPGM 
SIGNAL OUTPUT 

GENERATOR BUFFER 

57256-2 

Figure 2. LH57256/J Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

Ao·A14 Address input Vpp Program power 

Oo·<>? Data output (input) 1 Vee Power supply 

CE/PGM Chip Enable/Program input GND Ground 

OE Output Enable input 

NOTE: 
1. Clo - 0, pins are also used to input data to lhe column output controller through input buffers in programming mode. 

TRUTH TABLE 

MODE Oo-0, CE/PGM OE Vee Vpp 

Read Data out L L +5V +5V 
Read Output disable High-Z L H +5V +5V 

Standby High-Z H x +5V +5V 

Program Data in L H +6.25 v +12.75 v 
Program Program verify Data out H L +6.25V +12.75 v 

Program inhibit High-Z H H +6.25 v +12.75 v 
NOTE: 
x = H or L, H = V1H, L = V1L 
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CMOS 256K (32K x 8) OTPROM/EPROM LH57256/J 

ABSOLUTE MAXIMUM RATING 
PARAMETER SYMBOL RATING UNIT NOTE 

Vee -0.6to+7.0 

Supply voltage Vpp -0.6to+13.5 v 1 
V1N, -0.6to +7.0 

Vour 

Operating temperature Topr 0 to +70 ·c 
Storage temperature Tstg 

-65 to +150 ·c 2 

-55to+150 3 

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

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 

RECOMMENDED OPERATING CONDITIONS (Read Mode) (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 4.5 5.0 5.5 v 
Vpp 4.5 5.0 5.5 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.2 Vee+0.3 v 

DC CHARACTERISTICS (Read Mode) (Vee= 5v±10%, Vpp =Vee, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VoL loL = 2.1 mA 0.45 v 
Output "High" voltage VoH loH= -400µA 2.4 v 
Input leakage current lu V1N = GND or Vee -10 10 µA 

Output leakage current ILO Vour = GND or Vee -10 10 µA 

Vee operating current 
lee1 CE/PGM = GND ± 0.3 V 30 mA 1, 2 

lee2 CE/PGM= V1L 30 mA 1, 3 

Vpp supply current )pp Vpp= Vee 100 µA 

Vpp pin voltage Vpp Vcc-0.4 Vee v 

Vee standby current 
lss1 CE/PGM = Vee± 0.3 V 100 µA 

lss2 CE/PGM=V1H 2 mA 

NOTES: 
1. Minimum cycle time, lour = 0 mA 
2. CMOS level: V1N = GND ± 0.3 V or Vee± 0.3 V 
3. TTL level: V1N = V1L or V1H 
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LH57256/J CMOS 256K (32K x 8) OTPROM/EPROM 

AC CHARACTERISTICS {Read Mode) {Vee= Vpp = 5V±10%. TA= 0 to +70°C) 

PARAMETER SYMBOL 

Address to output delay tACC 

CE to output delay ICE 

OE to output delay IOE 

Output enable high to output float IDF 

Address to output hold loH 

AC TEST CONDITIONS 
PARAMETER MODE 

Input voltage amplitude 0.45 V to 2.4 V 

Input rise/fall time ~ 10 ns 

Input reference level 1V,2V 

Output reference level 0.8 V, 2 V 

LH57256J·12 LH57256J·15 
LH57256-15 

MIN. MAX. MIN. MAX. 

120 150 

120 150 

25 30 

0 25 0 30 

0 0 

7800HMS 

2.09V= 
DATA 

OUTPUT 
PIN 

UNIT 

ns 

ns 

ns 

ns 

ns 

•INCLUDES JIG AND SCOPE CAPACITANCES 57256-3 

CAPACITANCE {TA = 25°C, f = 1 MHz) 
Figure 4. Output Load Circuit 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N=OV 4 6 pF 

Output capacitance CoUT VoUT= 0 V 8 12 pF 

_X K 
V1H 

V1L 

!Ace foH 

v_: ______ 
--------· 

l lcE 

V1H 

V1L 

OE v_ ______ 
--------· 

~ ioF 

V1H 

V1L 

------LLJ DATA VALID ~ 
HIGH·Z u .L -----· 

VoH 

Vol 
57256-4 

Figure 3. Timing Diagram (Read Mode) 
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CMOS 256K (32K x 8) OTPROM/EPROM LH57256/J 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± 5°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 5.75 6.25 6.5 v 
Vpp 12.2 12.75 13.0 

Input "Low" voltage VJL -0.1 0.45 v 
Input "High" voltage VJH 2.4 Vee+ 0.3 v 

DC CHARACTERISTICS {Program Mode) 

(Vee= 5.75 V to 6.5 V, Vpp = 12.2Vto13 V, TA= 25°C ± 5°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input leakage current lu V1N = Vee or 0.45 V -10 10 µA 

Vee supply current Ice 30 mA 

Vpp supply current lpp CE/PGM=V1L 30 mA 

Input "Low" voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vee+ 0.3 v 
Output "Low" voltage VoL loL = 2.1 mA 0.45 v 
Output "High" voltage VoH loH = -400µA 2.4 v 

AC CHARACTERISTICS {Program mode) 

{Vee= 6.25 V ± 0.25 V, Vpp = 12.75 V ± 0.25 V, TA= 25°C ± 5°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Address setup time tAs 2 µs 
Data setup time tos 2 µs 

Output enable setup time toES 2 µs 

Address hold time tAH 0 µs 

Data hold time toH 2 µs 
Output enable time toE 150 ns 

Output disable time toF 0 150 ns 

Vpp setup time tvPS 2 µs 

Vee setup time tves 2 µs 

Program pulse width tPW 95 100 105 µs 1,2 

Program pulse count N 1 25 TIMES 

NOTES: 
1. Programmable under conditions of add. program pulse count 3-N, Vee = 6 V ± 0.25 V, Vpp = 12.5 V ± 0.3 V, fiww = 1 ms± 0.05 ms 
2. This width is defined by the Program Flowchart (Figure 6). 

SHARP 5-61 



LH57256/J CMOS 256K (32K x 8) OTPROM/EPROM 

0 0 -01 ---fl HIGHZ ----+--.....,,. -----· V1H/VO/rl 
DATA Ol1TPUT 

-----~ 

Vpp 
- - - - - - - - - - - - - - - - - - Vee 

-~I---+---+-----+------ 6.25 v 
----------sv 

1---1------1------ V1H 

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

1------VH 
_____ ... __________ VIL 

57256-5 

Figure 5. Timing Diagram (Program Mode) 

PROGRAMMING 
Upon delivery from SHARP or after each erasure 

(see erasure section), the LH57256 and LH57256J 
have all 32,768 x 8 bits in the ·1·, or high state. "O's" 
are loaded into the LH57256 and LH57256J through 
the procedure of programming. 

The programming mode is entered when +12.75 V 
is applied to the Vpp pin and CEJPGM is at V1L. A 0.1 
µF capacitor between Vpp and GND is needed to pre
vent excessive voltage transients, which could damage 
the device. The address to be programmed is applied 
to the proper address pins. 8-bit patterns are placed 
on the respective data pins. The voltage levels should 
be standard TTL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH57256J to a~ 
ultra-violet light source. A dosage of 15 W-second/cm 
is required to completely erase an LH57256J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 2~537 Angstroms (A)) with inten
sity of 12,000 µW/cm for 20 to 30 minutes. The 
LH57256J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 

It is important to note that the LH57256J and similar 
devices will erase with light sources having wave-length 

5-62 

shorter than 4,000 A. Although erasure times will be 
much longer than with UV sources at 2,537 A, the 
exposure to fluorescent light and sunlight will eventually 
erase the LH57256J and exposure to them should be 
prevented to realize maximum system reliability. If used 
in such an environment, the package windows should 
be covered by an opaque label or substance. 

CAUTION 

Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 

1. V cc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 

2. Vpp must not be greater than 13.5 volts including 
overshoot. 

3. During CE= PGM = V1L, Vpp must not be switched 
from Vee to 12. 75 volts or vice-versa. 

4. Removing or inserting the device while 12. 75 volts 
is supplied may harm the reliability of the device. 
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CMOS 256K (32K x 8) OTPROM/EPROM 

ADDRESS - START ADDRESS 

Vcc •6.25 V: Vpp = 12.75 V 

YES 

ADDRESS NO 
-ADDRESS+1 

Vee= 5.0 V: Vpp = 5.0 V 

FAIL 

DEVICED PASSED (STOP) DEFECTIVE 

Figure 6. Programming Flowchan 
(Vee= 6.25 V, Vpp = 12.75 V, tpw = 0.1 ms) 

ORDERING INFORMATION 

LH57256 
Device Type 

x 
Package 

-## 
Speed 

Y ~~ ~~~·Access Time (ns) 

OTP ROM 
Blank 28-pin, 600-mil DIP (DIP28-P-600) 
D 28-pin, 300-mil SK-DIP (DIP28-P-300) 
N 28-pin, 450-mil SOP (SOP28-P-450) 
EPROM 
J 28-pin, 600-mil CERDIP (WDIP28-G-600) 

• EPROM Onl~y----------- CMOS 256K (32K x 8) OTPROM/EPROM 

Example: LH57256N-15 (CMOS 256K (32K x 8) OTPROM, 150 ns, 28-pin, 450-mil SOP) 

SHARP 

LH57256/J 
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LH57512/J 
FEATURES 

• 65,536 x 8 bit organization 

• Access times: 
LH57512J: 120/150 ns 
LH57512: 150 ns 

• Single +5 V power supply 

• High speed programming: 
SHARP original programming algorithm 
(13 second programming) 

• Low power consumption 
Operating: 165 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Fully static operation 

• Three-state outputs 

• TTL compatible 1/0 

• Pin compatible with i27512 

• Packages: 
EPROM 

28-pin, 600-mil CERDIP 
OTPROM 

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

• JEDEC standard pinout (CERDIP/DIP) 

DESCRIPTION 

The LH57512J is a CMOS UV erasable and electri
cally programmable read-only-memory organized as 
65,536 x 8 bits. It is pin compatible with the Intel i27512, 
and designed to have fast access time. 

The LH57512 is a one-time PROM packaged in 
plastic DIP. 
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CMOS 512K (64K x 8) OTPROM/EPROM 

PIN CONNECTIONS 

28-PIN CERDIP TOP VIEW 

"is Yoo 

"12 "14 
A, "is 
Ae Ae 
As Ae 
A,, "11 

As OEN pp 

"2 Aio 
"1 CE 

Ao ~ 

Oo 0. 
0, Os 
O:i 04 

GND Os 

28-PIN DIP 
28-PINSOP 

"is 1• Yoo 

A12 2 A14 
A, 3 A1s 

Ae 4 Ae 
As 5 Ag 

A,, 6 23 "11 

As 7 OEN pp 

"2 8 Aio 
A1 9 CE 

Ao 10 ~ 

Oo 11 Oe 
0, 12 Os 
O:i 13 04 

GND 14 Os 
57512-1 

Figure 1. Pin Connections for CERDIP, DIP, 
and SOP Packages 



CMOS 512K (64K x 8) OTPROM/EPROM 

ROW 
A1 ADDRESS 

Ag DECODER 

A12 

A13 

A14 

COLUMN 
ADDRESS 
DECODER 

A11 
A1s 

OEN pp CONTROL 
SIGNAL 

CE GENERATOR 

PIN DESCRIPTION 
SIGNAL PIN NAME 

Ao· A1s Address input 

Oo-07 Data output (input) 

CE Chip Enable input 

NOTE: 

524,288 
CELL MATRIX 

COLUMN OUTPUT 
CONTROLLER 

OUTPUT 
BUFFER 

Figure 2. LH57512/J Block Diagram 

NOTE SIGNAL PIN NAME 

1 
OEN pp 

Output Enable/ 
Program power 

Vee Power supply 

GND Ground 

1. Oo - 07 pins are also used to input data to the column output controller through input buffers in programming mode. 

TRUTH TABLE 

MODE Oo-0, CE OEN pp Vee 

Read Data out L L +SV 
Read Output disable High-Z x H +SV 

Standby High-Z H x +5V 

Program Data in L +12.75 +6.SV 
Program Program verify Data out L L +6.SV 

Program inhibit High-Z H +12.75 +6.5V 

NOTE: 
x = H or L, H = V1H. L = V1L 

LH57512/J 

57512-2 

NOTE 



LH57512/J CMOS 512K (64K x 8) OTPROM/EPROM 

ABSOLUTE MAXIMUM RATING 

PARAMETER SYMBOL RATING UNIT NOTE 

Vee -0.6to+7.0 
Supply voltage OEN pp -0.6 to +13.5 v 1 

V1N, VoUT -0.6to+7.0 

Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg 

-65to+150 ·c 2 

-55to +150 3 

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

Maximum ratings are those values beyond which damage ID the device may occur. 
2. Applied to ceramic package. 

3. Applied to plastic package. 

RECOMMENDED OPERA TING CONDITIONS (Read Mode) (TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply Voltage Vee 4.5 5.0 5.5 v 
Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.2 Vee+0.3 v 

DC CHARACTERISTICS (Read Mode) (Vee= 5 v ± 10%, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.2 Vee+0.3 v 
Output "Low" voltage VoL loL=2.1 mA 0.45 v 
Output "High" voltage VoH loH = -400µA 2.4 v 
Input leakage current lu V1N • GND or Vee -10 10 µA 

Output leakage current ILO VOUT = GND or Vee -10 10 µA 

Vee operating current 
lee1 CE-GND±0.3 V 30 mA 1, 2 

lee2 CE=V1L 30 mA 1, 3 

Vee standby current 
lse1 CE= Vee± 0.3 V 100 µA 

lse2 CE=V1H 2 mA 

NOTES: 
1. f = 5MHz, lour= o mA 
2. CMOS level: V1N = GND ± 0.3 V or Vee± 0.3 V 
3. TTL level: Vt1 = V1L or V1H 

AC CHARACTERISTICS (Read Mode) (Vee= Vpp = 5 v ± 10%, TA= 0 to +70°C) 

LH57512J·12 LH57512J-15 
PARAMETER SYMBOL LH57512·15 UNIT 

MIN. MAX. MIN. MAX. 

Address to output delay tAee 120 150 ns 

CE to output delay lcE 120 150 ns 

OE to output delay tOE 40 50 ns 

Output enable high to output float loF 0 40 0 50 ns 

Address to output hold toH 0 0 ns 
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CMOS 512K (64K x 8) OTPROM/EPROM 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.45 V to 2.4 V 

Input rise/fall time ,.:; 10 ns 

Input reference level 1V,2V 

Output reference level 0.8 V, 2 V 

7800HMS 2.09V= 
DATA 

OUTPUT 
PIN 

•INCLUDES JIG AND SCOPE CAPACITANCES 

LH57512/J 

57512·3 

Figure 4. Output Load Circuit 

CAPACITANCE (TA = 25°C, f = 1 MHz) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N = 0 V 4 6 pF 

Output capacitance CoUT Your= o V 8 12 pF 

V1H 
Ao- A,5 

VIL 
I Ace loH 

V1H 
CE ------ ------- V1L 

lcE 

V1H 
OE I Vpp ------ ------- V1L 

loF 

- - - - - · VoH 
Oo- 07 

HIGH-Z DATA VALID 
- -- - - Vol 

57512-4 

Figure 3. Timing Diagram (Read Mode) 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± 5°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.75 6.75 v 
Program supply voltage Vpp 12.5 13.0 

Input "Low" voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vee+ 0.3 v 

SHARP 5-67 



LH57512/J CMOS 512K (64K x 8) OTPROM/EPROM 

DC CHARACTERISTICS (Program Mode) 

(Vee= 4.7S V to 6.7S V, Vpp = 12.7S V ± 0.2S V, TA= 2S°C ± S°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input leakage current lu V1N = Vee or 0.45 V -10 10 µA 

Vee supply current Ice 30 mA 

Vpp supply current lpp CE=VIL 50 mA 

Input "Low• voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vcc+0.3 v 
Output "Low• voltage VoL loL=2.1 mA 0.45 v 
Output "High" voltage VoH loH = -400µA 2.4 v 

AC CHARACTERISTICS (Program Mode) 

(Vee= 4.7S V to 6.7S V, Vpp = 12.7S V ± 0.2S V, TA= 2S°C ± S°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Address setup time !As 2 µs 

Data setup time tos 2 µs 

Output enable hold time toEH 2 µs 

Address hold time tAH 0 µs 

Data hold time toH 2 µs 

CE to output delay tov 0 1 µs 

Output disable time toF 0 150 ns 

Vpp setup time 1YPS 2 µs 

Vpp recovery time tvR 2 µs 

Vee setup time tves 2 µs 

Program pulse width tPW 95 100 105 µs 

Program pulse count N 1 20 TIMES 

.r----------------,.. r--- V1H 

~---------------r '---- V1. 
!AS IAH 

HIGH-Z 
DATA INPUT DATAOUTPUT !>-----

los 

----12.75V 
OE/Vpp 

l'---+-----+-..._ - - - - - - . V1. 

r---+--__,---1-+----+------1------ 6.5 v 

-----------------sv 

Ir------ VIH 
CE 

......_ __ ____._ - - - - - - - - - - V1L 

57512-5 

Figure 5. Timing Diagram (Program Mode) 
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CMOS 512K (64K x 8) OTPROM/EPROM 

PROGRAMMING 
Upon delivery from SHARP, the LH57512 and 

LH57512J have all 65,536 x 8 bits in the "1", or high 
state. "O's" are loaded into the LH57512 and LH57512J 
through the procedure of programming. 

The programming mode is entered when appropriate 
pulses shown in the AC characteristics and timing dia
gram are applied to the OE/Vpp pin and CE pin. A 0.1 
µF capacitor between OE/Vpp and GND is needed to 
prevent excessive voltage transients, which could dam
age the device. The address to be programmed is 
applied to the proper address pins. 8-bit patterns are 
placed on the respective data pins. The voltage levels 
should be standard TTL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH57512J to an 
ultra-violet light source. A dosage of 15 W-second/cm2 

is required to completely erase an LH57512J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 22537 Angstroms (A)) with inten
sity of 12,000 µW/cm for 20 to 30 minutes. The 
LH57512J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 

It is important to note that the LH57512J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. Although erasure times will be 
much longer than with UV sources at 2,537 A, the 
exposure to fluorescent light and sunlight will eventually 
erase the LH57512J and exposure to them should be 
prevented to realize maximum system reliability. If used 

Table 1. Product Identification Mode 
SIGNAL Ao ()] Os Os 04 

PIN (10) (19) (18) (17) (16) 

MAKER CODE V1L 1 0 1 1 

DEVICE CODE V1H 1 1 0 0 

NOTES: 
1. Ag = 12 V ± 0.5 V 

2. Ai - Aa, A10 - Ais, CE, OENpp = V11. 

SHARP 

LH57512/J 

in such an environment, the package windows should 
be covered by an opaque label or substance. 

CAUTION 
Fluorescent light and sunlight contain UV rays which 

will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 

1. Vee must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 

2. Vpp must not be greater than 13.5 volts including 
overshoot. 

3. During CE = V1L. OE/Vpp must not be switched 
from Vee to 12. 75 volts or vice-versa. 

4. Removing or inserting the device while 12. 75 volts 
is supplied may harm the reliability of the device. 

PRODUCT IDENTIFICATION MODE 

LH57512/J enters a product identification mode by ap
plying 12 V (Note 1) on A9 pin during a Read mode. 
Maker code is output on data output pins when all other 
address pins and control pins are set at V1L level (Note 
2) during the product identification mode. Device code 
is output when fJ.J;) pin is set at V1H level. The programing 
condition or PROM writer can be set automatically by 
using this function. 

O:i 02 01 Co HEX 

(15) (13) (12) (11) DATA 

0 0 0 0 BO 

0 0 1 0 C2 
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5-70 

CMOS 512K (64K x 8) OTPROM/EPROM 

DEVICE PASSED (STOP) 

ADDRESS - ADDRESS + 1 

NO 

ADDRESS - ADDRESS + 1 

NO 

FAIL 

DEFECTIVE 

Figure 6. Programming Flowchan 
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CMOS 512K (64K x 8) OTPROM/EPROM 

ORDERING INFORMATION 

LH57512 
Device Type 

x 
Package 

-## 
Speed 

Y ~ ~ ~ ~~ • Access Time (ns) 

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

'--------< N 28-pin, 450-mil SOP (SOP28-P-450) 
EPROM 
J 28-pin, 600-mil CERDIP (WDIP28-G-600) 

• EPROM Only.__ ___________ CMOS 512K (64K x 8) OTPROM/EPROM 

Example: LH57512N-15 (CMOS 512K (64K x 8) OTPROM, 150 ns, 28-pin, 450-mil SOP) 

SHARP 

LH57512/J 

57512-7 
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LH571000/J CMOS 1M (128K x 8) OTPROM/EPROM 

FEATURES PIN CONNECTIONS 

• 131,072 x 8 bit organization 32-PIN CERDIP TOP VIEW 

• Access times: Vee 

LH571 OOOJ: 120/150 ns (MAX.) 
PGM 

NC 
LH571000: 150 ns (MAX.) A14 

A13 

• Single +5 V power supply Ae 

• High speed programming: 
Ae 
Ai1 

SHARP original programming algorithm A1e 

(26 second programming) A10 

CE 

• Low power consumption: ~ 

Operating: 220 mW (MAX.) Os 
01 Os Standby: 550 µW (MAX.) 

04 

Fully static operation ~ • 
32-PINDIP 

• Three-state outputs Vpp 1• Vee 

OE 2 PGM 

• TTL compatible 1/0 A15 3 NC 

A12 4 A14 

• Packages: A1 5 A13 

EPROM Ae 6 Ae 

32-pin, 600-mil CERDIP ~ 7 Ae 
A. 8 A11 

OTPROM 
Aa 9 A1e 

32-pin, 600-mil DIP ~ 10 Aio 
A, 11 CE 

• JEDEC standard 28-pin 1 M mask ROM Ao 12 ~ 
pinout Oo 13 Oa 

01 14 Os 

DESCRIPTION 02 15 04 

The LH571 OOOJ is a CMOS UV erasable and elec- GND 16 ~ 

trically programmable read-only-memory organized as 57100().1 

131,072 x 8 bits. 
Figure 1. Pin connections for CERDIP The LH571000 is a one-time PROM packaged in and DIP Packages 

plastic DIP. 
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CMOS 1 M (128K x 8) OTPROM/EPROM 

A,5 

OE 
CE 

ROW 
ADDRESS 
DECODER 

COLUMN 
ADDRESS 
DECODER 

CONTROL 
SIGNAL 

GENERATOR 

1,048,576 
CELL MATRIX 

COLUMN OUTPUT 
CONTROLLER 

OUTPUT 
BUFFER 

Figure 2. LH571000/J Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao-A1s Address input Vpp Program power 

Oo-0, Data output (input) 1 Vee Power supply 

CE Chip Enable input GND Ground 

OE Output Enable input NC Non connection 

PGM Program input 

NOTE: 
1. Oo - 07 pins are also used to input data to the column output controller through input buffers in programming mode. 

TRUTH TABLE 
MODE Oo-07 CE OE PGM Vee Vpp 

Read Data out L L x +5V +5V 
Read Output disable High-Z L H x +5 v +5V 

Standby High-Z H x x +5V +5V 

Program Data in L H L +6.5V +12.75 v 
Program Program verify Data out L L H +6.5 v +12.75 v 

Program inhibit High-Z H x x +6.5V +12.75 v 
NOTE: 
X = H or L, H = V1H, L = V1L 

SHARP 

LH571000/J 

57100()-2 

NOTE 
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LH571000/J CMOS 1M (128K x 8) OTPROM/EPROM 

ABSOLUTE MAXIMUM RATING 

PARAMETER SYMBOL RATING UNIT NOTE 

Vee -0.6 to +7.0 

Supply voltage Vpp -0.6to+13.5 v 1 

V1N. Vour -0.6 to +7.0 

Operating temperature Topr Oto +70 oc 

Storage temperature Tstg 
-65 to +150 

-55 to +150 
oc 2 

3 

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

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 

RECOMMENDED OPERATING CONDITIONS (Read Mode) (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply Voltage 
Vee 4.5 5.0 5.5 v 
Vpp -0.1 5.5 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 

DC CHARACTERISTICS (Read Mode) (Vee= 5v±10%, Vpp ~Vee, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. Unit NOTE 

Input "Low• voltage V1L -0.1 0.8 v 

Input "High" voltage V1H 2.2 Vee v 
+0.3 

Output "Low" voltage VoL loL = 2.1 mA 0.45 v 
Output "High" voltage VoH loH = -400µA 2.4 v 
Input load current lu V1N = GND or Vee -10 10 µA 

Output leakage current ILO Vour = GND or Vee -10 10 µA 

Vee operating current 
lee1 CE =GND±0.3 V 40 mA 1, 2 

lee2 CE= V1L 40 mA 1, 3 

Vpp supply current lpp Vpp:!>Vee 10 µA 

Vpp pin voltage VPP 0.1 Vee v 

Vee standby current 
lss1 CE = Vee± 0.3 V 100 µA 2 

lss2 CE= V1H 2 mA 3 

NOTES: 
1. f = 5MHz, lour= 0 mA 
2. CMOS level: V1N = GND ± 0.3 V or Vee± 0.3 V 
3. TIL input: V1N = V1L or V1H 
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CMOS 1 M (128K x 8) OTPROM/EPROM 

AC CHARACTERISTICS (Read Mode) (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL 

Address to output delay tACC 

CE to output delay ICE 

OE to output delay !OE 

Output disable high to output float IDF 

Address to output hold !OH 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.45 V to 2.4 V 

Input rise/fall time ,.;; 10 ns 

Input reference level 1v.2 v 

Output reference level 0.8 v. 2 v 

LH571 OOOJ-12 LH571000J-15 
LH571000·15 

MIN. 

0 

0 

UNIT 

MAX. MIN. MAX. 

120 150 ns 

120 150 ns 

40 50 ns 

40 0 50 ns 

0 ns 

7800HMS 2.09V= 
DATA 

OUTPUT 
PIN 

•INCLUDES JIG AND SCOPE CAPACITANCES 

LH571000/J 

571000-3 

Figure 3. Output Load Circuit 

CAPACITANCE (TA= 25°C, f = 1MHz) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N=OV 4 6 pF 

Output capacitance Cour Vour= o V 8 12 pF 

)( K 
V1H 

VIL 

I Ace loH 

CE I VIH 

[ 
------- r--------· 

Ice 
VIL 

v V1H 

~ 
------- r--------· 

ioF 
VIL 

------..ll..'f DATA VALID ~l 
HIGHZ \.i _j .L -----· 

VoH 

Vol 
571000-4 

Figure 4. Timing Diagram (Read Mode) 
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LH571000/J CMOS 1M (128K x 8) OTPROM/EPROM 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± S°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 4.75 6.75 v 
Vpp 12.5 12.75 13.0 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.4 Vcc+0.3 v 

DC CHARACTERISTICS (Program Mode) 

(Vee= 4.7S V to 6.7S V, Vpp = 12.7S V ± 0.2S V, TA= 2S°C ± S°C) 

PARAMETER SYMBOL CONDmONS MIN. TYP. llAX. UNIT 

Input leakage current lu VIN • Vee or 0.45 V -10 10 µA 

Vee supply current Ice 40 mA 

Vpp supply current lpp CE· PGM. V1L 50 mA 

Input "low" voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vcc+0.3 v 
Output "Low• voltage VoL loL•2.1 mA 0.45 v 
Output "High" voltage VOH IOH•-400µA 2.4 v 

AC CHARACTERISTICS (Program Mode) 

(Vee= 4.7S to 6.7S V, Vpp = 12.7S ± 0.2S V, TA= 2S°C± S°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Address setup time tAs 2 µs 

Data setup time tos 2 µs 

Output enable setup time toES 2 µs 

Address hold time tAH 0 µs 

Data hold time tOH 2 µs 

Data valid from output enable loE 150 ns 

Chip enable to output float delay IDF 0 150 ns 

Vpp setup time tvPS 2 µs 

Vee setup time tves 2 µs 

Program pulse width • tPW 95 100 105 µs 

Chip enable setup time tcES 2 µs 

• The pulse width is defined by the Program Flowchart (Figure 6). 
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CMOS 1M (128K x 8) OTPROM/EPROM LH571000/J 

HIGHZ ,,.-----1-- -----. Vrn IVoH 
DATA INPUT 1--- V11J VOL 

lr--------------------12.75 v 
Vpp 

- - - - - - - - - Vee 

r---ir----1--1--1------------- 6.25 v 
Vee 

---- ---- --------- ---------5V 

---------------------- v~ 

'------------+------+----- V1L 

11"-t---+------+------ V1H 

--------·VIL 

Ir------ V1H 
OE 

---------------·VIL 
571000-5 

Figure 5. Timing Diagram (Program Mode) 
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LH571000/J 

PROGRAMMING 
Upon delivery from SHARP or after each erasure 

(see Erasure section), the LH571000 and LH571000J 
have all 131,072 x 8 bits in the "1", or high state. "O's" 
are loaded into the LH571000 and LH571 OOOJ through 
the procedure of programming. 

The programming mode is entered when +12.75 V 
is applied to the Vpp pin and CE is at VIL. A 0.1 µF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH571 OOOJ to 
an ultra-violet light source. A dosage of 15 W-sec
ond/cm2 is required to completely erase an LH571 OOOJ. 
This dosage can be obtained by exposure to an ultra
violet lamp (wave-length of 2,537 Angstroms (A)) with 
intensity of 12,000 µW/cm2 for 20 to 30 minutes. The 
LH571 OOOJ should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 

It is important to note that the LH571 OOOJ and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. Although erasure times will be 

5-78 

CMOS 1 M (128K x 8) OTPROM/EPROM 

much longer than with UV sources at 2,537 A. the 
exposure to fluorescent light and sunlight will eventually 
erase the LH571 OOOJ and exposure to them should be 
prevented to realize maxilTl.lm system reliability. If used 
in such an environment, the package windows should 
be covered by an opaque label or substance. 

CAUTION 

Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 

1. Vee must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 

2. Vpp must not be greaterthan 13.5 volts including 
overshoot. 

3. During CE= PGM = V1L, Vpp must not be switched 
from 5 volts to 12.75 volts or vice-versa. 

4. Removing or inserting the device while 12. 75 volts 
is supplied may harm the reliability of the device. 



CMOS 1M (128K x 8) OTPROM/EPROM 

PROGRAM (!pw = 0.1 ms) 

WRITE COMPLETE 

ADDRESS - ADDRESS + 1 

NO 

ADDRESS - ADDRESS + 1 

NO 

FAIL 

REJECT 

Figure 6. Programming Flowchart 

SHARP 

LH571000/J 

571000-6 
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LH571000/J CMOS 1M (128K x 8) OTPROM/EPROM 

ORDERING INFORMATION 

LH571000 
Device Type 

x 
Package 

-## 
Speed 

Y ~~ ~~g ·Access Time (ns) 

OTP ROM 
~------< Blank 32-pin, 600-mil DIP (DIP32-P-600) 

EPROM 
J 32-pin, 600-mil CERDIP (WDIP32-G-600) 

.___ ___________ CMOS 1 M (128K x 8) OTPROM/EPROM 
* EPROM Only 

Example: LH571000-15 (CMOS 1M (128K x 8) OTPROM, 150 ns, 32-pin, 600-mil DIP) 
571000-7 
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LH571001/J CMOS 1M (128K x 8) OTPROM/EPROM 

FEATURES PIN CONNECTIONS 

• 131,072 x 8 bit organization 32-PIN CERDIP TOP VIEW 

• Access times: Vpp Vee 

LH571001J: 120/150 ns (MAX.) A1e PGM 

A1s NC 
LH571001: 150 ns (MAX.) 

~2 A14 

Single +5 V power supply 
A13 • As 

High speed programming: 
As 

• A4 Au 
SHARP original programming algorithm A, OE 

(26 second programming) A2 A10 

A, CE 

• Low power consumption: 0, 

Operating: 220 mW (MAX.) Os 

Standby: 550 µW (MAX.) 05 

04 

• Fully static operation 03 

32-PIN DIP 

• Three-state outputs Vpp 1• Vee 

A1& 2 PGM 

• TTL compatible 1/0 A1s 3 NC 

4 A14 

• Packages: 5 A13 

EPROM 6 As 

32-pin, 600-mil CERDIP 7 As 

OTPROM 
8 A11 

9 OE 
32-pin, 600-mil DIP 

A2 A10 

CE 

• JEDEC standard 28-pin 512K EPROM 21 0, 
pinout Oe 

05 

DESCRIPTION 04 

The LH571001J is a CMOS UV erasable and elec- 03 

trically programmable read-only-memory organized as 571001-1 
131,072 x 8 bits. 

The LH571001 is a one-time PROM packaged in 
Figure 1. Pin Connections for CERDIP 

plastic DIP. 
and DIP Packages 
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LH571001/J CMOS 1 M (128K x 8) OTPROM/EPROM 

ROW 
ADDRESS 
DECODER 1,048,576 

CELL MATRIX 

A14 
Ale 

COLUMN 
ADDRESS COLUMN OUTPUT DECODER CONTROLLER 

OE CONTROL 
CE SIGNAL OUTPUT 

PGM GENERATOR BUFFER 

Vee GND Vpp 0 0 0 1 
571001·2 

Figure 2. LH571001/J Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

Ao-A1s Address input Vpp Program power 

Oo-0, Data output (input) 1 Vee Power supply 

CE Chip Enable input GND Ground 

OE Output Enable input NC Non connection 

PGM Program input 

NOTE: 
1. Oo - 0, pins are also used to input data to the column output controller through input buffers in programming mode. 

TRUTH TABLE 

MODE Oo-0, CE OE PGM Vee Vpp 

Read Data out L L x +5V +5V 
Read Output disable High-Z L H x +5V +5V 

Standby High-Z H x x +5V +5V 

Program Data in L H L +6.5V +12.75V 
Program Program verify Data out L L H +6.5V +12.75V 

Program inhibit High-Z H x x +6.5V +12.75 v 
NOTE: 
X = H or L, H = V1H, L = V1L 
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CMOS 1 M (128K x 8) OTPROM/EPROM LH571001/J 

ABSOLUTE MAXIMUM RATING 

PARAMETER SYMBOL RATING UNIT NOTE 

Vee -0.6 to +7.0 
Supply voltage Vpp -0.6to+13.5 v 1 

V1N -0.6to +7.0 

Operating temperature Topr o to +70 oc 

Storage temperature Tstg 
-65 to +150 oc 2 

-55to+150 3 

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

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 

RECOMMENDED OPERATING CONDITIONS (Read Mode) (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 4.5 5.0 5.5 v 
Vpp -0.1 5.5 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 

DC CHARACTERISTICS (Read Mode) (Vee= 5v±10%, Vpp $Vee, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.2 Vee +0.3 v 
Output "Low" voltage VoL loL= 2.1 mA 0.45 v 
Output "High" voltage VoH loH= -400 µA 2.4 v 
Input leakage current lu V1N = GND or Vee -10 10 µA 

Output leakage current ILO Vour = GND or Vee -10 10 µA 

Vee operating current 
lcc1 CE = GND ± 0.3 V 40 mA 1, 2 

lcc2 CE= V1L 40 mA 1, 3 

Vpp supply current lpp Vpp ~Vee 10 µA 

Vpp pin voltage Vpp 0.1 Vee v 
Vee standby current 

ls01 CE = Vee± 0.3 V 100 µA 2 

ls02 CE= V1H 2 rnA 3 

NOTES: 
1. f = 5MHz, louT = 0 mA 
2. CMOS input: V1N = GNO ± 0.3 V or Vee± 0.3 V 
3. TTL input: V1N = V1L or V1H 

AC CHARACTERISTICS (Read Mode) (Vee= 5v±10%, TA= 0 to +70°C) 

LH571001J-12 LH571001J-15 
PARAMETER SYMBOL LH571001-15 UNIT 

MIN. MAX. MIN. MAX. 

Address to output delay tACC 120 150 ns 

CE to output delay ICE 120 150 ns 

OE to output delay toE 40 50 ns 

Output disable high to output float toF 0 40 0 50 ns 

Address to output hold toH 0 0 ns 

SHARP 



LH571001/J CMOS 1M (128K x 8) OTPROMIEPROM 

AC TEST CONDITIONS 
7800HMS 

PARAMETER MODE 

Input voltage amplitude 0.45 V to 2.4 V 

Input rise/fall time s 10 ns 

Input reference level 1 V,2V 

Output reference level 0.8V, 2V 

2.09V=• 1 DATA __ 

ou:i~UT >-------.. 100 pF • 

I 
•INCLUDES JIG AND SCOPE CAPACITANCES 571001-3 

Figure 3. Output Load Circuit 
CAPACITANCE (TA= 25°C, f = 1MHz) 

PARAMETER SYMBOL CONDmONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N•OV 4 6 pF 

Output capacitance Coor Vour-OV 8 12 pF 

_)( K 
V1H 

V1L 

~cc loH 

if V1H 

[ -------1--------· 
Ice 

V1L 

v V1H 

~ 
------- -------· 

foF 
VIL 

------LL DATA VALID ~ 
HIGH·Z \.l 1. -----· 

VOH 

VOL 
571001-4 

Figure 4. Timing Diagram (Read Mode) 

RECOMMENDED OPERATING CONDITIONS (Program Mode) (TA= 25°C ± 5°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 
Vee 4.75 6.75 v 
Vpp 12.5 12.75 13.0 

Input "Low" voltage V1L -0.1 0.8 v 
Input "High" voltage V1H 2.4 Vcc+0.3 v 
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CMOS 1M (128K x 8) OTPROM/EPROM LH571001/J 

DC CHARACTERISTICS (Program Mode) 

(Vee= 4.75 V to 6.75 v, Vpp = 12.75 v ± 0.25 V, TA= 25°C ± 5°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input leakage current lu V1N = Vee or 0.45 V -10 10 µA 
Vee supply current Ice 40 mA 
Vpp supply current lpp CE-PGM • V1L 50 µA 
Input "Low" voltage V1L -0.1 0.45 v 
Input "High" voltage V1H 2.4 Vcc+0.3 v 
Output "Low" voltage VoL loL= 2.1 mA 0.45 v 
Output "High" voltage VoH loH• -400 µA 2.4 v 

AC CHARACTERISTICS (Program Mode) 

(Vee= 4.75 to 6.75 V, Vpp = 12.75 ± 0.25 V, TA= 25°C ± 5°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Address setup time tAS 2 µs 
Data setup time tos 2 µs 
Output enable setup time IOES 2 µs 
Address hold time tAH 0 µs 
Data hold time IDH 2 µs 
Data valid from output enable toE 150 ns 

Chip enable to output float delay toF 0 150 ns 
Vpp setup time tvPS 2 µs 
Vee setup time tvcs 2 µs 
Program pulse width* tPW 95 100 105 µs 
Chip enable setup time lcES 2 µs 

• The pulse width is defined by the Program Flowchart (Figure 6). 

Ao- A,o 

"'" 

Vpp 

- - - - - - - - - - - - - - - Vee 

11--;---;-;---i-----t-----6.25 v 
Vee ---------------5V 

- - - - - - - - V1H 

-------VIL 
571001-5 

Figure 5. Timing Diagram (Program Mode) 

5-85 



LH571001/J 

PROGRAMMING 
Upon delivery from SHARP or after each erasure 

(see Erasure section), the LH571001 and LH571001J 
have all 131,072 x 8 bits in the ·1·. or high state. "O's" 
are loaded into the LH571001 and LH571001J through 
the procedure of programming. 

The programming mode is entered when +12.75 V 
is applied to the Vpp pin and CE is at V1L. A 0.1 µF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 

ERASURE 
In order to clear all locations of their programmed 

contents, it is necessary to expose the LH571001J to 
an ultra-violet light source. A dosage of 15 W-sec
ond/cm2 is required to completely erase an LH571001 J. 
This dosage can be obtained by exposure to an ultra
violet lamp (wave-length of 2,537 Angstroms (A)) with 
intensity of 12,000 µW/cm2 for 20 to 30 minutes. The 
LH571001J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 

It is important to note that the LH571001 J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. Although erasure times will be 
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CMOS 1 M (128K x 8) OTPROM/EPROM 

much longer than with UV sources at 2,537 A. the 
exposure to fluorescent light and sunlight will eventually 
erase the LH571001 J and exposure to them should be 
prevented to realize maximum system reliability. If used 
in such an environment, the package windows should 
be covered by an opaque label or substance. 

CAUTION 

Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 

Care must be taken to avoid friction between pack
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 

1. Vee must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 

2. Vpp must not be greater than 13.5 volts including 
overshoot. 

3. During CE= PGM = V1L. Vpp must not be switched 
from 5 volts to 12. 75 volts or vice-versa. 

4. Removing or inserting the device while 12. 75 volts 
is supplied may harm the reliability of the device. 



CMOS 1M (128K x 8) OTPROM/EPROM 

ADDRESS - START ADDRESS 

Vee• 5.0 V: Vpp = 12.75 V 

PROGRAM (!pw • 0.1 ms) 

PROGRAM (!pw • 0.1 ms) 

WRITE COMPLETE 

ADDRESS - ADDRESS + 1 

NO 

ADDRESS -ADDRESS+ 1 

NO 

FAIL 

REJECT 

Figure 6. Programming Flowchart 

SHARP 

LH571001/J 

571001-11 
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LH571001/J 

ORDERING INFORMATION 

LH571001 
Device Type 

x 
Package 

-## 
Speed 

CMOS 1 M (128K x 8) OTPROM/EPROM 

y ~ ~ mg • Access Time (ns) 

OTP ROM 
.__ _____ -< Blank 32-pin, 600-mil DIP (DIP32-P-600) 

EPROM 
J 32-pin, 600-mil CERDIP (WDIP32-G-600) 

.__ ___________ CMOS 1M (128K x 8) OTPROM/EPROM 
* EPROMOnly 
Example: LH571001J-15 (CMOS 1M (128K x 8) EPROM, 150 ns, 32-pin, 600-mil CERDIP) 
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LH2369 NMOS 64K (BK x 8) Mask Programmable ROM 

FEATURES 

• 8, 192 x 8 bit organization 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 330 mW (MAX.) 
Standby: 220 mW (MAX.) 

• Programmable S1/S1/DC and S2'S2'DC 
(Selectable CE or OE type) 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Package: 
28-pin, 600-mil DIP 

• JEDEC standard EPROM pinout 

DESCRIPTION 

The LH2369 is a mask programmable ROM organ
ized as 8, 192 x 8 bits. It is fabricated using silicon-gate 
NMOS process technology. 

PIN CONNECTIONS 

28-PIN DIP TOP VIEW 

1• 

A12 2 

3 

4 

5 ~ 
6 A11 

7 OE 

8 A10 

CE 

D1 

11 De 

12 Ds 

D4 

D3 

NOTE: DC • Don"! care 
2389-1 

Figure 1. Pin Connections for DIP Package 
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LH2369 NMOS 64K (SK x 8) Mask Programmable ROM 

a: 
w 

~ 
0 

!3 
a: 
0 

~ 

Vee GND 

(8,192x8) 
ROM 

CELL ARRAY 

COLUMN OUTPUT 
CONTROLLER 

OUTPUT 
BUFFER 

Figure 2. LH2369 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao-A12 Address input CE Chip enable input 

Do-lh Data output Vee Power supply (+5 V) 

S1/S1/DC Function select/Don't care 1, 2 
S2'S2/DC 

GND Ground 

OE Output enable input 

NOTES: 
1. Pin 26 and pin 27 are used to select either CE or OE by mask program. 

NOTE 

The active level of these pins are also mask programmable. Selecting DC allows the chip to be active for both high and low levels applied 
to these pins. However, it is recommended to apply either a "High" or "Low" to the DC pin. 

2. 

CE TYPE OE TYPE 

S1/S1/DC CE1/CE1/DC OE1/0E1/DC 

S2/S2/DC CE2/CE2'DC OE2'0E2/DC 
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NMOS 64K (BK x 8) Mask Programmable ROM LH2369 

TRUTH TABLE 

(1) TYPE 1 (CE TYPE OF S1 AND 52) 

CE CE1/CE1 CEz/CEz OE MODE Do- D7 SUPPLY CURRENT NOTE 

H x x x Non selected High-Z Standby (lse) 

x UH x x Non selected High-Z Standby (lse) 1 

x x UH x Non selected High·Z Standby (lse) 

L H/L H/L H Non selected High-Z Operating (Ice) 

L H/L H/L L Selected Dour Operating (Ice) 

(2) TYPE 2 (OE TYPE OF 51 AND S2) 

CE OE1/0E1 OEz/OEz OE MODE Do- D7 SUPPLY CURRENT NOTE 

H x x x Non selected High-Z Standby (lse) 

L UH x x Non selected High·Z Operating (Ice) 1 

L x UH x Non selected High-Z Operating (Ice) 

L x x H Non selected High-Z Operating (Ice) 

L H/L H/L l Selected Dour Operating (Ice) 

NOTE: 
1. X=Horl 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage V1N -0.3to+7.0 v 1 

Output voltage Vour -0.3to+7.0 v 1 

Operating Topr Oto +70 oc 
temperature 

Storage temperature Tstg -55to+150 oc 
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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±100,.{,, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.0 Vcc+0.3 v 
Output "Low" voltage VOL loL = 2.0 mA 0.4 v 
Output "High" voltage VoH IOH - -200 µA 2.4 v 
Input leakage current J lu I V1N = o V to Vee 10 µA 

Output leakage current J ILOJ Vour = o V to Vee 10 µA 1 

Operating current Ice 
tRe = 200 ns, 30 60 mA 2 outputs open 

Standby current lse 20 40 mA 3 

NOTES: 
1. CE/OE/S1/$:i = V1H or S1/S2 = V1L 
2. V1N = V1HIV1L, CE = V1L. CE1/CE1 = V1HIV1L, CE2'CEz = V1HIV1L (CE type) 
3. CE = V1H, CE1/CE1 = V11.JV1H or CE:i!CE2 = V1UV1H (CE type) 



LH2369 NMOS 64K (BK x 8) Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5v±10%, TA=() to +70°C) 

PARAMETER SYMBOL MIN. TYP. MAX. 

Read cycle time tRC 200 

Address access time fAA 200 

CE output delay time !ACE 200 

OE output delay time toe 100 

Chip enable to output in High-Z tcHZ 60 

Output enable to output in High-Z toHZ. 60 

Output hold time toH 0 

NOTE: 
1. This is the time required for the output to become high-impedance. 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.2 V 

Input rise/fall time 10 ns 

Input reference level 1.5V 

Output reference level 0.8 V and 2.0 V 

Output load condition 1TTL+100pF 

CAPACITANCE (Vee= 5v±100k, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

CE/CE1/CE2 
CE1/CE2 

OE 

SYMBOL 

C1N 

Cour 

----.. 
__J~ 

=t 
I\ 

CONDITIONS MIN. TYP. 

V1N=OV 

VoUT• 0 V 

~c 

..J\.. 
!AA (NOTE) 

~ 
IAcE (NOTE) 

J 
loE (NOTE) 

loH 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MAX. 

8 

12 

lcHz 

loHZ 

1 
LZZ 'f DATAVALID ::HP TI:-I 

NOTE: Data becomes valid after ~. !ACE and loE from address Input, 
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chip enable input and output enable Input respectively have been met. 

Figure 3. Type 1 
(CE Type of S1 and S2) 

NOTE 

1 

UNIT 

pF 

pF 



NMOS 64K (BK x 8) Mask Programmable ROM 

~c 

If" 
_Jr-.._ 

tAA (NOTE) 

~ 
!ACE (NOTE) 

loE (NOTE) 

LLL 
~ 

NOTE: Data becomes valid after the tAA• !ACE and loE from address input, 
chip enable input and output enable input respectively have been met. 

Figure 4. Type 2 
(OE Type of S1 and S2) 

ORDERING INFORMATION 

LH2369 
Device Type 

D -## 
Package Speed 

JI\ 

J 
lcHz 

loHZ 

Ioli 
l 

DATAVALID lli 

I L_ 2<l 200 Acc<ss Time ("') 

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

~------------ NMOS 64K (BK x B) Mask Programmable ROM 

Example: LH2369D-20 (NMOS 64K (BK x 8) Mask Programmable ROM, 200 ns, 2B-pin, 600-mil DIP) 

LH2369 

236!M 
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LH23126 
FEATURES 

• 16,384 x 8 bit organization 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 440 mW (MAX.) 

• Mask-programmable chip enable 
CEo/CEQ/NC, CE1/CE1/NC 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Package: 
28-pin, 600-mil DIP 

• JEDEC standard EPROM pinout 

6·6 

NMOS 128K (16K x 8) Mask Programmable ROM 

DESCRIPTION 

The LH23126 is a mask programmable ROM organ
ized as 16,384 >< 8 bits. It is fabricated using silicon-gate 
NMOS process technology. 

PIN CONNECTIONS 

28-PIN DIP TOP VIEW 

NC 1• Vex; 

"12 2 CE1/CE11NC 

A, 3 A,, 

Ae 4 Aa 
As 5 Aa 
A,, 6 A11 

A• 7 OE/OE 

~ 8 A10 

A, 9 CEo/CE0 /NC 

Ao 10 D1 
De 

D, 12 Ds 

~ 13 D4 

GND 14 D. 

23126-1 

Figure 1. Pin Connections for DIP Package 



NMOS 128K (16K x 8) Mask Programmable ROM LH23126 

MEMORY 
MATRIX 

a: a: (16,384 x 8) w w c u. 
8 u. 

:::> 
al w 
U) 

c 
U) U) 
w U) 

a: w 
c a: 
c c 
< c COLUMN SELECTOR < 

SENSE AMPLIFIER 

OE 
OE/OE (l!~---f BUFFER t----------i 

Vee GND 

23126-2 

Figure 2. LH23126 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

Ao-A13 Address input OE/OE Output enable input 1 

Do-0, Data output Vee Power supply (+5 V) 

CEolCEo/NC 
Chip enable input/non- 1 connection 

GND Ground 

CE1/CE1/NC Chip enable input/non- 1 connection 

NOTE: 
1. The active level and non-connection of CEo/CEo/NC, CE1/CE1/NC, OE/OE are mask programmable. 

TRUTH TABLE 

CEo/CEo CE1/CE1 OE/OE MODE Do- D7 SUPPLY CURRENT NOTE 

UH x x 
Standby (Isa) 1 

x UH x Non selected High-Z 

H/l H/l UH 
Operating (Ice) 

H/l H/l H/l Selected Dour 

NOTE: 
1. X=Horl 
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LH23126 NMOS 128K (16K x 8) Mask Programmable ROM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage V1N -0.3to+7.0 v 1 

Output voltage Vour -0.3to+7.0 v 1 

Operating temperature Topr Oto+70 •c 
Storage temperature Tstg -55to+150 •c 

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 

Supply voltage Vee 4.5 5 5.5 v 

DC CHARACTERISTICS (Vee= 5 v ± 100AI, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VoL IOL = 3.2 mA 0.4 v 
Output "High" voltage VoH loH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N = o V to Vee 10 µA 

Output leakage current 1 ILoJ Vour - O V to Vee 10 µA 1 

Current consumption 
1 Operating Ice tRe = tRe (MIN.) 80 mA 2 

J Standby lse 40 mA 3 

NOTES: 
1. CEo/CE1/0E = V1H or CEoleE1/0E =VIL 
2. V1N = V1HIV1L, CEo/eEo = V1HIV1L, CE1/CE1 = V1HIV1L, outputs open. 
3. CEolCEo = V1LIV1H or CE1/CE1 = V1LIV1H 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time I Re 200 ns 

Address access time IAA 200 ns 

Chip enable time IAeE 200 ns 

Output enable time toE 100 ns 

CE to output in High-Z tcHZ 70 ns 
1 

OE to output in High-Z tOH2; 70 ns 

Output hold time toH 10 ns 

NOTE: 
1. This is the time required for the output to become high-impedance. 
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NMOS 128K (16K x 8) Mask Programmable ROM LH23126 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto2.2 V 

Input rise/fall time 10 ns 

Input reference level 1.5V 

Output reference level 0.8 V and 2.0 V 

Output load condition 1TTL+100pf 

CAPACITANCE (Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

SYMBOL 

OE 
OE 

C1N 

Cour 

-----.. 

~ 

MIN. TYP. MAX. UNIT 

8 pf 

10 pf 

ir 
.JI\ 

tAA(NOTE) 

Y.cE(NOTE) 

loE(NOTE) 

.1( 

K 
loH 

rTir 
DATA VALID \\__\ 

NOTE: Data becomes valid after tAA• tACE and loE from address inputs, 
chip enable and output enable respectively have been met. 

Figure 3. Timing Diagram 

ORDERING INFORMATION 

LH23126 
Device Type 

D -## 
Package Speed 

lcHz 

loHz 

l 
~ 
.:I.LL 

I I_ 20 200 Access Time (ns) 

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

~------------ NMOS 128K (16K x 8) Mask Programmable ROM 

Example: LH23126D-20 (NMOS 128K (16K x 8) Mask Programmable ROM, 200 ns, 28-pin, 600-mil DIP) 

23126-3 
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LH23255 
FEATURES 

• 32,768 x 8 bit organization 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 440 mW (MAX.) 
Standby: 248 mW (MAX.) 

• Programmable CE/CE and OE/OE 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Package: 
28-pin, 600-mil DIP 

• JEDEC standard EPROM pinout 
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NMOS 256K (32K x 8) Mask Programmable ROM 

DESCRIPTION 

The LH23255 is a mask programmable ROM organ
ized as 32, 768 x 8 bits. It is fabricated using silicon-gate 
NMOS process technology. 

PIN CONNECTIONS 

28-PIN DIP TOP VIEW 

Va:; 

A,4 
A,3 

4 Ae 
5 Ag 

6 A,, 

7 OE/OE 

A,o 
CE/CE 

0, 

De 

Di; 

D4 

03 

23255-1 

Figure 1. Pin Connections for DIP Package 



NMOS 256K (32K x 8) Mask Programmable ROM 

A10 

Ao 

As 

A1 

~ 
As 

OE/OE 

a: 
w 
u. 
u. 
:::> 
m 

!!l 
a: c 
c 
< 

OE 
BUFFER 

a: 
w 
c 

~ 
c 
rn rn 
w 
a: 
c c 
< 

Vee GND 

MEMORY 
MATRIX 

(32,768x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Figure 2. LH23255 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao-A14 Address input Vee Power supply (+5 V) 

Do-07 Data output GND Ground 

CE/CE Chip enable input 1 NC Non connection 

OE/OE Output enable input 1 

NOTE: 
1. The active level of CE/CE and OE/OE are mask programmable. 

TRUTH TABLE 

CE/CE OE/OE MODE Do- D7 SUPPLY CURRENT NOTE 

UH x 
Non selected High-Z 

Standby (lse) 1 

H/l 
UH 

Operating (Ice) 
H/l Selected DoUT 

NOTE: 
1. X=HorL 

SHARP 

LH23255 

23255-2 

NOTE 

6-11 



LH23255 NMOS 256K (32K x 8) MaSk Programmable ROM 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3to+7.0 v 1 

Output voltage VoUT -0.3to+7.0 v 
Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -55to+150 ·c 

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 

Supply voltage Vee 4.5 5 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VOL loL • 1.6 mA 0.4 v 
Output "High" voltage VoH IOH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N .. 0 to Vee 10 µA 

Output leakage current 1 ILol Vour - O to Vee 10 µA 1 

. l Operating Ice tRc = tRc (MIN.) 80 mA 2 
Current consumption l 

lse CE • V1L, CE • V1H mA Standby 45 

NOTES: 
1. CE/OE = V1H or CE/OE = V1L 
2. V1N = V1WV1L, CE = V1L, CE = V1H. outputs open 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRc 200 ns 

Access time IAA 200 ns 

Chip enable time I.ACE 200 ns 

Output enable time toE 80 ns 

CE to output in High-Z tcHZ 80 ns 

OE to output in High-Z toHZ. 80 ns 1 

Output hold time toH 10 ns 

NOTE: 
1. This is the time required for the output to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100 pF 
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NMOS 256K (32K x 8) Mask Programmable ROM 

CAPACITANCE (Vee= 5 v ± 1D°A», f = 1 MHz, TA= 25°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Input capacitance 

Output capacitance 

CE 

CE 

OE 

OE 

C1N 

Gour 

~ 

----'~ 

8 

10 

~A(NOTE) 

tACe(NOTE) 

I/ 
_j~ 

loe (NOTE) 

LLLf 
\.:il 

NOTE: Data becomes valid after tAA, tACE• and toe from address 
lnpu1s, chip enable and output enable, respectively have been met. 

pf 

pf 

~ 
_j\._ 

ir 
_j~ 

_j~ 

loH 

DATA VALID 

Figure 3. Timing Diagram 

ORDERING INFORMATION 

LH23255 
Device Type 

D -## 
Package Speed 

lcHz 

foi.q 

l 
li~ 

_III_ 

L 2D 200 Access Time (MJ 

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

'-------------- NMOS 256K (32K x 8) Mask Programmable ROM 

LH23255 

Example: LH23255D-20 (NMOS 256K (32K x 8) Mask Programmable ROM, 200 ns, 28-pin, 600-mil DIP) 
23255-4 
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LH23512 NMOS 512K (64K x 8) Mask Programmable ROM 

FEATURES 

• 65,536 x 8 bit organization 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 550 mW (MAX.) 
Standby: 110 mW (MAX.) 

• Programmable CE/CE and OE/OE 

• Fully static operation (No clock required) 

• TTL compatible 110 

• Three-state outputs 

• Single +5 V power supply 

• Package: 
28-pin, 600-mil DIP 

• JEDEC standard EPROM pinout 

6-14 

DESCRIPTION 

The LH23512 is a mask programmable ROM organ
ized as 65,536 x 8 bits. It is fabricated using silicon-gate 
NMOS process technology. 

PIN CONNECTIONS 

28-PIN DIP TOP VIEW 

1• Vee 

2 A14 

3 A13 

4 Aa 
5 Ag 

6 A11 

7 OE/OE 

8 A1o 

CE/CE 

10 ~ 
De 

12 Ds 
13 D4 

14 D3 

23512-1 

Figure 1. Pin Connections for DIP Package 



NMOS 512K (64K x 8) Mask Programmable ROM 

a: 
w 
u.. 
u.. 
al 
ffi 
a: 
0 

~ 

a: 
w 
0 

§ 
0 

ffi a: 
0 
0 
< 

MEMORY 
MATRIX 

(65,536X8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

'----------12:Bl-li14~1-------1· 

Vee GND 

Figure 2. LH23512 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

AlJ-A1s Address input OE/OE Output enable input 

Do-en Data output Vee Power supply (+5 V) 

CE/Cl: Chip enable input 1 GND Ground 

NOTE: 
1. The active level of CE/CE and OE/OE are mask programmable. 

TRUTH TABLE 

CE/CE OE/OE MODE Do- 07 SUPPLY CURRENT NOTE 

UH x Non selected High-Z Standby (Isa) 1 

HIL UH Non selected High-Z Operating (Ice) 

HIL HIL Selected DoUT Operating (Ice) 

NOTE: 
1. X=HorL 

LH23512 

23512-2 

NOTE 

1 
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LH23512 NMOS 512K (64K x 8) Mask Programmable ROM 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage V1N -0.3to+7.0 v 1 

Output voltage VoUT -0.3to+7.0 v 1 

Operating temperature Topr Oto+70 •c 
Storage temperature Tstg -55 to +150 ·c 

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

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5 5.5 v 

DC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low• voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low• voltage VoL loL - 2.0 mA 0.4 v 
Output "High" voltage VOH loH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N = 0 to Vee 10 µA 

Output leakage current I ILO I Vour • o to Vee 10 µA 1 

. 1 Operating Ice tRc .. 200 ns 100 mA 2 
Current consumption J 

lse CE S V1L, CE"<!: V1H 20 mA Standby 

NOTES: 
1. CE/OE = VH or CE/OE = V1L 
2. V1N = V1f'IV1L, CE = V1L, CE = V1H, outputs open 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRC 200 ns 

Address access time tAA 200 ns 

Chip enable time lACE 200 ns 

Output enable time toE 80 ns 

Output floating time tcHZ 80 ns 

toHZ 80 ns 1 

Output hold time toH 10 ns 

NOTE: 
1 . This is the time required for the output to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5V 

Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 
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NMOS 512K (64K x 8) Mask Programmable ROM 

CAPACITANCE {Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

CE 

CE 

OE 

OE 

SYMBOL 

C1N 

Coor 

-----. 

___)\. 

MIN. TYP. MAX. 

8 

10 

.J\. 
tAA(NOTE) 

IACe(NOTE) 

toe (NOTE) 

UNIT 

pf 

pf 

K 
foH 

LLL DATA VALID D.::S: 
NOTE: Oa1a becomes valid after~. W:e. and toe from address 

inputs, chip enable and output enable respectively have been met. 

Figure 3. Timing Diagram 

ORDERING INFORMATION 

LH23512 
Device Type 

D -## 
Package Speed 

fcHz 

foHz 

1 
~ 

.. :ILL 

~ 20 200 Access Tome (os) 

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

LH23512 

23512-3 

~------------ NMOS 512K (64K x 8) Mask Programmable ROM 

6-17 



LH231000B 
FEATURES 

• 131,072 x 8 bit organization 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 550 mW (MAX.) 

• Programmable OE/OE 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Package: 
28-pin, 600-mil DIP 

• Mask ROM specific pinout 

6-18 

NMOS 1 M (128K x 8) Mask Programmable ROM 

DESCRIPTION 

The LH231 OOOB Is a mask programmable ROM 
organized as 131,072 x 8 bits. It is fabricated using 
silicon-gate NMOS process technology. 

PIN CONNECTIONS 

28-PIN DIP TOP VIEW 

Ais 1 • Vee 

Ai2 2 A,4 

Ar 3 A13 

Aa 4 Aa 
As 5 Aa 
~ 6 A,, 

7 A1e 
8 A1o 

9 OE/OE 

D1 

De 

12 Ds 

13 D4 

14 D3 

2310008-1 

Figure 1. Pin Connections for DIP Package 



NMOS 1M (128K x 8) Mask Programmable ROM LH231000B 

MEMORY 
MATRIX 

(131,072x8) 

a: a: w w c u. 0 u. 
::> 0 
m w 

Ae c 
II) 

II) 

A1 Ill II) 

a: w COLUMN SELECTOR 
Ae c a: 

c c 
A• < c 

< 
"4 
Aa 

SENSE AMPLIFIER 

OUTPUT BUFFER 

L-~~~~~~~--121'!1-tt41J--~~~--1 

Vee GND 

2310008-2 

Figure 2. LH231000B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

Ao-A1s Address input Vee Power supply (+5 V) 

Do-lh Data output GND Ground 

Cl:!oE..oE Chip enable or Output 1 enable input 

NOTE: 
1. The CE/OE/OE function is mask programmable. 

TRUTH TABLE 
OE/OE MODE Do· D7 SUPPLY CURRENT 

UH Non selected High-Z Operating (Ice) 

H/l Selected DoUT Operating (Ice) 
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LH231000B NMOS 1M (128K x 8) Mask Programmable ROM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3to+7.0 v 1 

Output voltage VoUT -0.3to+7.0 v 
Operating temperature Topr Oto +70 ·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 +70°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5 5.5 v 

DC CHARACTERISTICS (Vee= 5 v ± 100k, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low• voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low• voltage VOL loL • 1.6 mA 0.4 v 
Output "High" voltage VoH loH • -400 µA 2.4 v 
Input leakage current 1 lu I V1N = o to Vee 10 µA 

Output leakage current I ILOI Vour = o to Vee 10 µA 1 

Current consumption I Operating Ice !RC = tRc (MIN.} 100 mA 2 

NOTES: 
1. OE= V1H or OE= V1L 

2. V1N = V1HIV1L, outputs open 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRC 200 ns 

Access time !AA 200 ns 

Output enable time toe 80 ns 

Output floating time toHz 80 ns 1 

Ouput hold time IOH 10 ns 

NOTE: 
1. This is the time required for the output to become high-impedance. 
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NMOS 1M (128K x 8) Mask Programmable ROM 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

CAPACITANCE (Vee= 5V±10%, f = 1MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. UAX. UNIT 

Input capacitance C1N 8 pF 

Output capacitance Cour 12 pF 

IRC 

.)~ .)~ 

IAA (NOTE) 

I/" 
OE ~ 

foe (NOTE) 

.L.LL DATA VALID \..l...l. 
foH 

NOTE: Data becomes valid after tAA and toe from address 
inpuls, chip enable and output enable, respectively have been met. 

Figure 3. Timing Diagram 

ORDERING INFORMATION 

LH231000B 
Device Type 

D -## 
Package Speed 

loHz 

..l.~ 

.L.LJ 

I L_ 20 200 - Tlme lnoJ 

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

LH231000B 

231000~ 

'--------------NMOS 1M(128Kx8) Mask Programmable ROM 

Example: LH231 OOOBD-20 (NMOS 1 M (128K x 8) Mask Programmable ROM, 200 ns, 28-pin, 600-mil DIP) 
23100&-4 
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LH231100B NMOS 1M (128K x 8) Mask Programmable ROM 

FEATURES 

• 131,072 x 8 bit organization 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 550 mW (MAX.) 

• Mask-programmable OE1/0E1/DC and 
OE2/0E2/DC 

• Fully static operation 

• TIL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Package: 

6-22 

32-pin, 600-mil DIP 
(32-pin compatible to 28-pin 1 M mask 
ROM specific pinout) 

DESCRIPTION 
The LH231100B is a mask programmable ROM 

organized as 131,072 x 8 bits. It is fabricated using 
silicon-gate NMOS process technology. 

PIN CONNECTIONS 

32-PINDIP TOP VIEW 

NC 1• Vee 

OE1/0E1/DC 2 OE2'QE2'QC 

A1s 3 NC 

A12 4 A14 

A1 5 A13 

lie 6 As 

As 7 Ag 

~ 8 A11 

A3 A15 

~ A1o 

A1 OE 

Ao 
Do 05 

o, Os 

02 04 

GNO 03 

2311008-1 

Figure 1. Pin Connections for DIP Package 



NMOS 1M (128K x 8) Mask Programmable ROM LH231100B 

MEMORY 
MATRIX 

(131,072 x 8) 

a: a: w w c u.. 0 u.. 
:::> 0 
ID w 

c rn rn rn 
A1 w rn 

a: w COLUMN SELECTOR 
Ae c a: 

c c 
As < c 

< 
~ 
Aa 

SENSE AMPLIFIER 

OE1/0E1/DC 2 ,____ OE 

OE2'Q"°EiDC@1}----t BUFFER t----------i OUTPUT BUFFER 

OE~--L _ _J 

'-----------!321--f16•>------< 
Vee GND 

2311008-2 

Figure 2. LH231100B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

hJ-A1a Address input Vee Power supply (+5 V) 

Do-D1 Data output GND Ground 

OE1/0E1/0C Output enable input or 1 OE2'0E2/0C Don't Care connection 

NOTE: 
1. Active level of output enable is mask programmable. When DC is selected, it is fixed to an active level. (However, it is recommended to 

apply either "High" or "low" to the DC pin). 

TRUTH TABLE 

OE OE1/0E1 OEWOE:a MODE Do- D7 SUPPLY CURRENT NOTE 

H x x 
x l.JH x Non selected High-Z 

Operating (Ice) 
1 

x x l.JH 

L HA. HA. Selected Dour 

NOTE: 
1. X=HorL 
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LH231100B NMOS 1M (128K x 8) Mask Programmable ROM 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage VIN -0.3to+7.0 v 1 

Output voltage Vour -0.3to+7.0 v 
Operating temperature Topr Oto+70 •c 
Storage temperature Tstg -55to+150 ·c 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS {Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VOL IOL • 1.6 mA 0.4 v 
Output "High" voltage VOH IOH • -400 µA 2.4 v 
Input leakage current J lu I V1N = o V to Vee 10 µA 

Output leakage current J ILOJ VouT = o V to Vee 10 µA 1 

Operating current Ice tRe - 200 ns 100 mA 2 

NOTES: 
1. OE/OE1/0E2 = V1H or OE1/0E2 = VL 
2. V1N = V1HIV1L. outputs open 

AG CHARACTERISTICS {Vee= 5v±1D°Ai, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRe 200 ns 

Address access time 1AA 200 ns 

Output enable access time toE 80 ns 

Output hold time 10H 10 ns 

OE to output in High-Z toHz 80 ns 1 

NOTE: 
1. This is the time required for the output to become high impedance. 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5V 

Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100 pF 
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NMOS 1M (128K x 8) Mask Programmable ROM 

CAPACITANCE (Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. MAX. 

Input capacitance C1N 8 

Output capacitance CoUT 12 

!RC 

~If" 
___J 

IM(NOTE) 

I/ 
.J~ 

foe (NOTE) 

L~LLT 
\.3:3: 

NOTE: Data becomes valid after tM, !ACE, and foe from address 
lnpu1s, chip enable and output enable, respectively have been met. 

Figure 3. Timing Diagram 

ORDERING INFORMATION 

LH231100B 
Device Type 

D -## 
Package Speed 

UNIT 

pF 

pF 

-v 

{ loHz 

foH 

l 
"""TITI 

DATA VALID .III_ 

L 2<l 200 Access Time (nsJ 

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

LH231100B 

2311008-3 

'------------- NMOS 1M(128Kx8) Mask Programmable ROM 

Example: LH2311 OOBD-20 (NMOS 1M(128Kx8) Mask Programmable ROM, 200 ns, 32-pin, 600-mil DIP) 
2311DOIM 

SHARP 6-25 



LH53259 CMOS 256K (32K x 8) Mask Programmable ROM 

FEATURES 

• 32, 768 x 8 bit organization 

• Access time: 150 ns (MAX.) 

• Low power consumption: 
Operating: 110 mW (MAX.) 
Standby: 82.5 µW (MAX.) 

• Programmable output enable 

• Static operation (Internal sync. system) 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
44-pin, 1 O x 1 O mm2 OFP 

• JEDEC standard EPROM pinout (DIP} 

DESCRIPTION 

The LH53259 is a mask programmable ROM organ
ized as 32, 768 x 8 bits. It is fabricated using silicon-gate 
CMOS process technology. 
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PIN CONNECTIONS 

28-PIN DIP TOP VIEW 
28-PINSOP 

1• Vee 

2 A14 

A, 3 A,3 

4 As 

5 Ag 

6 A,, 

~ 7 OE/OE 

A., 8 

A, 9 CE 

D, 

De 

D, Ds 

D2 D4 

GND D3 

44-PINOFP 

~.t<.f~~~.i.f~~ 

NC 3433 32 31 30 29 28 27 26 25 24 23 22 NC 

NC 35 21 Ae 
As Ag 

A• A,, 

~ OE/OE 

A2 A10 

A, NC 

Ao NC 

NC CE 

NC D, 

Do NC 

~ ~cc:r ~ ~ OO~d'~ 
Cl 

53259-1 

Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 



CMOS 256K (32K x 8) Mask Programmable ROM 

a: 
w 
IL 
IL 
:::> 

A1 ID 

Ii! As w 
As a: 

0 
A,. 0 

< 
As 

~ 

OE 
OE/OE l22l....._--t BUFFER 

a: 
w 
0 
0 
0 w 
0 

ill 
w a: 
0 
0 
< 

TIMING 
GENERATOR 

Vee GND 

NOTE: Pin numbers apply to the 28-pin DIP or 28-pin SOP. 

MEMORY 
MATRIX 

(32,768x8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

OUTPUT BUFFER 

Figure 2. LH53259 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao{) - A14 Address input Vee Power supply (+5 V) 

Do-D1 Data output GND Ground 

CE Chip enable input NC Non connection 

OE/OE Output enable input 1 

NOTE: 
1. The active level of OE/OE is mask programmable. 

TRUTH TABLE 
CE OE/OE MODE Do- D7 SUPPLY CURRENT NOTE 

H x 
Non selected High-Z 

Standby 1 

l 
lJH 

Operating 
H/l Selected Dour 

NOTE: 
1. X=HorL 

LH53259 

53259·2 

NOTE 
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LH53259 CMOS 256K (32K x 8) Mask Programmable ROM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to +7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr o to +70 •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 +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS 01 cc = 5 v ± 10%, TA = 0 to + 70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VoL loL = 1.6 mA 0.4 v 
Output "High" voltage VoH loH = -400 µA 2.4 v 
Input leakage current J lu I V1N = o V to Vee 10 µA 

Output leakage current J ILOJ Vour = O V to Vee 10 µA 1 

lcc1 tRc = 150 ns 20 
mA 2 

Operating current lcc2 tRc=1µs 15 

ICC3 tRc = 150 ns 15 
mA 3 

ICC4 tRC = 1 µs 10 

Standby current 
ls01 CE= V1H 2 mA 

ls02 CE = Vee - 0.2 V 15 µA 

NOTES: 
1. CE/OE = V1H or OE = VIL 
2. V1N = V1HIV1L, CE = V1L, outputs open 
3. V1N = (Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRC 150 ns 

Address access time IAA 150 ns 

Chip enable access time tACE 150 ns 

Output enable time toE 10 80 ns 

Output hold time IOH 5 ns 

CE to output in High-Z tcHZ 70 ns 
1 

OE to output in High-Z toHZ. 70 ns 

NOTE: 
1. This is the time required for the output to become high impedance. 
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CMOS 256K (32K x 8) Mask Programmable ROM 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

CAPACITANCE (Vee= 5 v ± 10%, f = 1 MHz, TA= 25°C) 

PARAMETER 

Input capacitance 

Output capacitance 

CE 

OE 

OE 

SYMBOL 

C1N 

Cour 

-----.. 

--' 

-----.. 

lllN. TYP. llAX. 

10 

10 

~(NOTE) 

tACe(NOTE) 

toe( NOTE) 

LL.L 
\\_\_ 

NOTE: Data becomes valid after the Intervals ~. !ACE, and toe from address 
inputs, chip enable and output enable, respectively have been met 

UNIT 

pF 

pF 

_}\._ 

_f 

_JK 

loH 

DATA VALID 

Figure 3. Timing Diagram 

LH53259 

fcHz 

loHZ 

l 
ll..l. 

_Lj_J_ 

53259-3 
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LH53259 

OPERATiON IMMEDIATELY AFTER 
POWER UP 

To ensure valid data immediately after power up and 
once the supply is stable, perform one of the following 
operations: 

1. If the Chip Enable (CE) was high during power 
up, switch the CE input from HIGH to LOW. 
(~CE) or 

CMOS 256K (32K x 8) Mask Programmable ROM 

2. Change one or more addresses if the CE input 
was LOW at power up. (tAA) 

The valid data will be output at ~CE or tAA following 
a transition from the above operations (1) or (2). 

CAUTION 
To stabilize the power supply, it is recommended that 

a high-frequency bypass capacitor be connected be
tween the Vee pin and the GND pin. 

--- --- -- - ------ ----------- ------- --------- -- --------- --- ------ -- - 4.5 v 
t1 (NOTE) 

'2(NOTE) 

CE INACTIVE ACTIVE 

NOTE: 11 and '2 = 70 ns (MIN.) 
532511-4 

Figure 4. Power On With CE Inactive 

------ -- ------ - -- ---- --- -- - - ------- ---------- ------- ---------- -- - 4.5 v 
'3(NOTE) 

ACTIVE 
CE 

4(NOTE) 

"/ I/" 
--~------------'J'-----------

_ ___._/ ______ o_A_TA_1_Nv_A_u_o ________ )(DATAVALID 

NOTE: 13 and 4 = 70 ns (MIN.) 

Figure s. Power On With CE Active 
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CMOS 256K (32K x 8) Mask Programmable ROM 

ORDERING INFORMATION 

LH53259 
Device Type 

x 
Package 

-## 
Speed 

L_ 
15 150 Access Time (ns) 

D 28-pin, 600-mil DIP (DIP28-P-600) 
'--------< N 28-pin, 450-mil SOP (SOP28-P-450) 

M 44-pin, 10 x 10 mm2 QFP (QFP44-P-1010) 

LH53259 

CMOS 256K (32K x 8) Mask Programmable ROM 

Example: LH53259D-15 (CMOS 256K (32K x 8) Mask Programmable ROM, 150 ns, 28-pin, 600-mil DIP) 
53259-6 
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LH53515 CMOS 512K (64K x 8) Mask Programmable ROM 

FEATURES 

• 65,536 x 8 bit organization 

• Access time: 150 ns (MAX.) 

• Low power consumption: 
Operating: 195 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Programmable output enable 

• Static operation (Internal sync. system) 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
32-pin, 525-mil SOP 
44-pin, 1 O x 1 O mm2 QFP 

• JEDEC standard EPROM pinout (DIP) 

PIN CONNECTIONS 

32-PINSOP TOP VIEW 

NC 1• Voo 

NC 2 NC 

Ais 3 NC 

"12 4 A14 

A1 5 A13 

A,, 6 A,, 

As 7 Ag 

~ 8 "11 

A3 9 OE/OE 

~ A10 

CE 

Ao D1 

Do De 

D1 Ds 

D2 D4 

GNO 03 

53515·1A 

Figure 1. Pin Connections for SOP Package 
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DESCRIPTION 
The LH53515 is a mask programmable ROM organ

ized as 65,536 x 8 bits. It is fabricated using silicon-gate 
CMOS process technology. 

28-PIN DIP TOP VIEW 

28-PINSOP 

A1s 1• Vee 

A12 2 "14 

A1 3 A,3 

A,, 4 A,, 

As 5 Ag 

~ 6 "11 

~ 7 OE/OE 

~ 8 21 A1o 

A1 9 CE 

Ao ~ 
Do Da 

D1 Ds 

D2 D4 

GND D3 

44-PINQFP 
0 

Ao 
Do 

D1 

D2 

GND 

D3 

De 

07 

CE 

<-i~~~ z ~~~<'<' CJ 

3433 32 31 30 29 28 27 26 25 24 23 22 

35 

36 

41 

0 zo zo zo zo o o o o o 1w < i5zzzz~ 
0 

As 
As 
A1 

A12 

Ais 

Vee 

°'14 

A13 

As 
Ag 

"11 

5351~1 

Figure 2. Pin connections for DIP, SOP, 
and QFP Packages 



CMOS 512K (64K x 8) Mask Programmable ROM 

CE (20---1 

OE/OE (2~---1 

er: 
w 
:t 
::> 
m 
en 
m 
er: 
0 
0 
c( 

CE 
BUFFER 

OE 
BUFFER 

er: 
w 
0 

§ 
0 
en 
m 
er: 
0 
0 
c( 

TIMING 
GENERATOR 

~--------<2 14>---------11 
Vee GND 

NOTE: Pin numbers apply to 28-pin DIP and SOP. 

MEMORY 
MATRIX 

(65,536 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

DATA SELECTOR 
OUTPUT BUFFER 

Figure 3. LH53515 Block Diagram 

PIN DESCRIPTION 
SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao- A1s Address input OE/OE Output enable input 

Do- D7 Data output Vee Power supply (+5 V) 

CE Chip enable input GND Ground 

NOTE: 
1. Active level of OE/OE is mask programmable. 

TRUTH TABLE 

CE OE/OE MODE Do· l'7 CURRENT CONSUMPTION NOTE 

H x 
Non selected High-Z 

Standby(lsa) 1 

l 
UH 

Operating(lce) 
H/l Selected Dour 

NOTE: 
1. X=Horl 

SHARP 

LH53515 

53515-2 

NOTE 

1 



LH53515 CMOS 512K (64K x 8) Mask Programmable ROM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3 to +7.0 v 1 

Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 1 

Operating temperature Topr o to +70 oc 
Storage temperature Tstg -55 to +150 oc 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vee+0.3 v 
Output "Low" voltage VOL loL = 1.6 mA 0.4 v 
Output "High" voltage VoH IOH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N = o V to Vee 10 µA 

Output leakage current I lwl Vour = o V to Vee 10 µA 1 

lee1 tRe = 150 ns 35 
mA 2 

Operating current lee2 tRe = 1 µs 25 

lce3 tRe - 150 ns 30 
mA 3 

lee4 tRe = 1 µs 20 

Standby current 
ISB1 CE= V1H 2 mA 

ISB2 CE = Vee - 0.2 V 100 µA 

NOTES: 
1. OE = V1L or CE/OE = V1H 
2. V1N = V1HIV1L, CE = V1L, outputs open 
3. V1N =(Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 
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CMOS 512K (64K x 8) Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. 

Read cycle time tRC 150 

Address access time 1AA 
Chip enable access time !ACE 

Output enable time toE 10 

Output hold time toH 5 

CE to output in High-Z tcHZ 

OE to output in High-Z toHz. 
NOTE: 
1. This is the time required for the output to become high-impedance. 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TIL+100pF 

CAPACITANCE (Vee= 5V±10%, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

OE 

OE 

SYMBOL MIN. 

C1N 

Cour 

~ 
__/~ 

TYP. MAX. UNIT 

10 pF 

10 pF 

lilc 

\. 

IAA(NOTE) 

_f 
IACE(NOTE) 

r 

loE (NOTE) 

MAX. 

150 

150 

80 

70 

70 

lcHz 

loHZ 

.LLL DATAVALID_ffi TI:I 

NOTE: Data becomes valid after the intervals !AA, !ACE• and loE from address 
input, chip enable and output enable. respectively have been met. 

Figure 4. Timing Diagram 

loH J 

LH53515 

UNIT NOTE 

ns 

ns 

ns 

ns 

ns 

ns 1 

ns 1 

53515-3 



LH53515 

OPERATION IMMEDIATELY AFTER 
POWER UP 

To ensure valid data immediately after power up and 
once the supply is stable, perform one of the following 
operations: 

1. If the Chip Enable (CE) was high during power 
up, switch the CE input from HIGH to LOW. 
(tACE) or 

CMOS 512K (64K x 8) Mask Programmable ROM 

2. Change one or more addresses A2 - A1s if the 
CE input was LOW at power up. (tAA) 

The valid data will be output at tACE or tAA following 
a transition from the above operations ( 1) or (2). 

CAUTION 
To stabilize the power supply, it is recommended that 

a high-frequency bypass capacitor be connected be
tween the Vee pin and GND . 

• ····---····· •• ------- ·····----···. ·····---·····. ------····. ----- 4.5 v 
Vee i1 (NOTE) 

t, (NOTE) 

INACTIVE ACTIVE 

Do· 0., 

NOTE: 11and12 = 70 ns (MIN.) 
53515-4 

Figure 5. Power On With CE Inactive 

-.. ----.. ---.. ---.. --------------.... ------.. -------.. -------- .. -- .... -- .. ---4.SV 
t, (NOTE) 

ACTIVE 

t,(NOTE) 

I I\. 
1 ... 

_f_ DATA INVALID !DATA VALi D 

NOTE: t3 and 4 = 70 ns (MIN.) 
53515·5 

Figure 6. Power On With CE Active 
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CMOS 512K (64K x 8) Mask Programmable ROM 

ORDERING INFORMATION 

LH53515 
Device Type 

x 
Package 

-## 
Speed 

L_ 
15 150 Access Time (ns) 

D 28-pin, 600-mil DIP (DIP28-P-600) 
.___ _____ -( N 28-pin, 450-mil SOP (SOP28-P-450) 

M 44-pin, 10x10 mm2 QFP (QFP44-P-1010) 
Z 32-pin, 525-mil SOP (SOP32-P-525) 

LH53515 

~----------- CMOS 512K (64K x 8) Mask Programmable ROM 

Example: LH53515D-15 (CMOS 512K (64K x 8) Mask Programmable ROM, 150 ns, 28-pin, 600-mil DIP) 
53515-6 
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PRELIMINARY LH53H1000 CMOS 1 M {64K x 16) Mask Programmable ROM 

FEATURES 

• 65,536 x 16 bit organization 

• Access time: 55 ns (MAX.) 

• Power consumption: 
Operating: 660 mW (MAX.) 
Standby: 440 mW (MAX.) 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 

• JEDEC standard EPROM pinout (DIP) 

6-38 

DESCRIPTION 

The LH53H1000 is a high speed mask programma-
ble ROM organized as 65,536 x 16 bits (1,048,576 bits). 
It is fabricated using silicon-gate CMOS process tech-
no logy. 

PIN CONNECTIONS 

40-PIN DIP TOP VIEW 
40-PIN SOP 

NC 1. 40 Vee 

CE 2 39 NC 

D1s 3 48 NC 

D,. 4 A1s 

D13 5 A1• 

D12 6 A13 

D11 7 A12 

D10 8 33 A11 

Do 9 32 A10 

De 

GND 30 GND 

D1 As 

Ds 28 A1 

Ds As 
D. 26 As 
D3 25 A• 

D2 24 A3 

D1 23 A2 

Do 22 A1 

OE 21 Ao 
53H1000-1 

Figure 1. Pin Connections for DIP and 
SOP Packages 



CMOS 1M (64K x 16) 
Mask Programmable ROM 

A1~ 

a: 
w u. u. 
:::> m 
en en w 
a: 
0 
0 
< 

CE 
CE 2'1-----l BUFFER 

a: 
w 
0 
0 
0 w 
0 
en en w 
a: 
0 
0 
< 

TIMING 
GENERATOR 

PRELIMINARY 

MEMORY 
MATRIX 

(65,536 x 16) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Figure 2. LH53H1000 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL 

Ao-A1s Address input OE 

Do- D1s Data output Vee 

CE Chip Enable input GND 

LH53H1000 

a: w u. u. 
:::> m 
I-
:::> 
0.. 
I-
:::> 
0 

53H1000-2 

PIN NAME 

Output Enable input 

Power supply (+5 V) 

Ground 



LH53H1000 PRELIMINARY 

TRUTH TABLE 

CE OE MODE Do. D11 SUPPLY CURRENT NOTE 

H x Non selected High-Z Standby (lse) 1 

L H Non selected High-Z Operating (Ice) 

L L Selected Dour Operating (Ice) 

NOTE: 
1. X=HorL 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto+70 oc 
Storage temperature Tstg ·55to+150 oc 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. 

Input "Low" voltage V1L -0.3 

Input "High" voltage V1H 2.2 

Output "Low• voltage VOL loL = 3.2 mA 

Output "High" voltage VOH loH = -1.0 mA 2.4 

Input leakage current 1 lu I V1N = o V or Vee 

Output leakage current I ILol VouT = o V or Vee 

Operating current 
lcc1 tRe = 55 ns 

lcc2 tRe - 55 ns 

Standby current lse CE-V1H 

NOTES: 
t. CEorOE=ViH 
2. V1N = V11-ilV1L, CE = V1L, outputs open 
3. V1N = (Vee - 0.2V) or 0.2 V, CE = 0.2 V, outputs open 
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CMOS 1M (64K x 16) 
Mask Programmable ROM 

MAX. UNIT NOTE 

0.8 v 
Vce+0.3 v 

0.4 v 
v 

10 µA 

10 µA 1 

120 
mA 

2 

110 3 

2 mA 



CMOS 1M (64K x 16) 
Mask Programmable ROM PRELIMINARY 

AC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. 

Read cycle time tRC 55 

Address access time tAA 55 

Chip enable time tACE 55 

Output enable delay time toe 25 

Output hold time toH 0 

CE to output in High-Z tcHZ 25 

OE to output in High-Z to~ 25 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0Vto3.0V 

Input rise/fall time 5 ns 

Input reference level 1.5V 

Output load condition 1TTL+30 pF 

CAPACITANCE (Vee= 5 V ± 10%, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Input capacitance C1N 10 

Output capacitance Cour 10 

IACE (NOT 

loe (NOTE) 

NOTE: Data becomes valid after the intervals IM, !Ace• and toe from address Input 
and output enable input, respectively have been met. 

pF 

pF 

DATA VALID 

IOH 

Figure 3. Timing Diagram 

CAUTION 

LH53H1000 

UNIT NOTE 

ns 

ns 

ns 

ns 

ns 

ns 
1 

ns 

lcHZ 

53H1000-3 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and GND. 
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LH53H1000 PRELIMINARY 
CMOS 1M (64K x 16) 

Mask Programmable ROM 

ORDERING INFORMATION 

LH53H1000 
Device Type 

x 
Package 

-## 
Speed 

L__ 55 Access Time (ns) 

'--------< D 40-pin, 600-mil DIP (OIP40-P-600) 
N 40-pin, 525-mil SOP (SOP-P-525) 

~----------- CMOS 1M(64Kx16) Mask Programmable ROM 

Example: LH53H1 OOOD-55 (CMOS 1 M (64K x 16) Mask Programmable ROM, 55 ns, 40-pin, 600-mil DIP) 
53H1000-4 

6-42 



PRELIMINARY LH53H1100 CMOS 1M (128K x 8) Mask Programmable ROM 

FEATURES 

• 131,072 x 8 bit organization 

• Access time: 35 ns (MAX.) 

• Power consumption: 
Operating: 660 mW (MAX.) 
Standby: 440 mW (MAX.) 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 

• JEDEC standard EPROM pinout (DIP) 

DESCRIPTION 
The LH53H1100 is a high speed mask programmable 

ROM organized as 131,072 x 8 bits (1,048,576 bits). 
It is fabricated using silicon-gate CMOS process tech
nology. 

PIN CONNECTIONS 

32-PINDIP TOP VIEW 
32-PINSOP 

NC 1• 32 Vee 

A18 2 31 NC 

A1s 3 NC 

4 A14 

5 Au 

6 As 

7 As 
8 A11 

9 24 OE 

A1o 

A1 CE 

Ao 07 

Do 09 

01 Os 

18 04 

17 03 

53H1100·1 

Figure 1. Pin Connections for DIP and 
SOP Packages 



LH53H1100 

An (25]f---t 
A1o C231f---t 
As (2s}-----I 

As (27)-----1 

A1 

As 
Aa 
A,, 
Aa 

IC 

~ 
LL 
:::> m 

ra 
IC 
0 
0 
< 

PIN DESCRIPTION 

SIGNAL PIN NAME 

Ao-A1e Address input 

Do- 0, Data output 

CE Chip Enable input 

6-44 

IC 
w 

§ 
w 
0 

ra 
IC 
0 
0 
< 

PRELIMINARY 

TIMING 
GENERATOR 

Vex; GND 

MEMORY 
MATRIX 

(131,072 x 8) 

CMOS 1M (128K x 8) 
Mask Programmable ROM 

COLUMN SELECTOR 

SENSE AMPLIFIER 

OUTPUT BUFFER 

53H1100-l! 

Figure 2. LH53H1100 Block Diagram 

SIGNAL PIN NAME 

OE Output Enable input 

Vee Power supply (+5 V) 

GND Ground 



CMOS 1M (128K x 8) 
Mask Programmable ROM 

TRUTH TABLE 

PRELIMINARY 

CE OE MODE Do. D7 SUPPLY CURRENT NOTE 

H x Non selected . High-Z Standby (lse) 1 

L H Non selected High-Z Operating (Ice) 

L L Selected Dour Operating (Ice) 

NOTE: 
1. X=HorL 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr o to +70 ·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 +70°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. 

Input "Low" voltage V1L -0.3 

Input "High" voltage V1H 2.2 

Output "Low" voltage VoL IOL = 3.2 mA 

Output "High" voltage VOH IOH = -1.0 mA 2.4 

Input leakage current 1 lu I V1N = O V or Vee 

Output leakage current I ILol Vour = o V or Vee 

Operating current 
lee1 tRe = 35 ns 

lcc2 tRe "'35 ns 

Standby current lse CE= V1H 

NOTES: 
1. CE/OE= VH 

2. V1N = V1HiV1L, CE = V1L, outputs open 
3. V1N = (Vee - 0.2V) or 0.2 V, CE = 0.2 V, outputs open 

LH53H1100 

MAX. UNIT NOTE 

0.8 v 
Vcc+0.3 v 

0.4 v 
v 

10 µA 

10 µA 1 

120 
mA 

2 

110 3 

80 mA 



LH53H1100 PRELIMINARY 

AC CHARACTERISTICS (Vee= 5v±100Ai, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Read cycle time tRC 35 ns 

Address access time tAA 35 ns 

Chip enable time fACE 35 ns 

Output enable time toE 15 ns 

Output hold time tQH 0 ns 

CE to output in High-Z tcHZ 15 ns 

OE to output in High-Z toHZ: 15 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0Vto3.0 V 

Input rise/fall time 5 ns 

Input reference level 1.5 v 
Output load condition 1TTL+30 pF 

CAPACITANCE (Vee= 5v±100Ai, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. MAX. 

Input capacitance CtN 10 

Output capacitance Coor 10 

W,(NOTE) 

CE 

t11eE(NOTE) 

OE 

~(NOTE) 

NOTE: Data becomes valid after the intervals tAA, !ACE• and loE from address 
input and output enable input, respectively have been met. 

UNIT 

pF 

pF 

DATAVAl..D 

loH 

Figure 3. Timing Diagram 

CAUTION 

loHz 

CMOS 1M (128K x 8) 
Mask Programmable ROM 

NOTE 

1 

53H1101>3 

To stablize the power supply, ii is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and the GND pin. 



CMOS 1M (128K x 8) 
Mask Programmable ROM PRELIMINARY 

ORDERING INFORMATION 

LH53H1100 
Device Type 

x 
Package 

-## 
Speed 

L_ 
35 Access Time (ns) 

~------1 D 32-pin, 600-mil DIP (DIP32-P-600) 
N 32-pin, 525-mil SOP (SOP32-P-525) 

LH53H1100 

'------------- CMOS 1M(128Kx8) Mask Programmable ROM 

Example: LH53H11 OOD-35 (CMOS 1 M (128K x 8) Mask Programmable ROM, 35 ns, 32-pin, 600-mil DIP) 
53H1100-4 
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LH530800A CMOS 1M (128K x 8) Mask Programmable ROM 

FEATURES 

• 131,072 x 8 bit organization 

• Access time: 150 ns (MAX.) 

• Power consumption: 
Operating: 193 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 
44-pin, 1 O x 1 O mm2 QFP 

• JEDEC standard EPROM pinout (DIP) 

DESCRIPTION 

The LH530800A is a mask programmable ROM 
organized as 131,072 x 8 bits (1,048,576 bits). It is fab
ricated using silicon-gate CMOS process technology. 
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PIN CONNECTIONS 

32-PINDIP TOP VIEW 

32-PINSOP 
NC 1• Vee 

A,e 2 NC 

A,s 3 NC 

A,2 4 A,4 

A, 5 A,3 

Ae 6 Ae 
As 7 Ae 
"4 8 A,, 

Aa 9 OE/OE 

"-l A,o 
A, CE/CE 

Ao 
Do 20 De 

D, 19 Ds 

D2 18 D4 

GND 17 D3 

44-PINQFP 
c 

coaoo~ ~C'cd'~ 

CE/CE 34 33 32 31 30 29 28 27 26 25 24 23 22 A, 

Aio ~ 
OE/6E A3 

NC NC 

NC NC 

NC NC 

NC NC 

NC NC 

.f""'000"'"'N<.t 
<<z~~<<< 

NC 

~ 

As 

530800-1 

Figure 1. Pin connections for DIP, SOP, 
and QFP Packages 



CMOS 1M {128K x 8) Mask Programmable ROM 

A1 

Ae 
Ar. 7 

~ 

a: 
w 
u. 
u. 
::::> 
Ill 

~ w a: 
0 
0 
< 

a: w 
0 

8 w 
0 

"' "' w a: 
0 
0 
< 

TIMING 
GENERATOR 

MEMORY 
MATRIX 

(131,072 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

OUTPUT BUFFER 

NOTE: Pin numbers apply to the 32-pin DIP. Vee GND 

Figure 2. LH530800A Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao-A1e Address input OE/OE Output enable input 

Do-07 Data Output Vee Power supply (+5 V) 
CE/CE Chip enable input 1 GND Ground 

NOTE: 
1. Active levels of CE/CE and OE/OE are mask programmable. 

TRUTH TABLE 

CE/CE OE/OE MODE Do. Dr SUPPLY CURRENT NOTE 

LJH x Non selected High-Z Standby (Isa) 1 

H/l UH Non selected High-Z Operating (Ice) 

HA.. HA.. Selected DoUT Operating (Ice) 

NOTE: 
1. X=HorL 

LH530800A 

53011)()-2 

NOTE 

1 



LH530800A CMOS 1 M (128K x 8) Mask Programmable ROM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto +70 ·c 
Storage temperature Tstg -55to+150 •c 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vee+0.3 v 
Output "Low" voltage VOL IOL = 1.6 mA 0.4 v 
Output "High" voltage VoH IOH • -400 µA 2.4 v 
Input leakage current 1 lu I V1N • O V to Vee 10 µA 

Output leakage current llLO I Vour = o V to Vee 10 µA 1 

lcc1 tRc - 150 ns 35 
mA 2 

Operating current lcc2 tRC • 1 µs 25 

1003 tRc - 150 ns 30 
mA 3 

1004 tRc - 1 µs 20 

lse1 CE • V1L, CE • V1H 2 mA 
Standby current 

lse2 
CE • Vee - 0.2 V, 100 µA 
CE= 0.2 V 

NOTES: 
1. CE/OE = V1H or CE/OE = VtL 
2. V1N = V1HiV1L, CE = VtL, CE = VtH, outputs open 
3. V1N = (Vee - 0.2 V) or 0.2 V, CE = 0.2 V, CE = Vee - 0.2 V, outputs open 

AC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRC 150 ns 

Address access time lAA 150 ns 

Chip enable time lACE 150 ns 

Output enable time toe 10 80 ns 

Output hold time tQH 5 ns 

CE to output in High-Z tcHZ 70 ns 
1 

OE to output in High-Z tOHz. 70 ns 

NOTE: 
1. This is the time required for the output to beoome high-impedance. 
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CMOS 1M (128K x 8) Mask Programmable ROM 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pf 

CAPACITANCE (Vee= 5v±100.k, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Input capacitance C1N 10 pf 

Output capacitance Cour 10 pf 

~ir 
__J~ _/~ 

CE 

CE 

OE 

OE 

~(NOTE) 

~e(NOTE) 

foe (NOTE) 

LL.L 
\.l .. H .. 

NOTE: Data becomes valid after !AA, ~E· and toe from address 
Input, chip enable and output enable, respectively have been met. 

Figure 3. Timing Diagram 

SHARP 

_/~ 

fcHz 

.J~ 

loHZ 

DATA VALID ti~ 
..:l...1...1..J 

loH J 

LH530800A 
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LH530800A 

OPERATION IMMEDIATELY AFTER 
POWER UP 

To ensure valid data immediately after power up and 
once the supply is stable, perform one of the following 
operations: 

1. If the Chip Enable (CE) was high during power 
up, switch the CE input from HIGH to LOW. 
(~CE) or 

CMOS 1M (128K x 8) Mask Programmable ROM 

2. Change one or more addresses if the CE input 
was LOW at power up. (tAA) 

The valid data will be output at ~CE or tAA following 
a transition from the above operations (1) or (2). 

CAUTION 

To stabilize the power supply, it is recommended that 
a high-frequency bypass capacitor be connected be
tween the Vee pin and the GND pin. 

------- ---- ------- -------- ----------- -------- --- ----- --- --------- 4.5 v 
11 (NOTE) 

~(NOTE) 

CE/CE INACTIVE ACTIVE 

!ACE 

--------------~(,_.,_(-<(DATA VALID 

NOTE: t, and~= 70 ns (MIN.) 
530800-4 

Figure 4. Power On With CE Inactive 

---------....................... ---................ -.............. -.. --- .. --...... ---... -----... -... --... -- ............ 4.SV 
l3(NOTE) 

CE/CE L ACTIVE 

t,.(NOTE) 

1 ' 
""' 

L DATA INVALID JoATAVALI D 

NOTE: 1:i and '4 • 70 ns (MIN.) 53080CH; 

Figure 5. Power On With CE Active 
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CMOS 1M (128K x 8) Mask Programmable ROM 

ORDERING INFORMATION 

LH530800A 
Device Type 

x 
Package 

-## 
Speed 

L._ 15 150 Access Time (ns) 

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

LH530800A 

,__ _____ --< M 44-pin, 10 x 10 mm2 QFP (QFP44-P-1010) 
N 32-pin, 525-mil SOP (SOP32-P-525) 

L------------- CMOS 1M (128K x 8) Mask Programmable ROM 

Example: LH530800AD-15 (CMOS 1M (128K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 
1530800-8 



LH530900A CMOS 1 M (128K x 8) Mask Programmable ROM 

FEATURES 

• 131,072 x 8 bit organization 

• Access time: 150 ns (MAX.) 

• Power consumption: 
Operating: 193 mW (MAX.) 

• Programmable OE1/0E1/DC and 
OE2'0E2'DC 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• 32-pin, 600-mil DIP 

6-54 

(32-pin compatible to 28-pin 1 M mask 
ROM-specific pinout) 

DESCRIPTION 

The LH530900A is a mask programmable ROM 
organized as 131,072 x 8 bits (1,048,576 bits). It is fab
ricated using silicon-gate CMOS process technology. 

PIN CONNECTIONS 

32-PIN DIP TOP VIEW 

NC 1• Vee 

OE1/0E1/DC 2 0Ez!OE2'0C 

A1s 3 NC 

A12 4 "14 

A1 5 "13 
6 As 
7 As 
8 A11 

9 Aie 

Aio 
OE 

~ 
Do De 

D, Os 
~ D4 

D3 

530900-1 

Figure 1. Pin connections for DIP Package 
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CMOS 1M (128K x 8) Mask Programmable ROM 

rr 
w 
LL 
LL 
:::> 
ID 

"' ffi 
a: 
0 
0 
< 

OE1/0E1/0C 2)--....i OE 
OE:{OEiDC 1l)---I BUFFER 

OE 122}---I.__-.... _ _. 

rr 
w 
0 
0 
frl 
0 

"' ffl 
rr 
0 
0 
< 

TIMING 
GENERATOR 

MEMORY 
MATRIX 

(131,072 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Figure 2. LH530900A Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

LH530900A 

530900-2 

NOTE 

Ao-A1a Address input OE2K>E2/DC Output Enable input/Don't Care 1 

Do - 0-, Data output Vee Power supply (+5 V) 

OE Output Enable input GND Ground 

OE1K>E1/DC Output Enable input/Don't Care 1 

NOTE: 
1. Active level of output enable is mask programmable. 

Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 

TRUTH TABLE 

OE OE1/0E1 OEz/OEz MODE Do- D7 SUPPLY CURRENT 

H x x Non selected High-Z Operating (Ice) 

x UH x Non selected High-Z Operating (Ice) 

x x UH Non selected High-Z Operating (Ice) 

L H/L H/L Selected Dour Operating (Ice) 

NOTE: 
1. X=HorL 

NOTE 

1 



LH530900A CMOS 1M (128K x 8) Mask Programmable ROM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 1 

Operating temperature Topr Oto+70 ·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 +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDmONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vee+0.3 v 
Output "Low" voltage VoL loL = 1.6 mA 0.4 v 
Output "High" voltage VoH loH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N = o V to Vee 10 µA 

Output leakage current 1 ILol VouT • O V to Vee 10 µA 1 

lee1 tRe = 150 ns 35 
mA 2 

Operating current lee2 tRe = 1 µs 25 

ICC3 tRe .. 150 ns 30 
mA 3 

ICC4 tRe = 1 µs 20 

NOTES: 
1. OE/OE1/0E2 = V1H or OE1.0E2 = V1L 
2. V1N = V11N1L, outputs open 
3. V1N = (Vee - 0.2 V) or 0.2 V, outputs open 

AC CHARACTERISTICS (Vee= 5v±100/0, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRC 150 ns 

Address access time IAA 150 ns 

Output enable time tOE 10 80 ns 

Output hold time IQH 5 ns 

OE to output in High-Z toHZ, 70 ns 1 

NOTE: 
1. This is the time required for the output to become high-impedance. 
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CMOS 1M (128K x 8) Mask Programmable ROM LH530900A 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5V 

Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

CAPACITANCE (Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Input capacitance C1N 10 pf 

Output capacitance Coor 10 pF 

-
--' \. 

!AA (NOTE) 

OE/OE1/0E2 

OE1/0E2 

NOTE: Data becomes valid after !AA and toe from address 

ir 
I\ 

input or output enable Input, respectively have been met 

1oe (NOTE) 

LLL 
\:13: 

t loHz 

loH 

1 
~ 

OATAVALID III 

530900-3 

Figure 3. Timing Diagram 

OPERATION IMMEDIATELY AFTER 
POWER UP 

To ensure valid data immediately after power up and 
once the supply is stable, change one or more ad
dresses after power up. 

The valid data will be output at IAA following a tran
sition from the above operation. 

CAUTION 
To stabilize the power supply, it is recommended that 

a high-frequency bypass capacitor be connected be
tween the Vee pin and the GND pin. 



LH530900A CMOS 1 M (128K x 8) Mask Programmable ROM 

---- -- -- ---· ----- ------- -- ---------------- -- ----------- ---------- 4.5 v 
11 (NOTE) 

t:z(NOTE) 

DATA INVALID DATA VALID 

NOTE: 11 and 1:z = 70 ns (MIN.) 
ll30900-4 

Figure 4. Power On Initialization 

ORDERING INFORMATION 

LH530900A 
Device Type 

D -## 
Package Speed 

L 15 150 Access Time (ns) 

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

'------------- CMOS 1M(128Kx8) Mask Programmable ROM 

Example: LH530900AD-15 (CMOS 1M (128K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 
53090C).5 
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LH531000B CMOS 1M (128K x 8) Mask Programmable ROM 

FEATURES 

• 131,072 x 8 bit organization 

• Access time: 150 ns (MAX.) 

• Low power consumption: 
Operating: 192.5 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Programmable CE/CE or OE/OE 

• Static operation (Internal sync. system) 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
44-pin, 14 x 14 mm2 QFP 

• Mask ROM specific pinout 

DESCRIPTION 

The LH531000B is a mask programmable ROM 
organized as 131,072 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

PIN CONNECTIONS 

28-PINDIP 
28-PINSOP TOP VIEW 

44-PINOFP 

CE/CEJOEJOE 

NC 

NC 

A10 

NC 

NC 

A10 

Vrx; 

A,. 

A,. 
Aa ,.. 
Au 
A10 

21 A10 

CE ICE/OE/OE 

03 

Ao 
A, 

Ao 

NC 

NC 

NC 

GND 

A• 

53tOOOA·1 

Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 

6-59 



LH531000B CMOS 1M (128K x 8) Mask Programmable ROM 

a: 
w 
u. 
u. 
::> 
ID 

"' "' w a: c c 
< 

CE/CE/ l20>--~ 
OE/OE 

a: 
w c 
0 
fi3 c 

"' 13 
a: c c 
< 

TIMING 
GENERATOR 

MEMORY 
MATRIX 

(131,072 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

OUTPUT BUFFER 

L--------C!m.-t14i\------l1 i'-E-1 '>'1---J. 

NOTE: Pin numbers apply to the 28-pin DIP. Vee GND 
D0 D1 

Figure 2. LH531000B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

A<!- A1s Address input Vee Power supply (+5 V) 

Do- Ch Data output GND Ground 

CE/CE/OE/OE 
Chip Enable input or 1 Output Enable input 

NOTE: 
1. Active level of CE/CE or OE/OE is mask programmable. 

TRUTH TABLE 
PIN 20 (DIP/SOP) 
or PIN 34 (QFP) CE/CE OE/OE MODE Do- Dr SUPPLY CURRENT 

CE type 
H/l - Selected Dour Operating (Ice) 

L/H - Non selected High-Z Standby (lse) 

OE type 
- H/l Selected DQlJT 

Operating (Ice) 
- UH Non selected High-Z 
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CMOS 1M (128K x 8) Mask Programmable ROM LH531000B 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3 to +7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -55to+150 ·c 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±100A>, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vee+0.3 v 
Output "Low· voltage VoL loL = 1.6 mA 0.4 v 
Output "High" voltage VoH loH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N = O V to Vee 10 µA 

Output leakage current llLO I Vour • o V to Vee 10 µA 1 

lee1 tRe • 150 ns 35 
mA 2 

Operating current lee2 tRe•1µs 25 

lee3 tRe = 150 ns 30 
mA 3 

lee4 tRe - 1 µs 20 

Standby current lse1 CE = V1H. CE = V1L 2 mA 
4 

lse2 CE = Vee - 0.2 V, CE • 0.2 V 100 µA 

NOTES: 
1. CE/OE = Vu.., CE/OE = V1H 
2. V1N = V1Hl'V1L, CE = V1H, CE = V1L (CE type), outputs open 
3. V1N = (Vee - 0.2 V) or 0.2 v. CE =Vee - 0.2 V, CE = 0.2 v (CE type), outputs open 
4. CE type only 
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LH531000B CMOS 1M (128K x 8) Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5 v ± 100k, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. 

Read cycle time tRC 150 

Address access time IAA 
Chip enable access time IAcE CE type 

Output enable time toe OE type 10 

Output hold time loH 5 

CE to output in High-Z tcHz CE type 

OE to output in High-Z ~ OE type 

NOTE: 
1. This ls 1he time required for the output to beoome high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall lime 10 ns 

Input reference level 1.5V 

Output reference level 0.8 V and 2.2 V 

Output load condition 1TIL+100pF 

CAPACITANCE (Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

CE 

CE 

OE 

OE 

SYMBOL 

C1N 

CoUT 

~ 
__} 

MIN. TYP. MAX. 

10 

10 

_J~ 

tAA(NOTE) 

IACe(NOTE) 

foe (NOTE) 

TYP. 

UNIT 

pF 

pF 

LIL 
DATA VALID \:TI 

foH 

NOTE: Data becomes valid after I,.\. W:i;, and foe from address 
Input, chip enable, and output enable, respectively have been met 

Figure 3. Timing Diagram 
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MAX. UNIT NOTE 

ns 

150 ns 

150 ns 

80 ns 

ns 

70 ns 
1 

70 ns 

( CE TYPE) 

fcHZ 

( OE TYPE) 

foHZ 

::'S:3: 
I_I_ 

531000A-3 



CMOS 1M (128K x 8) Mask Programmable ROM 

OPERATION IMMEDIATELY AFTER 
POWER UP 

To ensure valid data immediately after power up and 
once the supply is stable, perform one of the following 
operations: 

CE or cEiype 

1. If the Chip Enable (~) was high during power 
up, switch the CE input from HIGH to LOW. 
(tAcE) or 

2. Change one or more addresses if the CE input 
was LOW at power up. (tAA) 

LH531000B 

OE or OE iype 

1. Change one or more addresses at power up. 

The valid data will be output at tAcE or tAA following 
a transition from the above operations (1) or (2). 

CAUTION 
To stabilize the power supply, it is recommended that 

a high-frequency bypass capacitor be connected be
tween the Vee pin and GND. 

................................................................................................................................... 4.5V 

CE 
CE 

NOTE: 11 and I:! = 70 ns (MIN) 

Vee 

CE/CE 

NOTE: ~ and 4 = 70 ns (MIN) 

1 

L 

t1(NOTE) 

!:!(NOTE) 

INACTIVE ACTIVE 

W:E 
1 

_LL_Lf DATA VALi 
TITI. D 

Figure 4. Power On With CE/CE Inactive 
(CE or CE Type In Operation) 

. - - - - - - - - - -- --- - - - --- - -- -- - - - • - - • - - - - - - - - - -- -- - - -- --- - - - -- • - - -- -- -4.5 v 
~(NOTE) 

ACTIVE 

4(NOTE) 

DATA INVALID 

Figure 5. Power On With CE/CE Active 
(CE or CE Type In Operation) 

DATA VALID 

531000A-4 

531000A-S 



LH531000B CMOS 1M (128K x 8) Mask Programmable ROM 

NOTE: 11 and '2 = 70 ns (MIN) 

------------------------ --------- -------------------- -- ---------- 4.5 v 
11(NOTE) 

'2(NOTE) 

DATA INVALID 

Figure 6. Power On lnltlallzatlon 
(OE or OE Type In Operation) 

DATA VALID 

ORDERING INFORMATION 

LH531000B 
Device Type 

x 
Package 

-## 
Speed 

L_ 15 150 Access Time (ns) 

D 28-pin, 600-mil DIP (DIP28-P-600) 
~------< N 28-pin, 450-mil SOP (SOP28-P-450) 

M 44-pin, 14 x 14 mm2 QFP (QFP44-P-1414) 

~----------- CMOS 1M(128Kx8) Mask Programmable ROM 

1131000A-8 

Example: LH531000BD-15(CMOS1M (128K x 8) Mask Programmable ROM, 150 ns, 28-pin, 600-mil DIP) 
531000A-7 
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LH532000B 
FEATURES 

• Selectable memory organization: 
262,144 x 8 bit (byte mode) 
131,072 x 16 bit (word mode) 

• BYTE input pin selects bit configuration 

• Access time: 1201150 ns (MAX.) 

• Low power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Programmable OE/OE and OE1/0E1/DC 

• Static operation (Internal sync. system) 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 14 x 14 mm2 QFP 
44-pin, 1 O x 1 O mm2 QFP 

• X16 word-wide pinout 

SHARP 

CMOS 2M (256K x 8/128K x 16) 
Mask Programmable ROM 

DESCRIPTION 

The LH532000B is a 2M bit mask programmable 
ROM with two programmable memory organizations, 
byte and word modes. It is fabricated using silicon-gate 
CMOS process technology. 

PIN CONNECTIONS 

40-PINDIP TOP VIEW 
40-PINSOP 

44-PINQFP 

OE1/0E1/DC ,. As 
A, 2 Ao 
As 3 A10 

As 4 Au 

A. 5 A,2 

Ao 6 A13 

Ao 7 A,. 
A, 8 A,. 

Ao 9 A10 
ce 10 BYTE 

GND 

OE/OE 12 Du;IA.1 (LSB) 

Do 13 D, 

Do 14 D,. 

D, 15 De 

o. 16 o,. 
0. 17 Do 

D10 18 D,. 

Da 19 o. 
o,, 20 

II" c -< 
o:!;!~=>z'l!,..:!o 
Z<<<<lllCJCCCC 

5320001!-I 

Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 
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LH532000B 
CMOS 2M (256K x 8/128K x 16) 

Mask Programmable ROM 

NOTE: Pin numbers apply to the 40-pin DIP 

TIMING 
GENERATOR 

SENSE AMPLIFIER 

Figure 2. LH532000B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

A-1 Address input (BYTE mode) 1 
OE1/0E1/DC 

Output enable input or 

Ao-A1e Address input Don't care 

Do-D1s Data output BYTE BYTE/WORD switch 

"OE Chip enable input Vee Power supply (+5 V) 

OE/OE Output enable input 2 GND Ground 

NOTES: 
1. Du;IA.1 pin becomes LSB address input (A-1) when the bit configuration is set in byte mode, 

and data output (D1s) when in word mode. BYTE input pin selects bit configuration. 
2. The active lewis of OE/OE and OE1/0E1/DC are mask programmable. 

Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 

5320008-2 

NOTE 

2 



CMOS 2M (256K x 8/128K x 16) 
Mask. Programmable ROM 

TRUTH TABLE 

CE OE/OE OE1/0E1 BYTE 

H x x x 
L UH x x 
L x UH x 
L H/l H/l H 

L HIL H/l L 

L HIL H/l L 

NOTE: 
1. X=Horl 

A-1 MODE 

x Non selected 

x Non selected 

x Non selected 

Inhibit Word 

L Byte 

H Byte 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT 

Supply voltage Vee -0.3 to +7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 
Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto +70 •c 
Storage temperature Tstg -55 to +150 •c 

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

Do- D7 Da- ~. 

High-Z 

High-Z 

High-Z 

Do- D7 De- Dis 

Do-07 High-Z 

De- Dis High-Z 

NOTE 

1 

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

PARAMETER SYMBOL MIN. TVP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±100.k, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TVP. MAX. 

Input "Low" voltage VtL -0.3 0.8 

Input "High" voltage V1H 2.2 Vcc+0.3 

Output "Low" voltage VoL loL - 2.0 mA 0.4 

Output "High" voltage VOH IOH = -400 µA 2.4 

Input leakage current 1 lu I V1N = o V to Vee 10 

Output leakage current I ILO I Vour - O V to Vee 10 

lcc1 tRe = tRe (MIN.) 50 

Operating current lee2 tRe-1µs 45 

lee3 tRe = tRe (MIN.) 45 

lcc4 tRe = 1 µs 40 

Standby current 
lse1 CE - V1H 3 

lse2 CE = Vee - 0.2 V 100 

NOTES: 
1. OE/OE1= V1L, CE/OE/OE1= V1H 
2. V1N = V1HIV1L, CE = V1L, outputs open 
3. V1N = (Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 

CAUTION 

LH5320008 

SUPPLY CURRENT 

Standby (lse) 

Operating (Ice) 

Operating (Ice) 

Operating (Ice) 

Operating (Ice) 

Operating (Ice) 

UNIT NOTE 

v 
v 
v 
v 

µA 

µA 1 

mA 2 

mA 3 

mA 

µA 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and GND. 
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LH532000B 
CMOS 2M (256K x 8/128K x 16) 

Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. MAX. MIN. 

Read cycle time tRC 120 150 

Address access time fAA 120 

Chip enable access time !ACE 120 

Output enable delay time toe 55 10 

Output hold time toH 5 10 

CE to output in High-Z tcHZ 55 

OE to output in High-Z toHZ 55 
NOTE: 
1. This is the lime required for the output to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

CAPACITANCE (Vee= 5V±100A>, f = 1 MHz, TA:: 25°C) 

PARAMETER SYMBOL 

Input capacitance C1N 

Output capacitance Cour 

~ (NOTE 
A·1-A1e 

(Ao-A1el 

OE/OE1 

OEIOE1 

---' 

E2) 

MIN. 

1 

TYP. MAX. UNIT 

10 pF 

10 pF 

If 
.JI\. 

IAA(NOTE1) 

!ACE 

I/ 
_/~ 

loE(NOTE 1) 

MAX. 

150 

150 

70 

70 

70 

.J 
lcHz 

fot.lz 

(NOT 
Do· D1 

(Do - D,s) 
LLL DATAVAUD ~ \...l...l.. ..:LL.L 

fa.I J 
NOTES: 

1. Data becomes valid after tAA• W:E• and loE from address 
input, chip enable or output enable, respectively have been met 

2. Applied to byte mode. Signals in parentheses apply to word mode. 

Figure 3. Timing Diagram 

UNIT NOTE 

ns 

ns 

ns 

ns 

ns 

ns 
1 

ns 

5320009-3 



CMOS 2M (256K x 8/12BK x 16) 
Mask Programmable ROM 

ORDERING INFORMATION 

LH532000B 
Device Type 

_x_ 
Package 

-## 
Speed 

Y ~~ ~~g Access Time (ns) 

D 40-pin, 600-mil DIP (DIP40-P-600) 
M 44-pin, 14 x 14 mm2 QFP (QFP44-P-1414) 

...._ _____ ---< N 40-pin, 525-mil SOP (SOP40-P-525) 
Z 44-pin, 10 x 10 mm2 QFP (QFP44-P-1010) 

LH532000B 

...._ ____________ CMOS 2M (256K x 8 or 128K x 16) Mask Programmable ROM 

Example: LH532000BD-15 (CMOS 2M (256K x 8 or 128K x 16) Mask Programmable ROM, 
150 ns, 28-pin, 600-mil DIP) 

5320008-4 



LH532100B CMOS 2M (256K x 8) Mask Programmable ROM 

FEATURES 

• 262, 144 x 8 bit organization 

• Access time: 120/150 ns (MAX.) 

• Low power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Static operation (Internal sync. system) 

• Mask-programmable OE/OE and 
OE1/0E1 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 

• JEDEC standard EPROM pinout (DIP) 

6-70 

DESCRIPTION 

The LH5321 OOB Is a mask programmable ROM 
organized as 262,144 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

PIN CONNECTIONS 

32-PIN DIP 
32-PINSOP 

TOP VIEW 

OE1/0E1/DC 1• Vee 

A1a 2 NC 

A15 A11 

A12 4 A,4 

A1 5 A13 

As 6 As 
7 As 
8 A11 

As 9 OE/OE 

Az A1o 

A, CE 

0, 

Do De 
D1 Ds 
~ D4 

D3 

5321009-1 

Figure 1. Pin connections for DIP and 
SOP Packages 



CMOS 2M (256K x 8) Mask Programmable ROM 

a: 
w 
It 
::::> 
m 

~ 
a: 
0 
0 
< 

IC 
w 
0 

8 i----... l!:l 
!3 
IC 
0 

~ 

MEMORY 
MATRIX 

(262,144 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

OUTPUT BUFFER 

LH532100B 

OE/OE OE J 
OE1tOE1/DC ©1-----i BUFFER l l j t 

L.__ ______ (3~~-(1sl}--------<113u--a·~}'----(1~9}--l[20}--{21>-----' 
Vee GND D0 D1 D2 ~ D4 D5 

NOTE: Pin numbers apply to the 32-pin DIP. 

Figure 2. LH532100B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao-A11 Address input 

Do-D1 Data output 
OE1/0E1/DC 

Output Enable input/ 
Don't Care connection 

CE Chip Enable input Vee Power supply (+5 V) 

OE/OE Output Enable input 1 GND Ground 

NOTE: 
1. Active levels of OE/OE and OE1/0E1/DC are mask programmable. 

Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 

TRUTH TABLE 

CE OE/OE OE1/0E1 MODE Do- D7 SUPPLY CURRENT 

H x x Non selected High-Z Standby (lse) 

L L/H x Non selected High-Z Operating (Ice) 

L x L/H Non selected High-Z Operating (Ice) 

L H/L H/L Selected DoUT Operating (Ice) 

NOTE: 
X=HorL 

SHARP 

5321008-2 

NOTE 

1 
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LH532100B CMOS 2M (256K x 8) Mask Programmable ROM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3 to +7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -o.3 to Vee +0.3 v 
Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -55 to +150 ·c 

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

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vee+0.3 v 
Output "Low" voltage Vot. lot.= 2.0 mA 0.4 v 
Output "High" voltage VoH loH • -400 µA 2.4 v 
Input leakage current 1 lu I V1N = o V to Vee 10 µA 

Output leakage current llt.ol Vour - o V to Vee 10 µA 1 

lee1 tRc = 150 ns 50 
mA 2 

Operating current lee2 tRc=1µs 45 

lcca tRc = 150 ns 45 
mA 3 

ICC4 tRc•1µs 40 

lse1 CE = V1L, CE = V1H 3 mA 
Standby current 

lse2 
CE= 0.2 V, 

µA CE = Vee - 0.2 v 100 

NOTES: 
1. CE/OE/OE1 = V1H or OE/OE1 = V1L 
2. V1N = V1HIV1L, CE = V1L, outputs open 

3. V1N = (Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 

AC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. MAX. MIN. MA>C. UNIT NOTE 

Read cycle time tRC 120 150 ns 

Address access time tAA 120 150 ns 

Chip enable access time tACE 120 150 ns 

Output enable delay time toE 50 10 70 ns 

Output hold time tQH 5 10 ns 

CE to output in High-Z tcHZ 50 70 ns 
1 

OE to output in High-Z tOHZ, 50 70 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

CAUTION 
To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 

the Vee pin and the GND pin. 
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CMOS 2M (256K x 8) Mask Programmable ROM 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL +100 pF 

CAPACITANCE (Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

SYMBOL 

CE 

OE!OE1 

OE,OE1 

C1N 

CoUT 

---"'\ 
__/~ 

~ 

MIN. TYP. MAX. 

10 

10 

lilc 

IAA(NOTE) 

IACe(NOTE) 

I/ 
_Jr\_ 

Ice (NOTE) 

.LL.LY 
U3.. 

NOTE: Data becomes valid after the intervals IAA, !ACE• and loE from address 
input, chip enable and output enable, respectively have been met. 

UNIT 

pF 

pF 

' .J~ 

_f 

'/' 
_Jr\_ 

VALID 

loH 

Figure 3. Timing Diagram 

ORDERING INFORMATION 

LH532100B 
Device Type 

x 
Package 

-## 
Speed 

lcHZ 

loHz 

~ 
ll 

Y ~~ ~~g Access Time (ns) 

~------< D 32-pin, 600-mil DIP (DIP32-P-600) 
N 32-pin, 525-mil SOP (SOP32-P-525) 

LH5321008 

5321008·3 

~------------ CMOS 2M (256K x 8) Mask Programmable ROM 

Example: LH532100BD-15 (CMOS 2M (256K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP\ 
53:(100!!4 
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LH532200B CMOS 2M (256K x 8) Mask Programmable ROM 

FEATURES 

• 262, 144 x 8 bit organization 

• Access time: 150 ns (MAX.) 

• Low power consumption: 
Operating: 275 mW (MAX.) 

• Static operation (No clock required) 

• Mask-programmable OE1/0E1/DC and 
OE2/0E2/DC 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• 32-pin, 600-mil DIP 

6-74 

Compatible to 28-pin 1 M-bit mask 
ROM specific pinout 

DESCRIPTION 
The LH532200B is a mask programmable ROM 

organized as 262,144 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

PIN CONNECTIONS 

32-PIN DIP TOP VIEW 

A,, 1 • Vee 
OE1/0E1/DC 2 OE:!OE:!DC 

A,s 3 DC 

A,2 4 A,4 

A, 5 A,a 

Ae 6 As 
As 7 Ag 

A. 8 A,1 

Aa 9 A,s 

A-;_ 10 A,o 

OE 

Ao 12 21 D, 

Do 13 Ds 
D, 14 Ds 

D2 15 D4 

GND 16 Da 

5322008-1 

Figure 1. Pin Connections for DIP Package 

SHARP 



CMOS 2M (256K x 8) Mask Programmable ROM 

a: 
w 
IL 
IL 
::::> 
m 
gj 
w 
a: c 
c 
< 

PIN DESCRIPTION 

SIGNAL PIN NAME 

Ao-A11 Address input 

Do-07 Data output 

OE Output Enable input 

OE1/0E1/DC 
Output Enable input/ 
Don't Care 

NOTE: 

a: 
w c 
0 
0 
w c 
gj 
w 
a: 
c 
c 
< 

TIMING 
GENERATOR 

MEMORY 
MATRIX 

(262, 144 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Figure 2. LH532200B Block Diagram 

NOTE SIGNAL PIN NAME 

OE2tOE2'DC 
Output Enable input/ 
Don't Care 

Vee Power supply (+5 V) 

GND Ground 
1 

1. Active levels of OE1/0E1/DC and OE2!0E2'DC are mask programmable. 
Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 

LH532200B 

5322008-2 

NOTE 

1 
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LH532200B CMOS 2M (256K x 8) Mask Programmable ROM 

TRUTH TABLE 

OE OE1/0E1 OE2/0E2 MODE Do· D7 SUPPLY CURRENT 

H x x Non selected High-Z Operating (Ice) 

x L/H x Non selected High-Z Operating (Ice) 

x x L/H Non selected High-Z Operating (Ice) 

L H/L H/L Selected Dour Operating (Ice) 

NOTE: 
X=HorL 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto +70 oc 
Storage temperature Tstg -55 to +150 oc 

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

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TVP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.0 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TVP. MAX. UNIT NOTE 

Input "Low• voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low• voltage VOL IOL = 2.0 mA 0.4 v 
Output "High" voltage VOH IOH = ·400 µA 2.4 v 
Input leakage current 1 lu I V1N - o V to Vee 10 µA 

Output leakage current 1 ILO I VouT • O V to Vee 10 µA 1 

lcc1 tRe = 150 ns 50 
mA 2 

Operating current lcc2 tRe = 1 µs 45 

Ices tRc = 150 ns 45 
mA 3 

lcc4 tRc=1µs 40 

NOTES: 
1. OE/OE1/0E2 = V1H or OE1/0E2 = V11.. 
2. V1N = V1HIV1L, outputs open 

3. V1N = (Vee - 0.2 V) or 0.2 V, outputs open 

6-76 



CMOS 2M (256K x 8) Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. 

Read cycle time tRC 150 

Address access time tAA 150 

Output enable delay time toE 10 70 

Output hold time toH 10 

OE to output in High-Z toHZ: 70 

NOTE: 
1. This is the time required for the output to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5V 

Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100 pF 

CAPACITANCE (Vee= 5v±100/c,, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL 

Input capacitance C1N 

Output capacitance Coor 

OE/OE1/0E2 

OE1/0E2 

--
___, 

MIN. TYP. MAX. 

10 

10 

tM(NOTE) 

ir 
~ 

loe (NOTE) 

LLL 
~k. 

NOTE: Data becomes valid after the intervals tM and toe from address 
input or output enable input, respectively have been met. 

Figure 3. Timing Diagram 

CAUTION 

UNIT 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 

pF 

'r 
_j\_ 

t 
loH 

DATA VALID 

LH532200B 

NOTE 

1 

loHz 

1 
~ 

.:LL.L 

5322008-3 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and the GND pin. 
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LH532200B 

ORDERING INFORMATION 

LH532200B 
Device Type 

D -## 
Package Speed 

CMOS 2M (256K x 8) Mask Programmable ROM 

L 15 150 Acc:essllme(ns) 

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

,__ ___________ CMOS 2M (256K x 8) Mask Programmable ROM 

Example: LH532200BD-15 (CMOS 2M (256K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 
5322009-4 
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LH534000B 
FEATURES 

• Memory organization selection: 
524,288 x 8 bit (byte mode) 
262, 144 x 16 bit (word mode) 

• BYTE input pin selects bit configuration 

• Access time: 200 ns (MAX.) 

• Low power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Static operation (Internal sync. system) 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 14 x 14 mm2 QFP 
44-pin, 10 x 1 O mm2 QFP 

• X16 word-wide pinout 

DESCRIPTION 

The LH534000B is a 4M bit mask programmable 
ROM with two programmable memory organizations of 
byte and word modes. It is fabricated using silicon-gate 
CMOS process technology. 

SHARP 

CMOS 4M {512K x 8 I 256K x 16) 
Mask Programmable ROM 

PIN CONNECTIONS 

TOP VIEW 
40-PIN DIP 
40-PINSOP 

A11 1. Ae 
A1 2 Ag 

Ae 3 A10 

As 4 A11 

A,, 5 A12 

A, 6 A13 

~ 7 A14 

A1 8 A1s 

Ao 9 A1s 

CE 31 BYTE 

GND 30 GND 

OE D15''A1 

Do D1 

Ds D14 

D1 Ds 

Ds D13 

D2 Ds 

D10 23 D12 

D, D4 

D11 21 Vee 

44-PINQFP ~ 

lw 0 ~ 
"' .,,. an m an .,,. o ........ _ .... ~z ............. co 

zcececece mcioooo 

A12 34 33 32 31 30 29 28 27 26 25 24 23 22 Du 

A11 35 21 D5 

A10 36 

Ag 37 

Ae 38 

A17 39 

A7 40 

Ae 41 

As 
A,, 

Aa 

D12 

D4 

Vee 
GND 

5340009-1 

Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 
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LH534000B 
CMOS 4M (512K x 8 / 256K x 16) 

Mask Programmable ROM 

IC 
w u.. 
u.. 
:;) 
al 

"' "' w 
A1 IC 

0 

As 0 
< 

As 
A,, 
A3 
A2 
A, 

Ao 

CE 

BYTE 

NOTE: Pin numbers apply to the 40-pin DIP. 

IC 
w 
0 
0 
0 w 
0 

"' "' w 
IC 
0 
0 
< 

TIMING 
GENERATOR 

MEMORY 
MATRIX 

(524,288 x 8) 
(262, 144 x 16) 

IC 
w u.. u.. 
:;) 
al 
I-
:;) 
a. 
I-
:;) 

Q 
IC 

~ 
0 

COLUMN SELECTOR 
w 
-' w 

"' i!' 
< 
0 

SENSE AMPLIFIER 

Figure 2. LH534000B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

A-1 Address input (BYTE mode) 1 OE Chip enable input 

Ao-A11 Address input BYTE Byte/word mode switch 

Do- D1s Data output Vee Power supply (+5 V) 

CE Chip enable input GND Ground 

NOTE: 
1. D15'A-1 pin becomes LSB address input (A.1) when the bit configuration is set in byte mode, 

and data output (D1s) when in word mode. BYTE input pin selects bit configuration. 

6-80 

011 

05 

o. 

534000S-2 

NOTE 

SHARP 



CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 

TRUTH TABLE 

CE OE BYTE 

H x x 
L H x 
L L H 

L L L 

L L L 

NOTES: 
1. X=HorL 

A..1 

x 
x 

Inhibit 

L 

H 

MODE Do· D7 Da • O,s SUPPLY CURRENT 

Non selected High-Z Standby (Isa) 

Non selected High-Z Operating (Ice) 

Word Do-D1 De· D15 Operating (Ice) 

Byte Do- D1 High-Z Operating (Ice) 

Byte Da-D15 High-Z Operating (Ice) 

2. The input state of BYTE must not be changed during operation. The BYTE pin must be set to either HIGH or LOW. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto +70 ·c 
Storage temperature Tstg -55to+150 •c 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input "Low• voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low• voltage VoL IOL = 2.0 mA 0.4 v 
Output "High" voltage VoH loH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N = o V to Vee 10 µA 

Output leakage current 1 ILOI Vour = O V to Vee 10 µA 

lcc1 tRe = 200 ns 50 
mA 

Operating current lce2 tRC = 1 µs 45 

lcc3 tRc = 200 ns 45 
mA 

lcc4 tRe = 1 µs 40 

Standby current 
lss1 CE= V1H 3 mA 

lss2 CE = Vee - 0.2 V 100 µA 

NOTES: 
1. OE= V1L, CE= V1H 
2. V1N = V1HIV1L, CE = V1L, outputs open 
3. V1N =(Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 

CAUTION 

LH534000B 

NOTE 

1 

2 

3 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and GND. 
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LH534000B 

AC CHARACTERISTICS (Vee= 5 v ± 1D°k, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. TYP. MAX. 

Read cycle time tRC 200 

Address access time 1AA 200 

Chip enable access time tACE 200 

Output enable delay time toe 80 

Output hold time tQH 10 

CE to output in High-Z tcHZ 80 

OE to output in High-Z toHZ 80 

NOTE: 
1. This is lhe time required for lhe outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5V 

Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

CAPACITANCE (Vee= 5V±100/o, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

SYMBOL MIN. 

C1N 

Cour 

(NOTE2 
A.1· A11 ~V" 

(Ao-A11) 

CE 

OE 

(NOTE 
Do· D1 

__J~ 

1 

2) 

TYP. MAX. UNIT 

10 pF 

10 pF 

\. 
tAA(NOTE 1) 

W:e(NOTE 1) 

\_ 
loe (NOTE 1) 

CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 

UNIT NOTE 

ns 

ns 

ns 

ns 

ns 

ns 
1 

ns 

_l 
fcHZ 

I 
loHZ 

LLL DATA VALID li~ 
u...l. ..:LLL (Do· D1sl 

NOTES: 
1. Data becomes valid after the intervals !AA. !Ace and loe from address 

input, chip enable, and output enable, respectively have been met. 

2. Applies to byte mode. Signals In parentheses apply to word mode. 

Figure 3. Timing Diagram 
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loH J 
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CMOS 4M (512K x 81256Kx16) 
Mask Programmable ROM 

ORDERING INFORMATION 

LH534000B 
Device Type 

x 
Package 

-## 
Speed 

L_ 
20 200 Access Time (ns) 

D 40-pin, 600-mil DIP (DIP40-P-600) 
N 40-pin, 525-mil SOP (SOP40-P-525) 

'---------< Z 44-pin, 10x10 mm2 QFP (QFP44-P-1010) 
M 44-pin, 14 x 14 mm2 QFP (QFP44-P-1414) 

LH534000B 

'-------------- CMOS 4M (512K x 8 or 256K x 16) Mask Programmable ROM 

Example: LH534000BD-20 (CMOS 4M (512K x 8) Mask Programmable ROM, 200 ns, 40-pin, 600-mil DIP) 
5340008-4 



LH534100B CMOS 4M (512K x 8) Mask Programmable ROM 

FEATURES 

• 524,288 x 8 bit organization 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Mask programmable OE/OE and 
OE1/0E1/DC 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 

• JEDEC standard EPROM pinout (DIP) 

6-84 

DESCRIPTION 
The LH534100B is a 4M-bit mask programmable 

ROM organized as 524,288 x 8 bits. It is fabricated 
using silicon-gate CMOS process technology. 

PIN CONNECTIONS 

32-PIN DIP TOP VIEW 
32-PINSOP 

OE1/0E1/DC 1• 

A,s 2 A,a 

A,s 3 A,1 

4 A,4 

5 A,3 
6 As 
7 Aa 
8 A,, 

9 OE/OE 

A,o 
CE 

5341008·1 

Figure 1. Pin Connections for DIP and SOP 
Packages 



CMOS 4M (512K x 8) Mask Programmable ROM 

a: w 
LL 
LL 
::> 
m 
rJ) 
rJ) 
w a: 
0 
0 
< 

OE1IOE1/DC 1 J----t OE 
OE/OE BUFFER 

NOTE: Pin numbers apply to the 32-pin DIP. 

a: w 
0 
0 
0 w 
0 
rJ) 
rJ) 
w 
a: 
0 
0 
< 

TIMING 
GENERATOR 

MEMORY 
MATRIX 

(524,288 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

OUTPUT 
BUFFER 

Figure 2. LH534100B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL 

A() - A1e Address input 
OE1/0E1/DC 

Do-D1 Data output 

CE Chip Enable input Vee 

OE/OE Output Enable input 1 GND 

NOTE: 
1. Active levels of OE1/0E1/DC and OE/OE are mask programmable. 

Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 

PIN NAME 

Output Enable input/ 
Don't Care 

Power supply (+5 V) 

Ground 

LH534100B 

5341008-2 

NOTE 

1 



LH534100B CMOS 4M (512K x 8) Mask Programmable ROM 

TRUTH TABLE 

CE OE/OE OE1/0E1 MODE Do. Dr SUPPLY CURRENT 

H x x Non selected High-Z Standby (lse) 

L x l..JH Non selected High-Z Operating (Ice) 

L l..JH x Non selected High-Z Operating (Ice) 

L H/L H/L Selected DoUT Operating (Ice) 

NOTE: 
X=Horl 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage VoUT -0.3 to Vee +0.3 v 
Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -55to+150 ·c 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low• voltage VOL loL • 2.0 mA 0.4 v 
Output "High" voltage VOH IOH = -400 µA 2.4 v 
Input leakage current 11u I V1N - o V to Vee 10 µA 

Output leakage current llLO I VoUT = O V to Vee 10 µA 1 

lcc1 tRe = 200 ns 50 
mA 2 

Operating current lcc2 tRe • 1 µs 45 

Ices tRe = 200 ns 45 
mA 3 

lcC4 tRe • 1 µs 40 

Standby current 
lse1 CE= V1H 3 mA 

lse2 CE= Vee - 0.2 V 100 µA 

NOTES: 
1. CE/OE/OE1 = V1H or OE/OE1 = VtL 
2. V1N = V1l'IV1L. CE = V1L, outputs open 
3. V1N = (Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 

CAUTION 
To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 

the Vee pin and the GND pin. 
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CMOS 4M (512K x 8) Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5 v ± 100k, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle time tRC 200 ns 

Address access time lAA 200 ns 

Chip enable time lACE 200 ns 

Output enable time toe 80 ns 

Output hold time toH 10 ns 

CE to output in High-Z tcHZ 80 ns 
1 

OE to output in High-Z toHz 80 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5V 

Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

CAPACITANCE (Vee= 5V±10%, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. 

Input capacitance 

Output capacitance 

CE 

OE/OE1 

OEIOE1 

C1N 

CouT 

~If 

__JI\. 

t 

TYP. MAX. UNIT 

10 pF 

10 pF 

.I~ 
IAA(NOTE) 

_J 
tAcE(NOTE) 

IF 
I\. .JI\. 

foe (NOTE) 

loH 

lcHz 

loHz 

l 
.LLL ll~ 
U.l DATA VALID _:f...i..lJ 

NOTE: Data becomes valid after the intervals IAA, !ACE• and loE from address 
input, chip enable or output enable, respectively have been met. 

Figure 3. Timing Diagram 

SHARP 

LH534100B 

53410011-3 
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LH534100B 

ORDERING INFORMATION 

LH534100B 
Device Type 

x 
Package 

-## 
Speed 

CMOS 4M (512K x 8) Mask Programmable ROM 

L___ 20 200 Access Time (ns) 

.__ _____ -<] D 32-pin, 600-mil DIP (DIP32-P-600) 
N 32-pin, 525-mil SOP (SOP32-P-525) 

,__ ___________ CMOS 4M (512K x 8) Mask Programmable ROM 

Example: LH5341 OOBD-20 (CMOS 4M (512K x 8) Mask Programmable ROM, 200 ns, 32-pin, 600-mil DIP) 
5341D0-4 
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LH534200B CMOS 4M (512K x 8) Mask Programmable ROM 

FEATURES 

• 524,288 x 8 bit organization 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 275 mW (MAX.) 

• Mask-programmable OE1/0E1/DC 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
32-pin, 600-mil DIP 

Compatible with 28-pin 1 M mask 
ROM-specific pinout 

DESCRIPTION 

The LH534200B is a mask programmable ROM 
organized as 524,288 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

PIN CONNECTIONS 

32-PIN DIP TOP VIEW 

A,7 1• Voo 

A,a 2 O~/OE1/DC 

A,s 3 NC 

A,2 4 A,4 

A1 5 A13 

Ag 6 Ag 

As 7 Ag 

~ 8 A,, 

A3 9 A,a 

A. A,o 

A, OE 

Ao D1 
Do De 
D, Ds 

D2 D4 

GND D3 

5342006-1 

Figure 1. Pin Connections for DIP Package 
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LH534200B CMOS 4M (512K x 8) Mask Programmable ROM 

a: w 
LL 
LL 
::> 
ID 

ffi a: 
0 
0 
< 

OE1/0E1/~ 11l----1 OE 
OE BUFFER 

PIN DESCRIPTION 

SIGNAL PIN NAME 

Ao-A1s Address input 

Do-1>7 Data output 

OE Output Enable input 

NOTE: 

a: w 
0 
0 
0 w 
0 
U) 

ffl a: 
0 
0 
< 

TIMING 
GENERATOR 

MEMORY 
MATRIX 

(524,288 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

OUTPUT BUFFER 

Figure 2. LH534200B Block Diagram 

NOTE SIGNAL PIN NAME 

OE1/0E1/DC Output Enable inpuU 
Don't Care 

Vee Power supply (+5 V) 

GND Ground 

1. The active level of OE1/0E1/0C is mask programmable. 
Selecting DC allows the outputs to be active for both high and low levels that are applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 

CAUTION 

5342008-2 

NOTE 

1 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and the GND pin. 
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CMOS 4M (512K x 8) Mask Programmable ROM LH534200B 

TRUTH TABLE 
OE OE1/0E1 MODE Da. Dr SUPPLY CURRENT 

H x Non selected High·Z Operating (Ice) 

x UH Non selected High-Z Operating (Ice) 

L H/L Selected Dour Operating (Ice) 

NOTE: 
X=HorL 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto+70 oc 
Storage temperature Tstg -55to+150 oc 

NOTE: 
1. The maximum applicable vol1age on any pin with respect to GND. 

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low• voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VoL loL - 2.0 mA 0.4 v 
Output "High" voltage VOH loH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N = o V to Vee 10 µA 

Output leakage current 1 ILO I Vour • o V to Vee 10 µA 1 

lcc1 tRc = 200 ns 50 
mA 2 

Operating current lcc2 tRC = 1 µs 45 

ICC3 tRc = 200 ns 45 
mA 3 

ICC4 tRc = 1 µs 40 

NOTES: 
1. OE/OE1 = V1H or OE1 = V1L 
2. VIN = V1HiV1L, outputs open 
3. V1N = (Vee - 0.2 V) or 0.2 V, outputs open 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle time tRc 200 ns 

Address access time IM 200 ns 

Output enable time toe 80 ns 

Output hold time toH 10 ns 

OE to output in High-Z tOHz: 80 ns 1 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 
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LH534200B CMOS 4M (512K x 8) Mask Programmable ROM 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5V 

Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

CAPACITANCE (Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Input capacitance C1N 10 pF 

Output capacitance Cour 10 pF 

foe (NOTE) 

DATA VALID 

NOTE: Data becomes valid after the intervals !AA and toe from address 
input and output enable input, respectively have been met. 

Figure 3. Timing Diagram 

ORDERING INFORMATION 

LH534200B 
Device Type. 

D -## 
Package Speed 

I I_ 20 200 Access Time (ns) 

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

~------------ CMOS 4M (512K x 8) Mask Programmable ROM 

Example: LH534200BD-20 (CMOS 4M (512K x 8) Mask Programmable ROM, 200 ns, 32-pin, 600-mil DIP) 
5342008-4 
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LH534300A CMOS 4M (512K x 8) Mask Programmable ROM 

FEATURES 

• 524,288 x 8 bit organization 

• Access time: 150 ns (MAX.) 

• Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Mask programmable OE/OE and 
OE1/0E1/DC 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 

• JEDEC standard EPROM pinout (DIP) 

SHARP 

DESCRIPTION 
The LH534300A is a 4M-bit mask programmable 

ROM organized as 524,288 x 8 bits. It is fabricated 
using silicon-gate CMOS process technology. 

PIN CONNECTIONS 

32-PIN DIP TOP VIEW 
32-PINSOP 

OE1/0E1/0C 1• Vee 

A,s 2 31 A16 

A,s 3 A11 

A,2 4 A,4 

A, 5 A,3 

As 6 Ag 

7 Ag 

8 A,, 

9 OE/OE 

A2 A10 

CE 

12 o, 
13 o. 

o, 14 05 

15 04 

16 03 

534300·1 

Figure 1. Pin Connections for DIP and SOP 
Packages 
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LH534300A CMOS 4M (512K x 8) Mask Programmable ROM 

A1s 
A11 

A1s 
A1s 
A14 

cc w u. u. 
::::> 
co 
en en w 

A1 
cc 
0 

As 0 
<( 

As 
A,, 
A., 
Az 

OE1/0E1/DC OE 
OE/OE 41}----t BUFFER 

NOTE: Pin numbers apply to the 32-pin DIP. 

cc 
w 
0 
0 
() 
w c 
en en w 
cc 
0 c 
<( 

TIMING 
GENERATOR 

Vee GND 

MEMORY 
MATRIX 

(524,288 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Figure 2. LH534300A Block Diagram 

PIN DESCRIPTION 
SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao- A1s Address input 

Do-Ch Data output 
OE1/0E1/DC 

Output Enable input/ 
Don't Care 

CE Chip Enable input Vee Power supply (+5 V) 

OE/OE Output Enable input 1 GND Ground 

NOTE: 
1. Active levels of OE1/0E1/DC and OE/OE are mask programmable. 

Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 
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NOTE 
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CMOS 4M (512K x 8) Mask Programmable ROM LH534300A 

TRUTH TABLE 
CE OE/OE OE1/0E1 MODE Do. Dr SUPPLY CURRENT 

H x x Non selected High-Z Standby (lse) 

L x L/H Non selected High·Z Operating (Ice) 

L L/H x Non selected High-Z Operating (Ice) 

L H/L HIL Selected Dour Operating (Ice) 

NOTE: 
X=Horl 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N ·0.3 to Vee +0.3 v 1 

Output voltage Vour ·0.3 to Vee +0.3 v 
Operating temperature Topr Oto+70 •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 +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L ·0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VoL IOL = 2.0 mA 0.4 v 
Output "High" voltage VoH loH = ·400 µA 2.4 v 
Input leakage current 1 lu I V1N = o V to Vee 10 µA 

Output leakage current I ILOI Vour = O V to Vee 10 µA 1 

lcc1 tRc = 150 ns 50 
mA 2 

Operating current lcc2 tRc = 1 µs 45 

lcc3 tRc - 150 ns 45 
mA 3 

lcc4 tRc•1µs 40 

Standby current 
lse1 CE= V1H 3 mA 

lse2 CE" = Vee • 0.2 V 100 µA 

NOTES: 
1. CE/OE/OE1 = V1H or OE/OE1 = V1L 
2. VIN = V1HIV1L, CE = V1L, outputs open 
3. VIN = (Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 

CAUTION 
To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 

the Vee pin and the GND pin. 
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LH534300A CMOS 4M (512K x 8) Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5 v ± 10%, TA=() to +70°C) 

PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle time tRC 150 ns 

Address access time tAA 150 ns 

Chip enable time iACE 150 ns 

Output enable time toE 70 ns 

Output hold time toH 5 ns 

CE to output in High-Z tcHZ 70 ns 
1 

OE to output in High-Z toHz 70 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6Vto2.4V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

CAPACITANCE (Vee= 5 v ± 100k, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Input capacitance C1N 10 pF 

Output capacitance Coor 10 pF 

- ·~ 

---' _}\.. 

IAA(NOTE) 

~ _f 
IACE(NOTE) lcHz 

I/ I/ 
~ .J~ 

1oE (NOTE) foHz 

loH 

1 
.LLZ .,- DATA VALID ~ 
\-1.-1. ..L_l__L 

NOTE: Data becomes valid after the Intervals IAA, IACE• and foE from address 
Input, chip enable or output enable, respectively have been met. 

Figure 3. Timing Diagram 
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CMOS 4M (512K x 8) Mask Programmable ROM 

ORDERING INFORMATION 

LH534300A 
Device Type 

x 
Package 

-## 
Speed 

L_ 15 150 Access Time (ns) 

.__ _____ -cj D 32-pin, 600-mil DIP (DIP32-P-600) 
l N 32-pin, 525-mil SOP (SOP32-P-525) 

LH534300A 

~----------- CMOS 4M (512K x 8) Mask Programmable ROM 

Example: LH534300AD-15 (CMOS 4M (512K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP 
53430~ 
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LH534400A CMOS 4M (512K x 8) Mask Programmable ROM 

FEATURES 

• 524,288 x 8 bit organization 

• Access time: 150 ns (MAX.) 

• Power consumption: 
Operating: 275 mW (MAX.) 

• Programmable OE1/0E1/DC and OE/OE 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 

6-98 

32-pin, 600-mil DIP 
Compatible with 28-pin 1 M mask 
ROM-specific pinout 

DESCRIPTION 

The LH534400A is a mask programmable ROM 
organized as 524,288 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

PIN CONNECTIONS 

32-PIN DIP TOP VIEW 

A11 1• 32 Vee 

A,s 2 31 OE1/0E1/DC 

A,s 3 30 NC 

A.2 4 29 A,4 

A1 5 28 A,3 

As 6 As 

As 7 26 Ag 

A4 8 A,, 

A3 9 24 A,s 

A2 10 23 A,o 

OE/OE 

Ao 12 D1 

Do 13 Ds 

D, 14 19 Ds 

15 D. 

16 D3 

534400-1 

Figure 1. Pin Connections for DIP Package 

SHARP 



CMOS 4M (512K x 8) Mask Programmable ROM 

A13 

A12 a: 
A11 w u.. u.. 

:::> 
m 

Z! 
w 
a: 

A1 c c 
Ae < 

OE1/0E1/0C l31J----I OE 
OE/OE BUFFER 

a: 
w c 
0 
0 
w 
c 
ti) 
ti) 
w 
a: c c 
< 

TIMING 
GENERATOR 

MEMORY 
MATRIX 

(524,288 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Figure 2. LH534400A Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao-A1s Address input 

Do-07 Data output 
OE1/0E1/DC 

Output Enable input/ 
Don't Care 

OE/OE Output Enable input 1 Vee Power supply (+5 V) 

GND Ground 

NOTE: 
1. The active levels of OE1/0E1/DC and OE/OE are mask programmable. 

Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 

LH534400A 

NOTE 

1 
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LH534400A CMOS 4M (512K x 8) Mask Programmable ROM 

TRUTH TABLE 

OE/OE OE1/0E1 llODE Do. D7 SUPPLY CURRENT 

UH x Non selected High-Z Operating (Ice) 

x UH Non selected High-Z Operating (Ice) 

HIL HIL Selected DoUT Operating (Ice) 

NOTE: 
X=Horl 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -55to+150 ·c 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VOL IOL • 2.0 mA 0.4 v 
Output "High" voltage VoH IOH • -400 µA 2.4 v 
Input leakage current 1 lu I V1N = o V to Vee 10 µA 

Output leakage current 1 ILOI VouT - O V to Vee 10 µA 1 

lcc1 tRe • 150 ns 50 
mA 2 

Operating current lcc2 tRe = 1 µs 45 

ICC3 tRe = 150 ns 45 
mA 3 

lcc4 tRe=1µs 40 

NOTES: 
1. OE/OE1 = V1H or OE/OE1 = V1L 
2. V1N = V1HiV1L, outputs open 
3. V1N = (Vee - 0.2 V) or 0.2 V, outputs open 

AC CHARACTERISTICS (Vee= 5 v ± 100k, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle lime tRe 150 ns 

Address access time 1AA 150 ns 

Output enable time toe 70 ns 

Output hold time toH 5 ns 

OE to output in High-Z IOHZ. 70 ns 1 

NOTE: 
1. This is lhe time required for the outputs to become high-impedance. 
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CMOS 4M (512K x 8) Mask Programmable ROM LH534400A 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.SV 

Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

CAPACITANCE (Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TVP. MAX. UNIT 

Input capacitance C1N 10 pF 

Output capacitance Cour 10 pF 

tM(NOTE) 

loe (NOTE) foHz 

o.- o, 

NOTE: Data becomes valid after the Intervals tM and foe. from address 
Input and output enable input. respectively have been met. 

DATA VALID 

Figure 3. Timing Diagram 

OPERATION IMMEDIATELY AFTER 
POWER UP 

To ensure valid data immediately after power up, it 
is necessary to change one or more addresses once 
the supply is stable. Valid data will be output at IAA 
following the address transition. 

SHARP 

CAUTION 
To stabilize the power supply, it is recommended that 

a high-frequency bypass capacitor be connected be
tween the Vee pin and the GND pin. 
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LH534400A CMOS 4M (512K x 8) Mask Programmable ROM 

--------- -- -- ------ -- -- ------ ---- -- ------------------------------ 4.5 v 
11 

DATA INVALID DATA VALID 

NOTE: 11. '2 • 70 ns (MIN.) 

Figure 4. Power Up lnltlallzatlon 

ORDERING INFORMATION 

LH534400A 
Device Type 

D -## 
Package Speed 

L= 15 150 Access Time (ns) 

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

CMOS 4M (512K x 8) Mask Programmable ROM 

Example: LH534400AD-15 (CMOS 4M (512K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 
534400-5 
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LH534500A 
FEATURES 

• Memory organization selection: 
524,288 x 8 bit (byte mode) 
262, 144 x 16 bit (word mode) 

• BYTE input pin selects bit configuration 

• Access time: 150 ns (MAX.) 

• Low power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Static operation (Internal sync. system) 

• Automatic power down mode 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 14 x 14 mm2 QFP 

• X16 word-wide pinout 

DESCRIPTION 

The LH534500A is a 4M bit mask programmable 
ROM with two programmable memory organizations of 
byte and word modes. It is fabricated using silicon-gate 
CMOS process technology. 

CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 

PIN CONNECTIONS 

TOP VIEW 
40-PIN DIP 
40-PINSOP 

A11 1• Aa 
A1 2 Ag 

Ae 3 A,o 

"5 4 An 

A,, 5 A,, 

A3 6 A13 

Ao 7 A,4 

A1 8 A15 

Ao 9 A,o 

CE 10 31 BYTE 

GND 11 GND 

OE/OE 12 D1slA.1 

Do 13 D1 

Do 14 D14 

D1 15 Do 

09 16 013 

o, 17 05 

010 18 D12 

03 19 04 

011 21 Vee 

44-PINQFP _ 

"' .... .,, co ~ .... lw 0 <" 
O_r_r __ !):z_,.._., 
z ...... << me> cc cc 

~ .r < .f I~ ~ I~ ~ ~ c ~ 
0 

Figure 1. Pin Connections for 
DIP, SOP, and QFP Packages 

o,. 
04 

Vee 

GNO 

011 

03 

D1o 

o, 
09 

534500-1 
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LH534500A 
CMOS 4M (512K x 8 / 256K x 16) 

Mask Programmable ROM 

A1s 
A12 

IC w 
ll. 
ll. 
::> 
m 
U) 
U) 
w 

A1 IC 
0 

As 0 
< 

A5 

~ 
As 
~ 
A1 

Ao 

OE/OE 

BYTE/WORD 
BYTE ~1l---.!SWITCHOVER 

CIRCUIT 

IC w 
0 
0 
0 w 
0 
U) 
U) 
w 
IC 
0 
0 
< 

TIMING 
GENERATOR 

MEMORY 
D15 

MATRIX D14 
(524,288 x 8) 

D13 (262, 144 x 16) 
D12 

IC w D11 ll. 
ll. 
::> m 
I-
::> 
i= 
::> 

~ D1 
~ 

De 0 w 
COLUMN SELECTOR ...J w Ds II) 

~ 
C!i 

D4 

SENSE AMPLIFIER 

'-----------<2S~----f21>---f11>-0~----------l 

NOTE: Pin numbers apply to 40-pin DIP. 
A..1 GND 

Figure 2. LH534500A Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

A..1 Address input 1 OE/OE Chip Enable input 

Ao-A11 Address input BYTE Byte/word mode switch 

Do-D1s Data output Vee Power supply (+5 V) 

CE Chip Enable input GND Ground 

NOTES: 
1. Drn/A-1 pin becomes LSB address input (A-1) when the bit configuration is set in by1e mode, 

and data output (015) when in word mode. BYTE input pin selects bit configuration. 
2. Active level of OE/OE is mask programmable. 
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CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 

TRUTH TABLE 
CE OE/OE BYTE 

H x x 
L UH x 
L H/L H 

L H/L L 

L H/L L 

NOTE: 
X = High or Low 

A..1 MODE Do. D7 Da. D15 SUPPLY CURRENT 

x Non selected High-Z Standby (lse) 

x Non selected High-Z Operating (Ice) 

Inhibit Word Do-D1 Ds- D1s Operating (Ice) 

L Byte Do-0, High-Z Operating (Ice) 

H Byte De- D1s High-Z Operating (Ice) 

The input state of BYTE must not be changed during operation. The BYTE pin must be set to either High or Low. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto+70 "C 

Storage temperature Tstg -55to+150 ac 
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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±1D°Ai, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VoL loL = 2.0 mA 0.4 v 
Output "High" voltage VoH loH • -400 µA 2.4 v 
Input leakage current 1 lu I V1N = o V to Vee 10 µA 

Output leakage current llLO I Vour = o V to Vee 10 µA 

lcc1 tRc = 150 ns 50 
mA 

Operating current lcc2 tRc=1µs 45 

Ices tRc = 150 ns 45 
mA 

lcc4 tRc = 1 µs 40 

Standby current 
lsB1 CE= V1H 5 mA 

lse2 CE = Vee - 0.2 V 100 µA 

NOTES: 
1. OE = V1L, CE/OE = V1H 
2. V1N = V1HIV1L, CE = V1L, outputs open 
3. V1N =(Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 

LH534500A 

NOTE 

1 

2 

3 
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LH534500A 
CMOS 4M (512K x 8 / 256K x 16) 

Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. 

Read cycle time lRC 150 

Address access time IAA 150 

Chip enable access time t.ACE 150 

Output enable delay time toE 70 

Output hold time toH 5 

CE to output in High-Z tCHZ 70 

OE to output in High-Z toH;z: 70 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL +100 pF 

CAPACITANCE (Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

SYMBOL MIN. 

C1N 

Cour 

E2) (NOT 
A.1-A11 ~~ 

(Ao-An) ___J 

CE 

OE 

OE 

(NOT 
D0 - D7 

E 2) 

TYP. MAX. UNIT 

10 pF 

10 pF 

lilc 

~ 
_j~ 

!AA (NOTE 1) 

tAcE!NOTE 1) 

_j~ 

toe(NOTE 1) 

UNIT NOTE 

ns 

ns 

ns 

ns 

ns 

ns 
1 

ns 

v 
le Hz 

\ 
.J 

toHZ 

£IL VALID ~:s:TI 
U.l I.21 (Do· Dis) 

NOTES: 
1. Data becomes valid after the intervals IAA, IAcE and toE from address 

input, chip enable, and output enable, respectively have been met. 

2. Applies to byte mode. Signals in parentheses apply to word mode. 

Figure 3. Timing Diagram 
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CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 

OPERATION IMMEDIATELY AFTER 
POWER UP 

To ensure valid data immediately after power up and 
once the supply is stable, perform one of the following 
operations: 

1. If the Chip Enable (CE) was high during power 
up, switch the CE input from HIGH to LOW. 
(tAcE) or 

LH534500A 

2. Change one or more addresses if the CE input 
was LOW at power up. (tAA) 

The valid data will be output at tAeE or IAA following 
a transition from the above operations (1) or (2). 

CAUTION 

To stabilize the power supply, ii is recommended that 
a high-frequency bypass capacitor be connected be
tween the Vee pin and GND. 

-------- ------- -- ------- -- --------- ---- --- -- --------- ----------- - 4.5 v 

NOTES: 

A., -A~~OTE 1) 

(Ao-A11) 

(NOTE1) 
0 0 - 0 7 

(Do-015) 

t1(NOTE2) 

!:!(NOTE2) 

INACTIVE 

1. Applies ID byte mode. Signals In parentheses apply ID word mode. 
2. 11 and 1:i: 80 ns (MIN.) 

ACTIVE 

It.CE 

Figure 4. Timing Diagram (Power On With CE Inactive) 

NOTES: 

CE 

(NOTE1) 
Ao· A17 

!Ao-A11) 

(NOTE1) 
00 -07 

(Do-D15) 

- - - - -- - - - - - - - - - - --- - -- - - - - - -- -- -- - - - - - -- -- - - - - - - --- -- -- - - - - - -- - - -4.5 v 
!:i(NOTE2) 

ACTIVE 

'4 (NOTE 2) 

DATA INVALID DATA VALID 

1. Applies to byte mode. Signals In parentheses apply to word mode. 
2. t:i and '4: 80 ns (MIN.) 

Figure 5. Timing Diagram (Power On With CE Active) 
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LH534500A 
CMOS 4M (512K x 8 / 256K x 16) 

Mask Programmable ROM 

ORDERING INFORMATION 

LH534500A 
Device Type 

x 
Package 

-## 
Speed 

L 15 150 Access Time (ns) 

D 40-pin, 600-mil DIP (DIP40-P-600) 
~-----( N 40-pin, 525-mil SOP (SOP40-P-525) 

M 44-pin, 14 x 14 mm2 QFP (QFP44-P-1414) 

...._ __________ CMOS 4M (512K x 8 or 256K x 16) Mask Programmable ROM 

Example: LH534500AD-15 (CMOS 4M (512K x 8) Mask Programmable ROM, 150 ns, 40-pin, 600-mil DIP) 
534500-8 
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LH534600 
FEATURES 

• 524,288 x 8 bit organization 
(Byte mode) 

262, 144 x 16 bit organization 
(Word mode) 

• BYTE input pin selects bit configuration 

• Access time: 100 ns (MAX.) 

• Low power consumption: 
Operating: 550 mW (MAX.) 
Standby: 1.65 mW (MAX.) 

• Static operation (Internal sync. system) 

• Automatic power down mode 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 14 x 14 mm2 QFP 

• X16 word-wide pinout 

SHARP 

CMOS 4M (512K x 8/256Kx16) 
Mask Programmable ROM 

DESCRIPTION 

The LH534600 is a 4M bit mask programmable ROM 
with two programmable memory organizations of byte 
and word modes. It is fabricated using silicon-gate 
CMOS process technology. 

PIN CONNECTIONS 

40-PIN DIP 
40-PINSOP 

A11 1• Aa 

A, 2 Ao 
~ 3 A,o 

As 4 A,, 

A,, 5 A,2 

Aa 6 A13 

A2 7 A,. 

A, 8 A,s 

Ao 9 A,s 

CE 31 BYTE 

GND GND 

OE/OE D,s/A.1 

Do D1 

De D,. 

D, Ds 

Do D,. 

D2 Ds 

D,. D,2 

Da D, 
D,, 

44-PINOFP 

lw c <' 
"' .... .,, U) 'ih .,,. o----!;:z_,.__,. 

z<<<< mcioccc 

A,, 

As 

A11 

~ .t < < I~ ~ I~ rf ~ c ~ 
0 

TOP VIEW 

D,a 

D,2 

D. 

D,, 

Da 

D,. 
D2 

Do 

534600-1 

Figure 1. Pin Connections for DIP, SOP, and 
QFP Packages 
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LH534600 
CMOS 4M (512K x 8 / 256K x 16) 

Mask Programmable ROM 

A11 

A1s 

a: 
w 
u_ 
u_ 
=i 
m 
en en w 

A1 a: 
Cl 

As Cl 
<( 

Ar, 

~ 

NOTE: Pin numbers apply to the 40-pin DIP. 

PIN DESCRIPTION 

SIGNAL PIN NAME 

A.1 Address input 
(BYTE MODE) 

Ao-A11 Address input 

Do- D15 Data output 

CE Chip Enable input 

NOTES: 

a: 
w 
Cl 

8 
w 
Cl 
en en w 
a: 
Cl 
Cl 
<( 

TIMING 
GENERATOR 

ADDRESS 

MEMORY 
MATRIX 

(524,288 x 8) 
(262,144 x 16) 

a: 
w 
u_ 
u_ 
=i 
m 
I-
=i 
a. 
I-
=i 
Q a: 
g 
0 

COLUMN SELECTOR 
w 
...J 
w 
en 

~ 
Cl 

SENSE AMPLIFIER 

BUFFER 1------------------' 

A., 

Figure 2. LH534600 Block Diagram 

NOTE SIGNAL PIN NAME 

1 OE/OE Output Enable input 

BYTE Byte/word switch 

Vee Power supply (+5 V) 

GND Ground 

1. D15/A-1 pin becomes LSB address input (A-1) when the bit configuration is set in byte mode, 
and data output (D1s) when in word mode. BYTE input pin selects bit configuration. 

2. Active level of OE/OE is mask programmable. 
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CMOS 4M (512K x 81 256K x 16) 
Mask Programmable ROM 

TRUTH TABLE 
CE OE BYTE A.1 

H x x x 
L H x x 
L L H 

Input 
inhibit 

L L L L 

L L L H 

NOTE: 

MODE 0o- en De- 0,5 SUPPLY CURRENT NOTE 

Non selected High-Z Standby (lss) 
1 

Non selected High-Z Operating (Ice) 

Word Oo-07 Os- 01s Operating (Ice) 

Byte Oo-07 High-Z Operating (Ice) 

Byte Os - 01s High-Z Operating (Ice) 

1. The input state of BYTE pin must not be changed during operation. The BYTE pin must be set to either High or Low. 
X=Horl 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3 to +7.0 v 
Input voltage V1N -o.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto +70 oc 
Storage temperature Tstg -55to+150 ·c 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VoL loL = 2.0 mA 0.4 v 
Output "High" voltage VoH loH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N = o V to Vee 10 µA 

Output leakage current I ILO I Vour = o V to Vee 10 µA 

lcc1 tRc = 100 ns 100 
mA 

Operating current lcc2 tRc = 1 µs 70 

ICC3 tRc = 100 ns 100 
mA 

lee4 tRc = 1 µs 70 

Standby current 
lss1 CE= V1H 3 mA 

lss2 CE = Vee - 0.2 V 300 µA 

NOTES: 
1. OE = V1L, CE/OE = V1H 
2. V1N = V1HIV1L, CE = V1L, outputs open 
3. V1N = (Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 

SHARP 

LH534600 

NOTE 

1 

2 

3 
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LH534600 
CMOS 4M (512K x 8 / 256K x 16) 

Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL 
LH534600 

UNIT NOTE 
MIN. TYP. MAX. 

Read cycle time tRC 100 ns 

Address access time IAA 100 ns 

Chip enable access time tACE 100 ns 

Output enable delay time loE 40 ns 

Output hold time toH 5 ns 

CE to output in High-Z lcHZ 40 ns 
1 

OE to ouput in High-Z IOHZ. 40 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 1.5V 

Output load condition 1TTL+100pf 

CAPACITANCE (Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Input capacitance CtN 10 pf 

Output capacitance CoUT 10 pf 

CAUTION 
To stabillize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 

the Vee pin and GND. 
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CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 

(NOTE 
A.1-A11 

CE 

2) -
___, 

---i.. 

~(NOTE 1) 

tACE(NOTE 1) 

OE 

OE 
1( 
'l loE (NOTE 1) 

NOTES: 

(NOTE 
D0 - D1 

(Do- D1s) 

2) 

1 . Data becomes valid after the intervals !AA. !ACE and loE from address 
input and output enable input, respectively have been met. 

2. Apply to byte mode. Signals in parentheses apply to word mode. 

ti± 

Figure 3. Timing Diagram 

ORDERING INFORMATION 

LH534600 
Device Type 

x 
Package 

-## 
Speed 

_l 
le Hz 

' ' _/I\. 

loHZ 

VALID :S:TI 
I.I. 

loH 

L_ 
1 O 100 Access Time (ns) 

D 40-pin, 600-mil DIP (DIP40-P-600) 
~-------< M 44-pin, 14 x 14 mm2 QFP (QFP44-P-1414) 

N 40-pin, 525-mil SOP (SOP40-P-525) 

LH534600 

CMOS 4M (512K x 16) Mask Programmable ROM 

Example: LH534600D-1 O (CMOS 4M Mask Programmable ROM, 100 ns, 40-pin, 600-mil DIP) 
534600-4 
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LH538000 
FEATURES 

• 1,048,576 x 8 bit organization 
(Byte mode) 

524,288 x 16 bit organization 
(Word mode) 

• BYTE input pin selects bit configuration 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
42-pin, 600-mil DIP 
44-pin, 600-mil SOP 
48-pin, 12 x 18 mm2 TSOP (Type I) 
64-pin, 14 x 20 mm2 QFP 

• X16 word-wide pinout 

6-114 

CMOS SM (1M x 8 / 512K x 16) 
Mask Programmable ROM 

DESCRIPTION 

The LH538000 is a mask programmable ROM 
organized as 1,048,576 x 8 bits (Byte mode) or 524,288 
x 16 bits (Word mode) that can be selected by BYTE 
input pin. It is fabricated using silicon-gate CMOS 
process technology. 

PIN CONNECTIONS 

42·PIN DIP TOP VIEW 

A1s 1• NC 

A11 2 As 

3 A., 

A., 4 A10 
5 A11 

6 A12 

7 A13 

8 A14 

A1 9 A15 

10 A1s 

CE BYTE 

GND GND 

OE D1s/A.1 

o, 
15 014 

o. 
17 D13 

18 Ds 

19 D12 

03 20 04 

Vee 

538000-1 

Figure 1. Pin Connections for DIP Package 
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CMOS BM (1M x 8 / 512K x 16) 
Mask Programmable ROM LH538000 

44-PINSOP TOP VIEW 48-PIN lSOP (TYPE I) TOP VIEW 

NC ,. NC BYTE ,. GND 
A1a 2 NC A1s 2 GND 
A11 3 As A1s 3 D1s 
A, 4 As A1• 4 0, 

As 5 A1o A13 5 D1• 

As 6 A11 "12 6 o, 
A. 7 A12 

A11 7 013 

A1o B Ds 
As 8 A1s 

Ao 9 D12 
A2 9 A14 As o. 
A1 A1s NC VCJ; 

Ao A1a GND VCJ; 

CE BYTE NC GND 

GND GND A1a 011 

OE 01!/A.1 A11 Da 

Do o, A1 D10 

o, D14 
As 0. 

D1 o, As °" Aa D1 
De 013 A3 Da 
o. Ds Ao Do 

010 D12 A1 OE 

03 o. Ao 23 GNO 

011 Vee ce GND 

538000-18 
538000-1C 

Figure 3. Pin connections for SOP Package Figure 4. Pin connections for TSOP Package 

64-PINQFP 

A12 

An 

A1o 

As 
As 
NC 

GNO 

lw c { _ 
:?:!~:!!!;:ooooooooooz ~ .... ;;:. <<<< mzzzzzzzzzze>ccc 

47 46 45 44 43 42 41 40 39 38 37 38 35 34 3332 Da 

Figure 2. Pin connections for QFP Package 

31 013 

30 05 

29 D12 

28 04 

Vee 

26 GND 

25 011 

24 03 

23 

22 

21 

TOP VIEW 

538000-1A 
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LH538000 

OE 

BYTE/WORD 
BYTE 1321,__--I SWITCHOVER 

CIRCUIT 

NOTE: Pin numbers apply to the 42-pin DIP. 

PIN DESCRIPTION 

SIGNAL PIN NAME 

A-1 
Address input 
(Byte Mode) 

Ao-A1s Address input 

Do- D,s Data output 

CE Chip Enable input 

NOTE: 

ADDRESS 

CMOS SM (1M x 8/512Kx16) 
Mask Programmable ROM 

BUFFER !------------------' 

A., Vee GND 
53 0-

Figure 5. LH538000 Block Diagram 

NOTE SIGNAL PIN NAME NOTE 

1 OE Output Enable input 

BYTE Bytetword switch 

Vee Power supply (+5 V) 

GND Ground 

1. Dis/A-1 pin becomes LSB address input (A-1) when the bit configuration is set in byre mode, 
and data output (Dis) when in word mode. BYTE input pin selects bit configuration. 
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CMOS BM (1M x 8 / 512K x 16) 
Mask Programmable ROM 

TRUTH TABLE 

CE OE BYTE 

H x x 
L H x 
L L H 
L L L 

L L L 

NOTE: 
X=HorL 

A-1 MODE 

x Non selected 

x Non selected 

Inhibit Word 

L Byte 

H Byte 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING 

Supply voltage Vee -0.3 to +7.0 

Input voltage V1N -0.3 to Vee +0.3 

Output voltage Vour -0.3 to Vee +0.3 

Operating temperature Topr Oto +70 

Storage temperature Tstg -55 to +150 

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

Do. D7 Da. 015 

High-Z 

High-Z 

Do-D1 Os - D1s 

Do- D1 High-Z 

De - D1s High-Z 

UNIT NOTE 

v 
v 1 

v 
·c 
·c 

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. 

Input "Low" voltage V1L -0.3 0.8 

Input "High" voltage V1H 2.2 Vee+0.3 

Output "Low" voltage VoL loL = 2.0 mA 0.4 

Output "High" voltage VoH loH = -400 µA 2.4 

Input leakage current 1 lu I V1N = o V to Vee 10 

Output leakage current 1 ILOI Vour = o V to Vee 10 

lcc1 tRe = 200 ns 50 

Operating current lee2 tRe = 1 µs 40 

lee3 tRe = 200 ns 45 

ICC4 tRe = 1 µs 35 

Standby current 
lss1 CE= V1H 3 

lss2 CE = Vee - 0.2 v 100 

NOTES: 
1. CE /OE = V1H 
2. V1N = V11-VV1L, CE = V1L, outputs open 
3. V1N = (Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 

SHARP 

LH538000 

SUPPLY CURRENT 

Standby (lss) 

Operating (Ice) 

UNIT NOTE 

v 
v 
v 
v 

µA 

µA 1 

mA 2 

mA 3 

mA 

µA 
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LH538000 

AC CHARACTERISTICS {Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle time tRc 200 ns 

Address access time IAA 200 ns 

Chip enable time IACE 200 ns 

Output enable time IOE 80 ns 

Output hold time toH 5 ns 

CE to output in High-Z tcHZ 70 ns 
1 

OE to output in High-Z toHZ. 70 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TIL +100 pF 

CAPACITANCE {Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. MAX. 

Input capacitance C1N 10 

Output capacitance CoUT 10 

~ 

___/~ 

IM(NOTE) 

~ 
tAce(NOTE) 

OE t loe (NOTE) 

_DJ_., 
\II 

NOTES: 
1. Data becomes valid after the intervals tM, tACE• and toe from address 

input. chip enable and output enable, respectively have been met 
2. (')Applied to byte mode. Signals in parentheses apply to word mode. 

UNIT 

pF 

pF 

.J~ 

v 
.J 

_f 

loH 

DATA VALID 

Figure 6. Timing Diagram 

CAUTION 

CMOS SM (1M x 8 / 512K x 16) 
Mask Programmable ROM 

lcHz 

loHz 

l 
-n:D 
LIL 

538000-3 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and GND. 
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CMOS BM (1M x 8 / 512K x 16) 
Mask Programmable ROM LH538000 

ORDERING INFORMATION 

LH53SOOO 
Device Type 

x 
Package 

-## 
Speed 

L_ 20 200 Access Time (ns) 

D 42-pin, 600-mil DIP (DIP32-P-600) 
N 44-pin, 600-mil SOP (SOP44-P-600) 

'------------< T 4S-pin, 12 x 1S mm2 TSOP (TSOP48-P-121S: Type I) 
M 64-pin, 14 x 20 mm2 QFP (QFP64-P-1420) 

'---------------- CMOS SM (1M x Sor 512K x 16) Mask Programmable ROM 

Example: LH53SOOOD-20 (CMOS SM (1 M x S) Mask Programmable ROM, 200 ns, 42-pin, 600-mil DIP) 
53800()-4 
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LH538100 
FEATURES 

• 1,048,576 x 8 bit organization 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 500 µW (MAX.) 

• Programmable output enable 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 

• JEDEC standard EPROM pinout (DIP) 

6-120 

CMOS SM (1 M x 8) Mask Programmable ROM 

DESCRIPTION 

The LH538100 is a mask programmable ROM 
organized as 1,048,576 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

PIN CONNECTIONS 

32-PIN DIP 
32-PINSOP 

A,. 

A,s 

A,s 

A,2 

1. 

2 

4 

5 

6 

7 

8 

9 

TOP VIEW 

31 

538100-1 

Figure 1. Pin Connections for DIP and 
SOP Packages 
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CMOS BM (1 M x 8) Mask Programmable ROM 

CE (22}-----1""-1 

rr: 
w 
LL 
LL 
:J 
m 

13 
rr: 
0 
0 
< 

OE 
OE/OE (24],__---1 BUFFER 

rr: 
w 
0 
0 
0 w 
0 

~ 
rr: 
0 
0 
< 

TIMING 
GENERATOR 

L----------t~:!l--i'i16\\---~----i1 

Vee GND 

MEMORY 
MATRIX 

(1,048,576 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Figure 2. LH538100 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao-A19 Address input OE/OE Output Enable input 

Do - 0-, Data output Vee Power supply (+5 V) 

CE Chip Enable input GND Ground 

NOTE: 
1. The active level of OE/OE is mask programmable. 

SHARP 

LH538100 

538100-2 

NOTE 

1 
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LH538100 CMOS SM (1 M x 8) Mask Programmable ROM 

TRUTH TABLE 
CE OE/OE MODE Do- D7 SUPPLY CURRENT 

H x Non selected High-Z Standby (lse) 

L UH Non selected High-Z Operating (Ice) 

L HIL Selected Dour Operating (Ice) 

NOTE: 
X=HorL 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr o to +70 oc 
Storage temperature Tstg -55 to +150 oc 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low· voltage VoL loL = 2.0 mA 0.4 v 
Output "High" voltage VoH loH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N = O V to Vee 10 µA 

Output leakage current I ILO I VouT = o V to Vee 10 µA 1 

lcc1 tRc = 200 ns 50 
mA 2 

Operating current lcc2 tRC = 1 µs 40 

lcc3 tRC = 200 ns 45 
mA 3 

ICC4 tRc=1µs 35 

Standby current 
lse1 CE= V1H 3 mA 

lse2 CE = Vee - 0.2 v 100 µA 

NOTES: 
1. CE = V1H or OE/OE = V11./V1H 
2. V1N = V1HIV1L, CE = V1L, outputs open 
3. V1N = (Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 
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CMOS BM (1 M x 8) Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Read cycle time tRC 200 ns 

Address access time WI 200 ns 

Chip enable time tAcE 200 ns 
Output enable time toe 10 80 ns 

Output hold time toH 5 ns 

CE to output in High-Z tcHZ 70 ns 

OE to output in High-Z toHZ: 70 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

CAPACITANCE (Vee= 5V±10%, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

SYMBOL 

C1N 

Coor 

CE 

OE 

OE 

' __) 

------.. 

MIN. TYP. MAX. UNIT 

10 pF 
10 pF 

tM(NOTE) 

I 
tAce(NOTE) 

If 
~ .J~ 

loe (NOTE) 

loH 

NOTE 

1 

tcHz 

loHz 

l 
_L_LL 

DATA VALID _HP li.l 
o.-o, 

NOTE: Data becomes valid after the intervals tAA, tACE• and loe from address 
input, chip enable or output enable, respectively have been met. 

Figure 3. Timing Diagram 

CAUTION 

LH538100 

53810Q-3 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and the GND pin. 
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LH538100 CMOS BM (1 M x 8) Mask Programmable ROM 

ORDERING INFORMATION 

LH538100 
Device Type 

x 
Package 

-## 
Speed 

L__ 20 200 Access Time (ns) 

~------< D 32-pin, 600-mil DIP (DIP32-P-600) 
N 32-pin, 525 mil SOP (SOP32-P-525) 

~----------- CMOS SM (1Mx8) Mask Programmable ROM 

Example: LH5381 OOD-20 (CMOS SM (1 M x 8) Mask Programmable ROM, 200 ns, 32-pin, 600-mil DIP) 
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LH538200 CMOS SM (1 M x 8) Mask Programmable ROM 

FEATURES 

• 1,048,576 x 8 bit organization 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 275 mW (MAX.) 

• Programmable OE1/0E1/DC 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Package: 
32-pin, 600-mil DIP 

Compatible with 28-pin 1 M-bit mask 
programmable ROM-specific pinout 

DESCRIPTION 

The LH538200 is a mask programmable ROM 
organized as 1,048,576 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

PIN CONNECTIONS 

32-PIN DIP TOP VIEW 

A11 ,. Vee 

A,s 2 31 OE1/0E1/DC 

A,s 3 A,. 

A,2 4 A,4 

A, 5 A,3 

As 6 As 

As 7 Ag 

~ 8 A,, 

A3 9 A,s 

~ A10 

OE 

Ao D, 

Do Do 
D, Ds 

D2 D4 

GND D3 

538200-1 

Figure 1. Pin Connections for DIP Package 
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LH538200 CMOS SM (1 M x 8) Mask Programmable ROM 

A,o 

A,s 

A11 

A,e 
A,s 
A,4 

A,3 8 

A,2 a: 
w 

A11 
u. 
u. 
::> 

A10 m 

~ 
Ill 
Ill w 

Ao a: 
0 

A, 5 0 
<( 

Ao 
As 
A. 

OE1/0E1/DC 1)----J OE 
OE BUFFER 

a: w 
0 
0 
0 w 
0 
Ill 

ffl 
a: 
0 
0 
<( 

TIMING 
GENERATOR 

Vee GND 

MEMORY 
MATRIX 

( 1,048,576 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Figure 2. LH538200 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao-A19 Address input 

Do- D1 Data output 
OE1/0E1/DC 

Output Enable input/ 
Don't Care 

OE Output Enable input Vee Power supply (+5 V) 

GND Ground 

NOTE: 
1. The active level of OE1/0E1/DC is mask programmable. 

Selecting DC allows the outputs to be active for both high and low levels that are applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 
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CMOS SM (1 M x 8) Mask Programmable ROM LH538200 

TRUTH TABLE 
OE OE1/0E1/DC MODE Do· D7 SUPPLY CURRENT 

H x Non selected High-Z Operating (Ice) 

x I.A-I Non selected High-Z Operating (Ice) 

L HIL Selected Dour Operating (Ice) 

NOTE: 
X=HorL 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr o to +70 ·c 
Storage temperature Tstg -55to+150 •c 

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

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. TVP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5 v ± 10%, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TVP. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vee+0.3 v 
Output "Low" voltage VoL IOL • 2.0 mA 0.4 v 
Output "High" voltage VOH IOH • -400 µA 2.4 v 
Input leakage current 1 lu I V1N • o V to Vee 10 µA 

Output leakage current llLO I Vour - o V to Vee 10 µA 1 

lee1 tRe = 200 ns 50 
mA 2 

Operating current lee2 tRC = 1 µs 40 

lcca tRe = 200 ns 45 
mA 3 

ICC4 tRe • 1 µs 35 

NOTES: 
1. OE/OE1 = V1H or OE1= V1L. 
2. V1N = V1HIV1L, outputs open. 
3. V1N = (Vee - 0.2 V) or 0.2 V, outputs open. 
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LH538200 CMOS 8M (1 M x 8) Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5v±10%, TA=() to +70°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRC 200 ns 

Address access time tAA 200 ns 

Output enable delay time toE 10 80 ns 

Output hold time toH 5 ns 

OE to output in High-Z toHz 70 ns 

NOTE: 
1. This is 1he lime required for 1he outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.SV 

Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pf 

CAPACITANCE (Vee= 5 v ± 10010, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Input capacitance C1N 10 pf 

Output capacitance CoUT 10 pf 

~I/" 
___JI\. 

\u(NOTE) 

I/" t JI\. 

toe (NOTE) loHz 

Ioli 

l 
.LLL DATA VALID ~ 
\...l...i. ..:l...LLJ 

NOTE: Data becomes valid after 1he Intervals tAA and toe from address 
input or output enable input, respectively have been met. 

Figure 3. Timing Diagram 

CAUTION 

1 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and the GND pin. 
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CMOS BM (1 M x 8) Mask Programmable ROM LH538200 

ORDERING INFORMATION 

D -## LH53S200 
Device Type Package Speed 

L= 20 200 Access Time (ns) 

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

~----------- CMOS SM (1 M x S) Mask Programmable ROM 

Example: LH53S200D-20 (CMOS SM (1 M x S) Mask Programmable ROM, 200 ns, 32-pin, 600-mil DIP) 

SHARP 

53820()-4 
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LH538500A 
FEATURES 

• 1,048,576 x 8 bit organization 
(Byte mode) 

524,288 x 16 bit organization 
(Word mode) 

• BYTE input pin selects bit configuration 

• Access time: 150 ns (MAX.) 

• Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
42-pin, 600-mil DIP 
44-pin, 600-mil SOP 
44-pin, 14 x 14 mm2 QFP 
64-pin, 14 x 20 mm2 QFP 
48-pin, 12 x 18 mm2 TSOP I 

• X16 word-wide pinout 

6-130 

CMOS SM (1M x 8 / 512K x 16) 
Mask Programmable ROM 

DESCRIPTION 
The LH538500A is a mask programmable ROM 

organized as 1,048,576 x 8 bits (Byte mode) or 524,288 
x 16 bits (Word mode) that can be selected by BYTE 
input pin. It is fabricated using silicon-gate CMOS 
process technology. 

PIN CONNECTIONS 

42-PIN DIP TOP VIEW 

39 A10 

38 A,, 

A12 

A13 

8 A14 

A1 9 A1s 

Ao 33 A1e 

CE 11 BYTE 

GND GND 

OE 30 D1sfA.1 

29 07 

Da 28 014 

D1 27 Ds 

26 013 

Ds 

D10 D12 

03 04 

Vee 

538500·1 

Figure 1. Pin Connections for DIP Package 



CMOS BM (1M x 8/512Kx16) 
Mask Programmable ROM LH538500A 

44-PINSOP TOP VIEW 44-PINQFP TOP VIEW 

NC 1• NC 

A,a 2 NC 
~ .. m co 1~ 0 { 

0 z - ,_ ;! co <<<<ca z (!) c c c 0 

A11 3 Aa 
A1 4 Aa A,2 

Aa 5 A10 A,, 

As 6 A,, A10 D12 

"4 7 A,2 Ag 04 

Aa 8 A13 Ae Vee 

~ 9 A,4 NC 

A, 10 A,s A11 

Ao 11 A,s A1 
CE 12 BYTE As 010 

GND 13 GND 
As D2 

OE 14 o,,;1A., 
Do 15 07 

"4 Ds 

Da 16 o,. 
o, 17 Ds 

.r .r <~I~ 0 ~I~ 000 z 
(!) 

09 18 013 

D2 19 05 
538500-lC 

D10 20 D12 Figure 3. Pin Connections for 44-Pln QFP 
03 21 04 

o,, 22 Vee 

536500-18 

Figure 2. Pin Connections for SOP Package 

64-PINOFP 

SHARP 

~ ;! ~ ~ I~ o o o o o o o o o o ~ ~ .. ;! <<<< COZZZZZZZZZZ<!JCCC 

Figure 4. Pin Connections for 64-Pln QFP Package 

TOP VIEW 

538500-1A 
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CMOS BM (1M x 8 / 512K x 16) 
LH538500A Mask Programmable ROM 

48-PIN TSOP-1 TOP VIEW 

BYTE 1• 48 GND 

A,s 2 47 GND 

A,s 3 46 D1slA.1 

A,4 4 45 07 

A,3 5 44 o,. 
A,2 6 43 Ds 

A,, 7 42 013 

A,o 8 41 05 

Ag 9 40 D12 

As 39 04 

NC 11 38 Vee 

GND 12 37 Vee 

NC 13 36 GND 

A,s 14 35 011 

A,, 15 34 03 

A1 16 33 010 

As 32 D2 

As 18 31 Og 

A4 19 30 o, 
A3 29 Da 

~ 21 28 Do 

A, 27 OE 

Ao 26 GND 

CE 25 GND 

538500-10 

Figure 5. Pin Connections for TSOP Package 
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CMOS SM (1M x 8 / 512K x 16) 
Mask Programmable ROM 

ADDRESS BYTE/WORD 
BYTE C321>-----ISWITCH OVER 

CIRCUIT 
BUFFER t--~~~~~~~~~~~~~~~-' 

NOTE: Pin numbers apply to the 42-pin DIP. 

Figure 6. LH538500A Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

A-1 Address input (Byte mode) 1 BYTE Byte/word switch 

Ao-A1s Address input Vee Power supply (+5 V) 

Do - Dis Data output GND Ground 

CE Chip Enable input 

OE Output Enable input 

NOTE: 
1. Dis/A.1 pin becomes LSB address input (A-1) when the bit configuration is set to byte mode, 

and data output (D15) when in word mode. BYTE input pin selects bit configuration. 

SHARP 

LH538500A 

538500-2 

NOTE 
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LH538500A 
CMOS SM (1M x 8 / 512K x 16) 

Mask Programmable ROM 

TRUTH TABLE 

CE OE BYTE* A.1 MODE Do· D7 De· O,s SUPPLY CURRENT NOTE 

H x x x Non selected High-Z Standby (lss) 
1 

L H x x Non selected High-Z Operating (Ice) 

L L H Input Word Do-D1 De- D1s Operating (Ice) inhibit 

L L L L Byte Do-D1 High-Z Operating (Ice) 

L L L H Byte Da-D1s High-Z Operating (Ice) 

NOTE: 
1. X=Horl 

• BYTE input state must be set to H or Land must not be changed during operation. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to +7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage VouT -0.3 to Vee +0.3 v 
Operating temperature Topr Oto+70 oc 
Storage temperature Tstg -55 to +150 oc 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VoL loL = 2.0 mA 0.4 v 
Output "High" voltage VoH loH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N = O V or Vee 10 µA 

Output leakage current i lwl Vour = O V or Vee 10 µA 1 

Operating current 
lcc1 tRc = 150 ns 50 

mA 2 
lce2 tRc=1µs 40 

Standby current 
lss1 CE= V1H 3 mA 

lss2 CE = Vee - 0.2 V 100 µA 

NOTES: 
1. CE/OE = V1H 

2. V1N = V1HiV1L, CE = V1L, outputs open 
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CMOS SM (1M x 8 / 512K x 16) 
Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle time tRc 150 ns 

Address access time tAA 150 ns 

Chip enable time tACE 150 ns 

Output enable time toE 70 ns 

Output hold time toH 5 ns 

CE to output in High-Z tcHZ 70 ns 
1 

OE to output in High-Z toHz 70 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL +100 pF 

CAPACITANCE (Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

NOTES: 

SYMBOL 

C1N 

Co UT 

(NOTE2) 
A.1 -A18 

(A,,-A,e) 

CE 

OE 

(NOTE2) 
Do-D1 

(Do-D1sl 

MIN. TYP. MAX. 

10 
10 

IAcE (NOTE 1) 

loE (NOTE 1) 

1. Data becomes valid after the intervals !AA, !ACE• and loE from address 
input and output enable input, respectively have been met. 

2. Applied to byte mode. Signals in parentheses applied in word mode. 

UNIT 

pF 

pF 

DATA VALID 

Figure 7. Timing Diagram 

CAUTION 

LH538500A 

lcHZ 

IOHz 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and GND. 
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LH538500A 
CMOS SM (1M x 8 / 512K x 16) 

Mask Programmable ROM 

ORDERING INFORMATION 

LH538500A 
Device Type 

x 
Package 

-## 
Speed 

L_ 15 150 Access Time (ns) 

D 42-pin, 600-mil DIP (DIP42-P-600) 
Z 44-pin, 14 x 14 mm2 QFP (QFP44-P-1414) 

'---------< M 64-pin, 14 x 20 mm2 QFP (QFP64-P-1420 
N 44-pin, 600-mil SOP (SOP44-P-600) 
T 4S-pin, 12 x 1S mm2 TSOP (TSOP4S-P-121S) 

'------------- CMOS SM (1 M x Sor 512K x 16) Mask Programmable ROM 

Example: LH53S500AD-15 (CMOS SM Mask Programmable ROM, 150 ns, 42-pin, 600-mil DIP) 
538500--4 
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LH5316000 CMOS 16M (2M x 8 I 1M x 16) 
Mask Programmable ROM 

FEATURES DESCRIPTION 

• 2,097, 152 x 8 bit organization 
The LH5316000 is a mask programmable ROM 

organized as 2,097,152 x 8 bits (Byte mode) or 
(Byte mode) 1,048,576 x 16 bits (Word mode) that can be selected 

1 ,048,576 x 16 bit organization by an input pin. It is fabricated using silicon-gate CMOS 

(Word mode) 
process technology. 

• BYTE input pin selects bit configuration 
PIN CONNECTIONS 

64-PIN SDIP TOP VIEW 

• Access time: 200 ns (MAX.) 
NC 1 • 64 NC 

• Power consumption: NC 2 63 A19 

Operating: 275 mW (MAX.) 
A18 3 62 As 
A11 4 61 Ag 

Standby: 550 µW (MAX.) A1 5 60 A10 

As 6 59 A11 

• Fully static operation As 7 58 A12 

A-. 8 57 A,3 

• TTL compatible 1/0 NC 9 56 NC 

NC 55 NC 

• Three-state outputs NC 11 54 NC 

A3 53 NC 

• Single +5 V power supply A. 52 A14 

A1 51 A15 

• Packages: Ao 50 A1o 

64-pin, 750-mil SDIP CE 49 BYTE 

64-pin, 14 x 20 mm2 QFP GND 17 48 NC 

OE 47 GND 

• X16 word-wide pinout Do 46 D1sfA_1 

Da 45 ~ 

D1 44 D14 

NC 43 NC 

NC 42 NC 

D9 41 Do 

D2 40 D13 

D10 39 D5 

D3 38 D12 

D11 37 D4 

NC 36 NC 

NC 35 NC 

NC 34 NC 

GND 32 33 Vee 

5316000-1 

Figure 1. Pin Connections for SDIP Package 
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LH5316000 

64-PINOFP 

6-138 

CMOS 16M (2M x 8/1Mx16) 
Mask Programmable ROM 

c c 1~ c c t c c 
zzooo:!'.~~>-ZZ ....... :!ooozz 
e>e>zzz<<< me>e>ccczzze>e> 

Figure 2. Pin Connections for QFP Package 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

TOP VIEW 

Ds 

013 

05 

012 

04 

Vee 
GNO 

o,, 
03 

010 

02 

Dg 

o, 

5361000-1A 
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CMOS 16M (2M x 8/1M x 16) 
Mask Programmable ROM 

a: 
w u. u. 
::> 
m 

"' "' w 
a: 
0 
0 
< 

Aa 

A2 

a: w 
0 
0 
0 
w 
0 

lll 
w 
a: 
0 
0 
< 

TIMING 
GENERATOR 

ADDRESS 

MEMORY 
MATRIX 

(2,097, 152 x 8) 
(1,048,576 x 16) 

a: 
w u. u. 
::> 
al 
I-
::> 
a._ 
I-
::> 

~ 
~ 
0 

COLUMN SELECTOR w 
..J 
w 
(J) 

~ 
0 

SENSE AMPLIFIER 

BUFFER >--~~~~~~~~~~~~~~~~ 

NOTE: Pin numbers apply to the 64-pin QFP. 

Figure 3. LH5316000 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

A-1 
Address input 

1 (Byte Mode) 
OE Output Enable input 

BYTE Byte/word switch 
Ao -A19 Address input 

Vee Power supply (+5 V) 
Do- D1s Data output GND Ground 

CE Chip Enable input 

NOTE: 
1. Du;/A-1 pin becomes LSB address input (A-1) when the bit configuration is set in byte mode, 

and data output (D1s) when in word mode. BYTE input pin selects bit configuration. 

SHARP 

LH5316000 

D14 

Da 

5316000-2 

NOTE 
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LH5316000 

TRUTH TABLE 
CE OE BYTE A..1 MODE Do· D7 De· D1s 

H x x x Non selected High·Z 

L H x x Non selected High-Z 

L L H Inhibit Word Do· D1 Ds- D1s 
L L L L Byte Do- D1 High-Z 

L L L H Byte Da- D1s High-Z 

NOTE: 
X=HorL 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto+70 oc 
Storage temperature Tstg -55to+150 oc 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. 

Input "Low• voltage V1L -0.3 0.8 

Input "High" voltage V1H 2.2 Vcc+0.3 
Output "Low• voltage VoL loL = 2.0 mA 0.4 

Output "High" voltage VoH loH = -400 µA 2.4 

Input leakage current 1 lu I V1N = o V to Vee 10 

Output leakage current I ILo I VouT = o V to Vee 10 

lcc1 tRc = 200 ns 50 

Operating current lcc2 tRc = 1 µs 40 

lcc3 tRc = 200 ns 45 

lcc4 tRc=1µs 35 

Standby current 
lss1 CE= VJH 3 

lss2 CE = Vee - 0.2 V 100 

NOTES: 
1. CE /OE= V1H. 
2. V1N = V1HIV1L, CE = V1L, outputs open. 
3. V1N = (Vee - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open. 
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CMOS 16M (2M x 8 / 1M x 16) 
Mask Programmable ROM 

SUPPLY CURRENT 

Standby (Isa) 

Operating (Ice) 

Operating (Ice) 

Operating (Ice) 

Operating (Ice) 

UNIT NOTE 

v 
v 
v 
v 

µA 

µA 1 

mA 2 

mA 3 

mA 

µA 

SHARP 



CMOS 16M (2M x 8 / 1M x 16) 
Mask Programmable ROM 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle time tRC 200 ns 

Address access time IAA 200 ns 

Chip enable time !ACE 200 ns 

Output enable time IOE 80 ns 

Output hold time toH 5 ns 

CE to output in High-Z tCHZ 70 ns 
1 

OE to output in High-Z toHZ. 70 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Outp.ut reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100 pF 

CAPACITANCE (Vee= 5 v ± 10%, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

NOTES: 

SYMBOL 

C1N 

CoUT 

(NOT 
A1-A19 

E2) 
-----.. 

(Ao-A19) __J 

CE 

OE 

(NOTE 
Do-D1 

2) 

(Do- D1sl 

MIN. TYP. MAX. 

10 

10 

tAA(NOTE 1) 

tAce(NOTE 1) 

t foE (NOTE 1) 

ili 

1. Data becomes valid after the intervals IAA, !ACE• and loE from address 
input, chip enable and output enable, respectively have been met. 

2. Applies to byte mode. Signals in parentheses apply to word mode. 

UNIT 

pF 

pF 

If 

f 

}' 

ioH 

DATA VALID 

Figure 4. Timing Diagram 

CAUTION 

LH5316000 

icHZ 

ioHz 

l 
lli 

531600<h'l 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and GND. 
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LH5316000 
CMOS 16M (2M x 8/1M x 16) 

Mask Programmable ROM 

ORDERING INFORMATION 

LH5316000 
Device Type 

x 
Package 

-## 
Speed 

L_ 20 200 Access Time (ns) 

D 64-pin, 750-mil SDIP (SDIP64-P-750) 
~-------< M 64-pin, 14 x 20 mm2 QFP (QFP64-P-1420) 

'--------------- CMOS 16M (2M x 8 or 1 M x 16) Mask Programmable ROM 

Example: LH5316000D-20(CMOS16M (2M x 8) Mask Programmable ROM, 200 ns, 32-pin, 750-mil SDIP) 
531600()-4 
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LH5332000 
FEATURES 

• 4, 194,304 x 8 bit organization 
(Byte mode) 

2,097, 152 x 16 bit organization 
(Word mode) 

• BYTE input pin selects bit configuration 

• Access time: 200 ns (MAX.) 

• Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Fully static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
44-pin, 600-mil SOP 
64-pin, 14 x 20 mm2 QFP 

• X16 word-wide pin out 

SHARP 

PRELIMINARY 
CMOS 32M (4M x 8 I 2M x 16) 

Mask Programmable ROM 

DESCRIPTION 
The LH5332000 is a mask programmable ROM 

organized as 4, 194,304 x 8 bits (Byte mode) or 
2,097,152 x 16 bits (Word mode) that can be selected 
by input pin. It is fabricated using silicon-gate CMOS 
process technology. 

PIN CONNECTIONS 

44-PINSOP TOP VIEW 

NC 1 • 44 A20 

A,a 2 43 A,a 

A11 3 42 As 

A1 4 

Ae 5 40 A10 

As 6 39 A,, 

~ 7 38 A,2 

A3 8 37 A,3 

A2 9 36 A,4 
A, 10 35 A,5 

Ao 11 34 A,s 

CE 12 33 BYTE 

GND 13 32 GND 

OE 14 31 015/A.1 

Do 15 30 07 

Da 16 29 o,. 
o, 17 28 Ds 

Da 18 27 D,3 

D2 26 Ds 

D10 25 D12 

03 21 24 04 

o,, 22 23 Vee 

5332000·1 

Figure 1. Pin Connections for SOP Package 
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LH5332000 

64-PINQFP 

6-144 

NC 
A,, 
A10 

Ag 

As 

Ai9 

GNO 

~ 

Aie 

A11 

A1 

As 
NC 

PRELIMINARY 
CMOS 32M (4M x 8 I 2M x 16) 

Mask Programmable ROM 

lw 0 < 
oo ~~~ooo~~~z1! ..... o ~cooo 
zz<<<zzz<<oo~cczcczz 

Figure 2. Pin Connections for QFP Package 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

TOP VIEW 

NC 

013 

05 

012 

04 

Vee 
GNO 

o,, 
03 

010 

02 

NC 

NC 

5332000·1A 
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CMOS 32M (4M x 8 I 2M x 16) 
Mask Programmable ROM 

A2o 
A,e 

a: w 
lJ.. 
lJ.. 

A10 ::> 
m 

Ag (J) 

ff3 As a: 
0 
0 
< 

OE 

NOTE: Pin numbers apply to 64-pin QFP. 

PIN DESCRIPTION 
SIGNAL PIN NAME 

PRELIMINARY 

a: w 
0 
0 
u w 
0 
(J) 
(J) 
w a: 
0 
0 
< 

TIMING 
GENERATOR 

ADDRESS 
BUFFER 

A_, 

MEMORY 
MATRIX 

(4, 194,304 x 8) 
(2,097,152 x 16) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Vee GND 

Figure 3. LH5332000 Block Diagram 

NOTE SIGNAL 

a: 
w 
lJ.. 
lJ.. 
::> 
m 
I-
::> 
a. 
I-
::> 

~ 
~ u 
w 
--' w 
(J) 

~ 
i3 

PIN NAME 

A-1 Address input (Byte mode) 1 OE Output Enable input 

Ao-A20 Address input BYTE Byte/word switch 

Do - D1s Data output Vee Power supply (+5 V) 

CE Chip Enable input GND Ground 

NOTE: 
1. D15'A-1 pin becomes LSB address input (A-1) when the bit configuration is set to byte mode, 

and data output (D1s) when in word mode. BYTE input pin selects bit configuration. 

SHARP 

LH5332000 

D2 

5332000·2 

NOTE 
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LH5332000 PRELIMINARY 
CMOS 32M (4M x 8 I 2M x 16) 

Mask Programmable ROM 

TRUTH TABLE 
CE OE BYTE* A-1 MODE Do· D1 Da • D1s SUPPLY CURRENT NOTE 

H x x x Non selected High-Z Standby (Isa) 
1 

L H x x Non selected High-Z 

L L H Input 
inhibit Word Do-D1 Os-Dis Operating (Ice) 

L L L L Byte Do-D1 High-Z 

L L L H Byte Ds- Dis High-Z 

NOTE: 
1. X=HorL 

• BYTE input state must be set to H or L which must not be changed during operation. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 1 

Output voltage Vour -0.3 to Vee +0.3 v 
Operating temperature Topr Oto +70 oc 
Storage temperature Tstg -55 to +150 oc 

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 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Input "Low" voltage V1L -0.3 0.8 v 
Input "High" voltage V1H 2.2 Vcc+0.3 v 
Output "Low" voltage VoL loL = 2.0 mA 0.4 v 
Output "High" voltage VoH loH = -400 µA 2.4 v 
Input leakage current 1 lu I V1N = 0 V or Vee 10 µA 

Output leakage current 1 ILOI VouT = o V or Vee 10 µA 1 

Operating current leci tRe = 200 ns 50 
mA 2 

lcc2 IRC = 1 µs 40 

Standby current 
Issi CE= V1H 2 mA 

lss2 CE = Vee - 0.2 V 100 µA 

NOTES: 
1. CE/OE = V1H 

2. V1N = V1HiV1L, CE = V1L, outputs open 
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CMOS 32M (4M x 8 / 2M x 16) 
Mask Programmable ROM PRELIMINARY 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT 

Read cycle time tRC 200 ns 

Address access time tM 200 ns 

Chip enable time !ACE 200 ns 

Output enable time toE 80 ns 

Output hold time toH 5 ns 

CE to output in High-Z tcHZ 70 ns 

OE to output in High-Z tOHZ. 70 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6 Vto 2.4 V 

Input rise/fall time 10 ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL +100 pF 

CAPACITANCE (Vee= 5v±10%, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

SYMBOL 

C1N 

Cour 

(NOTE2) 
A.1-A2fJ 

(Ao-A2JJ) 

CE 

OE 

(NOTE2) 
Do- 07 

MIN. TYP. MAX. UNIT 

10 pF 

10 pF 

liic 

IAA(NOTE 1) 

IAcE (NOTE 1) 

1oE (NOTE 1) 

NOTE 

1 

lcHz 

lo Hz 

(D0 - D1s) DATA VALID 

NOTES: 
1. Data becomes valid after the intervals t..... IAcE. and loE from address 

input and output enable input, respectively have been met. 
2. Applied to byte mode. Signals in parentheses applied in word mode. 

Figure 4. Timing Diagram 

CAUTION 

LH5332000 

5332000-3 

To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and GND. 
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LH5332000 PRELIMINARY 
CMOS 32M (4M x 8 I 2M x 16) 

Mask Programmable ROM 

ORDERING INFORMATION 

LH5332000 
Device Type 

x 
Package 

-## 
Speed 

L_ 20 200 Access Time (ns) 

M 64-pin, 14 x 20 mm2 QFP (QFP64-P-1420) 
~------< N 44-pin, 600-mil SOP (SOP44-P-600) 

'-------------- CMOS 32M (4M x 8 or 2M x 16) Mask Programmable ROM 

Example: LH5332000N-20 (CMOS 32M Mask Programmable ROM, 200 ns, 44-pin, 600-mil SOP) 
5332000-4 
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LH5481 
LH5491 
FEATURES 

• Fastest 64 x 8/9 Cascadeable FIFO 
35/25/15 MHz 

• Expandable in Word Width & 
FIFO Depth 

• Almost-Full/Almost-Empty & 
Half-Full Flags 

• Fully Independent Asynchronous 
Inputs & Outputs 

• LH5481 Output Enable forces Data 
Outputs to High-Impedance State 

• Pin Compatible & Cascadeable with 
LH5485/5495 256 x 8/9 FIFOs 

• Industry Standard Pinout 

• 28-Pin, 300-mil DIP & 
28-Pin PLCC Packaging 

FUNCTIONAL DESCRIPTION 
The LH5481 and LH5491 are high-perfonnance, asyn

chronous First-In, First-Out (FIFO) memories organized 
64 words deep by 8 or 9-bits wide. The 8-bit LH5481 has 
an Output Enable (OE) function, which can be used to 
force the eight data outputs (DO) to a high-impedance 
state. The LH5491 has nine data outputs. 

These FIFOs accept 8 or 9-bit data at the Data Inputs 
(DI). A Shift In (SI) signal writes the DI data into the FIFO. 
A Shift Out (SO) signal shifts stored data to the Data 
Outputs (DO). The Output Ready (OR) signal indicates 
when valid data is present on the DO outputs. 

If the FIFO is full and unable to accept more DI data 
Input Ready (IR) will not return high and SI pulses will be 
ignored. If the FIFO is empty and unable to shift data to 
the DO outputs, OR will not return high and SO pulses 
will be ignored. The Almost-Full/Almost-Empty (AFE) flag 
is asserted (HIGH) when the FIFO is almost-full (56words 
or more) or almost- empty (8 words or less). The HaH-Full 
(HF) flag is asserted (HIGH) when the FIFO contains 32 
words or more. 

Reading and writing operations may be asynchronous, 
allowing these FIFOs to be used as buffers between 
digital machines of different operating frequencies. The 

cascadeable 64 x 8 RFO 
cascadeable 64 x 9 FIFO 

high speed makes these FIFOs ideal for high perfor
mance communication and controller applications. 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 

AFE 1• Vee 

HF 2 MA 

IA 3 so 
SI 4 OR 

Dl0 5 DOo 
Dl1 6 D01 

Vss 7 Vss 

Dl2 8 ~ 
Dl3 9 003 

Dl4 004 

Dis 00s 
Dis DOs 

Dl7 D~ 

NC/Dl8 OE/D08 

5481·10 

Figure 1. Pin Connections tor DIP Package 

28-PIN PLCC TOP VIEW 

u. w 8 1ir 0 iii g; u. 
:c < > ::! If) 

4 3 2 1 28 27 26 

• Dl0 OR 

Dl1 DOo 
Vss oo, 
Dl2 22 Vss 

DI. 21 002 

Dl4 20 003 

19 004 
12 13 14 15 16 17 18 

5 c5 §8888 
z I~ 

5481-20 

Flgure2. Pin Connections for PLCC Package 
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LH5481/91 

SI _ __._. INPUT 1-----r---------, 
CONTROL.1--T---1-_:W:,::R:_IT.:_:E:_:P::_:O:IN,::T~E,:R_J 

IR ---' LOGIC I 

(LH5491) 010 - Dl7 

(LH5481) Dl0 - Die 
DATA IN ........ _. 

WRITE MULTIPLEXER 

MEMORY ARRAY 

64 x 8 / 64 x 9 FIFO 

ALMOST-FULL i----AFE 
ALMOST-EMPTY 

1-~HA~LF~-~FU=~=-j"""----HF 

DOo 

oar 

009 
(LH5491) 

MASTER 
RESET 

READ MULTIPLEXER t--t-..i 

READ POINTER 

OE 
(LH5481) 

OUTPUT 1-------0R 
CONTROL 

L---L~L~O~Gl~C_J-------so 

5481-3 

Figure 3. LH5481/91 Block Diagram 

PIN DESCRIPTIONS PIN DESCRIPTION 

PIN DESCRIPTION 
HF Half-Full Flag 

Dlo-Dls Data Inputs AFE Almost-Full/ Almost-Empty 

DOo-DOa Data Outputs 

SI Shift In 

MR Master Reset 

OE Output Enable (LH5481 only) 

so Shift Out Vee Positive Power Supply 

IR Input Ready Vss Ground 

OR Output Ready 
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64 x 8 / 64 x 9 FIFO LH5481/91 

ABSOLUTE MAXIMUM RATINGS 1 •2 

PARAMETER RATING 

Vee Range -0.5 Vto 7V 

Input Voltage Range -0 .5 V to Vee + 0.5 V (not to exceed 7 V) 

DC Output Current 3 ±40mA 

Storage Temperature -65°C to 15o0c 
DC Voltage Applied To Outputs In High-Z state -0 .5 V to Vee + 0.5 V (not to exceed 7 V) 

Static Discharge Voltage 4 >2000 v 
Power Dissipation (Package Limit) 1.0W 

NOTES: 
1. All wl1ages are measured with respect to Vss. 
2. 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 device reliability. 

3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 
4. Sample tested only. 

OPERATING RANGE 1 

PARAMETER DESCRIPTION MIN MAX UNIT 

TA Temperature, Ambient 0.0 70 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Ground 0.0 0.0 v 
V1L Input Low Voltage (Logic "O") 2 -0.5 0.8 v 
V1H Input High Voltage (Logic "1") 2.0 Vcc+0.5 v 

NOTES: 
1. All wl1ages are measured with respect to Vss. 
2. FIFO inputs are able to withs1and a-1.5 V undershoot for less than 10 ns per cycle. 

DC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range Unless Otherwise Noted) 

PARAMETER DESCRIPTION TEST CONDITIONS MIN MAX UNIT 

lu Input Leakage Current Vee = 5.5 v, V1N = o v to Vee -10 10 µA 

ILO Output Leakage Current (High-Z) Vee= 5.5 v, VouT= o Vto Vee -10 10 µA 

VoH Output High Voltage Vee = 4.5 v, loH = -4 mA 2.4 v 
VOL Output Low Voltage Vee= 4.5 v, loL = 8.0 mA 0.4 v 

lcco Power Supply Quiescent Current Vee= 5.5 v, lour= o mA 25 mA 
V1N ~ VIL, V1N ~ V1H 

Ice Power Supply Current 2 fsi = 35MHz, fso = 35MHz 45 mA 

NOTES: 
1. All wl1ages are measured with respect to Vss. 
2. Ice is dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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LH5481/91 

AC TEST CONDITIONS 1 

PARAMETER 

Input Pulse Levels 

Input Pise and Fall Times (10% / 90"/o) 

Input liming Reference Levels 

Output liming Reference Levels 

Output Load for AC Timing Tests 

NOTE: 
1. All voltages are measured with respect to Vss. 

CAPACITANCE 1•2 

PARAMETER DESCRIPTION 

C1N Input Capacitance 

Coor Output Capacitance 

NOTES: 
1. All voltages are measured with respect to Vss. 
2. Sample tested only. 

'"~ GND 10% 

5ns 

64x8/64x9FIFO · 

RATING 

Oto3 V 

Figure4a 

1.5V 

1.5V 

Figure 4b 

TEST CONDmONS RATING 

TA= 25°C, f = 1MHz, Vee= 4.5 v SpF 

TA= 25°C, f = 1MHz, Vee= 4.5 V 7pF 

5481-1 

DEVICE 167 OHMS 
UNDER 1::: 1.73V 
TEST 

CL=30pF* 

I 
• INCLUDES JIG AND SCOPE CAPACITANCES 5481-4 

Figure 4a. Input Rise and Fall Times Figure 4b. Output Load Circuit 
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64 x 8 164 x 9 FIFO LH5481/91 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL PARAMETER 
15MHz 25MHz 35MHz 

UNITS 
MIN MAX MIN MAX MIN MAX 

fo Operating Frequency 2 15 25 35 MHz 

IPHSI SI HIGH Time 3·8 15 11 9 ns 

IPLSI SI LOW Time 3·8 20 15 13 ns 

tss1 Data Setup to SI 4 -1 -1 -1 ns 

!HSI Data Hold from SI 4 14 12 10 ns 

touR Delay, SI HIGH to IA LOW 20 18 16 ns 

IDHIR Delay, SI LOW to IA HIGH 24 20 18 ns 

IPHSO SO HIGH Time 3 15 11 9 ns 

IPLSO SOLOW1ime 3 20 15 13 ns 

IDLOR Delay, SO HIGH to OR LOW 20 18 16 ns 

tDHOR Delay, SO LOW to OR HIGH 24 20 18 ns 

!SOR Data Setup to OR HIGH -1 -1 -1 ns 

IHSO Data Hold from SO LOW 0 0 0 ns 

tFT Fallthrough Time 36 34 30 ns 

tBT Bubblethrough Time 28 26 25 ns 

ts1R Data Setup to IR 5 5 5 5 ns 

tHIR Data Hold from IA 5 5 5 5 ns 

IPIR Input Ready Pulse HIGH 8 7 7 7 ns 

tPOR Output Ready Pulse HIGH 8 7 7 7 ns 

tDLZOE OE LOW to LOW Z (LH5481) 6·9 35 30 25 ns 

tDHZOE OE HIGH to HIGH Z (LH5481) 6·9 35 30 25 ns 

tDHHF SI LOW to HF HIGH 40 40 36 ns 

IDLHF SO LOW to HF LOW 40 40 36 ns 

IDLAFE SO or SI LOW to AFE LOW 40 40 36 ns 

tDHAFE SO or SI LOW to AFE HIGH 40 40 36 ns 

tPMR MR Pulse Width 35 35 35 ns 

tos1 MR HIGH to SI HIGH 25 25 22 ns 

tooR MR LOW to OR LOW 7 25 25 20 ns 

trnR MR LOW to IA HIGH 7 25 25 20 ns 

ILXMR MR LOW to Output LOW 7 25 25 20 ns 

tAFE MR LOW to AFE HIGH 30 30 30 ns 

tHF MR LOW to HF LOW 30 30 30 ns 

NOTES: 
1. All time measurements performed at" AC Test Conditions". 

2. lo = fs1 = fso. 

3: - l?Hs1 + l?Ls1 = l?HSo + l?Lso = I/lo. 

4 tss1 and 1Hs1 apply when memory is not lull. 
5. ts1R and IHIR apply when memory is lull and SI is HIGH. 

6. High-Z transitions are referenced to the steady-state VoH -500 mV and VoL + 500 mV levels on the output. 

7. After reset goes LOW, all Data outputs will be at LOW level, IR goes HIGH and OR goes LOW. 
8. Common dash number devices are guaranteed by design to function properly in a cascaded configuration. 

9. Sample tested only. 
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LH5481/91 

OPERATIONAL DESCRIPTION 

Unlike earlier versions of FIFOs, the LH5481 and 
LH5491 use dual-port RandOm-Access-Memory, write 
and read pointers, and special control logic. The write 
pointer is incremented by the falling edge of the Shift In 
(SI) signal, while the read pointer is incremented by the 
falling edge of the Shift Out (SO) signal. The Input Ready 
(IR) signal enables data writing to the FIFO. Output Ready 
(OR) indicates valid read information is available on the 
Data Output (DO) pins. 

Resetting The FIFO 

The FIFO Must Be Reset, upon Power-Up, using the 
Master Reset (MR) signal. This causes the FIFO to enter 
an empty state, indicated by the Output Ready (OR) being 
LOW and Input Ready (IR) being HIGH. All Data Output 
(DO) pins will be LOW in this state. The AFE flag will be 
HIGH and the HF flag will be LOW. 

If Shift In (SI) is HIGH, when the Master Reset (MR) 
signal is ended, then the data on the Data Input (DI) pins 
will be written into the FIFO and Input Ready (IR) will 
return LOW until Shift In (SI) is brought LOW. 

If Shift In (SI) is LOW when the Master Reset (MR) is 
ended, then Input Ready (IR) will go HIGH, but the data 
on the Data Input (DI) pins will not enter the FIFO until 
Shift In (SI) goes HIGH. 

Shifting Data In 

Data Input (DI) is shifted into the FIFO on the rising 
edge of Shift In (SI). This loads input data into the FIFO 
and causes Input Ready (IR) to go LOW. When a falling 
edge of Shift In (SI) occurs.the write pointer increments 
to the next word position and Input Ready (IR) goes HIGH, 
indicating that the FIFO is ready to accept new data. 
When the FIFO is full, Input Ready (IR) remains LOW 
after the negative edge of Shift In (SI) signal; Shift 
Out (SO) action is required to unload a word of data and 
bring Input Ready (IR) HIGH - see Bubblethrough 
description. 

Shifting Data Out 

Data is shifted out of the FIFO on the falling edge of 
Shift Out (SO). The read pointer increments to the next 

7-6 

64x8/64x9 FIFO 

word location and FIFO data, if present, will appear on the 
Data Output (DO) pins and the Output Ready (OR) signal 
will go HIGH. If FIFO data is not present, Output Ready 
(OR) will stay LOW, indicating the FIFO is empty; in this 
case, the last valid data read from the FIFO will remain 
on the Data Output (DO) pins. When the FIFO is not 
empty, Output Ready (OR) will go LOW after the rising 
edge of Shift Out (SO). The previous data remains on the 
Data Output (DO) pins until a falling edge of Shift Out 
(SO). 

Fallthrough COndltlon 

When the FIFO is empty, a data word entering through 
the Shift In (SI) action will follow one of two sequences. 

If Shift Out (SO) is LOW, the data will propagate to the 
Data Output (DO) pins and Output Ready (OR) will go 
HIGH and stay HIGH until the next rising edge of Shift Out 
(SO). 

If Shift Out (SO) is held HIGH while data is shifted into 
an empty FIFO (as occurs in depth cascading of FIFOs), 
data will propagate to the Data Output (DO) pins and 
Output Ready (OR) will pulse HIGH for a minimum time 
duration specified by tPOR and then go back LOW again. 
The stored word will remain on the Data Output (DO) pins. 
If more words are written into the FIFO, they will line up 
behind the first word and not appear on the Data Output 
(DO) pins until Shift Out (SO) has returned LOW. 

Bubblethrough Condition 

When the FIFO is full, Shift Out (SO) action will initiate 
one of the following two sequences: 

If Shift In (SI) is LOW, Input Ready (IR) will go HIGH 
and stay HIGH until the next rising edge of Shift In (SI). 

If Shift In (SI) is held HIGH while data is shifted out of 
a full FIFO (as occurs in depth cascading of FIFOs), Input 
Ready (IR) will pulse HIGH for a minimum time duration 
specified by tPJR and then go back LOW again. Special 
Data Input (DI) setup and hold times (tsJR and tHJR, 
respectively) are defined for this condition. 
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LH5481/91 64 x 8 I 64 x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

1/fo 

loHIR 

loHHF 

HF 

••• NOTE: FIFO Contains 31 Words 
5481-7 

Figure 7. Data In Timing 

1/fo 1/fo 

**** SHIFT OUT 

OUTPUT READY 

!DLOR 
lsoR 

HF 

ioLHF 

AFE (LOW) 

••**NOTE: FIFO Contains 32 Words 

Figure 8. Data Out Timing 
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64 x 8 / 64 x 9 FIFO LH5481/91 

TIMING DIAGRAMS (cont'd) 

1/fo 1/fo 

SHIFT IN ***** \ f- t-

lpl::!l!! I PLSI loHIR 

INPUT READY J -I 

!HSI t!:!l.IR 

DATA IN : rnmxxxmwn. mxxxxmmmxxxx 
- 1--tss1 

HF 
(HIGH) 

~. 
AFE _f 

..... NOTE: FIFO Contains 55 Words 
5481 

Figure 9. Data In Tlmlng 

1/fo 1/fo 

SHIFT OUT ****** - \ t-

lf!J.SO IPLSO loHOR 

OUTPUT READY \ J ~ 

IHso- I- loLOR 
tsoR- I-

DATA OUT lMxmrnmm lllrnl xxxxxmmxxm 

AFE t-

loLAFE 

...... NOTE: FIFO Contains 56 Words 
5481-10 

Figure 10. Data OUt Tlmlng 
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LH5481/91 64x8/64 x9 FIFO 

TIMING DIAGRAMS (cont'd) 

SHIFT OUT J 
SHIFT IN \ 

ler 

INPUT READY 

lp1R 

DATA IN 

ls1R IHIR 

5481-11 

Figure 11. Bubblethrough Timing (Reading a Full FIFO) 

SHIFT IN 1 
SHIFT OUT J 

IFT 

OUTPUT READY 

lsOR IPOR 

DATA OUT 

1-1 

Figure 12. Fallthrough Timing (Writing an Empty FIFO) 
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64 x 8 I 64 x 9 FIFO LH5481/91 

TIMING DIAGRAMS (cont'd) 

MASTER RESET .., 

lo1R 

INPUT READY + 

looR 

OUTPUT READY 
...J 

los1 

SHIFT IN -, 

!LXMR 

DATA OUT 

loHF 

HF t-

1DAFE 

AFE 
,_. 

5481-13 

Figure 13. Master Reset Timing 
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LH5481/91 

TIMING DIAGRAMS (cont'd) 

EMPTY 1 2 

SHIFT IN nn 
HF 

AFE 

FULL 64 63 

SHIFT OUT nn 
HF 

AFE 

7-12 

8 9 10 31 32 33 

J1JU1 J1JU1 

Figure 14. Shifting Words In 

56 55 54 32 31 30 

J1JU1 J1JU1 

Figure 15. Shifting Words Out 

64 x 8164 x 9 FIFO 

55 56 57 64 FULL 

J1JU1 I1 

5481-14 

9 8 7 1 EMPTY 

J1JU1 fl 

5481-15 
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64 x 8 / 64 x 9 FIFO 

FIFO EXPANSION 

HF/AFE 

POSITE COM 
INPU T READY.---. 

t=' 
[ 

SHIF TIN 

1 l 
IR so IR so 

r-- SI OR SI OR 

- Dlo OOo Dl0 OOo I-
- Dl1 001 Dl1 001 I-
- Dl2 002 Dl2 002 I-
- Dl3 64 x 8/9 003 Dl3 256 x 819 003 I-
- Dl4 004 Dl4 004 I-
- Dl5 005 Dl5 005 I-
- Dis OOs Dis OOs t-
- Dl7 007 Dl7 007 t-

- Dis 009 Dis OOa t-
MR MR 

1 _y 
IR so IR so i----

~ SI OR SI OR 
- Dl0 OOo Dl0 D00 I-
- Dl1 001 Dl1 D01 I-
- Dl2 002 Dl2 D02 I-- Dl3 64 x 819 003 Dl3 256x819 D03 t-
--! Dl4 004 Dl4 004 t-__, Dl5 005 Dl5 005 1--
- Dis OOs Dis DOs I-- Dl7 007 Dl7 007 I-
--! Dis 009 Dis OOa I-

MR MR 

t 1 
IR so IR so I---
SI OR SI OR 

--! Dl0 DOo Dl0 OOo t-
--! Dl1 001 Dl1 001 t-
--! Dl2 002 Dl2 002 I-
--! Dl3 64 x 8/9 003 Dl3 256 x 819 003 I-
-1 Dl4 D04 Dl4 004 I-__, Dl5 005 015 005 1--
-I Dis OOs Dis OOs I-
--! Dl7 D07 Dl7 007 t-
-1 Dia 

MR 
DOa Dl8 DO a I-

MR 

er_ y 

Figure 16. 320 x 24127 Configuration 
Using 64 x 819 (LH5481/91) & 256 x 819 (LH5485/95) FIFOs 

LH5481/91 

HF/AFE 

SHIFT OUT 

COMPOSITE 
OUTPUT READY -J 
l.__ 

MR 

5481-16 
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LH5481/91 

FIFO EXPANSION (cont'd) 

HF/AFE 
SHIFT IN 

INPUT READY 

DATA IN 

SI 
IR 
Dl0 

Dl1 
Dl2 
Dl3 
Dl4 
Dl5 
Die 
Dl7 
Die 

HF/AFE -
OR 
so 
OOo 
oo, 
002 ...... 

64 x 819 
003 
004 
005 
OOe 
007 

MR 
009 

r 

SI 
IR 
Dlo 
DI, 
Dl2 

256 x 8/9 Dl3 
014 
015 
Die 
017 
Dia 

MR 

J 

OR 
so 
D00 

DO, 
D02 
003 
004 
D05 
DO a 
007 
DOa 

64 x 8164 x 9 FIFO 

OUTPUT READY 
SHIFT OUT 

DATA OUT 

5461-17 

Figure 17. 128 x 819 Configuration 

FIFOs are expandable in depth and width. However, 
in forming wider words, external logic is required to gen
erate composite Input and Output Ready flags. This is due 
to the variation of delays of the Fl FOs. The example circuit 
(Figure 16) uses simple AND gates as the external IA and 
OR generators. More complex logic may be required ii 
fallthrough and bubblethrough pulses are needed by the 
external system. 

Fl FOs can be easily cascaded to any desired depth as 
illustrated in Figure 17. The handshaking and associated 
timing between the FIFOs are handled by the inherent 
timing of the devices. 

7-14 

NOTES: 
1. When the memory is empty the last word read will remain on the 

outputs until the master reset is strobed or a new data word bub
bles through to the output. However, OR will remain LOW, indi
cating data at the output is not valid. 

2. When the output data changes as a result of a pulse on SO, the 
OR signal always goes LOW before there is any change in out
put data and stays LOW until the new data has appeared on the 
outputs. Anytime OR is HIGH, there is valid stable data on the 
outputs. 

3. All SHARP FIFOs will cascade with other SHARP FIFOs of the 
same architecture (i.e., 64 x 8/9 with 64 x 8/9 or 64 x 8/9 with 
256 x 8/9). However, they may not cascade with FIFOs from 
other manufacturers. 

SHARP 



64 x 8 / 64 x 9 FIFO 

ORDERING INFORMATION 

LH#### 
Device Type 

x 
Package 

-## 

SpeL_J ~~ Frequency (MHz) 

l35 

LH5481/91 

L...-------<J D 28-pin, 300-mil DIP (DIP28-P-300) 
U 28-pin Plastic Leaded Chip Carrier (PLCC28-P-S450) 

J 5481 64 x 8 FIFO L---------------< 5491 64 x 9 FIFO 

Examples: LH5481D-25 (64 x 8 FIFO, 28-pin, 300-mil DIP, 25 MHz) 
LH5491 U-35 (64 x 9 FIFO, 28-pin PLCC, 35 MHz) 

SHARP 

5481MO 
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LH5485 
LH5495 
FEATURES 

• Fastest 256 x 8/9 Cascadeable FIFO 
35/25/15 MHz 

• Expandable in Word Width & FIFO Depth 

• Almost-Full I Empty & Half-Full Flags 

• Fully Independent Asynchronous 
Inputs & Outputs 

• LH5485 Output Enable forces Data 
Outputs to High-Impedance State 

• Pin Compatible & Cascadeable with 
LH5481/5491 64 x 819 FIFOs 

• Industry Standard Pinout 

• 28-Pin, 300-mil DIP & 
28-Pin PLCC Packaging 

FUNCTIONAL DESCRIPTION 

The LH5485 and LH5495 are high performance, asyn
chronous First-In-First-Out (FIFO) memories organized 
256 words deep by 8 or 9 bits wide. The 8-bit LH5485 has 
an Output Enable (OE) function, which can be used to 
force the 8 data outputs (DO) to a high-impedance state. 
The LH5495 has 9 data outputs. 

These FIFOs accept 8 or 9-bit data at the DI data 
inputs. A Shift In (SI) signal writes the DI data into the 
FIFO. A Shift Out (SO) signal shifts stored data to the DO 
outputs. The Output Ready (OR) signal indicates when 
valid data is present on the DO outputs. 

If the FIFO is full and unable to accept more DI data IA 
will not return high and SI pulses will be ignored. If the 
FIFO is empty and unable to shift data to the DO outputs, 
OR will not return high and SO pulses will be ignored. The 
Almost-Full and Almost-Empty (AFE) flag is asserted 
(HIGH) when the FIFO is almost-full (248 words or more) 
or almost-empty (8 words or less). The HaH-Full (HF) flag 
is asserted (HIGH) when the FIFO contains 128 words or 
more. 

Reading and writing operations may be asynchronous, 
allowing these FIFOs to be used as buffers between 
digital machines of widely different operating frequencies. 
The high speed makes these FIFOs ideal for high perfor
mance communication and controller applications. 
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cascadeable 256 x 8 FIFO 
Cascadeable 256 x 9 FIFO 

PIN CONNECTIONS 

28-PIN DIP TOP VIEW 

AFE 1• Vee 

HF 2 MR 

IR 3 so 
SI 4 OR 

Dl0 5 DOo 

Dl1 6 D01 

Vss 7 Vss 

Dl2 8 002 

Dl3 9 003 

Dl4 004 

00s 
Dl6 DOe 

Dl7 ~ 
NC/Dl8 OE/008 

5485-10 

Figure 1. Pin Connections for DIP Package 

28-PINPLCC TOP VIEW 

4 3 2 1 28 27 26 

Dlo 5 • OR 

DI, 6 OOo 

Vss 7 001 

Dl2 8 22 Vss 

Dl3 9 21 D02 

Dl4 0 20 DOa 

19 D04 
12 13 14 15 16 17 18 

.. 5§§888' i5 

z lo 
5485·20 

Figure 2. Pin Connections for PLCC Package 



256x8 /256 x9 FIFO 

SI INPUT 
CONTROLt-T---jl-.:..::W.:..::R.:..IT.:..::E:....P...:O.:..::IN.:..::T..:E.:..::R-1 

IR ---t LOGIC 

__ D_l-.o -_D_,11.._-~ DATA IN 1--+-_. 
(LH5485) Dl0 - Dl8 

MR---<""! MASTER 
RESET 

WRITE MULTIPLEXER 

MEMORY ARRAY 

READ MULTIPLEXER 

READ POINTER 

LH5485195 

..------i ALMOST-FULL 1----AFE 
ALMOST-EMPTY 

__ HA_L_F-_F_uL_L__.1-----HF 

D00 

DATA OU 

DOa 
(LH5495) 

OE 
(LH5485) 

OUTPUT 1------0R 
CONTROL 

'----L~L~OG~l~C_J------1~.so 

5485-3 

Figure 3. LH5485/95 Block Diagram 

PIN DESCRIPTIONS 

PIN DESCRIPTION PIN DESCRIPTION 

Dlo-Dle Data Inputs HF Half-Full Flag 

DOo-DOe Data Outputs AFE Almost-Full/ Almost-Empty 

SI Shift In MR Master Reset 

so Shift Out OE Output Enable (LH5485 only) 

IR Input Ready Vee Positive Power Supply 

OR Output Ready Vss Ground 
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LH5485/95 256x8/256x9 FIFO 

ABSOLUTE MAXIMUM RATINGS 1 ·2 

PARAMETER RATING 

Vee Range -0.5 Vto 7V 

Input Voltage Range -0.5 V to Vee+ 0.5 V (not to exceed 7 V) 

DC Output Current 3 ±40mA 

Storage Temperature -65°C to 150°C 

DC Voltage Applied To Outputs In High-Z state -0.5 Vto Vee +0.5 V (not to exceed 7V) 

Static Discharge Voltage 4 >2000V 

Power Dissipation (Package Limit) 1.0W 

NOTES: 
1. All voltages are measured with respect to Vss. 
2. 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 device reliability. 

3. OUtputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 
4. Sample tested only. 

OPERATING RANGE 1 

PARAMETER DESCRIPTION MIN MAX UNIT 

TA Temperature, Ambient 0.0 70 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Ground 0.0 0.0 v 
V1L Input Low Voltage (Logic "0") 2 -0.5 0.8 v 
V1H Input High Voltage (Logic "1 ") 2.0 Vee+0.5 v 

NOTES: 
1. All voltages are measured with respect to Vss. 
2. FIFO inputs are able to withstand a-1.5 V undershoot for less than 10 ns per cycle. 

DC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range, Unless Otherwise Noted) 

PARAMETER DESCRIPTION TEST CONDITIONS MIN MAX UNIT 

lu Input Leakage Current Vee= 5.5 V, VIN= OVto Vee -10 10 µA 

ILO Output Leakage Current (High-Z) Vee= 5.5 v, Vour = o v to Vee -10 10 µA 

VoH Output High Voltage Vee= 4.5 v, loH = -4 mA 2.4 v 
VOL Output Low Voltage Vee= 4.5 v, loL = 8.0 mA 0.4 v 

lcca Power Supply Ouienscent Current Vee= 5.5 v, lour= o mA 25 mA 
V1N :s; V1L, V1N <?: V1H 

Ice Power Supply Current 2 fsi = 35 MHz, fso = 35 MHz 70 mA 

NOTES: 
1. All voltages are measured with respect to Vss. 
2. Ice is dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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256 x 8 / 256 x 9 FIFO 

AC TEST CONDITIONS 1 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall limes (10% / 90%) 

Input liming Reference Levels 

Output liming Reference Levels 

Output Load for AC liming Tests 

NOTE: 
1. Alf voltages are measured with respect to Vss. 

CAPACITANCE 1 •2 

PARAMETER DESCRIPTION 

C1N Input Capacitance 

CoUT Output Capacitance 

NOTES: 
1. Alf voltages are measured with respect to Vss. 
2. Sample tested only. 

3.0 v ----L-90_% ____ 90_%-.I 

GND 

5ns 

RATING 

Oto3 V 

Figure 4a 

1.5 v 
1.5 v 

Figure 4b 

TEST CONDITIONS 

TA= 25°C, f = 1MHz, Vee= 4.5 v 
TA = 2s°C, f = 1 MHz, Vee= 4.5 V 

5ns 

LH5485/95 

RATING 

5pF 

7pF 

DEVICE 167 OHMS 
UNDER T::. 1.73V 
TEST 

CL =30 pF• 

I 
•INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 4a. Input Rise and Fall Times Figure 4b. Output Load Clrcuh 
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LH5485/95 256x8/ 256x9 FIFO 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL PARAMETER 15MHz 25MHz 35MHz UNIT 
MIN MAX MIN MAX MIN MAX 

fo Operating Frequency 2 15 25 35 MHz 

tPHSI SI HIGH Ttme 3•8 15 11 9 ns 

tPLSI SI LOW Ttme 3•8 20 15 13 ns 

tss1 Data Setup to SI 4 -1 -1 -1 ns 

tHSI Data Hold from SI 4 14 12 10 ns 

tOLIR Delay, SI HIGH to IR LOW 20 18 16 ns 

tOHIR Delay, SI LOW to IR HIGH 24 20 18 ns 

tPHSO SO HIGH lime 3 15 11 9 ns 

tpLSQ SOLOWTtme 3 20 15 13 ns 

tOLOR Delay, so HIGH to OR LOW 20 18 16 ns 

tOHOR Delay, SO LOW to OR HIGH 24 20 18 ns 

tsoR Data Setup to OR HIGH -1 -1 -1 ns 

tHSO Data Hold from SO LOW 0 0 0 ns 

tFT Fallthrough lime 40 34 30 ns 

tBT Bubblethrough lime 28 26 25 ns 

lSIR Data Setup to IR 5 5 5 5 ns 

tHIR Data Hold from IR 5 5 5 5 ns 

tPIR Input Ready Pulse HIGH 8 7 7 7 ns 

tPOR Output Ready Pulse HIGH 8 7 7 7 ns 

tOLZOE OE LOW to LOW Z (LH5485) 6•9 35 30 25 ns 

tOHZOE OE HIGH to HIGH Z (LH5485) 6•9 35 30 25 ns 

tOHHF SI LOW to HF HIGH 45 45 40 ns 

tOLHF SO LOW to HF LOW 45 45 40 ns 

tDL.AFE SO or SI LOW to AFE LOW 45 45 40 ns 

tOHAFE SO or SI LOW to AFE HIGH 45 45 40 ns 

tPMR MR Pulse Width 35 35 35 ns 

tos1 MR HIGH to SI HIGH 25 25 22 ns 

tDOR MR LOW to OR LOW 7 25 25 20 ns 

tDIR MR LOW to IR HIGH 7 25 25 20 ns 

tL..XMR MR LOW to Output LOW 7 25 25 20 ns 

IAFE MR LOW to AFE HIGH 30 30 30 ns 

tHF MR LOW to HF LOW 30 30 30 ns 

NOTES: 
1. All time measurements performed at "AC Test Conditions•. 
2. lo = ls1 = !so. 
3. li'Hs1 + li>ls1 = tpHSo + lpl.S() = l/fo. 
4. Issi and 1Hs1 apply when memory is not lull. 
5. ts1R and IH1R apply when memory is lull and Sl is HIGH. 
6. High-Z transitions are referenced to the steady-state VoH -500 mV and Va.+ 500 mV levels on the output. 
7. After reset goes LOW, all Data outputs will be at LON level, IR goes HIGH and OR goes LOW. 
8. Common dash number devices are quaranteed by design to function properly in a cascaded configuration. 
9. Sample tested only. 
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256 x 8 I 256 x 9 FIFO 

OPERATIONAL DESCRIPTION 

Unlike earlier versions of FIFOs, the LH5485 and 
LH5495 use dual-port Random-Access-Memory, write 
and read pointers, and special control logic. The write 
pointer is incremented by the falling edge of the Shift In 
(SI) signal, while the read pointer is incremented by the 
falling edge of the Shift Out (SO) signal. The Input Ready 
(IR) signal enables data writing to the FIFO, while Output 
Ready (OR) indicates valid read information is available 
on the Data Output (DO) pins. 

Resetting the FIFO 

The FIFO must be reset, upon Power-Up, using the 
Master Reset (MR) signal. This causes the FIFO to enter 
an empty state, indicated bythe Output Ready (OR) being 
LOW and Input Ready (IR) being HIGH. All Data Output 
(DO) pins will be LOW in this state. The AFE flag will be 
HIGH and the HF flag will be LOW. 

If Shift In (SI) is HIGH, when the Master Reset (MR) 
signal is ended, then the data on the Data Input (DI) pins 
will be written into the FIFO and Input Ready (IR) will 
return LOW until Shift In (SI) is brought LOW. 

If Shift In (SI) is LOW when the Master Reset (MR) is 
ended, then Input Ready (IR) will go HIGH, but the data 
on the Data Input (DI) pins will not enter the FIFO until 
Shift In (SI) goes HIGH. 

Shifting Data In 

Data Input (DI) is shifted into the FIFO on the rising 
edge of Shift In (SI). This loads input data into the FIFO 
and causes Input Ready (IR) to go LOW. When a falling 
edge of Shift In (SI) occurs, the write pointer increments 
to the next word position and Input Ready (IR) goes 
HIGH, indicating that the FIFO is ready to accept new 
data. When the FIFO is full, Input Ready (IR) remains 
LOW after the negative edge of Shift In (SI) signal; Shift 
Out (SO) action is required to unload a word of data and 
bring Input Ready (IR) HIGH - see Bubblethrough 
description. 

Shifting Data Out 

Data is shifted out of the FIFO on the falling edge of 
Shift Out (SO). The read pointer increments to the next 

LH5485/95 

word location and FIFO data, if present, will appear on 
the Data Output (DO) pins and the Output Ready (OR) 
signal will go HIGH. If FIFO data is not present, Output 
Ready (OR) will stay LOW, indicating the FIFO is empty; 
in this case, the last valid data read from the FIFO will 
remain on the Data Output (DO) pins. When the FIFO is 
not empty, Output Ready (OR) will go LOW after the rising 
edge of Shift Out (SO). The previous data remains on the 
Data Output (DO) pins until a falling edge of Shift Out 
(SO). 

Fallthrough Condition 

When the FIFO is empty, a data word entering through 
the Shift In (SI) action will follow one of two sequences. 

If Shift Out (SO) is LOW, the data will propagate to the 
Data Output (DO) pins and Output Ready (OR) will go 
HIGH and stay HIGH until the next rising edge of Shift Out 
(SO). 

If Shift Out (SO) is held HIGH while data is shifted into 
an empty FIFO (as occurs in depth cascading of FIFOs), 
data will propagate to the Data Output (DO) pins and 
Output Ready (OR) will pulse HIGH for a minimum time 
duration specified by tPOR and then go back LOW again. 
The stored word will remain on the Data Output (DO) pins. 
If more words are written into the FIFO, they will line up 
behind the first word and not appear on the Data Output 
(DO) pins until Shift Out (SO) has returned LOW. 

Bubblethrough Condition 

When the FIFO is full, Shift Out (SO) action will initiate 
one of the following two sequences. 

If Shift In (SI) is LOW, Input Ready (IR) will go HIGH 
and stay HIGH until the next rising edge of Shift In (SI). 

If Shift In (SI) is held HIGH while data is shifted out of 
a full FIFO (as occurs in depth cascading of FIFOs), Input 
Ready (IR) will pulse HIGH for a minimum time duration 
specified by tPIR and then go back LOW again. Special 
Data Input (DI) setup and hold times (ts1R and tHIR, 
respectively) are defined for this condition. 
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LH5485/95 

TIMING DIAGRAMS 

SHIFT IN 

INPUT READY 

DATA IN 

-I 

AFE 

HF 

• NOTE: FIFO Contains 8 Words 

SHIFT OUT 

OUTPUT READY 

DATA OUT 

HF 

AFE 

** NOTE: FIFO Contains 9 Words 

7-22 

l 
ti>HSI 

IHSI 

f-lssr 

(LOW) 

lpHSQ 

'ilso-1 

(LOW) 

256x8 /256x9 FIFO 

1/lo 1/lo 

* \ 
IPLSI loHIR 

\ J 
louR 

mnxxxmmXX_ rnxmmxmAX_ 

~ 

6485-5 

Figure 5. Data In Timing 

1/fo 1/fo 

** \ 
lpLSQ loHOR 

\ J 
I-

loLOR 
-i 1--ISOR 

:xmmxxmm mxmmmxu 

_!ii_HAFE 

Figure 6. Data Out Timing 



256 xB/256 x9 FIFO LH5485/95 

TIMING DIAGRAMS (cont'd) 

1/fo 1/fo 

SHIFT IN *** \ 
lpHSf tew. loHIR 

INPUT READY \ J 
!HSI louR 

DATA IN :xxxmmxxmx mxmxxxxmmn 
__, r--tssr 

AFE 
(LOW) 

I loHHF 

HF 

- NOTE: FIFO Contains 127 Words 
548S-7 

Figure 7. Data In Timing 

1/fo 1/fo 

SHIFT OUT •••• \ 
IPHso lpLSQ loHOR 

OUTPUT READY \ J 
IHso--1 I- loLOR 

tsoA--1 I-

DATA OUT mmmxmm nxxxxmxmxx 
../VJ. 

HF 

loLHF 

AFE (LOW) 

-·NOTE: FIFO Contains 128 Words 
5485-8 

Figure 8. Data Out Timing 
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LH5485/95 256x8/256x9 FIFO 

TIMING DIAGRAMS (cont'd) 

1/fo 1/fo 

SHIFT IN t ***** \ 
IPHSI tPLSI IDHIR 

INPUT READY \ J 
!HSI tDl.IR 

DATA IN : xxxrnrnxxxM!X_ uxxxxmxxmxxm 
-I 1--tss1 

HF 
(HIGH) 

~. 
AFE J 

..... NOTE: FIFO Contains 247 Words 

Figure 9. Data In Timing 

1/lo 1/fo 

SHIFT OUT ****** \ 
tPHSO IPLso loHOR 

OUTPUT READY \ J 
IHso- I- loLOR 

~R----1 I-

DATA OUT mxxwxxmm )JXXXXXX'!i11}JX 

AFE 

lo LAFE 

HF (HIGH) 

...... NOTE: FIFO Contains 248 Words 
!1485-10 

Figure 10. Data OUt Timing 
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256 x 8 / 256 x 9 FIFO LH5485195 

TIMING DIAGRAMS (cont'd) 

SHIFT OUT 1 
SHIFT IN 1 \ 

ier 

INPUT READY 

lp1R 

DATA IN 

ls1R IHIR 

5485-11 

Figure 11. Bubblethrough Timing (Reading a Full FIFO) 

SHIFT IN J 
SHIFT OUT 

IFT 

OUTPUT READY 

lsoR IPOR 

DATA OUT 

5485-12 

Figure 12. Fallthrough Timing (Writing an Empty FIFO) 
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LH5485/95 256x 8/ 256x9 FIFO 

TIMING DIAGRAMS (cont'd) 

MASTER RESET 

lo1R 

INPUT READY \ 
looR 

OUTPUT READY 

lost 

SHIFT IN 

ILXMR 

DATA OUT 

loHF 

HF 

loAFE 

AFE 

6485-1 

Figure 13. Master Reset Timing 
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256 x 8 / 256 x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

EMPTY 1 2 

SHIFT IN IU1 
HF 

AFE 

FULL 256 255 

SHIFT OUT IU1 
HF 

AFE 

8 9 10 127 128 129 

IUU1 IUU1 

Figure 14. Shifting Words In 

248 247 246 128 127 126 

JUU1 JUU1 

Figure 15. Shifting Words Out 

LH5485/95 

247 248 249 256 FULL 

IUU1 n 

5485-14 

9 B 7 1 EMPTY 

JUU1 J1 

5485-15 
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LH5485/95 

FIFO EXPANSION 

HF/AFE 

POSITE COM 
INPU TREADY 

SHIFT IN 

7-28 

[ 
_J 

,...---, 
-I 
-I 
-I 

-I 
-I __, 
-I 

-I 
-I 

~ 

-I 
-I 
-I 
-I 
-I _, 
-I 
-I 
-I 

-
-
-I 

-I 
-I __, 
-I 
-
-

l l 
IR so IR so 
SI OR SI OR 

Dl0 D00 Dl0 D00 

Dl1 D01 Dl1 D01 

Dl2 D02 Dl2 D02 

Dl3 256 x 8/9 D03 Dl3 256 x 8/9 D03 

Dl4 D04 Dl4 004 
Dl5 D05 Dl5 005 
Dis DOs Dis DOs 

Dl7 D07 Dl7 D07 

Die 
MR 

DOe Die 
MR 

DOe 

L_ _y 
IR so IR so 
SI OR SI OR 
Dl0 D00 Dl0 DOo 
Dl1 D01 Dl1 D01 
Dl2 D02 Dl2 D02 
Dl3 256 x 8/9 D03 Dl3 256 x 8/9 D03 
Dl4 D04 Dl4 D04 
Dl5 D05 Dl5 D05 
Dis DOs Dis D05 
Dl7 D07 017 D07 
Die 

MR 
DOe Die 

MR 
DOe 

y _y 
IR so IR so 
SI OR SI OR 
Dl0 D00 Dl0 D00 

Dl1 D01 Dl1 D01 
Dl2 D02 Dl2 D02 

Dl3 256 x 8/9 D03 Dl3 256 x 8/9 D03 
Dl4 
Dl5 
Dis 
Dl7 
Die 

D04 Dl4 D04 
D05 Dl5 D05 
D05 Dl6 D06 

007 Dl7 D07 

MR 
D08 Dia 

MR 
D08 

'l y 

Figure 16. 512 x 24/27 Configuration 
Using 256 x 8/9 (LH5485/95) FIFOs. 

256 x 8 I 256 x 9 FIFO 

HFIAFE 

SHIFT OUT 

I-

t-
t-
t-
t-
t-
t-
I-

t-

COMPOSITE 
OUTPUT READY 

~ J 
J 

t-
t-
t-
t-
t-
t-
t-
t-
t-

r--

t-
t-
t-
t-
t-
I-

t-
t-
t-

MR 

5465-16 

SHARP 



256 x 81 256 x 9 FIFO LH5485/95 

FIFO EXPANSION (cont'd) 

HF/AFE 

HF/AFE 
SHIFT IN 

INPUT READY 

DATA IN 

MR 

SI 
IR 
Dlo 
Dl1 
Dl2 
Dl3 256 x 819 
Dl4 
Dl5 
Die 
Dl7 
Die 

MR 

I 

-
OR 
so 
OOo 
001 
002 
003 
004 
005 
009 
007 
OOe 

SI 
IR 
Dlo 
Dl1 
Dl2 
Dl3 256 x 8/9 
Dl4 
Dl5 
Dl6 

Dl7 
Die 

MR 

J 

OR 
so 
DOo 
D01 
D02 
D03 
D04 
D05 
D06 

007 
DOe 

I--

OUTPUT READY 
SHIFT OUT 

DATA OUT 

5485-17 

Figure 17. 512 x 819 Configuration 

FIFOs are expandable in depth and width. However, 
in forming wider words, external logic is required to 
generate composite Input and Output Ready flags. This 
is due to the variation of delays of the FIFOs. The example 
circuit in Figure 16 uses simple AND gates as the external 
IR and OR generators. More complex logic may be 
required if fallthrough and bubblethrough pulses are 
needed by the external system. 

FIFOs can easily cascaded to any desired depth as 
illustrated in Figure 17. The handshaking and associated 
timing between the FIFOs are handled by the inherent 
timing of the devices. 

SHARP 

NOTES: 
1. When the memory is empty the last word read will remain on the 

outputs until the master reset is strobed or a new data word bub
bles through to the output. However, OR will remain LOW, inci
cating data at the output is not valid. 

2. When the output data changes as a result of a pulse on SO, the 
OR signal always goes LOW before there is any change in out
put data and stays LOW until the new data has appeared on the 
outputs. Anytime OR is HIGH, there is valid stable data on the 
outputs. 

3. All SHARP FIFOs will cascade with other SHARP FIFOs of the 
same architecture (i.e., 64 x 819 with 64 x 819 or 64 x 819 with 
256 x 819). However, they may not cascade with FIFOs from 
other manufacturers. 
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ORDERING INFORMATION 

LH#### 
Device Type 

x 
Package 

-## 

SpL_s ~; Frequency (MHz) 
----i35 

256 x 8 I 256 x 9 FIFO 

'--------<] D 28-pin, 300-mil DIP (DIP28-P-300) 
U 28-pin Plastic Leaded Chip Carrier (PLCC28-P-S450) 

5485 256 x 8 FIFO 
~-----------~ 5495 256 x 9 FIFO 

Examples: LH5485U-25 (256 x 8 FIFO, 28-pin PLCC, 25 MHz) 
LH5495U-35 (256 x 9 FIFO, 28-pin PLCC, 35 MHz) 
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LH5496 
FEATURES 

• Fast Access limes: 
15/20/25/35/50/65/80 ns 

• Full CMOS Dual Port Memory Array 

• Fully Asynchronous Read and Write 

• Expandable-in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Read Retransmit Capability 

• TTL Compatible 1/0 

• Packages: 
28-Pin, 300-mil PDIP, 
28-Pin, 600-mil PDIP or 
32-Pin PLCC 

• Pin and Functionally Compatible 
with IDT7201 

FUNCTIONAL DESCRIPTION 
The LH5496 is a dual port memory with internal 

addressing to implement a First-In, First-Out algorithm. 
Through an advanced dual port architecture, it provides 
fully asynchronous read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over
flow and underflow. In addition, internal logic provides for 
unlimited expansion in both word size and depth. 

Read and write operations automatically access 
sequential locations in memory in that data is read out in 
the same order that it was written, that is on a First-In, 
First-Out basis. Since the address sequence is internally 
predefined, no external address information is required 
for the operation of this device. A ninth data bit is provided 
for parity or control information often needed in commu
nication applications. 

Empty, Full, and Half-Full status flags monitor the 
extent to which data has been written Into the FIFO, and 
prevent improper operations (i.e., Read if the FIFO is 
empty, or Write if the FIFO is full). A retransmit feature 
resets the Read address pointer to its initial position, 
thereby allowing repetitive readout of the same data. 
Expansion In and Expansion Out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 

SHARP 

CMOS 512 x 9 FIFO 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 

w 1 • 28 Vee 

o, 2 27 04 

03 3 05 

~ 4 o, 
D1 5 24 07 

Do 6 23 FLJRT 

Xi 7 22 RS 

FF 8 21 EF 

Oo 9 20 XO/HF 

01 19 a, 
02 18 Os 

03 17 05 

a, 16 04 

Vss 15 Fi 
5486-10 

Figure 1. Pin Connections for PDIP Package 

32-PINPLCC 
0 

() TOP VIEW 
rS r! I~ z ~ 0 cl' 

~ Ds 
D1 0, 

Do NC 

Xi FURT 

FF R5 
Oo EF 

01 XO/HF 

NC a, 
02 21 a, 

14 15 16 17 18 19 20 

0 0 .} 0 llr cJ c z 

5496·20 

Figure 2. Pin Connections for PLCC Package 
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WRITE 
CONTROL 

WRITE 
POINTER 

RS 
FURT 

XI 

DATA INPUTS 
(Do· Da) 

DUAL PORT 
RAM 

ARRAY 

512x 9 

DATA OUTPUTS 
(00 -08) 

FLAG 
LOGIC 

RESET 
EXPANSION 

LOGIC 

READ 
POINTER 

XO/HF 

Figure 3. LH5496 Block Diagram 

PIN DESCRIPTIONS 

PIN DESCRIPTION PIN 

Do-De Data Inputs XO/HF 

Oo-Oa Data Outputs XI 

w Write Control FURT 

R Read Control RS 

EF Empty Flag Vee 
FF Full Flag Vss 

7-32 
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DESCRIPTION 

Expansion Out, Half-Full Flag 

Expansion In 

First Load, Retransmit 

Reset 
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CMOS 512 x 9 FIFO LH5496 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5 Vto 7V 

Signal Pin Voltage to Vss Potential 3 -0.5 Vto Vee+ 0.5 V (not to exceed7 V) 

DC Output Current 2 ±50mA 

Storage Temperature Range -65°Cto 150°C 

Power Dissipation (Package Limit) 1.0W 

DC Voltage Applied To Outputs In High-Z State -0.5 Vto Vee+ 0.5 V (not to exceed 7 V) 

NOTES: 
1. Stresses greater than those listed under •Absolute Maximum Ratings" may cause permanent damage to the device. This is a device stress rat

ing for transient conditions only. Functional operation 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. 
3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX UNIT 

TA Temperature, Ambient 0 70 oc 

Vee Supply Voltage 4.5 5.5 v 

Vss Supply Voltage 0 0 v 

V1L Logic "O" Input Voltage 1 -0.5 0.8 v 

V1H Logic "1" Input Voltage 2.0 Vee+ 0.5 v 

NOTE: 
1. Negative undershoots of 1.5 Vin amplitude are permitted for up to 10 ns once per cycle. 

DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

lu Input Leakage Current Vee= 5.5 V, V1N = OVto Vee -10 10 µA 

VLO Output Leakage Current R~V1H, o vsvoursVcc -10 10 µA 

VoH Output High Voltage loH=-2.0 mA 2.4 v 

VOL Output Low Voltage IOL=8.0mA 0.4 v 

Ice Average Supply Current 1 Measured at f = 40 MHz 100 mA 

lcc2 Average Standby Current 1 All Inputs = V1H 15 mA 

Ices Power Down Current 1 All Inputs = Vee - 0.2 V 5 mA 

NOTE: 
1. Ice, ICC2, and ICC3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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LH5496 

AC TEST CONDITIONS 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall limes (10% to 90"/o) 

Input Timing Reference Levels 

Output Reference Levels 

Output Load, Timing Tests 

CAPACITANCE 1•2 

PARAMETER 

C1N MAX (Input Capacitance) 

Co MAX (Output Capacitance) 
NOTES: 
1. Sample tested only. 

RATING 

Vssto3 V 

5ns 

1.5V 

1.5V 

Figure 4 

RATING 

5pF 

7pF 

1.1kOHMS 
DEVICE 

+5V 

UNDER o------. 
TEST 

6800HMS 

CMOS 512 x 9 FIFO 

* INCLUDES JIG & SCOPE CAPACITANCES 

Figure 4. OUtput Load Circuit 

2. Capacitances are maximum values at 25"C measured at 1.0MHz with VIN = 0 V. 
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CMOS 512 x 9 FIFO LH5496 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL PARAMETER IA= 15 ns 1A=20ns 1A=25ns 1A=35ns 1A=50ns 1A=65ns 1A=80ns UNIT 
Miit MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE TIMING 

tRC Read Cycle Time 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

lA Access Time - 15 - 20 - 25 - 35 - 50 - 65 - 80 ns 

tRR Read Recover Time 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

tRPW Read Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

tRLZ Data Bus Active from Read Low 3 5 - 5 - 5 - 5 - 5 - 5 - 10 - ns 

twLZ 
Data Bus Active from Write 10 - 10 - 10 - 10 - 10 10 20 ns High 3,4 - - -

tov Data Valid from Read Pulse High 5 - 5 - 5 - 5 - 5 - 5 - 5 - ns 

tRHZ Data Bus High-Z from Read High 3 - 15 - 15 - 15 - 15 - 20 - 30 - 30 ns 

WRITE CYCLE TIMING 

twc Write Cycle Time 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

lwPW Write Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

lwR Write Recovery Time 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

tos Data Setup Time 10 - 10 - 10 - 15 - 20 - 20 - 20 - ns 

tDH Data Hold Time 0 - 0 - 0 - 0 - 0 - 5 - 5 - ns 

RESET TIMING 

!RSC Reset Cycle Time 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

IRS Reset Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

lRSR Reset Recovery Time 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

RETRANSMIT TIMING 

tRTC Retransmit_Qy_cle Time 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

tRT Retransmit Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

tRTR Retransmit Recovery Time 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

tRRSS Read High to RS High 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

twRSS Write High to RS High 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

FLAG TIMING 

tEFL Reset to Empty Flag Low - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

tHFH,FFH Reset to Hall & Full Flag High - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

tREF Read Low to Empty Flag Low - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

IRFF Read High to Full Flag High - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

tWEF Write High to Empty Flag High - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

!wFF Write Low to Full Flag Low - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

tWHF Write Low to Half-Full Flag Low - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

IRHF Read High to Half-Full Flag High - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

EXPANSION TIMING 

txOL Expansion Out Low - 18 - 20 - 25 - 35 - 50 - 65 - 80 ns 

IXOH E~ansion Out (-iigh - 18 - 20 - 25 - 35 - 50 - 65 - 80 ns 

tx1 Expansion In Pulse Width 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

tXIR Expansion In Recov~ Time 10 - 10 - 10 - 10 - 10 - 10 - 10 - ns 

tx1s Expansion in Setup Time 7 - 10 - 10 - 15 - 15 - 15 - 15 - ns 

NOTES: 
1. All timing measurements performed at "AC Test Condition" levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values guaranteed by design not currendy tested. 

4. Only applies to read data flow-through mode. 
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LH5496 

OPERATIONAL DESCRIPTION 

Reset 

The Device is reset whenever the RESET pin (RS) is 
taken to a low state. The reset operation initializes both 
the read and write address pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is in SINGLE mode or 
DEPTH EXPANSION mode. A reset pulse is required 
when the device is first powered up. The READ (R) and 
WRITE (W) pins may be in any state when reset is 
initiated, but must be brought to a high state tRPW and 
twPW before the rising edge of RS. 

WrHe 

A write cycle is initiated on the falling edge of the 
WRITE (W) pin. Data setup and hok:I times must be 
observed on the data in (Do - Ds) pins. A write operation 
is only possible if the FIFO is not full, (i.e. the FULL flag 
pin is HIGH). Writes may occur independently of any 
ongoing read opertations. 

At the falling edge of the first write after the memory is 
half filled, the HALF flag will be asserted (HF= LOW) and 
will remain asserted until the difference between the write 
pointer and read pointer indicates that the remaining data 
in the device is less than or equal to one hail the total 
capacity of the FIFO. The HALF flag is deasserted 
(HF = HIGH) by the appropriate rising edge of R. 

The FULL flag is asserted (FF = LOW) at the falling 
edge of the write operation which fills the last available 
location in the FIFO memory array. The FULL flag will 
inhibit further writes until cleared by a valid read. The 
FULL flag is deasserted (FF= HIGH) after the next rising 
edge of R releases another memory location. 

Read 

A read cycle is initiated on the falling edge of the READ 
(R) pin. Read data becomes valid on the data out (Qo-Qs) 
pins after a time IA from the falling edge of R. After R goes 
high, the data out pins return to a high-impedance state. 
Reads may occur independent of any ongoing write 
operations. Aread is only possible if the FIFO is not empty 
(EF= HIGH). 

7-36 

CMOS 512 x 9 FIFO 

The internal read and write address pointers are main
tained by the device such that consecutive read opera
tions will access data in the same order as it was written. 
The EMPTY flag is asserted (EF =LOW) after the falling 
edge of A which accesses the last available data in the 
FIFO memory. EF is deasserted (EF = HIGH) after the 
next rising edge of W loads another word of valid data. 

Data Flow-Through 

Read flow-through mode occurs when the READ (R) 
pin is brought low while the FIFO is empty, and held LOW 
in anticipation of a write cycle. At. the end of the next write 
cycle, the EMPTY flag will be momentarily deasserted, 
and the data just written will become available on the data 
out pins after a maximum time of tweF + IA. Additional 
writes may occur while the R pin remains low, but only 
data from the first write flows through to the outputs. 
Additional data, if any, can only be accessed by toggling 
R. 

Write flow-through mode occurs when the WRITE (W) 
pin is brought low while the FIFO is full, and held low in 
anticipation of a read cycle. At the end of the read cycle, 
the FULL flag will be momentarily deasserted, but then 
immediately reasserted in response to W held low. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF + tWPw after the read. 

Retransmit 

The FIFO can be made to reread previously read data 
through the retransmit function. Retransmit is initiated by 
pulsing RT low. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving the internal write address pointer unchanged. 
Data between the read and write poi~ers ~ be reac
cessed by subsequent reads. Both R and W must be 
inactive (HIGH) during the retransmit pulse. Retransmit 
is useful if no more than 512 writes are performed be
tween resets. Retransmit may affect the status of EF, HF 
and FF flags, depending on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 



CMOS 512 x 9 FIFO LH5496 

TIMING DIAGRAMS 

IRPW 

tov 

0 0 -0e DATA OUT VALID DATA OUT VALID 

WC 

lwPW IWR 

~ I .Ji 

los IDH 

DATA IN VALID J DATA IN VALID 
\ 

5496-5 

Figure 5. Asynchronous Write and Read Operation 

LAST WRITE FIRST READ 

v 

I\ 
IWFF IRFF 

v 
I\ 

5496-8 

Figure 6. Full Flag from Last Write to First Read 
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LH5496 CMOS 512 x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

LAST READ FIRST WRITE 

\ 

J 
IREF IWEF 

EF I\_ 

5496-7 

Figure 7. Empty Flag from Last Read to First WrHe 

Do-De x~x DATAINVALID x-
w 

lweF 

0 0 -0a DATA OUT VALID 

5496-8 

Figure 8. Read Data Flow-Through 
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CMOS 512 x 9 FIFO LH5496 

TIMING DIAGRAMS (cont'd) 

'l 
'wPF 

IAFF 

I/ ' _j, 

IWFF 

los loH 

DATA IN VALID 1--

IA 

~rnxmx DATA OUT VALID YJlJtJ 
NOTES: 

1. 'wPF • iwPw 
2. iwPF: Effective Write Pulse Width after Full Flag HIGH. 

Figure 9. Wrtte Data Flow-Through 

tWEF 

NOTES: 
1. ~pe=~PW 
2. ~pe: Effective Read Pulse Width after Empty Flag HIGH. 

5496-10 

Figure 10. Empty Flag Timing 
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TIMING DIAGRAMS (cont'd) 

FF 

NOTES: 
1. lwPF • lwPW 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 

Fi,w 

NOTES: 

HALF-FULL 
OR LESS 

1. ~TC= ~T+ ~TR 

\ 

tWHF 

1 

Figure 11. Full Flag Timing 

MORE THAN 
HALF-FULL 

J 

Figure 12. Half-Full Flag Timing 

tRTR 

2. EF, HF and FF may change state during retransmit, but flags will be valid at ~TC· 

Figure 13. Retransmit Timing 
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CMOS 512 x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

Fi,W 

NOTES: 
1. !Bi;c = l_as + filSR· _ 
2. W and R l!: V1H around the rising edge of RS. 

WRITE TO LAST 
AVAILABLE ----, LOCATION 

lxOL 

lils 

Figure 14. Reset Timing 

~ --, 

lxOH 

-<. 
I/ 7 

READ FROM 
LAST VALID 
LOCATION 

lxoL 

Figure 15. Expansion Out Timing 

LH5496 

5496-14 

lxOH 

5496-15 
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TIMING DIAGRAMS (cont'd) 

tx1s 

7-42 

tx1R 

WRITE TO FIRST 
AVAILABLE 
LOCATION tx1s 

CMOS 512 x 9 FIFO 

READ FROM FIRST 
)o-~~~~1 VALID r-~-

LOCATION 

114911-18 

Figure 16. Expansion In Timing 



CMOS 512 x 9 FIFO 

OPERATIONAL MODES 

Single Device Configuration 

LH5496 

Width Expansion 

When depth expansion is not required for the given 
application, the device is placed in SINGLE mode by tying 
the EXPANSION IN pin (XI) to ground. This pin is inter
nally sampled during reset. 

Word width expansion is implemented by placing mul
tiple devices in parallel. Each device should be configured 
for SINGLE mode. In this arrangement, the behavior of 
the status flags will be identical for all devices, so these 
flags may be derived from any one device. 

DATA IN 18L 

WRITE 

F ULL FLAG 

RESET 

WRITE 

DATA IN 
(Do- Dal 

FULL FLAG 

RESET 

~ 
-

(W) 

-
(FF) 

(RS) 

l(HF) 

(WJ (RJ 

It,_ 9..L 
/ ~ 

LH5496 

(FF) (EF) 

(RS) (RT) 

T (Xi) 

Figure 17. Single FIFO (512 x 9) 

.t <HF> l (HF) 

9 

(WJ ---
(Al LH5496 

LH5496 ---
(RS) ---

(RT) -
9.L 

l-(XI) T(XI) 

- -

READ 

DATA OUT 
(00 - Os) 

EMPTY FLAG 

RETRANSMIT 

(RJ 
READ 

(EF) 
EMPTY FLAG -

(RT) 
RETRANSMIT 

9 
/ 

1!U_ --

Figure 18. FIFO Width Expansion (512x18) 

5496-17 

DATA OUT 

5496-18 
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LH5496 

OPERATIONAL MODES (cont'd) 

Depth Expansion 

Depth expansion is implemented by configuring the 
required number of FIFOs in EXPANSION mode. In this 
arrangement, the FIFOs are connected in a circular fash
ion with the EXPANSION OUT pin (XO) of each device 
tied to the EXPANSION IN pin (XI) of the next device. 
One FIFO in this group must be designated as the first 
load devic~ This is accomplished by tying the FIRST 
LOAD pin (FL) of this device to ground. All other devices 
must have their FL pin tied to a high level. In this mode, 

lxo 
w 

ATAIN 9_L 9, 
LHS496 

D 

FF 

RS 

CMOS 512 x 9 FIFO 

W and R signals are shared by all devices, while internal 
logic controls the steering of data. Only one FIFO will be 
enabled for any given read cycle, so the common Data 
Out pins of all devices are wire-ORed together. Lkewise, 
the common Data In pins of all devices are tied together. 

In EXPANSION mode, external logic is re(JJired to 
generate a composite Full or Empty flag. This is achieved 
by ORing the FF pins of all devices and ORing the EF 
pins of all devices respectively. The HALF flag and 
RETRANSMIT functions are not available in DEPTH 
EXPANSION mode. 

R 
9 9 ., 7 DATAO UT 

EF 

~ 

r'-XO 

9_, 9, 

FF LH5496 3>-~ EF 
__x::;: 

RS ~ 
tx1_ 

XO 

9 9 ,_ 
Ei' FF LHS496 

RS 
R5 Pi 1x1 -

5498-19 

Figure 19. FIFO Depth Expansion (1536 x 9) 
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CMOS 512 x 9 FIFO LH5496 

OPERATIONAL MODES (cont'd) 

Compound Expansion 

A combination of width and depth expansion can be 
easily implemented by operating groups of depth 
expanded FIFOs in parallel. 

Bidirectional Operation 

LH5496 devices in parallel but opposite directions. The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional bus interface. Care 
must be taken to assure that the appropriate read, write 
and flag signals are routed to each system. Both depth 
and width expansion may be used in this configuration. 

Applications which require bidirectional data buffering 
between two systems can be realized by operating 

Fi 
w 

RS 

LH5496 
DEPTH EXPANSION 

BLOCK 

LH5496 
DEPTH EXPANSION 

BLOCK 

LH5496 
DEPTH EXPANSION 

BLOCK 

DATA IN ----D-o --D-N-t----D ... g--'""DN----+-D-,a-·""D-N-~1)--.. D-N.a--_D_N_ 

SHARP 

Wa 

FFa 

RS 

SYSTEM A 

Ra 
EFa 

HFa 

RTa 

Figure 20. Compound FIFO Expansion 

LH5496 

Da0-8 Qb0-8 

..!- XI 

-

Oa0-8 Db0-8 -
LH5496 

rx1 
Figure 21. Bidirectional FIFO Buffer 

Rb 

EFb 

HFb 

Rlb 

SYSTEM B 

Wb 

FFb 

0496-20 

5496-21 
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ORDERING INFORMATION 

LH5496 
Devic~Type 

x 
Package 

-## 15 
20 

Speed 25 
L~--------< 35 Access Time {ns) 

50 
65 
80 

CMOS 512 x 9 FIFO 

Blank 28-pin, 600-mil Plastic DIP 
.._ __________ ----< D 28-pin, 300-mil Plastic DIP 

U 32-pin Plastic Leaded Chip Carrier 
.._ ________________ CMOS 512 x 9 FIFO 

Example: LH5496U-25 (CMOS 512 x 9 FIFO, 32-pin PLCC, 25 ns) 
5496-22 
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LH5497 
FEATURES 

• Fast Access limes: 
15/20/25/35/50/65/80 ns 

• Full CMOS Dual Port Memory Array 

• Fully Asynchronous Read and Write 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Read Retransmit Capability 

• TTL Compatible 1/0 

• Packages: 
28-Pin, 300-mil DIP, 
28-Pin, 600-mil DIP or 
32-Pin PLCC 

• Pin and Functionally Compatible 
with IDT7202 

FUNCTIONAL DESCRIPTION 
The LH5497 is a dual port memory with internal ad

dressing to implement a First-In, First-Out algorithm. 
Through an advanced dual port architecture, it provides 
fully asynchronous read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over
flow and underflow. In addition, internal logic is provided 
for unlimited expansion in both word size and depth. 

Read and Write operations automatically access se
quential locations in memory in such a way that data is 
read out in the same order that it was written, that is on a 
First-In, First-Out basis. Since the address sequence is 
internally predefined, no external address information is 
required for the operation of this device. A ninth data bit 
is provided for parity or control information often needed 
in communication applications. 

Empty, Full, and Half-Full status flags monitor the 
extent to which data has been written into the FIFO, and 
prevent improper operations (i.e. Read if the FIFO is 
empty, or Write if the FIFO is full). A retransmit feature 
resets the Read address pointer to its initial position, 
thereby allowing repetitive readout of the same data. 
Expansion In and Expansion Out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 

CMOS 1Kx9 FIFO 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 

w 1• Vee 

Da 2 D4 

D3 3 Ds 
D2 4 Ds 
D, 5 ~ 
Do 6 FURT 
Xi 7 RS 

FF 6 21 EF 

a. 9 XO/HF 

a, 0, 

02 Ce 
D3 17 05 

Oa 04 

Vss Fi 
5<187-10 

Figure 1. Pin connections for DIP Package 

32-PINPLCC TOP VIEW 
0 0 

rS 0 1;: z ~o r!f 

• 0,. 0,, 
D, ~ 
Do NC 

Xi FURT 

FF RS 

Oo 24 EF 
a, 23 XO/HF 

NC 0, 
02 21 Os 

14 15 16 17 18 19 20 

0 0.} 0 Ja: oa z 
5487-20 

Figure 2. Pin connections for PLCC Package 
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WRITE 
CONTROL 

WRITE 
POINTER 

RS 
FURT 

XI 

DATA INPUTS 
(Do - Dal 

DUAL PORT 
RAM 

ARRAY 

DATA OUTPUTS 
(Oo -Os) 

FLAG 
LOGIC 

RESET 
EXPANSION 

LOGIC 

READ 
POINTER 

XO/HF 

READ 
CONTROL 

CMOS 1Kx9 FIFO 

5497-3 

Figure 3. LH5497 Block Diagram 

PIN DESCRIPTIONS 

PIN DESCRIPTION PIN DESCRIPTION 

Do-Da Data Inputs FF Full Flag 

Oo-Oa Data Outputs XO/HF Expansion Out, Half-Full Flag 

w Write Control Xi Expansion In 

R Read Control FURT First Load, Retransmit 

EF Empty Flag RS Reset 
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CMOS 1 K x 9 FIFO LH5497 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5 Vto7V 

Signal Pin Voltage to Vss Potential 3 -0.5 V to Vee+ 0.5 V (not to exceed 7 V) 

DC Output Current 2 ±50mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 1.0W 

DC Voltage Applied to Outputs in High-Z State -0.5 V to Vee+ 0.5 V (not to exceed 7 V) 

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. 

3. Negative undershoots of 1.5 Vin amplitude are permitted for up to 10 ns once per cycle. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX UNIT 

TA Temperature, Ambient 0 70 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic ''O" Input Voltage 1 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2.0 Vee+ 0.5 v 

NOTE: 
1. Negative undershoots of 1.5 V in amplitude are permitted for up to 1 O ns once per cycle. 

DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

lu Input Leakage Current Vee =5.5 V, V1N = 0 Vto Vee -10 10 µA 

ILO Output Leakage Current R ~ V1H. o V ~ VouT~ Vee -10 10 µA 

VoH Output High Voltage IOH=-2.0 mA 2.4 - v 
VOL Output Low Voltage loL=8.0mA - 0.4 v 
Ice Average Supply Current 1 Measured at f = 40MHz - 100 mA 

lcc2 Average Standby Current 1 All Inputs = V1H - 15 mA 

lcC3 Power Down Current 1 All Inputs= Vee - 0.2V - 5 mA 

NOTE: 
1. Ice, lcc2, and ICC3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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LH5497 

AC TEST CONDITIONS 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall Times 
(10%to 90%) 

Input Timing Reference Levels 

Output Reference Levels 

Output Load, Timing Tests 

CAPACITANCE 1•2 

PARAMETER 

C1N MAX (Input Capacitance) 

MAX (Output Capacitance) 

NOTES: 
1. Sample tested only. 

RATING 

Vssto 3V 

5 ns 

1.5V 

1.5V 

Figure4 

RATING 

5pF 

7pF 

+SV 

1.1kOHMS 
DEVICE 
UNDER o------. 
TEST 

6800HMS 

CMOS 1K x 9 FIFO 

30pF* 

* INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 4. Output Load ClrcuH 

2. Capacitances are maximum values at 25°C measured at 1.0MHz with V1N = O V. 
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CMOS 1Kx9 FIFO LH5497 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL PARAMETER 
IA= 15 ns 1A=20ns 1A=25ns 1A=35ns 1A=50ns 1A=65ns IA = 80 ns J UNITS 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAXl 

READ CYCLE TIMING 

IRC Read Cycle Time 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

IA Access lime - 15 - 20 - 25 - 35 - 50 - 65 - 80 ns 

IRA Read Recover lime 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

IRPW Read Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

IRLZ Data Bus Active from Read Low 3 5 - 5 - 5 - 5 - 5 - 5 - 10 - ns 

IWLZ Data Bus Active from Write High 3•4 10 - 10 - 10 - 10 - 10 - 10 - 20 - ns 

tov Data Valid from Read Pulse High 5 - 5 - 5 - 5 - 5 - 5 - 5 - ns 

tRHZ Data Bus High-Z from Read High 3 - 15 - 15 - 15 - 15 - 20 - 30 - 30 ns 

WRITE CYCLE TIMING 

twc Write Cycle Time 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

lwPW Write Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

twR Write Recovery Time 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

tos Data Setup lime 10 - 10 - 10 - 15 - 20 - 20 - 20 - ns 

IDH Data Hold lime 0 - 0 - 0 - 0 - 0 - 5 - 5 - ns 

RESET TIMING 

IRSC Reset Cycle Time 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

IRS Reset Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

IRSR Reset Recovery Time 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

RETRANSMIT TIMING 

IRTC Retransmit Cycle Time 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

IRT Retransmit Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

tRTR Retransmit Recovery lime 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

FLAG TIMING 

IEFL Reset to Empty Flag Low - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

IHFH,FFH Reset to Half & Full Flag High - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

tREF Read Low to Empty Flag Low - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

IRFF Read High to Full Flag High - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

lwEF Write High to Empty Flag High - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

lwFF Write Low to Full Flag Low - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

lwHF Write Low to Half-Full Flag Low - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

IRHF Read High to Half-Full Flag High - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

EXPANSION TIMING 

txOL Expansion Out Low - 18 - 20 - 25 - 35 - 50 - 65 - 80 ns 

txOH Expansion Out High - 18 - 20 - 25 - 35 - 50 - 65 - 80 ns 

tx1 Expansion In Pulse Width 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

tx1R Expansion In Recovery Time 10 - 10 - 10 - 10 - 10 - 10 - 10 - ns 

tx1s Expansion in Setup Time 7 - 10 - 10 - 15 - 15 - 15 - 15 - ns 

NOTES: 
1. All timing measurements performed at "AC Test Condition" levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values guaranteed by design not currently tested. 

4. Only applies to read data flow-through mode. 
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LH5497 

OPERATIONAL DESCRIPTION 

Reset 

The Device is reset whenever the RESET pin (RS) is 
taken to a low state. The reset operation initializes both 
the read and write address pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is in SINGLE mode or 
DEPTH EXPANSION mode. A reset pulse is re_guired 
when the device is first powered up. The READ (R) and 
WRITE (W) pins may be in any state when reset is 
initiated, but must be brought to a high state tRPW and 
tWPw before the rising edge of RS. 

Write 

A write cycle is initiated on the falling edge of the 
WRITE (W) pin. Data setup and hold times must be 
observed on the data in (Do - Ds) pins. A write operation 
is only possible if the FIFO is not full, (i.e. the FULL flag 
pin is HIGH). Writes may occur independently of any 
ongoing read operations. 

At the falling edge of the first write after the memory is 
half filled, the HALF flag will be asserted (HF= LOW) and 
will remain asserted until the difference between the write 
pointer and read pointer indicates that the remaining data 
in the device is less than or equal to one half the total 
capacity of the FIFO. The HALF flag is deasserted 
(HF= HIGH) by the appropriate rising edge of R. 

The FULL flag is asserted (FF = LOW) at the falling 
edge of the write operation which fills the last available 
location in the FIFO memory array. The FULL flag will 
inhibit further writes until cleared by a valid read. The 
FULL flag is deasserted (FF= HIGH) afterthe next rising 
edge of R releases another memory location. 

Read 

A read cycle is initiated on the falling edge of the READ 
(R) pin. Read data becomes valid on the data out (Oo-Os) 
pins after a time 1A from the falling edge of R. After R goes 
HIGH, the data out pins return to a high-impedance state. 
Reads may occur independent of any ongoing write 
o~rations. A read is only possible if the FIFO is not empty 
(EF= HIGH). 

7·52 

CMOS 1Kx9 FIFO 

The internal read and write address pointers are main
tained by the device such that consecutive read opera
tions will access data in the same order as it was written. 
The EMPlY flag is asserted (EF = LOW) after the falling 
edge of R which accesses the last available data in the 
FIFO memory. EF is deasserted (EF = HIGH) after the 
next rising edge of W loads another word of valid data. 

Data Flow-Through 

Read flow-through mode occurs when the READ (R) 
pin is brought LOW while the FIFO is empty, and held 
LOW in anticipation of a write cycle. At the end of the next 
write cycle, the EMPlY flag will be momentarily 
deasserted, and the data just written will become avail
able on the data out pins after a maximum time of 
twEF + tA. Additional writes may occur while the R pin 
remains low, but only data from the first write flows 
through to the outputs. Additional data, if any, can only be 
accessed by toggling R. 

Write flow-through mode occurs when the WRITE (W) 
pin is brought LOW while the FIFO is full, and held LOW 
in anticipation of a read cycle. Atthe end of the read cycle, 
the FULL flag will be momentarily deasserted, but then 
immediately reasserted in response to W held LOW. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF + tWPw after the read. 

Retransmit 

The FIFO can be made to reread previously read data 
through the retransmit function. Retransmit is initiated by 
pulsing RT low. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving the internal write address pointer unchanged. 
Data between the read and write pointers may be 
reaccessed by subsequent reads. Both Rand W must be 
inactive (HIGH) during the retransmit pulse. Retransmit 
is useful if no more than 1024 writes are performed 
between resets. Retransmit may affect the status of EF, 
HF and FF flags, depending on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 



CMOS 1 K x 9 FIFO LH5497 

TIMING DIAGRAMS 

tov 

DATA OUT VALID DATA OUT VALID 

WC 

IWPW IWA 

w I\ I\. 

tos I DH 

DATA IN VALID f DATA IN VALID \_ 

5497-5 

Figure 5. Asynchronous Write and Read Operation 

LAST WRITE FIRST READ 

I tRFF 

iwFF 

5497-6 

Figure 6. Full Flag from Last Write to First Read 
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LH5497 CMOS 1Kx9 FIFO 

TIMING DIAGRAMS (cont'd) 

LAST READ FIRST WRITE 

IREF lweF 

EF r\_ J 

Figure 7. Empty Flag from Last Read to First Write 

Do-Da 'fff:Jllflllllfltlll&X DATAINVALID x-

lweF 

lwLZ 

Oo-Oa DATA OUT VALID 

NOTES: 
1 · IRPE • IRPW 
2. ~PE : Effective Read Pulse Width after Empty Flag HIGH. 

5497 

Figure 8. Read Data Flow-Through 
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CMOS 1Kx9 FIFO LH5497 

TIMING DIAGRAMS (cont'd) 

I{ 
lwPF 

IRFF 

l 
IWFF 

!a !DH 

DATA OUT VALID 1---

IA 

Oo-Oa -Qmxxxm: DATA OUT VALID 

NOTES: 
1. twPF= lwPW 
2. tWPF: Effective Write Pulse Width after Full Flag HIGH. 

5497-9 

Figure 9. Write Data Flow-Through 

w 
lweF 

~PE 

NOTES: 
1. ~PE =IRPW 
2. ~PE: Effective Read Pulse Width after Empty Flag HIGH. 

5497-10 

Figure 10. Empty Flag Timlng 
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TIMING DIAGRAMS (cont'd) 

FF 

w 

NOTES: 
1. tWPF = IWPw 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 

RT 

HALF-FULL 
OR LESS 

R,W 

NOTES: 
1. IRTc = IRT + IRTR 

IWHF 

Figure 11. Full Flag Timing 

f\_ 

MORE THAN 
HALF-FULL 

j 

Figure 12. Half-Full Flag Timing 

IRTR 

2. EF, HF and FF may change state during retransmit, but flags will be valid at tRTC 

Figure 13. Retransmit Timing 
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IRHF 

CMOS 1Kx9 FIFO 

IWPF 

HALF-FULL 
OR LESS 

1 
5497-12 
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CMOS 1Kx9 FIFO 

TIMING DIAGRAMS (cont'd) 

Fi,W 

FF.HF 

IRSc 

lwRSS 

leFL 

NOTE: Wand R 2:VHaround the rising edge of RS 

w 

WRITE TO LAST 
AVAILABLE 
LOCATION 

lxoL 

Figure 14. Reset Timing 

lxoH 

READ FROM 
LAST VALID 
LOCATION 

lxoL 

Figure 15. Expansion Out Timing 

LH5497 

5497-14 

lxoH 

5497-15 
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TIMING DIAGRAMS {cont'd) 

7-58 

tx1R 

WRITE TO FIRST 
AVAILABLE 
LOCATION 

CMOS 1Kx9 FIFO 

READ FROM FIRST ._ ____ ,, VALID 

LOCATION 

5411'7-18 

Figure 16. Expansion In Timing 



CMOS 1Kx9 FIFO 

OPERATIONAL MODES 

Single Device Configuration 

LH5497 

Width Expansion 

When depth expansion is not required for the given 
application, the device is placed in SINGLE mode by tying 
the EXPANSION IN pin (XI) to ground. This pin is inter
nally sampled during reset. 

Word width expansion is implemented by placing mul
tiple devices in parallel. Each device should be configured 
for SINGLE mode. In this arrangement, the behavior of 
the status flags will be identical for all devices, so these 
flags may be derived from any one device. 

DATA IN 
18L 

RITE w 

F ULLFLAG 

R ESET 

SHARP 

WRITE 

DATA IN 
(Do- De) 

FULL FLAG 

RESET 

9/ 
-
(W) 

-
(FF) 

-
(RS) 

l<Hi=> 
(W) (R) 

~ 9_L 

LH5497 
-

(FF) (EF) 

J.RS}_ (RT) 

T<Xi> 

Figure 17. Single FIFO (1K x 9) 
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-
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- -

READ 

DATA OUT 
(Oo -Os) 

EMPTY FLAG 

RETRANSMIT 

(Rl 
READ -

(EF) 
EMPTY FLAG 

-
(RT) 

RETRANSMIT 

9 
/ 

18_L 

Figure 18. FIFO Width Expansion (1Kx18) 
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DATA OUT 

5497-18 
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LH5497 

OPERATIONAL MODES (cont'd) 

Depth Expansion 

Depth expansion is implemented by configuring the 
required number of FIFOs in EXPANSION mode. In this 
arrangement, the FIFOs are connected in a circular fash
ion with the EXPANSION OUT pin (XO) of each device 
tied to the EXPANSION IN pin (XI) of the next device. One 
FIFO in this group must be designated as the first load 
device. This is accomplished by tying the FIRST LOAD 
pin (FL) of this device to ground. All other devices must 
have their FL pin tied to a high level. In this mode, W and 

lxo 
-w 

TAIN 9 .L. 9.L. 
,-FF LH5497 DA 

-
RS 

CMOS 1Kx9 FIFO 

R signals are shared by all devices, while internal logic 
controls the steering of data. Only one FIFO will be 
enabled for any given read cycle, so the common Data 
Out pins of all devices are wire-ORed together. Likewise, 
the common Data In pins of all devices are tied together. 

In EXPANSION mode, external logic is required to 
generate a composite Full or Empty flag. This is achieved 
by ORing the FF pins of all devices and ORing the EF 
pins of all devices respectively. The HALF flag and RE
TRANSMIT functions are not available in DEPTH EX
PANSION mode. 

Fi 
9..L. 9..L. DATAO , UT 

EF 

~ 
Ix'xo 

9L 9-'-
- _--, 

FULL 
[- FF LH5497 EF 3 ( 

-
~ RS 

Ix1 xo 

9 9.L. ,,_ _,. 
FF 

LH5497 
EF 

- -- RS 

~ RS 

TXi -
5497·19 

Figure 19. FIFO Depth Expansion (3072 x 9) 
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CMOS 1 K x 9 FIFO 

OPERATIONAL MODES (cont'd) 

compound Expansion 

LH5497 

A combination of width and depth expansion can be 
easily implemented by operating groups of depth ex
panded FIFOs in parallel. 

LH5497 devices in parallel but opposite directions. The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional bus interface. Care 
must be taken to assure that the appropriate read, write 
and flag signals are routed to each system. Both depth 
and width expansion may be used in this configuration. 

Bidirectional Operation 

Applications which require bidirectional data buffering 
between two systems can be realized by operating 

.,.._0o_-_a_a ____________ ..... ~a-o_-_a_1e._ __ ~>--------... -0o.-_a_N.._~DATAOUT 

R 
w-----o 
RS 

DATA IN 

SHARP 

LH5497 
DEPTH EXPANSION 

BLOCK 

w a 

F Fa 

RS 

SYSTEM A 

a 

Fa 

Fa 

Ta 

R 

E 
H 

R 

LH5497 
DEPTH EXPANSION 

BLOCK 

Figure 20. compound FIFO 

LH5497 

~-_s_ ~ 

JJx11 
-

Oao.a Db0 .a 

LH5497 

]--<Xi) 

Figure 21. Bldlrectlonal FIFO 
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LH5497 CMOS 1 K x 9 FIFO 

ORDERING INFORMATION 

LH5497 
Device Type 

x 
Package 

-## 15 
20 

Speed 25 
L.__ _____ --< 35 Access Time (ns) 

50 
65 
80 

j~lank 28-pin, 600-mil DIP 
'--------------< D 28-pin, 300-mil DIP 

U 32-pin Plastic Leaded Chip Carrier 

'------------------- CMOS 1 K x 9 FIFO 

Example: LH5497U-25 (CMOS 1 K x 9 FIFO, 32-pin PLCC, 25 ns) 
5497-22 

7-62 SHARP 



LH5498 
FEATURES 

• Fast Access limes: 15/20/25/35/50/ 
65/80 ns 

• Full CMOS Dual Port Memory Array 

• Fully Asynchronous Read and Write 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Read Retransmit Capability 

• TTL Compatible 1/0 

• Packages: 
28-Pin, 300-mil DIP, 
28-Pin, 600-mil DIP or 
32-Pin PLCC 

• Pin and Functionally Compatible 
with IDT7203 

FUNCTIONAL DESCRIPTION 

The LH5498 is a dual port memory with internal 
addressing to implement a First-In, First-Out algorithm. 
Through an advanced dual port architecture, it provides 
fully asynchronous read/write operation. Empty, Full, and 
HaH-Full status flags are provided to prevent data over
flow and underflow. In addition, internal logic is provided 
for unlimited expansion in both word size and depth. 

Read and Write operations automatically access 
sequential locations in memory in such a way that data is 
read out in the same order that it was written, that is on a 
First-In, First-Out basis. Since the address sequence is 
internally predefined, no external address information is 
required for the operation of this device. A ninth data bit 
is provided for parity or control information often needed 
in communication applications. 

Empty, Full, and HaH-Full status flags monitor the 
extent to which data has been written into the FIFO, and 
prevent improper operations (i.e. Read if the FIFO is 
empty, or Write if the FIFO is full). A retransmit feature 
resets the Read address pointer to its initial position, 
thereby allowing repetitive readout of the same data. 
Expansion In and Expansion Out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 

SHARP 

CMOS 2K x 9 FIFO 

PIN CONNECTIONS 

32-PINPDIP TOP VIEW 

w 1• Vee 

0. 2 04 

03 3 05 

°" 4 De 

D1 5 0, 
Do 6 FLIRT 
XI 7 RS 

FF 8 E:F 
Co 9 XO/HF 

01 07 

Ca Oe 

03 05 

Oe 04 

Vss R 
5498-10 

Figure 1. Pin Connections for DIP Package 

32-PINPLCC TOP VIEW 
0 

() 

0 c I~ z ~ o~ 

°" 5 De 
D1 6 0, 
Do 7 NC 

Xi 8 FURT 

FF 9 RS 

Oo 0 EF 

01 XO/HF 

NC ~ 
02 21 Oe 

14 15 16 17 18 19 20 

00~~ 1a: cJ d' 
5498·20 

Figure 2. Pin Connections for PLCC Package 
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WRITE 
CONTROL 

PIN DESCRIPTIONS 

WRITE 
POINTER 

DATA INPUTS 
(Do- Dal 

DUAL PORT 
RAM 

ARRAY 

2Kx9 

DATA OUTPUTS 
(Oo-Oa) 

FLAG 
LOGIC 

RESET 
EXPANSION 

LOGIC 

READ 
POINTER 

Figure 3. LH5498 Block Diagram 

PIN DESCRIPTION PIN 

Do-De Data Inputs XO/HF 

Oo-Qa Data Outputs XI 

w Write Control FURT 

R Read Control RS 

EF Empty Flag Vee 

FF Full Flag Vss 

7-64 

CMOS 2K x 9 FIFO 

READ 
CONTROL 

DESCRIPTION 

Expansion Out, Hatt-Full Flag 

Expansion In 

First Load, Retransmit 

Reset 

Positive Power Supply 

Ground 
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CMOS 2K x 9 FIFO LH5498 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5Vto7V 

Signal Pin Voltage to Vss Potential 3 -0.5 V to Vee+ 0.5 V (not to exceed 7 V) 

DC Output Current 2 ±50mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 1.0W 

DC Voltage Applied to Outputs In High-Z State -0.5 V to Vee+ 0.5 V (not to exceed 7 V) 

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 conditions other than 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. 
3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX UNIT 

TA Temperature, Ambient 0 70 oc 
Vee Supply Voltage 4.5 5.5 v 

Vss Supply Voltage 0 0 v 

V1L Logic "O" Input Voltage 1 -0.5 0.8 v 

V1H Logic "1" Input Voltage 2.0 Vee+ 0.5 v 

NOTE: 
1. Negative undershoots of 1.5 Vin amplitude are permitted for up to 10 ns once per cycle. 

DC ELECTRICAL CHARACTERISTICS (OVER OPERATING RANGE) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

lu Input Leakage Current Vee = 5.5 V, V1N = o v to Vee -10 10 µA 

ILO Output Leakage Current R 2: V1H. o v :s: Vour:s:Vcc -10 10 µA 

VoH Output High Voltage IOH=-2.0mA 2.4 v 

VOL Output Low Voltage IOL=8.0 mA 0.4 v 

Ice Average Supply Current 1 Measured at f = 40 MHz 100 mA 

lcc2 Average Standby Current 1 All Inputs = V1H 15 mA 

lcc3 Power Down Current 1 All Inputs = Vee - o.2v 5 mA 

NOTE: 
1. Ice, ICC2, and lcc3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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LH5498 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto3 v 
Input Rise and Fall limes (10% to 90%) 5 ns 

Input liming Reference Levels 1.5V 

Output Reference Levels 1.5 v 
Output Load, liming Tests Figure 4 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N MAX (Input Capacitance) 5pF 

Co MAX (Output Capacitance) 7pF 

NOTES: 
1. Sample tested only. 
2. Capacitances are maximum values at 25°C measured at 1.0MHz 

with V1N = 0 V. 
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+5V 

1.1kOHMS 

DEVICE 
UNDER o------. 
TEST 

6800HMS 

* INCLUDES JIG & SCOPE CAPACITANCES 

Figure 4. Output Load Circuit 
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CMOS 2K x 9 FIFO LH5498 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL PARAMETER IA= 15 ns IA=20ns IA=25ns IA=35ns IA=SOns IA=65ns IA=80ns UNITS 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE TIMING 

tRC Read Cycle lime 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

IA Access lime - 15 - 20 - 25 - 35 - 50 - 65 - 80 ns 

tRR Read Recover lime 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

tRPW Read Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

1RLZ Data Bus Active from Read Low 3 5 - 5 - 5 - 5 - 5 - 5 - 10 - ns 

lwlz Data Bus Active from Write High 3•4 10 - 10 - 10 - 10 - 10 - 10 - 20 - ns 

tov Data Valid from Read Pulse High 5 - 5 - 5 - 5 - 5 - 5 - 5 - ns 

1RHZ Data Bus High-Z from Read High 3 - 15 - 15 - 15 - 15 - 20 - 30 - 30 ns 

WRITE CYCLE TIMING 

twc Write Cycle lime 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

twPW Write Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

twR Write Recovery lime 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

tos Data Setup lime 10 - 10 - 10 - 15 - 20 - 20 - 20 - ns 

IDH Data Hold lime 0 - 0 - 0 - 0 - 0 - 5 - 5 - ns 

RESET TIMING 

IRSC Reset ~le lime 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

IRS Reset Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

IRSR Reset Recovery lime 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

IRRSS Read High to RS High 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

twRSS Write l:!_ig_h to RS High 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

RETRANSMIT TIMING 

IRTc Retransmit Cycle lime 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

IRT Retransmit Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

IRTR Retransmit Recovery lime 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

FLAG TIMING 

IEFL Reset to Empty Flag Low - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

IHFH,FFH Reset to Half & Full Flag High - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

IREF Read Low to Empty Flag low - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

tRFF Read H_ig!l to Full Flag High - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

lWEF Write High to Empty Flag High - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

lWFF Write Low to Full Flag Low - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

lWHF Write Low to Half-Full Flag Low - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

IRHF Read High to Half-Full Flag High - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

EXPANSION TIMING 

txOL Expansion Out low - 18 - 20 - 25 - 35 - 50 - 65 - 80 ns 

txOH Expansion Out High - 18 - 20 - 25 - 35 - 50 - 65 - 80 ns 

tx1 Expansion In Pulse Width 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

lxlR Expansion In Recovery lime 10 - 10 - 10 - 10 - 10 - 10 - 10 - ns 

tx1s Expansion In Setup lime 7 - 10 - 10 - 15 - 15 - 15 - 15 - ns 

NOTES: 
1. All timing measuremenls performed at "AC Test Condition" levels. 
2. Pulse widths less than minimum value are not allowed. 
3. Values guaranteed by design not currenUy tested. 
4. Only applies to read data flow-through mode. 
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OPERATIONAL DESCRIPTION 

Reset 

The Device is reset whenever the RESET pin (RS) is 
taken to a low state. The reset operation initializes both 
the read and write address pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is in SINGLE mode or 
DEPTH EXPANSION mode. A reset pulse is required 
when the device is first powered up. The READ (R) and 
WRITE (W) pins may be in any state when reset is 
initiated, but must be brought to a high state tRRSS and 
twRSS before the rising edge of RS. 

WrHe 

A write cycle is initiated on the falling edge of the 
WRITE (W) pin. Data setup and hold times must be 
observed on the data-in (Do - Da) pins. A write operation 
is only possible if the FIFO is not full, (i.e. the FULL flag 
pin is HIGH). Writes may occur independently of any 
ongoing read operations. 

At. the falling edge of the first write after the memory is 
half filled, the HALF flag will be asserted (HF= LOW) and 
will remain asserted until the difference between the write 
pointer and read pointer indicates that the remaining data 
in the device is less than or equal to one-half the total 
capacity of the FIFO. The HALF flag is deasserted 
(HF= HIGH) by the appropriate rising edge of R. 

The FULL flag is asserted (FF = LOW) at the falling 
edge of the write operation which fills the last available 
location in the FIFO memory array. The FULL flag will 
inhibit further writes until cleared by a valid read. The 
FULL flag is deasserted (FF= HIGH) after the next rising 
edge ofR releases another memory location. 

Read 

A read cycle is initiated on the falling edge of the READ 
(R) pin. Read data becomes valid on the data out (OcrOa) 
pins after a time fA from the falling edge of R. After R goes 
HIGH, the data out pins return to a high-impedance state. 
Reads may occur independent of any ongoing write 
operations. Aread is only possible if the FIFO is not empty 
(EF= HIGH). 
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The internal read and write address pointers are main
tained by the device such that consecutive read opera
tions will access data in the same order as it was written. 
The EMPTY flag is asserted (EF = LOW) after the falling 
edge of R which accesses the last available data in the 
FIFO memory. EF is deasserted (EF = HIGH) after the 
next rising edge of W loads another word of valid data. 

Data Flow-Through 

Read flow-through mode occurs when the READ (R) 
pin is brought low while the FIFO is empty, and held LOW 
in anticipation of a write cycle. At the end of the next write 
cycle, the EMPTY flag will be momentarily deasserted, 
and the data just written will become available on the data 
out pins after a maximum time of tweF + fA. Additional 
writes may occur while the R pin remains low, but only 
data from the first write flows through to the outputs. 
Additional data, if any, can only be accessed by toggling 
R. 

Write flow-through mode occurs when the WRITE (W) 
pin is brought low while the FIFO is full, and held low in 
anticipation of a read cycle. At. the end of the read cycle, 
the FULL flag will be momentarily deasserted, but then 
immediately reasserted in response to W held LOW. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF + twPw after the read. 

Retransmit 

The FIFO can be made to reread previously read data 
through the retransmit function. Retransmit is initiated by 
pulsing RT LOW. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving the internal write address pointer unchanged. 
Data between the read and write pointers may be re
accessed by subsequent reads. Both R and W rrust be 
inactive (HIGH) during the retransmit pulse. Retransmit 
is useful if no more than 2048 writes are performed 
between resets. Retransmit may affect the status of EF, 
HF and FF flags, depending on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 
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TIMING DIAGRAMS 

lov 

DATA OUT VALID DATA OUT VALID 

WC 

lwPW IWR 

w ~ J J 
los loH 

DATA INVALID J DATA INVALID \_ Oo-Oa 

Figure 5. Asynchronous Wrtte and Read Operation 

LAST WRITE FIRST READ 

w 1 
IAFF 

IWFF 

'I 

Figure 6. Full Flag from Last Write to First Read 
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TIMING DIAGRAMS (cont'd) 

LAST READ FIRST WRITE 

,-

" 
IREF lweF 

Figure 7. Empty Flag from Last Read to First Write 

D0 -D8 ~ DATAINVALID -

lweF 

IWLZ 

DATA OUT VALID 

NOTES: 
1. li!PE • !iv>w 
2. liiPe: Effective Read Pulse Width after Empty Flag HIGH. 

Figure 8. Read Data Flow-Through 
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TIMING DIAGRAMS (cont'd) 

Ir 
IWPF 

IRFF 

FF }, l 
IWFF I tos loH 

DATA OUT VALID >--

IA 

~wxx: DATA OUT VALID 

NOTES: 
1. IWPF = lwPW 
2. IWPF: Effective Write Pulse Width after Full Flag HIGH. 

54gg.g 

Figure 9. Write Data Flow-Through 

w 
IWEF 

EF 

NOTES: 

1. !iiPE = lilPW 
2. lilPE: Effective Read Pulse Width after Empty Flag HIGH. 

5498-10 

Figure 10. Empty Flag Timing 
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TIMING DIAGRAMS (cont'd) 

NOTES: 
1. lwf.F • lwPw 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 

w 

Fi,W 

NOTES: 

HALF-FULL 
OR LESS 

1. lilrc = lilr + IATR 

tWHF 

' 

Figure 11. Full Flag Timing 

MORE THAN 
HALF-FULL 

j 

Figure 12. Half-Full Flag Timing 

tRTR 

2. EF, HF and FF may change state during retransmit, but flags will be valid at ~TC· 

Figure 13. Retransmit Timing 
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TIMING DIAGRAMS (cont'd) 

R,W 

NOTE: Wand R;, V1H around the rising edge of RS. 

WRITE TO LAST 
AVAILABLE 

~ LOCATION 

txoL 

k 

SHARP 

Figure 14. Reset Timing 

...s. 
7 

lxoH 

~ 

READ FROM 
LAST VALID 
LOCATION 

lxoL 

Figure 15. Expansion OUt Timing 
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TIMING DIAGRAMS (cont'd) 

tx1 

lx1s 
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CMOS 2K x 9 FIFO 

READ FROM FIRST .,__ ____ , VALID ---

LOCATION 
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Figure 16. Expansion In llmlng 



CMOS 2K x 9 FIFO 

OPERATIONAL MODES 

Slngle Device Configuration 

LH5498 

Width Expansion 

When depth expansion is not required for the given 
application, the device is placed in SINGLE mode by tying 
the EXPANSION IN pin (XI) to ground. This pin is inter
nally sampled during reset. 

Word width expansion is implemented by placing mul
tiple devices in parallel. Each device should be configured 
for SINGLE mode. In this arrangement, the behavior of 
the status flags will be identical for all devices, so these 
flags may be derived from any one device. 

DATA IN 18.L 

RITE w 
F ULLFLAG 

R ESET 

WRITE 

DATA IN 
(D0 -Ds) 

FULL FLAG 

RESET 

9L_ 

(Wl 

!FFl 

(RS) 

l(HF) 

(W) (R) 

9 9 ,, --, 

LH5498 
(FF) (Ef) 

_iRSl (RT) 

J_ (Xi) 

Rgure 17. Single FIFO (2K x 9) 

l<HF> l(HF) 

QL 

---- 1w1_ 
CRl LH5498 

LH5498 ---
--- (RSL 

(RTJ ---
9...._ 

7 

_Lcx11 Tex~ 
-

READ 

DATA OUT 
(Oo-Os) 

EMPTY FLAG 

RETRANSMIT 

<Fi> 
READ 

(EFl 
EMPTY FLAG 

(R'f) 
RETRANSMIT 

9 
7 

11k 

Figure 18. FIFO Width Expansion (2K x 18) 
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DATA OUT 
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OPERATIONAL MODES (cont'd) 

Depth Expansion 

Depth expansion is implemented by configuring the 
required number of FIFOs in EXPANSION mode. In this 
arrangement, the FIFOs are connected in a circular fash
ion with the EXPANSION OUT pin (XO) of each device 
tied to the EXPANSION IN pin (XI) of the next device. 
One FIFO in this group must be designated as the first 
load devic!!:.__This is accomplished by tying the FIRST 
LOAD pin (FL) of this device to ground. All other devices 
must h~e their FL pin tied to a high level. In this mode, 
W and R signals are shared by all devices, while internal 

Jxo 
-w 

TAIN 9_L 9, 
LH5498 DA 

FF 

RS 

CMOS 2K x 9 FIFO 

logic controls the steering of data. Only one FIFO will be 
enabled for any given read cycle, so the common Data 
Out pins of all devices are wire-ORed together. Likewise, 
the common Data In pins of all devices are tied together. 

In EXPANSION mode, external logic is required to 
generate a composite Full or Empty flag. This is achieved 
by ORing the FF pins of all devices and ORing the EF 
pins of all devices respectively. The HALF flag and 
RETRANSMIT functions are not available in DEPTH 
EXPANSION mode. 

Fi 
9,._ 9_,,_ 

DATAO UT 
EF 

~ 
I><1xo 

9/ 9, 

[ FF LH5498 EF :"\ 
\: ~ 

RS ~ 
Jxixo 

9 9, .,._ 
FF LHS498 

EF 

RS 
RS 

~ 
1x1 -

5498-19 

Figure 19. FIFO Depth Expansion (6144 x 9) 
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OPERATIONAL MODES (cont'd) 

compound Expansion 

A combination of width and depth expansion can be 
easily implemented by operating groups of depth 
expanded FIFOs in parallel. 

Bidirectional Operation 

Applications which require bidirectional data buffering 
between two systems can be realized by operating 

LH5498 

LH5498 devices in parallel but opposite directions. The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional bus interface. Care 
must be taken to assure that the appropriate read, write 
and flag signals are routed to each system. Both depth 
and width expansion may be used in this configuration. 

.--O-o-_a_s ____________ ..... ~a_o_-_a_1s ____ ~~--------.... -a.o_-a_N __ .,...DATAOUT 

Fi 
w 
RS 

DATA IN 

SHARP 

LH5498 
DEPTH EXPANSION 

BLOCK 

Do-DN 

w 
i= 

a 

Fa 

RS 

SYSTEM A 

a 

EFa 

Hf:a 

RTa 

LH5498 LH5498 
DEPTH EXPANSION DEPTH EXPANSION 

BLOCK BLOCK 

Da-DN D1e-DN D(N-8)" DN 
54911-20 

Flgure20. Compound FIFO 

Rb 

-
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LH5498 
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-
RTb 

Dao- Dae Obo-Obe 

r..x1 
- SYSTEMS 

aao-aaa Dbo-Dbe 

-
Wb 

LH5498 FFb 

-
RS 

J_x1 
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Figure 21. Bidirectional FIFO 
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LH5498 CMOS 2K x 9 FIFO 

ORDERING INFORMATION 

LH5498 
Device Type 

x 
Package 

-## 15 
20 

Speed 25 
L.__ _____ --< 35 Access Time (ns) 

50 
65 
80 

Blank 28-pin, 600-mil DIP 
'---------------<D 28-pin, 300-mil DIP 

u 32-pin Plastic Leaded Chip Carrier 
'------------------- CMOS 2K x 9 FIFO 

Example: LH5498U-25 (CMOS 2K x 9 FIFO, 32-pin PLCC, 25 ns) 

7-78 
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LH5499 
FEATURES 

• Fast Access limes: 20/25/35/50/65/80 ns 

• Full CMOS Dual Port Memory Array 

• Fully Asynchronous Read and Write 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Read Retransmit Capability 

• TTL Compatible 1/0 

• Packages: 

\ 
28-Pin, 600-mil PDIP & 
32-Pin, PLCC 

• Pin and Functionally Compatible 
with IDT7204 

FUNCTIONAL DESCRIPTION 

The LH5499 is a dual port memory with internal 
addressing to implement First-In, First-Out algorithm. 
Through an advanced dual port architecture, it provides 
fully asynchronous read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over
flow and underflow. Internal logic is provided for unlimited 
expansion in both word size and depth. 

Read and Write operations automatically access 
sequential locations in memory in such a way that data is 
read out in the same order that it was written, that is on a 
First-In, First-Out basis. Since the address sequence is 
internally predefined, no external address information is 
required for the operation of this device. A ninth data bit 
is provided for parity or control information often needed 
in communication applications. 

Empty, Full, and Half-Full status flags monitor the 
extent to which data has been written into the FIFO, and 
prevent improper operations (i.e., Read if the FIFO is 
empty, or Write if the FIFO is full). A retransmit feature 
resets the Read address pointer to its initial position, 
thereby allowing repetitive readout of the same data. 
Expansion in and Expansion out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 

SHARP 

CMOS 4K x 9 FIFO 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 
w 1 • Vee 

Da 2 D4 

D3 3 Ds 

~ 4 Da 

D1 5 D1 

Do 6 f:DRT 
Xi 7 RS 

ff 8 EF 
Oo 20 XO/HF 

01 19 ~ 

02 Oa 

03 17 Os 

Oa 16 04 

Vss 15 Fi 

5499-10 

Figure 1. Pin connections for PDIP Package 

32-PINPLCC 
0 ~ 0 d' 

TOP VIEW 
rS 0 13: z 

• 
~ 5 Da 
D1 6 ~ 

Do 7 NC 

Xi 8 FDR'f 
FF 9 RS 

Oo EF 
01 XO/HF 

NC ~ 
02 Oa 

14 15 16 17 18 

.., co U) 0 
0 0 -::' z 1a: a d' 

5499·20 

Figure 2. Pin Connections for PLCC Package 
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WRITE 
CONTROL 

WRITE 
POINTER 

DATA INPUTS 
(Do- Ds) 

DUAL-PORT 
RAM 

ARRAY 

4Kx9 

DATA OUTPUTS 
(00 - Os) 

FLAG 
LOGIC 

RESET 
EXPANSION 

LOGIC 

READ 
POINTER 

XO/HF 

Figure 3. LH5499 Block Diagram 

PIN DESCRIPTIONS 

PIN DESCRIPTION PIN 

Do-De Data Inputs XO/HF 

Qo-Qs Data Outputs XI 

w Write Control FURT 

R Read Control RS 

EF Empty Flag Vee 
FF Full Flag Vss 

7-80 

CMOS 4K x 9 FIFO 

READ 
CONTROL 

DESCRIPTION 

Expansion Out, HaH-Full Flag 

Expansion In 

First Load, Retransmit 

Reset 

Positive Power Supply 

Ground 
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CMOS 4K x 9 FIFO LH5499 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5 Vto 7V 

Signal Pin Voltage to Vss Potential 3 -0 .5 V to Vee + 0.5 V (not to exceed 7 V) 

DC Output Current 2 ±50mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 1.0W 

DC Voltage Applied to Outputs In High-Z State -0 .5 V to Vee + 0.5 V (not to exceed 7 V) 

NOTES: 
1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause pennanent 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. 
3. Negative undershoots of 1.5 Vin amplitude are pennitted for up to 10 ns once per cycle. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX UNIT 

TA Temperature, Ambient 0 70 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic ''O" Input Voltage 1 -0.5 0.8 v 
V1H Logic "1" Input Voltage 2.0 Vee+ 0.5 v 

NOTE: 
1. Negative undershoots of 1.5 Vin amplitude are pennitted for up to 10 ns once per cycle. 

DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

lu Input Leakage Current Vee= 5.5 V, V1N = 0 Vto Vee -10 10 µA 

ILO Output Leakage Current R <:: V1H, O V '5. VouT'5. Vee -10 10 µA 

VoH Output High Voltage loH=-2.0 mA 2.4 v 
VoL Output Low Voltage loL=8.0 mA 0.4 v 
Ice Average Supply Current 1 Measured at f = 33 MHz 100 mA 

lcc2 Average Standby Current 1 All Inputs= V1H 15 mA 

lcC3 Power Down Current 1 All Inputs= Vcc-0.2V 8 mA 

NOTE: 
1. Ice, ICC2, and ICC3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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AC TEST CONDITIONS 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall Times (10% to 90%) 

Input Timing Reference Levels 

Output Reference Levels 

Output Load, Timing Tests 

CAPACITANCE 1 •2 

PARAMETER 

C1N MAX (Input Capacitance) 

Co MAX (Output Capacitance) 

NOTES: 
1. Sample tested only. 

RATING 

Vssto 3 V 

5 ns 

1.5 v 
1.5 v 

Figure 4 

RATING 

5pF 

7pF 

CMOS 4K x 9 FIFO 

+SV 

1.1kOHMS 

DEVICE 
UNDER 
TEST 

6800HMS 

* INCLUDES JIG & SCOPE CAPACITANCES 

Figure 4. Output Load Caption 

5499-4 

2. Capacitances are maximum values at 25°C measured at 1.0MHz with V1N = O V. 
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CMOS 4K x 9 FIFO LH5499 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL PARAMETER 
IA=20ns IA=25ns IA=35ns IA=50ns IA=65ns IA=80ns 

UNITS 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE TIMING 

IRC Read Cycle Time 30 - 35 - 45 - 65 - 80 - 100 - ns 

IA Access lime - 20 - 25 - 35 - 50 - 65 - 80 ns 

IRR Read Recover Time 10 - 10 - 10 - 15 - 15 - 15 - ns 

IRPW Read Pulse Wid1h 2 20 - 25 - 35 - 50 - 65 - 80 - ns 

IRLZ Data Bus Active from Read Low 3 5 - 5 - 5 - 5 - 5 - 10 - ns 

twlz Data Bus Active from Wrtte High 3·4 10 - 10 - 10 - 10 - 10 - 20 - ns 

tov Data Valid from Read Pulse High 5 - 5 - 5 - 5 - 5 - 5 - ns 

IRHZ Data Bus High-Z from Read High 3 - 15 - 15 - 15 - 20 - 30 - 30 ns 

WRITE CYCLE TIMING 

twc Wme Cycle Time 30 - 35 - 45 - 65 - 80 - 100 - ns 

twpw Write Pulse Width 2 20 - 25 - 35 - 50 - 65 - 80 - ns 

twR Wme Recovery Time 10 - 10 - 10 - 15 - 15 - 15 - ns 

tos Data Setup Time 10 - 10 - 15 - 20 - 20 - 20 - ns 

IDH Data Hold Time 0 - 0 - 0 - 0 - 5 - 5 - ns 

RESET TIMING 

!RSC Reset Cycle Time 30 - 35 - 45 - 65 - 80 - 100 - ns 

IRS Reset Pulse Width 2 20 - 25 - 35 - 50 - 65 - 80 - ns 

IRSR Reset Recovery Time 10 - 10 - 10 - 15 - 15 - 15 - ns 

RETRANSMIT TIMING 

IRTC Retransmrr Cycle Time 30 - 35 - 45 - 65 - 80 - 100 - ns 

IRT Retransmrr Pulse Width 2 20 - 25 - 35 - 50 - 65 - 80 - ns 

IRTR Retransmrr Recovery Time 10 - 10 - 10 - 15 - 15 - 15 - ns 

FLAG TIMING 

!EFL Reset to Empty Flag Low - 30 - 35 - 45 - 65 - 80 - 100 ns 

IHFH,FFH Reset to Half & Full Flag High - 30 - 35 - 45 - 65 - 80 - 100 ns 

IREF Read Low to Empty Flag Low - 25 - 25 - 35 - 45 - 60 - 60 ns 

IRFF Read High to Full Flag High - 25 - 25 - 35 - 45 - 60 - 60 ns 

twEF Write High to Empty Flag High - 25 - 25 - 35 - 45 - 60 - 60 ns 

IWFF Wme Low to Full Flag Low - 25 - 25 - 35 - 45 - 60 - 60 ns 

lwHF Write Low to Half-Full Flag Low - 30 - 35 - 45 - 65 - 80 - 100 ns 

IRHF Read High to Half-Full Flag High - 30 - 35 - 45 - 65 - 80 - 100 ns 

EXPANSION TIMING 

txOL Expansion Out Low - 20 - 25 - 35 - 50 - 65 - 80 ns 

txot-1 Expansion Out High - 20 - 25 - 35 - 50 - 65 - 80 ns 

tx1 Expansion In Pulse Wid1h 20 - 25 - 35 - 50 - 65 - 80 - ns 

IXIR Expansion In Recovery Time 10 - 10 - 10 - 10 - 10 - 10 - ns 

tx1s Expansion in Setup Time 10 - 10 - 15 - 15 - 15 - 15 - ns 

NOTES: 
1. All timing measurements perfonned at "AC Test Condition" levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values guaranteed by design not currently tested. 

4. Only applies to read data flow-through mode. 
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OPERATIONAL DESCRIPTION 

Reset 

The Device is reset whenever the RESET pin (RS) is 
taken to a low state. The reset operation initializes both 
the read and write address pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is in SINGLE mode or 
DEPTH EXPANSION mode. A reset pulse is required 
when the device is first powered up. The READ (R) and 
WRITE (W) pins may be in any state when reset is 
initiated, but must be brought to a high state tRPW and 
twPw before the rising edge of RS. 

Write 

A write cycle is initiated on the falling edge of the 
WRITE (W) pin. Data setup and hold times must be 
observed on the data in (Do - De) pins. A write operation 
is only possible if the FIFO is not full, (i.e. the FULL flag 
pin is HIGH). Writes may occur independently of any 
ongoing read operations. 

At the falling edge of the first write after the memory is 
half filled, the HALF flag will be asserted (HF= LOW) and 
will remain asserted until the difference between the write 
pointer and read pointer indicates that the remaining data 
in the device is less than or equal to one half the total 
capacity of the FIFO. The HALF flag is deasserted 
(HF= HIGH) by the appropriate rising edge of R. 

The FULL flag is asserted (FF= LOW) at the falling 
edge of the write operation which fills the last available 
location in the FIFO memory array. The FULL flag will 
inhibit further writes until cleared by a valid read. The 
FULL flag is deasserted (FF= HIGH) afterthe next rising 
edge of R releases another memory location. 

Read 

A read cycle is initiated on the falling edge of the READ 
(R) pin. Read data becomes valid on the data out (Oo-Os) 
pins after a time tA from the falling edge of R. After R goes 
high, the data out pins return to a high-impedance state. 
Reads may occur independent of any ongoing write 
operations. A read is only possible if the FIFO is not empty 
(EF =HIGH). 
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The internal read and write address pointers are main
tained by the device such that consecutive read opera
tions will access data in the same order as it was written. 
The EMPTY flag is asserted (EF =LOW) after the falling 
edge of R which accesses the last available data in the 
FIFO memory. EF is deasserted (EF =HIGH) after the 
next rising edge of W loads another word of valid data. 

Data Flow-Through 

Read flow-through mode occurs when the READ (R) 
pin is brought low while the FIFO is empty, and held LOW 
in anticipation of a write cycle. At the end of the next write 
cycle, the EMPTY flag will be momentarily de-asserted, 
and the data just written will become available on the data 
out pins after a maximum time of twEF + tA. Additional 
writes may occur while the R pin remains low, but only 
data from the first write flows through to the outputs. 
Additional data, if any, can only be accessed by toggling 
R. 

Write flow-through mode occurs when the WRITE (W) 
pin is brought low while the FIFO is full, and held low in 
anticipation of a read cycle. At the end of the read cycle, 
the FULL flag will be momentarily deasserted, but then 
immediately reasserted in response to W held low. Data 
is written into the FIFO on the rising edge of Wwhich may 
occur tRFF + twpw after the read. 

Retransmit 

The FIFO can be made to reread previously read data 
through the retransmit function. Retransmit is initiated by 
pulsing RT low. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving the internal write address pointer unchanged. 
Data between the read and write pointers may be 
reaccessed by subsequent reads. Both R and W must 
be inactive (HIGH) during the retransmit pulse. Retrans
mit is useful if no more than 4096 writes are performed 
between resets. Retransmit may affect the status of EF, 
HF and FF flags, depending on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 
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CMOS 4K x 9 FIFO LH5499 

TIMING DIAGRAMS 
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Figure 5. Asynchronous Write and Read Operation 
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Figure 6. Full Flag from Last Write to First Read 
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LH5499 CMOS 4K x 9 FIFO 

TIMING DIAGRAMS (cont'd) 
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Figure 7. Empty Flag from Last Read to First Write 
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NOTES: 
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2. ~PE: Effective Read Pulse Width after Empty Flag HIGH. 

Figure 8. Read Data Flow-Through 
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CMOS 4K x 9 FIFO LH5499 

TIMING DIAGRAMS (cont'd) 
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NOTES: 
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2. tWPF: Effective Write Pulse Width after Full Flag HIGH. 
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Figure 9. Write Data Flow-Through 
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NOTES: 
1. lilPE ~ IRPW 
2. ~PE: Effective Read Pulse Width after Empty Flag HIGH. 
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Figure 10. Empty Flag Timing 
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LH5499 

TIMING DIAGRAMS (cont'd) 

FF 

w 

NOTES: 
1. lwPF = tWPw 
2. tWPF: Effective Write Pulse Width after Full Flag HIGH. 
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Figure 11. Full Flag Timing 
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Figure 12. Half-Full Flag Timing 
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2. EF, HF and FF may change state during retransmit. 

Figure 13. Retransmit Timing 

7-88 

J 

IRHF 

~ 

CMOS 4K x 9 FIFO 

tWPF 

HALF-FULL 
OR LESS 

5499-11 

5499-12 

5499-13 



CMOS 4K x 9 FIFO 

TIMING DIAGRAMS (cont'd) 
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Figure 14. Reset Timing 
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Figure 15. Expansion Out Timing 
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TIMING DIAGRAMS (cont'd) 
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Figure 16. Expansion In Timing 
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CMOS 4K x 9 FIFO 

OPERATIONAL MODES 

Single Device Configuration 

When depth expansion is not required for the given 
application, the device is placed in SINGLE mode by tying 
the EXPANSION IN pin (XI) to ground. This pin is inter
nally sampled during reset. 

WRITE 
(Wl 

DATA IN 9 
(Do- De) 7 

LH5499 

Width Expansion 

Word width expansion is implemented by placing mul
tiple devices in parallel. Each device should be configured 
for SINGLE mode. In this arrangement, the behavior of 
the status flags will be identical for all devices, so these 
flags may be derived from any one device. 

l(HF) 

(Rl 
READ 

9.L. DATA OUT .,. 
(Co-Cal 

LH5499 

FULL FLAG 
(FFJ (EF) 

EMPTY FLAG 

RESET _ii=l~t (RT) 
RETRANSMIT 

~XI) 
-

5499-17 

Figure 17. Single FIFO (4K x 9) 
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RETRANSMIT 
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7 DATA OUT 
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Figure 18. FIFO Width Expansion (4K x 18) 
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LH5499 

OPERATIONAL MODES (cont'd) 

Depth Expansion 

Depth expansion is implemented by configuring the 
required number of FIFOs in EXPANSION mode. In this 
arrangement, the FIFOs are connected in a circular fash
ion with the EXPANSION OUT pin (XO) of each device 
tied to the EXPANSION IN pin (Xi) of the next device. 
One FIFO in this group must be designated as the first 
load device. This is accomplished by tying the FIRST 
LOAD pin (FL) of this device to ground. All other devices 
must have their FL pin tied to a high level. In this mode, 

£xo 
-w 

TAIN 9..£. ~ 
- LH5499 DA 
FF 

-
RS 

CMOS 4K x 9 FIFO 

W and R signals are shared by all devices, while internal 
logic controls the steering of data. Only one FIFO will be 
enabled for any given read cycle, so the common Data 
Out pins of all devices are wire-ORed together. Likewise, 
the common Data In pins of all devices are tied together. 

In EXPANSION mode, external logic is required to 
generate a composite Full or Empty flag. This is achieved 
by ORing the FF pins of all devices and ORing the EF 
pins of all devices respectively. The HALF flag and 
RETRANSMIT functions are not available in DEPTH 
EXPANSION mode. 

R 
9 9""'- DATAO a='" -, UT 

~ 
lx'xo 

9.L 9 
- EF r FF LH5499 J 

-1. J EMPTY 

RS ~ 
lx'xo 

9 9..L 
--, ff _--,-

LH5499 
EF 

-

h RS 
RS 

TXI -
5499-19 

Figure 19. FIFO Depth Expansion (12288 x 9) 
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CMOS 4K x 9 FIFO 

OPERATIONAL MODES (cont'd) 

Compound Expansion 

LH5499 

A combination of width and depth expansion can be 
easily implemented by operating groups of depth 
expanded FIFOs in parallel. 

LH5499 devices in parallel but opposite directions. The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional bus interface. Care 
must be taken to assure that the appropriate read, write 
and flag signals are routed to each system. Both depth 
and width expansion may be used in this configuration. 

Bldlrectlonal Operation 

Applications which require bidirectional data buffering 
between two systems can be realized by operating 

_.a_o_-_a_a _______________ a_o_-_a.,a.._ __ ~~--------,..a~o~--a~N--.,..DATAOUT 
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Figure 20. Compound FIFO 
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Figure 21. Bldlrectlonal FIFO 
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LH5499 

ORDERING INFORMATION 

LH5499 
Device Type 

x 
Package . 

CMOS 4K x 9 FIFO 

-## 20 
Speed 25 

L.__ ______ ~~ Access Time (ns) 

65 
80 

'-------------<]Blank 28-pin, 600-mil Plastic DIP 
l U 32-pin Plastic leaded Chip Carrier 

'------------------ CMOS 4K x9 FIFO 
I 

Example: LH5499U-25 (CMOS 4K x 9 FIFO, 32-pin PLCC, 25 ns) 
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LH5492 
FEATURES 

• Fast Cycle limes: 25/35/50 ns 
Frequency: 40/28.5120 MHz 

• Parallel Data In; Parallel Data Out 

• Two Read Enable Inputs and Two Write Enable 
Inputs, Sampled on Rising Edge of the Appropriate 
Clock 

• Fast Fall-Through lime Internal Architecture Based 
on CMOS Dual-Port SRAM Technology, 4096 x 9 

• Independently-Synchronized Operation of Input Port 
and Output Port 

• Full, Half-Full, Almost-Empty/Full, 
and Empty Flags 

• Three-State Outputs with Output Enable 

• May be Used for Bidirectional Bus Interfaces 

• May be Used to Interface between Buses of 
Different Word Widths 

• ReseVReread Capability 

• TTL and CMOS Compatible 1/0 

• 32-Pin PLCC Package 

FUNCTIONAL DESCRIPTION 

The LH5492 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port RAM tech
nology, capable of containing up to 4096 9-bit words. A 
single LH5492 FIFO can input and output 9-bit bytes; it 
has one 9-bit parallel input (write) port, and one 9-bit 
parallel output (read) port. Multiple write enables and read 
enables support paralleling LH5492s for greater-word
wiclth operation, in order to achieve a wider 'effective 
FIFO.' The paralleled LH5492 combination remains 
capable of performing all of the operations which a 
standalone LH5492 can perform. Thus, if two LH5492s 
are paralleled, the combination can input and output 
18-bit halfwords. This paralleling scheme extends to an 
arbitrary number of paralleled LH5492s, although some 
external logic.is required for more than two. 

The LH5492 architecture supports synchronous oper
ation, tied to two independent free-running clocks at the 
input and output ports respectively. However, these 
'clocks' also may be aperiodic, asynchronous 'demand' 
signals; they do not need to be synchronized with each 
other in any way. Almost all control input signals and 
status output signals are synchronized to these clocks, to 

4K x 9 Clocked FIFO 

simplify system design. The input and output ports oper
ate altogether independently of each other, except when 
the Fl FO becomes either absolutely full or else absolutely 
empty. 

Two edge-sampled enable control inputs, WEN1 and 
WEN2, are provided for the input port; and two more such 
control inputs, REN1 and REN2, are provided for the 
output port. These synchronous control inputs may be 
used as write demands and read demands respectively, 
when an LH5492 is interfaced to continuously-clocked 
synchronous systems. Data flow is initiated at a port by 
the rising edge of the clock signal corresponding to that 
port, and is gated only by the appropriate edge-sampled 
enable control input signal(s). 

The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Half-Full, 
Almost-Empty/Full, and Empty. The Almost-Empty/Full 
flag is asserted whenever the internal memory is either 
within eight locations of 'empty,' or else within eight loca
tions of 'full.' The Half-Full flag serves to distinguish the 
'almost-empty' condition from the 'almost-full' condition. 
Also, during fully-synchronous operation, the Full flag 
may be tied directly to WEN1 or to WEN2, and the Empty 
flag likewise may be tied directly to REN1 or REN2, in 
order to prevent overrunning or underrunning the internal 
FIFO boundaries. (See Figure 10.) 

PIN CONNECTIONS 

32-PIN PLCC ':.: - N TOP VIEW z z 
ci' llt 

o() w w 
~ ~ ;:: ;:: ;:: 

4 3 2 1 32 31 30 

• D2 29 Ds 
D1 28 Ds 
Do 27 0, 
RS 26 Ds 

AEF 25 HF 

Oo 24 Os 
01 23 07 
02 22 Os 
o, 21 Os 

15 16 17 18 19 20 

o ltt I~ Ill :.: z N 
> 0 z 

a: w w a: a: 
5492-10 

Figure 1. Pin Connections for PLCC Package 
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LH5492 4K x 9 CLOCKED FIFO 

FUNCTIONAL DESCRIPTION (cont'd) 

Alternatively, the enabling of write or read operations 
may be controlled entirely by external system logic, while 

the flags serve strictly as system interrupts. This design 
approach works well when the input port clock and the 
output port clock are not synchronized to each other. 

DATA IN 4Kx9 
OUTPUT DATA OUT 

Do· De 
DUAL PORT 

REGISTER Oo·Os RAM ARRAY 
OE 

WCK INPUT OUTPUT RCK 

WEN1 
PORT WRITE READ PORT REN1 CONTROL POINTER POINTER CONTROL 

WEN2 LOGIC LOGIC REN2 

- -~ 
RS~ 

FLAG LOGIC 

5492-2 

Figure 2. LH5492 Block Diagram 

SIGNAUPIN DESCRIPTIONS 
PIN ~ ~ 

RS Reset. An assertive-LOW illQUt which initializes the internal address pointers and flags. 
WCK Write Clock. A free-running_ clock input for write o_Qerations. 
RCK Read Clock. A free-runni~ clock i~ut for read ~rations. 

Do-Da 
Data Inputs. Do- Da are sampled on the rising edge of WCK, whenever both WEN1 and WEN2 are 
bei~ asserted. 

Oo-Oa 
Data Outputs. Oo - Os are updated following the rising edge of RCK, whenever both REN1 and 
REN2 are bei~ asserted. 
Write Enable 1. An assertive-HIGH input signal which is sampled on the rising edge of WCK to con-

WEN1 trolthe flow of data into the FIFO. Both WEN1 and WEN2 must be asserted in order to enable a write 
~ation. 

Write Enable 2. An assertive-HIGH input signal which is sampled on the rising edge of WCK to con-
WEN2 trol the flow of data into the FIFO. Both WEN1 and WEN2 must be asserted in order to enable a write 

<mEl.ration. 
Read Enable 1. An assertive-HIGH input signal which is sampled on the rising edge of RCK to con-

REN1 trol the flow of data out of the FIFO. Both REN1 and REN2 must be asserted in order to enable a 
read ~eration. 
Read Enable 2. An assertive-HIGH input signal which is sampled on the rising edge of RCK to con· 

REN2 trol the flow of data out of the FIFO. Both REN1 and REN2 must be asserted in order to enable a 
read ~eration. 

FF Full Fl~ An assertive-LOW ou~t indicati~ when the FIFO is full. 
HF Half Fl~ An assertive-LOW ou.!Q_ut indicati~ when the FIFO is more than half full. 

AEF 
Almost-Empty/Full. An assertive-LOW output indicating when the FIFO either is within eight locations 
of full, or else is within e.!9._ht locations of empty. 

EF Em_NFI~ An assertive-LOW out2_ut indicat~ when the FIFO is empty. 

OE 
Output Enable. An assertive-LOW signal which places the data outputs Oo - Os in a low- impedance 
state. 
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4K x 9 CLOCKED FIFO LH5492 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5 Vto 7V 

Signal Pin Voltage to Vss Potential3 -0.5 v to Vee+ 0.5 V 

DC Output Current 2 ±40 rnA 

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 outside 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. 
3. Negative undershoots of 1.5 Vin amplitude are permitted for up to 10 ns, once per cycle. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX UNIT 

TA Temperature, Ambient 0 70 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
VIL Logic LOW Input Voltage 1 -0.5 0.8 v 
V1H Logic HIGH Input Voltage 2.2 Vee+ 0.5 v 

NOTE: 
1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 

DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX 

lu Input Leakage Current Vee= 5.5 V, V1N = 0 Vto Vee -10 10 

ILO Output Leakage Current OE 2: V1H, 0 v :::; Your:::; Vee -10 10 

VOL Output LOW Voltage loL = 8.0 rnA 0.4 

VoH Output HIGH Voltage loH = -2 .0 rnA 2.4 

Ice Average Supply Current 1 Measured at fc = max 150 

lcc2 Average Standby Current 1 All Inputs = V1H 25 

NOTE: 
1. Ice and lce2 are dependent upon actual output loading and cycle rates. Specified values are with outputs open; 

and, for Ice, operating at minimum cycle times. 

SHARP Rev. A, Oct91 
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LH5492 

AC TEST CONDITIONS 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall Times 
(10%to 90%) 

Input Timing Reference Levels 

Output Reference Levels 

Output Load, liming Tests 

CAPACITANCE 1•2 

PARAMETER 

CrN (Input Capacitance) 

Co (Output Capacitance) 
NOTES: 
1. Sample 1ested only. 

RATING 

Vssto 3 V 

5 ns 

1.SV 

1.SV 

Figure3 

RATING 

7pF 

7pF 

DEVICE 
UNDER 
TEST 

+SV 

4K x 9 CLOCKED FIFO 

30pF* 

* INCLUDES JIG ANO SCOPE CAPACITANCES 

Figure 3. Output Load Circuit 

2. Capacitances are maximum values at 25"C, measured at 1.0MHz with V1N = O V. 
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4K x 9 CLOCKED FIFO LH5492 

AC ELECTRICAL CHARACTERISTICS 1 (Vee = 5 v ± 1 Oo/o, TA= 0°C to 70°C) 

SYMBOL DESCRIPTION -25 -35 -SO UNIT 
MIN MAX MIN MAX MIN MAX 

fc Cycle Frequency - 40 - 28.5 - 20 MHz 

twc Write Clock Cycle Time 25 - 35 - 50 - ns 

twH Write Clock High Time 10 - 14 - 20 - ns 

twL Write Clock Low Time 10 - 14 - 20 - ns 

tRC Read Clock Cycle Time 25 - 35 - 50 - ns 

tRH Read Clock High Time 10 - 14 - 20 - ns 

tRL Read Clock Low Time 10 - 14 - 20 - ns 

tos Data Setup Time to Rising Clock 10 - 10 - 15 - ns 

toH Data Hold Time from Rising Clock 0 - 0 - 2 - ns 

tES Enable Setup Time to Rising Clock 10 - 10 - 15 - ns 

IEH Enable Hold Time from Rising Clock 0 - 0 - 2 - ns 

tA Data Output Access Time - 20 - 25 - 35 ns 

tOH Output Hold Time (from rising ACK) 5 - 5 - 5 - ns 

ta.. OE to Data Outputs Low-Z 2 1 - 1 - 1 - ns 

taz OE to Data Outputs High-Z 2 - 10 - 12 - 15 ns 

toE Output Enable to Data Valid - 10 - 12 - 15 ns 

tEF Clock to Empty Flag Valid - 20 - 25 - 35 ns 

tFF Clock to Full Flag Valid - 20 - 25 - 35 ns 

tHF Clock to Half Flag Valid - 35 - 40 - 45 ns 

fAEF Clock to AEF Flag Valid - 35 - 40 - 45 ns 

IRS Reset Pulse Width 25 - 35 - 50 - ns 

tRss Reset Setup Time 10 - 15 - 25 - ns 

tRF Reset Low to Flag Valid - 30 - 35 - 40 ns 

tRQ Reset to Data Outputs Low - 20 - 25 - 30 ns 

tFRL First Read Latency 18 - 20 - 20 - ns 

tFWL First Write Latency 18 - 20 - 20 - ns 

NOTES: 
1. All liming measurements performed at 'AC Test Condition' levels. 
2. Value guaranteed by design; not currendy production tested. 
3. tRss need not be met unless either a rising edge of WCK occurs while WEN1 and WEN2 are both being asserted, or else a rising edge of RCK 

occurs while REN1 and REN2 are both being asserted. 
4. 1FRL is the minimum first-write-to-first-f98d delay, following an empty condition, which is required to assure valid read data. 
5. 1FwL is the minimum first-read-to-first-write delay, following a full condition, which is required to assure successful writing of data. 
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LH5492 

OPERATIONAL DESCRIPTION 

Reset 

The device is reset whenever the asynchronous reset 
input (RS) is asserted, i.e., taken to a LOW state. A reset 
operation is required after power up, before the first write 
operation occurs. The reset operation initializes both the 
read and write address pointers to the first physical 
memory location. After the falling edge of RS, the status 
flags (FF, HF, AEF, and EF) are updated to indicate a 
valid empty condition. 

Write and/or read operations need not be deactivated 
during a reset operation, but failure to do so requires 
observance of the Reset Setup Time (tRss) to assure that 
the first write and/or first read following reset will occur 
predictably. 

If no read operations have been performed following a 
reset operation, then the previous data word being held 
in the output register consists of all zeroes. This data word 
will be seen on the output bus (Oo - Os) whenever the 
output enable (OE) is being held LOW. 

WrHe 

A write operation consists of storing parallel data from 
the data inputs to the FIFO memory array. A write opera
tion is initiated on the rising edge of the Write Clock input 
(WCK), whenever both of the edge-sampled Write Enable 
inputs (WEN1 and WEN2) are held HIGH for the pre
scribed setup times and hold times. Setup times and hold 
times must also be observed for the Data In pins (Do-Ds). 

When a full condition is reached, write operations 
should be ceased in order to prevent overwriting unread 
data. The state of the four status flags has no direct effect 
on write operations; that is, the execution of write opera
tions is gated only by WEN1 and WEN2, and the internal 
logic of the LH5492 itseH has no interlock to prevent 
overrunning valid data after the internal write pointer 
'wraps around' and catches up to the read pointer - and 
passes it, if writing is continued. Figure 1 O illustrates how 
such an interlock may be implemented by means of 
external connections. 

Following the first read operation from a full FIFO, 
another memory location becomes freed up, and the Full 
Flag is deasserted (FF= HIGH). The next write operation 
should begin no earlier than a First Write Latency time 
(tFWL) after the first read operation from a full FIFO, in 
order to assure that a correct data word is written into the 
FIFO memory. 

Read 

A read operation consists of loading parallel data from 
the FIFO memory array to the output register. A read 
operation is initiated on the rising edge of the Read Clock 
input (RCK), whenever both of the edge-sampled Read 
Enable inputs (REN1 and REN2) are held HIGH for the 
prescribed setup times and hold times. Read data be-

4K x 9 CLOCKED FIFO 

comes valid on the Data Out pins (Oo - Os) by a time tA 
after the rising edge of RCK, provided that the Output 
Enable (OE) is being held LOW. OE is an assertive-LOW 
asynchronous input. When OE is taken LOW, the Oo - Os 
outputs are driven (i.e., are in a low-Z state) within a 
minimum time tat.. When OE is taken HIGH, the Oo- Os 
outputs are in a high-Z state within a maximum time taz. 

When an empty condition is reached, read operations 
should be ceased until a valid write operation(s) has 
loaded additional data into the FIFO. The state of the four 
status flags has no direct effect on read operations; that 
is, the execution of read operations is gated only by REN1 
and REN2, and the internal logic of the LH5492 itseH has 
no interlock to prevent underrunning valid data after the 
internal read pointer 'wraps around' and catches up to the 
write pointer - and passes it, if reading is continued. 
Figure 1 o illustrates how such an interlock may be imple
mented by means of external connections. 

Following the first write to an empty FIFO, the Empty 
Flag (EF) is deasserted (EF = HIGH). The next read 
operation should begin no earlier than a First Read 
Latency time (tFRL) from the first write operation into an 
empty FIFO, in order to ensure that correct read data is 
retrieved. 

Status Flags 

Status Flags are included for Full (F~ HaH-Full (HF), 
Almost-Empty/Full (AEF), and Empty (EF). These flags 
are updated at the boundary conditions given in Table 1. 
Flag transitions follow the appropriate rising clock edge 
during an enabled read or write operation. The AEF flag 
is asserted whenever the FIFO either is less than eight 
locations away from an empty boundary, or else is less 
than eight locations away from a full boundary. 

A separate indicator for Almost-Empty may be gener
ated by a logical NOR of AEF with the inversion of HF. An 
indicator for Almost-Full may be generated by a NOR of 
AEF with HF. From an assertive-HIGH perspective, the 
NOR gate effectively is performing an AND operation in 
both of these cases. 

Reset, Reread 

The FIFO can be made to reread previously read data 
through a reset operation, which initializes the internal 
read-address and write-address pointers to the first phys
ical location in the FIFO memory (location zero). The 
status flags are updated to indicate an empty condition; 
but up to 4096 data words which previously had been 
written into and/or read from the FIFO still then remain in 
the FIFO memory array. The status flags may be ignored, 
and data may be reaccessed by subsequent read oper
ations. The First Read Latency (tFRL) specification does 
not apply to reseVreread operations, since no new data 
words are being written to the FIFO following the reset 
operation. 
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4K x 9 CLOCKED FIFO LH5492 

TIMING DIAGRAMS 
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NOTES: 

1. Both WEN1 and WEN:! must be asserled (HIGH) to enable write operations. 

2. Both REN1 and REN2 must be asserted (HIGH) to enable read operations. 

3. EF asserted (LOW) does not prevent further read operations, unless It Is lied either to REN1 or to REN2. 

4. fmL (First Read Latency) - The first read following an empty condition may begin no earlier than ft.AL 
after the first write to an empty FIFO, to assure valid data Is retrieved. This specification does not apply 
to reset/reread applications, in which the status of FIFO flags Is Ignored. 

5. Immediately following a reset operation, the 'previous data' will be all bits LOW. 

Figure 4. WrHe and Read Operation In a 
Near-Empty Condition 
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LH5492 

TIMING DIAGRAMS (cont'd) 

WCK 

tEH tes tEH 

WEN,, 
WEN2 

los loH los tDH 

D0 -Da 

IFWL 

tDH 

FF 

IFF 

RCK 

IEH les 

REN1, 

REN2 

OE 

toe IA 

taL loH 

0 0 -0a 

NOTES: 
1. Both WEN1 and WEN2 must be assertsd (HIGH) to enable wri1e operations. 

2. Both REN1 and REN2 must be asserted (HIGH) to enable read operations. 

3. FF assertsd (LOW) does not prevent further wri1e operations, unless It is tied either to WEN1 or to WEN2' 

4. tFWL (First Wri1e La1ency) - The first wri1e following a full condition may begin no earlier than ~ 
after the first read from a full FIFO, in order to ensure that valid read data Is retrieved. 
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Figure S. Read and Write Operation In a 
Near-Full Condition 

Rev. A, Ocl91 

4K x 9 CLOCKED FIFO 

les 

SHARP 



4K x 9 CLOCKED FIFO LH5492 

TIMING DIAGRAMS (cont'd) 

_____, 
!RF 

!.BE 

!RO 

0 0 -0e 

IRss 

WCK ., 
!Es !EH 

f- + 

IRSS 

RCK ., 
IES !EH 

~ 

NOTES: 

1. lila Is measured with OE held LOW. 

2. !iiss need not be met unless the rising edge of WCK and/or RCK occurs while that clock is enabled. 
RS operates whalher or not WEN1 and WEN2, and/or REN1 and REN2, are being asserted. 

Figure 6. Reset Timing 
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LH5492 4K x 9 CLOCKED FIFO 

TIMING DIAGRAMS (cont'd) 

WCK 

AEF 

RCK 

REN1, 
REN2 

NOTES: 

IAEF 

1. HF is HIGH whenever the FIFO is almost-empty, since then it also is less than half-full. 
2. An Almost-Empty flag AE may be implemented, using external logic according to AE = AEF • HF= AEF +HF. 

Figure 7. Almost-Empty Flag Timing 

Table 1. Flag Definitions 

FLAG STATUS 
VALID WRITE VALID READ 

CYCLES REMAINING CYCLES REMAINING 

EF AEF HF FF min max min max 

0 0 1 1 4096 4096 0 0 
1 0 1 1 4089 4095 1 7 
1 1 1 1 2048 4088 8 2047 

1 1 0 1 8 2047 2048 4088 
1 0 0 1 1 7 4089 4095 

1 0 0 0 0 0 4096 4096 
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4K x 9 CLOCKED FIFO LH5492 

TIMING DIAGRAMS (cont'd) 

WCK 

tEs 

HF 

IOH 

RCK 

!Es !Es 

REN1, 
REN2 _____________ ___,....,, 

Figure 8. Half-Full Flag Timing 
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LH5492 4K x 9 CLOCKED FIFO 

TIMING DIAGRAMS (cont'd) 

WCK 

tes 

WEN1. 
WEN2 __ ___....._., 

toH 

tAEF 

RCK 

tes tes 

NOTES: 

1. HF is LOW whenever the FIFO is almost-lull, since then it also is more than half-lull. 

2. An Almost-Full flag AF may be Implemented, using external logic according to AF• AEF • HF= AEF + HF. 
5492-9 

Figure 9. Almost-Full Flag Timing 
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4K x 9 CLOCKED FIFO 

OPERATIONAL MODES 

Synchronous Read and Write Operations 

Read and Write operations may be performed in syn
chronism with each other by deriving WCK and RCK from 
a common system clock. In this case, the Write Enable 
(WEN1 and WEN2) and Read Enable (REN1 and REN2) 
inputs all get sampled at the same clock rising edge. 

This type of synchronous read/write operation ensures 
that flag outputs always satisfy the required setup and 
hold times forthe WEN1. WEN2, REN1. and REN2 inputs. 
Thus, the Full Flag output (FF) may be tied directly to 
either WEN1 or WEN2, to prevent 'overrun' write opera
tions when the full condition is reached, while the other 
Write Enable input remains available for system control. 
Lkewise, the Empty Flag output (EF) may be tied directly 
to either REN1 or REN2, to prevent 'underrun· read oper
ations when the empty condition is reached, while the 
other Read Enable input remains available for system 
control. 

Asynchronous Read and Write Operations 

Write operations and read operations also may be 
performed completely asynchronously, relative to each 
other, when the WCK input and the RCK input are derived 

SYSTEM CLOCK 

WRITE ENABLE 

FULL 

DATA IN 

RESET 

HALF 

ALMOST-E/F 

...._ 

_[j 

WCK 

WEN1 

WEN2 

FF 

D0 -Da 

RS 

HF 

l 

LH5492 

from the clock signals of different systems. Under these 
conditions, the status-flag transitions occur relative to two 
unpredictably-related clock edges; and so, these flags 
should not be used to directly drive Write Enable or Read 
Enable inputs, since they do not always satisfy valid setup 
times and hold times. 

Instead, ii is recommended that these enable signals 
be controlledby the user, in order to ensure that adequate 
setup times and hold times are maintained. If the FIFO 
becomes either completely full or completely empty, then 
some synchronization between read and write operations 
at the full or empty boundaries becomes necessary to 
prevent timing violations. 

When the FIFO is operating in this manner, the Almost
Empty/Full flag and the Half-Full flag should be used to 
provide some advance warning, to avoid overrunning or 
underruning a FIFO internal boundary. Typically, these 
flags are used as system interrupts. When an interrupt is 
received by the faster of the two systems, a predefined 
block of data then may be transferred at the maximum 
data rate, as long as there is known to be sufficient room 
for it. In this way the full and empty boundaries are never 
reached, and yet maximum data throughput is main
tained. 

RCK 

REN1 

REN2 

EF 

0 0 -0a 

-
OE 

AEF 

I---' 

tJ 
READ ENABLE 

EMPTY 

DATA OUT 

OUTPUT ENABLE 

HALF 

ALMOST-E/F 

5492-10 

Figure 10. Synchronous Operation 
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LH5492 

OPERATIONAL MODES (cont'd) 

WRITE CLOCK WCK 

WRITE ENABLE WEN1 

WEN2 

FULL FF 

DATA IN D0 -D8 

RESET RS 

HF 

ALMOST-EMPTY 

RCK 

REN1 

REN2 

EF 

Oo-Os 

OE 

AEF 

4K x 9 CLOCKED FIFO 

i---- READ CLOCK 

i-....---- READ ENABLE 

1----- EMPTY 

i-----~DATAOUT 

i-----OUTPUT ENABLE 

ALMOST-FULL 

5492-11 

Figure 11. Asynchronous Operation 
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4K x 9 CLOCKED FIFO 

OPERATIONAL MODES (cont'd) 

Depth Expansion 

Increased FIFO depth may be realized by using mul
tiple LH5492 devices. The availability of two enable con
trol inputs for each port assists in this expansion. For 
either the input port or the output port, one enable input 
may be used for system control, while the other is driven 

WRITE CLOCK 

WRITE ENABLE 

RESET 

DATA IN (9-BIT) 

FULL FLAG 

ALMOST-EMPTY 

[DECODE J 
LOGIC 

L-.. 

J 

WCK 

WEN1 

WEN2 

RS 

Do-Da 

WCK 

WEN1 

WEN2 

RS 

D0 -Da 

FF 
HF 

l 

LH5492 

by decode logic to direct the flow of data. Typically, this 
decode logic alternates accesses sequentially from one 
device to the next. Status flags are then derived from the 
last device in the sequence. The simplest form of this 
decode logic consists of a single toggle flipflop, which 
alternates access between two devices for every enabled 
clock cycle as shown in Figure 13. 

RCK 

REN1 -
REN2 

OE 

0 0 -0a 

RCK I-
REN1 

REN2 

OE 

Oo-Oa 

EF 
AEF 

j J"o 

~ -

DECODE J 
LOGIC 

READ CLOCK 

READ ENABLE 

DATA OUT (9-BIT) 

EMPTY FLAG 

ALMOST-FULL 

!5492·12 

Figure 12. FIFO Depth Expansion (8192 x 9) 

SHARP 

WRITE ENABLE 
(READ ENABLE) 

WRITE CLOCK 
(READ CLOCK) 

J 01----1 

K 01----1 

WEN1 (REN1) } 

DEVICE#1 

WEN2(REN2) 

WEN2 (REN2) } 

DEVICE#2 

WEN1 (REN1) 

Figure 13. Simple Decode Logic 
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LH5492 

OPERATIONAL MODES (cont'd) 

Interface Between Different Bus Widths 

Applications which require interface between system 
buses of different word wic!ths also may be implemented 
with multiple LH5492 devices. Essentially, one port may 

WRITE CLOCK 

WRITE ENABLE 

RESET 

DATA IN (9-BIT) 

FULL FLAG 

ALMOST-EMPlY 

l DECODE L 
LOGIC 

WCK 

WEN1 

WEN2 

RS 

D0 -De 

.___ 
WCK 

WEN1 

WEN2 

RS 

Do-De 

FF 

HF 

1 
h_ 
~ 

4K x 9 CLOCKED FIFO 

be configured for greater FIFO depth, while the other port 
is configured for greater word width. Referring to Figures 
14 and 15, the wide-word port accesses data simulta
neously from multiple devices, while the narrow-word port 
uses decode logic to direct the flow of data between two 
or more devices. 

RCK 

REN1 

RE~ 

OE 

Oo-Oe 

RCK I--" 
REN1 

REN2 

OE 

Oo-Oa 

EF 

AEF 

;J -

READ CLOCK 

READENABLE 

OUTPUT ENABLE 

DATA OUT (18-BIT) 

EMPlYFLAG 

ALMOST-FULL 

5492·14 

Figure 14. BK x 9-Blt to 4K x 18-Blt Bus 
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4K x 9 CLOCKED FIFO 

OPERATIONAL MODES (cont'd) 

WRITE CLOCK 

WRITE ENABLE 

RESET 

DATA IN 
(18-BIT) 

FULL FLAG 

ALMOST-EMPTY 

SHARP 

~ 

WCK ACK 

WEN1 REN, 

WEN2 REN2 J DECODE 
- - LOGIC RS OE 

D0 - Da 0 0 -0a 

L._ WCK ACK 1---' 
WEN 1 REN 1 

WEN2 REN2 
- -
RS OE 

D0 - Da Oo-Oa 

FF EF 

HF AEF 

h: 
] 

~ - -

Figure 15. 4K x 18-Bit to SK x 9-Bit Bus 

Rev. A, Oct91 

LH5492 

READ CLOCK 

READ ENABLE 

DATA OUT 
(9-BIT) 

EMPTY FLAG 

ALMOST-FULL 
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LH5492 

OPERATIONAL MODES (cont'd) 

Bidirectional Operation 

Applications which require bidirectional data buffering 
between two systems may be realized by operating 
LH5492 devices in parallel, but in opposite directions. The 
Data In pins of one device may be tied to the correspond
ing Data Out pins of another device operating in the 
opposite direction, to form a single bidirectional bus inter
face. Care must be taken to assure that the appropriate 
clock, enable, and flag signals are routed to each system. 

ALMOST-FULL 

EMPTY FLAG 

OUTPUT ENABLE 

READ ENABLE 

SYSTEM-A 
CLOCK 

SYSTEM-A 
DATA BUS 

WRITE ENABLE 

RESET 

FULL FLAG 

ALMOST-EMPTY 

--------; EF 

-------~OE 

------<o----o--. REN1 

-------~ RCK 

-----Do-De 

WCK 

--------. WEN1 

--------1 RS 

---------<FF 

4K x 9 CLOCKED FIFO 

The extra enable control signals may be used to extend 
Fl FO depth, or to interface bidirectional buses of different 
word widths. 

Width Expansion 

Any of the previously described applications can be 
extended in word width by operating groups of these 
device configurations in parallel. The enable setup and 
hold times should be satisfied for all devices, in order to 
ensure that all width-expanded devices respond identi
callyto the same sequence of events. 

AEF 

FF>--------

RSi---------

WEN1 .----------

WCKi---.-------

Do - De .. ...., __ _ 

RCK 

REN1i----....-----

OEi--------

EF>--------

AEF 

ALMOST-EMPTY 

FULL FLAG 

RESET 

WRITE ENABLE 

SYSTEM-B 
CLOCK 

SYSTEM-B 
DATA BUS 

READ ENABLE 

OUTPUT ENABLE 

EMPTY FLAG 

ALMOST-FULL 

5492-16 

Figure 16. Bidirectional Operation 
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4K x 9 CLOCKED FIFO 

ORDERING INFORMATION 

LH5492 
Device Type 

u 
Package 

-## 

Speyed 25 
35 
50 

Cycle Time (ns) 

LH5492 

~------ 32-pin Plastic Leaded Chip Carrier (PLCC32-P-S450) 

.__ ____________ 4K x 9 Clocked FIFO 

Example: LH5492U-25 (4K x 9 Clocked FIFO, 32-pin PLCC, 25 ns) 
5492MD 
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LH5493 
FEATURES 

• Fast Cycle limes: 25/35/50 ns 
Frequency: 40/28.5/20 MHz 

• Parallel Data In; Serial Data and'or Parallel Data Out 

• Serial Input and Serial Shift Capability in Output 
Register, for Long-Word-Length Parallel-to-Serial 
Operations 

• Read Enable Input and Two Write Enable 
Inputs, Sampled on Rising Edge of the Appropriate 
Clock 

• Fast Fall-Through lime Internal Architecture Based 
on CMOS Dual-Port SRAM Technology, 4096 x 9 

• Fully Asynchronous Read and Write Operations 

• Full, Hatt-Full, Almost-Empty/Full, and 
Empty Flags 

• Reset/Reread Capability 

• TTUCMOS-Compatible 1/0 

• 32-Pin PLCC Package 

FUNCTIONAL DESCRIPTION 

The LH5493 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS RAM technology, 
capable of containing up to 4096 9-bit words. One 
LH5493 FIFO can input 9-bit bytes; and it can either 
output 9-bit bytes in parallel, or else output a serial 
bitstream. Thus, a single LH5493 is capable of 9-bit-to-1-
bit PISO (Parallel-In, Serial-Out) operation. 

An LH5493 has one 9-bit parallel input (write) port, and 
one 9-bit parallel output (read) port. And there is one 1-bit 
serial input, which supports paralleling LH5493s for 
longer-word-width PISO operation. This serial input also 
allows additional control bits to be inserted at will into the 
serial output bitstream. There is no serial output port as 
such; any individual bit position in the parallel output 
register may be chosen as the serial-output data path, 
according to the desired time phase of the output 
bitstream. 

The LH5493 architecture supports a very convenient 
method of paralleling multiple FIFOs for PISO operation, 
without any additional logic being needed, in order to 
achieve a wider 'effective FIFO.' The paralleled LH5493 
combination remains capable of performing all of the 
operations which a standalone LH5493 can perform. 

4K x 9 Parallel-to-Serial FIFO 

Thus, if two LH5493s are paralleled, the combination can 
input 18-bit halfwords; and it can either output 18-bit 
halfwords, or else output a serial bitstream for 18-bit-to-
1-bit PISO operation. This paralleling scheme extends 
without change to an arbitrary number of LH5493s. 

The LH5493 architecture supports synchronous oper
ation, tied to two independent free-running clocks at the 
input and output ports respectively. However, these 
'clocks' also may be aperiodic, asynchronous 'demand' 
signals; they do not need to be synchronized with each 
other in any way. Almost all control input signals and 
status output signals are synchronized to these clocks, to 
simplify system design. The input and output ports oper
ate altogether independently of each other, except when 
the Fl FO becomes either absolutely full or else absolutely 
empty. 

Two edge-sampled enable control inputs, WEN1 and 
WEN2, are provided for the input port; and one such 
control input, REN, is provided for the output port. These 
synchronous control inputs may be used as write de
mands and read demands respectively, when an LH5493 
is interfaced to continuously-clocked synchronous sys
tems. Data flow is initiated at a port by the rising edge of 
the clock signal corresponding to that port, and is gated 
only by the appropriate edge-sampled enable control 
input signal(s). 

PIN CONNECTIONS 

32-PIN PLCC zz TOP VIEW :.: 
~ ci' Ut 8 0 w w 

> 3:: 3:: 3:: 

4 3 2 1 32 31 30 

• D2 29 05 

D1 28 Ds 
Do 27 07 

RS 26 Da 
AEF 25 HF 

Oo 24 Oa 
01 23 ~ 
02 22 Os 
03 21 Os 

15 16 17 18 19 20 

o Ut iii ;: :.: z 1:c 0 w !l1 a: a: c _, 
5493-10 

Figure 1. Pin Connections for PLCC Package 
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4K x 9 Parallel-to-Serial FIFO SHARP LH5493 

FUNCTIONAL DESCRIPTION (cont'd) may be tied directly to WEN1 or to WEN2, and the Empty 
flag likewise may be tied directly to REN, in order to 
prevent overrunning or underrunning the internal FIFO 
boundaries. (See Figure 11.) 

The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, HaH-Full, 
Almost-Empty/Full, and Empty. The Almost-Empty/Full 
flag is asserted whenever the internal memory is either 
within eight locations of 'empty; or else within eight loca
tions of 'full.' The Half-Full flag serves to distinguish the 
'almost-empty' condition from the 'almost-full' condition. 
Also, during fully-synchronous operation, the Full flag 

Alternatively, the enabling of write or read operations 
may be controlled entirely by external system logic, while 
the flags serve strictly as system interrupts. This design 
approach works well when the input port clock and the 
output port clock are not synchronized to each other. 

DATA IN 4Kx9 OUTPUT DATA OUT 
0 0 -Ds DUAL PORT SHIFT 

Oo-Os RAM ARRAY REGISTER 
SI 

WCK INPUT OUTPUT RCK 
WEN1 

PORT WRITE READ PORT REN 
CONTROL POINTER POINTER CONTROL 

WEN2 LOGIC LOGIC LO/SH 

- _r;;:;:-1 
RS~ FLAG LOGIC 

Figure 2. LH5493 Block Diagram 

SIGNAL PIN I DESCRIPTIONS 

WCK Write Clock. A free-runni 
RCK 
SI 

Do-De 

Oo-Oa 

REN 

LD/SH 

Data Inputs. Do - De are sampled on the rising edge of WCK, whenever both WEN1 and WEN2 are 
bei asserted .. 

Write Enable 1. An assertive-HIGH input signal which is sampled on the rising edge of WCK to control 
the flow of data into the FIFO. Both WEN1 and WEN2 rrust be asserted in order to enable a write 
o eration. 
Write Enable 2. An assertive-HIGH input signal which is sampled on the rising edge of WCK to control 
the flow of data into the FIFO. Both WEN1 and WEN2 must be asserted in order to enable a write 
o eration. 
Read Enable. An assertive-HIGH input signal which is sampled on the rising edge of RCK to control the 
flow of data out of the FIFO. 
Read Load/Shift. An input signal which is sampled on the rising edge of RCK to control the loading or 
shiftin of data in the out ut r ister. 

Almost-Empty/Full. An assertive-LOW output indicating when the FIFO either is within eight locations of 
full, or else is within ei ht locations of em . 

Rev. A, Oct91 7-115 



LH5493 4K x 9 Parallel-to-Serial FIFO 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5Vto7V 

Signal Pin Voltage to Vss Potentiar3 -0.5 Vto Vee+ 0.5 V 

DC Output Current 2 ±40mA 

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 pennanent damage to the device. This is a stress rating for 

transient conditions only. Functional operation of the device at these or any other conditions outside 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. 
3. Negative undershoot of 1.5 Vin amplitude is pennitted for up to 10 ns, once per cycle. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX UNIT 

TA Temperature, Ambient 0 70 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic LOW Input Voltage 1 -0.5 0.8 v 
V1H Logic HIGH Input Voltage 2.2 Vee +0.5 v 

NOTE: 
1. Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns once per cycle. 

DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX 

lu Input Leakage Current Vee= 5.5 v, V1N = o v to Vee -10 10 

VOL Output LOW Voltage IOL=8.0mA 0.4 

VOH Output HIGH Voltage IOH=-2.0mA 2.4 

lee Average Supply Current 1 Measured at fe = max 150 

lee2 Average Standby Current 1 All Inputs = V1H 25 

NOTE: 
1. Ice and lcc2 are dependent upon actual output loading and cycle rates. Specified values are with outputs open; 

and, for Ice, operating at minimum cycle times. 
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4K x 9 Parallel-to-Serlal FIFO SHARP LH5493 

AC TEST CONDITIONS 

PARAMETER RATING 
+5V 

Input Pulse Levels Vssto 3 V 

Input Rise and Fall limes (10% to 90%) 5 ns 

Input liming Reference Levels 1.5 v 
Output Reference Levels 1.5 v 
Output Load, liming Tests Figure 3 

30pF* 

CAPACITANCE 1•2 

PARAMETER RATING * INCLUDES JIG AND SCOPE CAPACITANCES 

C1N (Input Capacitance) 7pF 

Co (Output Capacitance) 7pF 
Figure 3. Output Load Circuit 

NOTES: 

1. Sample tested only. 
2. Capacitances are maximum values at 25°C, measured at 1.0MHz with VIN = O V. 
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LH5493 4K x 9 Parallel-to-Serial FIFO 

AC ELECTRICAL CHARACTERISTICS 1 (Vee = 5 v ± 10%, TA= 0°C to 70°C) 

SYMBOL DESCRIPTION 
-25 -35 -50 

UNIT 
MIN MAX MIN MAX MIN MAX 

fc Cycle Frequency - 40 - 28.5 - 20 MHz 

twc Write Clock Cycle lime 25 - 35 - 50 - ns 

twH Write Clock HIGH lime 10 - 14 - 20 - ns 

twL Write Clock LOW lime 10 - 14 - 20 - ns 

tRC Read Clock Cycle lime 25 - 35 - 50 - ns 

tRH Read Clock HIGH lime 10 - 14 - 20 - ns 

tRL Read Clock LOW lime 10 - 14 - 20 - ns 

tos Data Setup lime to Rising Clock 10 - 10 - 15 - ns 

toH Data Hold lime from Rising Clock 0 - 0 - 2 - ns 

tES Enable Setup lime to Rising Clock 10 - 10 - 15 - ns 

tEH Enable Hold lime from Rising Clock 0 - 0 - 2 - ns 

fA Data Output Access lime - 20 - 25 - 35 ns 

toH Output Hold Time 5 - 5 - 5 - ns 

tEF Clock to Empty Flag Valid - 20 - 25 - 35 ns 

tFF Clock to Full Flag Valid - 20 - 25 - 35 ns 

tHF Clock to Half-Full Flag Valid - 35 - 40 - 45 ns 

fAEF Clock to AEF Flag Valid - 35 - 40 - 45 ns 

tRS Reset Pulse Width 25 - 35 - 50 - ns 

tRSS Reset Setup Time 3 10 - 15 - 25 - ns 

tRF Reset Low to Flag Valid - 30 - 35 - 40 ns 

tRQ Reset to Data Outputs LOW - 20 - 25 - 30 ns 

tFRL First Read Latency 4 18 - 20 - 20 - ns 

tFWL First Write Latency 5 18 - 20 - 20 - ns 

NOTES: 
1. All timing measurements performed at "AC Test Condition' levels. 
2. Value guaranteed by design; not currently production lested. 
3. IRss need not be met unless either a rising edge of WCK occurs while WEN1 and WEN2 both are being asserted, or else a rising edge of ACK 

occurs while REN is being asserted. 
4. IFRL is the minimum first-write-to-first-read delay, following an empty oondition, which is required to assure valid read data. 
5. IFwL is the minimum first-read-to-first-wrile delay, following a full condtion, which is required to assure successful writing of data. 

7-118 Rev. A, Ocl91 



4K x 9 Parallel-to-Serial FIFO SHARP LH5493 

OPERATIONAL DESCRIPTION 

Reset 

The device is reset whenever the asynchronous reset 
input (RS) is asserted, i.e., taken to a LOW state. A reset 
operation is required after power up, before the first write 
operation occurs. The reset operation initializes both the 
read and write address pointers to the first physical 
memory location. After the falling edge of RS, the status 
flags (FF, HF, AEF, and EF) are updated to indicate a 
valid empty condition. 

Read, shift, and/or write operations need not be deac
tivated during a reset operation. However, failure to do so 
requires observance of the Reset Setup lime (tRSS), to 
assure that the first write and/or first read following a reset 
operation will occur predictably. 

If no read operations have been performed following a 
reset operation, then the 'previous data' being held in the 
output register and seen on the output bus (Oo - Os) 
consists of all zeroes. 

Write 

A write operation consists of storing parallel data from 
the data inputs to the FIFO memory array. A write opera
tion is initiated on the rising edge of the Write Clock input 
(WCK), whenever both of the edge-sampled Write Enable 
inputs (WENt and WEN2) are held HIGH for the pre
scribed setup times and hold times. Setup times and hold 
times must also be observed for the Data In inputs 
(Do-De). 

When a full condition is reached, write operations 
should be ceased in order to prevent overwriting unread 
data. The state of the status flags has no direct effect on 
write operations; that is, the execution of write operations 
is gated only by WENt and WEN2, and the internal logic 
of the LH5493 itself has no interlock to prevent overrun
ning valid data after the internal write pointer 'wraps 
around' and catches up to the read pointer- and passes 
it, if writing is continued. Figure 11 illustrates how such an 
interlock may be implemented by means of external 
connections. 

Following the first read operation from a full FIFO, 
another memory location is freed up, and the Full Flag is 
deasserted (FF = HIGH). The first write operation should 
begin no earlier than a First Write Latency (tFWL) afterthe 
first read operation from a full FIFO, in order to ensure 
that correct read data is retrieved. 

Read 

A read operation consists of loading parallel data from 
the FIFO memory array to the output register. A read 
operation is initiated on the rising edge of the Read Clock 
input (RCK), whenever both the edge-sampled Read 
Enable input (REN) and the Load/Shift input (LD/SH) are 
held HIGH for the prescribed setup times and hold times. 
Read data becomes valid at the Data Out outputs 

(Oo - Os) by a time tA after the rising edge of RCK. A shift 
of data in the output register is performed whenever REN 
is held HIGH and LD/SH is held LOW on the rising edge 
of RCK. Data is shifted in the MSB-to-LSB direction, with 
data on the Serial Input (SI) replacing the contents of bit 
position Os. 

When an empty condition is reached, read operations 
should be ceased in order to prevent underruning the 
actual meaningful data. The state of the four status flags 
has no direct effect on read or shift operations; that is, the 
execution of read or shift operations is gated only by REN 
and LD/SH, and the internal logic of the LH5493 itself has 
no interlock to prevent underrunning valid data after the 
internal read pointer catches up to the write pointer- and 
passes it, if reading is continued. Figure 11 illustrates how 
such an interlock may be implemented by means of 
external connections. 

When an empty condition is reached, shift operations 
may continue; but read operations should be ceased until 
a valid write operation(s) has loaded additional data into 
the FIFO. Following the first write to an empty FIFO, the 
Empty Flag will be deasserted (EF =HIGH). The first read 
operation should begin no earlier than a First Read 
Latency time (tFRL) from the first write to an empty FIFO, 
in order to ensure that correct read data is retrieved. 

Status Flags 

The following four status flags are included: Full (FF), 
Half-Full (HF), Almost-Empty/Full (AEF), and Empty (EF). 
These flags are updated on the appropriate boundary 
conditions as illustrated in Figure 8. Flag transitions follow 
the appropriate rising clock edge during an enabled read 
or write operation. The AEF flag is asserted whenever the 
FIFO either is less than eight locations away from an 
empty boundary, or else is less than eight locations away 
from a full boundary. 

A separate indicator for Almost-Empty may be gener
ated by a logical NOR of AEF with the inversion of HF. 
An indicator for Almost-Full may be generated by a NOR 
of AEFwith HF. Froman assertive-HIGH perspective, the 
NOR gate effectively is performing an AND operation in 
both of these cases. 

Reset, Reread 

The FIFO may be made to reread previously-read data 
by means of a reset operation, which initializes the inter
nal read and write address pointers to the first physical 
location in the FIFO memory (location zero). The status 
flags are updated to indicate an empty condition; but up 
to 4096 words of old data, which previously had been 
written into and/or read from the FIFO, still remains in the 
memory array. The status flags may be ignored, and data 
may be reaccessed by subsequent read operations. The 
First Read Latency (tFRL) specification does not apply to 
reset/reread operations, since no new data words are 
being written to the FIFO following the reset operation. 
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TIMING DIAGRAMS 
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PREVIOUS DATA 

1. Both WEN1 and WEN2 must be asserted (HIGH) to enable write operations. 
2. Both REN and LO/SH must be asserted (HIGH) to enable read operations. 
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3. EF being asserted (LOW) does not prevent further read operations, unless It Is tied to REN. 

4. tFRL (First Read Latency) - The first read following an empty condition may begin no earlier than IFRL after 
the first write to an empty FIFO, in order to ensure that valid data is retrieved. This specification 
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does not apply to reset/reread applications, in which the status of FIFO flags is ignored. 

Figure 4. Write and Read Operation in a 
Near-Empty Condition 
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4K x 9 Parallel-to-Serlal FIFO SHARP 

TIMING DIAGRAMS (cont'd) 
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NOTES: 
1. Both WEN1 and WEN2 must be asserted (HIGH) lo enable write operations. 
2. Both REN and LO/SH must be asserted (HIGH) lo enable read operations. 
3. FF being asserted (LOW) does not prevent further write operations, unless ii is tied either lo WEN1 or lo WEN2. 

4. tFWL (First Write Latency) - The first write following a full condition may begin no earlier than tFWL after 
the first read from a full Fl FO, in order to ensure that valid read data is retrieved. 
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Figure 5. Wrtte and Read Operation In a 
Near-Full Condition 
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TIMING DIAGRAMS (cont'd) 
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Figure 6. Serial ShlWRead Timing 
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TIMING DIAGRAMS (cont'd) 
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Figure 7. Reset Timing 
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TIMING DIAGRAMS (cont'd) 
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1. HF Is HIGH whenever the FIFO is almost-empty, since then it also is less than half-full. 

2. An Almost-Empty ftag AE may be Implemented, using external logic according to AE = AEF. HF = AEF +HF. 

Figure 8. Almost-Empty Flag Timing 

Table 1. Flag Definitions 

FLAG STATUS 
VALID WRITE VALID READ 

CYCLES REMAINING CYCLES REMAINING 

EF AEF HF FF min max min max 

0 0 1 1 4096 4096 0 0 
1 0 1 1 4089 4095 1 7 
1 1 1 1 2048 4088 8 2048 
1 1 0 1 8 2047 2049 4088 
1 0 0 1 1 7 4089 4095 
1 0 0 0 0 0 4096 4096 
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TIMING DIAGRAMS (cont'd) 
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Figure 9. Half-Full Flag Timing 
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TIMING DIAGRAMS 
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1. HF is LOW whenever the FIFO is almost-full, since then it also is more than half-full. 

2. An Almost-Full flag AF may be implemented, using external logic according to AF -AEF. HF - AEF +HF. 

Figure 10. Almost-Full Flag Timing 
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OPERATIONAL MODES 

Synchronous Write and Read Operations 

Read and write operations may be performed in syn
chronism with each other by deriving WCK and ACK from 
a common system clock. In this case, the Write Enable 
(WEN1 and WEN2), Read Enable (REN), and Load/Shift 
(LO/SH) inputs all get sampled at the same clock rising 
edge. 

SYSTEM CLOCK 

WRITE ENABLE 

FULL 

DATA IN 

RESET 

HALF 

ALMOST-E/F 

i-i 

Jj 

WCK 

WEN1 

WEN2 

FF 

Do-De 

RS 

HF 

l 

This type of synchronous read/write operation ensures 
that flag outputs always satisfy the required setup and 
hold times for the WEN1, WEN2, and REN inputs. Thus, 
the Full Flag output (FF) may be tied directly to WEN1 or 
WEN2, to prevent 'overrun' write operations after the full 
condition is reached, while the other Write Enable input 
remains available for system control. Likewise, the Empty 
Flag output (EF) may be tied directly to REN, to prevent 
'underrun' read operations after the empty condition is 
reached. 

RCK 

LD/SH 

REN 

EF 

Oo-Oa 

SI 

AEF 

j---J 

tJ 
LOAD/SHIFT DATA 

EMPTY 

DATA OUT 

SERIAL INPUT 

HALF 

ALMOST-E/F 

5493-1 

Figure 11. Synchronous Operation 
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OPERATIONAL MODES (cont'd) 

Asynchronous Write and Read Operations 

Write operations and read operations may be per
formed completely asynchronously with respect to each 
other, when the WCK input and the RCK input are derived 
from the clock signals of different systems. Under these 
conditions, status-flag transitions occur relative to two 
unpredictably-related clock edges. Therefore, these flags 
should not be used to directly drive Write Enable or Read 
Enable inputs, since they do not always satisfy valid setup 
times and hold times. 

Instead, it is recommended that these enable signals 
be controlled by the user to ensure that adequate setup 
times and hold times are maintained. If the FIFO becomes 

WRITE CLOCK WCK 

WRITE ENABLE WEN1 

WEN2 

FULL FF 

DATA IN Do-De 

RESET RS 

HF 

ALMOST-EMPTY 

4K x 9 Parallel-to-Serial FIFO 

either completely full or completely empty, then some 
synchronization between read and write operations at the 
full or empty boundaries becomes necessary to prevent 
timing violations. 

When the FIFO is operating in this manner, the Almost
Empty/Full flag and the Half-Full flag should be used to 
provide some advance warning, to avoid overrunning or 
underrunning a FIFO internal boundary. Typically, these 
flags are used as system interrupts. When an interrupt is 
received by the faster of the two systems, a predefined 
block of data then may be transferred at the maximum 
data rate, as long as there is known to be sufficient room 
for it. In this way the full and empty boundaries are never 
reached, and yet maximum data throughput is main
tained. 

RCK 

LO/SH 

REN 

EF 

Oo-Oa 

SI 

AEF 

i----- READ CLOCK 

i----- LOAD/SHIFT DATA 

i----- READ ENABLE 

1----- EMPTY 

I----DATA OUT 

i------ SERIAL INPUT 

ALMOST-FULL 

549:1-11 

Figure 12. Asychronous Operation 
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OPERATIONAL MODES (cont'd) 

Paralleled Operation 

In paralleled operation, two or more LH5493 FIFOs are 
chained together into a wider 'effective FIFO.' The Serial 
Input (SI) of the first device in the chain serves as the 
'effective-FIFO' serial input. This 'effective-FIFO' serial 
input may be used to insert additional control bits into the 
serial data stream, or may be tied to a permanent logic 
LOW or HIGH signal if unused. The SI input of each 
subsequent device is connected to one of the Data Out 
outputs (Os - Oo) of the preceding device in the chain. 
The final 'effective-FIFO' serial output bitstream is taken 
from one of the Data Out outputs of the last device in the 
chain. By choosing different Data Out pins, an additional 
one to nine bits of width can be added per device. 

In 'paralleled' operation, the write enable inputs WEN1 
and WEN2, and the read enable input REN, may be made 
common for all devices. Since there are multiple write 

RESET 

WRITE WRITE WRITE 
CLOCK ENABLE ENABLE 

WCK WEN1 WEN2 D0 -Ds 

~ RS 

SI RCK REN LD/SH 

SERIAL READ READ LOAD/ 
INPUT CLOCK ENABLE SHIFT 

Oo 

~ 

LH5493 

enable inputs, one of them on each FIFO device may be 
crosscoupled to the Full Flag on another FIFO device, or 
to the logic AND of several such Full Flags, in order to 
prevent any individual FIFO device from getting out of 
synchronization with the overall 'effective FIFO.' The 
approach is analogous to the method shown in Figure 11 
for preventing an LH5493 from overrunning its internal 
Fl FO boundaries. Implementing the equivalent measures 
during reading always requires some external logic, since 
each LH5493 has just one read enable input. 

Word widths do not have to be a multiple of nine. For 
instance, making the following changes to the circuit of 
Figure 13 adapts it to handle 16-bit parallel data in. The 
Do input and the Oo output need not be used for either 
LH5493. The 01 output of the LH5493 on the left is 
connected to the SI input of the LH5493 on the right; and 
the 01 output of the LH5493 on the right becomes the 
main 'Serial Data Out' output. 

,__ 

PARALLEL DATA IN 
(18BIT) 

l 

l 
WCK WEN1 

RS 

WEN2 

SI RCK REN LD/SH 

J 

D0 -D8 

t4'--
Co 

SERIAL 
DATA OUT 

STATUS 
FLAGS 

5493-13 

Figure 13. Paralleled Serial Operation (4096x18 Bit) 
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ORDERING INFORMATION 

LH5493 
Device Type 

_u_ -## 

4K x 9 Parallel-to-Serlal FIFO 

·r 'i.. [~ Cycl• Tim• (M) 

32-pin Plastic Leaded Chip Carrier (PLCC32-P-S450) 

'-------------- 4K x 9 Parallel-to-Serial FIFO 

Example: LH5493U-25 (4K x 9 Parallel-to-Serial FIFO, 32-pin PLCC, 25 ns) 
5493MD 
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LH5494 
FEATURES 

• Fast Cycle limes: 25/35/50 ns 
Frequency: 40/28.5/20 MHz 

• Serial Data In; Parallel Data Out 

• Serial Output for Cascading Input Register 

• Two Read Enable Inputs and One Write Enable 
Input, Sampled on Rising Edge of the Appropriate 
Clock 

• Fast Fall-Through lime Internal Architecture Based 
on CMOS Dual-Port RAM Technology, 4096 x 9 

• Fully Asynchronous Read and Write Operations 

• Full, HaH-Full, Almost-Empty/Full, and Empty Flags 

• Three-State Outputs with Output Enable 

• Reset/Reread Capability 

• TTL and CMOS Compatible 1/0 

• 32-Pin PLCC Package 

FUNCTIONAL DESCRIPTION 

The LH5494 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS RAM technology, 
capable of containing up to 4096 9-bit words. One 
LH5494 Fl FO can input a serial bitstream, and output 9-bit 
bytes in parallel. Thus, a single LH5494 is capable of 
9-bit-to-1-bit SIPO (Serial-In, Parallel-Out) operation. 

An LH5494 has one 1-bit serial input, and one 9-bit 
parallel output (read) port. And there is one 1-bit serial 
output, which supports paralleling LH5494s for longer
word-width SIPO operation. This serial output also allows 
additional control bits to be inserted at will into the serial 
output bitstream. 

The LH5494 architecture supports a very convenient 
method of paralleling multiple FIFOs for SIPO operation, 
without any additional logic being needed, in order to 
achieve a wider'eftective FIFO.' The paralleled LH5494 
combination remains capable of performing all of the 
operations which a standalone LH5494 can perform. 
Thus, if two LH5494s are paralleled, the combination can 
input a serial bitstream and output 18-bit haHwords for 
1-bit-to-18-bit SIPO operation. This paralleling scheme 
extends without change to an arbitrary number of 
LH5494s. 

The LH5494 architecture supports synchronous oper
ation, tied to two independent free-running clocks at the 

4K x 9 Serial-to-Parallel FIFO 

input and output ports respectively. However, these 
'clocks' also may be aperiodic, asynchronous 'demand' 
signals; they do not need to be synchronized with each 
other in any way. Almost all control input signals and 
status output signals are synchronized to these clocks, to 
simplify system design. The input and output ports oper
ate altogether independently of each other, except when 
the FIFO becomes either absolutely full or else absolutely 
empty. 

One edge-sampled enable control input, WEN, is pro
vided for the input port; and two such control inputs, REN1 
and REN2, are provided for the output port. These syn
chronous control inputs may be used as write demands 
and read demands respectively, when an LH5494 is 
interfaced to continuously-clocked synchronous sys
tems. Data flow is initiated at a port by the rising edge of 
the clock signal corresponding to that port, and is gated 
only by the appropriate edge-sampled enable control 
input signal(s). 

The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Half-Full, 
Almost-Empty/Full, and Empty. The Almost-Empty/Full 
flag is asserted whenever the internal memory is either 
within eight locations of 'empty,' or else within eight loca
tions of 'full.' The HaH-Full flag serves to distinguish the 
'almost-empty' condition from the 'almost-full' condition. 
Also, during fully-synchronous operation, the Full flag 
may be tied directly to WEN, and the Empty flag likewise 

PIN CONNECTIONS 

32-PIN PLCC 

NC 

NC 

NC 

RS 

AEF 

Oo 

a, 
02 
a, 

Figure 1. Pin Connections for PLCC Package 
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FUNCTIONAL DESCRIPTION {cont'd) 

may be tied directly to REN1 or to REN2, in order to 
prevent overrunning or underrunning the internal FIFO 
boundaries. (See Figure 11.) 

Alternatively, the enabling of write or read operations 
may be controlled entirely by external system logic, while 
the flags serve strictly as system interrupts. This design 
approach works well when the input port clock and the 
output port clock are not synchronized to each other. 

so INPUT 
SHIFT 

SI 
REGISTER 

WCK INPUT 

WEN PORT 

LO/SH 
CONTROL 

LOGIC 

- -~ 
RS~ 

4Kx9 
DUAL PORT 
RAM ARRAY 

WRITE READ 
POINTER POINTER 

FLAG LOGIC 

OUTPUT 
REGISTER 

DATA OUT 
0 0 -0a 

L......,.._.J-""--OE 

OUTPUT 
PORT 

CONTROL 
LOGIC 

i----RCK 
i----REN1 
i---- REN2 __ __. 

Figure 2. LH5494 Block Diagram 

SIGNAL PIN DESCRIPTIONS 

PIN SiGNALNAi 

RS Reset. An assertive-LOW il]>ut which initializes the internal address pointers and fl~. 
WCK Write Clock. A free-running_ clock inj:l!Jt for Write o~rations. 
RCK Read Clock. A free-runn.J.l]l clock i1]2_ut for Read ~ations. 
SI Serial Input. SI is sam__l!ed on the ris.l!!g_ ed_g_e of WCK whenever WEN is be.!00. asserted. 
so Serial Out_Q_ut. A serial data out{)l.lt sig_nal, to allow j)_aralleled SIPO oi:>_eration of mu~e devices. 

Oo-Oe 
Data Outputs. Oo- Oe are updated following the rising edge of RCK, whenever REN1 and REN2 are 
both being_ asserted. 

WEN Write Enable. An assertive-HIGH input signal which is sampled on the rising edge of WCK to control 
the flow of data into the FIFO. 

LD/SH Load/Shift. An input signal which is sampled on the rising edge of WCK to control the load of parallel 
data from lrlQ!Jt Shift RE!gister into the FIFO. 
Read Enable 1. An assertive-HIGH input signal which is sampled on the rising edge of RCK to con-

REN1 trol the flow of data out of the FIFO. Both REN1 and REN2 must be asserted in order to enable a 
read ~ration. 
Read Enable 2. An assertive-HIGH input signal which is sampled on the rising edge of RCK to con-

REN2 trol the flow of data out of the FIFO. Both REN1 and REN2 must be asserted in order to enable a 
read ~ration. 

FF Full Fl~ An assertive-LOW out{)l.lt indicat.!ng_ when the FIFO is full. 
HF Half-Full Fl!lg. An assertive-LOW outoot indicating_ when the FIFO is more than half full. 

AEF Almost-Empty/Full. An assertive-LOW output indicating when the FIFO either is within eight locations 
of full, or else is within ejg_ht locations of empty. 

EF Empty Fl~ An assertive-LOW ou.!Q.ut indicat!!!g_ when the FIFO is empty. 

OE Output Enable. An assertive-LOW signal which places the data outputs Oo - Oe in a low-impedance 
state. 
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ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5 Vto7V 

Signal Pin Voltage to Vss Potential3 -0.5 v to Vee+ 0.5 v 
DC Output Current 2 ±40mA 

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 outside 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. 
3. Negative undershoots of 1.5 Vin amplitude are permitted for up to 10 ns, once per cycle. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX UNIT 

TA Temperature, Ambient 0 70 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic LOW Input Voltage 1 -0.5 0.8 v 
V1H Logic HIGH Input Voltage 2.2 Vee+ 0.5 v 

NOTE: 
1. Negative undershoots of 1.5 V in amplitude are permitted for up to 1 O ns once per cycle. 

DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX 

lu Input Leakage Current Vee = 5.5 V, V1H = o v to Vee -10 10 

ILO Output Leakage Current OE ~VIH, 0 v ~Vour~Vcc -10 10 

VoL Output LOW Voltage loL= 8.0 mA 0.4 

VoH Output HIGH Voltage loH =-2.0mA 2.4 

Ice Average Supply Current 1 Measured at fc = max 150 

lcc2 Average Standby Current 1 All Inputs = V1H 25 

NOTE: 
1. Ice and lcc2 are dependent upon actual output loading and cycle rates. Specified values are with outputs open; 

and, for Ice, operating at minimum cycle times. 

AC TEST CONDITIONS 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall Times (10% to 90%) 

Input Timing Reference Levels 

Output Reference Levels 

Output Load, Timing Tests 

RATING 

Vssto 3 V 

5 ns 

1.5 v 
1.5 v 

Figure 3 

DEVICE 
UNDER 
TEST 

UNIT 

µA 

µA 

v 
v 

mA 

mA 

30pF* 

* INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 3. Output Load Circuit 
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CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance 7pF 

Co (Output Capacitance) 7pF 

NOTES: 
1. Sample tested only. 
2. Capacitances are maximum values at 25°C, measured at 1.0MHz with V1N = 0 V. 

AC ELECTRICAL CHARACTERISTICS 1 (Vee = 5 v ± 10%, TA = 0°C to 70°C) 

SYMBOL DESCRIPTION -25 -35 -50 
UNIT 

MIN MAX MIN MAX MIN MAX 

fc Cycle Frequency - 40 - 28.5 - 20 MHz 

twc Write Clock Cycle Time 25 - 35 - 50 - ns 

twH Write Clock High Time 10 - 14 - 20 - ns 

twL Write Clock Low Time 10 - 14 - 20 - ns 

tRC Read Clock Cycle Time 25 - 35 - 50 - ns 

tRH Read Clock High Time 10 - 14 - 20 - ns 

tRL Read Clock Low Time 10 - 14 - 20 - ns 

tos Data Setup Time to Rising Clock 10 - 10 - 15 - ns 

toH Data Hold Time from Rising Clock 0 - 0 - 2 - ns 

tes Enable Setup Time to Rising Clock 10 - 10 - 15 - ns 

tEH Enable Hold Time from Rising Clock 0 - 0 - 2 - ns 

tA Data Output Access Time - 20 - 25 - 35 ns 

tsA Serial Output Access Time - 20 - 25 - 35 ns 

toH Output Hold Time 5 - 5 - 5 - ns 

tQL OE to Data Outputs Low-Z 2 1 - 1 - 1 - ns 

taz OE to Data Outputs High-Z 2 - 10 - 12 - 15 ns 

toe Output Enable to Data Valid - 10 - 12 - 15 ns 

tEF Clock to Empty Flag Valid - 20 - 25 - 35 ns 

tFF Clock to Full Flag Valid - 20 - 25 - 35 ns 

tHF Clock to Half Flag Valid - 35 - 40 - 45 ns 

tAEF Clock to AEF Flag Valid - 35 - 40 - 45 ns 

tRS Reset Pulse Width 25 - 35 - 50 - ns 

tRSS Reset Setup Time 3 10 - 15 - 25 - ns 

tRF Reset Low to Flag Valid - 30 - 35 - 40 ns 

tRQ Reset to Data Outputs Low - 20 - 25 - 30 ns 

tFRL First Read Latency 4 18 - 20 - 20 - ns 

tFWL First Write Latency 5 18 - 20 - 20 - ns 

NOTES: 
1. All timing measurements perfonned at 'AC Test Condition' levels. 
2. Value guaranteed by design; not currenUy production tested. 
3. !Ass need not be met unless either a rising edge of WCK occurs while WEN is being asserted, or else a rising edge of ACK occurs while REN1 

and REN2 are both being asserted. 
4. IFRL is the minimum first-write-to-first;ead delay, following an empty condition, which is required to assure valid read data. 
5. IFwL is the minimum first-read-to-first-write delay, following a full condition, which is required to assure successful writing of data. 
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OPERATIONAL DESCRIPTION 

Reset 

The Device is reset whenever the asynchronous 
RESET input (RS) is asserted, i.e., taken to a LOW state. 
A reset operation is required after power up, before the 
first write operation occurs. The reset operation initializes 
both the read and write address pointers to the first 
physical memory location. After the falling edge of RS, the 
status flags (FF, HF, AEF, and EF) are updated to indicate 
a valid empty condition. 

Read, shift, and/or write operations need not be deac
tivated during a reset operation, but failure to do so 
requires observance of the Reset Setup lime (tRSs), to 
assure that the first write and/or first read following a reset 
operation will occur predictably. 

H no read operations have been performed following a 
reset operation, then the previous data word being held 
in the output register consists of all zeroes. This data word 
will be seen on the output bus (Oo - Os) whenever the 
output enable (OE) is held LOW. Likewise, data in the 
input shift register will be initialized to all zeroes after a 
reset operation. 

Write 

A shift operation is initiated on the rising edge of WCK, 
whenever WEN is HIGH and LD/SH is LOW. Data bits 
are shifted from MSB to LSB, with the data bit on the Serial 
Input (SI) replacing the contents of bit position D1 in the 
input shift register, and the Serial Output (SO) copying the 
contents of bit position Do. 

A write operation consists of a parallel loading of data 
from the input shift register (bits D1 - Do), and the SI pin 
(bit De) to the FIFO memory array. A write operation is 
initiated on the rising edge of the Write Clock input (WCK), 
whenever both the edge-sampled Write Enable input 
(WEN) and the Load/Shift input (LO/SH) are held HIGH. 

When a full condition is reached, shift operations may 
continue, but write operations should be ceased in order 
to prevent overwriting unread data. The state of the status 
flags has no direct effect on shift or write operations, that 
is, the execution of write operations is gated only by WEN, 
and the internal logic of the LH5494 itseH has no interlock 
to prevent overrunning valid data after the internal write 
pointer 'wraps around' and catches up to the read pointer 
- and passes it, H writing is continued. Figure 11 illustrates 
how such an interlock may be implemented by means of 
external connections. 

Following the first read operation from a full FIFO, 
another memory location is freed up, and the Full Flag is 
deasserted (FF= HIGH). The first write operation should 
begin no earlier than a First Write Latency time (tFWL) after 
the first read operation from a full FIFO, in order to assure 
that a correct data word is written into the FIFO memory. 

LH5494 

Read 

A read operation consists of loading parallel data from 
the FIFO memory array to the output register. A read 
operation is initiated on the rising edge of the Read Clock 
input (ACK) whenever both of the edge-sampled Read 
Enable inputs (REN1 and REN2) are held HIGH for the 
prescribed setup and hold times. Read data becomes 
valid on the Data Out pins (Oo-Oa) by a time tA afterthe 
rising edge of ACK, provided that the Output Enable (OE) 
is being held LOW. OE is an assertive-LOW asynchro
nous input. When OE is taken LOW, the Oo - Os outputs 
are driven (i.e., are in a low-Z state) within a minimum 
time taL. When OE is taken HIGH, the Oo - Os outputs 
are in a high-Z state within a maximum time taz. The state 
of the four status flags has no direct effect on read 
operations; that is, the execution of read or shift opera
tions is gated only by REN1 and REN2 and LD/SH, and 
the internal logic of the LH5494 itseH has no interlock to 
prevent underrunning valid data after the internal read 
pointer catches up to the write pointer - and passes it, H 
reading is continued. Figure 11 illustrates how such an 
interlock may be implemented by means of external 
connections. 

When an empty condition is reached, read operations 
should be ceased until a valid write operation(s) has 
loaded additional data into the FIFO. Following the first 
write to an empty FIFO, the Empty Flag (EF) isdeasserted 
(EF = HIGH). The next read operation should begin no 
earlier than a First Read Latency time (tFRL) from the first 
write operation into an empty FIFO, in order to ensure that 
correct read data is retrieved. 

Status Flags 

Status Flags are included for Full (FF), Hatt-Full (HF), 
Almost-Empty/Full (AEF), and Empty (EF). These flags 
are updated at the boundary conditions given in Table 1. 
Flag transitions follow the appropriate rising clock edge 
during an enabled read or write operation. The AEF flag 
is asserted whenever the FIFO either is less than eight 
locations away from an empty boundary, or else is less 
than eight locations away from a full boundary. 

A separate indicator for Almost-Empty may be gener
ated by a logical NOR of AEF with the inversion of HF. 
An indicator for Almost-Full may be generated by a NOR 
of AEFwith HF. Froman assertive-HIGH perspective, the 
NOR gate effectively is performing an AND operation in 
both of these cases. · 

Reset, Reread 

The FIFO can be made to reread previously read data 
through a reset operation, which initializes the internal 
read and write address pointers to the first physical 
location in the FIFO memory (location zero). The status 
flags are updated to indicate an empty condition; but up 
to 4096 words of old data, which previously had been 
written into and/or read from the FIFO, still then remains 
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LH5494 4K x 9 Serial-to-Parallel FIFO 

OPERATIONAL DESCRIPTION (cont'd) 

in the memory array. The status flags may be ignored, 
and data may be reaccessed by subsequent read oper-

ations. The First Read Latency (tFRL) specification does 
not apply to reset/reread operations, since no new data 
are being written to the FIFO following the Reset. 

TIMING DIAGRAMS 

WCK 

LOISH 
WEN 

RCK 

Oo-Oa 

NOTES: 

toe 

tOL 

twc 

twL twH 

tRC 

les 

tes 

PREVIOUS DATA 

1. Both WEN and LO/SH must be asserted (HIGH) to enable write operations. 
2. Both REN1 and REN2 must be asserted (HIGH) to enable read operations. 

les 

N1 

3. EF asserted (LOW) does not prevent further read operations, unless it is tied either to REN1 or to REN2• 

4. IFRL (First Read Latency)- The first read following an empty condition may begin no earlier than IFRLafter 

tes 

the first write to an empty FIFO, In order to ensure that valid data is retrieved. This specification does not apply to 
reseVreread applications, in which the status of FIFO ftags is ignored. 

7-136 

5. Immediately following a reset operation, the 'previous data' will be all bits LOW. 

Figure 4. Write and Read Operations In a 
Near-Empty Condition 
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taz 
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4K x 9 Serial-to-Parallel FIFO 

TIMING DIAGRAMS (cont'd) 

WCK 

!EH !Es !EH 

LO/SH 
WEN 

los loH los loH 

SI 

IFWL tFF 

loH 

FF 

IFF 

RCK 

tEH tes leH !es 

REN1, 
REN2 

OE 

IA IA 

loH loH 

Oo-Os 

NOTES: 

1. Both WEN and LO/SH must be asserted (HIGH) to enable write operations. 
2. Both REN1 and REN2 must be asserted (HIGH) to enable read operations. 
3. FF asserted (LOW) does not prevent further write operations, unless it is tied to WEN. 

4. tFWL (First Write Latency) - The first write following a full condition may begin no earlier than tFWI. after 
the ftrst read from a full FIFO, in order to ensure that valid read data is retrieved. 

Figure 5. Read and Write Operation In a 
Near-Full Condition 
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LH5494 4K x 9 Serial-to-Parallel FIFO 

TIMING DIAGRAMS (cont'd) 

WRITE SHIFT ... 

WCK 

WEN 

les IEH I Es 

LO/SH 

los los loH 

SI 
De 

07 d7 dB so S1 S2 

De d6 d7 d8 so S1 

05 d5 d6 d7 d8 so 

04 d4 d5 d6 d7 d8 

°' d3 d4 d5 d6 d7 

D:i d2 d3 d4 d5 d6 

o, d1 d2 d3 d4 d5 

Do dO d1 d2 d3 d4 

ISA 

IOH 

so dO d1 d2 d3 

Figure 6. Serial Shift, Wrtte Timing 
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4K x 9 Serial-to-Parallel FIFO LH5494 

TIMING DIAGRAMS (cont'd) 

WCK 

WEN 

RCK 

NOTES: 

1. t Ra is measured with OE held LOW. 

2. !Ass need not be met unless the rising edge of WCK and/or RCK occurs while that 
clock is enabled. RS operates whether or not WEN, and/or REN1 and REN2, are being asserted. 

5494-6 

Figure 7. Reset Timing 
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LH5494 4K x 9 Serlal-to-Parallel FIFO 

TIMING DIAGRAMS (cont'd) 

WCK 

LO/SH, 
WEN 

RCK 

REN1. 
REN2 

NOTES: 

les !es 

IAEF 

t H 

1. HF is HIGH whenever the FIFO is almost-empty, since then it also is less than half-full. 

2. An Almost-Empty flag AE may be implemented, using external logic according to AE = AEF • HF - AEF + HF. 

Figure 8. Almost-Empty Flag Timing 

Table 1. Flag Definitions 

FLAG STATUS 
VALID WRITE VALID READ 

CYCLES REMAINING CYCLES REMAINING 

EF AEF HF FF min max min max 

0 0 1 1 4096 4096 0 0 
1 0 1 1 4089 4095 1 7 
1 1 1 1 2048 4088 8 2048 
1 1 0 1 8 2047 2049 4088 
1 0 0 1 1 7 4089 4095 
1 0 0 0 0 0 4096 4096 
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4K x 9 Serial-to-Parallel FIFO 

TIMING DIAGRAMS (cont'd) 

WCK 

LO/SH, 
WEN 

ACK 

REN1, 

!es 

IHF 

REN2 ~~~~~~~~~~~~~~-· 

Figure 9. Half-Full Flag Timing 
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LH5494 

TIMING DIAGRAMS (cont'd) 

WCK 

LO/SH, 
WEN 

4K x 9 Serial-to-Parallel FIFO 

IAEF 

IOH 

IAEF 

HF ------------------------------------,~---+---------------------~ 

NOTES: 

RCK 

REN1, 
REN:! 

1. HF Is LOW whenever the FIFO is almost-full, since then it also Is more than half-full. 
~ 

2. An Almost-Full flag AF may be implemented, using external logic according to AF. AEF • HF. AEF +HF. 

Figure 10. Almost-Full Flag llmlng 
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4K x 9 Serial-to-Parallel FIFO 

OPERATIONAL MODES 

Synchronous Read and Write Operations 

Read and write operations may be performed in syn
chronism with each other by deriving WCK and RCK from 
a common system clock. As such, the Read Enable 
(REN1 and REN2), Write Enable (WEN), and Load/Shift 
(LD/SH) inputs all get sampled at the same clock rising 
edge. 

SYSTEM CLOCK 

LOAD/SHIFT DATA 

FULL 

SERIAL INPUT 

SERIAL OUTPUT 

RESET 

HALF 

ALMOST-E/F 

1--j 

d 

WCK 

LD/SH 

WEN 

FF 

SI 

so 
RS 

-
HF 

l 

LH5494 

This type of synchronous read/write operation ensures 
that flag outputs always satisfy the required setup and 
hold times for the REN1, REN2, and WEN inputs. Thus, 
the Full Flag output (FF) may be tied directly to WEN, in 
order to prevent 'overrun' write operations when the full 
condition is reached. Likewise, the Empty Flag output 
(EF) may be tied directly to REN1 or REN2, in order to 
prevent 'underrun' read operations when the empty con
dition is reached, while the other Read Enable input 
remains available for system control. 

RCK 

REN 1 

REN2 

EF 

0 0 -0a 
-
OE 

-
AEF 

I--' 

tl 
READ ENABLE 

EMPTY 

DATA OUT 

OUTPUT ENABLE 

HALF 

ALMOST-E/F 

5494-10 

Figure 11. Synchronous Operation 
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lH5494 

OPERATIONAL MODES (cont'd) 

Asynchronous Read and Write Operations 

Write operations and read operations may be per
formed completely asynchronously relative to each other, 
when the ACK input and the WCK input are derived from 
clock signals of different systems. Under these condi
tions, the transition of status flags is performed relative to 
two unpredictably-related clock edges; and so, these 
flags should not be used to directly drive Read Enable or 
Write Enable inputs, since they do not always satisfy valid 
setup times and hold times. 

Instead, it is recommended that these enable signals 
be controlled by the user, in order to ensure that adequate 
setup times and hold times are maintained. If the FIFO 

WRITE CLOCK WCK 

WRITE ENABLE WEN 

LOAD/SHIFT DATA LO/SH 

FULL ff 

SERIAL INPUT SI 

SERIAL OUTPUT so 

RESET RS 

HF 

ALMOST-EMPTY 

4K x 9 Serial-to-Parallel FIFO 

becomes either completely full or completely empty, then 
some synchronization between read and write operations 
at the full or empty boundaries becomes necessary to 
prevent timing violations. 

When the FIFO is operating in this manner, the 
Almost-Empty/Full flag and HaH-Full flag should be used 
to provide some advance warning, to avoid overrunning 
or underrunning a FIFO internal boundary. Typically, 
these flags are used as system interrupts. When an 
interrupt is received by the faster of the two systems, a 
predefined block of data then may be transferred at the 
maximum data rate, as long as there is known to be 
sufficient room for it. In this way the full and empty 
boundaries are never reached, and yet maximum data 
throughput is maintained. 

RCK READ CLOCK 

REN 1 READ ENABLE 

REN2 

EF EMPTY 

0 0 -0s DATA OUT 

OE OUTPUT ENABLE 

AEF 

ALMOST-FULL 

5494-11 

Figure 12. Asychronous Operation 
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4K x 9 Serial-to-Parallel FIFO 

OPERATIONAL MODES (cont'd) 

Cascaded Operation 

Cascaded operation allows LH5494 input shift regis
ters to be extended in wordwidth, by interconnecting 
multiple LH5494 devices in a serial chain. The Serial Input 
(SI) of the first device in the chain serves as the 'effective
FIFO' serial input. The SI pin of any subsequent device is 
connected to the Serial Out (SO) pin of the preceding 
device in the chain. The final 'effective Fl FO' serial output 
data (if needed) is taken from the SO pin of the last device 
in the chain. 

SERIAL 
DATA 

IN 

l l 
SI WCK WEN LD/SH so 

.... RS 

RCK REN1 REN2 Oo-Oa 

RESET 

READ READ READ 
CLOCK ENABLE ENABLE 

LH5494 

In cascaded operation, the output port may be config
ured either for an increase in FIFO depth, or for an 
increase in FIFO wordwidth. When the output port is 
expanded in width, the Read Enable inputs (REN1 and 
REN2) and output Enable (OE) are common for all 
devices. 

When the output port is expanded in depth, the com
mon Data Out pins of multiple devices may be tied 
together. One Read Enable may then be used for system 
control, while the other Read Enable and OE are driven 
by decode logic to direct the flow of data. This decode 
logic should alternate read accesses from one device to 
the next in a sequential manner. 

WRITE WRITE LOAD/ SERIAL 
CLOCK ENABLE SHIFT OUTPUT 

SI WCK 

.- RS 

RCK REN1 

1 
PARALLEL DATA OUT 

(18 BIT) 

WEN LD/SH so 

~ 

REN2 0 0 -0a 

STATUS 
FLAGS 

Figure 13. Cascaded Serial Operation (4096 x 18 Bit) 
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LH5494 

ORDERING INFORMATION 

LH5494 
Device Type 

_u_ -## 
Package Speed 

4K x 9 Serlal-to-Parallel FIFO 

Cycle Time (ns) 
50 I Y 2355 

~------- 32-pin Plastic Leaded Chip Carrier (PLCC32-P-S450) 

...._ ____________ 4K x 9 Serial-to-Parallel FIFO 

Example: LH5494U-25 (4K x 9 Serial-to-Parallel FIFO, 32-pin PLCC, 25 ns) 
5494MD 
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LH5420 
FEATURES 

• Fast Cycle limes: 25/30/35 ns 

• Two 256 x 36-bit FIFO Buffers 

• Full 36-bit Word Width 

• Selectable 36/18/9-bit 
Word Width on Port B 

• Fully Asynchronous Port-to-Port 
Communications 

• 'Synchronous' Enable-Plus-Clock Control 
at Both Ports 

• R/W, Enable, Request, and Address 
Control Inputs Sampled on the Rising 
Clock Edge 

• Synchronous Request/Acknowledge 
'Handshake' Capability; Use is Optional 

• Device Comes Up Into Known Default 
State at Reset; Programming is Allowed, 
but is not Required 

• Asynchronous Output Enables 

• 5 Status Flags per Port: Full, Almost-Full, 
Half-Full, Almost-Empty, and Empty 

• Almost-Full Flag and Almost-Empty Flag 
are Programmable 

• Mailbox Registers with 
Synchronized Flags 

• Data Bypass Function 

• Data Retransmit Function 

• Automatic Byte Parity Checking 

• TTUCMOS-Compatible 1/0 

• Space-Saving PQFP * and PGA Packages 

• Mosel MS76542-SSFC and National 
Semiconductor NMF256X36X2 are 
Pin-Compatible and Functionally 
Equivalent 

* This is a final data sheet; except, that all references to the PQFP 
package still have preliminary status. 

256 x 36 x 2 Bidirectional FIFO 

FUNCTIONAL DESCRIPTION 
The LH5420 contains two FIFO buffers, FIFO #1 and 

FIFO #2. These operate in parallel, but in opposite direc
tions, for bidirectional data buffering. FIFO #1 and FIFO 
#2 each are organized as 256 words by 36 bits. The 
LH5420 is ideal either for wide unidirectional applications 
or for bidirectional data applications; component count 
and board area are reduced. 

The LH5420 has two 36-bit ports, Port A and Port B. 
Each port has its own port-synchronous clock, but the two 
ports may operate asynchronously relative to each other. 
Data flow is initiated on a port by the rising edge of the 
appropriate clock; it is gated by the corresponding edge
sampled enable, request, and read/write control signals. 
At the maximum operating frequency, the clock duty cycle 
may vary from 40% to 60"k. Al. lower frequencies, the 
clock waveform may be quite asymmetric, as long as the 
minimum pulse-width conditions for clock-HIGH and 
clock-LOW remain satisfied; the LH5420 is a fully-static 
part. 

Conceptually, the port clocks CKA and CKe are free
running, periodic 'clock' waveforms, used to control other 
signals which are edge-sensitive. However, there actually 
is not any absolute requirement that these 'clock' wave
forms must be periodic. An 'asynchronous' mode of op
eratio n is possible, in one or both directions, 
independently, if the appropriate enable and request in
puts are continuously asserted, and aperiodic 'clock' 
pulses of suitable duration are generated by external 
logic. 

Asynchronous request/acknowledge handshake facil
ity is provided at each port for FIFO data access. This 
request/ acknowledge handshake resolves FIFO full and 
empty boundary conditions, when the two ports are op
erated asynchronously relative to each other. 

FIFO status flags monitor the extent to which each 
FIFO buffer has been filled. Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty flags are included for each 
FIFO. The Almost-Full and Almost-Empty flags are 
programmable over the entire FIFO depth, but are auto
matically initialized to eight locations from the respective 
FIFO boundaries at reset. A data block of 256 or fewer 
words may be retransmitted any desired number of times. 

Two mailbox registers provide a separate path for 
passing control words or status words between ports. 
Each mailbox has a New-Mail-Alert Flag, which is syn
chronized to the reading port's clock. This mailbox func
tion facilitates the synchronization of data transfers 
between asynchronous systems. 
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LH5420 

FUNCTIONAL DESCRIPTION (cont'd) 

Data bypass mode allows Port A to directly transfer 
data to or from Port B at reset. In this mode, the device 
acts as a registered transceiver under the control of 
Port A. For instance, a master processor on Port A can 
use the data bypass feature to send or receive initializa
tion or configuration information directly, to or from a 
peripheral device on Port B, during system startup. 

PIN CONNECTIONS 

VCCA 
D10A 

09A 
OBA 

VsSA 
D1A 
OBA 
05A 

VCCA 
04A 
0sA 
~ 

VsSA 
D1A 

~ 

256 x 36 x 2 Bidirectional FIFO 

A word-width-select option is provided on Port B for 36 
18, or 9-bit data access. This feature allows word-width 
matching between Port A and Port B, with no additional 
logic needed. It also ensures maximum utilization of bus 
bandwidths. 

A Byte Parity Check Flag at each port monitors data 
integrity. These flags are initialized for odd data parity at 
reset, but may be reprogrammed for even parity. 

VCCA 
~ 

RS 
RT1 

Doe 
D1e 

TOP VIEW 

02511 
026A 
VssA 
D21A 

028A 
029A 
VCCA 
DaOA 
Da1A 
032A 
VssA 
033A 
034A 
~!IA 
RT2 
Vss 
0359 

0340 
Vsse 

~ 
Vsse 

Dae 
04e 
059 

Vcce 
Dee 
079 

Dee 
Vsse 
Diie 

D1oe 
D11e 
Vcce 

7-148 

PRELIMINARY 

Figure 1. Pin Connections for 132-Pln Quad Flat Package 
(TOP VIEW) 
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0339 
0329 
0319 
Vcce 
0309 
02911 
0288 
Vsse 
0279 
0288 
021111 
Vcce 
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256 x 36 x 2 Bidirectional FIFO LH5420 

N 0 0 0 0 0 0 0 0 0 0 0 0 0 
D,3e D,se MBF1 ACl<e REOe RIWe Aoe ws, OEe FF2 HF2 D,ae D21e 

M 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dae Dne D,se EF1 AE1 ENe WS0 AF2 PFe D22e D2oe ~3e D2ae 

L 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dee Dse D,2e D,49 D11e Vss CKe Vee D,ge D248 ~SB ~7e D:ioe 

K 0 0 0 0 0 0 
Dse D,oe Vcce Veee One D31e 

J 0 0 0 0 0 0 
D3e D79 Vsse Vsse D2se D33e 

H 0 0 0 0 0 0 
D19 ~e D49 D32e D34e D3se 

G 0 0 0 BOTTOM VIEW 0 0 0 
RT1 Doe RS Vss RT2 D34A 

F 0 0 0 0 0 0 
DoA D,A D3A D3sA D32A D33A 

E 0 0 0 0 0 0 
D2A D6A VsSA VSSA D31A D:ioA 

D 0 0 0 0 0 0 0 
D4A OgA VeCA NC VeeA ~BA D20A 

c 0 0 0 0 0 0 0 0 0 0 0 0 0 
DsA DaA D11A D13A D,6A Vee CKA Vss D1sA D21A D23A D26A D27A 

B 0 0 0 0 0 0 0 0 0 0 0 0 0 
D1A D10A D14A D17A PFA AF1 A1A ENA AE2 EF2 D1sA ~A D24A 

A D 0 0 0 0 0 0 0 0 0 0 0 0 
D,2A D15A HF1 FF1 OEA A2A AoA RfiiA REQA ACKA MBF2 ~DA ~2A 

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

NOTE: NC = NO CONNECTION 
5420-

Figure 2. Pin Connections for 120-Pln PGA Package 
(BOTTOM VIEW) 
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LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

13 0 0 0 0 0 0 0 0 0 0 0 0 0 
D22A "2<4A "21A "2sA D30A D33A D34A 035e 033e D31e "3oe Daae Da1e 

12 0 0 0 0 0 0 0 0 0 0 0 0 0 
D20A Da5A "281. "2BA D31A D32A RT2 0349 D29e Dzee "278 "238 D1ae 

11 _Q_ 0 0 0 0 0 0 0 0 0 0 0 0 
MBF2 D18A Da3A VcCA VSSA 035A Vss 032e Vsse Vcce Dase 0- HF2 

10 0 _Q 0 0 0 0 
ACKA EF2 "21A Oz4ll Daze FF2 

9 0 0 0 0 _Q _Q 
REQA AE2 D1BA D1ee PFe OEe 

8 0 0 0 0 0 0 
RfiiiA ENA Vss Vee AF2 ws, 

7 0 0 0 TOP VIEW 0 0 0 
AoA A1A CKA CKe WSg Aoe 

6 0 0 0 0 0 0 
A.A AF1 Vee Vss ENe A/We 

5 _Q 0 0 0 0 0 
OEA PFA D1BA D11e Ai:, REOe 

4 0 0 0 0 0 0 0 
FF1 D11A D13A NC 0149 EF1 ACKe 

3 0 0 0 0 0 0 Rs 0 0 0 0 0 _Q,_ 
HF1 D1<4A D11A VccA VSSA 03A 04e Vsse Voce D1ze D1ae MBF1 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 
D1sA D10A OBA DsA DsA D1A Doe D2e 079 D10e Dee D11e D1se 

D 0 0 0 0 0 0 0 0 0 0 0 0 
D12A D7A DSA D4A D2A DoA RT1 019 039 Dse Dse Dae D13e 

A B c D E F G H J K L M N 

NOTE: NC - NO CONNECTION 5420-29A 

Figure 3. Pin Connections for 120-Pln PGA Package 
(TOP VIEW) 
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256 x 36 x 2 Bldlrectlonal FIFO LH5420 

PIN LIST 

SIGNAL PQFP PGA SIGNAL PQFP PGA SIGNAL PQFP PGA 
NAME PINNO. J>lN NO. NAME PINNO. PINNO. NAME PINNO. PINNO. 

AoA 1 A7 D16S S6 M3 D28A 110 012 
A1A 2 87 D110 S7 LS D27A 111 C13 
A2A 3 A6 MBF1 SB N3 D26A 113 C12 
OEA 4 AS AE1 S9 MS 02sA 114 812 
FF1 6 A4 EF1 60 M4 D24A 11S 813 
AF1 7 86 ACKs 61 N4 023A 117 C11 
HF1 B A3 REQ0 63 NS 022A 11B A13 
PFA 9 BS ENs 64 M6 D21A 119 C10 
D17A 10 84 R/Ws 6S N6 D20A 120 A12 
D16A 11 cs CKs 66 L7 D19A 122 811 
D15A 12 A2 Aos 67 N7 D10A 123 C9 
D14A 14 83 WSo 68 M7 M8F2 124 A11 
D13A 1S C4 WS1 69 NB AE2 12S 89 
D12A 16 A1 OEs 70 N9 EF2 126 810 
D11A 17 C3 FF2 72 N10 ACKA 127 A10 
D10A 19 82 AF2 73 MB REOA 129 A9 
D9A 20 D2 HF2 74 N11 ENA 130 88 
DaA 21 C2 PFs 7S M9 RIWA 131 AB 
D7A 23 81 D100 76 N12 CKA 132 C7 
DsA 24 E2 D19S 77 L9 Vee s C6 
DsA 2S C1 D2oS 7B M11 VssA 13 E3 
D4A 27 D1 D218 80 N13 VeeA 1B 03 
D3A 2B F3 D22S 81 M10 VssA 22 E3 
D2A 29 E1 D23S 82 M12 VeeA 26 03 
D1A 31 F2 D24S 83 L10 VSSA 30 E3 
Do A 32 F1 D25S 85 L11 Vsss 3B J3 
RS 33 G3 D26S 86 K12 Vees 42 K3 
RT1 34 G1 D278 87 L12 Vss0 46 J3 
Dos 3S G2 D28S 89 M13 Vees so K3 
D10 36 H1 D298 90 J12 Vsss SS J3 
D2S 37 H2 Dsos 91 L13 Vss 62 L6 
D3S 39 J1 D31S 93 K13 Vee 71 LB 
D4S 40 H3 D328 94 H11 Vss0 79 J11 
Dss 41 K1 D33S 9S J13 Vees B4 K11 
Dss 43 L1 D34s 97 H12 Vsss 88 J11 
D1s 44 J2 D35S 98 H13 Vees 92 K11 
Das 4S M1 RT2 100 G12 Vss0 96 J11 
Dgs 47 L2 D3sA 101 F11 Vss 99 G11 
D10S 48 K2 D34A 102 G13 VssA 104 E11 
D11S 49 M2 D33A 103 F13 VeeA 108 011 
D12S S1 L3 032A 10S F12 VssA 112 E11 
D13S S2 N1 031A 106 E12 VeeA 116 011 
D14S S3 L4 DsoA 107 E13 VssA 121 E11 
D15S S4 N2 D29A 109 013 Vss 128 ca 
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256 x 36 x 2 Bidlrectlonal FIFO 
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Figure 4a. Simplified LH5420 Block Diagram 
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Figure 4b. Detailed LH5420 Block Diagram 
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256 x 36 x 2 Bldlrectlonal FIFO LH5420 

PIN DESCRIPTIONS 

PIN PIN TYPE• DESCRIPTION 

GENERAL 

Vee. Vss v Power, Ground 

RS I Reset 

PORTA 

CKA I Port A Free-Running Clock 

A/WA I Port A Edge-Sampled Read/Write Control 

ENA I Port A Edge-Sampled Enable 

AoA, A1A, A2A I Port A Edge-Sampled Address Pins 

DoA-D35A 1/0/Z Port A Bidirectional Data Bus 

OEA I Port A Level-Sensitive Output Enable 

FF1 0 FIFO #1 Full Flag (Write Boundary) 

AF1 0 FIFO #1 Programmable Almost-Full Flag (Write Boundary) 

HF1 0 FIFO #1 Half-Full Flag 

AE2 0 FIFO #2 Programmable Almost-Empty Flag (Read Boundary) 

EF2 0 FIFO #2 Empty Flag (Read Boundary) 

MBFA 0 Port A Mailbox New-Mail-Alert Flag for Mailbox #2 

PFA 0 Port A Parity Flag 

REOA I Port A Request/Enable 

ACKA 0 Port A Acknowledge 

RT2 I FIFO #2 Retransmit 

PORTB 

CKB I Port B Free-Running Clock 

A/We I Port B Edge-Sampled Read/Write Control 

ENB I Port B Edge-Sampled Enable 

Aoe I Port B Edge-Sampled Address Pin 

Doe-D3se , 1/0/Z Port B Bidirectional Data Bus 

OEe I Port B Level-Sensitive Output Enable 

FF'2 0 FIFO #2 Full Flag (Write Boundary) 

AF2 0 FIFO #2 Programmable Almost-Full Flag (Write Boundary) 

HF2 0 FIFO #2 Half-Full Flag 

AE1 0 FIFO #1 Programmable Almost-Empty Flag (Read Boundary) 

EF1 0 FIFO #1 Empty Flag (Read Boundary) 

MBFB 0 Port B Mailbox New-Mail-Alert Flag for Mailbox #1 

PFB 0 Port B Parity Flag 

WSo,WS1 I Port B Word-Width Select 

REOB I Port B Request/Enable 

ACKB 0 Port B Acknowledge 

RT1 I FIFO #1 Retransmit 
• I = Input, 0 =Output, Z = High-Impedance, V = Power Voltage Level 
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LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5 Vto 7V 

Signal Pin Voltage to Vss Potential 3 -0.5 Vto Vee+ 0.5 V 

DC Output Current 2 ±40mA 

Storage Temperature Range -65°C to 1500C 

Power Dissipation (Package Limit) 2 Watts (Quad Flat Pack) 

NOTES: 
1. Stresses greater than those listed under 'Absolute Maximum Ratings• may cause pennanent damage to the device. This is a stress rating for 

transient conditions only. Functional operation of the device at these or any other conditions outside 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. 
3. Negative undershoot of 1.5 V in amplitude is pennitted for up to 1 O ns, once per cycle. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX UNIT 

TA Temperature, Ambient 0 70 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic LOW Input Voltage 1 -0.5 0.8 v 
V1H Logic HIGH Input Voltage 2.2 Vee+ 0.5 v 

3. Negative undershoot of 1.5 Vin amplitude is pennitted for up to 10 ns, once per cycle. 

DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 

SYMBOL PARAMETER TEST CONDl110NS MIN MAX UNIT 

lu Input Leakage Current Vee = 5.5 v. V1N = 0 v To Vee -10 10 µA 

ILO 110 Leakage Current OE~ V1H. 0 vs; VouT s; Vee -10 10 µA 

VOL Logic LOW Output Voltage loL=B.OmA 0.4 v 
VoH Logic HIGH Output Voltage IOH=-2.0mA 2.4 v 
Ice Average Supply Current 1 Measured at fc = max 280 mA 

lcc2 Average Standby Supply Current 1 All Inputs = V1HMIN (Clock idle) mA 

lcca Power-Down Supply Current 1 All Inputs =Vee - 0.2 V (Clock idle) mA 

4. Ice, ICC2, and ICC3 are dependent upon actual output loading, and Ice is also dependent on cycle rates. Specified values are with outputs open; 
and, for Ice, operating at minimum cycle times. 
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256 x 36 x 2 Bldlrectlonal FIFO 

AC TEST CONDITIONS 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall Times 
(10%to90%) 

Output Reference Levels 

Input Timing Reference Levels 

Output Load, Timing Tests 

CAPACITANCE 1•2 

PARAMETER 

C1N (Input Capacitance) 

Co (Output Capacitance) 

1. Sample tested only. 

RATING 

Vssto 3 v 

5 ns 

1.5V 

1.5V 

Figure 5 

RATING 

8pF 

8pF 

* 30pF 

*INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 5. Output Load Circuit 

2. Capacitances are maximum values at 25°C, measured at 1.0MHz with V1N = 0 V. 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

AC ELECTRICAL CHARACTERISTICS 1 (Vee= 5 v ± 10%, TA= 0°C to 70°C) 

SYMBOL DECRIPTION -25 -30 -35 
UNITS 

MIN MAX MIN MAX MIN Mii 
fee Clock ~le F~e'!9'_ - 40 - 33 - 28.5 MHz 

tee Clock Cycle lime 25 - 30 - 35 - ns 

tcH Clock H.!ll_h lime 10 - 12 - 15 - ns 

tcL Clock Low lime 10 - 12 - 15 - ns 

tos Data Setup lime 11 - 13 - 15 - ns 

IDH Data Hold lime 0 - 0 - 0 - ns 

IES Enable Setup lime 6 11 - 13 - 15 - ns 

IEH Enable Hold lime 6 0 - 0 - 0 - ns 

IRWS Read/Write Setll!>_ lime 13 - 15 - 18 - ns 

IRWH Read/Write Hold lime 0 - 0 - 0 - ns 

IRQS Request Setup lime 6 15 - 18 - 21 - ns 

IRQH R~est Hold lime 6 0 - 0 - 0 - ns 

tAs Address Setup lime 6 15 - 18 - 21 - ns 

IAH Address Hold lime 6 0 - 0 - 0 - ns 

IA Data Out~ut Access lime - 15 - 20 - 25 ns 

IACK Acknowledge Access lime - 17 - 20 - 25 ns 

IOH OU!e_ut Hold lime 5 - 5 - 5 - ns 

tzx Output Enable lime, OE LOW to Do - Das Low-Z 3 5 - 5 - 5 - ns 

txz Output Disable lime, OE HIGH to Do- D35 High-Z 3 - 15 - 20 - 25 ns 

IEF Clock to EF Flag Valid (Empty Flag) - 20 - 25 - 30 ns 

IFF Clock to FF Fl_![ Valid Jf ull Fl~ - 20 - 25 - 30 ns 

IHF Clock to HF Fl~ Valid lHaff-Ful!}_ - 20 - 25 - 30 ns 

IAE Clock to AE Flag Valid (Almost-EmptyJ. - 20 - 25 - 30 ns 

tAF Clock to AF F~ Valid J_Almost-Ful!l_ - 20 - 25 - 30 ns 

tMBF Clock to MBF F~ Valid (Mailbox Flag) - 15 - 20 - 25 ns 
tpF Data to Pa_r:i!}I_ Fl~ Valid - 17 - 20 - 25 ns 

IRS Reset/Retransmit Pulse Width 7 40125 - 52130 - 65135 - ns 

tRSS Reset/Retransmit Setll!>_ lime 3 20 - 25 - 30 - ns 

IRSH Reset/Retransmit Hold lime 3 10 - 15 - 20 - ns 

IRF Reset Low to Flag Valid - 35 - 40 - 45 ns 

tFRL First Read Late'!9'_ 4 25 - 30 - 35 - ns 

IFWL First Write Latency 5 25 - 30 - 35 - ns 

tss ~ss Data Setll!>_ 15 - 18 - 21 - ns 

IBH Bypass Data Hold 5 - 5 - 5 - ns 

IBA ~SS Data Access - 20 - 25 - 30 ns 
NOTES: 
1. liming measurements performed at 'AC Test Condition' levels. 
2. Values are guaranteed by design; not currentty production tested. 
3. tRSs and/or IRSH need not be met unless a rising edge of CKA occurs while ENA is being asserted, or else a rising edge of CKe occurs while ENe 

is being asserted. 
4. IFRL is the minimum first-write-to-first-read delay, following an empty condition, which is required to assure valid read data. 
5. IFwL is the minimum first-read-to-first-write delay, following a full condtion, which is required to assure successful writing of data. 
6. !As, IAH address setup times and hold times need only be satisfied at clock edges which occur while the corresponding enables are being as

serted. 
7. First number used only when CKA or CKe is enabled; !Rs = IRss + lei-I + IRSH. 
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256 x 36 x 2 Bldlrectlonal FIFO 

OPERATIONAL DESCRIPTION 

Reset 

The device is reset whenever the asynchronous Reset 
(RS) input is taken to a LOW state. A reset is required 
after power-up, before the first write operation may occur. 
The LH5420 is fully ready for operation after reset. No 
device programming is required if the default states 
described below are acceptable. 

A reset operation initializes the read-address and 
write-address pointers for FIFO #1 and FIFO #2 to those 
FIFO's first physical memory locations. FIFO and mailbox 
status flags are updated to indicate an empty condition. 
In addition, the programmable-status-flag offset values 
are initialized to eight. Thus, the AE1/AE2 flag gets 
asserted within eight locations of an empty condition, and 
the AF1/AF2 flag likewise gets asserted within eight loca
tions of a full condition, for FIFO #1/FIF0#2 respectively. 

Bypass Operation 

During reset (whenever RS is LOW) the device acts 
as a registered transceiver, bypassing the internal FIFO 
memories. Port A acts as the master port. A write or read 
operation on Port A during reset transfers data directly to 
or from Port B. Port B is considered to be the slave, and 
does not permit write or read operations during reset. The 
direction of the bypass data transmission is determined 
by th RIWA control input, which does not get overridden 
by the RS input. The bypass capability may be used to 
pass initialization or configuration data directly between 
a master processor and a peripheral device at reset. 

Address Modes 

Address pins select the device resource to be 
accessed by each port. Port A has three resource-regis
ter-select inputs, AoA, A1A. and A2A. which select between 
FIFO access, mailbox-register access, and flag-offset
value-programming operating mode. Port B has a single 
address input, Aos. to select between FIFO access or 
mailbox-register access. The status of the 
resource-register-select inputs is sampled at the rising 
edge of an enabled clock (CKA or CKe). Select-input 
definitions are summarized in Table 1. 

FIFO Write 

Port A writes to FIFO #1, and Port B writes to FIFO #2. 
A write operation is initiated on the rising edge of a clock 
(CKA or CKs) whenever: the appropriate enable (ENA or 
ENe) is held HIGH; the Read/Write control (RIWA or 
R/We) is held LOW; the FIFO address is selected; and 
the prescribed setup and hold times are observed for all 
of these signals. Setup and hold times must also be ob
served on the data-bus pins (DoA - D35A or Doe - D35B). 

When a FIFO full condition is reached, write operations 
are locked out. Following the first read operation from a 

LH5420 

full FIFO, another memory location is freed up, and the 
corresponding Full Flag is deasserted (FF= HIGH). The 
first write operation should begin no earlier than a First 
Write Latency (tFWL) after the first read operation from a 
full FIFO, to ensure that correct read data is retrieved. 

FIFO Read 
Port A reads from FIF0#2, and Port Breads from FIFO 

#1. A read operation is initiated on the rising edge of a 
clock (CKA or CKs) whenever: the appropriate enable 
(ENA or ENe) is held HIGH; the Read/Write control (RIWA 
or R/We) is held HIGH; and the FIFO address is selected; 
and the prescribed setup and hold times are observed for 
all of these signals. Read data becomes valid on the 
data-bus pins (DoA - D35A or Dos - D35B) by a time tA 
after the rising clock (CKA or CKs) edge, provided that the 
data outputs are enabled. 

CEA and OEs are assertive-LOW, asynchronous out
put enables. Their effect is only to enable or disable the 
output drivers of the respective Port. Disabling the outputs 
does not disable a read operation; data transmitted to the 
corresponding output register will remain available later, 
when the outputs are again enabled, unless subsequently 
overwritten. 

When an empty condition is reached, read operations 
are locked out until a valid write operation(s) has loaded 
additional data into the FIFO. Following the first write to 
an empty FIFO, the corresponding empty flag (EF) will be 
deasserted (HIGH). The first read operation should begin 
no earlier than a First Read Latency (tFRL) after the first 
write to an empty FIFO, to ensure that correct read data 
is retrieved. 

Table 1. Resource Register Addresses 

A2A A1A ADA RESOURCE 

PORTA 

H H H FIFO 

H H L Mailbox 

H L H AF2, AE2, AF1, AE1 Flag 
Offset Registers 

H L L Parity Mode Bit 

L H H AE1 Flag Offset Register 

L H L AF1 Flag Offset Register 

L L H AE2 Flag Offset Register 

L L L AF2 Flag Offset Register 
Aos RESOURCE 

PORTB 

H FIFO 

L Mailbox 
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OPERATIONAL DESCRIPTION (cont'd) 

Dedicated FIFO Status Flags 
Six dedicated FIFO status flags are included for full 

(FF1 and FF2). haH-full (HF1 and HF2), and empty (EF1 
and EF2). FF1, HF1, and EF1 indicate the status of FIFO 
#1; and FF2, HF2. and EF2 indicate the status of FIFO #2. 

A full flag is asserted following the rising clock edge for 
a write operation that fills the FIFO. Afullflag is deasserted 
following the falling clock edge for a read operation to a 
full FIFO. A haH-full flag is updated following the rising 
clock edge of a read or write operation to a FIFO. An 
empty flag is asserted following the rising clock edge for 
a read operation that empties the FIFO. An empty flag is 
deasserted following the falling clock edge for a write 
operation to an empty FIFO. 

Programmable Status Flags 
Four programmable FIFO status flags are provided, 

two for almost-full (AF1 and AF2) and two for almost
empty (AE1 and AE2). Thus, each port has two program
mable flags to monitor the status of the two internal FIFO 
buffer memories. The offset values for these flags are 
initialized to eight locations from the respective FIFO 
boundaries during reset, but can be reprogrammed over 
the entire FIFO depth. 

Flag offsets may be written or read through the Port A 
data bus. All four programmable FIFO status flag offsets 
can be set simultaneously through a single 36-bit status 
word; or, each programmable flag offset can be set indi
vidually, through one of four 8-bit status words. Table 3 
illustrates the data format for flag-programming words. 

Mailbox Operation 

Two mailbox registers are provided for passing con
troVstatus words between ports. Each port can read its 
own mailbox and write to the other port's mailbox. Mailbox 
access is performed on the rising edge of the controlling 
FIFO's clock, with the mailbox address selected and the 
enable (ENA or ENe) HIGH. That is, writing to Mailbox 
Register #1, or reading from Mailbox Register #2, is 
synchronized to CKA; and writing to Mailbox Register #2, 
or reading from Mailbox Register #1, is synchronized to 
CKe. 

The RIWAJB and OEAJe pins control the direction and 
availability of mailbox-register access. Each mailbox reg
ister has its own New-Mail-Alert Flag, which is synchro
nized to the reading port's clock. These New-Mail-Alert 
Flags are status indicators only, and cannot inhibit mail
box-register read or write operations. 

Request Acknowledge Handshake 
An optional, synchronous, request-acknowledge 

handshake feature is provided for each port, to perform 
boundary synchronization between asynchronously-op
erated ports. The Request input (REOA!B) is sampled at 
a rising clock edge. With REOAJe HIGH, RIWAIB deter-

256 x 36 x 2 Bidirectional FIFO 

mines whether a FIFO read or FIFO write operation is 
being requested. The Acknowledge output (ACKAJB) is 
updated during the following clock cycle(s). ACK.w 
meets the setup and hold time requirements of the Enable 
input (ENA or ENe). Therefore, ACK.w may be tied back 
to the enable input to directly gate FIFO accesses, at a 
slight decrease in maximum operating frequency. 

The assertion of ACKAJe signifies that REOA!e was 
asserted. However, ACKA/e does not depend logically on 
ENAJe; and thus the assertion of ACKAJB does not prove 
that a FIFO write access or read access actually did occur. 
While REOAJB and ENAJB are being held HIGH, ACKA/e 
may be considered as a synchronous, predictive bound
ary flag. That is, ACK.w acts as a synchronized predictor 
of the full flag for write operations, or as a synchronized 
predictor of the empty flag for read operations. Outside 
the 'almost-full' region and the 'almost-empty' region, 
ACK.w remains continuously HIGH whenever REOA!e is 
held continuously HIGH. Within the 'almost-full' region or 
the 'almost-empty' region, ACK.w occurs only on every 
third cycle, to prevent an overrun of the FIFO's actual full 
or empty boundaries and to ensure that the tFWL (first 
write latency) and tFRL (first read latency) specifications 
are satisfied before ACKA/e is received. The 'almost-full 
region' is defined as 'that region, where the almost-full flag 
is being asserted,' and the 'almost-empty region' as 'that 
region, where the almost-empty flag is being asserted.' 
Thus, the extent of these 'almost' regions depends on how 
the system has programmed the offset values for the 
Almost-Full Flags and the Almost-Empty Flags. If the 
system has not programmed them, these offset values 
remain at their default values, eight in each case. 

If a write attempt is unsuccessful because the corre
sponding FIFO is full, or if a read attempt is unsuccessful 
because the corresponding FIFO is empty, ACK.w is not 
asserted in response to REOA/e. 

If the REO/ACK handshake is not used, then the 
REOAJB input may be used as a second enable input, at 
a possible minor loss in maximum operating speed. In this 
case, the ACKA/e output may be ignored. 

WARNING: Whether or not the REQ/ACK handshake is 
being used, the REOAJB input for a port must be asserted 
for the corresponding FIFO to operate. 

Data Retransmit 
A retransmit operation resets the read-address pointer 

of the corresponding FIFO (#1 or#2) back to the first FIFO 
physical location, so that data may be reread. The write 
pointer is not affected. The status flags are updated; and 
a block of up to 256 data words, which previously had 
been written and read from a FIFO, can be retrieved. The 
block to be retransmitted is bounded by the first FIFO 
location and the FIFO location addressed by the write 
pointer. FIFO #1 retransmit is initiated by strobing the RT 1 
pin LOW. FIFO #2 retransmit is initiated by strobing the 
RT 2 pin LOW. Read and write operations to a FIFO should 
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OPERATIONAL DESCRIPTION (cont'd) 

be stopped while the corresponding Retransmit signal is 
being asserted. 

Parity Check 
The Parity Check Flags, PFA and PFe, reflect the parity 

status of the data present on the corresponding port's 
data bus. The four bytes of a 36-bit word are grouped as 
Do - Da, Dg - D17, D1a - D25, and D25 - D35; the parity 
of each 9-bit byte is individually checked, and the four 
single bit parity indications are logically ORed to produce 
the Parity-Flag output. Parity checking is initialized for odd 
parity at reset, but can be reprogrammed for even or odd 
parity during operation. 

Word-Width Selection on Port B 
The word width of data access on Port B is selected 

by the WS1 and WSo control inputs. WS1 is tied HIGH for 
36-bit access. WS1 and WSo are both tied LOW for 
single-byte access. For double-byte access, WS1 is tied 
LOW and WSo is tied HIGH. 

LH5420 

In the single-byte or double-byte access mode, FIFO 
write operations on Port B pack the data to fonn 36-bit 
words when viewed from Port A. Similarly, single-byte or 
double-byte FIFO read operations on Port B essentially 
unpack 36-bit words through a series of shift operations. 
FIFO status flags are updated following the last access 
which forms a complete 36-bit transfer. 

Note that the word-width programming feature is only 
supported for FIFO accesses. Mailbox and Data Bypass 
operations do not support word-width matching between 
Port A and Port B. Table 2, Figure 3 and Figure 4 summa
rize word-width selection for Port B. 

Table 2. Port B Word-Width Selection 

WS1 WSo PORT B DATA WIDTH 

H H 36-Bit 

H L 36-Bit 

L H 18-Bit 

L L 9-Bit 
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Table 3. Flag Programming Words 

36-BIT MODE (AzA, A,A, AaA) = 1, 0, 1 

DMA ••• 1>27A DaA ••• Di8A Di8A ••• D8A lhA ••• l>oA 

xJ AF2Offset 1 JxJ AE2Offset 1 JxI AF1 Offset 1 JxI AE1Offset 1 

8-BIT AE1 FLAG (A2A, A1A, AoA) = O, 1, 1 

lhA ••• l>oA 

x ... xI AE1Offset 1 

8·BIT AF1 FLAG (AZA, A,A. AaA) = 0, 1, 0 

lhA ••• l>oA 

x ... x 1 AF1 Offset 1 

8·BIT AEz FLAG (A2A, A1A, AoA) = O, O, 1 

lhA. •• l>oA 

x ... xI AE2Offset 1 

8-BIT AFz FLAG (AzA, A,A, AaA) = 0, 0, 0 

lhA••• l>oA 

x ... xl AF2 Offset 1 

PARITY MODE (Az. A,, Ao)= 1, O, 0 (WRITE ONLY) 

l>oA 

x ... xI ParityMode2 

NOTES: 
1. All four programmable-flag-offset values are initialized to eight (8) during a reset operation. 
2. Odd parity= HIGH; even parity• LOW. The parity mode is initialized to odd during a reset operation. 

Table 4. Flag Definition Table 

VALID READ CYCLES REMAINING VALID WRITE CYCLES REMAINING 
FLAG FLAG:LOW FLAG:HIGH FLAG:LOW FLAG:HIGH 

MIN MAX MIN MAX MIN MAX MIN MAX 

FF 256 256 0 255 0 0 1 256 

AF 256-offset 256 0 255-offset 0 offset offset+ 1 256 

HF 129 256 0 128 0 127 128 256 

AE 0 offset offset+ 1 256 256-offset 256 0 255-offset 

EF 0 0 1 256 256 256 0 255 
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PORT B WORD-WIDTH SELECTION 

36-Bit Data Stream 18-Bit Data Streams 

Bits 18-35 
D35A (2nd Halfword) D3"8 

18 18 2nd Halfword, then 1st Halfword 

PORT PORT 
A B 

18 18 1st Halfword, then 2nd Halfword 

DoA Bits 0-17 Doe (1st Halfword) 

5420-32 

Flgure6a. 36-to-18 Funneling Through FIFO #1 

36-Bit Data Stream 9-Bit Data Streams 

035A 

9 

D21A 

D26A 

9 

D1BA 
PORT 

A 
D11A 

9 

DBA 

OBA 

9 

DOA 

Bits 27-35 
(4th Byte) 

Bits 18-26 
(3rd Byte) 

Bits 9-17 
(2nd Byte) 

Bits0-8 
(1st Byte) 

D35B 

Doe 

4th Byte, then 1st Byte, then 2nd Byte, then 3rd Byte 

3rd Byte, then 4th Byte, then 1st Byte, then 2nd Byte 

PORT 
B 

2nd Byte, then 3rd Byte, then 4th Byte, then 1st Byte 

1st Byte, then 2nd Byte, then 3rd Byte, then 4th Byte 

5420-34 

Figure 6b. 36-to-9 Funneling Through FIFO #1 

NOTES: 
1. The heavy black borders on register segments indicate the main 

data path, suitable for most applications. Alternate paths feature 
a different ordering of bytes within a word, at Port B. 

2. The funneling process does not change the ordering of bits within 
a byte. Halfwords (Figure Sa) or bytes (Figure Sb) are trans
ferred in parallel form from Port A to Port B. 

3. The word-width setting may be changed during system operation; 
however, two clock intervals should be allowed for these signals 
to settle, before again attempting to read Doo - D3se. Also, 
incomplete data words may occur when the word width is 
changed from shorter to longer, at an inappropriate point in the 
data block passing through the FIFO. 
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PORT B WORD-WIDTH SELECTION 

36-Bit Dala Stream 18-Bit Data Stream 

o,5A [j"'" 18 8 

D1ee 

PORT PORT 
A B 

017.11 

18 18 1st Halfword, then 2nd Halfword 

DoA BilS 0-17 Doe 
(1st Halfword) 

Figure 7a. 18-to-36 Defunnellng Through FIFO #2 

36-Bit Data Stream 9-Bit Data Stream 

DsllA 

D21A 

~ 

01911 

PORT 
A 

D11A 

D9A 

OBA 

9 

DoA 

E[ 

BilS 0-S 
(1st Byte) 

PORT 
B 

1st Byte, then 2nd Byte, then 3rd Byte, then 4th Byte 

5420-35 

Figure 7b. 9-to-36 Defunnellng Through FIFO #2 

NOTES: 
1. The heavy black borders on register segmenlS indicate the only 

data paths used. The other byte segmenlS of Port B do not par
ticipate in the data path during defunnefmg. 

2. The defunneling process does not change the ordering of bilS 
within a byte. Halfwords (Figure 7a) or bytes (Figure 7b) are 
transferred in parallel 1onn from Port B to Port A. 

3. The word-width selling may be changed during system operation; 
however, two clock intervals should be allowed for these signals 
to sellle, before again attempting to send data. Also, incomplete 
data words may occur when the word width is changed from 
shorter to longer, at an inappropriate point in the data block pass
ing through the FIFO. 
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256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS 

NOTES: 
1. RS overrides all other input signals, and operates asynchronously. 

RS operates whether or not ENA and/or EN9 are asserted. 
2. ~ss. tRsH need not be met unless the rising edge of CKA and/or CK8 occurs 

while that clock is enabled. 
3. The ~ity check is initialized to odd byte parity at reset 
4. The AE and AF flag offsets are initialized to eight locations from the boundary at resel 

Figure 8. Reset Timing 

SHARP Rev. A, Oct91 
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LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

OKA ------

Doe- Daoa BYP SIN 

leA 

loH 

PREVIOUS DATA 

NOTES: 

lxz 

BYPASS 
OUT 

litws t WH 

le A 

loH 

BYPASS 
IN 

BYPASS DATA OUT 

1. litss. liisH need not be met unless the rising edge of CKA or CK8 occurs while that clock is enabled. 
2. Port A is considered the master port for bypass operation. Thus, OKA, RiiiA, and ENA control the 

transmission of data between ports at reset. 

Figure 9. Data Bypass Timing 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

NOTES: 

READ FROM 
FIF0#2 

IOH 

lxz 

DATA OUT 

IPF 

WRITE TO 
FIF0#1 

los 

DATA IN 

IPF 

1. The Port A Parity Error Flag (PF Al reflecls the parity status of data present on the data bus. 
2. The status of OEA does not gate read or write operations. 
3. If OEA is left LOW during a write operation, then the previous data held in the output latch is 

written back into FIFO #1. 

Figure 10. Port A FIFO ReadJWrlte 

Rev. A, Oct91 
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LH5420 

TIMING DIAGRAMS (cont'd) 

CKe 

ENe 

Doe - 0359 

NOTES: 

READ FROM 
FIF0#1 

txz 

WRITE TO 
FIF0#2 

1. The Port B Parity Error Flag (PF8 ) reflects the parity status of data present on the data bus. 
2. The status of OE8 does not gate read or write operations. 
3. If OE8 is left LOW during a write operation, then the previous data held in the output latch is 

written back Into FIFO #2. 

Figure 11. Pon B FIFO Read/Write 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

DoA- 035A 

NOTES: 

WRITE TO 
MAILBOX#1 

los 

MAILBOX IN 

MAXIMUM OF 2 CKe 
CYCLES LATENCY 

lzx 

1. Both edges of MBF2 are synchronized to the Port A clock, CKA-
2. Both edges of MBF1 are synchronized to the Port B clock, CK8. 

READ FROM 
MAILBOX#2 

3. There is a maximum of 2 CK8 clock cycles of synchronization latency before MBF1 

is asserted to indicate valid new mailbox data. 
4. The status of mailbox flags does not prevent mailbox read or write operations. 

Figure 12. Pon A Mailbox Access 

SHARP Rev. A, Oct91 
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LH5420 

TIMING DIAGRAMS (cont'd) 

CK8 

EN8 

Aoe 

WRITE TO 
MAILBOX#2 

MAXIMUM OF 2 CKA 
CYCLES LATENCY 

OE8 

los lzx 

MAILBOX IN 

NOTES: 
1. Both edges of MBF2 are synchronized to the Port A clock, CKA. 
2. Both edges of MBF1 are synchronized to the Port B clock, CK6. 

READ FROM 
MAILBOX#1 

3. There is a maximum of 2 CKA clock cycles of synchronization latency before MBF2 

is asserted to indicate valid new mailbox data. 
4. The status of mailbox flags does not prevent mailbox read or write operations. 

Figure 13. Port B Mailbox Access 
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MAILBOX OUT 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

LOAD FLAG 
POSITIONS 

--- FLAG DATA IN r-----"1 

READ FLAG 
POSITIONS 

loH 

FLAG DATA OUT 
\11'''-----..Jll.~~-----~ 

_I·_'"' j---
NOTES: 

1. For valid flag address codes and data formats, see Table 3. 
2. If flag status is altered by flag programming, the updated flags will be valid within a time liiF. 

Figure 14. Flag Programming 

SHARP Rev. A, Oct91 
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LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

EF2(EF1) 

NOTE: A2A, A1A, AoA, and Aoe are all HIGH for FIFO access. 
5420-1 

Figure 15. Empty Flag Timing 
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256 x 36 x 2 Bidirectional FIFO LH5420 

TIMING DIAGRAMS (cont'd) 

NOTE: ~. A1A, AoA. and Aoe are all HIGH for FIFO access. 

Figure 16. Almost-Empty Flag Tlmlng 
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LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

Cl<e(C~) 

NOTE: Av,, A1A, AoAo and Aoe are all HIGH for FIFO access. 

Figure 17. Full Flag Timing 
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256 x 36 x 2 Bldlrectlonal FIFO LH5420 

TIMING DIAGRAMS {cont'd) 

IAF 

EN8 (ENA) 

NOTE: AaA,, A1A• AoA• and Aoe are all HIGH for FIFO access. 

Figure 18. Almost-Full Flag Timing 
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LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

RlW9(~) 

NOTE: ~. A1A, AoA• and Aoe are all HIGH for FIFO access. 

Figure 19. Half-Full Flag llmlng 
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256 x 36 x 2 Bldlrectlonal FIFO LH5420 

TIMING DIAGRAMS (cont'd) 

liiws 

PifiA 

ENA 

1RSH 1Rss 
IRS 

RT2 

!RSH tRSS 

CK8 

IRws 

RNie 

tes 

EN8 

NOTES: 
1. li!ss and li!SH need not be met unless a rising edge of CKA or CK8 occurs while that clock is enabled. 
2. liiss is the time needed to deassert RT 2 before returning to a normal Fl FO cycle. 
3. liisH is the time needed before asserting RT2 after a normal FIFO cycle. 

5420-20 

Figure 20. FIFO #2 Retransmit 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CKa 

RT1 

CKA 

NOTES: 
1. ~ and ""6H need not be met unless a rising edge of CK" or CK8 occurs while lhat clock is enabled. 
2. ~is the time needed lo deassert RT1 before returning lo a normal FIFO cycle. 
3. 'ilsH is the time needed before asserting RT1 after a normal RFO cycle. 

Figure 21. FIFO #1 Retransmit 
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256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd} 

Doe· 0359 

NOTES: 
1. Av,. A1A• AoA. and Aoe are all held HIGH for FIFO access. 
2. OEA Is held HIGH. 
3. OE8 is held LOW. 
4. "'FL (First Read Latency) - The first read following an empty condition 

may begin no earlier than lmL after the first write to an empty FIFO, 
to ensure that valid read data Is retrieved. 

Figure 22. FIFO #1 Write and Read Operation In 
Near-Empty Region 

Rev. A. Oct91 

LH5420 

5420-16 

7-177 



LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

NOTES: 
1. A2A, A1A, AoA,, and Aoe are all held HIGH for FIFO acoess. 
2. OEA is held HIGH. 
3. OE8 is held LOW. 
4. fi:RL (First Read Latency) - The first read following an empty condition 

may begin no earlier than fi:RL after the first write to an empty FIFO, 
to ensure that valid read data Is retrieved. 

7·178 

Figure 23. FIFO #2 Wrtte and Read Operation In 
Near-Empty Region 

Rev. A. Oct91 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd} 

Doe- 0359 

CKe 

ENe 

PREVIOUS DATA 

NOTES: 
1. ~· A1"' Ao>.. and Aoe are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OEe is held LOW. 
4. flvi_ (First Write Latency) - The first write following a full condition 

may begin no earlier than flvi_ after the first read from a full FIFO, 
to ensure that valid write data Is written. 

Figure 24. FIFO #1 Read and Write Operation In 
Near-Full Region 

Rev. A, Ocl91 

LH5420 

·1 

7-179 



LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

CK8 

EN a 

Doa-~e 

NOTES: 
1. ~. A1A, AoA• and Aoe are all held HIGH for FIFO access. 
2. OEA is held LOW. 
3. OE8 is held HIGH. 
4. ffiL (First Write Latency) - The first write following a lull condition 

may begin no earlier than fflL after the first read from a lull FIFO, 
to ensure that valid write data is written. 

!FF 

Figure 25. FIFO #2 Read and Write Operation In 
Near-Full Region 
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256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

CK8 

RiWe 

ENe 

Doe· D11e 

I I 
WORD #n WORD #n+2 

I I I 
WORD #n WORD #n+1 WORD #n+2 

NOTES: 
1. ~ is held HIGH for FIFO access. 
2. OE8 is held LOW. 
3. WS0 is held HIGH and WS1 is held LOW for double-byte access. 

Figure 26. Pon B Double-Byte FIFO #1 Read Access for 
36-to-18 Funneling 

Rev. A, Oc:l91 
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LH5420 256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

CKe 

RiWe 

ENe 

Doe- D11e 

NOTES: 

IRWs 

•es 

I 
WORD #n 

1. Aoe is held HIGH for FIFO access. 
2. OE8 is held HIGH. 
3. WS0 is held HIGH and WS1 is held LOW for double-byte access. 

I 
WORD #n+2 

BITS 
18-35 

Figure 27. Port B Double-Byte FIFO #2 Write Access for 
18-to-36 Defunnellng 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CKe 

EN9 

Doe· Dae 

WORD #n WORD #n+1 

I I 
WORD #n WORD #n+1 

I 
WORD #n WORD #n+1 

I 
WORD #n WORD #n+1 

NOTES: 
1. Aoe Is held HIGH for FIFO access. 
2. OE9 is held LOW. 
3. WS0 and WS1 both are held LOW for single-byte access. 

Rgure 28. Port B Single-Byte FIFO #1 Read Access for 
36-to-9 Funneling 

SHARP Rev. A, Oct91 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CKe 

IRws 

R!We 

!ES 

EN9 

D0e- Dae 

I I 
WORD #n WORD #n+1 

NOTES: 
1. Aoe Is held HIGH for FIFO access. 
2. OEe is held HIGH. 
3. WS0 and WS1 both are held LOW for single-byte access. 

Figure 29. Pon B Slngle-Byte FIFO #2 Write Access for 
9-to-36 Defunnellng 
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256 x 36 x 2 Bldlrectlonal FIFO 

TIMING DIAGRAMS (cont'd) 

Outside the 'almost-full' region+ Within the 'almost-full' region, acknowledge 
acknowledge is continuous occurs on every third cycle to prevent overrun 
for a continuous request. of the full condition. 

* * * * 
Cl<A (CKa) 

tRWS 

RiiiA (RtWa) 

!Ras 

REQA (REOa) 

!ACK !ACK tACK 

ACKA (ACKa) 

!AF 

AF1 (AF2) 

NOTES: 
1. For a FIFO access to occur, REQ and EN must be held HIGH for the required setup and hold times. 
2. ACK can be tied directly to EN to directly gate FIFO accesses. 
* Indicates where a write would take place, if ACK were tied to EN. 

3. REQ must be maintained HIGH throughout the entire clock cycle for ACK to be generated. 
4. When the REQ/ACK handshake is not used, ACK can be ignored, 

and REQ may be tied HIGH or used as a second enable. 

Figure 30. Write Request/Acknowledge Handshake 

SHARP Rev. A, Oct91 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

Outside the 'almost-empty' regi~n, Within the 'almost-empty' region, acknowledge 
acknowledge is continuous occurs on every third cycle to prevent underrun 
for a continuous request. of the empty condition. 

c~ (CK0) 

AE2 (AE1) 

NOTES: 

* * * * 

1. For a FIFO access to occur, REO and EN must be held HIGH for the required setup and hold times. 
2. ACK can be tied directly to EN to directly gate Fl FO accesses. 
* Indicates where a read would take place, if ACK were tied to EN. 

3. REQ must be maintained HIGH throughout the entire clock cycle for ACK to be generated. 
4. When the REQ/ACK handshake is not used, ACK can be ignored, 

and REQ may be tied HIGH or used as a second enable. 

Figure 31. Read Request/ Acknowledge Handshake 

* 

5420-9 
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256 x 36 x 2 Bidirectional FIFO 

ORDERING INFORMATION 

LH5420 
Device Type 

x 
Package 

-## 

SpLJ ~~ Cycle Times (ns) 

----i35 

LH5420 

~------. P 132-Lead, Plastic Quad Flat Package * (PQFP132-P-8950) 
Y 120-Lead, Pin-Grid-Array Package (PGA120-C-S1360) 

L-------------- 256 x 36 x 2 Bidirectional FIFO 

* Contact a Sharp representative for availability of PQFP package. 

Example: LH5420P-25 (256 x 36 x 2 Bidirectional FIFO, 25 ns, 132-Lead, Plastic Quad Flat Package) 
54:!0MD 
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PRODUCT PREVIEW 

LH540201 /02/03 CMOS 512/1024/2048 x 9 
Asynchronous FIFO 

FEATURES 

• Fast Access Times: 12/15/20/25/35 ns 

• Fast Fall-Through Time Internal 
Architecture Based on CMOS Dual-Port 
SRAM technology 

• Independently-Synchronized Operation of 
Input Port and Output Port 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Retransmission Capability 

• TTL-Compatible 1/0 

• 28-Pin PDIP and 
32-Pin PLCC Packages 

• Pin and Functionally Compatible with 
Sharp LH5496/97/98 and with 
Am/IDT/MS7201 /02/03 

• Control Signals Assertive-LOW for Noise 
Immunity 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 

w 1• Vee 

Da 2 D4 

D. 3 Ds 

D2 4 Ds 

D1 5 0, 

Do 6 ruiIT 
Xi 7 RS 

FF 8 EF 
Oo XO/HF 

a, a, 
02 Os 

03 Os 

Os 04 

Vss Fi 

540201-20 

Figure 1. 28-Pln PDIP (Top View) 

7-188 

FUNCTIONAL DESCRIPTION 

The LH540201/02/03 are FIFO (First-In, First-Out) 
memory devices, based on fully-static CMOS dual-port 
SRAM technology, capable of containing up to 512, 1024, 
and 2048 9-bit words respectively. They follow the indus
try-standard architecture and package pinouts for 9-bit 
asynchronous FIFOs. Each 9-bit FIFO word may consist 
of a standard 8-bit byte, together with a parity bit or a 
block-marking/framing bit. 

The input and output ports operate altogether indepen
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow at a port 
is initiated by asserting either of two asynchronous, as
sertive-LOW control inputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 

Full, Half-Full, and Empty status flags monitor the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to overfill an already-full FIFO, or by at
tempting to read additional words from an already-empty 
FIFO. However, the Half-Full Flag is not available when 
a FIFO is operating in a depth-expanded configuration. 

Data words emerge from the FIFO's output port in 
precisely the same order that they entered at its input port; 
that is, according to a First-In, First Out (FIFO) queue 
discipline. Since the addressing sequence for a FIFO 
device's memory is internally predefined, no external 

32-PIN PLCC TOP VIEW 
0 0 

rS ~13:: 0 o~ z > 

• 
D2 Do 

D1 D, 

Do NC 

Xi ruiIT 
FF RS 

Oo Ei= 
a, XO/HF 

NC a, 
02 21 a. 

15 16 17 18 19 20 

"' .. ill 0 0 0 > z 10: 00 
540201-30 

Figure 2. 32-Pln PLCC (Top View) 
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CMOS 512/1024/2048 x 9 
Asynchronous FIFO PRODUCT PREVIEW LH540201 /02/03 

FUNCTIONAL DESCRIPTION (cont'd) 

addressing information is required for the operation of the 
device. Also, drop-in-replacement compatibility is main
tained with both larger sizes and smaller sizes of standard 
9-bit asynchronous FIFOs; the only change is in the 
number of words implied by states of the Full and Half-Full 
status flags. 

The Retransmit (RT) control signal causes the internal 
FIFO read-address pointer to be set back to zero, without 
affecting the internal FIFO write-address pointer. Thus, 
the Retransmit control signal also provides a mechanism 
whereby a block of data delimited by the zero physical 
address and the current write-address-pointer value ad
dress may be read out repeatedly, an arbitrary number of 
times. The only restrictions are that neither the read
address pointer nor the write-address pointer may 'wrap 
around~during this entire process, and that the retransmit 

facility is not available when a FIFO is operating in a 
depth-expanded configuration. 

Acascading (depth-expansion) scheme maybe imple
mented by use of the Expansion In (XI) input signal and 
the Expansion Out (XO/HF) output signal. This scheme 
allows a deeper 'effective FIFO' to be implemented by 
using two or more individual FIFO devices, without incur
ring additional latency ('fallthrough' or 'bubblethrough') 
delays, and without the necessity of storing and retrieving 
any given data word more than once. In this cascaded 
operating mode, one FIFO device must be designated as 
the 'first-load' or 'master' device, by grounding its First
Load (FURT) control input; the remaining FIFO devices 
are designated as 'slaves,' by tying their FURT inputs 
HIGH. Because of the need to share control signals on 
pins, the Half-Full flag and the retransmission capability 
are not available for either 'master' or 'slave' FIFO devices 
operating in cascaded mode. 

DATA OUTPUTS 
(Do-Del 

w WRITE 
CONTROL 

WRITE 
POINTER 

DUAL-PORT 
RAM 

ARRAY 
512x 9 
1024 x 9 
2048x9 

DATA OUTPUTS 
(Oo-Oal 

FLAG 
LOGIC 

RESET 
EXPANSION 

LOGIC 

READ 
POINTER 

READ 
CONTROL 

Figure 3. LH540201/02/03 Block Diagram 

PIN DESCRIPTIONS 

PIN DESCRIPTION PIN DESCRIPTION 

Do-Ds Data Inputs XO/HF Expansion Out/Half-Full Flag 

Oo-Os Data Outputs XI Expansion In 

w Write Request Input FURT First Load/Retransmit 

R Read Request Input RS Reset 

EF Empty Flag Vee Positive Power Supply 

FF Full Flag Vss Ground 
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LH540204 
FEATURES 

• Fast Access Times: 15/20/25/35 ns 

• Fast Fall-Through Time Internal 
Architecture Based on CMOS Dual-Port 
SRAM technology 

• Independently-Synchronized Operation of 
Input Port and Output Port 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Retransmission Capability 

• TTL-Compatible 1/0 

• 28-Pin PDIP and 
32-Pin PLCC Packages 

• Pin and Functionally Compatible with 
Sharp LH5499 and with Am/IDT/MS7204 

• Control Signals Assertive-LOW for Noise 
Immunity 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 
w 1• Vee 

Da 2 04 

03 3 Ds 

D2 4 Ds 

o, 5 07 

Do 6 ruRl' 
Xi 7 RS 

ff 8 EF 
Oo 9 XO/HF 

o, 07 

02 o. 
03 Os 

o. 04 

Vss A 

540204-20 

Figure 1. 28-Pin PDIP (Top View) 
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PRODUCT PREVIEW 
CMOS 4096 x 9 Asynchronous FIFO 

FUNCTIONAL DESCRIPTION 

The LH540204 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SRAM tech
nology, capable of containing up to 4096 9-bit words. It 
follows the industry-standard architecture and package 
pinouts for 9-bit asynchronous FIFOs. Each 9-bit FIFO 
word may consist of a standard 8-bit byte, together with 
a parity bit or a block-marking/framing bit. 

The input and output ports operate altogether indepen
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow at a port 
is initiated by asserting either of two asynchronous, as
sertive-LOW control inputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 

Full, Half-Full, and Empty status flags monitor the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to overfill an already-full FIFO, or by at
tempting to read additional words from an already-empty 
FIFO. However, the Half-Full Flag is not available when 
a FIFO is operating in a depth-expanded configuration. 

Data words emerge from the FIFO's output port in 
precisely the same order that they entered at its input port; 
that is, according to a First-In, First Out (FIFO) queue 
discipline. Since the addressing sequence for a FIFO 
device's memory is internally predefined, no external 
addressing information is required for the operation of the 

TOP VIEW 

Ds 

07 

NC 

ruRl' 
RS 

EF 
XO/HF 

a, 
Os 

540204-30 

Figure 2. 32-Pin PLCC (Top View) 
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CMOS 4096 x 9 Asynchronous FIFO PRODUCT PREVIEW lH540204 

FUNCTIONAL DESCRIPTION (cont'd) 

device. Also, drop-in-replacement compatibility is main
tained with both larger sizes and smaller sizes of standard 
9-bit asynchronous FIFOs; the only change is in the 
number of words implied by states of the Full and Half-Full 
status flags. 

The Retransmit (RT) control signal causes the internal 
FIFO read-address pointer to be set back to zero, without 
affecting the internal FIFO write-address pointer. Thus, 
the Retransmit control signal also provides a mechanism 
whereby a block of data delimited by the zero physical 
address and the current write-address-pointer value ad
dress may be read out repeatedly, an arbitrary number of 
times. The only restrictions are that neither the read
address pointer nor the write-address pointer may 'wrap 
around' during this entire process, and that the retransmit 
facility is not available when a FIFO is operating in a 
depth-expanded configuration. 

A cascading (depth-expansion) scheme may be imple
mented by use of the Expansion In (XI) input signal and 
the Expansion Out (XO/HF) output signal. This scheme 
allows a deeper 'effective FIFO' to be implemented by 
using two or more individual FIFO devices, without incur
ring additional latency ('fallthrough' or 'bubblethrough') 
delays, and without the necessity of storing and retrieving 
any given data word more than once. In this cascaded 
operating mode, one FIFO device must be designated as 
the 'first-load' or 'master' device, by grounding Its First
Load (FURT) control input; the remaining FIFO devices 
are designated as 'slaves,' by tying their FURT inputs 
HIGH. Because of the need to share control signals on 
pins, the Half-Full flag and the retransmission capability 
are not available for either 'master' or 'slave' FIFO devices 
operating in cascaded mode. 

Rs~ 
~ 

DATA OUTPUTS 
(Do·DaJ 

INPUT PORT'---
CONTROL 

WRITE 
POINTER 

DUAL-PORT 
RAM 

ARRAY 

DAT A OUTPUTS 
(0.-0al 

FLAG 
LOGIC 

EXPANSION 
LOGIC 

READ 
POINTER 

XO/HF 

Figure 3. LH540204 Block Diagram 

PIN DESCRIPTIONS 

PIN DESCRIPTION PIN 

Do-Da Data Inputs XO/HF 

Oo-Os Data Outputs XI -
w Write Request Input FURT 

R Read Request Input RS 

EF Empty Flag Vee -
FF Full Flag Vss -

SHARP 

540204·1 

DESCRIPTION 

Expansion Out/Half-Full Flag 

Expansion In 

First Load/Retransmit 

Reset 

Positive Power Supply 

Ground 

7-191 



LH540205 
FEATURES 

• Fast Access Times: 15/20/25/35 ns 

• Fast Fall-Through Time Internal 
Architecture Based on CMOS Dual-Port 
SRAM technology 

• Independently-Synchronized Operation of 
Input Port and Output Port 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Retransmission Capability 

• TTL-Compatible 1/0 

• 28-Pin PDIP and 
32-Pin PLCC Packages 

• Pin and Functionally Compatible with 
Am/IDT7205 

• Control Signals Assertive-LOW for Noise 
Immunity 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 

w 1• Vee 

Da 2 D4 

D3 3 Ds 

D2 4 Da 
D1 5 ~ 
Do 6 FURT 

Xi 7 RS 

FF 8 21 El= 
Oo 9 XO/HF 

01 ~ 

02 Os 

~ 05 

Oa a. 
Vss Fi 

540205-20 

Figure 1. 28-Pln PDIP (Top View) 
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PRODUCT PREVIEW 
CMOS 8192 x 9 Asynchronous FIFO 

FUNCTIONAL DESCRIPTION 

The LH540205 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SAAM tech
nology, capable of containing up to 8192 9-bit words. It 
follows the industry-standard architecture and package 
pinouts for 9-bit asynchronous FIFOs. Each 9-bit FIFO 
word may consist of a standard 8-bit byte, together with 
a parity bit or a block-marking/framing bit. 

The input and output ports operate altogether indepen
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow at a port 
is initiated by asserting either of two asynchronous, as
sertive-LOW control inputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 

Full, HaH-Full, and Empty status flags monitor the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to overfill an already-full FIFO, or by at
tempting to read additional words from an already-empty 
FIFO. However, the Hatt-Full Flag is not available when 
a FIFO is operating in a depth-expanded configuration. 

Data words emerge from the FIFO's output port in 
precisely the same order that they entered at its input port; 
that is, according to a First-In, First Out (FIFO) queue 
discipline. Since the addressing sequence for a FIFO 
device's memory is internally predefined, no external 
addressing information is required for the operation of the 

32-PIN PLCC TOP VIEW 
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CMOS 8192 x 9 Asynchronous FIFO PRODUCT PREVIEW LH540205 

FUNCTIONAL DESCRIPTION (cont'd) 

device. Also, drop-in-replacement compatibility is main
tained with both larger sizes and smaller sizes of standard 
9-bit asynchronous FIFOs; the only change is in the 
number of words implied by states of the Full and Half-Full 
status flags. 

The Retransmit (RT) control signal causes the internal 
FIFO read-address pointer to be set back to zero, without 
affecting the internal FIFO write-address pointer. Thus, 
the Retransmit control signal also provides a mechanism 
whereby a block of data delimited by the zero physical 
address and the current write-address-pointer value ad
dress may be read out repeatedly, an arbitrary number of 
times. The only restrictions are that neither the read
address pointer nor the write-address pointer may 'wrap 
around' during this entire process, and that the retransmit 
facility is not available when a FIFO is operating in a 
depth-expanded configuration. 

A cascading (depth-expansion) scheme may be imple
mented by use of the Expansion In (XI) input signal and 
the Expansion Out (XO/HF) output signal. This scheme 
allows a deeper 'effective FIFO' to be implemented by 
using two or more individual FIFO devices, without incur
ring additional latency ('fallthrough' or 'bubblethrough') 
delays, and without the necessity of storing and retrieving 
any given data word more than once. In this cascaded 
operating mode, one FIFO device must be designated as 
the 'first-load' or 'master' device, by grounding its First
Load (FURT) control input; the remaining FIFO devices 
are designated as 'slaves: by tying their FURT inputs 
HIGH. Because of the need to share control signals on 
pins, the Hatt-Full flag and the retransmission capability 
are not available for either 'master' or 'slave· Fl FO devices 
operating in cascaded mode. 
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PIN DESCRIPTIONS 
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LH540206 
FEATURES 

• Fast Access Times: 15/20/25/35 ns 

• Fast Fall-Through Time Internal 
Architecture Based on CMOS Dual-Port 
SAAM technology 

• Independently-Synchronized Operation of 
Input Port and Output Port 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Retransmission Capability 

• TTL-Compatible 1/0 

• 28-Pin PDIP and 
32-Pin PLCC Packages 

• Pin and Functionally Compatible 
with IDT7206 

• Control Signals Assertive-LOW for Noise 
Immunity 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 
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Figure 1. 28-Pln PDIP (Top View) 
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PRODUCT PREVIEW 
CMOS 16384 x 9 Asynchronous FIFO 

FUNCTIONAL DESCRIPTION 

The LH540206 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SAAM tech
nology, capable of containing up to 16384 9-bit words. It 
follows the industry-standard architecture and package 
pinouts for 9-bit asynchronous FIFOs. Each 9-bit FIFO 
word may consist of a standard 8-bit byte, together with 
a parity bit or a block-marking/framing bit. 

The input and output ports operate altogether indepen
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow at a port 
is initiated by asserting either of two asynchronous, as
sertive-LOW control inputs: Write (W) for data entry at the 
input port, or Read (A) for data retrieval at the output port. 

Full, Half-Full, and Empty status flags monitor the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to overfill an already-full FIFO, or by at
tempting to read additional words from an already-empty 
FIFO. However, the Half-Full Flag is not available when 
a FIFO is operating in a depth-expanded configuration. 

Data words emerge from the FIFO's output port in 
precisely the same order that they entered at its input port; 
that is, according to a First-In, First Out (FIFO) queue 
discipline. Since the addressing sequence for a FIFO 
device's memory is internally predefined, no external 
addressing information is required for the operation of the 
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CMOS 16384 x 9 Asynchronous FIFO PRODUCT PREVIEW LH540206 

FUNCTIONAL DESCRIPTION (cont'd) 

device. Also, drop-in-replacement compatibility is main
tained with both larger sizes and smaller sizes of standard 
9-bit asynchronous FIFOs; the only change is in the 
number of words implied by states of the Full and Hatt-Full 
status flags. 

The Retransmit (Rl) control signal causes the internal 
FIFO read-address pointer to be set back to zero, without 
affecting the internal FIFO write-address pointer. Thus, 
the Retransmit control signal also provides a mechanism 
whereby a block of data delimited by the zero physical 
address and the current write-address-pointer value ad
dress may be read out repeatedly, an arbitrary number of 
times. The only restrictions are that neither the read
address pointer nor the write-address pointer may 'wrap 
around' during this entire process, and that the retransmit 
facility is not available when a FIFO is operating in a 
depth-expanded configuration. 

A cascading (depth-expansion) scheme maybe imple
mented by use of the Expansion In (XI) input signal and 
the Expansion Out (XO/HF) output signal. This scheme 
allows a deeper 'effective FIFO' to be implemented by 
using two or more individual FIFO devices, without incur
ring additional latency ('fallthrough' or 'bubblethrough') 
delays, and without the necessity of storing and retrieving 
any given data word more than once. In this cascaded 
operating mode, one FIFO device must be designated as 
the 'first-load' or 'master' device, by grounding its First
Load (FURl) control input; the remaining FIFO devices 
are designated as 'slaves,' by tying their FURT inputs 
HIGH. Because of the need to share control signals on 
pins, the Hatt-Full flag and the retransmission capability 
are not available for either 'master' or 'slave' FIFO devices 
operating in cascaded mode. 
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LH540215/25 
FEATURES 

• Fast Cycle limes: 15120/25135 ns 

• Pin-Compatible Drop-In Replacements for 
IDT72215A/25A FIFOs; Defa1,11t Operating Mode is 
Functionally IDT-Compatible 

• Device Comes Up into Known Default State at 
Reset; Programming is Allowed, but is not Required 

• Fast Fall-Through lime Internal Memory Array 
Architecture Based on CMOS Dual-Port SAAM 
Technology, 512x18or1024x18 

• 'Synchronous' Enable-Plus-Clock Control at 
Both Input Port and Output Port 

• Independently-Synchronized Operation of Input Port 
and Output Port 

• Control Inputs Sampled on Rising Clock Edge 

• All Control Signals Assertive-LOW for 
Noise Immunity 

• May be Cascaded for Increased Depth or 
Paralleled for Increased Width 

• 16-mA-IOL Three-State OUtputs 

• Five Status Flags: Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty; 'Almost' Flags are 
Programmable 

• Almost-Full, Half-Full, and Almost-Empty Flags may 
be Made Completely Synchronous, in Optional 
Enhanced Operating Mode 

• Duplicate Enables for Interlocked Paralleled FIFO 
Operation, for 36-Bit Data Width, when Appropriately 
Connected, in Optional Enhanced Operating Mode 

• Disabling Three-State Outputs Suppresses 
Reading, in Optional Enhanced Operating Mode 

• Data Retransmit Function 

• TTLJCMOS-Compatible 1/0 

• Space-Saving 68-Pin PLCC Package 

ADVANCE INFORMATION 
512x18/1024x18 Synchronous FIFO 

FUNCTIONAL DESCRIPTION 
The LH540215/25 are FIFO (First-In, First-Out) mem

ory devices, based on fully-static CMOS dual-port SAAM 
technology, capable of containing up to 512or102418-bit 
words respectively. They can replace two or more byte
wicfe FIFOs in many applications, for microprocessor-to
microprocessor or microprocessor-to-bus communi
cation. Their architecture supports synchronous opera
tion, tied to two independent free-running clocks at the 
input and output ports respectively. However, these 
'clocks' also may be aperiodic, asynchronous 'demand' 
signals. Almost all control input signals and status output 
signals are synchronized to these clocks, to simplify 
system design. 

The input and output ports operate altogether indepen
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow is 
initiated at a port by the rising edge of its corresponding 
clock, and is gated by the appropriate edge-sampled 
enable signals. 

The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Almost
Full, Half-Full, Almost-Empty, and Empty. The Almost-Full 
and Almost-Empty flag offsets are programmable over the 
entire FIFO depth; but, during a reset operation, each of 
these is initialized to a default offset of about 1/8 of the 
depth of one single FIFO, from the respective FIFO 
boundary. If this default offset is satisfactory, no further 
programming is required. 

After a reset operation, these FIFOs operate in the 
Default Operating Mode. In this mode, each part is pin
compatible and functionally-compatible with the 
IDT72215A/25A part of similar depth and speed grade. 
However, the system may program the Command Reg
ister to activate any or all of the features available in the 
optional Enhanced Operating Mode, including selectable
clock-edge flag synchronization, and read inhibition when 
the data outputs are disabled. Interlocked-operation par
alleling is also available, by appropriate interconnection 
of the FIFO's expansion inputs. Also, assertion of the 
EMODE control input leaves Command Register bits 
06-11 set, which causes the FIFO to operate in the 
Enhanced Operating Mode. 

The Retransmit control signal causes the internal FIFO 
read-address pointer to be set back to zero, without 
affecting the internal FIFO write-address pointer. Thus, 
the Retransmit control signal also provides a mechanism 
whereby a block of data delimited by the zero physical 
address and the current write-address pointer address 
may be read out repeatedly, an arbitrary number of times. 
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512x18/1024x18 Synchronous FIFO ADVANCE INFORMATION LH540215/25 

FUNCTIONAL DESCRIPTION (cont'd) 

The only restrictions are that neither the read-address 
pointer nor the write-address pointer may 'wrap around' 
during this entire process, and that the retransmit facility 
is not available when a FIFO is operating in IDT-compat
ible depth-cascaded mode. 

Programming the programmable-flag offsets, the num
ber of FIFOs to be cascaded in depth, the timing syn
chronization of the various status flags, and the optional 
read-suppression functionality of OE may be individually 
controlled by asserting the signal LO, without any reset 
operation. When LD is asserted, while writing is enabled 
by asserting WEN, some or all of the input bus word 
Do - 017 is used at the next rising edge of WCLK to 
program one or more of the resource registers on succes
sive write clocks. Likewise, the values programmed into 

"' .. ... c c c 
/ 
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';.. .. • ... _. !.,.I !.,.I !.,.I !.,.I '.,. .. I I I 

6 5 4 3 2 :1: 9 8 7 
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Di :: 19 

De ::20 
05 ::21 

D4 ::22 

03 ::23 
D2 ::24 

D1 ::25 

these resource registers may be read out for verification 
by asserting REN, with the outputs Oo - 011 enabled. 
Reading out these resource registers should not be initi
ated while they are being written into. 

Coordinated operation of two 18-bit FIFOs as one 
36-bit FIFO may be ensured by 'interlocked' crosscoupl
ing of status-flag outputs from each port to expansion 
inputs of the other one; that is, EF to WXl/WEN2, and FF 
to RXl/REN2, in both directions between two paralleled 
FIFOs. This 'interlocked' operation takes effect automat
ically, if two paralleled FIFOs are crossconnected in this 
manner. (See Table 2.) IDT-compatible depth cascading 
is no longer available when operating in this mode; how
ever, pipelined depth cascading remains possible. 
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LH540215/25 ADVANCE INFORMATION 512x18/1024x18 Synchronous FIFO 

PIN DESCRIPTIONS 

PIN NAME 
PIN 

DESCRIPTION 
TYPE* 

Do-D11 Data Inputs I Data inputs from an 18-blt bus. 

When RS is taken LOW, the FIFO's internal read and write pointers are 
set to address the first physical location of the RAM array; FF and PAF go 

RS Reset I HIGH; and PAE and EF go LOW. The offset registers and the Command 
Register are set to their default values. A reset is required before an initial 
write after power-up. 

When EMODE is held LOW, Command Register bits 06-10 are forced 
Enhanced HIGH rather than LOW, thus enabling all Enhanced Operating Mode fea-

EMODE Operating I tures. (See Table 5.) If this behavior is always desired, EMODE may be 
Mode grounded. Alternatively, EMODE may be tied to Vee. so that the FIFO is 

functionally IDT-compatible. 

Data is written into the FIFO on a LOW-to-HIGH transition of WCLK, 

WCLK Write Clock I whenever WEN (Write Enable) is being asserted (LOW), and LD is HIGH. 
If LD is LOW, a resource register rather than the internal FIFO memory is 
written into. 

When WEN is LOW and LD is HIGH, an 18-bit data word is written into 
the FIFO on every LOW-to-HIGH transition of WCLK. When WEN is 

WEN Write Enable I HIGH, the FIFO internal memory continues to hold the previous data. 
(See Table 3.) Data will not be written into the FIFO if FF is LOW. In the 
optional Enhanced Operating Mode, WEN2 may be combined with WEN 
to produce an effective internal write-enable signal. 

Data is read from the FIFO on a LOW-to-HIGH transition of RCLK when-

RCLK Read Clock I ever REN (Read Enable) is being asserted (LOW), and LD is HIGH. If LD 
is LOW, a resource register rather than the internal FIFO memory is read 
from. 

When REN is LOW and LD is HIGH, an 18-bit data word is read from the 
FIFO on every LOW-to-HIGH transition of RCLK. When REN is HIGH, 

REN Read Enable I the FIFO's output register continues to hold the previous data word, 
whether or not Oo - 011 (the data outputs) are enabled. (See Table 3.) In 
the optional Enhanced Operating Mode, REN2 may be combined with 
REN to produce an effective internal read-enable signal. 

When OE is LOW, the FIFO's data outputs drive the bus to which they 
are connected. If OE is HIGH, the FIFO's outputs are in high-Z (high-
impedance) state. In the optional Enhanced Operating Mode, OE not only 

OE Output Enable I continues to control the outputs in this same manner, but also may be 
configured to function as an additional input to the combined effective 
read-enable signal, along with REN and perhaps also with REN2. (See 
Table 5.) 

When LD is LOW, the data word on Do - D11 (the data inputs) is written 
to the offset and command registers on the LOW-to-HIGH transition of 
WCLK, whenever WEN is LOW. (See Table 3.) Also, when LD is LOW, a 

LD Load I word is read to Oo - 011 (the data outputs) from the offset and/or com-
mand registers on the LOW-to-HIGH transition of RCLK, whenever REN 
is LOW. (See again Table 3.) When LD is HIGH, normal FIFO write and 
read operations are enabled. 

• I = Input, 0 =Output, Z = High-Impedance, V = Power Voltage Level 
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512 x 18 / 1024 x 18 Synchronous FIFO ADVANCE INFORMATION LH540215/25 

PIN DESCRIPTIONS (cont'd) 

PIN NAME 
PIN 

DESCRIPTION 
TYPE* 

In the standalone or paralleled configuration, FL may be grounded. How-
ever, in the standalone or paralleled configuration, H FL is taken HIGH, it 

First Load/ functions instead as RT (Retransmit), and resets the FIFO's internal read 
FURT Retransmit 

I pointer to the first physical location of the RAM array. In the cascaded 
configuration, FL has an entirely dHferent function; it is grounded for the 
first FIFO device (the 'master' device or 'first-load' device), and is set to 
HIGH for all other FIFO devices in the daisy chain. 

This signal is dual-purpose; its functionality is determined during a reset 
operation, according to its own state, and also according to the states of 

Write the two other control inputs RXl/REN2 and FURT. (See Tables 2 and 6.) 

WXl/WEN2 Expansion In the standalone or paralleled configuration, WXl/WEN2 is grounded. In 
I the cascaded configuration, WXl/WEN2 is connected to WXO (Write Ex-Input/ pansion Output) of the previous device, and functions as WXI. In the op-Write Enable 2 tional Enhanced Operating Mode, WXl/WEN2 functions as a second 

write-enable signal, WEN2, which is combined with WEN to produce an 
effective internal write-enable signal. 

This signal is dual-purpose; its functionality is determined during a reset 
operation, according to its own state, and also according to the states of 
the two other control inputs WXl/WEN2 and FURT. (See Tables 2 and 6.) 

Read In the standalone or paralleled configuration, RXl/REN2 is grounded. In 

RXl/REN2 
Expansion I the cascaded configuration, RXl/REN2 is connected to RXO (Read Ex-
Input/ pansion Output) of the previous device, and functions as RXI. In the op-
Read Enable 2 tional Enhanced Operating Mode, RXl/REN2 functions as a second 

read-enable signal, REN2, which is combined with REN - and perhaps 
also with OE, H Command-Register bit 10 is set - to produce an effective 
internal read-enable signal. 

When FF is LOW, the FIFO is full; further advancement of its internal 
FF Full Flag 0 write-address pointer, and further data writes into its inputs, are inhibited. 

When FF is HIGH, the FIFO is not full. FF is synchronized to WCLK. 

When PAF is LOW, the FIFO is 'almost full,' based on the almost-full off-

Programmable set programmed into the FIFO. The default value of this offset at reset is 
PAF 0 about 1/8 of the FIFO capacity, measured from 'full.' (See Table 4.) In De-Almost-Full Flag fault Mode, PAF is asynchronous; in the optional Enhanced Operating 

Mode, PAF is synchronized to WCLK. (See Table 5.) 

This signal is dual-purpose; its functionality is determined during a reset 
operation according to the states of the two control inputs WXl/WEN2 

Write and RXl/REN2. (See Tables 2 and 6.) In the standalone 

WXO/HF Expansion 0 or paralleled configuration, whenever HF is LOW the device is more than 
Output/ half full. In Default Mode, HF is asynchronous; in the optional Enhanced 
HaH-Full Flag Operating Mode, HF may be synchronized either to WCLK or to RCLK. 

(See Table 5.) In the cascaded configuration, a pulse is sent from WXO 
to WXI of the next device whenever the last location in the FIFO is written. 

When PAE is LOW, the FIFO is 'almost empty,' based on the almost-
Programmable empty offset programmed into the FIFO. The default value of this offset at 

PAE Almost-Empty 0 reset is about 1/8 of the FIFO capacity, measured from 'empty.' (See 
Flag Table 4.) In Default Mode, PAE is asynchronous; in the optional 

Enhanced Operating Mode, PAE is synchronized to RCLK. (See Table 5.) 

• I = Input, O =Output, Z = High-Impedance, V = Power Voltage Level 
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LH540215/25 ADVANCE INFORMATION 512 x 18 / 1024x18 Synchronous FIFO 

PIN DESCRIPTIONS (cont'd) 

PIN NAME 
PIN 

DESCRIPTION 
TYPE* 

When EF is LOW, the FIFO is empty; further advancement of its internal 

EF Empty Flag 0 read-address pointer, and further changes in the data word present at its 
outputs, are inhibited. When EF is HIGH, the FIFO is not empty. EF is 
synchronized to RCLK. 

Read In the IDT-compatible cascaded configuration, a pulse is sent from RXO 
RXO Expansion 0 

to RXI of the next FIFO whenever the last location in the FIFO is read. 
Output 

Oo-017 Data Outputs OIZ Data outputs to drive an 18-bit bus. 

Vee Power v Seven +5 V power-supply pins. 

Vss Ground v Eight 0 V ground pins. 

• I = lnpu~ 0 = Output, Z = High-Impedance, V = Power Voltage Level 

Table 1. Depth-Code Programming 

DEPTH CODE 
TOTAL DEPTH 

d WITH 
LH540215s 

0 512 
1 512 
2 1.024 
3 1536 
... ... 
d 512d 
... ... 
31 15872 
32 16384 

EMO DE WXl/WEM2 RXl/REM2 

H H H 

H H H 

H H L 

H L H 

H L L 

H L L 

L x x 
NOTES: 

WITH 
LH540225s 

1024 
1024 
2048 
3072 

... 
1024d 

... 
31744 
32768 

Table 2. Grouping-Mode Detennlnatlon 
During a Reset Operation 

FL/RT MODE 
WXO/HF 
USAGE 

H Cascaded Slave 1 wxo 
L Cascaded Master 1 wxo 
x (Reserved) (HF) 

x (Reserved) (WXO) 

H Retransmit 2 HF 

L Standalone HF 

x Interlocked Paralleled HF 

WXl/WEM2 RXl/REM2 
USAGE USAGE 

WXI RXI 

WXI RXI 

(WXI) (RXI) 

(WXI) (RXI) 

(none) (none) 

(none) (none) 

WEN2 REN2 

1. The terms 'master' and 'slave' refer to IDT-aimpatible cascading. In pipelined cascading, there is no such distinction. 
2. Momentary only; basically standalone grouping mode. 
3. H = HIGH; L = LOW; x = Don't Care. 
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512x18/1024x18 Synchronous FIFO ADVANCE INFORMATION LH540215/25 
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LH540215/25 ADVANCE INFORMATION 512 x 18 / 1024 x 18 Synchronous FIFO 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5 Vto 7V 

Signal Pin Voltage to Vss Potential -0.5 V to Vee+ 0.5 v 
DC Output Current 1 ±75mA 

Temperature Range with Power Applied 2 -55°C to 125°C 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package limit) 2W(PLCC) 

NOTES: 
1. Only one output may be shorted at a time, for a period not exceeding 30 seconds. 

2. Measured with clocks idle. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX UNIT 

TA Temperature, Ambient 0 70 c 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic LOW Input Voltage -0.5 0.8 v 
VJH Logic HIGH Input Voltage 2.0 Vee+ o.5 v 

DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

lu Input Leakage Vee= 5.5 V, V1N = 0 Vto Vee -1 1 µA 

ILO 1/0 Leakage OE ~ V1H. 0 v :5 VouT :5 Vee -2 2 µA 

VoH Output HIGH Voltage loH=-8.0mA 2.4 v 
VoL Output LOW Voltage loL= 16.0 mA 0.4 v 
Ice Average Operating Supply Current Measured at fc = max 250 mA 

lcc2 Average Standby Supply Current All inputs= V1HMIN (clock idle) 60 mA 

ICC3 Power-Down Supply Current All inputs= Vee- 0.2 v (clock idle) 1 mA 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto 3 V 
+5V 

Input Rise and Fall limes (10% to 90%) 3 ns 1.1kOHMS 

Output Reference Levels 1.5 v DEVICE 
UNDER n----+-~ 

Input liming Reference Levels 1.5 v 
R1 (Top Resistor) 1.1k Ohms 

Output Load, 
R2 (Bottom Resistor) 680 Ohms liming Tests 

30 pF* 
TEST 

6800HMS 

CL (Load Capacitance) 30pF 

CAPACITANCE 
*INCLUDES JIG AND SCOPE CAPACITANCES 54-0215-3 

PARAMETER RATING Figure 3. Output Load Circuit 

C1N (Input Capacitance) V1N = 0 V 7pF 

Co (Output Capacitance) VouT = O V 7pF 

7-202 Rev. A., Oct91 SHARP 



512x18/1024x18 Synchronous FIFO ADVANCE INFORMATION 

AC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER -15 

MIN. 

fs Clock Cycle Frequency 

IA Data Access lime 2 

tcLK Clock Cycle lime 15 

tCLKH Clock HIGH lime 6 

tcLKL Clock LOW lime 7 

tos Data Setup lime 4 

toH Data Hold lime 1 

tENS Enable Setup lime 4 

tENH Enable Hold lime 1 

tRS Reset Pulse Width 1 15 

tRSS Reset Setup lime 2 9 

tRSF Reset to Flag and Output lime 

tmz Output Enable to Output in Low-Z 2 0 

toE Output Enable to Output Valid 

toHZ Output Enable to Output in High-Z 2 1 

tWFF Write Clock to Full Flag 

tREF Read Clock to Empty Flag 

tPAF 
Clock to Programmable Almost-Full Flag 
(Default Mode) 

tPAE 
Clock to Programmable Almost-Empty Flag 
(Default Mode) 

tHF Clock to Half-Full Flag (Default Mode) 

tPAFS 
Clock to Programmable Almost-Full Flag 
(Enhanced Mode) 

tPAES 
Clock to Programmable Almost-Empty Flag 
(Enhanced Mode) 

tHFS Clock to Half-Full Flag (Enhanced Mode) 

txo Clock to Expansion-Out 

tx1 Expansion-In Pulse Width 6 

tx1s Expansion-In Setup lime 6 

tsKEW1 
Skew lime Between Read Clock and Write 11 
Clock for Full Rag 

tSKEW2 
Skew lime Between Read Clock and Write 11 
Clock for Empty Flag 

NOTES: 
t. Pulse widths less than the stated minimum values may cause incorrect operation. 
2. Values are guaranteed by design; not currently tested. 
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MAX. 

67 

11 

15 

7 

7 

11 

11 

15 

15 

15 

11 

11 

11 

9 

LH540215/25 

-20 -25 -so 
MIN. MAX. MIN. MAX. MIN. MAX. 

50 40 20 

2 14 3 15 3 25 

20 25 50 

8 10 20 

9 10 20 

5 6 10 

1 1 2 

5 6 10 

1 1 2 

20 25 50 

12 15 30 

20 25 50 

0 0 0 

9 12 20 

1 9 1 12 1 20 

14 16 30 

12 15 30 

20 22 35 

20 22 35 

20 22 35 

12 15 30 

12 15 30 

12 15 30 

12 15 30 

8 10 20 

8 10 20 

14 16 20 

14 16 20 
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LH540215/25 ADVANCE INFORMATION 512x18/1024x18 Synchronous FIFO 

Table 3. Selection of Read and Write Operations 

LD WEN REN WCL.K RCLK ACTION 

L x x - - No operation. 

L L H A - Write to a resource register. 1 

L H H A - Increment resource-register write counter, but do not write. 2 

L H L - A Read from a resource register. 1 

L H H - A Increment resource-register read counter, but do not read. 2 

L x x A A Illegal combination, which will cause errors. 

H L x A x Normal FIFO write operation. 

H x L x A Normal FIFO read operation. 

H L x - x No write operation. 

H H x x x No write operation. 

H x L x - No read operation. 

H x H x x No read operation. 

H L L - - No operation. 

H H H x x No operation. 

KEY: 
H = Logic "HIGH'; L = Logic 'LOW; X = "Don"t-care" (logic 'HIGH,' logic 'LOW,' or any transition); 
A= A 'LOW-to-'HIGH' transition; - = Any condition EXCEPT a 'LOW-to-'HIGH' transition. 
NOTES: 
1. The selection of a resource register to be written or read is controlled by two simple state machines. One state machine controls the selection 

for writing; the other state machine controls the selection for reading. These two state machines operate independendy of each other. Both 
state machines are reset to point to Word 0 by a reset operation. 

2. The order of the three resource registers, as selected by either state machine, is always: 
Word O: Almost-Empty Offset Register 
Word 1 : Almost-Full Offset Register 
Word 2: Command Register 
Word O: Almost-Empty Offset Register 

(repeats indefinitely) 

Table 4. Status Flags 

NUMBER OF DATA WORDS PRESENT WITHIN FIFO 1• 2 
FF 

512x18 FIFO 1024 x 18 FIFO 

0 0 H 

1 ton 1 ton H 

(n+ 1) to 256 (n+1)to512 H 

257 to (512-(m + 1)) 513 to (1024-(m + 1)) H 

(512-m)to511 (1024-m) to 1023 H 

512 1024 L 

NOTES: 

PAF 

H 
H 

H 

H 

L 

L 

1. n =Programmable-Almost-Empty Offset. (Default values: 512 x 18, n = 63; 1024 x 18, n = 127.) 
2. m =Programmable-Almost-Full Offset. (Default values: 512 x 18, m = 63; 1024 x 18, m = 127.) 
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512x18/ 1024x18Synchronous FIFO ADVANCE INFORMATION LH540215/25 

DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES 

Data Inputs 
DATA IN (Do-D11) 

Data, programmable-flag-offset values, and Com
mand-Register codes are input to the FIFO as 18-bit 
words on Do - 011. Unused bit positions in offset and 
Command-Register words should be zero-filled. 

Control Inputs 
RESET(RS) 

The FIFO is reset whenever the asynchronous Reset 
(RS) input is taken to a LOW state. A reset operation is 
required after power-up, before the first write operation 
may occur. The state of the FIFO is fully defined after a 
reset operation. If the default values which are entered 
into the Programmable-Flag-Offset-Value Registers and 
the Command Register by a reset operation are accept
able, then no device programming is required. A reset 
operation initializes the FIFO's internal read-address and 
write-address pointers to the FIFO's first physical memory 
location. The five status flags, FF, PAF, HF, PAE, and EF, 
are updated to indicate thatthe FIFO is completely empty; 
thus, the first three of these are reset to HIGH, and the 
last two are reset to LOW. The flag-offset values for PAF 
and PAE each are initialized to about 1/8 of the depth of 
a single FIFO; 63 for a 512-word FIFO, and 127 for a 
1024-word FIFO. The Command Register is initialized 
to configure the FIFO to operate in the 100% 
IDT72215A/25A-compatible Default Operating Mode. 
The Depth Code is initialized to LLLLLH (0110). 

ENHANCED OPERATING MODE (EMODE) 

Whenever EMODE is being asserted, Command Reg
ister bits 06-11 remain HIGH rather than LOW after the 
completion of the reset operation. Thus, EMODE has the 
effect of activating optional Enhanced Operating Mode 
features, without the need to configure the Command 
Register by the normal programming method. The behav
ior of these optional features is described in Table 5. For 
permanent Enhanced Operating Mode operation, 
EMODE must be grounded. 

WRITE CLOCK (WCLK) 

A rising edge (LOW-to-HIGH transition) of WCLK initi
ates a FIFO write .9'._Cle if LO is HIGH, or a resource-reg
ister write cycle if LO is LOW. The 18 data inputs, and all 
input-side synchronous control inputs, must meet setup 
and hold times with respect to the rising edge of WCLK. 
The input-side status flags are meaningful after specified 
time intervals, following a rising edge of WCLK. 

Conceptually, WCLK receives a free-running, periodic 
'clock' waveform, used to control other signals which are 
edge-sensitive. However, there actually is not any abso-

lute requirement that the WCLK waveform must be peri
odic. An 'asynchronous' mode of operation is in fact 
possible, if WEN is continuously asserted (that is, is 
continuously held LOW), and WCLK receives aperiodic 
'clock' pulses of suitable duration. There likewise is no 
requirement that WCLK must have any particular relation 
to the read clock RCLK. These two clock inputs may in 
fact receive the same 'clock' signal; or they may receive 
totally-different signals, which are not synchronized to 
each other in any way. 

WRITE ENABLE (WEN) 

Whenever WEN is being asserted (is LOW) and LO is 
HIGH, and the FIFO is not full, an 18-bil data word is 
loaded into the input register for the memory array at 
every WCLK rising edge (LOW-to-HIGH transition). Data 
words are stored into the two-port memory array sequen
tially, regardless of any ongoing read operation. When
ever WEN is not being asserted (is HIGH), the input 
register retains whatever data word ii contained pre
viously, and no new data word gets loaded into the 
memory array. 

To prevent overrunning the internal FIFO boundaries, 
further write operations are inhibited whenever the Full 
Flag (FF) is being asserted (is LOW). If a valid read 
operation then occurs, upon the completion of that read 
cycle FF again goes HIGH after a time tWFF, and another 
write operation is allowed to begin whenever WCLK 
makes another LOW-to-HIGH transition. Effectively, 
WEN is overridden by FF; thus, WEN has no effect when 
the FIFO is full. 

In the optional Enhanced Operating Mode, if EMODE 
is being asserted (is LOW), WXl/WEN2 functions as 
WEN2, an additional duplicate (albeit assertive-HIGH) 
write-enable input, in order to provide an 'interlocking' 
mechanism for reliable synchronization of two paralleled 
FIFOs. To control writing, WEN2 is combined with WEN; 
the logic-AND function of WEN and WEN2 then behaves 
like WEN in the foregoing description. 

READ CLOCK (RCLK) 

A rising edge (LOW-to-HIGH transition) of RCLK initi
ates a FIFO read cycle if LO is HIGH, or a resource-reg
ister read cycle if LO is LOW. All output-side synchronous 
control inputs must meet setup and hold times with re
spect to the rising edge of RCLK. The 18 data outputs, 
and the output-side status flags, are meaningful after 
specified time intervals, following a rising edge of RCLK. 

Conceptually, RCLK receives a free-running, periodic 
'clock' waveform, used to control other signals which are 
edge-sensitive. However, there actually is not any abso
lute requirement that the RCLK waveform must be peri
odic. An 'asynchronous' mode of operation is in fact 
possible, if REN is continuously asserted (that is, is 
continuously held LOW), and RCLK receives aperiodic 
'clock' pulses of suitable duration. There likewise is no 
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LH540215/25 ADVANCE INFORMATION 512 x 18 / 1024 x 18 Synchronous FIFO 

DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

requirement that RCLK must have any particular relation 
to the write clock WCLK. These two clock inputs may in 
fact receive the same 'clock' signal; or they may receive 
totally-different signals, which are not synchronized to 
each other in any way. 

READ ENABLE (REN) 

Whenever REN is being asserted (is LOW), and the 
FIFO is not full, an 18-bit data word is loaded into the 
output register from the memory array at every RCLK 
rising edge (LOW-to-HIGH transition). Data words are 
read from the two-port memory array sequentially, regard
less of any ongoing write operation. Whenever REN is 
not being asserted (is HIGH), the output register retains 
whatever data word it contained previously, and no new 
data word gets loaded into it from the memory array. 

To prevent underrunning the internal FIFO boundaries, 
further read operations are inhibited whenever the Empty 
Flag (EF) is being asserted (is LOW). If a valid write 
operation then occurs, upon the completion of that write 
cycle EF again goes HIGH after a time tREF, and another 
read operation is allowed to begin whenever RCLK 
makes another LOW-to-HIGH transition. Effectively, REN 
is overridden by EF; thus, REN has no effect when the 
FIFO is empty. 

In the optional Enhanced Operating Mode, one or two 
additional read enable inputs may be combined with REN 
to control reading; the logic-AND function of these two or 
three inputs then behaves like REN in the foregoing 
description. If EMODE is being asserted (is LOW), 
RXl/REN2 functions as REN2, an additional duplicate 
(albeit assertive-HIGH) REN input, in order to provide an 
'interlocking' mechanism for reliable synchronization of 
two paralleled FIFOs. 

Also, if Command Register bit 10 has been set, OE 
takes on the extra role of serving as yet another duplicate 
REN input, in addition to its usual function of controlling 
the FIFO's data outputs, in order to inhibit further read 
operations whenever the FIFO's data outputs are dis
abled. 

OUTPUTENABLE(OE) 

OE is an assertive-LOW, asynchronous, output 
enable. In the Default Operating Mode, OE has only the 
effect of enabling or disabling the data outputs Oo- 011. 
That is, disabling Oo - 011 does not inhibit a read opera
tion, for data being transmitted to the output register; the 
data will remain available later, when the outputs are 
again enabled, unless subsequently overwritten. When 
Oo - 011 are enabled, each of these 18 data outputs is in 

a normal HIGH or LOW state, according to the bit pattern 
of the data word in the output register. When Oo - 011 are 
disabled, each of these outputs is in the high-Z (high-im
pedance) state. 

In the optional Enhanced Operating Mode, if Com
mand Register bit 1 O has been set, OE behaves as an 
additional read enable, as well as enabling and disabling 
the data outputs Oo - 011. Under these circumstances, 
incrementing the read-address pointer is inhibited when
ever Oo - 011 are in the high-Z state. Thus, 'reading' 
successive words which fail to reach the outputs is pre
vented, as a safeguard against data loss. 

LOAD (LD) 

The Sharp LH540215/25 FIFOs contain three 18-bit 
resource registers. The contents of these three registers 
may be loaded with data from the data inputs Do- D17, 
or read out on the data outputs Oo - 011. The first two 
registers are the Programmable-Flag-Offset-Value~ 
isters, for the Programmable Almost-Empty Flag (PAE) 
and the Programmable Almost-Full Flag (PAF) respec
tively. The third register is the Command Register, which 
includes the 6-bit IDT72215A/25A 'Depth Code' field, 
along with several configuration-control bits for Sharp's 
optional Enhanced-Operating-Mode features. 

None of these three registers makes use of all of its 
available 18 bits. Figure 4 shows which bit positions of 
each register are operational. The two Programmable
Flag-Offset-Value Registers each contain the offset value 
in bits 0-15; bits 16-17 are unused. The Command Reg
ister configuration is shown in Table 5. For the Command 
Register, the default value for any operational bit which 
has not been programmed is zero (LOW); except, thatthe 
default value of the Depth Code is LLLLLH (0110), in 
conformity with IDT's usage. The default values for both 
offsets are about 1/8 of the total number of words in the 
FIFO: 63 for a 512 x 18 FIFO, and 127 for a 1024x18 
FIFO. 

Whenever LD and WEN are simultaneously being 
asserted (are both LOW) the 18-bit data word from the 
data inputs Do - D11 is written into the Programmable
Empty-Flag-Offset-Value Register at the first rising edge 
(LOW-to-HIGH transition) of the write clock (WCLK). (See 
Table 3.) If LO and WEN continue to be simultaneously 
asserted, another 18-bit data word from the data inputs 
Do - D11 is written into the Programmable-Full-Flag-Off
set-Value Register at the second rising edge of WCLK, 
and still another 18-bit data word from the data inputs 
Do - D17 is written into the Command Register at the third 
rising edge of WCLK. At the fourth rising edge of WCLK, 
writing again occurs to the Programmable-Empty-Flag
Offset-Value Register; and the writing sequence gets 
repeated on subsequent WCLK rising edges. 
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512 x 18 / 1024 x 18 Synchronous FIFO ADVANCE INFORMATION LH540215/25 

DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

The lower 9 bits of these data words are made use of 
by the 512-word LH540215, and the lower 10 bits by the 
1024-word LH540225. 10 bits are used for the Command 
Register, by both the LH540215 and the LH540225. 
There is no restriction on the values which may occur in 
these data fields; however, unused bit positions should 
be encoded LOW in order to maintain forward compati
bility. 

Writing contents to these three resource registers does 
not have to occur all at one time, or to be effected by one 
single sequence of steps. Whenever LO is being asserted 
(is LOW) but WEN is not being asserted (is HIGH), the 
FIFO's internal resource-register-write-address pointer 
advances without any writing actually taking place. Thus, 
for instance, one or two resource registers may be written, 
after which the FIFO may be returned to normal FIFO
array-read/write operation by deasserting LO (to HIGH). 

Likewise, whenever LO and REN are simultaneously 
being asserted (are both LOW) the 18-bit data word from 
the Programmable-Empty-Flag-Offset-Value Register is 

read to the data outputs Oo- 017 at the first rising edge 
(LOW-to-HIGH transition) of the read clock (RCLK). (See 
Table 3.) If LO and REN continue to be simultaneously 
asserted, another 18-bit data word from the Programma
ble-Full-Flag-Offset-Value Register is read to the data 
outputs Oo- 017 at the second rising edge of RCLK, and 
still another 18-bit data word from the Command Register 
is read to the data outputs Oo-017 at the third rising edge 
of RCLK. At the fourth rising edge of RCLK, reading again 
occurs from the Programmable-Empty-Flag-Offset-Value 
Register; and the reading sequence gets repeated on 
subsequent RCLK rising edges. 

Reading contents from these three resource registers 
does not have to occur all at one time, or to be effected 
by one single sequence of steps. Whenever LO is being 
asserted (is LOW) but REN is not being asserted (is 
HIGH), the FIFO's internal resource-register-read-ad
dress pointer advances without any reading actually tak
ing place. Thus, for instance, one or two resource 
registers may be read, after which the FIFO may be 
returned to normal FIFO-array-read/write operation by 
deasserting LO (to HIGH). 

WORDO[)<J PROGRAMMABLE·ALMOST·FULL-OFFSET VALUE 1 

17 16 15 

WORD1[)<J PROGRAMMABLE·ALMOST-EMPTY·OFFSET VALUE 2 

17 16 15 

COMMAND REGISTER 2 

<D ® ® © 
11 10 9 8 7 6 5 

G) Reserved. Enables a special test mode, for manufacturers use only; disables normal operating mode. 

@ Enables suppressing reading whenever data outputs are disabled. 

@ Makes PAF synchronous. 

© Makes HF synchronous. 

@ Makes PAE synchronous. 

NOTES: 
1. Default offset values are 6310 (LH540215) or 12710 (LH540225). 

See 'Command-Register Formar table for the default state of the command register. 
2. The assertion of EMODE forces Command Register bits 06-11 HIGH. 

Figure 4. Resource Registers 
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DEPTH CODE 

0 

0 

0 

540215-4 
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LH540215/25 ADVANCE INFORMATION 512 x 18 / 1024 x 18 Synchronous FIFO 

DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

To ensure correct operation, rising edges of WCLK and 
RCLK should not both be occuring at the same time while 
LO is being asserted. 

FIRST LOAD/RETRANSMIT (FURT) 

FURT is a dual-purpose signal. It is one of three input 
signals which select the grouping mode in which the FIFO 
operates after being reset; the other two of these input 
signals are WXl/WEN2 and RXl/REN2. There are four 
possible grouping modes: standalone, interlocked paral
leled, cascaded 'master' or 'first-load,' and cascaded 
'slave.' The designations 'master' and 'slave' pertain to 
IDT-compatible depth cascading. Tables 2 and 6 show the 
signal encodings which select each grouping mode. 

In standalone or paralleled operation, the FURT pin 
should be grounded for strict IDT72215Al25A-compatible 
operation. However, if it is taken HIGH, the FIFO's internal 
read-address pointer is reset to address the FIFO'S first 
physical memory location, without any other reset actions 
being taken; in particular, the FIFO's internal write
address pointer is unaffected. Subsequent read opera
tions may then again read out the same block of data, 
delimited by the FIFO's first physical memory location and 
the current value of the write pointer, as was read out 
previously. There is no limit on the number of times that 
a block of data may be retransmitted. The only restrictions 
are that neitherthe read-address pointer northe write-ad
dress pointer may 'wrap around' and address the FIFO's 
first physical memory location a second time during the 
retransmission process, and that the retransmit facility is 
unavailable during IDT-compatible cascaded operation. 

In IDT-compatible cascaded operation, FURT is 
grounded to distinguish the 'master· or 'first-load' FIFO 
from the other 'slave' FIFOs in the cascade, which must 
all have their FURT inputs HIGH during a reset operation. 
(See again Tables 2 and 6.) The cascade will not operate 
correctly either without any 'master' FIFO, or with more 
than one 'master' FIFO. 

WRITE EXPANSION INPUT/WRITE ENABLE 2 
(WXl/WEN2) 

WXl/WEN2 is a dual-purpose signal. It is one of three 
input signals which select the grouping mode in which the 
FIFO operates after being reset; the other two of these 
input signals are FURT and RXI. There are four possible 
grouping modes: standalone, interlocked paralleled, cas
caded 'master' or 'first-load.' and cascaded 'slave.' The 
designations 'master' and 'slave' pertain to IDT-compati
ble depth cascading. Tables 2 and 6 show the signal 
encodings which select each grouping mode. 

In standalone operation, WXl/WEN2 and RXl/REN2 
both must be grounded so that the FIFO comes up in the 

standalone grouping mode after a reset operation. In 
interlocked paralleled operation, WXl/WEN2 is tied to FF 
of the other paralleled FIFO, and RXl/REN2 is tied to EF 
of that same other FIFO. This interconnection ensures 
that both FIFOs will operate together, and remain coordi
nated, regardless of timing skews. 

In cascaded operation, WXl/WEN2 is connected to the 
WXO (Write Expansion Output; actually WXO/HF) output 
of the previous FIFO in the cascade. RXl/REN2 is likewise 
connected to the RXO (Read Expansion Output) output 
of that previous FIFO. A reset operation forces WXO/HF 
and RXO HIGH for each FIFO; consequently, all FIFOs 
with their WXl/WEN2 and RXl/REN2 inputs thus con
nected come up in one of the two cascaded grouping 
modes, according to whether their FURT inputs are 
grounded or tied HIGH. (See again Tables 2 and 6.) 

READ EXPANSION INPUT/READ ENABLE 2 
(RXl/REN2) 

RXl/REN2 is a dual-purpose signal. It is one of three 
input signals which select the grouping mode in which the 
FIFO operates after being reset; the other two of these 
input signals are FURT and WXI. There are four possible 
grouping modes: standalone, interlocked paralleled, cas
caded 'master' or 'first-load,' and cascaded 'slave.' The 
designations 'master' and 'slave' pertain to IDT-compati
ble depth cascading. Tables 2 and 6 show the signal 
encodings which select each grouping mode. 

In standalone operation, WXl/WEN2 and RXl/REN2 
both must be grounded so that the FIFO comes up in the 
standalone grouping mode after a reset operation. In 
interlocked paralleled operation, WXl/WEN2 is tied to FF 
of the other paralleled FIFO, and RXl/REN2 is tied to EF 
of that same other FIFO. This interconnection ensures 
that both FlFOs will operate together, and remain coordi
nated, regardless of timing skews. 

In cascaded operation, RXl/REN2 is connected to the 
RXO (Read Expansion Output) of the previous FIFO in 
the cascade. WXl/WEN2 is likewise connected to the 
WXO (Write Expansion Output; actually WXO/HF) output 
of that previous FIFO. A reset operation forces RXO and 
WXO/HF HIGH for each FIFO; consequently, all FlFOs 
with their RXl/REN2 and WXl/WEN2 inputs thus con
nected come up in one of the two IDT-compatible cas
caded grouping modes, according to whether their FURT 
inputs are grounded or tied HIGH. (See again Tables 2 
and6.) 

Data Outputs 
DATA OUT (Qo - Q17) 

Data, programmable-flag-offset values, and Com
mand-Register codes are output from the FIFO as 18-bit 
words on Oo - 011. Unused bit positions in offset and 
Command-Register words are zero-filled. 
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512x18/1024x18 Synchronous FIFO ADVANCE INFORMATION 

DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

Table 5. Command-Register Format 

COMMAND VALUE AFTER FLAG 
REGISTER CODE 

RESET 
AFFECTED, DESCRIPTION 

BITS IFANY 

00-05 xx xx xx LLLLLH - Depth code, from 0010 to 3210. 

06 
L UH 2 PAE 

Set by iRCLK, reset by iWCLK. 

H Set and reset by iRCLK. 

LL Set by 1WCLK, reset by iRCLK. 

07-08 LH LUHH 2 HF Set and reset by iRCLK. 

HL 
Set and reset by iWCLK. 

HH 

09 
L UH 2 PAF 

Set by iWCLK, reset by iRCLK. 

H Set and reset by iWCLK. 

OE has no effect on a read L operation. 

10 UH2 -
OE inhibits a read operation when-

H ever the data outputs Oo - 011 are 
in the high-Z state. 

11 
L 

L 
Normal operating mode. -

H Special test mode. 

NOTES: 

LH540215/25 

NOTES 

Same functionality as in 
IDT72215A/25A. 

Asynchronous flag clocking. 

Synchronous flag clocking. 

Asynchronous flag clocking. 

Synchronous flag clocking at out-
put port 

Synchronous flag clocking at 
input port. 

Asynchronous flag clocking. 

Synchronous flag clocking. 

Allows the read-address pointer 
to advance even when Oo - 011 
are not driving the output bus. 

Inhibits the read-address pointer 
from advancing when Oo - 011 
are not driving the output bus; 
thus, guards against data loss. 

For all in-system applications. 

Reserved for testing purposes. 

1. When Command Register bits 06-11 are LOW, the FIFO behaves in a manner functionally equivalent to the IDT72215A/25A FIFO of similar 
depth and speed grade. 

2. If EMODE is not asserted (is HIGH), Command Register bits 06-10 remain LOW. However, if EMODE is asserted (is LrW)· Command Register 
bits 06-10 are forced HIGH, and remain HIGH until changed. Command Register bits 00-05 and 11 are unaffected by MODE. 

1/0 PIN 

I WXl/WEN2 

0 WXOIHF 

I RXIJREN2 

0 RXO 

I FURT 

SHARP 

Table 6. Expansion-Pin Usage According to 
Grouping Mode 

STANDALONE INTERLOCKED MASTER 
PARALLELED 

Grounded From FF (other FIFO) From WXO (n-1st FIFO) 

Becomes HF Becomes HF To WXI (n+1st FIFO) 

Grounded From EF (other FIFO) From RXO (n-1st FIFO) 

Unused Unused To RXI (n+1st FIFO) 

Becomes RT Becomes RT Grounded (Logic LOW) 

Rev. A., Oct91 

SLAVE 

From WXO (n-1st FIFO) 

To WXI (n+ 1st FIFO) 

From RXO (n-1st FIFO) 

To RXI (n+ 1st FIFO) 

Logic HIGH 
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LH540215/25 ADVANCE INFORMATION 512x18/1024x18 Synchronous FIFO 

DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

Control/Status Outputs 

FULL FLAG (FF) 

FF goes LOW whenever the FIFO is completely full; 
that is, whenever the FIFO's internal write pointer has 
completely caught up with its internal read pointer, so that 
H another word were to be written it would have to 
overwrite the unread word now in position for reading out 
by the next requested read operation. Under these con
ditions, the FIFO is filled to its nominal capacity, which is 
512 18-bit words for the LH540215 or 1024 18-bit words 
forthe LH540225 respectively. Write operations are inhib
ited whenever FF is LOW, regardless of the assertion or 
deassertion of Write Enable (WEN). 

H the FIFO has been reset by asserting RS (LOW), FF 
initially is HIGH. But, whenever no read operations have 
been ~rformed since the completion of the reset opera
tion, FF goes LOW after 512 write operations for the 
LH540215, or after 1024 write operations for the 
LH540225. (See Table 4.) 

FF gets updated after a LOW-to-HIGH transition of the 
Write Clock (WCLK). 

PROGRAMMABLE ALMOST-FULL FLAG (PAF) 

PAF goes LOW whenever the FIFO is 'almost' full; 
that is, whenever subtracting the value of the FIFO's 
internal read pointer from the value of its internal write 
pointer yields a difference which is less than the value of 
the Programmable-Almost-Full-Flag Offset 'm.' The sub
traction is performed using modular arithmetic, modulo 
the total nominal number of 18-bit words in the FIFO's 
physical memory, which is 512 for the LH540215or1024 
for the LH540225 respectively. 

The default value of 'm' after the completion of a reset 
operation is about 1/8 of this total nominal number of 
words: 63 for the LH540215 or 127 for the LH540225 
respectively. However, 'm' may be set to any value which 
does not exceed this total nominal number of words, as 
explained in the description of Load (LD). 

If the FIFO has been reset by asserting RS (LOW), and 
no read operations have been performed since the 
completion of the reset operation, PAF goes LOW after 
(512-m) write operations for the LH540215, or after 
(1024-m) write operations for the LH540225. (See 
Table 4.) 

If m is still at its default value, PAF is LOW whenever 
the FIFO is from 718 full to completely full. 

In the IDT-compatible Default Operating Mode, PAF 
changes from HIGH to LOW only after a LOW-to-HIGH 
transition of the Write Clock WCLK, and from LOW to 
HIGH only after a LOW-to-HIGH transition of the Read 
Clock RCLK. Thus, in this operating mode, PAF behaves 
as an 'asynchronous flag.' 

In the optional Enhanced Operating Mode, on the other 
hand, PAF gets updated only after a LOW-to-HIGH tran
sition of the Write Clock WCLK, and thus behaves as a 
'synchronous flag.' (See Table 5.) This behavior may be 
selected by setting Command Register bit 09. 

WRITE EXPANSION OUT/HALF-FULL FLAG 
(WXO/HF) 

WXO/HF is a dual-purpose signal. In 'standalone' op
eration, it behaves as a Half-Full Flag (HF), in accordance 
with Table 4. In IDT-compatible 'cascaded' operation, it 
behaves as a Write Expansion Output (WXO) signal to 
coordinate writing operations with the next FIFO in the 
cascade. Under these same conditions, also, the dual
purpose WXl/WEN2 and RXl/REN2 inputs behave as 
Write Expansion Input (WXI) and Read Expansion Input 
(RXI) signals respectively. 

When two or more LH540215 or LH540225 FIFOs are 
'cascaded' to operate as a larger 'effective FIFO,' in a 
'daisy-chain' ring configuration, the Write Expansion Input 
(WXI) of each FIFO is connected to WXO of the previous 
FIFO in the ring, with WXI of the 'first-load' or 'master' 
FIFO being connected to WXO of the last FIFO so as to 
complete the ring. Similar connections are made for each 
FIFO in the ring, parallel to these WXO-to-WXI connec
tions, for Read Expansion Input (RXI) and Read Expan
sion Output (RXO). 

When the last physical location has been written in a 
FIFO operating in cascaded mode, a LOW-going pulse is 
emitted by that FIFO on its WXO output; otherwise, WXO 
remains constantly HIGH whenever the FIFO is operating 
in cascaded mode. This LOW-going WXO pulse serves 
as a 'token' in the 'token-passing' FIFO-cascading 
scheme; it is passed on to the next FIFO in the ring via its 
WXI input. When this next FIFO receives the token, it is 
activated for writing. 

The foregoing description applies both to the 'first-load' 
or 'master' FIFO in the ring, and to any and all 'slave' 
FIFOs in the ring. However, WXO has no necessary 
function for FIFOs operating in the 'standalone' mode. 
Consequently, in that mode, the same output pin is used 
for HF; it follows that HF is not available as an output from 
any FIFO which is operating in the IDT-compatible cas
caded mode. A FIFO is initialized into 'cascaded master' 
mode, into 'cascaded slave' mode, into interlocked paral
leled mode, or into standalone mode according to the 
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512x18/1024x18 Synchronous FIFO ADVANCE INFORMATION LH540215/25 

DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

state of its WXl/WEN2, RXl/REN2, and FURT control 
inputs during a reset operation, and of Command Regis
ter bit 11. (See Table 2, Table 5, and Table 6.) 

In standalone or interlocked paralleled operation, HF 
goes LOW whenever the FIFO is more than half full; that 
is, whenever subtracting the value of the FIFO's internal 
read pointer from the value of its internal write pointer 
yields a difference which is less than half of the total 
nominal number of 18-bit words in the FIFO's physical 
memory, which is 256 for the LH540215 or 512 for the 
LH540225 respectively. (See Table 4.) The subtraction is 
performed using modular arithmetic, modulo this total 
nominal number of words, which is 512forthe LH540215 
or 1024 for the LH540225 respectively. 

If the FIFO has been reset by asserting RS (LOW), and 
it is operating in standalone or interlocked paralleled 
mode, and no read operations have been performed 
since the completion of the reset operation, HF goes LOW 
after 257 write operations for the LH540215, or after 513 
write operations for the LH540225. (See again Table 4.) 

In the IDT-compatible Default Operating Mode, HF 
changes from HIGH to LOW only after a LOW-to-HIGH 
transition of the Write Clock WCLK, and from LOW to 
HIGH only after a LOW-to-HIGH transition of the Read 
Clock RCLK. Thus, in this operating mode, HF behaves 
as an 'asynchronous flag.' 

In the optional Enhanced Operating Mode, on the other 
hand, HF gets updated only after a LOW-to-HIGH transi
tion of the Read Clock RCLK, or else after a LOW-to
HIGH transition of the Write Clock WCLK, according to 
the setting of bits 07 and 08 of the Command Register. 
(See Table 5.) Thus, in this mode HF behaves as a 
'synchronous flag,' and may be synchronized either to 
the input side or to the output side of the FIFO. 

PROGRAMMABLE ALMOST-EMPTY FLAG (PAE) 

PAE goes LOW whenever the FIFO is 'almost empty'; 
that is, whenever subtracting the value of the FIFO's 
internal write pointer from the value of its internal read 
pointer yields a difference which is less than n + 1, where 
'n' is the value of the Programmable-Almost-Empty-Flag 
Offset. The subtraction is performed using modular arith
metic, modulo the total nominal number of 18-bit words 
in the FIFO's physical memory, which is 512 for the 
LH540215 or 1024 for the LH540225 respectively. 

The default value of n after the completion of a reset 
operation is about 118 of this total nominal number of 
words, 63 for the LH540215 or 127 for the LH540225 
respectively. However, n may be set to any value which 

does not exceed this total nominal number of words, as 
explained in the description of Load (LO). 

If the FIFO has been reset by asserting RS (LOW), and 
no write operations have been performed since the com
pletion of the reset operation, then PAE is LOW. (See 
Table4.) 

If n is still at its default value, PAE is LOW whenever 
the FIFO is from 1/8 full to completely empty. 

In the IDT-compatible Default Operating Mode, PAE 
changes from HIGH to LOW only after a LOW-to-HIGH 
transition of the Read Clock RCLK, and from LOW to 
HIGH only after a LOW-to-HIGH transition of the Write 
Clock WCLK. Thus, in this operating mode, PAE behaves 
as an 'asynchronous flag.' 

In the optional Enhanced Operating Mode, on the other 
hand, PAE gets updated only after a LOW-to-HIGH tran
sition of the Read Clock RCLK, and thus behaves as a 
'synchronous flag.' (See Table 5.) This behavior may be 
selected by setting Command Register bit 06. 

EMPTY FLAG (EF) 

EF goes LOW whenever the FIFO is completely 
empty; that is, whenever the FIFO's internal read pointer 
has completely caught up with its internal write pointer, 
so that if another word were to be read out it would have 
to come from the physical memory location now in posi
tion to be written into by the next requested write opera
tion. Read operations are inhibited whenever EF is LOW, 
regardless of the assertion or deassertion of REN. 

If the FIFO has been reset by asserting RS (LOW), and 
no write operations have been performed since the 
completion of the reset operation, then EF is LOW. (See 
Table4.) 

EF gets updated after a LOW-to-HIGH transition of the 
Read Clock RCLK. 

READ EXPANSION OUT (RXO) 

When two or more LH540215 or LH540225 FIFOs are 
operating in IDT-compatible 'cascaded' mode as a larger 
'effective FIFO,' the dual-purpose RXl/REN2 and 
WXl/WEN2 inputs behave as Read Expansion Input 
(RXI) and Write Expansion Input (WXI) signals respec
tively. The cascade of FIFO devices has a 'daisy-chain' 
ring configuration; the Read Expansion Input (RXI) of 
each FIFO is connected-to RXO of the previous FIFO in 
the ring, with RXI of the 'first-load' or 'master' FIFO being 
connected to RXO of the last FIFO so as to complete the 
ring. Similar connections are made for each FIFO in the 
ring, parallel to these RXO-to-RXI connections, for Write 
Expansion Input (WXI) and Write Expansion Output 
(WXO). 
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LH540215/25 ADVANCE INFORMATION 512x18/ 1024 x18 Synchronous FIFO 

DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

When the last physical location has been read in a 
FIFO operating in cascaded mode, a LOW-going pulse is 
emitted by that FIFO on its RXO output; otherwise, RXO 
remains constantly HIGH. This LOW-going RXO pulse 
serves as a 'token' in the token-passing FIFO-cascading 
scheme; it is passed on to the next FIFO in the ring via its 
RXI input. When this next FIFO receives the token, it is 
activated for reading. 

After a FIFO emits an RXO pulse, its data outputs go 
into high-Z state, regardless of the assertion or deasser
tion of its Output Enable (OE) control input, until it again 
receives the token. 

The foregoing description applies both to the 'first-load' 
or 'master· FIFO in the ring, and to any and all 'slave· 
FIFOs in the ring. However, RXO has no necessary 
function for a FIFO which is operating in 'standalone' 
mode. Consequently, in that mode, RXO is never as
serted, and remains constantly HIGH. A FIFO is initialized 
into 'standalone' mode, into 'cascaded master' mode, or 
into 'cascaded slave' mode according to the state of its 
WXl/WEN2, RXl/REN2, and FURT control inputs during 
a reset operation. It also may be forced into interlocked 
paralleled mode by EMODE. (See Table 2, Table 5, and 
Table6.) 
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LH543620 
FEATURES 

• Fast Cycle Times: 15/20/25/30 ns 

• Selectable 36/18/9-Bit Word Width on Both Input 
Port and Output Port 

• 'Synchronous' Enable-Plus-Clock Control at 
Both Ports 

• Independently-Synchronized Operation of 
Input Port and Output Port 

• Pinout Similar to LH5420 256 x 36 x 2 
Bidirectional FIFO 

• Control l~ts Sampled on Rising Clock Edge 
(Except RS and ACE) 

• Most Control Signals Assertive-LOW for 
Noise Immunity 

• High-Drive Three-State Outputs 

• Device Comes Up Into Known Default State at 
Reset; Programming is Allowed, but is not Required 

• Five Status Flags: Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty; 'Almost' Flags are 
Programmable 

• All Five Status Flags are Completely Synchronous 

• Duplicate Enables for Interlocked Paralleled FIFO 
Operation, for 72-Bit Data Width 

• Both Edge-Sampled (OE) and Asynchronous (ACE) 
Output Enables 

• Automatic Byte Parity Checking; Optional Byte 
Parity Generation 

• TTUCMOS-Compatible 1/0 

• IEEE1149.1-Compliant (JTAG) Boundary-Scan 
Test Logic 

• Space-Saving PQFP and PGA Packages 

FUNCTIONAL DESCRIPTION 

The LH543620 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS RAM technology, 
capable of containing up to 1024 36-bit words. It can 
replace four or more byte-wide FIFOs in many applica
tions, for microprocessor-to-microprocessor or micropro
cessor-to-bus communication. Its architecture supports 
synchronous operation, tied to two independent free-run
ning clocks at the input and output ports respectively. 

SHARP 

PRODUCT PREVIEW 
1024 x 36 Synchronous FIFO 

However, these 'clocks' also may be aperiodic, asynchro
nous 'demand' signals. Almost all control input signals 
and status output signals are synchronized to these 
clocks, to simplify system design. 

The input and output ports operate altogether indepen
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow is 
initiated at a port by the rising edge of its corresponding 
clock, and is gated by the appropriate edge-sampled 
enable signals. 

The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Almost
Full, Half-Full, Almost-Empty, and Empty. The Almost-Full 
and Almost-Empty flags are programmable over the en
tire FIFO depth; but they are each initialized to a default 
offset of eight locations from the respective boundaries 
during a reset operation. If this default offset is satisfac
tory, no further programming is required. 

Both the input port and the output port may be set, 
independently, to operate at three data-word widths: 36 
bits, 18 bits, and 9 bits. This setting may be changed 
during system operation; however, the word-width-control 
signals must meet the usual setup-time and hold-time 
conditions for control inputs. 

9-bit bytes passing through the FIFO are assumed to 
be making use of a parity bit, and parity is automatically 
passively checked. A flag indicates the results of this 
parity checking; if parity checking is not desired, the value 
of this flag may be ignored. When the FIFO is reset, the 
parity-checking logic is initialized to use odd data parity; 
but the FIFO may be programmed to use either even 
parity or odd parity during subsequent operations. Also, 
the FIFO may be programmed to actively generate, and 
record, a parity bit into the most-significant bit of each 9-bit 
byte of data passing through the internal memory array, 
overwriting the previous contents of those bits. 

Coordinated operation of two paralleled LH543620 
FIFOs, as one 1K x 72 FIFO, may be ensured by 
'interlocked' crosscoupling of the FF and EF outputs from 
each FIFO to the assertive-HIGH enable inputs of the 
other one; FF to ENl2, and EF to EN02, in both directions 
between two paralleled FIFOs. 

Two separate input control signals are provided for 
enabling/disabling the 3-state outputs: OE, which is syn
chronized to CKO, and is held in a flipflop within the 
LH543620 during use; and ACE, which is entirely asyn
chronous. In any given application, whichever one of 
these signals is not in use normally must be grounded, 
both must be asserted to enable the 3-state outputs. 
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LH64270 
FEATURES 

• 276,480 x 4 bit configuration 
(270 lines x 1,024 bits) 

• Applicable to 4 fsc sampling field size 
(263 lines x 91 O bits) for NTSC signal 

• Selectable field size: 
Line count: 262, 262.5, 263, or 270 
Line length: 910 or 1,024 

• RCLR and WCLR pins allow the 
memory to be used as a delay line of 
desired bit length (1 to 276,480 bits) 

• Access time: 50 ns (MAX.) 

• Cycle time: 60 ns (MIN.) 

• Power supply: 5 V ± 10% 

• Power consumption: 
Operating: 550 mW (MAX.) 
Standby: 110 mW (MAX.) 

• TTL compatible 1/0 
(Three state for DOo - D03) 

• Package: 
28-pin, 400-mil SDIP 

CMOS 1M {270K x 4) Field Memory 

DESCRIPTION 

The LH64270 is a field memory LSI organized as 
276,480 words x 4 bits of dynamic RAM. 

It performs consecutive read and write operation of 
NTSC signals at a 4 fse sampling rate to obtain one 
field of delayed data (as a result). 

It is designed for use in personal computers as well 
as in IDTV systems. 

PIN CONNECTIONS 

28-PINSDIP TOP VIEW 

w 1• EXT/INT 
RCK 2 V002 

WCK 3 Vee1 
RCLR 4 GND4 

WCLR 5 GND3 
LSo 6 GND2 
LS1 7 GND1 

GND 8 Vee 
BS 9 NC 
OE NC 

010 

001 12 011 
DO:! 13 012 

14 013 

6427(1.1 

Figure 1. Pin Connections for SDIP Package 
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LH64270 CMOS 1 M (270K x 4) Field Memory 

a: 

~ 
a: 
< 

WRITE 
ADDRESS POINTER 

WRITE 
DATA REGISTER 

WRITE 
ADDRESS POINTER 

WRITE 
DATA REGISTER 

400 x 4 -+--ii------624 x 4 

270 

BLOCK 1 

READ 
DATA REGISTER 

READ 
ADDRESS POINTER 

270 

BLOCK2 

READ 
DATA REGISTER 

READ 
ADDRESS POINTER 

8 g g I~ 

Figure 2. LH64270 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL 

WCK,RCK Write/read clock input DOo-DOa 

w Write control input LSo, LS1 

OE Output enable input BS 

Vee, Vcc1, 
Vcc2 

EXT/INT 
External/internal sync. 
select input 

GND, 
GND1-GND4 

WCLR,RCLR 
Write/read address clear 
input 

Dia-Dia Write data input NC 

NOTES: 

~ 
0 
a: 

PIN NAME 

Read data output 

Line count select input 

Bit count select input 

+5 V power supply 

Ground 

Non connection 

1. Pins 21, 26 and 27 are not interconnected. These pins should all be connected to +5 V power. 
2. Pins 8, 22, 23, 24 and 25 are not interconnected. These pins should all be connected to O V. 
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CMOS 1 M (270K x 4) Fleld Memory LH64270 

PIN FUNCTION 

SIGNAL PIN NAME 1/0 FUNCTION 

Dlo- Dl3 Data input I Write data input 

DOo-D03 Data output 0 Read data output (Three state) 

WCLR Write address Set the address of the next write cycle, after setting the WCLR signal at 

pointer clear I "LOW", to the beginning-of-field address (Address 0). The WCLR signal is 
detected only for one write cycle period after its falling edge. 

RCLR Read address Set the address of the next read cycle, after setting the RCLR signal at 

pointer clear I "LOW", to the beginning-of-field address (Address 0). The RCLR signal is 
detected only for one read cycle period after its falling edge. 

w Write control I 
The W sig~I controls data write operation. It also enables wi:J!!! operation of 
one field (W = "Low") or disables write operation of one field (W = "High") by 
synchronizing with the WCLR signal. 

The OE signal controls data read from data output pins. Its "Low" level 
enables data read on the data output pins, and its "High" level prohibits data 

OE Output enable I read with setting the data output pins to high-impedance. Regardless of the 
OE signal's input level, the read address pointer continues to step up in 
response to the read clock (RCK). 

The WCK clock is a system clock input for data write. Write data is sampled 

WCK Write clock I by a rising edge of the WCK clock and transferred to an internal write data 
register. The write address pointer is stepped up by one address in each 
write clock cycle. 

The RCK clock is a system clock input for data read. Read data is output 

RCK Read clock I after the access time from the rising edge of the clock. The read address 
pointer is stepped up by one address in each read clock cycle. The RCK 
clock is required to be identical to the WCK clock. 

LSo and LS1 signals determine the line number of one field. According to the 
combination of these signal input levels, one field can be 262 lines, 262.5 

LS0,LS1 Line selection I lines, 263 lines, or 270 lines. The line number can be determined for each 
field. [ (LSo, LS1) ; (L, L) = 262 lines, (H, L) = 262.5 lines, (L, H) = 263 lines, 
(H, H) = 270 lines ] 

BS Bit selection I The BS signal sets the line bit length to either 910 bits (BS= "Low") or 1024 
bits (BS = "High"), which is selectable for each field. 

INT sync. mode: 
Setting this pin "LOW" invokes internal sync. mode. In this mode, the write 
address and read address are always coincident. Following a data write or a 
data read of the last bit of the last line of a field, the first clock input (WCK, 
RCK) starts a new access from the first bit of the first line of the next field. 

EXT/INT Ext.tint. sync. I (Data input and output for one field is consecutively performed). The clear 
selection signals (WCLR, RCLR) must be kept at "HIGH" level in this mode. 

EXT sync. mode: 
Setting this pin "HIGH" invokes external sync. mode. In this mode, the write 
address and the read address can be independently controlled. The write 
address and the read address can be reset by the WCLR signal and the 
RCLR signal, respectively. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT 

Pin voltage VT -1.0to +7.0 v 
Supply voltage Vee -1.0to +7.0 v 
Output current lo 50 mA 

Operating temperature Topr Oto +70 •c 
Storage temperature Tstg -55to+125 ·c 
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LH64270 CMOS 1 M (270K x 4) Field Memory 

RECOMMENDED OPERATING CONDITIONS (TA= 0 to 70°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 
Input "High" voltage V1H 2.4 5.5 v 
Input "low" voltage VJL -1.0 0.8 v 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to 70°C) 
PARAMETER SYMBOL CONDITIONS MIN. 

Supply current lcc1 twcs. tRCs • 60 ns 

W, RCLA, WCLA, OE • V1H 

Standby current lcc2 
BS, ACK, WCK, LSo, LS1 = VJL 
Dlo - Dia, EXT/INT .. Don't care 

DOo - DOa = Open 

0 V S V1N S 5.5 V 
Input leakage current h O V on all inputs except the pin -10 

under test 

Output leakage current lo 
0 V S VOUT S 5.5 V -10 DOo - DOa = High-impedance 

Output "High" voltage VoH loUT= -2 mA 2.4 

Output "Low• voltage VoL loUT=4.0 mA -

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to 70°C) 
PARAMETER SYMBOL MIN. MAX. UNIT 

ACK cycle time tRCS 60 160 ns 

WCK cycle time twcs 60 160 ns 

ACK "High" pulse width tRCW 20 ns 

WCK "High" pulse width twcw 20 ns 

ACK "Low• pulse width tRCP 20 ns 

WCK "Low• pulse width twcP 20 ns 

Input data setup to WCK t1os 5 ns 

Input data hold to WCK !JOH 5 ns 

Access time from ACK tRAC 50 ns 

Output data hold to ACK IROH 5 ns 

OE access time IOEA 30 ns 

Output data hold time from OE toEH 0 ns 

Output disable time from OE loEz 40 ns 

W setup time from WCK twws 5 ns 

W hold time from WCK IWWH 0 ns 

BS setup time from ACK, WCK less 0 ns 

BS hold time from ACK, WCK IBSH 15 ns 

LSo - LS1 setup time from ACK, WCK ILSS 0 ns 

LSo - LS1 hold time from RCK, WCK ILSH 15 ns 

RCLA, WCLA pulse width ICLP 30 ns 

RCLR, WCLR setup time from ACK, WCK ICLS 5 ns 

RCLA, WCLA hold time from ACK, WCK ICLH 5 ns 

Input transition time (rise/fall) tr 3 35 ns 

NOTE: At least 500 µs of pause time after power-on should be given, and then clocks (WCK and RCK) 
must be input more than 8, 192 times to initialize dynamic circuits. 
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CMOS 1 M (270K x 4) Field Memory LH64270 

AC TEST CONDITIONS 

PARAMETER RATING 

Input pulse level Oto3 V 

Input rise/fall time 5 ns 

Input timing reference level 1.5V 

Output timing reference level O.BV, 2V 

CAPACITANCE 

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT 

Input capacitance C1 All input pins 10 pF 

Output capacitance Co All output pins 10 pF 

WCK, RCK 

DI 

DO 

BS 

less lesH 
NOTE: WCLR = "HIGH", RCLR = "LOW" 

Figure 3. Internal Sync. Mode (EXT/INT· Low) 



LH64270 CMOS 1 M (270K x 4) Field Memory 

WCK,RCK 

DI 

DO 

LSo. LS, 

BS 

Figure 4. External Sync. Mode (EXT/INT· High) 

ORDERING INFORMATION 

LH64270 
Device Type 

x -## 
Package Speed 

I L_ 50 Access Time (ns) 

L_ Blank 28-Pin, 400-mil SDIP (SDIP28-P-400) 

~----------- CMOS 1M (270K x 4) Field Memory 

Example: LH64270-50 (CMOS 1 M (270K x 4) Field Memory, 50 ns, 28-Pin, 400-mil SDIP) 
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LH66180 CMOS 1 M (180K x 6) Field Memory for VCR 

FEATURES 

• Dynamic "FIFO" memory organized as 
263 rows x 720 columns x 6 bits 
(compatible with NTSC composite signal 
processing) 

• First FIFO operation: 
Serial access time: 65 ns (MAX.) 
Serial cycle time: 88 ns (MIN.) 

• Power consumption: 
Operating: 413 mW (MAX.) 
Standby: 83 mW (MIN.) 

• 6-bit parallel 1/0 pin 

• Uninterrupted, simultaneous 
read/write capability 

• Built-in top address data register for 
memory address reset data 

• Built-in resettable sequential 
address generator 

• Self-refresh function 

• Memory address reset capability 
for one field 

• Single +5 V power supply 

• TTL compatible 1/0 

• CMOS double-metal process 

• Package: 
22-pin, 400-mil DIP 

SHARP 

DESCRIPTION 

The LH66180 is a 189,360 x 6 bit dynamic FIFO 
memory which provides fast image data processing at 
a 6 bit rate. Since it is compatible with 3 fsc sampling 
and one field of 6-bit quantized data, the LH66180 is 
applicable to a field memory for use in VCRs and video 
disc recorders. 

The LH66180's memory block is divided into two 
sections so that fast image data of large capacity can 
be efficiently processed. Those two sections of memory 
block are alternately accessed to read and write data 
simultaneously and continuously. 

PIN CONNECTIONS 

22-PINDIP TOP VIEW 

GND 1• 22 Vee 

OOo 2 21 DOs 

D01 3 20 004 

DOi! 4 19 003 

Dl0 5 18 SCK 
Dl1 6 17 RST 

DI, 7 16 NC 

Dl3 8 15 NC 

Dl4 9 14 NC 

Dis 13 WE 

GND 11 12 Vee 

66180-1 

Figure 1. Pin Connections for DIP Package 
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LH66180 CMOS 1M (180K x 6) Field Memory 

(/) 
rn-
wa: 
a:w 
01-oz 
<=> 

~8 

12-BITTOP 
ADDRESS DATA 

REGISTER 

ROW ADDRESS REFRESH CLOCK 
CONTROL COUNTER GENERATOR 

= (/) 
a: a: rn= w w Wa: 
0 MEMORY MEMORY 0 O::w 
0 8 01-
0 BLOCK I BLOCK II Oz w 1 94,sao x s sin ( 94,680 X 6 BIT ) w <:::> 
0 0 

~8 ~ 
;: 
If 

R I W REGISTER I RIW REGISTER II 

SERIAL SELECTOR SERIAL SELECTOR 

Figure 2. LH66180 Block Diagram 

PIN DESCRIPTION 

SIGNAL VO PIN NAME 

Dlo- Dis I Serial input for 6-bit data to be received from AID converter. 

DOo-DOs 0 Serial output for 6-bit data to be transferred to DIA converter. 

SCK I 
Serial clock input. Applying a HIGH level signal to the SCK pin places the device 
in self-refresh mode. 

Reset input for an accessed memory address. The memory address is reset in 
RST I response to the fall of the RST signal, and restarts memory cycling from the top 

address of memory. 

WE I 
Write control input for one field of serial input data. Applying a LOW level signal 
to WE pin allows read/write operation. A HIGH level signal allows read operation 

Vee I +5 V power supply * 

GND I O V power supply • 

NOTE: The device has multiple Vee and GND for reduced noise. All Vee and GND pins must be connected. 
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CMOS 1 M (180K x 6) Field Memory 

READ OPERATION 
The Field Memory consists of a DRAM cell array 

which is divided into two blocks, and a top address 
register which is accessed immediately after a reset. 
Data is output from DOo-DOs synchronously with SCK. 
The first 12 bits of data are accessed from the top 
address register in response to the fall of the RST signal. 
During this period, data in all the memory cells linked 
to row address No. 1 of the first memory block are 
transferred to the first R register. This data is subse
quently output in succession from the first R register by 
the SCK clock. Before all the data is output from the 
first R register, the second memory block becomes 
active, and data in all the memory cells linked to row 
address No. 1 of the second memory block are trans
ferred to the second R register. These are output by 
the SCK clock following the last data of the first R 
register. In this manner, the memory blocks are alter
nately accessed, so that data can be continuously output 
from the alternate R registers by the SCK clock. When
ever the memory address is reset with the RST signal, 
data is re-read starting with the top address register. 
Thus, uninterrupted reading of data is made possible. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT 

Supply voltage Vr -1.0to+7.0 v 
Operating temperature Topr Oto+70 •c 
Storage temperature Tstg -55to+150 ·c 

LH66180 

WRITE OPERATION 
Data is input through Dlo-Dls whenever WE = "Low". 

The first 12 bits are input to the top address register in 
response to the fall of the RST signal. Thereafter, data 
is input to the first W register, synchronously with the 
SCK clock. Once the first W register becomes filled 
with input data, subsequent input data is directed to the 
second W register. Meanwhile, the contents of the first 
W register are transferred into row address No. 1 of the 
first memory block. Once the second W register be
comes filled, its contents are transferred into row ad
dress No. 1 of the second memory block, while the first 
W register receives new input data. In this manner, the 
data is alternately input to the W registers, then trans
ferred to the memory cells one row at a time. This 
operation is alternately repeated until the memory ad
dress is reset by the RST signal, causing data to be 
input to the top address register while the row address 
is reset. Thus, uninterrupted writing of data is made 
possible. 

NOTE 

1 

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 

Supply voltage Vee 4.5 5.0 5.5 v 
GND 0 0 0 v 

Input voltage V1H 2.4 6.5 v 
V1L -1.0 0.8 v 

NOTE: Referenced to GND. 

DC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT 

Input voltage V1H 2.4 6.5 v 
V1L -1.0 0.8 v 

Output voltage VoH lour= -2 mA 2.4 v 
VoL lour= 4.2 mA 0.4 v 

Operating current Ice 
During normal operation 

75 mA !sec - MIN., outputs open 

Standby current lsB SCK = V1H (MIN.) 20 mA 

ISB1 SCK = Vee - 0.2 V 15 mA 

Input leakage current lu 
0 V s V1N s 6.5 V, outputs open -10 10 µA 0 V on all other pins 

SHARP 8-9 



LH66180 

AC CHARACTERISTICS (Vee= 5v±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. TVP. MAX. 

Serial clock "H" pulse width tscH 30 40 
Serial clock "L" pulse width tscL 30 40 

Serial clock cycle time tscc 88 93 140 
RST setup time 1RSS 5 
RST hold time 1RSH 15 

Access time from SCK tscA 65 

Hold time for SCK tsoH 10 
WE setup time twcs 5 
WE hold time twcH 0 
Setup time for data input tos 5 
Hold time for data input toH 25 
Self-refresh start time tREFST 100 

CAUTION: 

At power on, for proper operation, at least 500 µs of pause time followed by 
1,440 initialization cycles should be given. 

SCK 

lscc 

6180-3 

Figure 3. Serial Clock Timing 

SCK 

000 .005 

010 -015 

CMOS 1M (180K x 6) Field Memory 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

66180-4 

Figure 4. Field Synchronous Mode (Read/Write Cycle) 
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CMOS 1 M (1 SOK x 6) Field Memory 

12 TO 360 CYCLE 

SCK 

tscA 

DOo- DOs ------

SELF-REFRESH 
tREFST 

NOTE: Appling a HIGH level signal to WE places the device in read-out mode, 
and still pictures can be obtained. 

To enter self-refresh mode, It is necessary to return to the top of a memory 
address with an RST input, while the WE signal is kept HIGH in order to inhibit 
write operation. Then, at least 12 initialization cycles up to 360 cycles should be given. 
When the SCK goes HIGH for more than 100 µs, the device is placed in self-refresh 
mode. To resume access after self-refresh, It is necessary to return to the top of a 
memory address with an RST i~. Read out the one field after self-refresh by 
applying a HIGH level signal to WE. 

Figure 5. Self-refresh Mode (Note 2) 

ORDERING INFORMATION 

x -## LH66180 
Device Type Package Speed 

I I_ 65 Access Time (ns) 

L__ Blank 22-Pin, 400-mil DIP (DIP 22-P-400) 

~------------ CMOS 180K x 6 Field Memory 

Example: LH66180-65 (CMOS 1 M (180K x 6) Field Memory, 65 ns, 22-Pin, 400-mil DIP) 

SHARP 
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LH5420 Synchronous Bidirectional FIFO 

DATABUS FUNNELING MADE EASY 

INTRODUCTION 
The Sharp LH5420 256 x 36 x 2 CMOS Bidirectional 
FIFO is an innovative device which turns the difficult 
task of funneling and defunneling different-size 
databusses into an easy one-component solution. Fun
neling refers to a situation where data from a larger 
databus (eg. 32-bits wide, 36-bits with parity) must be 
segmented (usually in increments of 8-bits, 9-bits with 
parity) and transferred to a smaller databus (eg. 8-bits 
wide, 9-bits with parity). The funneling options available 
on the LH5420 are "36-bits to 9-bits" and "36-bits to 
18-bits". Defunneling refers to just the opposite of fun
neling. To defunnel, data from a smaller databus (eg. 
8-bits wide, 9-bits with parity) is combined together 
sequentially with other data from that databus, and 
transferred in parallel to a larger databus (eg. 32-bit 
wide, 36-bit with parity). The defunneling options avail-

iiS__r;;;l 
-~ 

BYPASS 

MB~~-----1--11-----

able are "9-bits to 36-bits" and "18-bits to 36-bits". For 
wide word applications on both ports, "36-bit to 36-bit" 
buffering is also available. 

A very important feature of the LH5420 is the ability to 
operate bidirectionally. The term Bidirectional refers to 
the LH5420s ability to funnel and defunnel between 
different sized databusses, allowing data to travel in 
both directions. Bidirectional operation is also available 
when the full width of both ports are used (eg. 36-bit to 
36-bit buffering). 

The advantages of the LH5420 bidirectional FIFO to 
the system designer are: elimination of several conven
tional FIFOs and glue logic; significant reduction of 
board space; elimination of the complexities of handling 
bus contention; and improved system performance. 
But, most importantly, it makes databus funneling easy. 

......... __ _ 

SHARP 
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Figure 1. LH5420 Block Diagram 
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LH5420 

CONVENTIONAL DATABUS FUNNELING 
SOLUTIONS CAN BE AWKWARD 

The rapid transfer of information between a databus of 
one size to a databus of a different size (funneling or 
defunneling) seems like a simple enough operation, 
when viewed on paper in block diagram form; but the 
block diagram must be transformed into a high-speed 
circuit design. Conventional solutions require many 
components, and considerable board area. Further, the 
timing required for reading, writing, and flag detection 
for multiple parts in parallel, places a heavy burden on 
reliable high speed operation. 

CONVENTIONAL FUNNELING CIRCUIT 
DESIGN 
Figure 2 shows a bus-funneling circuit designed using 
conventional components. Figure 2a is an example of 
the timing required to use the circuit in Figure 2. Figure 3 
shows the circuit which must accompany Figure 2 if the 
circuit were expected to operate bidirectionally (funnel 
and defunnel). Figure 3a is an example of the timing 
required to use the circuit in Figure 3. An obvious dis
advantage of this conventional funneling circuit is the 
number of components required. One "Programmable 

CLK 

l 

- PLO 
1---
I-- 9 

9 

9,. ..,. 

I 
I 

g, I 9 
-Os " 

Synchronous Bldlrectlonal FIFO 

Logic Device" (PLO) and four standard 256 x 9 FIFOs 
are required for one-way funneling. If bidirectional op
eration (funneling and defunneling) is important, two 
PLD's and eight 256 x 9 FIFOs are required. The com
bination of all these components results in very restric
tive data setup (tos)and hold (toH) timings during a Write 
cycle, and restrictive access timings (tA) due to the risk 
of databus contention during a Read cycle. In many 
cases, high speed operation would be out of the ques
tion. Tight controls on signal noise and signal skew 
might also be required to keep the four FIFOs synchro
nized. After all this, the circuit designer would do just 
about anything for a single-chip solution. Setup and 
Hold times for a single asynchronous 256 x 9 FIFO are 
typically 1 O ns and 0 ns respectively for access times 
of 20 ns. Because this defunneling circuit is a combi
nation of separate components (see Figure 3), setup 
and hold times would have to be increased significantly 
to ensure correct synchronization due to signal propa
gation delays of the control signals and data. In a 
conventional defunneling circuit, there could be as many 
as four 9-bit words waiting to be written sequentially 
into four different FIFOs. Each of the four 9-bit words 
requires its own setup (tos) and hold (toH) time (see 
Figure 3a). These restrictions will limit the maximum 
defunneling frequency of this circuit. 

l < 0 STATUS FLAGS 

fo 0 Woo 
!!: EF 
LL._ 
m FF I--
x HF 1--- ... 
18 9 l9o_ N D , 

r1 0 W1 
LL. 
u:: 
O> 
)( 

<D 9, 
Q1 ~ D 

r2 0 W2 
LL. 
u:: 
"' )( 

<D 9, 
Q2 ~ D -, 

ra o W3 
LL. 
u:: 
"' )( 

<D 
9 Qa ~ D , 

APP1·3 

Figure 2. 36-Blt to 9-Blt Conventional Funneling FIFO Circuit 
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Synchronous Bldlrectlonal FIFO 

Databus contention is a common problem experienced 
when combining two or more output pins from different 
devices in parallel, on the same databus (see Figure 2). 
If during a Read cycle, at least two of the output pins 
happen to be momentarily on at the same time, the two 
output drivers potentially could fight against each other 
driving the data bus to opposite logic states (one driver 
pulling the bus to OV, while the other driver is simulta
neously pulling the bus to 5 V). Databus contention 
degrades system performance and increases the sys
tem operating current. 

Another significant disadvantage with using the conven
tional component solution is handling the flags. Each 
256 x 9 FIFO has 3 types of flags which can be used 
in the application to indicate the current FIFO status 
(Empty , Full, or Half Full). Most designers use a flag 
from only one of the four FIFOs. This flag-handling 
technique has a significant disadvantage. When a flag 
from only one of the four 9-bit wide FIFOs is used to 
represent the entire 36-bit word, there is no way to 
insure that the other three FIFO flags are synchronized 
(empty, full, or half full at the same time) with the first. 
There is the possibility that one, two, or all three of the 
other FIFOs may have become unsynchronized (due to 

READ CYCLES 

LH5420 

signal noise, excessive signal skew, etc.) and are now 
contributing incorrect data to the 36-bit word. 

SHARP'S Single Chip Solution to the 
Complexities of Funneling 
The LH5420 CMOS Bidirectional FIFO was designed 
specifically to simplify the handling of wide-word (up to 
36-bits) data buffering. The notable features of this 
device relating to data bus funneling are: 

• Selectable 36/18/9-bit Word Width on Port B 

• Two 256 x 36-bit FIFO Buffers for Bidirectional 
Operation 

• Synchronous operation on both Ports A and B 

• Fully Asynchronous Communications between 
Port A and Port B 

• Only One Set of Flags for the Entire 36-bit 
Wide Word 

• Capable of 40-MHz operation 

WRITE CYCLE 

DATA1N VALID 

CLK---if--- CLK ----CLK----- CLK-~---CLK 

NOTE: f0, f 1, f2, f3, - PLO generated READ signals. APP1"4 

Figure 2a. 36-Blt to 9-Blt conventional Funnellng Write and Read Timing Diagram 



LH5420 

The LH5420 provides an easy one chip solution to the 
problems associated with funneling one size databus 
to a different size databus (see Figure 3). The LH5420 
also provides a simple method of buffering wide word 
databusses up to 36 bits wide on each port. There are 
two ports on the LH5420, Port A and Port B. A Port is 
defined as an interface between the outside databus 
and the internal FIFO memory. Each port can be used 
as an input or an output depending on which direction 
the data will travel. The LH5420 allows Port B to be 
selectable in word widths from 36, 18 or 9 bits wide, 
while Port A is fixed at 36-bits wide. 

Two separate 256 x 36-bit FIFO buffers work side-by
side to move data in opposite directions. This is what 
enables the LH5420 to operate bidirectionally. As an 
example, a 36-bit databus and a 9-bit databus can send 
and receive data back and forth, giving unrestricted 
communication privileges between an 8-bit micro
controller and a 32-bit microprocessor. Clock-frequency 
differences between the two busses are not an issue. 
Even though the individual ports are synchronous in 

CLK 

I 
w - PLO 

1----i ~ -,. 

L--.-

~ 

~ 

~ 

Synchronous Bidirectional FIFO 

nature, each port is controlled from separate system 
clocks (CKA and CKB). Each port operates indepen
dently from the other, so that port-to-port comrrunica
tion occurs asynchronously. 

The LH5420 has five different types of flags available: 
Full Flag (l=F), Empty Flag (EF), Half Full Flag (HF), 
Almost Full Flag (AF), and Almost Empty Flag (AE). 
The Almost Empty and Almost Full Flags are program
mable. One set of these flags are available for each 
256 x 36 FIFO buffer, to cover the status of data going 
in either direction. The low skew inherent in a single 
monolithic solution eliminates the risk that 
desynchronization will occur within the 36-bit wide word 
in the FIFO. Further protection is afforded because the 
flags cover the full 36-bit word width and not just the 9 
bits that were used in the conventional funneling design 
mentioned above. The problems of designing a system 
around restrictive read and write timing constraints are 
no longer an issue, because the complexities of fun
neling timing synchronization are handled automatically 
within the LH5420 bidirectional FIFO. 
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Figure 3. 9-BH to 36-Bit Conventional Funneling FIFO Circuit 
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Synchronous Bldlrectlonal FIFO LH5420 

WRITE CYCLE READ CYCLE 

NOT VALID NOT VALID 

Oo-035 DATAouT VALID 

i---------CLK-------.i--------CU<---------1 

NOTE: w0, w1, w2, w3 = PLO generated WRITE signals. 

Figure 3a. 9-Blt to 36-Blt COnventtonal Defunnellng Read and Write Timing Diagram 

SHARP LH5420 
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Figure 4. LH5420, the Single Chip Solution for Databus Funneling 
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WRITE CYCLES READ CYCLES 

CK8 

Doe- Dee DATAIN NOT VALID 

APP1-6 

Figure 4a. LH5420 9-Blt to 36-Bit Funneling Write and Read Timing Diagram 

SUMMARY 
The SHARP LH5420 bidirectional FIFO provides many 
benefits to a system designer working on applications 
which use wide word databusses (36 bits wide), or 
applications which require funne1ing and defunneling 
between databusses of different widths (eg. 8-bit to 

9-6 

32-bit, 18-bit to 36-bit, etc.). In comparison with con
ventional databus funneling methods, the LH5420 sim
plifies your circuit design, allows faster operating 
speeds, uses less board space, reduces component 
count, and provides bidirectional funneling with no ad
ditional circuitry. But best of all, it is easy to use. 

SHARP 



A ONE-CHIP TWO-WAY STREET FOR MICROPROCESSOR COMMUNICATIONS: 
THE SHARP LH5420 36-BIT BIDIRECTIONAL FIFO * 

Chuck Hastings 
Marketing/Applications Manager, FIFO and Specialty Memories 

Sharp Microelectronics Technology, Inc. 
5700 N. W. Pacific Rim Boulevard 

Camas, WA 98607 
206/834-8615 

INTRODUCTION 

New integrated circuits often evolve as single
chip embodiments of groups of lower-complex
ity parts. When the same multiple-device 
configuration starts turning up in many new 
designs, a semiconductor manufacturer may 
get inspired to develop a one-chip-does-all re
placement just by listening to its customers. 
Bidirectional FIFOs, wide enough to hold an 
entire word of data, are one such frequently-oc
curring combination. Perhaps one out of every 
five system applications for FIFOs fits this de
scription. Usually, the role of a bidirectional 
FIFO is to provide convenient two-way commu
nication between two processors or micropro
cessors. 

In the past, an effective bidirectional FIFO for 
communication back and forth between two 
32-bit-processors has needed to consist of at 
least eight industry-standard byte-wide unidi
rectional FIFO devices, arranged into two 
'back-to-back' ranks of four paralleled FIFOs 
each. When parity checking is implemented, 
the data path between processors becomes 
36-bit. Sometimes only one of the two proces
sors is 32-bit, and the other one is 16-bit or 8-bit. 
In this event, even more devices must be 
added, to implement multiplexing, demultiplex
ing, and control functions at the narrower end 
of the bidirectional data path. 

The LH5420 256 x 36 x 2 bidirectional FIFO, 
now available from Sharp, is a 'one-chip-does
all' solution to such system requirements for 
two-way interprocessor communication. One 
•See copyright information on page 11. 

SHARP 

LH5420 can provide either a convenient fully
parallel two-way connection from one 36-bit bus 
to another such bus, or it can provide a two-way 
'funneling/defunneling' connection from a 36-bit 
bus to an 18-bit bus, or to a 9-bit bus. Thus, the 
LH5420 supports all of the usual microproces
sor word widths, and accommodates the extra 
bit per byte for parity or marker-bit usage. It 
operates at up to 40 MHz, and is available either 
in a 120-pin PGApackageorin a 132-pin PQFP 
package. 

LH5420 ARCHITECTURE 
AND OPERATION 

The LH5420 includes several enhancements, 
aimed at making a system designer's life easier. 
The LH5420 itself can check the parity of all 
bytes passing through it in either direction. And 
it features programmable almost-full and al
most-empty flags, retransmission capability in 
either direction, 'mailbox' capability in either 
direction, a limited form of transceiver-mode 
oper-ation, and a synchronous request/ac
knowledge capability which is useful in burst
mode communications. 

Conceptually, an LH5420 is organized as two 
36-bit-wide bidirectional ports, Port A and Port 
B. Two full-width 256-word FIFOs, FIFO# 1 and 
FIFO# 2, are connected between the two ports, 
one transmitting in each direction. (See Figure 
1.) There are also two full-width one-word mail
boxes between the two ports, one likewise 
transmitting in each direction. And there is a 
full-width bidirectional data bypass path, which 
functions during a reset operation. Two asyn-
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LH5420 Synchronous Bldlrectlonal FIFO 

chronous control inputs set the data width of 
Port B at 36 bits, at 18 bits, or at 9 bits. 

may or may not be derived from the same 
frequency source as the other port's clock input. 
Each port also has three control inputs which 
are sampled at the rising edge (LOW-to-HIGH 
transition) of its clock: read/write, enable, and 
request. Each port also has an 'Acknowledge' 

Each port has its own clock input. In typical 
applications, a port's clock input is connected 
to a periodic free-running clock signal, which 
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Synchronous Bldlrectlonal FIFO 

output which is synchronized to its clock, a 
parity flag output, and asynchronous control 
inputs for initiating data re-transmission and for 
enabling/disabling its data outputs. 

FIFO # 1 and FIFO # 2 each have five status 
flags to indicate relative fullness: Full, Almost
Full, Half-Full, Almost-Empty, and Empty. The 
Full, Half-Full, and Empty flags are hard-wired 
to signal exactly what their names indicate. But 
there are programmable 'offsets' controlling the 
operation of the Almost-Full and Almost-Empty 
flags, to numerically define the boundaries of 
the 'Almost-Full' region and the 'Almost-Empty' 
region. These offset values are both initialized 
to eight during a reset operation; but either one 
may be changed under system control, inde
pendently of the other one, to any value from 
zero to 255. 

While a data transfer is actually taking place, 
the port's Acknowledge output repeats the 
same information as eitherthe Almost-Full flag 
or the Almost-Empty flag, depending on the 
current direction of data transfer - Almost-Full 
when writing, and Almost-Empty when reading. 

The five relative-fullness status flags may 
change state either in response to a write event 
clocked at one port, or else in response to a read 
event clocked at the other port. The port's Ac
knowledge output signal, however, is totally 
synchronous with the clock input signal at that 
port; except, that it gets deasserted immediately 
if at any time the Request input signal is 
deasserted. 

Both the Request control input and the Enable 
control input of a port must be asserted, in order 
for that port to carry out a read operation or a 
write operation. The Read/Write control input 
determines which type of operation gets per
formed. 

The action of the Request and Enable signals 
within the LH5420 are generally similar; but 
their detailed timing is different. The Enable 
signal is presumed to be originating as a syn
chronous signal referenced to the same clock 
signal used by the port. On the other hand, the 
Request signal may arise asynchronously, 

SHARP 

LH5420 

elsewhere in the system; the LH5420 contains 
resynchronizing circuits, which reference the 
Request signal to the port clock internally within 
the LH5420. 

Either port may place a full 36-bit word in the 
other port's mailbox register. Doing so sets a 
mailbox flag, which is synchronized to the re
ceiving port's clock. This flag is reset whenever 
the receiving port has read the word in the 
mailbox register. Both ports have the ability to 
select eithertheir outgoing FIFO or their outgo
ing mailbox for writing, or either their incoming 
FIFO or their incoming mailbox for reading. 

Although Port A and Port B both have the capa
bility to send and receive 36-bit data words, 
each port has one major function unique to it. 
Port A is the master port for purposes of re
source-allocation and control functions, such as 
changing the value of the offsets for the Almost
Full and Almost-Empty flags, or changing the 
byte parity scheme from odd parity to even 
parity. Port B, on the other hand, is the port 
which is capable of setting its effective data 
width at 36 bits, 18 bits, or 9 bits. 

Two asynchronous inputs control the data width 
of Port B. Changing this data width does not 
require any reset operation. However, sufficient 
time must be allowed for the LH5420's internal 
byte-shifting and demultiplexing circuits to set
tle; waiting for two full Port B clock cycles is 
recommended. 

'SYNCHRONOUS' FIFOs AND 
'ASYNCHRONOUS' FIFOs 

The antonyms 'synchronous' and 
'asynchronous' each have taken on two very 
different meanings in FIFO applications litera
ture. The first meaning has to do with the timing 
of the FIFO's data and control inputs, and of its 
data and status outputs. The second meaning 
has to do with the capability of the FIFO to adjust 
itself to different and unrelated timing require
ments at each of its two ends. 

According to the first meaning of these terms, a 
'synchronous' FIFO operates with a free-run
ning clock input, but performs operations such 
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as writing or reading only when these opera
tions are 'enabled.' Data inputs, and control 
inputs such as enable signals and mode-control 
signals, must all meet setup time and hold time 
requirements with respect to the free-running 
clock. Data outputs and status outputs are pre
sumed valid after some specified delay time has 
elapsed, following a transition of the free-run
ning clock. 

FIFOs which are 'asynchronous,' according to 
this meaning of 'asynchronous,' do not use any 
such free-running clock. Some older-architec
ture 'asynchronous' FIFOs even use edge-sen
sitive, ratherthan level-sensitive, control inputs. 
'Synchronous' FIFOs sometimes may be made 
to behave as 'asynchronous' FIFOs, if desired, 
by connecting their 'enable' inputs to be perma
nently asserted, and using their free-running 
clock inputs as asynchronous edge-sensitive 
'demand' control input signals. 

According to the second meaning of the terms 
'synchronous' and 'asynchronous,' however, a 
'synchronous' FIFO would be a FIFO having 
both its input port and its output port always 
synchronized to the same 'clock' signal; in other 
words, a glorified shift register. An 'asyn
chronous' FIFO, on the other hand, can operate 
with its input port synchronized to one timing 
signal, and its output port synchronized to a 
second timing signal having no necessary rela
tion to the first one; and neither timing signal 
needs to be regular or periodic. 

The LH5420 has a free-running-clock-plus-en
able control structure; and so its two internal 
FIFOs are 'synchronous' FIFOs in the first 
sense of this term, except that the behavior of 
the five relative-fullness flags is not entirely 
'synchronous.' However, they are completely 
'asynchronous' FIFOs in the second sense; 
there is no necessary synchronization relation 
between the Port A clock and the Port B clock, 
nor is either of these clocks required to be 
strictly periodic. This type of behavior is usually 
considered to be useful, system-friendly, and 
what FIFOs are all about. 
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DESIGNING WITH THE LH5420 

In some applications, data bursts get pushed 
through a FIFO at or close to the FIFO's maxi
mum word rate; but the system must take some 
immediate action if the FIFO ever becomes 
completely full or completely empty. The 
LH5420's RequesVAcknowledge feature sup
ports such a mode of operation. The Acknowl
edge output signal meets the setup time and 
hold time requirements for the Enable input, 
and may simply be tied back to it, in order to 
prevent complete filling or complete emptying 
of the active FIFO. This mode of operation 
slightly decreases the maximum data rate. 

In essence, the Acknowledge signal is a syn
chronous 'proxy' or 'predictor' for whichever 
'Almost' flag is pertinent to the current data
transfer operation. Because synchronous pre
dictive logic is used to determine the state of 
this signal, it is actually faster than the corre
sponding flag. 

Assume now that a port's Request input is being 
continuously asserted, say for writing into the 
outbound FIFO for that port. As long as the FIFO 
does not get into the 'Almost-Full' region, that 
is, the number of vacant FIFO physical words 
never falls below the 'Almost-Full' offset value, 
then the Acknowledge output is continuously 
asserted by the LH5420 control logic, and a 
word gets written into the FIFO as a result of 
every write-clock pulse. However, if the FIFO 
does become 'Almost Full,' then the Acknowl
edge output gets asserted only on every third 
write-clock pulse, rather than continuously. 
Thus, if the Acknowledge output has been tied 
back to the Enable input, the wide-open data 
rate then gets slowed down immediately, so that 
the writing of each word can be handled on a 
full-handshake basis. This operational tech
nique allows achieving the maximum data rate 
much of the time, and yet protects the system 
against data loss caused by overrunning the 
FIFO boundaries. 
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When the system is operating an LH5420 in 
block-transfer mode, where a full block gets 
loaded at one port and then gets unloaded at 
the other port, the Acknowledge signals may be 
used to locate the end of a block, in lieu of 
having to implement an external block-length 
counter. As a simple example, say that the 
system block length is 193 words. The sending 
port loads in one complete block, and 55 words 
from the next block, in burst mode. At this point, 
its Acknowledge signal gets deasserted, indi
cating that the FIFO is 'Almost Full.' The Ac
knowledge signal does behave exactly in this 
manner, provided that the corresponding 'Al
most-Full' flag offset still remains at its default 
value of eight. The receiving port then unloads 
the block. If its 'Almost-Empty' offset value has 
been set to 55, its Acknowledge signal will get 
deasserted exactly at the end of the block. 
Since this indication occurs within a clock 
period, it is fast enough to be accurate without 
any uncertainty. 

The LH5420's parity-checking facilities treat all 
nine bits alike, of each byte passing through one 
of the two FIFOs; the 'parity bit' may be in any 
position within a byte. A ten-input parity gate 
scans each group of nine bits in the output 
register of each port; the tenth input of each 
parity gate is from the even/odd-parity control 
flipflop, which may be programmed from Port A. 
This flipflop is set for odd parity when the 
LH5420 is reset; but it may be reprogrammed 

LH5420 

to even, or back to odd, at any time subse
quently. If any of the four parity gates at a port 
ever detects an odd number of 'ones' in a byte, 
including the control flipflop in the.:ones' count, 
then the port's parity flag is asserted as long as 
the word containing the erroneous byte remains 
in the output register. 

SUMMARY 

The LH5420 36-bit bidirectional synchronous 
FIFO, available now from Sharp, is a system
oriented 'one-chip-does-all' part, intended to 
simplify back-and- forth communications be
tween two microprocessors, microcontrollers, 
or similar devices. 

The LH5420 offers several sophisticated fea
tures: on-the-fly parity checking, word-width 
matching of a 36-bit bus to an 18-bit bus or to a 
9-bit bus, two-way mailbox communications, 
and synchronous Acknowledge signals which 
can be used to give a quick and accurate end
of-block indication or an advance warning of 
FIFO fullness or emptiness. 

In most bidirectional-FIFO applications, one 
LH5420 replaces many lower-level and discrete 
parts, and simplifies system design. It offers 
high performance for burst operations; it can 
transfer a 36-bit word in each direction every 25 
nanoseconds. 

*COPYRIGHT INFORMATION: This paper is a slightly modified version of the paper with the same title which appeared in the Northcon/91 Conference 
Record, paper 06/1; 1-3October1991. Also, in the Wescon/91 Conference Record, paper 7/4; 19-21 November 1991. 
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0.20 [0.008] 
o.00[0.000] 

1.03 (0.040) 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

10-14 

l JJ 
I 9.5o 10.3741 I 
1---9.10(0.358] _.., 

---U--
0.20 [0.008] 
0.10 (0.004] 

32SOJ400 

24SOP 

SHARP 



28SOP (SOP28-P-450) 

1.27 [0.050) 
TYP. 

[ , ... ._,," 
17.80 (0.701) 

1.70 [0.067] 

t 

1.70 (0.067] 

12.40 [0.488) 
11 .60 (0.457] 

0.15 (0.006) 

1.03 [0.041) 

,.~------1·-t--'--t-::---r 2.40 [0.094) 

®AAAAAAmr~~==r==F== 2.00 (0.079) 

0.20 [0.008) 
0.00 (0.000) 

1.025(0.041) 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES) MINIMUM LIMIT 

32SOP (SOP32-P-525) 

1.27 (0.050) 
TYP. 

r ,.., .... , 
20.40 (0.803) 

1.40 (0.055) 

t 

14.50 (0.571) 11.50 (0.453) 
13.70 (0.539) 11.10 [0.437] 

1.40 [0.055) 

0.15 [0.006) 

1.28(0.50) 

~+--'---it---..,. 2.90(0.114) 
2.50 [0.098) 

'.:f=~=r=r-

0.20 [0.008) 
0.00 [0.000) 

1.28 [0.050) 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES) MINIMUM LIMIT 

SHARP 

~]'~'" 
--l~ 

0.20 [0.008) 
0.10 (0.004) 

--l~ 
0.20 [0.008) 
0.10 (0.004) 

Packaging 

28SOP 

32SOP 

10-15 



Packaging 

40SOP (SOP40-P-525) 

1.27 (0.050) 
TYP. 

1imm ,. .. , .... __ __. ~ 26.10(1.028) 

f 
11.50(0.453) 14.50(0.571) 
11.10 (0.437) 13.70 (0.539) 

1.40 [0.055) 

0.15 [0.006] 

1.28 (0.050] 

c:==:=:==::J ,.----------d-L--r-:-12.90(0.114] 

~~==l~'J='*"'----1. 2.50(0.098) 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

44SOP (SOP44·P-600) 

1.27 [0.050) 
TYP. 

28.40(1.119] ___ _, 
28.00 [0.102) 

0.20 (0.008) 
0.00 (0.000) 

1.28 [0.050] 

f 
16.40 (0.646) 
15.60 [0.614) 

0.15 (0.006) 

1.275 [0.050] 

--11-
0.20 (0.008) 
0.10 (0.004) 

--11-
0.20 (0.008) 
0.10 (0.004) 

2.9 (0.114) 3.25 [0.128] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

10-16 

2.5 0.098 2.45 (0.096) 

0.25 [0.01 O] 
0.05 [0.002] 

1.28 [0.050] 

40SOP 



26TSOP (TSOP26·P-300) 

1.27 [0.050) 
TYP. 

9.60 (0.378] 
8.80 (0.347] 

6iiiiiiiiGiiiii------"I~ I 1:.,." 
0.20 [0.008) 
0.00 [0.000) 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

32TSOP (TSOP32-P-OS20) 

0.50 [0.020) 
TYP. 

16 

0·~~039] 
huiuuuuuuumnllliJ~ 12010·0471 

0.20 (0.008) 
0.00 (0.000] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

~]·· 
-ll-

0.20 (0.008] 
0.10 [0.004) 

l 
19.00 [0.748) 

u 
-ll-

0.20 (0.008) 
0.10 (0.004] 

Packaging 

10-17 



Packaging 

48TSOP (TSOP48-P-1218) 

l 
16.60 (0.654) 
16.20 (0.638] 

J 
18.40 (0.654) 
17.60 [0.693) 

12.20 (0.480] ----
11.80 (0.465] 

DIMENSIONS IN MM [INCHES] 
MAXIMUM LIMIT 
MINIMUM LIMIT 

44QFP (QFP-44-P-1010) 

1.75 [0.069) 

0.48 (0.019) 
0.28 [0.011) 

13.90 [0.547) __ ---i 
13.10 (0.516) 

MAXIMUM LIMIT 
DIMENSIONS IN MM !INCHES] MINIMUM LIMIT 

10-18 

0.15 [0.006) 
0.425 [0.017] 1.20 (0.047] 

MAX 

0.425 [0.017) 0.20 [0.008] 
0.00 [0.000] 

1.75 [0.069) 

10.20 [0.402) 13.90 [0.547] 
9.80 [0.386] 13.10 [0.516] 

1.75 [0.069] 

1.75 [0.069] 

l 
17.00 (0.669) 

J 
__jl----

0.20 [0.008] 
0.10 [0.004] 

48TSOP 

440FP-1 

SHARP 



44QFP (QFP-44-P-1414) 

44 

1.90 [0.075) 

0.80 (0.030) 
TYP. 

33 23 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES) MINIMUM LIMIT 

64QFP (QFP64-P-1420) 

19.20 (0. 756) 
18.40 (0.724) 

2.40 (0.095) 

14.20 (0.559) 
13.80 (0.543) 

2.40 (0.095) 

14.20 (0.560) 

:15~) 

1.90 (0.075) 

1.90 (0.070) 

18.20 (0. 717) 
17.40 (0.685) 

0.20 (0.008) 
0.00 (0.000) 

0.20 (0.008) --11--
0.00 (0.000) 

1.00 (0.039) 

.di LLILlLlLlDLl6riiiiiiiiiriri '6 _j 0.20 (0.008) I I +0.1010.004) 

• 22.98 [0.905) • 

DIMENSIONS IN MM (INCHES) MAXIMUM LIMIT 
MINIMUM LIMIT 

Packaging 

44QFP-2 

&IQFP 
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Packaging 

120PGA (PGA120-C-S1360) 

BOTTOM 
2.54 (.100] BSC 

@) © © © © © © © © © © © (et--f--L-T'" 

© © © ©©©©©©©©©let-+-,
© © © ©© © © © © © © © © 
©©©© ©©© 
©©© ©©© 30.48 (1.200] BSC 

©©© ©©© 
®©© ©©® 
®©© ©©® 
®©© @@® 
®©© ©©® 
®@®®®®®®®®®®® 
®®®©®®®®®®@®® 

®@) ©@)@)@)@)@)@)@) l.+--1---'-

2.54 [.100] BSC 

---30.48 [1.200] BSC ---

35.05 [1.380] 
34.03 [1.340] 

DIMENSIONS IN MM [INCHES) MAXIMUM LIMIT 
MINIMUM LIMIT 

10-20 

35.05 [1.380] 
34.03 [1.340) 

LEFT SIDE 

12.70 [.SO] DIA TYP 

l 
t 

f 
0.50(.020) 
0.40 (.01EI] 

____ 1.40(.055) 

1.14 (.045] 

3.30 [.130) 
2.54 [.100) 

3.30 [.130] TYP 

4.82 [.190) 
4.32 [.170] 

120PGA 



28PLCC (PLCC2&-P·S450) 

1.143 
(0.045) 

1.143 
(0.045) 

1.27 [0.050) TYP 
NON-ACCUM 

m[0.127) 
(0.005) 

0.381 
(0.015) 

11.48 (0.452) 

12.45±(0.127) 0.490 ± [0.005) __ _ 

11.48 
[0.452) 

l 
4.369 2642 (0.01~1~10:104) 
1J -- I t 

DIMENSIONS IN MM [INCHES) 
MAXIMUM LIMIT 
MINIMUM LIMIT 

0.508 MIN 
[0.020) 

Packaging 

1.143 
[0.045) 

DETAIL 
.81 [0.032) 
.66(0.026) 

4.369 
(0.172) 

To.64 (0.025) _l MIN 

fo.64 [0.025) 
__L MIN 

-ll-
0.53(0.021) 
0.33 (0.013) 

t-"i 0.889± 0.254 
I ,0.035 ± 0.010) R 

l 
0.508 
(0.020) 

MIN 2.642 
---~-(0.104) 

2BPLOC 
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Packaging 

1 
12.50 (0.492) 
12.30 (0.484) 

:2.30(0.091) 13.50(0.138) 
1·90 (0.075) 3.10(0.122) 



132PQFP (PQFP132·P·S950) 

28.02 [1.103) 
27.86 [1.097] 

27.56 [1.085) 
27.31 [1.075) 

24.21 I .953) 
24.05 (.947] 

0.635 
[.025]TYP 
NON-ACCUM 

-------- 28.02(1.103) -------i 
27.86 (1.097] 

45° 
CHAMFER 

SECTION 

Packaging 

4.57(.180) 

14.06J[.160F) .51 [.020) 

MIN. 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES) MINIMUM LIMIT 

1\ J.15 (.006) 

--l \-o· -8° CHAMFER 

132PQFP 
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