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NOTICE 

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

The product data provided is classified and labeled as follows: 

CLASSIFICATION * DESCRIPTION 

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

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

Preliminary Contains information for device soon to be, or recently, 
released to production. 

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

* Note: occasionally certain product data information may be classified and labeled 
differently than the main classification label. For example, a 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. 

© SHARP Corporation, 1994. Printed and bound in the U.S.A. 



PREFACE 

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

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

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

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

PSEUDO-STATIC RAMs MASK-PROGRAMMABLE ROMs (cont'd) 
Density Organization Density Organization 

LH5PS32 256K 32K x S 2-1 LH534000B 4M 512K x S/256K x 16 4-56 

LH5PS64 512K 64K xs 2-S LH534000B-S 4M 512K x S/256K x 16 4-62 

LH5PS12S 1M 12SK x S 2-17 LH534100B 4M 512K x S 4-6S 
LH5PS129 1M 12SK x S 2-29 LH534500A 4M 512K x S/256K x 16 4-73 
Pseudo-Static RAM Cross Reference 2-41 LH534600A 4M 512K x S/256K x 16 4-79 

LH53BPOOA SM 1M x S/512K x 16 4-S4 
STATIC RAMs LH53BROOA SM 1MxS 4-90 

LH5101 1K 256 x 4 3-1 LH53BOOO-S SM 1M x S/512K x 16 4-95 
LH5114 4K 1K x 4 3-7 LH53B300B SM 1M x 8 4-101 
LH5116/H 16K 2K x S 3-13 LH53B500B SM 1M x B/512K x 16 4-106 
LH5116S 16K 2K x S 3-21 LH53B600 SM 1M x B/512K x 16 4-113 
LH511S/H 16K 2K x S 3-2S LH5316500C 16M 2M x B/1M x 16 4-120 
LH516S/H 64K SK x S 3-36 LH5316501 16M 2MxB/1Mx16 4-126 
LH516SSH 64K SK x S 3-45 LH5332500 32M 4M x S/2M x 16 4-131 
LH5168ST 64K BK x 8 3-53 
LH516BZB 64K SK x S (3 V) 3-61 FIFO MEMORIES 

LH516SZ9 64K SK x S (3 V) 3-69 LH54B1/91 0.5K 64xS/64x9 5-2 
LH526SA 64K BK x S 3-77 LH5492 36K 4K x 9 5-16 
LH51256L 256K 32K x S 3-S5 LH5496/96H 4.5K 512 x 9 5-34 
LH52B256 256K 32K x S 3-92 LH5497/97H 9K 1K x 9 5-49 
LH52252A 256K 64K x 4 3-101 LH549S 1SK 2K x 9 5-64 
LH52253 256K 64K x 4 3-10B LH5499 36K 4K x 9 5-79 
LH5225BA 256K 32K x S 3-115 LH5420 1SK 256x36x2 5-94 
LH521002 1M 256K x 4 3-123 LH540202 9K 1K x 9 5-129 
LH521007A 1M 128K x S 3-131 LH540203 1SK 2K x 9 5-145 
LH52100S 1M 12SK x S 3-139 LH540204 36K 4K x 9 5-161 
LH52102S 1.125M 64K x 1S 3-147 LH540205 72K BK x 9 5-177 
LH52V1036B2 1.125M 32K x 36 3-162 LH540215/25 9K/1SK 512 x 1S/1K x 1S 5-193 
LH52V1036C4 1.125M 32K x 36 3-17S LH543601/11 1SK/36K 256 x 36 x 2/ 
Static RAM Cross Reference 3-195 512 x 36 x 2 5-231 

LH543620 36K 1K x 36 5-271 
MASK-PROGRAMMABLE ROMs FIFO Cross Reference 5-306 

LH53259 256K 32K x S 4-1 
LH53515 512K 64K x S 4-5 APPLICATION NOTES & CONFERENCE PAPERS 

LH53H0900 1M 12SK x S 4-9 Pseudo-Static RAMs 

LH530SOOA 1M 12SK x S 4-13 Pseudo-Static RAMs 6-1 

LH530SOOA-Y 1M 12SK x B 4-17 FIFO Memories 

LH531000B 1M 12SK x B 4-20 Parity Checking in the LH5420 BiFIFO 6-5 

LH532000B 2M 256K x B/12SK x 16 4-24 FIFO Flag Timing: Marching To 

LH532000B-S 2M 256K x 8/12SK x 16 4-30 
Two Different Drummers 6-8 

Different Strokes: How to Cascade and Parallel 
LH532100B 2M 256K x S 4-36 FIFOs of Various Architectures 6-16 
LH53H4000/ 4M 512K x S/256K x 16 

LH53H4100 512K x S 4-40 PACKAGING 
LH534KOO 4M 512K x S 4-41 Package Selections: Static RAMs 7-1 
LH534POO 4M 512K x S/256K x 16 4-46 Package Selections: Mask-Programmable ROMs 7-2 
LH534ROO 4M 512K x S 4-51 Package Selections: FIFO Memories 7-3 

SHARP 1-1 



General Information - Product Lineup 

PSEUDO STATIC RAMs 

PSEUDO 
SAAM 

NOTES: 

CAPACITY 

256K 

512K 

1M 

D = Not available. 

CON FIG-
UAATION 

(WORDS x BITS) 

32,768X 8 

65,536x 8 

131,072 x 8 

MODEL NO. 

LH5P832 

LH5P864 

LH5P8128 

LH5P8129 

ACCESS CYCLE 
TIME(ns) TIME (ns) 

MAX. MIN. 

100 160 
120 190 

80 140 

60 100 

80 130 

100 160 

60 100 

80 130 

100 160 

l!l!l = Operating frequency or access/cycle time parts that are etther available 

POWER 
CONSUMPTION 

OPERATING/ 
STANDBY 
(mW) MAX. 

357.5/16.5 
303/16.5 

440/5.5 

572/5.5 

440/5.5 

358.'5.5 

57215.5 

38515.5 

358.'5.5 

now or soon to be available. Contact your Sharp representative for availability. 
1. CS Control 
2. CE Control 
3. TSOP(I) 
4. TSOP(ll) - Consult factory for availability. 

1-2 

OPERATING PACKAGE 
MODE 

PSEUDO 28DIP/ 

SAAM 28SK-DIP/ 
28SOP 

PSEUDO 
SAAM 32SOP 

PSEUDO 
32DIP/ 
32SOP/ 

SAAM 32TSOP3 

MD-7A 



General Information - Product Lineup 

STATIC RAMs 

PACKAGE 
ACCESS TIME (ns) SK-ORGAN­

PROCESS DENSl"TY IZATION 70801001201502002603005001000 DIPDIPSOPTSOPSOJ 

LOW­
POWER 
STATIC 

RAM 

NOTES: 
D = Not available. 
D = Operating frequency or access/cycle time parts that are either available 

now or soon to be available. Contact your Sharp representative for availabillty. 

SHARP 

22 

28 28 28 28 
-- --- 28 

28 

-- --- gf! 
28 

Mt>-3 
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General Information - Product Lineup 

STATIC RAMs 

ORGANIZATION PROCESS DENSITY (WORDS x BITS) 

FULL CMOS 1K 256 x4 

4K 1,024 x 4 

16K 2,048 x 8 

64K 8,192 x 8 

256K 32,768 x 8 

CMOS 64K 8192 x 8 
PERIPHERY 256K 65,536 x 4 

32,768 x 8 

1M 262,144 x 4 

131,072 x 8 

1.125M 65,536x18 

32,768 x 36 

NOTES: 
1. T OPR = -40 to +85°C 
2. T TSOP (Type I) Forward bend 

TR TSOP (Type I) Reverse bend 

3. Supply Voltage (V) = 3 ± 1 0% 
4. Supply Voltage (V) = 2.5 to 5.5 

1-4 

ACCESS 
MODEL NO. TIME (ns) 

MAX. 

LH5101 300 

LH5114 150 

LH5116 100 
LH5116H 1 100 
LH5116S 4 1000 

LH5118 100 
LH5118H 1 100 

LH5168 100 

LH5168H 1 100 

LH5168SH 1• 4 500 
LH5168ST 500 
LH5168Z8 200 
LH5168Z9 260 
LH51256L 1 100 

120 
LH5268A 100 

LH52252A 25 
35 
45 

LH52253 20 
25 
35 

LH52B256 70 
100 

LH52258A 20 
25 

LH521002 20 
25 
35 

LH521008 20 
25 
35 

LH521007A 20 
25 
35 

LH521028 20 
25 

35 
LH52V103682 9 

10 
12 

17 
LH52V1036C4 7 

10 
12 
15 

POWER 
CYCLE CONSUMPTION 
TIME OPERATING/ PACKAGE 

(ns) MIN. STANDBY 
(mW/µW) MAX. 

300 137.5/55 22DIP 

150 110/27.5 18DIP 

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

100 220/5.5 

1000 3313.3 24SOP 

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

100 220/5.5 

100 248/5.5 28DIP/28SOP/28SK-DIP/ 
28TSO~(D 

100 275/16.5 28DIP/28SOP/28SK-DIP 

500 60/9 (3V) 28SOP 
500 6013...@'fl_ 28TSOPJI)_ 
200 60/3...@'fl_ 28SOP 

260 6013...@'fl_ 28SOP 

100 248/27.5 28DIP/28SOP 

120 
100 2201220 28DIP/28SK-DIP/28SOP 

25 825/5500 24SK-OIP/24SOJ 
35 660/5500 
45 550/5500 
20 800/5500 28SK-OIP/28SOJ 

25 745/5500 

35 74515500 

70 440/550 28DIP/28SOP/28SK-DIP/ 

100 385/550 28TSOP(I) 

20 825/5500 28SK-DIP/28SOJ 

25 745/5500 
20 715/11000 28SOJ 
25 660/11000 

35 550/11000 
20 825/11000 32SOJ 

25 no111000 

35 660/11000 

20 no/27500 32SOJ 

25 688/27500 

35 633127500 

20 1650/275000 52PLCC 
25 16501275000 
35 16501275000 
15 866/295 100TQFP 

15 866/295 

20 728/243 

25 624/208 
15 8661295 
20 728/243 

25 6241208 

30 572/191 



MASK-PROGRAMMABLE ROMs 

NOTES: 

PINOUT 

JEDEC 
STANDARD 

EPROM 
PINOUT 

x 8/x 16 
MASK ROM 

PINOUT 

D = Not available. 

D = Operating frequency or access/cycle time parts that are either available 
now or soon to be available. Contact your Sharp representative for availabillty. 

LH5XXX: CMOS 
1. 14 x 14 mm2 package 

2. QFP also available in 10 x 10 mm2 package 
3. TSOP (Type I) 
4. TSOP (Type II) 

SHARP 

General Information - Product Lineup 

MD-5 
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General Information - Product Lineup 

MASK-PROGRAMMABLE ROMs 

ACCESS TIME POWER 
DENSITY ORGANIZATION MODEL NO. USERS NO. (ns) MAX. CONSUMPTION PACKAGE (WORDS x BITS) CYCLE TIME (mW) MAX. (ns)MIN. 

256K 32,768 x 8 LH53259 LH5359XX 150 110 28DIP/28SOP/44QFP 2 

512K 65,536 x8 LH53515 LH5315XX 150 195 28DIP/28SOP/44QFP 2 /32SOP 

1M 131,072 x 8 LH53H0900 LH5H09XX 55 660 32DIP/32SOP 

LH530800A LH531HXX 150 195 32DIP/32SOP/44QFP 2 

LH530800A-Y LH531YXX 500 193 32DIP/32SOP/44QFP 2 

LH531000B LH531GXX 150 195 28DIP/28SOP/44QFP 1 

2M 262,144 x 8 LH532100B LH532HXX 120/150 275 32DIP/32SOP/32TSOP(ll) 

262,144 x 8 LH532000B LH532GXX 120/150 275 40DIP/40SOP/44QFP 1.2 /48TSOP(I) 
131,072 x 16 

LH532000B·S LH532SXX 500 2251275 40DIP/40SOP/44QFP 1.2 /48TSOP(I) 

4M 524,288 x 8 LH53H4100 LH5H41XX 80 550 32DIP/32SOP/32TSOP(m 

LH534KOO LH534KXX 150 330 32DIP/.32SOP/32TSOP(ll) 

LH534ROO LH534RXX 120 358 32DIP/32SOP/32TSOP(ll) 

LH534100B LH534HXX 200 275 32DIP/.32SOP 

524,288 x 8 LH53H4000 LH5H40XX 80 550 40DIP/40SOP/48TSOP(I) 
262,144 x 16 

LH534POO LH534PXX 120 358 40DIP/40SOP/44QFP 1/48TSOP(I) 

LH534600A LH534UXX 100 550 40DIP/40SOP/44QFP 1/48TSOP(I) 

LH534500A LH534FXX 150 275 40DIP/40SOP/440FP 1 /48TSOP(Q 

LH534000B LH534GXX 200 275 40DIP/40SOP/44QFP 1.2 /48TSOP(I) 

LH534000B·S LH534SXX 500 2251275 40DIP/40SOP/44QFP 1.2 /48TSOP(I) 

SM 1,048,576 x 8 LH538ROOA LH538HXX 120 330 32DIP/32SOP/32TSOP(ll) 

LH538300B LH5383XX 150 275 32DIP/.32SOP/32TSOP(ll) 

1,048,576 x 8 LH538POOA LH538PXX 120 330 42DIP/44SOP/48TSOP(I) 
524,288 x 16 

LH538000-S LH538SXX 500 225/275 42DIP/44SOP/48TSOP(l)~QFP 

LH538500B LH5385XX 150 275 42DIP/44SOP/44QFP 1 /64QFP/48TSOP(I) 

LH538600 LH5386XX 100 385 42DIP/44SOP/44QFP 1 /64QFP/48TSOP(I) 

16M 2,097,152 x 8 LH5316500C LH5370XX 150 275 42DIP/44SOP/48TSOP(Q 
1,048,576 x 16 

LH5316501 LH5371XX 150/70 3 385 42DIP/44SOP 

32M 4, 194,304 x 8 LH5332500 LH5355XX 150 275 44SOP/64QFP 
2,097,152 x 16 

NOTES: 
1. 14 x 14 mm2 package 

2. QFP also available in 10 x 10 mm2 package 
3. Page Mode only available in 70 ns 

1-6 SHARP 



General Information - Product Lineup 

FIFO MEMORIES 

NOTES: 

TYPE 

SHALLOW 
ASYNCH. 

DEEPER 
ASYNCH. 

CLOCK SYNCH. 

BIDIRECTIONAL 

D = Contact your Sharp representative for availability. 

MODEL 
NUMBER 

LH5481 

LH5491 

LH540215 

LH540225 

LH5492 

LH543620 

LH5420 

LH543601 

LH543611 

D = Operating frequency or access/cycle time parts which either are available 

OPERATING 
FREQUENCY 

(MHz) 
35 25 15 

ACCESS TIME (ns) 

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

SHARP 

PACKAGE 
DIPSOJ SK-DIPPLCC 

28 28 

28 

28 28 

28 28 

28 28 28 

28 28 

28 

28 

28 28 28 

28 28 

MD-6 

1·7 



General Information - Product Lineup 

FIFO MEMORIES 

POWER 
ORGANIZATION OPERATING ACCESS CYCLE CONSUMPTION 

DENSITY (WORDS x BITS) MODEL NO. FREQUENCY TIME TIME (mW) MAX. PACKAGE 
(MHz) (ns)MAX. (ns)MIN. ACTIVE/ 

STANDBY 

0.5K 64x 8 LH5481 26 ff{ 248/- 28SK-DIP/28PLCC 

22 40 

20 28 

64x9 LH5491 26 ff{ 248/- 28SK-DIP/28PLCC 

22 40 

28 
4.5K 512x9 LH5496 25 550/28 28SK-DIP/28DIP/32PLCC 

LH5496/96H 30 
28 35 
22 45 
15 65 

12 80 
10 100 

9K 1,024 x 9 LH5497 40 25 550/28 28SK·DIP/28DIP/32PLCC 

LH5497/97H 33 30 
28 35 
22 45 
15 65 
12 80 
10 100 

LH540202' 40 25 550/28 28SK-DIP/28DIP/28SOJ/ 

33 30 32PLCC 

28 

22 

15 

512 x 18 LH540215' 50 550/28 68PLCC 
40 

28 20 

18K 256x36x2 LH5420 40 15 1540/- 120PGA/132PQFP 

33 20 

28 25 

LH543601' 50 12 1540/- 120PGA/132PQFP 

40 15 

33 
28 

2,048 x 9 LH5498 40 550/28 28SK-DIP/28DIP/32PLCC 

33 

28 

22 45 

15 65 

12 80 

10 100 

Primary parameter for speed-grade specification. 

Contact your Sharp representative for availability. 
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General Information - Product Lineup 

FIFO MEMORIES (cont'd) 
POWER 

ORGANIZATION OPERATING ACCESS CYCLE CONSUMPTION 
DENSITY (WORDS x BITS) MODEL NO. FREQUENCY TIME TIME (mW) MAX. PACKAGE 

(MHz) (ns) MAX. (ns)MIN. ACTIVE/ 
STANDBY 

18K 2,048 x 9 LH540203' 40 550/28 28SK-DIP/28DIP/28SOJ/ 

33 32PLCC 

28 
22 
15 

1,024 x 18 LH540225' 50 550/28 68PLCC 
40 
28 
20 

36K 512x36x2 LH543611' 50 1540/- 120PGA/132PQFP 
40 
33 
28 

4,096 x 9 LH5499 33 605/44 28DIP/32PLCC 
28 
22 
15 
12 
10 

LH540204' 33 605/44 28SK-DIP/28DIP/28SOJ/ 
28 32PLCC 

22 
15 

LH5492 40 825/138 32PLCC 
33 
28 

1,024 x 36 LH543620' 50 TBD 132PQFP 
40 
33 

72K 8,192x9 LH540205' 33 605/44 28SK-DIP/28DIP 
28 
22 
15 

Primary parameter for speed-grade specification. 

* Contact your Sharp representative for availability. 
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General Information - Quality Assurance 

QUALITY ASSURANCE 

Quality Assurance System 

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

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

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

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

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

• 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 meas­
uring 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. 

1-10 

Quality Assurance During 
New Product Development 

New product development (Figure 1Jbegins 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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General Information - Quality Assurance 

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 
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PROCESS 

INCOMING 
INSPECTION 

OXIDATION 

OXIDE INSPECTION 
MONITORING 

PHOTOLITHOGRAPHY 

CHARACTERISTIC(S) CONTROLLED 

EXTERNAL APPEARANCE, DIMENSIONS, 
SHEET RESISTIVITY 
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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/MOLD TEMPERATURE, TIME, STRESS 
MONITORING WIRE CONDUCTIVITY 

STABILIZED BAKE 

LEAD SURFACE 
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INSPECTION 
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FORMING 
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TEMPERATURE, TIME, 
MARKING MATERIAL 
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TOOLING DIMENSIONS 

PURPOSE OF CONTROL 

REMOVE PRODUCTS HAVING 
IMPROPER DIMENSIONS, 
FLAWS AND CRYSTAL DEFECTS. 
ENSURE PROPER SHEET 
RESISTANCE VALUES 

FIND PINHOLES, CHECK SURFACE 
CLEANLINESS AND CONTROL 
FILM THICKNESS 

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 
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MAINTAIN PLATING QUALITY 

MAINTAIN MARK QUALITY 

PREVENT ABNORMAL STRESS ON 
PLASTIC MOLD RESULTING IN 
DAMAGE 
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Figure 2. Example of the Quality Control Process 
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Raw Materials Control 
The level of product quality and reliability is largely 

governed by the quality of the materials originally mak­
ing up the production process and environment. 

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

• Initial selections of a raw material manufacturer. 

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

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

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

Control of the Manufacturing 
Environment 

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

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

General Information - Quality Assurance 

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±0.5°C 

45±5%RH 

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

Process automation is promoted by using the latest 
CIM (Computer 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 
..----------..PROCESS 

INSPECTIONS DURING 
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 

1-14 

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

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

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

CLASSIFICATION TEST PURPOSE &CONDITIONS REFERENCE 
STANDARDS 

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

Time: 10± 1 sec. 
Solder composilion: 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 
Slaadai:d test coadi!iomr !EC Pub. 68 Test Na, Nb 

Ta= Tstg MIN - Tstg MAX (gas environment] 

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

Ta= Tstg MIN - Tstg MAX [liquid environment] 

Mechanical Variable Frequency To determine resistance to vibration during JIS C 7022: A-10 
Environment Vibration transportation and use. MIL-STD-883 C 2007 
Tests Staodai:d test QQDdilioas· 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 JIS C 7022: A-7 
transportation & use. MIL-STD-883 C 2002 
Staadard test QQDdilioas· !EC 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 
Staadai:d test coadilioas· 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. 
Staadai:d lest coodilioos· 

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

(2) Bending strength. 
Staadard test coadilioas· 

A specified load is applied to the tip of each 
lead and the lead is bent once each through a 
+ and - 90° arc and back. (The specified load 
is determined by nominal cross section or nominal 
section modulus.) 
*TCP (tape carrier package): N/A 
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CLASSIFICATION TEST 

Mechanical Solderability 
Environment 
Tests 

Seal (Hermeticity) 

Life Tests High Temperature 
Operation 

High Temperature 
Storage 

Low Temperature 
Storage 

High Temperature/ 
High Humidity Bias 
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Table 2. (cont'd) 
Reliability Test Items 

PURPOSE &CONDITIONS 

To determine the solderability of leads which are 
connected by soldering. 
S!WJdard l!i!sl !<QOdi!igns: 

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 
hermetically sealed devices. 
(1) Fine leak detection (helium): measured with a 
helium detector after storage in an He atmosphere at 
a prescribed pressure for a designated time period. 
(2) Gross leak observation (bubbles): observation of 
bubbles formed by a fluorocarbon or silicone oil. 

To determine resistance to prolonged operating 
stress, electrical and thermal. 
Slaadard l!i!sl !<Qadiligas· 

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

To determine resistance to prolonged high 
temperature storage. 
Slaadard l!i!sl !<Qadiligas· 

Ta =Tstg MAX 

To determine resistance to prolonged low temperature 
storage. 
Staadard l!i!sl !:<QadiliQmr 

Ta= Tstg MIN 

To determine resistance to prolonged temperature, 
humidity and electrical stress. 
Slaadard l!i!sl !:<QadiliQmr 

85°C, 85% RH 
Applied voltage = VTYPICAL 

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: 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 



CLASSIFICATION TEST 

Miscellaneous Pressure Cooker 
(PCT) 

Composite Test 

Electrostatic 
Discharge Strength 

Latch-Up Strength 

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

PURPOSE &CONDITIONS 

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

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

Several tests (selected from those listed above) 
performed in series to effectively evaluate product. 
.Exanmie; for a surface mount device: 
High-Temperature/High-Humidity 

Storage~Soldering Heat 
Resistance~Pressure cooker (Pen 

To determine resistance to electrostatic stress. 
Standard test conditions· 

(1) Human body model: 
Earth capacity C = 100 pF, equivalent 
Resistance R = 1.5 kQ 
(2) Machine model: 
Earth capacity C = 200 pF, equivalent 
Resistance R = 00 

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

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

REFERENCE 
STANDARDS 

EIAJ IC-121: 18 

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

PLANNING MARKET RESEARCH ) 
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TECHNOLOGY 
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Figure 4a. Quality Assurance System 
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ENGINEERING PRODUCTION 
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Figure 4b. Quality Assurance System 
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Reliability Tests 

Reliability Test Methods 

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

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

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

TROUBLE, INCIDENT 

CLAIM 

QUALITY 
REQUIREMENTS 

USER 

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 various 
measures based on the results of failure analysis and 
to feed those measures back to the manufacturing 
process and product users. 

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

RESPONSE FEEDBACK 
TO RELATED 
DEPARTMENTS 

SALES & MARKETING 
DEPARTMENT 

REGULAR 
QUALITY 

CONSULTATION 

QUALITY 
IMPROVEMENT 
ACTIVITIES 
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RESPONSE 

COMMUNICATION 

RELIABILITY ---------------• 
CONTROL DEPARTMENT 

DATA 
SERVICES 

REQUEST CORRECTIVE MEASURES: 

FAILURE 
ANALYSIS 

----- ----------- --·- --- ---- -
: REPORTS! 

.--.._P_R_O-DU_C_T_IO_N_.___, PROPOSALS DESIGN AND 

.____:D:.:E::..PA:.::R.:.:T.:.:;M=EN.:.:Tc....___.i-------1 ENGINEERING DEPARTMENT 

REQUEST MODIFICATIONS 

Figure 5. Routes Through Which Malfunctions Outside 
the Company are Handled. 
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Handling Precautions 
All the semiconductor products listed in this data 

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

Maximum Ratings 

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

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

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

Storage Precautions 

General Storage Precautions 

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

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

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

SHARP 
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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 
high-resistance electroconductive mats (about 
1 o6n) over workbenches and have workers wear 
wrist (ground) straps. 

Have workers wear clothing made of charge-resis­
tant cotton, noncharging materials (109 - 1014 n) or 
static electricity dissipating materials (105 - 109 n). 
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. 
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Soldering and Cleaning 
When a semiconductor product is solder-bonded, 

specify the best conditions according to Table 4. If 
using a soldering iron, use one that doesn't leak from 
the soldering tip. An 'A Class' soldering iron with an 
insulation resistance of less than 10 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 
according to the following: 

Table3. 
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 

SHARP 
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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 meas­
ures 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 
reflow 230°C or more within 15 sec. package 

Heating speed: 1 to 4 °C/sec. 

Flow 245°C or less 

dipping Within 3 secJcycle 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 
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TIMING DIAGRAM CONVENTIONS 

TIMING DIAGRAM INPUT FUNCTIONS 

HIGH or LOW 

\\\\\\\ HIGH-to-LOW transitions allowed 

/////// LOW-to-HIGH transitions allowed 

XXXXXXXXX Don't care 

fl)) EfK (Does not apply) 

1-24 

OUTPUT FUNCTIONS 

HIGH or LOW 

HIGH-to-LOW transitions 
during designated interval 

LOW-to-HIGH transitions 
during designated interval 

State unknown or changing 

Centerline is high-impedance 

MD-14 
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PSEUDO-STATIC RAMs 

Density Organization Page 

LH5P832 256K 32Kx8 2-1 

LH5P864 512K 64Kx8 2-8 

LH5P8128 1M 128Kx8 2-17 

LH5P8129 1M 128K x8 2-29 
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LH5P832 
FEATURES 

• 32, 768 x 8 bit organization 

• Access time: 100/120 ns (MAX.) 

• Cycle time: 160/190 ns {MIN.) 

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

• TIL 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 

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

DESCRIPTION 

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

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

SHARP 

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-PIN DIP TOP VIEW 
28-PIN SK-DIP 
28-PIN SOP 

A,4 1• Vee 

A,2 2 RiW 
A1 3 A,3 

A,, 4 Aa 

As 5 Ag 

A4 6 A,, 

A3 7 OE/RFSH 

A2 8 21 A10 

A, 9 20 CE 

Ao l/Oa 

18 1/07 

1/02 17 1/06 

1/03 1/05 

GND 1/04 

5P832-1 

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

V86 BIAS-GENERATOR 

-----------COLUMN ___ _, 

.--~~~~-1DECODER 

MEMORY 
ROW ARRAY 

DECODER 256 ROWS 
128COLUMNS 

1/0 
SELECTOR 

Figure 2. LH5P832 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

R/W Read/Write input Aa-A14 Column Address inputs 

OE/RF SH Output Enable/Refresh input CE Chip Enable input 

1/01 - I/Os Data inputs and outputs Vee Power supply 

Ao-A1 Row address inputs GND Ground 

TRUTH TABLE 
CE WE OE/RFSH MODE 1/01 -1/0a Ice 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 Pulsewidth < 8 µs 3. OE Pulsewidth ;,, 8 µs 
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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 VT -1.0to+7.0 v 1 

Output short circuit current lo 50 mA 

Power consumption Po 600 mW 

Operating temperature Topr Oto+70 oc 
Storage temperature Tstg -65to+150 oc 

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

PARAMETER SYMBOL MIN. MAX. UNIT 

Input capacitance 
Ao - A14, All/ti C1N1 8 pF 

CE,OE/RFSH C1N2 5 pF 

lnpuVoutput capacitance 1101-1/0e Coun 12 pF 

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

Operating current lee1 !Re= 160 ns 65 mA 1 

Operating current lcc1 !Re= 190 ns 55 mA 1 

Standby current ICC2 CE = V1H, OE/RFSH = V1H 3 mA 1 

Self refresh average current lcca CE = V1H, OE/RFSH = V1L 3 mA 

CPU internal cycle 
ICC4 tRe = 160 ns 65 mA 1, 2 average current 

CPU internal cycle 
leC4 !Re= 190 ns 55 mA 1, 2 average current 

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

Output leakage current I Lo o Vs VouT s Vee+ 0.3 V -10 10 µA 1 

Output High voltage VoH louT = -1 mA 2.4 v 
Output Low voltage V01. louT = 4 mA 0.4 v 

NOTES: 
1. The output pins are in high-impedance state. 
2. lcc1 and ICC4 depend on the cl/l)le time. 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.6to2.4 V 

Input rise/fall time 5ns 

Timing reference level 1.5V 

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

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

AC CHARACTERISTICS 

READ AND WRITE CYCLES 1•2 (Vee= 5.0 v ±10%, TA= 0 to 70°C) 
160 ns 190 ns 

PARAMETER SYMBOL 
MIN. MAX. MIN. MAX. 

Random read, write cycle time tRC 160 190 

Read modify write cycle time tRMW 225 280 

CE pulse width tcE 100 10,000 120 10,000 

CE precharge time tp 50 60 

Address setup time !AS 0 0 

Address hold time tAH 20 30 

Read command hold time tRCH 0 0 

Read command setup time tRCs 0 0 
CE access time tCEA 100 120 
OE access time to EA 40 50 

CE to output in Low-Z tci.z 10 10 

OE to output in Low-Z tQLZ 0 0 

Output enable from end of write twLZ 0 0 
Chip disable to output in High-Z tcHZ 0 30 0 35 
Output disable to output in High-Z loHZ 0 30 0 35 

Write enable to output in High-Z twHZ 0 30 0 35 

OE setup time loES 10 10 

OE hold time loEH 0 0 

OE lead time loEL 10 10 

Write command pulse width twCP 60 85 
Write command setup time twcs 60 85 
Write command hold time twCH 60 85 
Data setup time from write tosw 40 50 
Data setup time from CE tosc 40 50 
Data hold time from write toHW 0 0 
Data hold time from CE IDHC 0 0 

Transition time (rise and fall) tr 3 35 3 35 

Refresh time interval tREF 4 4 

REFRESH CYCLE 

Auto refresh cycle time tFc 160 190 

Refresh delay time from CE IRFD 50 60 

Refresh pulse width (Auto refresh) tFAP 60 8,000 80 8,000 

Refresh precharge time 
tFP 30 30 (Auto refresh) 

CE delay time from refresh active 
tFCE 190 225 (Auto refresh) 

Refresh pulse width (Self refresh) IFAS 8,000 8,000 

CE delay time from refresh 
tFRS 190 225 precharge (Self refresh) 

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

CE and "OEi'FiFSR must be fixed at V1H for 1 ms from the V00 reached to the specified voltage level. 
2. Active output to hlgh-Z and high-Z to output active tests specified for a ±500 mV transition 

from steady state levels Into the test load. CLOAo = 5 pF. 
3. Measured with a load circuit equivalent to 1 ITL loads and 100 pF. 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ns 

ns 

ns 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

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

CE 
V1H-
V1L-

Ao·A14 
V1H-
V1L-

OE/ V1H-

RFSH 
V1L-

R/W 
V1H-
V1L-

VoH-
1101 ·I/Os VOL _ 

OE/ VJH­
RFSH V1L-

lilc 

tctz 

Figure 3. Read Cycle 

lilc 
tee 

fwcH 

lwcs 

Rfiii V1H-V1L - _________ _.. _________________ _ 

Figure 4. Write Cycle 

LH5P832 

5P832·3 

5P832-4 

2-5 



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

CE V1H-
Vil-

Ao· A14 V1H-
Vil-

loEH loES 

OE/ V1H-

RFSH Vil-

!Res lwcs 

lwcP 

R/W 
V1H-
Vil-

losw 
lose 

I~:~= 
V01·VOs 

L VOH-
Vol - ----t---IKI DATA OUT 

5P832-5 

Figure 5. Read/Write Cycle 

1101-VOa VVOH- ___________ H_l_G_H_-z ________________ _ 
Ql-

NOTE: A8 - A14 = Don1 care 
5P832-6 

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

V HIGH-Z 
1/01-1/08 VoH- ---------..;...;=-=---------------oL-

NOTE: Ao - A14, RiW = Don't care 

Figure 7. Auto Refresh Cycle 

1/01-l/Os VVOH- __________ H_l_G_H-_z ______________ _ 
OL-

NOTE: Ao - A14, RiW = Don't care 

Figure 8. Self Refresh Cycle 

ORDERING INFORMATION 

LH5P832 
Device Type 

x 
Package 

-## 
Speed 

Y~~ ~~g 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 

5P832-8 

5P832-9 

2-7 



LH5P864 
FEATURES 

• 65,536 x 8 bit organization 

• Access time: 80 ns (MAX.) 

• Cycle time: 140 ns (MIN.) 

• Power supply: 
5V±10% 

• Power consumption: 440 mW (MAX.) 

• Operating temperature: 
o to 70°C 

• TTL compatible 1/0 

• Average supply current in self refresh 
cycle: 1 mA 

• 512 refresh cycles/8 ms (MAX.) 

• Available for auto-refresh and self-refresh 
modes 

• Package: 32-pin, 525-mil SOP 

2-8 

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

DESCRIPTION 
The LH5P862 is a 512K-bit Pseudo-Static RAM or­

ganized as 65,536 x 8 bits. It is fabricated using sili­
con-gate CMOS process technology. With its built-in 
oscillator, it is easy to refresh memories without an 
external clock. 

PIN CONNECTIONS 

32·PINSOP TOP VIEW 

TEST 1• 32 Vee 
NC 2 31 NC 

A14 3 30 CE2 

A12 4 29 R/W 

Ar 5 28 A1a 

As 6 27 As 
As 7 26 Ao 
~ 8 25 A11 

Aa 24 OE/RF SH 

A2. 23 A10 

A1 11 22 CE1 

Ao 12 21 110, 

VOo 20 I/Os 

1101 19 1/05 

1102 18 1104 

GND 17 1103 

5P884-1 

Figure 1. Pin Connections for SOP Package 



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

COLUMN 
ADDRESSt--~~~~~~~~~~""'I 

BUFFER 

CE, CLOCK 

EXT/INT 
ADDRESS 

MUX 

ROW 
DECODER 

C~ 0 GENERATOR 1------+------' 

OE/ 
RFSH 

REFRESH 
CONTROLLER 

MEMORY 
ARRAY 

2561 

MEMORY 
ARRAY 

2561 

REFRESH 
TIMER 

Vee GENERATOR 

110 
SELECTOR 

DATA 
IN 

BUFFER 

DATA 
OUT 

BUFFER 

Figure 2. LH5P864 Block Diagram 

PIN DESCRIPTION 
SIGNAL PIN NAME SIGNAL PIN NAME 

Ao -A14 Address input Vee Power Supply 

R/W Read/Write Enable input GND Ground 

OE/RF SH Output Enable input/Refresh 
input 

Test Test Input 

NC No Connection 
CE1,CE2 Chip Enable input 

VOo-VO, Data input/output 

SHARP 

LH5P864 

5P864-2 
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LH5P864 CMOS 512K (64K x 8) Pseudo-Static RAM 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

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

Output short circuit current lo 50 mA 

Operating temperature Topr Oto+70 oc 
Storage temperature Tstg -65 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 
GND 0 0 0 v 

Input voltage 
V1H 2.4 Vee+0.5 v 
V1L -1.0 0.8 v 

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

Ao - Ai4 C1N1 8 pF 
Input capacitance R/W, OE/RFSH C1N2 5 pF 

CE1, CE2 C1N3 5 pF 

Input/Output capacitjince l/Oo - 1101 CouT1 10 pF 

DC CHARACTERISTICS (TA= 0 to +70°C, Vee= 5.0 v ±10%) 

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Operating current lee1 tRe = tRe (MIN.) 80 mA 1,2 

Standby current lcc2 1.0 mA 1,3 

Self refresh average current Ices 1.0 mA 1,4 

Input leakage current lu 
0 V S V1N S 6.5 V, -10 10 µA 0 V except on test pins 

Output leakage current ILO 
o Vs VouT s Vee + 0.3 V, -10 10 µA Outputs in High-Z state 

Output HIGH voltage VoH loH = -1.0 mA 2.4 v 
Output LOW voltage VoL louT = 4.0 mA 0.4 v 

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

2. lcc1 depends on the cycle time. 

3. CE, = CE2 = V1H• OE/RFSH = V1H 
4. CE, = CE2 = V1H• OE/RFSH = V1L 
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CMOS 512K (64K x 8) Pseudo-Static RAM LHSP864 

AC CHARACTERISTICS 1•2•3 (TA= 0 to +70°C, Vee= 5.0 v ±10%) 
PARAMETER SYMBOL 

Random read, write cycle time 

Read modify write cycle time 

CE pulse width 

CE precharge time 

Address setup time 

Address hold time 

Read command setup time 

Read command hold time 

CE access time 

OE access time 

CE to output in Low-Z 

OE to output in Low-Z 

R/W to output in Low-Z 

Chip disable to output in High-Z 

Output disable to output in High-Z 

Write enable to output in High-Z 

OE setup time 

OE hold time 

OE lead time 

Write command pulse width 

Write command setup time 

Write command hold time 

Data setup time from write 

Data setup time from CE 

Data hold time from write 

Data hold time from CE 

Transition time (rise and fall) 

Refresh time interval 

Auto refresh cycle time 

Refresh delay time from CE 

Refresh pulse width (Auto refresh) 

Refresh precharge time (Auto refresh) 

CE delay time from refresh precharge (Auto 
refresh) 

Refresh pulse width (Self refresh} 

CE delay time from refresh precharge (Self 
refresh) 

NOTES: 
1. In order to initialize the circuit, CE1, CE2 and OE/RFSH should 

be kept in V1H for 100 µs alter power-up and followed by at least 
8 dummy cycles. 

2. AC characteristics are measured at Ir = 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 CE2• 

5. Measured with a load equivalent to 2TTL + 100 pF. 

6. Data is latched at tj1e positive edge of R/W or at the positive edge 
of CE1 or CE2. 

SHARP 

IRC 

IRMW 

ICE 

Ip 

IAS 

IAH 

IRCS 

IRCH 

ICEA 

IOEA 

tcLz 

loLZ 

lwLZ 

ICHZ 

loHZ 

lwHZ 

IOES 

lo EH 

IOEL 

twp 

twcs 

twcH 

tosw 

tosc 

IDHW 

IDHC 

tr 

IREF 

IFC 

IRFD 

IFAP 

IFP 

IFRS 

IFAS 

IFRS 

MIN. MAX. UNIT NOTE 

140 ns 

205 ns 

80 10,000 ns 

50 ns 

0 ns 4 

20 ns 4 

0 ns 

0 ns 

80 ns 5 

30 ns 5 
20 ns 

0 ns 

0 ns 

25 ns 

25 ns 

25 ns 

10 ns 

10 ns 

10 ns 

30 ns 

30 ns 

50 ns 

30 ns 6 
30 ns 6 
0 ns 6 
0 ns 6 
3 35 ns 

8 ms 

130 ns 

50 ns 

30 8,000 ns 

30 ns 

30 ns 

8,000 ns 

160 ns 

INPUT 
X'"2_.4_V _______ 2.6 v 

-----'· '-· O'""'.B~V _______ 0.6 V 

OUTPUT = v 

5PB64-3 
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LH5P864 CMOS 512K (64K x 8) Pseudo-Static RAM 

!Ac 

!p !cE 

V1H-CE1 

(ORCE2i V1L-

CE2 V1H-
(ORCE1) V1L-

!AS !AH 

Ao-A14 V1H-
V1L- ADDRESS INPUT 

loEH 

OE/RFSH 
V1H-
V1L-

R/W 
V1H-
V1L-

loEA HZ 

!cEA loHz 

lotz 

!ctz 

1/0 - VO VvoH-
0 7 OL-

VALID-DATA OUTPUTll------

5P864-4 

Figure 3. Read Cycle 

2-12 SHARP 



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

SHARP 

CE1 V1H-

(ORCE2) V1L-

CE2 V1H-

(ORCE1) V1L-

Ao-A14 V1H-
V1L-

l!Oo - 1/07 V1H -
V1L-

Ip 

I As 

LH5P864 

liic 

Ice Ip 

IAH 

lwcH 

lwcs 

lwcP 

losw loHw 

lose lo He 

VALID-DATA INPUT 

5P864-5 

Figure 4. Write Cycle 
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LH5P864 

CE1 V1H-

(ORCE2) V1L-

CE2 V1H-

(ORCE1) V1L-

Ao-A14 
V1H-
V1L-

OE/RF SH 
V1H-
V1L-

1100 -1/07 

2-14 

Ip 

!AS 
!AH 

!eEA 

ioEA 

lol2 

lcl2 

!Re 

lcE 

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

losw loHw 

lose lo He 

VALID-DATA INPUT 

!wHZ 

5P864-6 

Figure 5. Read-Modify-Write Cycle 



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

CE1 V1H-

(ORCE2) V1L-

CE2 V1H-

(ORCE1) V1L-

Ao·A1 V1H-
V1L-

OE/RFSH 
V1H-
V1L-

R/W 
V1H-
VIL -

l!Oo • 1101 
VaH-
Vol-

NOTE: Ao • A14 Don't Care 

CE1 
V1H-
V1L-

CE2 
V1H-
V1L-

OE/RFSH ViH -
V1L-

1/0o • 1/07 V OH -
Val -

NOTE: Ao • A14, R/W Don't Care 

SHARP 

loes loeH 

OPEN 

Figure 6. CE Only Refresh Cycle 

OPEN 

Figure 7. Auto Refresh Cycle 

LH5P864 

5P864-7 

5P864-6 
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LH5P864 CMOS 512K (64K x 8) Pseudo-Static RAM 

OPEN 

NOTE: Ao -A14, R/W Don't Care 

Figure 8. Self Refresh Cycle 

ORDERING INFORMATION 

N -## LH5P864 
Device Type Package Speed 

~"" A""" nme (MJ 

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

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

Example: LH5P864N-80 (CMOS 512K (64K x 8) Pseudo-Static RAM, 80 ns, 32-pin, 525-mil SOP) 

2-16 
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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: 
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 1M bit Pseudo-Static RAM 
organized as 131,072 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

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

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

PIN CONNECTIONS 

32·PIN DIP TOP VIEW 
32-PINSOP 

RFSH 1• Vee 

A15 2 A15 

A,4 3 CE2 

A,2 4 R/W 

A, 5 28 A13 

Ae 6 As 

As 7 26 Ag 

A• 8 25 A,, 

A, 9 24 OE 

A, 23 A10 

A, 11 22 CE1 

Ao 21 1/0, 

1/00 20 1/05 

110, 19 1/05 

1/02 18 1/04 

GND 17 1/03 

5P812&1 

Figure 1. Pin Connections for DIP and 
SOP Packages 
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LH5P8128 

32-PIN TSOP (Type I) (NORMAL BEND) 

Ag 

As 

A1a 

R/W 

CE2 

A1s 

Vee 

RFSH 

1• 

2 

3 

4 

5 

6 

7 

8 

9 

A15 10 

A,4 11 

A12 12 

A1 13 

As 14 

As 15 

~ 16 

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

32-PIN TSOP (Type I) (REVERSE BEND) 

CE1 As 14 

V07 A1 13 

I/Os A12 12 

VOs A14 11 

1104 A15 10 

1/03 RFSH 9 

GND Vee 8 

V02 

1/01 

21 1/00 

Ao 
A, 

~ 
Aa 

7 

6 

5 

4 

3 

2 

1• 

17 Ag 

18 ~ 

19 A1 

20 Ao 
21 1/00 

22 1101 

23 1102 

24 GND 

25 1/03 

26 1/04 

27 1/05 

28 1105 

29 1/07 

30 CE1 

31 A10 

32 OE 

5P8128-1A 

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

EXT/INT 
ADDRESS 

MUX 

REFRESH 
CONTROLLER 

REFRESH 
TIMER 

VBBGENERATOR 

VO 
SELECTOR 

DATA 
IN 

BUFFER 

DATA 
OUT 

BUFFER 

Figure 3. LH5P8128 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao· A15 Address input CE1,CE2 Chip Enable input 

R/W Read/Write input RFSH Refresh input 

OE Output Enable Input l/Oo· 1107 Data input/output 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT NOTE 

Applied voltage on any pins Vr ·1.0 to +7.0 v 1 
Operating temperature Topr Oto +70 oc 
Storage temperature Tstg ·55 to +150 oc 
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. 

LH5P8128 

5P812S-2 
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LH5P8128 CMOS 1 M (128K x 8) Pseudo-Static RAM 

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 Vee+0.3 v 
V1L -1.0 0.8 v 

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

Ao -Arn C1N1 B pF 

Input capacitance R/W,OE C1N2 5 pF 

CE1, CE2 C1N3 5 pF 

RFSH C1N4 5 pF 

Input/output capacitance l/Oo -1/07 Coun 10 pF 

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

LH5PB128-60 104 
Operating current LH5P8128-80 lee1 !Re= !Re (MIN) BO mA 1, 2 

LH5PB128-10 65 

Standby current 
TTL Input 

lee2 
1 

mA 
1, 3 

CMOS Input 0.05 1, 4 

Self-refresh average TTL Input 
leea 

1 
mA 

1, 5 
current CMOS Input 0.05 1, 6 

LH5P8128-60 104 
CPU internal cycle 

LH5P8128-BO lee4 (R/W = OE = V1H) BO mA 1, 2 average current 
LH5P8128-10 65 

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

o V :>Vour :>Vee+ 0.3 V 
1/0 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. lcc1 and lc04 depend on the cycle time 
3. CE1 = VIH• RFSH = V1H 

4. CE1 =Vee - 0.2 V, RFSH =Vee· 0.2 V 

5. CE, = VIH• RFSH = V1L 

6. CE1 =Vee - 0.2 V, RFSH = 0.2 V 
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8128 

AC ELECTRICAL CHARACTERISTICS 1•2•3 (TA= 0 to +70°C, Vee= 5.0 v ±10%) 

PARAMETER SYMBOL 
LHSP8128-60 LHSP8128-80 LHSP8128-10 

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

Random read, write cycle time I Re 100 130 160 ns 
Read modify write cycle time IRMW 155 195 235 ns 

CE pulse width ICE 60 10,000 80 10,000 100 10,000 ns 

CE precharge time Ip 30 
Address setup time IAS 0 
Address hold time IAH 15 
Read command setup time IRCS 0 
Read command hold time lRCH 0 
CE access time ICEA 
OE access time !OEA 
CE to output in Low-Z !CLZ 20 
OE to output in Low-Z !QLZ 0 
Output enable from end of write lwLZ 0 
Chip disable to output in High-Z ICHZ 
Output disable to output in High-Z IOHZ 
Write enable to output in High-Z lwHZ 
OE setup time IOES 0 
OE hold time lOEH 10 
Write command pulse width lwP 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 lose 25 
Data hold time from write IOHW 0 
Data hold time from CE toHC 0 
Transition time (rise and fall) tr 3 
Refresh time interval !REF 
Refresh command hold time IRHC 15 
Auto refresh cycle time IFC 100 
Refresh delay time from CE IRFD 30 
Refresh pulse width 

lFAP 30 (Auto refresh) 

Refresh precharge time 
IFP 30 (Auto refresh) 

Refresh pulse width (Self refresh) IFAS 8,000 
CE delay time from refresh 

lFRS 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 IT= 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 . 

SHARP 

60 
25 

20 
20 
20 

35 
8 

8,000 

40 
0 
20 
0 
0 

20 
0 
0 

0 
10 

30 
30 
50 
30 
30 
0 
0 
3 

15 
130 
40 

30 

30 

8,000 

160 

INPUT 

50 ns 

0 ns 4 
25 ns 4 
0 ns 

0 ns 

80 100 ns 5 
30 35 ns 5 

20 ns 

0 ns 

0 ns 

25 30 ns 

25 30 ns 

25 30 ns 

0 ns 

10 ns 

30 ns 

30 ns 

60 ns 

35 ns 6 
35 ns 6 
0 ns 6 
0 ns 6 

35 3 35 ns 

8 8 ms 

15 ns 

160 ns 

50 ns 

8,000 30 8,000 ns 

30 ns 

8,000 ns 

190 ns 

xr2-.4-V------- 2.6 V 

---~-'-' _0;..;;.8:;..V-'-------- 0.6 V 

OUTPUT= 

5P8126-3 
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LH5P8128 CMOS 1 M (128K x 8) Pseudo-Static RAM 

Ice 

CE1 
V1H-
V1L-

CE2 
V1H-
VIL 

!AS !AH 

Ao-A1s V,H-
V1L-

OE V1H-
V1L-

tRCH 

R/W V1H-
V1L-

loEA 

lceA loHz 

loLz 

lcLz lcHZ 

l!Oo-1107 VoH-
Vol-

VALID-DA TA OUTPUT 

NOTE: CE1 =LOW, CE2 = HIGH. 5P8128-4 

Figure 4. Read Cycle 
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CMOS 1 M (128K x 8) Pseudo-Static RAM LH5P8128 

!Re 

tp lcE 

CE1 V1H-
V1L-

CE2 V1H-
V1L-

!AS !AH 

Ao-Arn V1H- ADDRESS 

V1L- INPUT 

loES 
loEH 

OE V1H-
V1L- lwes 

lweH 

twp 

R/W V1H-
V1L-

losw toHW 

lose to He 

1/00 -1/07 
VoH-
Vol- DATA INPUT 

RFSH 

NOTE: CE1 =LOW, CE2 =HIGH. 5?8128-5 

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

lcE 

CE1 V1H-
V1L-

CE2 V1H-
V1L-

tAS tAH 

Ao.A15 V1H- ADDRESS 
V1L- INPUT 

OE V1H-
V1L-

lwcs 

lwcH 

IWP 

R/W V1H-
V1L-

loHW 

ioHC 

D1N 
V1H-

VALID DATA INPUT 

r 
V1L-

lwHZ loLZ 

1/00 -1/0, 
lcLZ loHz lwLZ 

l Dour 
VoH-
Vol-

ii1FD 

RFSH 

NOTE: CE1 =LOW, CE2 =HIGH. SP8128·6 

Figure 6. Write Cycle 2 (OE Clock) 
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CMOS 1 M {128K x 8) Pseudo-Static RAM LH5P8128 

Ip lee 

CE1 V1H-
V1L-

CE2 V1H-
V1L-

IAS IAH 

Ao ·A15 V1H- ADDRESS 
V1L- INPUT 

OE V1H-
V1L-

lwcs 

WCH 

WP 

R/W 

loHW 

lose loHC 

D1N 
V1H-

VALID DATA INPUT 

I V1L-

WHZ le Hz 

1/00 -1107 lwLZ 

l DouT 
VoH-
Vol-

RFSH 

NOTE: CE1 = LOW, CE2 = HIGH. 5P8128-7 

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

IRMw 

Ice 

CE1 V1H-
V1L-

CE2 V1H-
V1L-

IAS IAH 

Ao·A1a V1H- ADDRESS 
V1L- INPUT 

OE V1H-
V1L-

!Res fwcs 

lwcH 

fwp 

R/W V1H-
V1L-

loEA losw loHW 

lcEA lose loHC 

V1H-
DATA INPUT r D1N V1L-

loLZ fwHz lcHz 

1/00 -1/07 
lcLZ loHz lwLZ 

l DoUT 
VOH-
Vol- DATA OUTPUT 

RFSH 

NOTE: CE1 = LOW, CE2 = HIGH. 5P8128-8 

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

CE1 V1H-
V1L-

c~ V1H-
V1L-

Ao-A1e V1H-
V1L-

OE V1H-
V1L-

V00 -VO, VOH-
Va.-

NOTE: CE1 = LOW, C~ =HIGH. 

CE1 V1H-
v ... -

CE2 V1H-
VIL-

OR V1H-
V1L-

c:E, vii-
v ... -

CE2 V1H-
V1L-

Rf SH 

v -vo. -VO, v:~ -

IAS 

OPEN 

Figure 9. CE Only Refresh 

Figure 10. SeH Refresh Cycle 

LH5P8128 

5P8128-9 

IRHC 

5P8128-10 
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LH5P8128 CMOS 1 M (128K x 8) Pseudo-Static RAM 

CE1 V1H-
V1L-

CE2 V1H-
V1L-

CE1 V1H-
V1L-

~c 

CE2 V1H-
V1L-

!RFD 

IFP IFAP ~p IFAP 

AFSH 
VoH-
Vol -

V00· V07 V1H -
V1L -

OPEN 

Figure 11. Auto Refresh Cycle 

ORDERING INFORMATION 

LH5P8128 
Device Type 

x 
Package 

-## 

Spayed 60L 

SOL 
10L 

60 
80 Access Time (ns) 
100 

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

IFC 

!RHO 

tFP 

N 32-pin, 525-mil SOP (SOP32-P-525) 
~------< T 32-pin, 8 x 20 mm2 TSOP (Type I) (TSOP32-P-0820) 

5P8128-11 

TR 32-pin, 8 x 20 mm2 TSOP (Type 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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LH5P8129 
FEATURES 

• 131,072 x 8 bit organization 

• Access times (MAX.): 60/80/100 ns 

• Cycle times (MIN.): 100/130/160 ns 

• Power supply: +5 V ±10% 

• Pin compatible with 1 M standard SRAM 

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

• TTL compatible 1/0 

• Available for auto-refresh and self-refresh 
modes 

• 512 refresh cycles/8 ms 

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

(normal and reverse bend pins) 

SHARP 

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

DESCRIPTION 
The LH5P8129 is a 1M bit Pseudo-Static RAM 

organized as 131,072 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

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

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

PIN CONNECTIONS 

32-PIN DIP TOP VIEW 
32-PIN SOP 

RFSH 1• Vee 

A15 2 A,5 

A,4 3 cs 
A,2 4 R/W 

A1 5 A,. 

As 6 As 

As 7 Ag 

A. 8 A,, 

As 9 OE 

~ A10 

A, 11 CE 

Ao 1/07 

1/00 20 I/Os 

110, 19 1/05 

1102 18 1/04 

GND 17 1/03 

5P8129-1 

Figure 1. Pin Connections for DIP and 
SOP Packages 
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LH5P8129 CMOS 1M (128K x 8) Pseudo-Static RAM 

32-PIN TSOP (Type I) (NORMAL BEND) 32-PIN TSOP (Type I) (REVERSE BEND) 

A,, 1 • OE A, 16 17 As 

Ag 2 A10 As 15 18 A2 

As 3 CE As 14 19 A, 

A,s 4 I/Or Ar 13 20 Ao 

R/W 5 1/05 A,2 12 21 1/00 

cs 6 II Os A,4 11 22 110, 

A,s 7 1104 A15 10 23 1102 

Vee 8 I/Os RFSH 9 24 GND 

RFSH 9 GND Vee 8 25 I/Os 

A15 10 1102 A,s 7 26 1/04 

A,4 11 110, cs 6 27 I/Os 

A,2 12 l/Oo R/W 5 28 1105 

Ar 13 Ao A,s 4 I/Or 

As 14 A, As 3 30 CE 

As 15 A2 Ag 2 31 A10 

A, 16 As A,, 1• 32 OE 

5?8129-2 

Figure 2. Pin Connections for TSOP Packages 

TRUTH TABLE 

CE cs OE R/W RFSH 

L H L H 

L H x L 

L H H H 

L L x x 
H x x x 
H x x x 

NOTES: 
H = High at V1N =Vee+ 0.3 v to V1H (MIN.) 

L =Low at V1N = v,L (MAX.) to -1.0 v 
X =Don't care at Vee+ 0.3 V to -1.0 V 

H 

H 

H 

x 
L 

H 

Ao·A1& 

vx 
vx 
VY 

x 
x 
x 

VX = Ao-A16 address input when CE = L, then Don't Care 

VY= Ao-As address input when CE = L, then Don't Care, 
and Ag-A16 address = Don't Care at V cc + 0.3 V to -1.0 V 

2-30 

l/01 ·I/Os MODE 

DouT Read 

D1N Write 

High-Z CE only refresh 

High-Z CS standby 

High-Z Auto/Self refresh 

High-Z Standby 



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

EXT/INT 
ADDRESS 

MUX 

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

REFRESH 
CONTROLLER 

REFRESH 
TIMER 

VBB GENERATOR 

110 
SELECTOR 

DATA 
IN 

BUFFER 

DATA 
OUT 

BUFFER 

Figure 3. LH5P8129 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A1e Address input cs Chip Select input 

R/W Read/Write input RFSH Refresh input 

OE Output Enable input l/Oo· 1107 Data input/output 

CE Chip Enable input 

LH5P8129 

5P8129-3 
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LH5P8129 CMOS 1 M (128K x 8) Pseudo-Static RAM 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

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

Operating temperature Topr Oto+70 oc 
Storage temperature Tstg -65 to +150 oc 
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. 

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 Vee+0.3 v 
V1L -1.0 0.8 v 

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

Ao -A10 C1N1 8 pF 

Input capacitance R/W,OE C1N2 5 pF 

CE,CS C1N3 5 pF 

RFSH C1N4 5 pF 

lnpuVoutput capacitance 1/01-1/07 Cour1 10 pF 

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

LH5P8129-60 104 
Operating current LH5P8129-80 lee1 tRC =!Re (MIN) 70 mA 1,2 

LH5P8129-10 65 

Standby current 
TTL Input 

lcc2 
1 

mA 
1, 3 

CMOS Input 0.1 1, 4 

Self-refresh TTL Input 
lcc3 

1 
mA 

1, 5 
average current CMOS Input 0.1 1, 6 

Input leakage current lu 0 V :5 V1N :5 6.5 V -10 10 µA 
O V except on test pins 

1/0 leakage current ILO O V:;; Vour:>Vee+ 0.3 V -10 10 µA Output in high-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. lcc1 depends on the cycle time 
3. CE = VIH• RFSH = V1H 

4. Cl:= Vee - 0.2 V, ttt=SH =Vee - 0.2 V 

5. CE = VIH• RFSH = V1L 
6. Cl: = V cc - 0.2 V, ttt=S'R = 0.2 V 
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8129 

AC ELECTRICAL CHARACTERISTICS 1•2•3 {TA= 0 to +70°C, Vee= 5.0 v ±10%) 

PARAMETER SYMBOL 
LHSP8129-60 

MIN. 

Random read, write cycle time tRe 100 
Read modify write cycle time tRMW 155 
CE pulse width tee 60 
CE precharge time Ip 30 
CS setup time tess 0 
CS hold time tesH 15 
Address setup time IAS 0 
Address hold time IAH 15 
Read command setup time IRCS 0 
Read command hold time tReH 0 
CE access time teEA 
OE access time loeA 
CE to output in Low-Z leLZ 20 
OE to output in Low-Z toLZ 0 
Output enable from end of write lwLZ 0 
Chip disable to output in High-Z teHZ 
Output disable to output in High-Z loHZ 
Write enable to output in High-Z lwHZ 
OE setup time toes 0 
OE hold time loeH 10 
Write command pulse width twp 30 
Write command setup time twcs 30 
Write command hold time tweH 40 
Data setup time from write tosw 25 
Data setup time from CE lose 25 
Data hold time from write IOHW 0 
Data hold time from CE to He 0 
Transition time (rise and fall) IT 3 
Refresh time interval IReF 
Refresh command hold time tRHe 15 
Auto refresh cycle time tFe 100 
Refresh delay time from CE tRFD 30 
Refresh pulse width 

tFAP 30 (Auto refresh) 
Refresh precharge time 

IFP 30 (Auto refresh) 

Refresh pulse width (Self refresh) tFAS 8,000 
CE delay time from refresh 

tFRS 140 precharge (Self refresh) 

NOTES: 
1. In order to initialize the circuit, an initial pause of 100 1JS with 

CE: = V1H• RFSH = V1H after power-up, followed by at least 8 
dummy cycles. 

2. AC characteristics are measured at IT = 5 ns. 
3. AC characteristics are measured at the lollowing condition (see 

figure at right). 
4. Measured with a load equivalent to 2TTL + 100 pf. 
5. Address is latched at the negative edge of CE. 
6. Data is latched at the positive edge of R/W or at the positive 

edge of CE. 

MAX. 

10,000 

60 
25 

20 
20 
20 

35 
8 

8,000 

LHSP8129·80 LHSP8129-10 
UNIT NOTE 

MIN. MAX. MIN. MAX. 

130 160 ns 

195 235 ns 

BO 10,000 100 10,000 ns 

40 50 ns 

0 0 ns 

20 25 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_.e_v _______ o.6 v 

OUTPUT = v 

5?8129-4 
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LH5P8129 CMOS 1 M (128K x 8) Pseudo-Static RAM 

Ip 

CE 
V1H-
V1L-

cs V1H-
V1L-

Ao-A1s V1H-
V1L-

OE V1H-
V1L-

liicH 

R/W V1H-
V1L-

loEA 

lmz 

lcLz 

VALID-DATA OUTPUT 

RFSH 

5PB129-5 

Figure 3. Read Cycle 
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CMOS 1 M (128K x 8) Pseudo-Static RAM LH5P8129 

Ip 

CE V1H-
V1L-

less lcsH 

cs V1H-
V1L-

!As !AH 

Ao-A16 V1H-
V1L-

lo ES 

OE V1H-
V1L- lwcs 

lwcH 

lwp 

R/W V1H-
V1L-

losw loHW 

lose loHC 

l!Oo • llO, 
VOH-
Vol- DATA INPUT 

RFSH 

5P8129-6 

Figure 4. Write Cycle 1 (OE = HIGH) 
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LH5P8129 CMOS 1 M (128K x 8) Pseudo-Static RAM 

!Re 

lp lcE 

CE V1H-
V1L-

lcsH 

cs V1H-
V1L-

tAH 

Ao. A15 V1H-
V1L-

OE V1H-
V1L-

lwcs 

lwcH 

\wp 

R/W V1H-
V1L-

loHW 

tDHC 

D1N 
V1H-

VALID-DATA INPUT 

I V1L-

lwHZ loLZ 
1/00 -1/~ lwLZ 

l 
Dour 

VoH-
Vol-

RFSH 

5P8129-7 

Figure 5. Write Cycle 2 (OE Clock) 
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CMOS 1 M (128K x 8) Pseudo-Static RAM LH5P8129 

tp lcE 

CE1 

lcsH 

cs V1H-
V1L-

!AH 

Ao-A15 V1H-
V1L-

OE V1H-
V1L-

lwcs 

lwcH 

lwP 

R/W V1H-
V1L-

loHW 

lose loHC 

D1N 
V1H-

VALID-DATA INPUT 

r V1L-

lwHZ le Hz 

l/Oo-1107 lcLz lwLZ 

l Dour 
VoH-
VoL-

RFSH 

5P8129-8 

Figure 6- Write Cycle 3 (OE = LOW) 
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LH5P8129 CMOS 1 M (128K x 8) Pseudo-Static RAM 

IRMW 

Ip 

CE V1H-
V1L-

less lcsH 

cs V1H-
V1L-

!AH 

Ao·A1e V1H-
V1L-

OE V1H-
V1L-

lwcs 

~cs 

lwP 

R/W V1H-
V1L-

loEA losw loHW 

lcEA lose loHC 

I D1N 
V1H-

DATA INPUT V1L-

loLZ lwHz le Hz 

1/00 -1/°'7 
lcLZ loHz lwLZ 

l Dour 
VoH-
VOL- DATA OUTPUT 

5P8129-9 

Figure 7. Read-Modify-Write Cycle 
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CMOS 1M (128K x 8) Pseudo-Static RAM 

CE V1H-
V1L-

cs V1H-
V1L-

Ao-As V1H-
V1L-

OE 
V1H-
V1L-

R/W V1H-
V1L-

l/Oo-1107 VoH-
VoL-

RFSH V1H-
V1L-

CE 

RFSH V1H-
V1L -

VoH-
1/0o - 1/07 VoL _ 

NOTE: CS, OE, R/W, Ao -A16 = Don't Care 

SH.ARP 

Ip 

lcsH 

!AH 

foES 

!RCS 

OPEN 

Figure 8. CE Only Refresh 

Figure 9. Auto Refresh Cycle 

LH5P8129 

loEH 

!iiCH 

ti.FD 

5P8129-10 

5P8129-11 
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LH5P8129 CMOS 1 M (128K x 8) Pseudo-Static RAM 

CE 

~AS 

RFSH 

------------ OPEN-----------

NOTE: CS, OE, R/W, Ao-A16 =Don't Care 

Figure 11. Self Refresh Cycle 

~c 

Ip lee 

CE r 

~ lcsH 

\ v 
NOTE: OE, R/W, RFSH, Ao -A16 = Don1 Care 

Figure 12. CS Standby Mode 

ORDERING INFORMATION 

LH5P8129 x -## 
Device Type Package Speed Y 60L 60 

SOL 80 Access Time (ns) 
10L 100 

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

~------< T 32-pin, 8 x 20 mm2 TSOP (Type I) (TSOP32-P-0820) 

5P8129-12 

5P8129-13 

TR 32-pin, 8 x 20 mm2 TSOP (Type I) Reverse bend (TSOP32-P-0820) 

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

Example: LH5P8129N-60L (CMOS 1M (128K x 8) Pseudo-Static RAM, 60 ns, 32-pin, 525-mil SOP) 
5P8129-14 
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Pseudo-Static RAM Cross Reference 

PSEUDO-STATIC RAM CROSS REFERENCE 

ORGANIZATIONAL SHARP MODEL COMPETITIVE COMPETITIVE ACCESS TIME PACKAGE 
STRUCTURE VENDOR MODEL OPTIONS 

32K x8 LH5P832 Hitachi HM65256B 100/120 ns DIP/SKDIP/SOP 

Toshiba TC51832 

64Kx8 LH5P864 - - 80 ns SOP 

- -
128K x 8 LH5P8128 Hitachi HM658128A 60/80/100 ns DIP/SOP/TSOP·I 

Toshiba TC518128A 

128K x 8w/CS LH5P8129 Toshiba TC518129A 60/80/100 ns DIP/SOPfTSOP·I 

2-41 





GENERAL INFORMATION - 1 
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, STATIC RAMs - 3 
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STATIC RAMs 

Density Organization Page 

LH5101 1K 256 x4 3-1 

LH5114 4K 1K x 4 3-7 

LH5116/H 16K 2Kx8 3-13 

LH5116S 16K 2Kx8 3-21 

LH5118/H 16K 2Kx8 3-28 

LH5168/H 64K 8Kx8 3-36 

LH5168SH 64K 8Kx8 3-45 

LH5168ST 64K 8Kx8 3-53 

LH5168Z8 64K 8K x 8 (3 V) 3-61 

LH5168Z9 64K 8K x 8 (3 V) 3-69 

LH5268A 64K 8Kx8 3-77 

LH51256L 256K 32Kx8 3-85 

LH528256 256K 32Kx8 3-92 

LH52252A 256K 64Kx4 3-101 

LH52253 256K 64Kx4 3-108 

LH52258A 256K 32Kx8 3-115 

LH521002 1M 256K x 4 3-123 

LH521007A 1M 128K x 8 3-131 

LH521008 1M 128K x 8 3-139 

LH521028 1.125M 64K x 18 3-147 

LH52V103682 1.125M 32K x 36 3-162 

LH52V1036C4 1.125M 32K x 36 3-178 

Static RAM Cross Reference 3-195 
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LH5101 
FEATURES 

• 256 x 4 bit organization 

• Access time: 300 ns {MAX.} 

• Low-power consumption: 
Operating: 137.5 mW 

Standby: 55 µW 

• Single +5 V power supply 

• Fully-static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Two Chip Enables for ease of use 

• CE2 signal enables the device to operate 
on a minimum standby current 

• Data retention is possible with low supply 
voltage (2.0 V} 

• Pin-to-pin equivalent to the Intel 5101 

• Package: 22-pin, 300-mil DIP 

SHARP 

CMOS 1 K (256 x 4) Static RAM 

DESCRIPTION 

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

PIN CONNECTIONS 

28-PIN DIP TOP VIEW 

Aa 1• 22 Vee 

~ 2 21 ~ 

A, 3 20 R/W 

Ao 4 19 CE1 

As 5 18 OD 

As 6 17 CE2 

A, 7 16 oo. 
GND 8 15 014 

01, 9 14 003 

oo, 13 013 

012 11 12 002 

5101-1 

Figure 1. Pin Connections for DIP Package 
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LH5101 

cs 

INPUT 
DATA 

CONTROL 

MEMORY 
CELL MATRIX 

(32x32) 

COLUMN VO 
CIRCUITS 

COLUMN ADDRESS 
DECODER 

COLUMN ADDRESS 
BUFFER 

Figure 2. LH5101 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL 

Ao-A1 Address input CE2 

Db -Dl4 Data input OD 

D01-D04 Data output Vee 
RMI Read/write Enable input GND 

CE1 Chip Enable input 1 

TRUTH TABLE 

CE1 CE:! OD RNI DIN OUTPUT 

H x x x x High-Z 

x L x x x High-Z 

x x H H x High-Z 

L H H L x High-Z 

L H L L x D1N 
L H L H x Dour 

NOTE: 
1. X=HorL 

3-2 

CMOS 1 K (256 x 4) Static RAM 

OD-CS 

5101·2 

PIN NAME 

Chip Enable input 2 
Output disable 

Power supply 

Ground (0 V) 

MODE 

Deselect 

Deselect 

Output deselect 

Write 

Write 

Read 



CMOS 1 K (256 x 4) Static RAM LH5101 

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 oc 
Storage temperature Tstg -55to+150 oc 

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

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

Input 'LOW' voltage V1L 0.65 v 
Input 'HIGH' voltage V1H 2.2 v 
Output 'LOW' voltage VoL loL =2.0 mA 0.4 v 
Output 'HIGH' voltage VoH IOH = -1.0 mA 2.4 v 
Input leakage current llu I V1 = OVto Vee 1.0 µA 

Output leakage current I ILOI V1 = 0 V to Vee. CE1 = 2.2 V 1.0 µA 

lee1 
Outputs open, V1 = Vee. 20 mA 

Operating current 
CE1 =0.65 V 

Outputs open, V1=2.2 V, 
lcc2 CE1 :>0.65V 

25 mA 

Standby current lss 
V1 = O V to Vee. 10 µA CE2 = 0.2 V 

AC CHARACTERISTICS 

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

Read cycle time tRe 300 ns 

Address access time tAA 300 ns 

Chip enable access time 1 teo1 250 ns 

Chip enable access time 2 teo2 350 ns 

Output disable to output too 180 ns 

Data output to high-Z state toF 100 ns 

Previous read data valid with respect 
tOH1 0 ns 

to address change 

Previous read data valid with respect 
tOH2 0 ns to chip enable 

(2) WRITE CYCLE (TA= 0 to 70°C, Vee= 5 v ±10%) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Write cycle time twe 300 ns 

Chip enable (CE1) to end of write tew1 250 ns 

Chip enable (CE2) to end of write tew2 250 ns 

Address valid time tAW 60 ns 

Data valid to end of write tow 150 ns 

Data hold time toH 40 ns 

Write recovery time lwR 40 ns 

OD setup time too 100 ns 

SHARP 3-3 



LH5101 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.65 Vto22 V 

Input rise/fall time 10 ns 

Timing reference level 1.5 v 
Output load condition 1TTL+ 100 pF 

DATA RETENTION CHARACTERISTICS 1 

PARAMETER SYMBOL CONDITIONS MIN. TYP. 

Data retention voltage VccDR VcE2 :50.2 V 2.0 

Data retention current ICCDR 
VcE2 :50.2 V, 
VccDR=2.0V 

Chip disable to data 
lCDR 0 retention 

Recovery time IR !RC 

NOTES: 
1. In the data hold mode, voltage on any 110 pin should be lower than VoR· 
2. !iie = Read cycle time 

CAPACITANCE (f = 1 MHz, TA= 25°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. 

Input capacitance C1N V1N=OV 3.5 

Input/output 
C110 V11o=OV 9 capacitance 

DATA RETENTION SUPPLY 
VOLTAGE 

Vee 
4.5V 

VoR ----------------f~--------~ 

Figure 3. Low Voltage Data Retention 

CMOS 1 K (256 x 4) Static RAM 

MAX. UNIT NOTE 

v 
10 µA 

ns 

ns 2 

MAX. UNIT 

6 pF 

12 pF 

5101-5 

SHARP 



DATA OUTPUT DATA VALID OUTPUT 

NOTES: 
1. When data input and output are separately used, OD should be LOW. 
2. During read cycle, R/W should be HIGH. 

5101·3 

Figure 4. Read Cycle 

SHARP 3-5 



LH5101 CMOS 1 K (256 x 4) Static RAM 

* 
twc 

ADDRESS 

tcw1 

CE1 

CE2 

lcw2 

OD 
(1/0 COMMON) (NOTE) 

---------..................... 
DATA OUTPUT 

------------ .. -........ 
low 

!Aw lwP 

R/W 

NOTE: When input and output pins are commonly used, OD should be HIGH during write cycle. 
When separately used, OD dont care HIGH or LOW. 

ORDERING INFORMATION 

LH5101 
Device Type 

Figure 5. Write Cycle 

• ## 

Speed 

l 

-- .. ---- .. --- ...... ---- -- .. 

-- ....... --------- .. -- .... -.. 

lws 

L 30 300 Access Time (ns) 

~------- CMOS 1 K (256 x 4) Static RAM 

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

3-6 
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LH5114 
FEATURES 

• 1,024 x 4 bit organization 

• Access time: 150 ns (MAX.) 

• Power consumption: 
Operating: 110 mW (MAX.) 

Standby: 27.5 µW (MAX.) 

• Single +5 V power supply 

• Low Vee (2.0 V) data retention capability 

• No need for external clock and refreshing 

• TTL compatible 1/0 

• Three-state outputs 

• Easy expansion of memory capacity 
through chip select signal 

• Data pins common to input and output 

• Package: 18-pin, 300-mil DIP 

SHARP 

CMOS 4K (1 K x 4) Static RAM 

DESCRIPTION 

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

PIN CONNECTIONS 

28·PIN DIP TOP VIEW 

Ae 1• 18 Vee 

As 2 17 A1 ,.. 3 16 Ae 
Aa 4 15 Aa 
Ao 5 14 1101 

A1 6 1102 

~ 7 12 1103 

cs 8 11 1104 

GND 9 10 WE 

51141-1-1 

Figure 1. Pin Connections for DIP Package 
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LH5114 

Ao f-
A1 ::>er: 

a..w z lL 
-LL 
5: ::> 
OID 
er: 

PIN DESCRIPTION 

SIGNAL ?IN NAME 

Ao-As Address input 

WE Write Enable input 

cs Chip Select input 

TRUTH TABLE 

cs WE MODE 

H x Deselect 

L L Write 

L H Read 

NOTE: 
1. X=HorL 

3-8 

en 
i:lffi 
cr:o 
00 
0 () 
<w 
~o 
er: 

MEMORY 
CELL 

(32 x 128) 

COLUMN 
110 

CIRCUIT 

COLUMN 
ADDRESS DECODER 

COLUMN INPUT 
BUFFER 

Figure 2. LH5114H Block Diagram 

SIGNAL 

1101-1/04 

Vee 

GND 

1101-1/04 NOTE 

High-Z 1 

D1N 

Dour 

CMOS 4K (1 K x 4) Static RAM 

5114H·2 

PIN NAME 

Data inpuVoutput 

Power supply (5 V or 2 V) 

Ground 

SHARP 



CMOS 4K (1 K x 4) Static RAM LH5114 

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 oc 

Storage temperature Tstg -55 to +150 oc 

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

Input 'Low' voltage V1L 0.8 v 
Input 'High' voltage V1H 2.2 v 
Output 'Low' voltage VoL loL=2.0mA 0.4 v 
Output 'High' voltage VoH IOH=-1.0mA 2.4 v 
Input leakage current 1 lu I V1N = 0 V to Vee 1.0 µA 

Output leakage current I ILOI cs= V1H. V110 = 0.4 v to Vee 1.0 µA 

Operating current Ice CS = V1L, Minimum cycle 10 20 mA 

Standby current Isa CS=Vcc, V1N=OVtoVcc 5.0 µA 

AC CHARACTERISTICS 

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

Read cycle time tRc 150 ns 

Address access time tAA 150 ns 

Chip enable access time !ACE 150 ns 

Output hold time toH 15 ns 

Output to Chip Select toe 15 ns 

Output floating to Chip Select tcz 40 ns 

(2) WRITE CYCLE (TA= 0 to +70°C, Vee= 5 v ±10%) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Write cycle time twc 150 ns 

Chip enable to end of write tcw 110 ns 

Address valid time tAW 110 ns 

Address setup time tAS 0 ns 

Write pulse width twP 110 ns 

Write recovery time lwR 20 ns 

Data valid to end of write tow 70 ns 

Data hold time toH 20 ns 

WE to output in High-Z twz 40 ns 

Output active from end of write tow 15 ns 

3-9 



LH5114 CMOS 4K (1 K x 4) Static RAM 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.8 Vto2.2 V 

Input rise/fall time 10 ns 

Timing reference level 1.5V 

Output load condition 1TTL+ 100pF 

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

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Data retention voltage VccoR 2.0 v 
Data retention CS 

V1(eS) 
2.2 Vs Vee(PD) s Vee 2.2 v 

voltage 2.0 V $ Vee(PD) $ 2.2 V Vee(PD) v 
Data retention current leeoR V1 =Vee =2.0 v 0.5 10 µA 
Chip disable to data 

teoR 1Re ns retention 

Recovery time tR tRe ns 

CAPACITANCE (f = 1 MHz, TA= 25°C) 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Input capacitance C1N 5 pF 

lnpuVoutput 
C110 8 pF capacitance 

v cc 5 v -----..,. 

cs 
Vcc(PD) 

ov 
5114H-5 

Figure 3. Low Voltage Data Retention 

3-10 SHARP 



CMOS 4K (1 K x 4) Static RAM LH5114 

liic 

cs 

DouT 

5114H-3 

Figure 4. Read Cycle 

cs 

WE 

DouT 

5114H-4 

Figure 5. Write Cycle 

SHARP 3-11 



LH5114 CMOS 4K (1 K x 4) Static RAM 

ORDERING INFORMATION 

LH5114H 
Device Type 

- ## 
Speed 

L 15 150 Access Time (ns) 

~-------CMOS 4K (1K x 4) Static RAM 

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

3-12 

5114H-6 



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·PINDIP TOP VIEW 
24-PIN SK-DIP 
24-PINSOP A7 1• 24 Vee 

Ae 2 As 
3 22 Ag 

4 

5 20 OE 

6 A10 

7 CE 

8 l/Oe 

1/01 9 VOt 
I/~ 15 1/08 

1/03 11 14 1105 

GND 12 13 1104 

5116-1 

Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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LH5116 

CE 

WE 

OE 

~ 
~ 
~ 
>;< 
~ 
~ 
~ 
9 

~ 
ifi< 
~ 
~ 
~ 
rs< 
~ 

(1'8-
~ ~ 

....--- r-
(/) 

(/) 

(/) r---- a: 
W(J) w 
a: a: c 
cw 0 
cu.. 0 I--<U.. w 
s: ::> c 
If !D r---- ~ 

a: 

-CCE 

,____ 
r-

..J 

~ t---
I-z t---8 

~ 
....__,._... 

-
CE 

CMOS 16K (2K x 8) Static RAM 

..J54 
MEMORY CELL 

Vee 

ARRAY -----@ (128x128) 
GND 

I ~ COLUMN 
l/OCIRCUIT ffin~ 

COLUMN DECODERS ~ re=; 
l 1 "---iC 

~ COLUMN ADDRESS ~ BUFFERS 
i.-c::::.; 

4 5 6 7 

5116-2 

Figure 2. LH511& Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao·A10 Address input V01- I/Os Data input/output 

CE Chip Enable input Vee Power supply 

OE Output Enable input GND Ground 

WE Write Enable input 

TRUTH TABLE 

CE OE WE MODE 1101-1/0a SUPPLY CURRENT NOTE 

L x L Write D1N Operating (Ice) 1 

L L H Read Dour Operating (Ice) 

H x x Deselect High-Z Standby (Isa) 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 -0.3 to +7.0 v 1 

Input voltage VtN -0.3 to Vee+ 0.3 v 1 

Operating temperature Topr 
Oto +70 oc 2 

-40 to +85 3 

Storage temperature Tstg -55 to +150 oc 
NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 
2. Applied to the LH5116/D/NA 
3. Applied to the LH5116H/HD/HN 

RECOMMENDED OPERATING CONDITIONS 1 

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 4.5 5.0 5.5 v 

Input voltage 
VtH 2.2 Vee+ 0.3 v 
VtL -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 ±10%) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Output 'LOW' voltage VOL loL =2.1 mA 0.4 

Output 'HIGH' voltage VOH IOH =-1.0mA 2.4 

Input leakage current I lu I VtN = O V to Vee 1.0 

Output leakage current I ILOI CE= VtH, Vvo = 0 Vto Vee 1.0 

Operating current 
lee1 Outputs open (OE= Vee) 25 30 

lce2 Outputs open (OE = VtH) 30 40 

Standby current Isa 
CE~ Vcc-0.2 V 1.0 

All other input pins= O V to Vee 0.2 

NOTES: 
1. TA= 0 to 70°C (LH5116/D/NA), TA= -40 to +85°C (LH5116H/HD/HN) 
2. CE = O V; all other input pins = O V to V cc 
3. CE = V1L; all other input pins = V1L to V1H 

4. TA= 25°C 

AC CHARACTERISTICS 1 

(1) READ CYCLE (Vee= 5 v ±10%) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time !RC 100 ns 

Address access time tAA 100 ns 

Chip enable access time tAeE 100 ns 

CE Low to output in Low-Z tcLZ 10 ns 

Output enable access time toE 40 ns 

Output enable Low to output in Low-Z toLZ 10 ns 

Chip disable to output in High-Z tCHZ 0 40 ns 

Output disable to output in High-Z tOHZ 0 40 ns 

Output hold time tQH 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. CwAo = 5 pF. 

SHARP 

1 

1 

1 

1 

LH5116 

UNIT NOTE 

v 
v 

µA 

µA 
mA 2 

mA 3 

µA 
4 
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LH5116 CMOS 16K (2K x 8) Static RAM 

(2) WRITE CYCLE 1 (Vee= 5 v ±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 IAW 80 ns 

Address setup time IAS 0 ns 

Write pulse width twp 60 ns 

Write recovery time IWR 10 ns 

Output active from end of write tow 10 ns 

WE Low to output in High-Z lwHZ 30 ns 

Data valid to end of write tow 30 ns 

Data hold time IDH 10 ns 

Output enable to output in High-Z IOHZ 40 ns 

Output active from end of write tow 10 ns 

NOTES: 
1. TA= 0 to +70°C (LH5116/D/NA), TA= -40 to -Hl5°C (LH5116H/HD/HN) 
2. Active output to high-impedance and high-impedance to output active tests specified for a ±500 mV transition 

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

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.8 Vto2.2V 

Input rise/fall time 10 ns 

nming reference level 1.5 v 
Output load condition 1TTL+ 100pF 

DATA RETENTION CHARACTERISTICS 1 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Data retention voltage VccoR CE;::: VccRC - 0.2 V 2.0 

Dala retention current lccoR 
CE;::: VccoR - 0.2 V, 1.0 

VccoR=3.0V 0.2 

Chip disable to data 
tcoR 0 retention 

Recovery time tR tRc 

NOTES: 
1. TA= 0 to +70°C (LH5116/D/NA), TA= -40 to -Hl5°C (LH5116H/HD/HN) 

2. TA= 25°C 
3. tRC = Read cycle time 

CAPACITANCE 1 (f = 1 MHz, TA = 25°C) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Input capacitance C1N V1N= OV 7 

Input/output 
C110 Vvo=OV 10 capacitance 

NOTE: 
1. This parameter is sampled and not production tested. 
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CMOS 16K (2K x 8) Static RAM LH5116 

'~z8 OATA=C~'MO°' ~ 
45y--------- ----------------- --- -----

,,, -----~---------------~ 
VccoR - - - - - - - - - - - - - - - - - - -

CE CE;;: VccoR -0.2 V 

GND------------------------------------· 

5116-6 

Figure 3. Low Voltage Data Retention 

~c 

CE 

loE 

OE 

loLz 

NOTE: WE= "HIGH" 
5116-3 

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

lwc 

lcw 

CE 

tAS 

WE 

tow 
(NOTES) 

DouT 
low 

DIN 

NOTES: 
OE='LOW' 

1. WE must be HIGH when there is a change in Ao -A10. 
2. When CE and WE are all LOW ~t the same time, write occurs during the period twP· 
3. twR is the time from the rise of CE or WE, whichever is first, to the end of the write cycle. 
4. If CE LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high-impedance. 
5. DQUI 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 pin is in the output state. During this state, input 

signals of opposite logic level must not be applied. 

Figure 5. Write Cycle 1 

lwc 

OE 

CE 

lwp 

(NOTE2) 

WE 

DOUT 

(NOTES 4, 5) 

D1N 

NOTES: 

1. WE must be HIGH when there Is a change In Ao-A10. 
2. When CE and WE are all LOW_l!.t the same time, write occurs during the period twp· 
3. twR is the time from the rise of CE or WE, whichever is first, to the end of the write cycle. 

(NOTE3) 
lwA 

tOH 
(NOTE7) 

loLZ 

4. If CE LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high-impedance. 
5. DQUI 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 pin is in the output state. During this state, input 

signals of opposite logic level must not be applied. 

Figure 6. Write Cycle 2 (Note 1) 

5116-4 

5116-5 
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CMOS 16K (2K x 8) Static RAM 

ACCESS TIME VS. SUPPLY VOLTAGE 
w 1.2 r---.,---~--~--~ 

~ 
':!;! 1.1 i-----+----t----t-----1 

~ 
UJ 
!;. 
j 1.0 i----+----"k---t----1 

j 
UJ 

~ 0.9 l----+------1-----1----1 
en 
ffl 
<8 

0.8 '----'-----'------'------' 
4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE Vee M 

AVERAGE SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 

l 
!z: 20 1----+----+----+------1 
UJ a: a: 
::> 
0 
~ 15 1----+--------+----1 

8: 
::> en 
UJ 

~ 10 1----+----+----+----1 

~ 
5 '----'-----'------'------' 
4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE Vee (V) 

INPUT VOLTAGE VS. SUPPLY VOLTAGE 
2.5 ,----.,---~--~--~ 

~ 2.0 1-----+----+----+----1 
~ 
:i: 
> 
UJ ~ 
Cl 1.5 1---+----t---=:_........,,==--1 

g~ I~ V -r-- _..!.L 

5 -Q. 1.0 1-----t----+----t----1 
;!!; 

0.5 '----'-----'------'-----' 
4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE Vee (V) 

ACCESS TIME VS. AMBIENT TEMPERATURE 
- 1.2 ~--~--~--~--~ 
UJ 

~ 
~ 1.1 r---t----t---:7"~--1 
~ 
UJ 
!;. 
~ 1.0 t----,~---+----+----1 

.5-
j 
UJ 

~ 0.9 1-----+----+----+----I 
rn 
ffl 
o<o 

0.8 ~--~--~--~--~ 
0 25 50 75 100 

AMBIENT TEMPERATURE TA (°C) 

AVERAGE SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 

25 ~--~--~--~--~ 

l 
Jl 20 t-----t-----+----+----1 

ffi a: a: 
a 15 1---:=-.i..:::=---+---+----1 

~ ~ 
::> 
rn 
UJ 10 1----+----+----+----1 

~ 
~ 

5 '----'-----'------'------' 
0 25 50 75 100 

AMBIENT TEMPERATURE TA (°C) 

INPUT VOLTAGE VS. 
AMBIENT TEMPERATURE 

2.5 

~ -' 2.0 
> 
1 
UJ 

V1H 

Cl 1.5 
~ g 
5 
Q. 1.0 VIL 

;!!; 

0.5 
0 25 50 75 100 

AMBIENT TEMPERATURE TA (°C) 

Figure 7. Electrical Characteristic Curves 
(Vee= 5 V, TA= 25°C unless otherwise specified) 

LH5116 

5116-7 
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LH5116 CMOS 1 &K (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_ 10 100 Access Time (ns) 

Blank 24-pin, 600-mil DIP {DIP24-P-600) 
'--------< D 24-pin, 300-mil SK-DIP {DIP24-P-300) 

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

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

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

SHARP' 

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 
3 v ±10%. 

PIN CONNECTIONS 

24-PIN SOP TOP VIEW 

A, 1• 24 Vee 

Ag 2 23 As 

As 3 22 Ag 

A, 4 21 WE 

A3 5 20 OE 

A2 6 19 A10 

A, 7 18 CE 

Ao 8 17 I/Os 

vo, 9 16 110, 

1102 15 1/06 

14 1/05 

GND 13 1/04 

51165-1 

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

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A10 Address input V01-VOa Data inpuVoutput 

CE Chip Enable input Vee Power supply 

OE Output Enable input GND Ground 

WE Write Enable input 

TRUTH TABLE 

CE OE WE MODE 1101 -1/0a SUPPLY CURRENT NOTE 

L x L Write D1N Operating (Ice) 1 

L L H Read Dour Operating (Ice) 

H x x Deselected High-Z Standby (lss) 1 

L H x Output disable High-Z Operating (Ice) 1 

NOTE: 
1. X=HorL 
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CMOS 1 &K (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+50 "C 
Storage temperature Tstg -55 to +150 ·c 

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

RECOMMENDED OPERATING CONDITIONS (TA= 0 to +50°C} 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage 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= 3 v ±10%, TA= 0 to +50°C} 
PARAMETER SYMBOL CONDITIONS MIN. 

Output 'LOW' voltage VoL loL=2.1 mA 

Output 'HIGH' voltage VoH IOH=-1.0mA Vee-0.5 

Input leakage current llLil V1N =0 Vto Vee 

Output leakage current llLo I CE= V1H. Vvo = 0 v to Vee 

Operating current 
lee1 Outputs open (OE= Vee) 

lcc2 Outputs open (OE = V1H) 

Standby current leeL 
CE~Vee- 0.2 V 

All other input pins= 0 V to Vee 

NOTES: 
1. -eE = o V; all other input pins = O V to V cc 
2. -eE = V11.; all other input pins= V1L to V11 

AC CHARACTERISTICS (Vee= 3 v ±10%, TA= 0 to +50°C} 

(1) READ CYCLE 
PARAMETER SYMBOL MIN. TYP. MAX. 

Read cycle time !Re 1000 

Address access time !AA 1000 

Chip enable access time !ACE 1000 

CE Low to output in Low-Z lct.z 10 

Output enable access time IQE 100 

Output enable Low to output in Low-Z !oLZ 10 

Chip disable to output in High-Z ICHZ 0 40 

Output enable to output in High-Z toHz 0 40 

Output hold time IQH 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-ifllPedance and high-impedance to output active tests specified for a ±500 mV transition 
from steady state levels into the test load. ~ = 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 IAs 0 ns 

Write pulse width twp 100 ns 

Write recovery time twR 20 ns 

WE Low to output in High-Z lwHZ 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 loHz 40 ns 

NOTE: 
1. Active ou1put 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 1TIL+ 100 pF 

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

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Data retention voltage VccoR CE <!: VccoR - 0.2 v 2.0 

Data retention current lccoR 
CE<!: VccoR - 0.2 V, 1.0 

VccoR=2.0V 0.2 

Chip disable to data retention tcoR 0 

Recovery time tR tRc 

NOTES: 
1. TA= 2s0 c 
2. file = Read cycle time 

CAPACITANCE 1 (TA= 25°C, f = 1MHz) 
PARAMETER SYMBOL CONDmONS MIN. TYP. MAX. 

Input capacitance C1N V1N=OV 7 

Input/output capacitance Cito Vvo= 0 V 10 

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

V~~ MOA'~-~NMO°' E\i 
2sv--------- ----------------- --- -----,,, ____ =;---------------~ ----

VccDR - - - - - - - - - - - - - - - - - - -

CE CE 2: VccoR -0.2 V 

ov-------------------------------------

51165-6 

Figure 3_ Low Voltage Data Retention 

!oE 

loLZ 
lcLZ 

DouT 

NOTE: WE = "HIGH" 
51168-3 

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

3-26 

lwc 

tcw 

CE 

WE 

low 
{NOTES) 

NOTES: 

DouT 

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 twP· 
3. twR is the time from the rise of CE or WE, whichever is first, to the end of the write cycle. 
4. If CE LOW transition occurs at the same time or before WE LOW transition, the output will remain high~impedance. 
5. DQUI outputs data with the same logic level as the input data of this write cycle. 
6. If CE is LOW during this period, the input/output pins are in the output state. During this state, Input 

signals of opposite logic level must not be applied. 

Figure 5. Write Cycle 1 

lwc 

OE 

CE 

{NOTE2) 

WE 

Dour 

{NOTE4) 

NOTES: 
1. WE m~ be HIGH when there is a change in Ao -A,.,. 
2. When CE and WE are both LOW at the same time, write occurs during the period twP· 
3. lwR is the time from the rise of CE or WE, whichever is first, to the end of the write cycle. 

low 

4. If CE LOW transition occurs at the same time or before WE LOW transition, the output will remain high-impedance. 
5. DQUI outp':'!! 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 lnpuVoutput pins are in the output state. During this state, input 

signals of opposite logic level must not be applied. 

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

ORDERING INFORMATION 

LH5116S 
Device Type 

N {Blank) 
Package Speed L 1000 """"5 T;me ("') 

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

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

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

LH5116S 

51165-7 
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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: 

3-28 

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 (lss) is available with CE 1 and CE2 
deactivated. 

PIN CONNECTIONS 

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

A1 1• Vee 

Aa 2 Aa 

As 3 Ag 

A,. 4 WE 

Aa 5 20 CE1 

A2 6 A,o 

A, 7 C"E2 
Ao 8 1/08 

110, 9 16 1107 

1/02 10 15 1105 

1/03 11 14 1/05 

GND 12 13 1/04 

5118-1 

Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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CMOS 16K {2K x 8) Static RAM LH5118 
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Figure 2. LH5118 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

N,-A10 Address input 1/01- I/Os Data lnpuVOutput 

CE2 Chip Enable input no. 2 Vee Power supply 

CE1 Chip Enable input no. 1 GND Ground 

WE Write Enable input 

TRUTH TABLE 

CE1 CE2 WE MODE V01 -VOa SUPPLY CURRENT NOTE 

x H x Deselect High-Z Standby (lss) 1 

H x x Deselect High-Z Standby (lss) 1 

L L L Write D1N Operating (Ice) 

L L H Read DouT Operating (Ice) 

NOTE: 
1. X=HorL 
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LH5118 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 

-40 to +85 3 

Storage temperature Tstg ·55 to +150 oc 
NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 
2. Applied to the LH5118/D/N 
3. Applied to the LH5118H/HD/HN 

RECOMMENDED OPERATING CONDITIONS 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 (LH5118H/HD/HN) 

DC CHARACTERISTICS 1 (Vee= 5 v ±10%) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Output 'LOW voltage VoL loL=2.1 mA 0.4 v 
Output 'HIGH' voltage VoH IOH=·1.0mA 2.4 v 
Input leakage current I lu I V1N = 0 Vto Vee 1.0 µA 

Output leakage current I ILOI CE2 = V1H or CE1 = V1H. Vvo 1.0 µA = O V to Vee 

Operating current 
lee1 Outputs open (WE= Vee) 25 30 mA 2 

lee2 Outputs open (WE= V1H) 30 40 mA 3 

(1) CE2 :2: Vee· 0.2 V, and 
(CE1 :2: Vee· 0.2 V or 1.0 µA 

CE1 $; 0.2 V) or 
Standby current lss (2) CE1 :2: Vee· 0.2 V, and 

(CE2 :2: Vee· 0.2 V or 0.2 µA 4 
CE2 $; 0.2 V) 

All other inputs = O V to Vee 

NOTES: 
1. TA ,; 0 to +70°C (LH5118/D/N), TA = -40 to +85°C (LH5118H/HD/HN) 
2. Cl:2 = CE1 = O V; all other input pins= 0 V to Vee 
3. Cl:2 = CE1 = V1L; all other input pins = VIL to V1H 

4. TA= 25°C 
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CMOS 16K (2K x 8) Static RAM 

AC CHARACTERISTICS 1 

(1) READ CYCLE {Vee= 5 v ±10%) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRC 100 ns 

Address access time tAA 100 ns 

CE 1 access time tACE1 100 ns 

CE2 access time IACE2 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 toH 10 ns 

(2) WRITE CYCLE (Vee= 5 v ±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 IAW 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 lwHZ 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 

NOTES: 
1. TA= 0 to +70°C (LH5118/D/N), TA= -40 to -+85°C (LH5118H/HD/HN) 

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

AC TEST CONDITIONS 
PARAMETER MODE 

Input voltage amplitude 0.8 Vto 2.2 V 

Input rise/fall time 10ns 

Input reference level 1.5 v 
Output load condition 1TTL+100pF 

LH5118 

NOTE 

2 

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

DATA RETENTION CHARACTERISTICS 1 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Data retention voltage VccoR 
CE1 2: VccDR - 0.2 v or 2.0 v 

CE2 2: VccDR - 0.2 v 
CE1 2: VccDR - 0.2 V, and 
(Cfa 2: VccoR - 0.2 V or 1.0 

CE2 ::; 0.2 V) or 
Data retention current lccoR CE2 2: VccDR - 0.2 v, and µA 

(CE1 2: VccoR - 0.2 Vor 0.2 2 
CE1 ::;0.2 V) 

VccoR=3.0V 

Chip disable to data 
tcoR 0 ns retention 

Recovery time IA IRC 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. ~c = Read cycle time 

CAPACITANCE 1 (f = 1MHz, TA= 25°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N=OV 7 pF 

lnpuVoutput 
C110 V11o=OV 10 pF capacitance 

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

v~;8 OATARm'"~~~ E\: 
4sv--------- ----------------- --- -----~v -----=~---------------~ ----VccoR - - - - - - - - - - - - - - - - - - -

CE1 or CE2 CE2 or CE1 ;,, V ccoR -0.2 V 

GND-------------------------------------

5116-5 

Figure 3. Low Voltage Data Retention 
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CMOS 16K (2K x 8) Static RAM 

liic 

CE1 

lcl21 

DouT 

NOTE: WE = "HIGH" 

Figure 4. Read Cycle 

!we 

lwR(NOTE3) 

lcw 

(NOTE2) 

WE 

lwHz(NOTE 4) low 
(NOTES) 

low toH (NOTE 6) 

DATA VALID 

NOTES: 

1. WE m~ b~HIGH when there is a change in Ao - A10. 

2. When CE2,CE1 and WE are all LOW at the same time, write occurs during the period fwp. 
3. twa!_s the time from the rise of CE2,CE1 or WE, whichever is first, to the end of the write cycle. 
4. If CE2 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) 

SHARP 

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

ACCESS TIME VS. SUPPLY VOLTAGE 
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Figure 6. Electrical Characteristic Curves 
(Vee= 5 V, TA= 25°C Unless Otherwise Specified) 
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CMOS 16K (2K x 8) Static RAM 

ORDERING INFORMATION (TA= 0 to +70°C) 

LH5118 
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: 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__ 10 100 Access Time (ns) 

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

l o 24-pin, 300-mil SK-DIP (DIP24-P-300) 
N 24-pin, 450-mil SOP (SOP24-P-450) 

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

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

SHARP 

LH5118 

5118-7 

5118-8 
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LH5168 
FEATURES 

• 8, 192 x 8 bit organization 

• Access times: 80/100 ns (MAX.) 

• Low-power consumption: 
Operating: 

303 mW (MAX.) LH5168/D/N 
@ 80 ns 

248 mW (MAX.) LH5168/D/N!T!TR 
@ 100 ns 

275 mW (MAX.) LH5168H/HD/HN 
@ 100 ns 

Standby: 

5.5 µW (MAX.) LH5168/D/N!T!TR 

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 

LH5168: -10 to +70°C 

LH5168H: -40 to +85°C 

• Packages: 

3-36 

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

28-pin, 8 x 13 mm2 TSOP (Type I) 

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-PIN SOP 

1• Vee 

A12 2 WE 

A1 3 c~ 

As 4 As 

5 A,. 

A, 6 A11 

Aa 7 OE 

A2 8 21 A10 

A1 9 CE1 

Ao I/Os 

I/Or 
1102 1/06 

1/03 1/05 

GND 1/04 

5168-1 

Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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CMOS 64K (SK x 8) Static RAM LH5168 

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

OE 1• 28 A10 A3 15 Ag 

A11 2 27 CE1 A,. 13 16 A1 

Ae 3 26 I/Os As 12 17 Ao 
As 4 25 110, As 11 18 1101 

CE2 5 24 I/Os A1 10 19 1102 

WE 6 23 1/05 A12 9 20 1/03 

Vee 7 22 1/04 NC 8 21 GND 

NC 8 21 GND Vee 7 22 1/04 

A12 9 20 1/03 WE 6 23 1/05 

A, 10 19 1102 CE2 5 24 I/Os 

As 11 18 1101 As 4 25 110, 

As 12 17 Ao Ag 3 26 I/Os 

A,. 13 16 A1 A11 2 27 CE1 

A3 14 15 Ag OE 1• 28 A10 

5168-8 

Figure 2. Pin Connections for TSOP Packages 
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LH5168 CMOS 64K (SK x 8) Static RAM 

~ ~ 

~ rn 

~ 
rn a: rn w 

~ 
Wm !---' Cl 

~8 a: a: 0 MEMORY aw 
~ Cl LL 0 ARRAY 

<(LL w 

~ ~~ 
Cl (256x 256) 14 

~ ~ a: !---' a: 
~ 

L 
'-------' 

Vee 

GND 

11' ~ ~ 
~ 1/0 

m~ fs< CIRCUITS 

~ DATA CONTROL 

~ COLUMN DECODERS 

ta< ~ ~ 
r---, 

4 COLUMN ADDRESS t--
BUFFER 

D 

WE ~ 
:;:i 

~f--'L-J 
~o 

-@----@--@-@ 
5168-2 

Figure 3. LH5168 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao·A12 Address inputs V01-VOa 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 (SK x 8) Static RAM LH5168 

TRUTH TABLE 
CE1 CE2 WE OE MODE l/01 -1/0a SUPPLY CURRENT NOTE 

H x x x Deselect High-Z Standby (Isa) 1 

x L x x Deselect High-Z Standby (Isa) 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 
80 ns 100 ns 

UNIT NOTE 
RATING RATING 

Supply voltage Vee -0.3to+7.0 -0.3to+7.0 v 1 

Input voltage V1N -0.5 to Vee +0.5 -0.3 to Vee +0.3 v 1 

Operating temperature Topr 
-10 to +70 -10to+70 ·c 2 

-40to+85 °C 3 

Storage temperature Tstg -55to+150 -55 to +150 ·c 
NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 
2. LH5168/D/N 
3. LH5168H/HD/HN 

RECOMMENDED OPERATING CONDITIONS (Note 1) 

PARAMETER SYMBOL 
80 ns 100 ns 

UNIT 
MIN. TYP. MAX. MIN. TYP. MAX. 

Supply voltage Vee 4.5 5.0 5.5 4.5 5.0 5.5 v 
Input voltage V1H 2.2 Vcc+0.5 2.2 Vcc+0.3 v 

V1L -0.5 0.8 -0.3 0.8 v 
NOTE: 
1. TA= -10 to +700C (LH5168/D/N), TA= -40 to +85°C (LH5168H/HDIHN). 

DC CHARACTERISTICS 1 (Vee= 5 v ±100.4») 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Input leakage current ILi V1N=Ot0Vcc 1.0 µA 

Output leakage CE1 = V1H or CE2 = V1L 
ILO or OE= V1H orWE=V1L 1.0 µA current 

Vvo=OtoVcc 

CE1 = V1L, V1N = V1L to V1H tcYCLE= 55 mA 
CE2 = V1H, Outputs open sons 

CE1 = V1L, V1N = V1L to V1H tcYCLE= 45 2 
Operating current Ice CE2 = V1H, Outputs open 100ns 50 3 

CE1 =V1L, V1N = 0.2 V to mA 
tcYCLE = Vcc-0.2V 
1.0µs 

10 
CE2 = V1H, Outputs open 

lss1 CE1 = V1HorCE2 = V1L 10 mA 
Standby current 

lss 
CE2S0.2Vor TAS70°C 1.0 µA 2 

CE1, CE2 2: Vee- 0.2 V TAS85°C 3.0 µA 3 

Output voltage 
VOL loL=2.1 mA 0.4 v 
VoH loH=-1 mA 2.4 v 

NOTES: 
1. TA= -10 to 700C (LH5168/0/N/TITR), TA= -40 to +85°C (LH5168H/HD/HN) 
2. LH5168/DIN/T/TR 
3. LH5168H/HD/HN 
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LH5168 CMOS 64K (SK x 8) Static RAM 

AC CHARACTERISTICS 1 

(1) READ CYCLE {Vee= 5 v ±10%) 

PARAMETER SYMBOL 
80 ns 100 ns 

UNIT 
MIN. MAX. MIN. MAX. 

Read cycle IRC 80 100 ns 

Address access time tAA 80 100 ns 

Chip enable l (CE1) tACE1 80 100 ns 
access time (CE2) IACE2 80 100 ns 

Output enable access time !OE 40 40 ns 

Output hold time !oH 10 10 ns 

Chip enable to 1 (CE1) ILZ1 10 10 ns 
output in Low-Z j (CE2) ILZ2 10 10 ns 

Output enable to output in 
IOLZ 5 5 ns Low-Z 

Chip enable to 1 (CE1) tHZ1 0 30 0 30 ns 
output in High-Z l (CE2) tHZ2 0 30 0 30 ns 

Output disable to output in 
IQHZ 0 20 0 20 ns High-Z 

NOTES: 
1. TA= ·10 to +70°C (LH5168/DIN/TffR), TA= -40 to -+85°C (LH5168H/HD/HN) 

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

(2) WRITE CYCLE {Vee= 5 v ±10%) 
80 ns 100 ns 

PARAMETER SYMBOL 
MIN. MAX. MIN. MAX. 

Write cycle time twc 80 100 

Chip enable to end of write tcw 70 80 

Address valid to end of write tAW 70 80 

Address setup time !AS 0 0 

Write pulse width twp 60 60 

Write recovery time IWR 0 0 

Data valid to end of write tow 40 40 

Data hold time toH 0 0 

Output active from end of write tow 10 10 

WE to output in High-Z twz 0 30 0 30 

OE to output in High-Z !QHZ 0 20 0 20 

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 to 2.4 V 

Input rise/fall time 10 ns 

Timing reference level 1.5V 

Output load conditions (1TTL+CL= 100pF) 
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CMOS 64K (SK x 8) Static RAM 

CAPACITANCE 1 {TA= 25°C, f = 1MHz) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Input capacitance C1N V1N =OV 7 

lnpuVoutput capacitance C110 V11o=OV 10 

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

DAT A RETENTION CHARACTERISTICS 1 

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT 

Data retention voltage VeeoR 
CE2 50.2 Vor 2.0 v 

CE1, CE2 <:Vee - 0.2 V 

VeeoR = 3 V, 0.6 µA 
Data retention current lee DR CE2 !> 0.2 V or CE1, 

CE2 ;;:: VeeDR - 0.2 v 1.5 µA 

Chip disable to data retention teoR 0 ns 

Recovery time tRDR tRe ns 

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

2. LHS 168/D/N/T/TR at TA ,:; 70°C 

3. LH5168H/HD/HN atT A,:; 85°C 

4. tRe = Read cycle time 

CE1 CONTROL (NOTE) DATA RETENTION MODE 

CE, ;o: VeeoR -0.2 v 
ov----------------------------------

CE2 CONTROL 

DATA RETENTION MODE 

Vee-------~ 

VceoR- - - - -

o~v----- ---------------------- _____ _ 

ov-----------------------------------
CE2 ,:;0.2 V 

NOTE: To control data hold at CE,, fix the input level of CE2 between VeeoR to VeeoR-0.2 V or 0 V to 0.2 V 
during the data retention mode. 

Figure 4. Low Voltage Data Retention 

SHARP 

LH5168 

UNIT 

pF 

pF 

NOTE 

2 

3 

4 

5168.e 
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LH5168 CMOS 64K (SK x 8) Static RAM 

!Re 

!AA 

tACE1 

CE1 

!LZ1 

tACE2 

CE, 

'= 

OE 

1/01 -I/Os 

NOTE: WE = "HIGH" 
5168-3 

Figure 5. Read Cycle 
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CMOS 64K (SK x 8) Static RAM 

lwc 

Ao· A12 

lwp 

HIGH-Z 

low loH 

(NOTE6) 
DATA VALID 

NOTES: 
1. The writing occurs during the overlap (twp) 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. !As 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 LOW transition or CE2 HIGH transition occurs at the same time or after 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 6. Write Cycle 1 

SHARP 

LH5168 

5168-4 
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LH5168 CMOS 64K (SK x 8) Static RAM 

lwc 

1-------=lcw"'-'------i--lw_R-i (NOTE 4) 
(NOTE2) 

(NOTE3) 

WE 

lwz 

(NOTE7) 
D1N DATA VALID 

OE='LOW' 

NOTES: 
1. The writing occurs during the overlap (fwp) of CE1 ='LOW', CE:! = 'HIGH', and WE= 'LOW'. 
2. lcw is defined as the time from the last occuring transition, either CE1 LOW transition or CE:! HIGH transition, 

to the time when the writing is finished. 
3. "'8 Is defined as the lime from address change to writing start. 
4. ~defined as the time from writing finish to address change. _ 
5. If CE1 LOW transition or CE:! HIGH transition occurs at the same time or after WE LOW transition, the 
~ut wiH remain high-Impedance. _ 

6. If CE1 HIGH transition or CE2 LOW transition occurs at the same time or before WE HIGH transition, the 
output wDI remain high-impedance. 

7. While the VO pins are in the ou1put state, input signals with the opposite logic level must not be applied. 

ORDERING IN FORMATION 

LH5168 X X 
Device Type Operating Package 

Temperature 

Figure 7. Write Cycle 2 

-## 
Speed 

y~g~ ~go Access Time (ns) 

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

5168-5 

D 28-pin, 300-mil SK-DIP (SK-DIP28-P-300) 
~----< N 28-pin, 450-mil SOP (SOP28-P-450) 

T 28-pin, 8 x 13 mm2 TSOP (Type I) (TSOP28-P-0813) 
TR 28-pin, 8 x 13 mm2 TSOP (Type I) Reverse Bend 

j Blank -10 to 7o•c (TSOP28-P-0813) 
~----------< l H -40 to +as•c 

'--------------CMOS 64K (SK x 8) Static RAM 

Example: LH5168D-10L (CMOS 64K (BK x 8) Static RAM, 100 ns, 28-pin, 300-mil SK-DIP) 
5168-7 



LH5168SH 
FEATURES 

• 8, 192 x 8 bit organization 

• Access time: 500 ns (MAX.) 

• Power consumption: 
Operating: 

60 mW (MAX.) @ 3 V 
Standby: 

3 µW (MAX.) @ 70°C @ 3 v 
9 µW (MAX.) @ 85°C @ 3 V 

• Fully-static operation 

• Three-state outputs 

• Single 2.5 to 5.5 V power supply 

• TTL compatible 1/0 

• Wide temp. range 

toPR: -40 to +85°C 

• Package: 28-pin, 450-mil SOP 

CMOS 64K (SK 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 

1• Vee 

A,2 2 WE 

Ar 3 CE2 

Ae 4 Ae 
As 5 Ae 
~ 6 A,, 

Aa 7 OE 

~ 8 A,o 

A, 9 CE1 

Ao 110. 

1/07 

1102 vo. 
1/03 I/Os 

GND vo. 

51888-1 

Figure 1. Pin Connections for SOP Package 
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LH5168SH 

4 ,------., 

>i;< en 
~ 

en f------1 a: en w wen 
~ a: a: c 

cw 0 

~ C LL (.) 

<(LL w 

~ S':::l c 
CID 

f------1 ~ ~ a: a: 
~ 

T 
'-----' 

(1'1-

~ 
~ 
~ 
8 DATA CONTROL 

~ 
~ 
~ 1~ 

WE ~ 
OE 

CE2 

CE1 

~Fe) 

MEMORY 
ARRAY 

(256 x256) 

1/0 
CIRCUITS 

COLUMN DECODERS 

1 
COLUMN ADDRESS 

BUFFER 

10 9 8 2':)._ 

Figure 2. LH5168SH Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL 

Ao-A12 Address inputs 1/01-1/0a 

CE1 -CE2 Chip Enable input Vee 
WE Write Enable input GND 

OE Output Enable input NC 

3-46 

CMOS 64K (SK x 8) Static RAM 

4 14 

Vee 

GND 

~ ~ 

51685-2 

PIN NAME 

Data inputs and outputs 

Power supply 

Ground 

Non connection 



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

TRUTH TABLE 

CE1 CE2 WE OE MODE l/Ot -1/0a SUPPLY CURRENT NOTE 

H x x x Deselect High-Z Standby (Isa) 1 

x L x x Deselect High-Z Standby (Isa) 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 -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 
(Vee= 2.5 to 4.5 V) V1L -0.3 0.2 v 
Input voltage V1H 22 Vcc+0.3 v 
(Vee= 4.5 to 5.5 V) V1L -0.3 0.8 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 I lu I V1N =Oto Vee -1.0 1.0 µA 

Output leakage CE1 = V1H or CE2 = V1L 
I ILOI or OE =V1H or WE =VIL -1.0 1.0 µA current 

Vvo=OtoVcc 

CE1 = 0.2 v, VtN = 0.2 v or 
Vcc-0.2V !CYCLE= 20 CE2 =Vee - 0.2 V, 500ns 
Output open 

Operating supply 
CE1=0.2 v, V1N =02 Vor 

Ice Vcc-02V !CYCLE= 10 mA current CE2 =Vee - 0.2 V, 1.0µs 
Output open 

CE1 = 0.2 V, V1N = 0.2 V or 
Vcc·0.2V !CYCLE= 8 CE2 =Vee - 0.2 V, 1.0µs 

Output open, Vee= 3.3 V 

Isa CE2 ~0.2 Vor -+70°C 1.0 
µA Standby current CE1~Vcc·0.2V -+85°C 3.0 1 

lsa1 CE1 = V1H or CE2 = V1L 5 mA 

Output Low voltage VoL loL=500µA 0.5 v 
Output High voltage VoH IOH =·500 µA Vcc·0.5 v 2 

NOTES: 
1. CE2 should be~ Vee· 0.2 Vor:s; 02 V. 

2. VoH is 4.5 V (Min.) at Vee> 5 V. 

SHARP M7 



LH5168SH CMOS 64K (8K 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 tRC 500 ns 

Address access time tAA 500 ns 

Chip enable l (CE1) 1Ace1 500 ns 
access time 1 (Cfa) 1Ace2 500 ns 

Output enable access time toe 200 ns 

Output hold time loH 10 ns 

Chip enable to l (CE1) tLz1 20 ns 1 
output in Low-Z (CE2) tLZ2 20 ns 1 
Output enable to output in Low-Z loLZ 10 ns 1 

Chip enable to l (CE1) tHZ1 0 60 ns 1 
output in High-Z 1 (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 twc 500 ns 

Chip enable to end of write tcw 250 ns 
Address valid to end of write !Aw 250 ns 
Address setup time !As 100 ns 
Write pulse width twP 150 ns 

Write recovery time twR 50 ns 

Data valid to end of write tow 100 ns 
Data hold time 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 1o ~ut active lests specified tor a ±500 mV lransllion 

from steady state levels into !he lest 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 lolld 

CAPACITANCE (TA= 25°C, f = 1MHz) 

PARAMETER SYMltOt. CONDITIONS ... TYi". MAX • 

Input capacitance CIN VtN =OV 7 

Input/output capacitance Cvo Vvo =0 V 10 

NOTE: 
This pararneler is sampled and net proOOclion tnled. 

UNIT 

pF 

pF 



CMOS 64K (SK x 8) Static RAM 

DATA RETENTION CHARACTERISTICS {TA= -40 to +85°C) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. 

Data retention voltage VccoR 
CE2 S0.2 Vor 2.0 

CE1 ;::: VccoR - 0.2 v 
VccoR = 3.0 V 1 TA=25°C 0.2 

Data retention current lccoR CE2S0.2Vor l TA=70°C 0.6 

CE1 ;::: VccoR - 0.2 v 1.5 

Chip disable to data retention tcoR 0 

Recovery time tRDR tRc 

NOTES: 
1. CE2 should be <: V ccoR • 0.2 V or ,; 0.2 V. 

2. tRc = Read cycle time 

CE1 CONTROL (NOTE ) DATA RETENTION MODE 

~DR 

CE, 2: V CCDR -0.2 V 
ov----------------------------------

CE2 CONTROL 

DATA RETENTION MODE 

~sv-------------------------------------
CE2 lcoR tRDR 

VccoR - - - - -

Q2V----- ---------------------- ------

ov-----------------------------------
CE2,; 0.2 V 

NOTE: To control data hold at CE1, fix the input level of CE2 between VccDR to VccoR-0.2 V or O V to 0.2 V 
during the data retention. 

Figure 3. Low Voltage Data Retention 

LH5168SH 

UNIT NOTE 

v 1 

µA 

1 

ns 

ns 2 
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LH5168SH CMOS 64K (SK x 8) Static RAM 

liic 

""' Y.ce1 

CE1 

ti.zi 

tACE2 

tl22 

OE 

V01 -l/Oa 

NOTE: WE = 'HIGH' 
51885-3 

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

lwc 

OE 

lcw 

WE 

Dour 

low loH 

(NOTES) 
DATA VALID 

NOTES: 
1. The writing occurs during the overlap (tWP) 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 C~ HIGH transition, 

to the time when the writing is finished. 
3. IAS is defined as the time from address change to writing start. 
4. t~ defined as the time from wrtting finish to address change. 
5. If CE1 LOW transttion or C~ HIGH transttion occurs at the same time or after WE LOW transition, the 

output will remain high-impedance. 
6. While the VO pins are in the output state, input signals with the opposite logic level must not be applied. 

Figure 5. Write Cycle 1 

LH5168SH 

51688-4 
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LH5168SH CMOS 64K (SK x 8) Static RAM 

(NOTE7) 
D1N DATA VALID 

OE='LOW" 

NOTES: 
1. The writing occuis during the overlap (fwp) of CE1 ='LOW', CE-.! = 'HIGH', and WE = "LOW'. 
2. few is defined as the time from the last occuring transition, either CE1 LOW transition or CE-.! HIGH transition, 

to the time when the writing is finished. 
3. tAS is defined as the time from address change to writing start. 
4. twa..!.s defined as the time from writing finish to address change. 
5. If CE1 LOW transition or CE-.! HIGH transition occurs at the same time or after WE LOW transition, the 
o~ will remain high-impedance. _ 

6. If CE1 HIGH transition or CE-.! LOW transition occurs at the same time or before WE HIGH transition, the 
ou1put will remain high-impedance. 

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

Figure 6. Write Cycle 2 

ORDERING INFORMATION 

LH5168SH 
Device Type 

N 
Package 

I 

(Blank) 
Speed 

L_ 
500 Access Time (ns) 

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

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

Example: LH5168SHN (CMOS 64K (BK x 8) Static RAM, 500 ns, 28-pin, 450-mil SOP) 
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LH5168ST 
FEATURES 

• 8, 192 x 8 bit organization 

• Access times: 
500 ns (MAX.) 

• Power consumption: 
Operating: 

60 mW (MAX.) @ 3 V 
Standby: 

3 µW (MAX.) @ 3 V 
Data hold 

0.2 µA (Vee= 3 V, TA= 25°C) 

• Wide operating voltage range: 
2.5 V to 5.5 V 

• Fully-static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Operating temperature: 

-10 to +70°C 

• Package: 28-pin, 8 x 13 mm2 TSOP 
(Type I) 

CMOS 64K (BK x 8) Static RAM 

DESCRIPTION 

The LH516BST is a static RAM organized as 
8, 192 x 8 bits. It is fabricated using silicon-gate CMOS 
process technology. 

PIN CONNECTIONS 

28-PINTSOP TOP VIEW 

OE 1• 28 A10 

An 2 27 CE1 

Ao 3 26 VOa 

Aa 4 25 110, 

C'°2 5 24 1/06 

WE 6 23 vo. 
Vee 7 22 vo. 
NC 8 21 GND 

A12 9 20 vo. 
A, 10 19 1102 

Aa 11 18 1101 

As 12 17 Ao ,,. 13 16 A, 

Aa 14 15 Ao 

51688·1 

Figure 1. Pin Connections for TSOP Package 
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LH5168ST 

110, 

1/02 

1/03 
1/04 

vo. 
V06 

1/07 
1/08 

WE 

OE 

~ (4< 
(i< 
~ 
~ 
~ 
~ 
~ '( 

'1a 
~ 
~ 
~ 
~ 24 

~ 
~ 

6'-

1 

5 ~ 

.--
rn I-rn t---w rn u 
C::c:: UJ 

-' Cl UJ UJ Cl u. rn <( u. s: ~iii I--- 0 
c:: c:: 

1 
.____ 

INPUT 
DATA 

CONTROL 

~ 
:a -
~ 

CMOS 64K (BK x 8) Static RAM 

MEMORY 7 Vee 
ARRAY 

(256x 256) 2 GND 

~ ~ COLUMN 1/0 
CIRCUITS p 

f:E-< COLUMN SELECT 
~ 

1 ~ 
H COLUMN ADDRESS '----i2-BUFFERS 

~ 

15 16 17 2 ~ 
= 

51688-2 

Figure 2. LH5168ST Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A12 Address inputs 1101-1/0a 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 (SK x 8) Static RAM LH5168ST 

TRUTH TABLE 

CE1 CE2 WE OE MODE 1101- llOa SUPPLY CURRENT NOTE 

H x x x Standby High-Z Standby (lss) 1 

x L x x Standby High-Z Standby (lss) 1 

L H L x Write DtN Operating (Ice) 1 

L H H L Read Dour Operating (Ice) 

L H H H Output deselect 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 -10 to +70 •c 
Storage temperature Tstg -65to+150 ·c 

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

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 2.4 3.0 5.5 v 
Input voltage V1H Vee-0.5 Vee+0.3 v 
(Vee= 2.5 to 4.5 V) V1L -0.3 0.2 v 
Input voltage V1H 2.2 Vee+0.3 v 
(Vee= 4.5 to 5.5 V) V1L -0.3 0.8 v 

DC CHARACTERISTICS (TA= -10 to +70°C, Vee= 2.4 to 5.5 V) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Input leakage current ILi V1N =Oto Vee -1.0 1.0 µA 

Output leakage CE1 = V1H or CE2 = V1L 

current I Lo or OE =V1H or WE =VIL -1.0 1.0 µA 
Vvo=OtoVee 

CE1 = 0.2 V, V1N = 0.2 V or 
Vcc-0.2 V lcYeLE = 20 CE2 =Vee - 0.2 V, 500 ns 

Outputs open 

CE1=0.2 V, V1N = 0.2 Var 

Operating current Vcc-0.2 V lcveLE = 10 mA 
CE2 =Vee - 0.2 V, 1.0µs 

Outputs open 

CE1 = 0.2 V, VtN = 0.2 v or 
Vcc-0.2V lcveLE = 8 

CE2 =Vee - 0.2 V, 1.0µs 
Outputs open, Vee= 3.3 V 

Standby current 
Isa CE2S0.2 VorCE1 ;?:Vee-0.2 V 1.0 µA 1 

lss1 CE1 =V1HorCE1 =VtL 5 mA 

Output Low voltage VOL loL=500µA 0.5 v 
Output High voltage VoH loH =-500 µA Vcc-0.5 v 2 

NOTES: 
1. c~ should be<!: Vee- 0.2 Vors 0.2 V. 

2. VoH is 4.5 V (Min.) at Vee> 5 V. 

SHARP 



LH5168ST CMOS 64K (BK x 8) Static RAM 

AC CHARACTERISTICS 

(1) READ CYCLE {TA= -10 to +70°C, Vee= 2.5 to 5.5 V) 
PARAMETER SYMBOL MIN. MAX. UNIT 

Read cycle tRe 500 ns 

Address access time lAA 500 ns 

Chip enable 1 (CE1) tAeE1 500 ns 
access time (Cfa) tAeE2 500 ns 

Output enable access time toE 200 ns 

Output hold time foH 10 ns 

Chip enable to l (CE1) tLZ1 20 ns 
output in Low-Z l (CE2) ti.Z2 20 ns 

Output enable to output in Low-Z foLZ 10 ns 

Chip enable to l (CE1) 1Hz1 0 60 ns 
output in High-Z (CE2) IHZ2 0 60 ns 

Output disable to output in High-Z IOHZ 0 40 ns 

(2) WRITE CYCLE {TA= -10 to +70°C, Vee= 2.5 to 5.5 V) 
PARAMETER SYMBOL MIN. MAX. UNIT 

Write cycle time twe 500 ns 

Chip enable to end of write tcw 250 ns 

Address valid to end of write tAw 250 ns 

Address setup time 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 loH 0 ns 

Output active from end of write tow 20 ns 

WE to output in High-Z twz 0 60 ns 

OE to output in High-Z foHZ 0 40 ns 

AC TEST CONDITIONS 
PARAMETER MODE 

Input voltage amplitude Oto Vee 

Input rise/fall time 10ns 

Timing reference level 1.5 v 
Output load conditions No load 

CAPACITANCE {TA= 25°C, f = 1 MHz) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N=OV 7 pF 

Input/output capacitance C110 Vvo=OV 10 pF 

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

DATA RETENTION CHARACTERISTICS (TA =-10to +70"C) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Data retention voltage VccoR 
CE2 ~0.2 Vor 1.8 v 1 

CE1 :<: VccoR - 0.2 v 
VccoR= 3.0V l TA =25°C 0.2 

Data retention current lccoR CE2 ~0.2 Vor [ TA=40°C 0.4 µA 

CE1:<:VccoR.0.2 v 0.6 1 

Chip disable to data retention tcoR 0 ns 

Recovery time 1RDR IRC ns 2 

NOTES: 
1. C~ should be~ VccoR - 0.2 V ors 0.2 V. 
2. ~c = Read cycle time. 

tRC 

ADDRESS 

~ 

~CE1 

CE1 

tl21 

~CE2 

CE2 

tl22 

loE 

lol2 

OE 

DouT 

loH 

NOTE: WE is "HIGH" level during the read cycle. 
5168$-3 

Figure 3. Read Cycle 
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LH5168ST CMOS 64K (SK x 8) Static RAM 

lwc 

ADDRESS 

DouT 

low toH 

(NOTES) 
DATA VALID 

NOTES: 
1. The writing occurs during an ove~apping period of CE1 = "LOW,' CE2 = "HIGH," and WE = "LOW" (twp). 
2. lcw is defined as the time from the last occuring transit, either CE1 LOW transit or CE, HIGH transit, 

to the time when the writing is finished. 
3. !As is defined as the time from address change to writing start. 
4. twR is defined as the time from writing finish to address change. 
5. The input signals of opposite phase to the outputs must not be applied while 1/0 pins are in the output state. 

51 -4 

Figure 4. Write Cycle 1 
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CMOS 64K {SK x 8) Static RAM 

!we 

ADDRESS 

(NOTE 4) !cw 
(NOTE2) 

cE, 

(NOTES) 
DATA VALID 

NOTES: 
1. The writing occurs during an overlapping period of CE1 = "LOW," CE2 = "HIGH,' and WE = "LOW" (fwp). 
2. !cw is defined as the time from the last occuring transit, either CE1 LOW transit or CE, HIGH transit, 

to the time when the writing is finished. 
3. !As is defined as the time from address change to writing start. 
4. fwR is defined as the time from writing finish to address change. 
5. The input signals of opposite phase to the outputs must not be applied while 1/0 pins are in the output state. 
6. If CE1 LOW transit or CE2 HIGH transit occurs at the same time or after WE LOW transit, the 

o~ut will remain high-impedance. 
7. If CE1 HIGH transit or CE2 LOW transit occurs at the same time or before WE HIGH transit, the output will 

remain high-impedance. 

Figure 5. OE Low Fixed 

SHARP 

LH5168ST 

5168$-5 
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LH5168ST CMOS 64K (SK x 8) Static RAM 

CE1 CONTROL (NOTE) DATA HOLD MODE 

Vee------. 

CE1;,, VccDR - 0.2 v 
ov----------------------------------

CE2CONTROL 

DATA HOLD MODE 

Vee-------~ 

VccoR - - - - -

~2V----- ---------------------- ------

ov-----------------------------------
CE2 s0.2V 

NOTE: To control data hold mode at CE1' fix the input level of CE2 between VccoR to VccoR- 0.2 V or O V to 0.2 V 
during the data hold mode. 

Figure 6. Low Voltage Data Retention 

ORDERING INFORMATION 

LH5168 
Device Type 

S T 

~ 28-pn, 8' 13 mm'TSOP [Type I) [TSOP28-P-0813J 

Low Voltage Option 

'--------------CMOS 64K (SK x 8) Static RAM 

b-.19: l.HSttiST (CMOS 64K (BK x 8) Static RAM, 28-pin, TSOP Type I) 

5168S-6 

51885-7 



LH5168Z8 
FEATURES 

• 8, 192 x 8 bit organization 

• Access time: 
200 ns {Vee= 3.0 V MAX.) 

• Power consumption: 
Operating: 

60 mW {MAX.) @ 3 V 

Standby {to 60°C): 
3 µW {MAX.) @ 3 V 

Data hold 

0.6 µA {Vee= 3 V, TA= 60°C) 

• Operating voltage range: 
3.0 V to 3.6 V 

• Wide operating temperature range: 
-30 to 60°C 

• Fully-static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Package: 28-pin, 450-mil SOP 

CMOS 64K (SK x 8) Static RAM 

DESCRIPTION 
The LH5168Z8 is a static RAM organized as 

8, 192 x 8 bits. It is fabricated using silicon-gate CMOS 
process technology. 

PIN CONNECTIONS 

28-PIN SOP TOPVIEW 

NC 1• 28 Vee 

A,2 2 27 WE 

A1 3 26 ce. 
Ae 4 25 "' As 5 24 At 
A,. II 23 A11 

As 7 22 OE 

A, 8 21 ,... 
A, • 20 ce, 
Ao VO. 

vo, 11 18 

"'°' v~ 17 "Cle 
V03 111 lfOs 

GNO 15 "°• ,_, 
Figure 1. Pin ConwleCttoM tor SOP l'llCI• 11 



LH5168Z8 

WE 

OE 

Cf::! 
CE1 

~ ~ 
~ 
B 4 
(s< 
(s< 
tr< ;.-' 

(11' 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

~~ 

....----
fl) 

ti fl) t--1 Wm a: a: ~ cw 
cu. w 

fl) <U. 
~ ~~ t--1 a: 

L 
.______ 

INPUT 
DATA 

CONTROL 

H 

~ 
~ 

CMOS 64K (SK x 8) Static RAM 

---{~ MEMORY 
ARRAY 

(256x256) ~4 

Vee 

GND 

~ 
COLUMN VO H CIRCUITS 

COLUMN SELECT 

1 1 ~ COLUMN ADDRESS 
......__ ........., 

BUFFERS 

~ 

8 9 1QI. ~ 
5168ZB-2 

Figure 2. LH5168Z8 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A12 Address inputs V01-VOa 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 (SK x 8) Static RAM LH5168Z8 

TRUTH TABLE 

CE1 CE2 WE OE MODE lf01 - I/Os SUPPLY CURRENT NOTE 

H x x x Standby High-Z Standby (Isa) 1 

x L x x Standby High-Z Standby (Isa) 1 

L H L x Write DtN Operating (Ice) 1 

L H H L Read Dour Operating (Ice) 

L H H H Output deselect 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 VtN -0.3 to Vee+ 0.3 v 1 

Operating temperature Topr -30to+60 °C 

Storage temperature Tstg -65to+150 ·c 
NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 

RECOMMENDED OPERATING CONDITIONS (TA= -30 to +60°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 3.0 3.6 v 
Input voltage VtH Vee-0.5 Vcc+0.3 v 
(Vee= 3.0 to 3.6 V) VtL -0.3 0.2 v 

DC CHARACTERISTICS (TA= -30 to +60°C, Vee= 3.0 to 3.6 V) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Input leakage current llLt I VtN =Oto Vee -1.0 1.0 µA 

Output leakage CE1 = VtH or CE2 = VtL 
I ILOI or OE =VtH or WE= V1L -1.0 1.0 µA current 

Vvo= Oto Vee 

CE1 = 0.2 v, VtN = 0.2 v or 
Vee- 0.2 V tcvcLE= 20 CE2 =Vee - 0.2 V, 200ns 

Outputs open 

CE1 = 0.2 V, V1N = 0.2 V or 
Operating current Ice Vee-0.2V tcYCLE= 10 mA 

CE2 =Vee - 0.2 V, 1.0 µs 
Outputs open 

CE1 = 0.2 V, V1N = 0.2 V or 
Vcc-0.2V tcYCLE= 8 CE2 =Vee - 0.2 V, 1.0µs 

Outputs open, Vee= 3.3 V 

lse 
CE2 S0.2 Vor To 

1.0 µA 1 
Standby current CE1 ~Vcc-0.2V +ao•c 

lse1 CE1 = VtH orCE2 = V1L 5 mA 

Output voltage 
VoL loL= 500µA 0.5 v 
VoH loH =-500 µA Vcc-0.5 v 

NOTE: 
1. Cf::? should be;,, Vee - 0.2 V ors 02 V. 

SHARP 



CMOS 64K (SK x 8) Static RAM 

AC CHARACTE:AISTICS 

(1) READ CYCLE (TA== -30 to +60°C, Vee= 3.0 to 3.6 V) 
PARAM£1'1R SYMBOL MIN. MAX. UNIT 

Read cycle IRC 200 ns 

Address access Ii.,,. fAA 200 ns 

Chip enable 1 (CE1) f.t.ce1 200 ns 
access time (CE2) f.t.CE2 200 ns 

Output eneble access time toe 150 ns 
Output hold time foH 10 ns 

Chip enable to I (CE1) tu1 20 ns 
output in Low-Z (CE2) 1u2 20 ris 

Output eneble to output in Low-Z toLz 10 ns 

Chip enable to l (CE'1) 1Hz1 0 60 ns 
output in High-Z (CE2) IHz2 0 60 ns 

Output disable to output in High-Z toHz 0 40 ns 

(2) WRITE CYCLE (TA= -30 to +60°C, Vee= 3.0 to 3.6 V) 
MRAMETER SYMBOL MIN. MAX. UNIT 

Write cycle lime twc 200 ns 

Chip enable to end of write few 180 ns 

Address valid to end of write f.t.w 180 ns 

Address setup time !As 0 ns 

Write pulse width twp 150 ns 

Write recovery time twR 0 ns 

Data valid to end of write tow 100 ns 

Data hold time IDH 0 ns 

Output active from end of write tow 20 ns 

WE to outpt.rt In High-Z twz 0 60 ns 

OE to output in High·Z toHz 0 40 ns 

AC TEST CONDITIONS 
PARAMETER MODE 

Input voltage amplituda Oto Vee 

Input rise/fall time 10ns 

Timing reference level 1.SV 

Output load conditions No load 

CAPACITANCE (TA= 25°C, f = 1 MHz) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

ll'lfll.ll capacitance C1N V1N=OV 7 pF 

lnpu11output capacitance Cvo Vvo=OV 10 pF 

NOTE: 
This perameler is sampled and not production tested. 



CMOS 64K (SK x 8) Static RAM LH5168Z8 

DATA RETENTION CHARACTERISTICS (TA= -30 to +60°C) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Data retention voltage VccoR 
CE2 ~0.2 Vor 

2.0 v 1 
CE1 :2: VccoR - 0.2 V 

VccoR=3.0V TA=25°C 0.2 
Data retention current lccoR CE2 ~0.2 Vor µA 

CE1 :2: VccoR - 0.2 v TA= 60°C 0.6 1 

Chip disable to data retention tcoR 0 ns 

Recovery time tRDR tRC ns 2 

NOTES: 
1. CE2 should be;, VccoR - 0.2 V or,;; 0.2 V. 
2. IRc = Read cycle time 

!Re 

ADDRESS 

!AA 

IACE1 

CE1 

li.z1 

tACE2 

CE2 

ILZ2 IHZ2 

laE 

latz 

OE 

NOTE: WE is "HIGH" level during the read cycle. 5168Z8·3 

Figure 3. Read Cycle 
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LH5168Z8 CMOS 64K {SK x 8) Static RAM 

lwc 

ADDRESS 

OE 

CE:! 

WE 

DolIT 

low loH 

(NOTES) 
DATA VALID 

NOTES: 
1. The writing occurs during an overlapping period of CE1 = "LOW,' CE2 = "HIGH,' and WE= "LOW" (lwp). 
2. lcw Is defined as the time from the last occuring transit, either CE1 LOW transit or CE:! HIGH transit, 

to the time when the writing is finished. 
3. tAS is defined as the time from address change to writing start. 
4. tWR Is defined as the time from wming finish to address change. 
5. The Input signals of opposite phase to the outputs must not be applied while VO pins are in the ou1put state. 

5168Z8-4 

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

ADDRESS 

CE1 

WE 

(NOTE7) 

DouT 

low loH 

~~~~~~~~~~~~~~--'(_N_O_T_E_S~)~·~~DA_T_A_V_AL_l_D~.,.+,,......,,......,. 

NOTES: 
1. The writing occurs during an overlapping period of CE1 = 'LOW,• Cl:i! = 'HIGH,• and WE= 'LOW" (tWPl· 
2. lcw is defined as the time from the last occuring transit, either CE1 LOW transit or CE2 HIGH transit, 

to the time when the writing is finished. 
3. ~ is defined as the time from address change to writing start. 
4. twR is defined as the time from writing finish to address change. 
5. The input signals of opposite phase to the outputs must not be applied while VO pins are in the output state. 
6. If CE1 LOW transit or CE2 HIGH transit occurs at the same time or alter WE LOW transit, the output will 

remain high-impedance. 
7. If CE1 HIGH transit or Cl:i! LOW transit occurs at the same time or before WE HIGH transit, the output will 

remain high-impedance. 

Figure 5. OE Low Fixed 

LH5168Z8 

5168ZB-5 
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LH5168Z8 CMOS 64K (SK x 8) Static RAM 

CE1 CONTROL (NOTE) DATA HOLD MODE 

Vcc-----.. 1 

Vee·02V --- ---- ---------------

VeeoR - - - - - - - -·==========' 
CE1 CE1<?VccDR -0.2V 

ov-------------------------------------

CE:z CONTROL 
DATA HOLD MODE 

Vee --------.1 

VeeoR - - - - -

Q2V----- ---------------------- ------

ov-----------------------------------
CE2S02V 

NOTE: To control the data hold mode at CE1, fix the input level of CE:z between VccoR to VccoR • 0.2 V or 0 Vto 02 V 
during the data hold mode. 

Figure&. Low Voltage Data Retention 

ORDERING INFORMATION 

LH516SZS 
Device Type 

L CMOS 64K (SK x S) Static RAM 

Example: LH5168ZS (CMOS 64K (SK x S) Static RAM, 200 ns, 2S-pin, 450-mil SOP) 
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LH5168Z9 
FEATURES 

• 8, 192 x 8 bit organization 

• Access time: 260 ns 

• Power consumption: 
Operating: 

60 mW (MAX.) @ 3 V 

Standby (to 60°C): 

3 µW (MAX.) @ 3 V 
Data hold 

0.6 µA (Vee= 3 V, TA= 60°C) 

• Operating voltage range: 
2.7 V to 3.6 V 

• Operating temperature range: 

-10 to 60°C 

• Fully-static operation 

• TTL compatible 1/0 

• Three-state outputs 

• Package: 28-pin, 450-mil SOP 

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

DESCRIPTION 

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

PIN CONNECTIONS 

28-PIN SOP TOP VIEW 

NC 1• 28 Vee 

A,2 2 'Z1 WE 

A, 3 26 CE, 

As 4 25 As 
As 5 24 As 
~ 6 23 A,, 

As 7 22 OE 

Az 8 21 A,o 

A, 9 20 CE1 

Ao 10 19 1/08 

vo, 11 18 VO, 
vo. 17 VOa 
1/03 16 1/05 

GND 15 V04 

518829-1 

Figure 1. Pin Connections for SOP Package 
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LH5168Z9 ADVANCE INFORMATION CMOS 64K (SK x 8) Static RAM 

MEMORY 
ARRAY 

{256x256) 

1101 ~1----------
1102 ~21---t-----i 
1/03 13>1---Ht-+-----
1104 ~·1---Ht-Ho-----i 
1/05 ~,)---HH-t-.----i 
1/06 ~l---HH-t-+e---
1107 fa(l---HH-1-++---

INPUT 
DATA 

CONTROL 

.-------'....________,~>-----i 
I---+---- COLUMN VO L 11 LJ:Ej 

CIRCUITS ~ ~>-+--. 
COLUMN SELECT 1111 L 

l/Oe ~rf1miitr--L--~-1 

~>---------~ 
A-z A1 Ao A11 A10 

Figure 2. LH5168Z9 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

hi-A12 Address inputs V01-VOa 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 ADVANCE INFORMATION LH5168Z9 

TRUTH TABLE 

CE1 CE2 WE OE MODE 1/01-1/0s SUPPLY CURRENT NOTE 

H x x x Standby High-Z Standby (lss) 1 

x L x x Standby High-Z Standby (lss) 1 

L H L x Write D1N Operating (Ice) 1 

L H H L Read Dour Operating (Ice) 

L H H H Output deselect 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 -10 to +60 oc 
Storage temperature Tstg -65 to +150 oc 

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

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 2.0 3.6 v 
Input voltage V1H Vee-0.5 Vee+0.3 v 
(Vee= 3.0 to 3.6 V) V1L -0.3 0.2 v 

DC CHARACTERISTICS (TA= -10 to +60°C, Vee= 2.7 to 3.6 V) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Input leakage current I lu I V1N =Oto Vee -1.0 1.0 µA 

Output leakage CE1 = V1H or CE2 = V1L 
I ILOI or OE= V1H or WE= V1L -1.0 1.0 µA current 

Vvo =Oto Vee 

CE1=0.2 V, V1N = 0.2 V or 
Vee-0.2 V tevCLE = 20 

CE2 =Vee- 0.2 v, 200 ns 
Outputs open 

CE1=0.2 V, V1N = 0.2 Vor 

Operating current Ice Vce-0.2 V tevcLE = 10 mA 
CE2 =Vee - 0.2 V, 1.0 µs 

Outputs open 

CE1 = 0.2 V, V1N = 0.2 V or 
Vee-0.2 V tevcLE = 8 

CE2 =Vee - 0.2 v, 1.0µs 
Outputs open, Vee= 3.3 V 

lss 
CE2:s;o.2 Var To 

1.0 µA 1 
Standby current CE1 ~Vec-0.2V +60°C 

lss1 CE1 = V1H orCE2 = V1L 5 mA 

Output Low voltage VoL loL= 500 µA 0.5 v 
Output High voltage VoH loH =-500 µA Vcc-0.5 v 

NOTE: 
1. CE2 should be;, Vee - 0.2 V ors; 0.2 V. 
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LH5168Z9 ADVANCE INFORMATION CMOS 64K (SK x 8) Static RAM 

AC CHARACTERISTICS 

(1) READ CYCLE (TA= -10 to +60°C, Vee= 2.7 to 3.6 V) 

PARAMETER SYMBOL MIN. MAX. UNIT 

Read cycle tile 260 ns 

Address access time fM 260 ns 

Chip enable l (CE1) fAce1 260 ns 
access time (CE2) fACE2 260 ns 

Output enable access time toe 200 ns 

Output hold time toH 10 ns 

Chip enable to l (CE1) ti..z1 20 ns 
output in Low-Z (CE2) tLz2 20 ns 

Output enable to output in Low-Z toLZ 10 ns 

Chip enable to l (CE1) tHZ1 0 60 ns 
output in High-Z (CE2) tHZ2 0 60 ns 

Output disable to output in High-Z tOHz 0 40 ns 

(2) WRITE CYCLE {TA= -10 to +60°C, Vee= 2.7 to 3.6 V) 

PARAMETER SYMBOL MIN. MAX. UNIT 

Write cycle time twc 260 ns 

Chip enable to end of write tcw 200 ns 

Address valid to end of write fAw 200 ns 

Address setup time fAs 0 ns 

Write pulse width twp 150 ns 

Write recovery time twR 0 ns 

Data valid to end of write tow 100 ns 

Data hold time toH 0 ns 

Output active from end of write tow 20 ns 

WE to output in High-Z twz 0 60 ns 

OE to output in High-Z toHZ 0 40 ns 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude OVtoVcc 

Input rise/fall time 10 ns 

Timing reference level 1.SV 

Output load conditions No load 

CAPACITANCE {TA= 25°C, f = 1 MHz) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input capacitance C1N V1N=OV 7 pf 

Input/output capacitance Cvo V11o=OV 10 pF 

NOTE: 
This parameter Is sampled and not production tested. 
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CMOS 64K (SK x 8) Static RAM ADVANCE INFORMATION 

DATA RETENTION CHARACTERISTICS (TA= -10 to +60°C) 

PARAMETER SYMBOL CONDITIONS MIN. MAX. 

Data retention voltage VccoR 
CE2 ~0.2 Var 2.0 

CE1 ~ VccoR - 0.2 v 
VccoR=3 V TA =25°C 0.2 

Data retention current lccoR CE2 ~0.2 Var 
CE1 ~ VccoR - 0.2 v TA= 60°C 0.6 

Chip disable to data retention lcOR 0 

Recovery time tRDR tRc 

NOTES: 
1. CE2 should be;;, VeeoR - 0.2 V ors 0.2 V. 
2. 41e = Read cycle time 

CE1 CONTROL (NOTE) DATA HOLD MODE 

Vee ------.1 

Vee-0.2 V - - - - - - - - - - - - - - - - - - - - - -

VeeoR - - - - - - - -!::::==========' 
CE1 CE1 2' V eeDR - 0.2 V 

ov-------------------------------------

CE2 CONTROL 
DATA HOLD MODE 

Vee ----------.1 

VeeoR - - - - -

~v----- ---------------------- ------

ov-----------------------------------
CE2s0.2V 

NOTE: To control the data hold mode at CE1, fix the input level of CE2 between VeeoR to VeeoR- 0.2 V or O V to 0.2 V 
during the data hold mode. 

Figure 3. Low Voltage Data Retention 

SHARP 

LH5168Z9 

UNIT NOTE 

v 1 

µA 
1 

ns 

ns 2 

5168Z9-6 
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LH5168Z9 ADVANCE INFORMATION CMOS 64K (SK x 8) Static RAM 

~c 

ADDRESS 

lu:1 

loe 

OE 

DouT 

NOTE: WE is "HIGH" level during the read cycle. 
5168Z9-3 

Figure 4. Read Cycle 
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CMOS 64K (SK x 8) Static RAM ADVANCE INFORMATION LH5168Z9 

lwc 

ADDRESS 

OE 

CE1 

WE 

(NOTES) 
DATA VALID 

NOTES: 
1. The writing occurs during an overlapping period of CE1 ="LOW," CE-.!= "HIGH," and WE= 'LOW" (fwp). 
2. lcw is defined as the time from the last occuring transit, either CE1 LOW transit or CE2 HIGH transtt, 

to the time when the writing is finished. 
3. IAS ls defined as the time from address change to writing start. 
4. IWR is defined as the time from writing finish to address change. 
5. The input signals of opposite phase to the outputs must not be applied while 1/0 pins are in the output state. 

516829-4 

Figure 5. Write Cycle 
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LH5168Z9 ADVANCE INFORMATION CMOS 64K (SK x 8) Static RAM 

twc 

ADDRESS 

(NOTE2) 

C'°2 

WP 

WE 

(NOTE7) 

DOUT 

tow Iott 

(NOTES) 
DATA VALID 

NOTES: 
1. The writing occurs during an overtapping period of CE1 = "LOW," C'°2 ="HIGH," and WE = "LOW' (fwp). 
2. !cw Is defined as the time from the last occuring transit, either CE1 LOW transit or C'°2 HIGH transit, 

to the time when the writing is finished. 
3. l,.s 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. The Input signals of opposite phase to the ou1puts must not be applied while VO pins are In the ou1put state. 
6. If CE1 LOW transit or C'°2 HIGH transit occurs at the same time or after WE LOW transit, the ou1put will 

remain high-impedance. 
7. If CE1 HIGH transit or C'°2 LOW transit occurs at the same time or before WE HIGH transit, the ou1put will 

remain high-impedance. 

Figure 6. OE Low Fixed 

ORDERING INFORMATION 

LH5168Z9 
Device Type 

L CMOS 64K (SK x S) Static RAM 

Example: LH5168Z9 (CMOS 64K (SK x S) Static RAM) 
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LH5268A 
FEATURES 

• 8, 192 x 8 bit organization 

• Access times: 100 ns (MAX.) 

• Power consumption: 
Operating: 

220 mW (MAX.) 

55 mW (MAX.) (tRC1 twc = 1 µs) 
Standby: 

220 µ W (MAX.) 
Data retention: 

5.5 µW (Vee= 3 V, TA= 25°C) 

• Operating temperature: 

0°C to 70°C 

• Fully-static operation 

• Three-state outputs 

• Single +5 V power supply (5 V ± 10%) 

• TTL compatible 1/0 

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

SHARP 

CMOS 64K (SK x 8) Static Ram 

DESCRIPTION 

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

PIN CONNECTIONS 

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

NC 1• Vee 

A12 2 27 WE 

A, 3 CE2 

A<; 4 Aa 

As 5 ~ 
A, 6 A11 

A3 7 OE 

A2 8 21 A10 

A, 9 CE1 

Ao 10 1/08 

110, 11 110, 

1/02 12 17 1/05 

1/03 13 1/05 

GND 14 15 1/04 

5268A-1 

Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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LH5268A 

J .--- .---
8 Cl) 

Cl) 
a: 

~ 
Cl) w wa: I- 0 a:w 8 ~ Ou. 
Ou. w >;< <::> 0 

~ 
:S:CD 

~ 0 I-
~ 

a: a: 

i-' 

L 
....__ 

(11' 

~ 
~ 
~ 
~ DATA CONTROL 

~ 
~ 
~ 

WE 

~ 
~ OE 

CE:z ~~ 
~ 

RLJ 

MEMORY 
ARRAY 

(256x256) 

110 
CIRCUITS 

COLUMN DECODER 

l 1 
H COLUMN ADDRESS 

BUFFER 

~~~9)-

Figure 2. LH5268A Block Diagram 

PIN DESCRIPTION 
SIGNAL PIN NAME SIGNAL 

Ao-A12 Address inputs V01- VOe 
CE1 -CE2 Chip Enable input Vee 

WE Write Enable input GND 

OE Output Enable input NC 

3-78 

CMOS 64K (SK x 8) Static RAM 

~ 
14 GND 

~~ 

~ 
T '-----I h 

L- D 

5268A·2 

PIN NAME 

Data inputs and outputs 

Power supply 

Ground 

Non-connection 



CMOS 64K (BK x 8) Static RAM LH5268A 

TRUTH TABLE 

CE1 CE2 WE OE MODE 110, • l/Oa SUPPLY CURRENT NOTE 

H x x x Standby High-Z Standby (lss) 1 

x L x x Standby High-Z Standby (lss) 1 

L H L x Write D1N Operating (Ice) 1 

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 
70 ns 100 ns 

Supply voltage Vee -0.5 to +7.0 -0.3 to +7.0 v 1 

Input voltage V1N -0.5 to Vee +0.5 -0.3 to Vee +o.5 v 1,2 

Operating temperature Topr Oto +70 Oto+70 oc 
Storage temperature Tstg -55 to +150 -65 to +150 oc 

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

2. Undershoot of -3.0 V is allowed once per cycle. 

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Supply voltage Vee 4.5 5.0 5.5 v 

Input voltage 
V1H 2.2 Vcc+0.5 v 

V1L -0.3 O.B v 1 

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

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

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Input leakage 
lu V1N=Ot0Vcc -1 1 µA current 

Output leakage CE1 = V1H or CE2 = V1L 
ILO or OE= V1H or WE= V1L -1 1 µA current 

Vvo= O V to Vee 

CE1 = V1L, V1N = V1L or V1H !CYCLE= 40 
CE2 = V1H, IJ10 = 0 mA 100 ns 

Operating current Ice CE1 = 0.2 v, V1N = 0.2 v or 
Vee· 0.2 V !CYCLE= 10 

CE2 =Vee- 0.2 V, h10= 0 1.0µs 
mA 

lss1 CE1 = V1HorCE2 = V1L 3 mA 
Standby current 

lss 
CE2::>0.2 Vor 40 1 
CE1~Vcc-o.2v 

µA 

Output voltage 
VoL loL=2.1 mA 0.4 v 

VoH loH = -1.0mA 2.4 v 

NOTE: 
1. CE2 2' Vee - 0.2 V or CE2 ,,; 0.2 V 
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LH5268A CMOS 64K (SK x 8) Static RAM 

AC CHARACTERISTICS 

(1) READ CYCLE {TA= 0 to +70°C, Vee= 5 v ±10%) 

PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle IRC 100 ns 

Address access time tAA 100 ns 

Chip enable l (CE1) IACE1 100 ns 
access time l (CE2) tACE2 100 ns 

Output enable access time toe 40 ns 

Output hold time loH 10 ns 

Chip enable to l (CE1) ILZ1 10 ns 1 
output in Low-Z j (CE2) ltz2 10 ns 1 

Output enable to output in 
toLZ 5 ns 1 Low-Z 

Chip enable to l (CE1) IHZ1 0 30 ns 1 
output in High-Z j (CE2) IHZ2 0 30 ns 1 

Output disable to output in 
loHz 0 20 ns 1 High-Z 

NOTE: 
1. Active output to high-impedance and high-impedance to output active tests specified for a ±200 mV transition 

from steady state levels into the test load. 

(2) WRITE CYCLE {TA= 0 to +70°C, Vee= 5 v ±100.4) 

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 IAW 80 ns 

Address setup time !AS 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 IOH 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 loHz 0 20 ns 1 

NOTE: 
1. Active output to high-impedance and high-impedance to output active tests specified for a ±200 mV transition 

from steady state levels into the test load. 

AC TEST CONDITIONS 

PARAMETER MODE 

Input voltage amplitude 0.6to2.4 V 

Input rise/fall time 10 ns 

Timing reference level 1.5 v 
Output load conditions 1TTL + CL(100 pF) 
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CMOS 64K {SK x 8) Static RAM 

CAPACITANCE (TA = 25°C, f = 1 MHz) 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. 

Input capacitance C1N V1N=OV 7 pF 

Input/output capacitance C110 VllO=OV 10 pF 

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

DATA RETENTION CHARACTERISTICS (TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Data retention 
VccoR 

CE2$0.2Vor 2.0 5.5 v voltage CE1 ~ VccoR - 0.2 v 

Data retention VccDR = 3 V, 1 tA- 1 µA 
lccoR CE2$0.2Vor 25°C 1 current 

CE1 ~ VccDR - 0.2 v 20 µA 
Chip disable to 

lcDR 0 ns data retention 

Recovery time tRDR tRc ns 2 

NOTES: 
1. CE2 ~ VceoR - 0.2 V or CE2 :;; 0.2 V 

2. liie = Read cycle time 

CE1 CONTROL (NOTE) DATA RETENTION MODE 

Vee-----~1 

CE,~ VeeOR - D.2 v 
ov----------------------------------

CE2CONTROL 
DATA RETENTION MODE 

Vee ----------. 

VeeoR- - - - -

QBV----- ---------------------- ------

DV-----------------------------------
CE2 :;;D.2 V 

NOTE: To control the data retention mode at CE,. fix the input level of CE2 between VeeoR and VecoR • 0.2 V or 0 V and 0.2 V 
during the data retention mode. 

Figure 3. Low Voltage Data Retention 

LH5268A 

5268A-6 
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LH5268A CMOS 64K (SK x 8) Static RAM 

liic 

ADDRESS 

!AA 

!ACE1 

CE1 

!LZ1 

!ACE2 

CE2 

'= li<Z2 

loE 

loLZ 

OE 

DouT 

NOTE: WE is 'HIGH' level during the read cycle. 
5268A-3 

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

lwc 

ADDRESS 

OE 

(NOTE2) 

(NOTE3) (NOTE 1) 

WE 

DouT 

D1N DATA VALID 

NOTES: 
1. The writing occurs during an overlapping period of CE1 ="LOW,' CE2 ="HIGH," and WE= "LOW" (twp). 
2. !cw 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. 

Figure 5. Write Cycle 1 

LH5268A 

5268A-4 



LH5268A CMOS 64K (SK x 8) Static RAM 

!we 

ADDRESS 

tcw 
(NOTE2) 

WE 

tow 
(NOTE?) 

DouT 

tow toH 

D1N DATA VALID 

(NOTE 5) 

NOTES: 
1. The writing occurs during an overlapping period of CE1 ="LOW,' CE2 ="HIGH,' and WE= "LOW" (twp). 
2. lcw is defined as the time from the last occuring transition, either CE1 LOW transition or C~ HIGH transition, 

to the time when the writing is finished. 
3. !As is defined as the time from address change to writing start. 
4. !WR is defined as the time from writing finish to address change. 
5. When 1/0 pins are in the output state, input signals with the opposite logic level must not be applied. 
6. If CE1 LOW transition or CE2 high-transition occurs at the same time or after WE LOW transition, the 

outputs will remain high-impedance. 
7. If CE1 HIGH transition or CE2 LOW transition occurs at the same time or before WE HIGH transit, the 

outputs will remain high-impedance. 

Figure 6. Write Cycle 2 

ORDERING INFORMATION 

LH5268A 
Device Type 

x 
Package 

-## LL 
Speed Power L Low-Low-powe' •landby 40 µA MAX. 

100 Access Time (ns) 

Blank 28 pin, 600-mil DIP (DIP28-P-600) 
~-------~ D 28-pin, 300-mil SK-DIP (SK-DIP28-P-300) 

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

~-------------CMOS 64K (SK x 8) Static RAM 

5268A·5 

Example: LH5268AD-10LL (CMOS 64K (BK x 8) Static RAM, Low-Low-power standby, 100 ns, 28-pin, 300-mil SK-DIP) 
5268A·7 
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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 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 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-PIN DIP TOP VIEW 28-PINSOP 
A14 1• Vee 

A12 2 WE 
A1 3 A13 
Ae 4 Aa 
As 5 Ag 

A• 6 A,, 
Aa 7 OE 
A,,_ 8 A10 
A, 9 CE 
Ao llOa 

110, 11 vo, 
1102 1105 
1103 1105 

GND 15 1104 

51256L-1 

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

As @ 
A,3 

8 

A14 ff' 
~ A,2 
(3< A, 
(4< As 

As (s< 
A, rs< 
A3 (';< 

vo, ~ 
V02 1 

1103 ~ 
vo. ~ 
1105 ~ 
VO a ~ 
vo, >fa< 
llOa ~ 

.-----

CJ) 
CJ) 
Woo 
a: a: 
Cl w 
Cl"-
<( "-

~ 15 
a: 

y 

l 

MEMORY 
ARRAY 

(512 x 512) 

COLUMN 
1/0 

CIRCUITS 

COLUMN 
ADDRESS DECODER 

rl COLUMN ADDRESS 
BUFFERS .___,___,__..._.....--.-.----' WE 127}--f-1-.-~-G 

r1=! 
OE ~ )1--~~---;--~~-+-+-+--+-+-+-~~~ 
CE~>}-__.__._ ______ __, 

Figure 2. LH51256L Block Diagram 

PIN DESCRIPTION 

-----<ZBI Vee 

~ GND 

51256L·2 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao·A14 Address input V01 • VOa Data Input/Output 

CE Chip Enable input Vee Power supply 

WE Write Enable input GND Ground 

OE Output Enable input 

TRUTH TABLE 

CE WE OE MODE V01 · VOe 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 DoUT 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 LH51256L 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT NOTE 

Supply voltage Vee -0.3to+7.0 v 1 

Input voltage VtN -0.3to+7.0 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 4.5 5.0 5.5 v 

Input voltage 
VtH 2.2 Vee+0.3 v 
VtL -0.3 0.8 v 

DC CHARACTERISTICS (Vee= 5 v ±10%, TA= -40 to +85°C} 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Input leakage current I ILt I Vee= 5.5 V 1 µA VtN=OtoVee 

Output leakage current I ILOI CE or OE = V1H, 1 µA 
Vito= Oto Vee 

Operating current Ice CE=VtL, 45 mA Outputs open 

lse1 CE=VtH 10 mA 

CE~Vee-0.2V 1 µA Standby current 
Isa 

TA= 0 to -H>O°C 

CE ~Vee- 0.2 V 5 µA 
TA= -40 to +85°C 

Output voltage 
VoL loL=2.1 mA 0.4 v 
VoH loH=-1.0mA 2.4 v 

AC CHARACTERISTICS 

(1) READ CYCLE (Vee= 5 v ±10%, TA= -40 to +85°C} 

PARAMETER SYMBOL 
LH51256JN-10L LH51256JN..12L 

UNIT NOTE 
MIN. MAl<. MIN. MAX. 

Read cycle time tRe 100 120 ns 

Address access time !AA 100 120 ns 

Chip enable access time tAeE 100 120 ns 

Output enable access time loE 50 60 ns 

Output hold time toH 5 5 ns 

CE Low to output in Low-Z tLZ 5 5 ns 1 

OE Low to output in Low-Z tOLZ 5 5 ns 1 

CE High to output in High-Z IHZ 0 30 0 30 ns 1 

OE High to output in High-Z tOHZ 0 30 0 30 ns 1 
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LH51256L CMOS 256K (32K x 8) Static RAM 

(2) WRITE CYCLE {Vee= 5 v ±10%, TA= -40 to +85°C} 

PARAMETER SYMBOL 
LH512561N-10L l.H512561N-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 tAw 90 100 ns 

Address setup time tAS 5 5 ns 

Write recovery time twR 15 15 ns 

Write pulse width twP 50 50 ns 

Input data setup time tow 30 30 ns 

Input data hold time toH 10 10 ns 

WE High to output in High-Z tow 0 0 ns 

WE Low to output in High-Z twz 0 30 0 30 ns 

OE High to output in High-Z loHZ 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 1est load. CL.OAD = 5 pF. 

AC TEST CONDITIONS 
PARAMETER MODE 

Input voltage amplitude 0.6Vto 2.4 V 

Input rise/fall time 10ns 

Timing reference level 1.5 v 
1TIL +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=OV 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 
VccoR = 3.0 V, 

CE~ VccoR - 0.2 V, 0.6 µA 
TA= 0 to +60°C, 

Data retention current lccoR 
V1N = 0 to VccoR 

VccoR=3.0V 
CE~ VccoR - 0.2 v, 3.0 µA 
TA= -40 to +85°C, 
VtN = 0 to VccoR 

CE setup time tcDR 0 ns 

CE hold time tRDR tRC ns 

NOTE: 
1. 1f!C = Read cycle lime 

NOTE 

1 

1 

1 

NOTE 

1 



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

DATA RETENTION MODE 

Vee 

VccoR 

CE 
CE;,, VccoR -0.2 v 

51256L-6 

Figure 3. Data Retention Characteristics 

liic 

OE 

loE 

CE 

ltz 

NOTE: WE= "HIGH" 
51256L-3 

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

lwc 

OE 

lcw (NOTE2) 

CE 

(NOTE1) 

WE 

(NOTES) 
DATA VALID 

NOTES: 
1. The write pulse occurs during the overlap (!WP) of CE= LOW and WE= LOW. 
2. lcw is defined as the time from CE LOW transition to the end of writing. 
3. tAS is defined as the time from address change to the start of writing. 
4. lwR is defined as the time from the end of writing to the address change. 
5. When the 1/0 pins are in the output state, input signals with the opposite logic level must not be applied. 

51256L-4 

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

lwc 

lcw (NOTE2) 

CE 

(NOTE1) 

WE 

DotJT 
low 

(NOTES) 

NOTES: 
1. The write pulse occurs during the overlap (twp) of CE = LOW and WE = LOW. 
2. lcw is defined as the lime from CE LOW transition to the end of writing. 
3. !As is defined as the time from address change to the start of writing. 
4. lwR is defined as the lime from the end of writing to the address change. 
5. When the 1/0 pins are in the output state, input signals with the opposite logic level must not be applied. 
6. If CE LOW transition occurs at the same lime or after WE LOW transition, the output will remain high-impedance. 
7. If CE HIGH transition occurs at the same time or prior to the WE HIGH transition, the output will remain high-impedance. 

Figure 6. Write Cycle 2 (OE Low) 

ORDERING INFORMATION 

LH51256 
Device Type 

x 
Package 

-## 
Speed 

~'-------<{10L 100 Access Time (ns) 
12L 120 

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

LH51256L 

~--------------- 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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LH528256 
FEATURES 

• Access Times: 70/100 ns 

• 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 

• Packages: 
28-Pin, 300-mil DIP 
28-Pin, 600-mil DIP 
28-Pin, 450-mil SOP 
28-Pin, 8 x 13 mm2 TSOP (Type I) 

FUNCTIONAL DESCRIPTION 

The LH528256 is a high-density 262, 144 bit static 
RAM organized as 32K x 8. An efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 

This RAM is fully static in operation. The Chip Enable 
(E) control permits Read and Write operations when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power (lss1) drops 
to its lowest level if E is raised to within 0.2 V of Vee. 

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

3-92 

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 

A14 1 • Vee 

A12 2 w 
A, 3 A13 

At; 4 As 

As 5 Ag 

A• 6 A11 

A3 7 G 
A2 8 21 A10 

A, 9 E 
Ao DO, 

D00 11 DO. 

D01 D05 

D02 D04 

Vss D03 

52B256Ll·1 

Figure 1. Pin Connections for DIP and 
SOP Packages 
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CMOS 32K x 8 Static RAM LH528256 

28-PIN TSOP (I) (NORMAL BEND) 28-PIN TSOP (I) (REVERSE BEND) 

G 1 • A1o As 14 15 ~ 

An 2 E A,, 13 16 A1 

Ag 3 D08 As 12 17 Ao 
As 4 D07 As 11 18 D01 

A13 5 DOa A1 10 19 D02 

w 6 D05 A,2 9 20 D03 

Vee 7 22 D04 A14 8 21 GND 

A,4 8 21 GND Vee 7 22 D04 

A,2 9 D03 w 6 23 D05 

A1 10 D02 A13 5 24 DOa 

As 11 D01 As 4 25 D07 

As 12 17 Ao Ag 3 26 D08 

A,, 13 16 A, A11 2 27 E 

As 14 15 ~ G 1• 28 A1o 

52B256LL-2 

Flgure2. Pin Connections for TSOP Packages 



LH528256 

,.., 
A1 

Aa 
w 
Q 
0 

~ 0 w 
As 

Q 

~ As a: 
A1 

A12 

DOo·OOr 8 

E 
w--i==i---::==~~~~~~ 

G -----uL-../ 

MEMORY ARRAY 
(32,768x8) 

l/OCIRCUIT 

COLUMN 
DECODE 

CMOS 32K x 8 Static RAM 

8 

8 

528256LL-3 

Figure 3. LH528256 Block Diagram 

TRUTH TABLE PIN DESCRIPTIONS 

E 6 w MODE DQ Ice PIN DESCRIPTION 

H x x Standby High-Z Standby Ao-A14 Address Inputs 

L H H Read High-Z Active DOo-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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CMOS 32K x 8 Static RAM LH528256 

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. Ou1puts should not be shorted for more than 30 seconds. No more than one ou1put should be shorted at any time. 

OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

TA Temperature, Ambient 0 70 °C 

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 

lee1 Operating Current 1 tRe=70 ns 70 mA 

lee1 Operating Current 1 tRe= 100 ns 70 mA 

ls01 Standby Current E<!:Vee-0.2V 40 µA 

ls02 Standby Current E<!:V1H 3 mA 

lu Input Leakage Current V1N =0Vto Vee -1 1 µA 

ILO 1/0 Leakage Current V1N =0 Vto Vee -1 1 µA 

VoH Output High Voltage loH=-1.0 mA 2.4 v 
VoL Output Low Voltage loL=2.0mA 0.4 v 
VoR Data Retention Voltage E~Vee-0.2V 2 5.5 v 
IDR Data Retention Current VCC=3 V, E~Vee-0.2V 6 20 µA 

NOTE: 
1. Ice is dependent upon ou1put loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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LH52B256 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels 0.6to2.4 V 

Input Rise and Fall Times 10 ns 

Input and Output Timing Ref. Levels 1.5 v 
Output Load, Timing Tests Figure3 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance) 7pF 

Cea (l/O Capacitance) 10pF 

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

with v- = 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 - 02 V or greater to meet IDR specification. All other 
inputs are 'Don't Care.' 

CMOS 32K x 8 Static RAM 

+5V 

100 pF* 

•INCLUDES JIG AND SCOPE CAPACITANCES 52B256LL-4 

Figure 4. Output Load Circuit 

52B256LL·5 

Figure 5. Data Retention liming 
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CMOS 32K x 8 Static RAM LH52B256 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

-70 -10 
SYMBOL DESCRIPTION UNITS 

MIN MAX MIN MAX 

READ CYCLE 

tRc Read Cycle lime 70 100 ns 

fAA Address Access lime 70 100 ns 

toH Output Hold from Address Change 10 10 ns 

teA E Low to Valid Data 70 100 ns 

teLZ E Low to Output Active 2•3 10 5 ns 

teHZ E High to Output High-Z 2•3 0 35 0 45 ns 

tGA G Low to Valid Data 40 60 ns 

tGLZ G Low to Output Active 2•3 5 5 ns 

tGHZ G High to Output High-Z 2•3 0 35 0 45 ns 

WRITE CYCLE 

twc Write Cycle lime 70 100 ns 

tew E Low to End of Write 60 65 ns 

fAw Address Valid to End of Write 60 90 ns 

fAs Address Setup 0 0 ns 

twR Address Hold from End of Write 0 0 ns 

twp W Pulse Width 55 65 ns 

tow Input Data Setup lime 30 35 ns 

toH Input Data Hold lime 0 0 ns 

twHZ W Low to Output High-Z 2•3 0 40 0 45 ns 

twLZ W High to Output Active 2•3 5 5 ns 

NOTES: 
1. AC Electrical Characteristics specHied at 'AC Test Conditions' levels. 

2. Active ou1put to High-Z and High-Z to output active tests specified for a ±200 mV transition from steady state levels into the test load. 

3. Sample tested only. 
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LH52B256 

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 32K x 8 Static RAM 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. Timing ill~trated 
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 IELZ 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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DO 

SUPPLY 
CURRENT 

Figure 6. Read Cycle No. 1 

\ 

leA 

\ 
IGA 

lnLZ 

leLZ 

V.L.L7-
...::....::.~ 

~ 

J 

Figure 7. Read Cycle No. 2 

loH 

_f 
~ 
~ 

1 

~ 

' VALID DATA _) 

"r\__ 
52B256LL·7 
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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 LH52B256LL's 
outputs from becoming active, preventing bus contention, 
thereby reducing system noise. 

LH52B256 

Write Cycle No. 1 (W Controlled) 

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

Write Cycle No. 2 {E Controlled) 

G is LQ_W. DQ lines may transition to Lo~Z if the falling 
edge of W occurs after the falling edge of E. 

!we 

ADDRESS VALID ADDRESS 

SHARP 

w 

DO 

DATA ON 
DO LINES 

ADDRESS 

w 

DO 

DATA ON 
DO LINES 

PREVIOUS OUTPUT HIGH-Z INPUT LOW-Z 

528256LL-8 

Figure 8. Write Cycle No. 1 

lwc 

VALID ADDRESS 

w 

lwHz low 

HIGH-Z LOW-Z HIGH-Z INPUT 

52B256LL·9 

Figure 9. Write Cycle No. 2 



LH52B256 CMOS 32K x 8 Static RAM 

ORDERING INFORMATION 

LH528256 x -## LL 
Device Type Package Speed Power 

I L_ Low-Low-power standby 

~ 1 b~ Access Time (ns) 

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) 
T 28-pin, 8 x 13 mm2 TSOP Type I (TSOP28-P-0813) 
TR 28-pin, 8 x 13 mm2TSOP Type I {TSOP28-P-0813) 

Reverse bend pin 

~------------- CMOS 32K x 8 Static RAM 

Example: LH52B2560-70LL (CMOS 32K x 8 Static RAM, Low-Low-power standby, 70 ns, 28-pin, 300-mil DIP) 
52B256LL-10 
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LH52252A 
FEATURES 

• Fast Access Times: 25/35/45 ns 

• Low-Power Standby When Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully-Static Operation 

• Common 1/0 for Low Pin Count 

• JEDEC Standard Pinouts 

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

FUNCTIONAL DESCRIPTION 

The LH52252A is a high-speed 262, 144 bit static RAM 
organized as 64K x 4. A fast, efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 

This RAM is fully static in operation. The Chip Enable 
(E) reduces power to the chip when E is HIGH. Standby 
power (ls01) drops to its lowest level when E is 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 16 address lines. 

CMOS 64K 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 

24-PIN DIP TOP VIEW 
24-PIN SOJ 

Ao 1. Vee 

A, 2 A1s 

~ 3 A,4 

A3 4 A13 

~ 5 A12 

As 6 A11 

As 7 "10 
A, 8 003 

As 9 002 

Ag oa, 
E DOo 

Vss w 
52252A·1D 

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

Ao 
A1 

~ w c 
As 

0 
0 MEMORY ARRAY w 

Ai 
c (65,536x4) 

~ 
~ a: 

A14 

D01 ---+--1----< COLUMN 

D02 -....+-+-+--I DECODE 

D03-.-+-+-+-i----l 

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 Dao-DQ3 Data lnputst'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 LH52252A 

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. Outpu1s 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 1 MAX UNIT 

lee1 Operating Current 2 Outputs open, tRe = 25 ns 110 150 mA 

lee1 Operating Current 2 Outputs open, tRe = 35 ns 95 120 mA 

lee1 Operating Current 2 Outputs open, tRe = 45 ns 85 100 mA 

lss1 Standby Current E~Vee-0.2V 0.02 1 mA 

ls02 Standby Current E~VIH 3 5 mA 

lu Input Leakage Current V1N= OVto Vee -2 2 µA 

ILO VO Leakage Current V1N = 0 Vto 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. Typical values at Vrx = s v, TA= 2s0e. 
2. lrx is dependent upon output loading and cycle rates. Specified values are with outpU1s open, operating at specified cycle times. 
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LH52252A CMOS 64K x 4 Static RAM 

AC TEST CONDITIONS 

PARAMETER RATING +5V 

Input Pulse Levels Vssto3 V 

Input Rise and Fall limes 5 ns 4800 

Input and Output liming Ref. Levels 1.5 v DO PINS 
Output Load, liming Tests Figure3 

CAPACITANCE 1•2 
2550 30pF• 

PARAMETER RATING 

C1N (Input Capacitance) 6pF 

Coo (110 Capacitance) SpF •INCLUDES JIG AND SCOPE CAPACITANCES 

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

with VB1as = O V and Vee= 5.0 V. 
2. Sample tested only. 

Figure 3. Output Load Circuit 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

-25 -35 -45 
SYMBOL DESCRIPTION 

MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRc Read Cycle liming 25 35 45 

w. Address Access lime 25 35 45 

toH Output Hold from Address Change 3 3 3 

tEA E Low to Valid Data 25 35 45 

tELZ 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 lime 4 0 0 0 

tpD E High to Power Down lime 4 30 35 40 

WRITE CYCLE 

twc Write Cycle Time 25 35 45 

tEW E Low to End of Write 20 30 35 

t.Aw Address Valid to End of Write 20 30 35 

t.As Address Setup 0 0 0 

fAH Address Hold from End of Write 0 0 0 

twp W Pulse Width 20 25 35 

tow Input Data Setup lime 12 15 20 

toH Input Data Hold Time 0 0 0 

twHZ W Low to Output High-Z 2•3 8 10 15 

twLZ 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-Z and High-Z to output active tests specified for a ±200 mV transition from steady state levels into the test load. 
3. Sample tested only. 
4. Guaranteed but not tested. 
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CMOS 64K x 4 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 DO implies that data lines are in the Low-Z state 
and the data may not be valid. 

LH52252A 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. Timi~ 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 

DQ 

DO 

SUPPLY 
CURRENT 

' 

Figure 4. Read Cycle No. 1 

c 

I\ 
leA 

leiz 

l:z:z :zv 
I\~ _l ~~ 

~ 

.J 

Figure 5. Read Cycle No. 2 

foH 

VALID DATA 

52252A-4 

_f 
I~ 
I~ 

VALID DATA ' _) 

'I\ ·-
52252A·5 
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LH52252A 

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. 

CMOS 64K x 4 Static RAM 

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) 

_ 00 lines may transition to Low-Z if the falling edge of 
W occurs after the falling edge of E. 

lwc 

ADDRESS VALID ADDRESS 

3-106 

w 

DO 

DATA ON 
DO LINES 

ADDRESS 

DO 

DATA ON 
DO LINES 

!Aw 

!AS lwP 

iwHZ low 

PREVIOUS OUTPUT HIGH-Z 

HIGH-Z 

Figure 6. Write Cycle No. 1 

OUTPUT 
(IF ANY} 

lwc 

VALID ADDRESS 

lew 

Figure 7. Write Cycle No. 2 

!AH 

lwLZ 

INPUT 

52252A-6 

low toH 

INPUT 

52252A-7 



CMOS 64K x 4 Static RAM 

ORDERING INFORMATION 

LH52252A 
Device Type 

x 
Package 

-## 

Spayed 25 
35 
45 

Access Time (ns) 

~-------< 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) 

LH52252A 

52252AMD 
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LH52253 
FEATURES 

• Fast Access Times: 20/25/35 ns 

• Low-Power Standby when Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully-Static Operation 

• Common 1/0 for Low Pin Count 

• JEDEC Standard Pinouts 

• Packages: 
28-Pin, 300-mil DIP 
28-Pin, 300-mil SOJ 

FUNCTIONAL DESCRIPTION 

The LH52253 is a very high-speed 256K-bitstatic RAM 
organized as 64K x 4. This RAM is fully static in operation. 
The Chip Enable (E) reduces power to the chip 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 DO 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. 
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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-PIN SOJ 

NC 1• Vee 

Aa 2 Aa 
A, 3 26 A• 

As 4 Aa 

Ag 5 A., 

A10 6 A, 

A,, 7 Ao 
A,2 8 NC 

A13 9 NC 

A,4 003 

A,s 11 002 

E 001 

G 000 

Vss w 
52253-10 

Figure 1. Pin Connections for DIP and 
SOJ Packages 
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CMOS 64K x 4 Static RAM LH52253 

A1 

As 
As UJ 

Cl 

A4 
0 
() MEMORY ARRAY 
UJ (65,536 x4) 

A3 Cl 

~ 
A2 0 

c: 
A1 

D01 ---e,.-t-i,__., BLOCK 

DQ2 -..-+-+-+--! DECODE 

D03 --.-+-+-1-1--1 

52253-3 

Figure 2. LH52253 Block Diagram 

TRUTH TABLE PIN DESCRIPTIONS 

"E - a w MODE DQ Ice PIN DESCRIPTION 

H x x Not Selected High-Z Standby Ao-A15 Address Inputs 

L H L Read Data Out Active DClo-00:3 Data Inputs/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 

3-109 



LH52253 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 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. 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 '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 1 MAX UNIT 

lee1 Operating Current 2 Outputs open, teYeLE = 20 ns 70 145 mA G = V1H, CE = V1L, WE = V1L or V1H 

lee1 Operating Current 2 Outputs open, tcYeLE = 25 ns 60 135 mA G = V1H, CE = V1L, WE = V1L or V1H 

lee1 Operating Current 2 Outputs open, tRC = 35 ns 50 135 mA G = V1H, CE = V1L, WE = V1L or V1H 

lss1 Standby Current E<::Vcc-0.2V 0.005 1 mA 

lsB2 Standby Current E<::V1H min 5 10 mA 

lu Input Leakage Current Vee= 5.5 V, V1N = OVto Vee -2 2 µA 

ILO 1/0 Leakage Current Vee= 5.5 V, V1N = 0 V to Vee -2 2 µA 

VoH Output High Voltage loH=-4.0mA 2.4 v 

VoL Output Low Voltage loL=8.0mA 0.4 v 
NOTES: 
1. Typical values at Vee= 5 V, TA= 2s0 e. 
2. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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CMOS 64K x 4 Static RAM 

AC TEST CONDITIONS 

PARAMETER RATING +5V 

Input Pulse Levels Vssto3 V 

Input Rise and Fall Times 5 ns 480'1 

Input and Output Timing Ref. Levels 1.5V 

Output Load, Timing Tests Figure3 
DQ PINS 

CAPACITANCE 1•2 255'1 30pF* 

PARAMETER RATING 

C1N (Input capacitance) 8pF 

Coo (Input/Output Capacitance) 8pF 
*INCLUDES JIG AND SCOPE CAPACITANCES 

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

with VBias = O V and Vee= 5.0 V. 
2. Guaranteed but not tested. 

Figure 3. Output Load Circuit 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

-20 -25 -35 
SYMBOL DESCRIPTION 

MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle Timing 20 25 35 

fAA Address Access Time 20 25 35 

toH Output Hold From Address Change 3 3 3 

tEA E Low to Valid Data 20 25 35 

tELZ E Low to Output Active 2•3 4 4 4 

tEHZ E High to Output High-Z 2•3 10 10 12 

tGA G Low to Valid Data 10 12 15 

tGLZ G Low to Output Active 2•3 0 0 0 

tGHZ G High to Output High-Z 2•3 0 9 0 10 0 12 

tpu E Low to Power Up Time 3 0 0 0 

tpD E High to Power Down Time 3 25 30 35 

WRITE CYCLE 

twc Write Cycle Time 20 25 35 

tEw E Low to End of Write 15 20 25 

tA.w Address Valid to End of Write 15 20 25 

tA.s Address Setup 0 0 0 

tAH Address Hold From End of Write 0 0 0 

twp W Pulse Width 12 15 20 

tow Input Data Setup Time 10 10 12 

toH Input Data Hold Time 0 0 0 

twLZ W High to Output Active 2•3 4 4 4 

twHZ W Low to Output High-Z 2•3 7 8 10 

NOTES: 
1. AC Electrical Characteristics specified at 'AC Test Conditions' levels. 

LH52253 

52253-2 
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2. Active output ID High-Z and High-Z ID output active tests specified tor a ±500 mV transition from steady state levels inlD the test load. 
CL0Ao=5pF. 

3. Guaranteed but not tested. 
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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 00 implies that data lines are in the Low-Zstate 
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. lim!!!_g 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 taz. Valid Data will be present 
following toA only if teA timing has been met. 

ADDRESS VALID ADDRESS 
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DO 

DQ 

SUPPLY 
CURRENT 

foH 

VALID DATA 

Figure 4. Read Cycle No. 1 

feHZ 

VALID DATA 

tpu 

52253-5 

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 DQ 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 G are LOW. Using only W to 
control Write cycles may not offer the best device per­
formance, since both twHz and tow timing specifications 
must be met. 

Write Cycle No. 2 (E Controlled) 

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

!we 

ADDRESS VALID ADDRESS 

w 

low 

DQ 

DATA ON PREVIOUS OUTPUT HIGH-Z INPUT 
DQ LINES 

52253-6 

Figure6. Write Cycle No. 1 

!we 

ADDRESS VALID ADDRESS 

!EW 

E 

!AS fwp 

w 

low !oH 

DQ 

DATA ON HIGH-Z OUTPUT INPUT 
DQLINES (IFANY) 

52253-7 

Figure7. Write Cycle No. 2 
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LH52253 CMOS 64K x 4 Static RAM 

ORDERING INFORMATION 

LH52253 
Device Type 

x 
Package 

-## 

Spayed 20 
25 
35 

Access Time (ns) 

~--------<D 28-pin, 300-mil DIP (DIP28-P-300) 
1K 28-pin, 300-mil SOJ (SOJ28-P-300) 

~------------ CMOS 64K x 4 Static RAM 

Example: LH52253K-25 (CMOS 64K x 4 Static RAM, 25 ns, 28-pin, 300-mil SOJ) 

3-114 
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LH52258A 
FEATURES 

• Fast Access Times: 20/25 ns 

• Low-Power Standby when Deselected 

• TTL Compatible 1/0 

• 5V±10% Supply 

• Fully-Static Operation 

• JEDEC Standard Pinout 

• Packages: 
28-Pin, 300-mil DIP 
28-Pin, 300-mil SOJ 

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 (lss1) drops 
to its lowest level if E 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 specified by the 15 
address lines. The 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 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-PINOIP TOP VIEW 
28-PINSOJ 

A14 1• Vee 

A12 2 w 
A7 3 A13 

As 4 As 
As 5 As 
A4 6 A11 

As 7 G 
~ 8 A10 

A1 9 E 
Ao 007 

OOo 11 006 

001 005 

002 O~ 

Vss 003 

52256A·1D 

Figure1. Pin Connections for DIP and 
SOJ Packages 
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LH52258A 

A., 

As a: 
A1 

w c 
"2 

0 
0 w 

As c 

A1 ~ a: 
A12 

A14 

DOg·DOr 
8 

E 
w-J:::::i--==-~~~~----' 

G----u___J 

MEMORY ARRAY 
(32,768x8) 

VO CIRCUIT 

COLUMN 
DECODE 

CMOS 32K x 8 Static RAM 

8 

8 

5Z!58A-l! 

Figure 2. LH52258A Block Diagram 

TRUTH TABLE PIN DESCRIPTIONS 

E G w MODE OQ Ice PIN DESCRIPTION 

H x x Not Selected High-Z Standby Ao-A14 Address Inputs 

L H H Selected High-Z Active DQi-DQ7 Data Inputs/Outputs 

L L H Read Data Out Active E Chip Enable 

L x L Write Data In Active G Output Enable 

w Write Enable 

Vee Positive Power Supply 

Vss Ground 
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CMOS 32K x 8 Static RAM LH52258A 

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° 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 i1T"4'lied. 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 1 MAX UNIT 

tRe =20 ns 
lee1 Operating Current 2 G ~ V1H, E:::; V1L, loUT = 0 mA, 95 150 mA 

tcveLE = 20 ns 

tRe =25 ns 
lee1 Operating Current 2 G ~ V1H, E:::; V1L, louT = O mA, 90 140 mA 

tcveLE = 25 ns 

lse1 Standby Current E~Vee-0.2V 0.005 1 mA 

lse2 Standby Current E~VIH 6 15 mA 

lu Input Leakage Current Vee= 5.5 V, V1N = OVto 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 loH=-4.0mA 2.4 v 
VoL Output Low Voltage loL= 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-0.2 V 250 µA 

NOTES: 
1. Typical values at Vee = 5 V, TA= 2s0 e. 
2. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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LH52258A 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto 3 V 

Input Rise and Fall Times 3 ns 

Input and Output Timing Ref. Levels 1.5 v 
Output Load, Timing Tests Figure 3 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance) 7pF 

Coo (110 Capacitance) 8 pf 

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

with VBias = 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 Vee - 0.2 V 
to prevent improper 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.' 

Vee 

CMOS 32K x 8 Static RAM 

+5V 

480Q 

DQPINS 

255Q 30pF • 

• INCLUDES JIG AND SCOPE CAPACITANCES 52258A-3 

Figure 3. Output Load Circuit 

52258A-4 

Figure 4. Data Retention Timing 
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CMOS 32K x 8 Static RAM LH52258A 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

-20 -25 
SYMBOL DESCRIPTION UNITS 

MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle Time 20 25 ns 

tAA Address Access Time 20 25 ns 

toH Output Hold from Address Change 4 4 ns 

tEA E Low to Valid Data 20 25 ns 

teLZ E Low to Output Active 2•3 4 4 ns 

teHZ E High to Output High-Z 2•3 0 10 0 12 ns 

fGA G Low to Valid Data 10 12 ns 

tGLZ G Low to Output Active 2•3 0 0 ns 

fGHZ G High to Output High-Z 2•3 0 9 0 10 ns 

tpu E Low to Power Up Time 3 0 0 ns 

tpo E High to Power Down Time 3 25 30 ns 

WRITE CYCLE 

twc Write Cycle Time 20 25 ns 

tEw E Low to End of Write 15 20 ns 

tAw Address Valid to End of Write 15 20 ns 

tAs Address Setup 0 0 ns 

fAH Address Hold from End of Write 0 0 ns 

twp W Pulse Width 12 15 ns 

tow Input Data Setup Time 10 12 ns 

toH Input Data Hold Time 0 0 ns 

twHZ W Low to Output High-Z 2•3 8 10 ns 

twLZ W High to Output Active 2•3 0 0 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. The test 

load has 5 pF capacitances. 
3. Guaranteed by design but not tested. 
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LH52258A 

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 tv.. 

CMOS 32K x 8 Static RAM 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. liming illu~ted 
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 teLZ or tGLZ. 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 

3-120 

DQ 

DQ 

SUPPLY 
CURRENT 

Figure 5. Read Cycle No. 1 

\ 
leA -

\ 
laA 

latz 

letz 

l/.L .L 7-
...i ...i -1 

~ 

_J 

Figure 6. Read Cycle No. 2 

foH 

VALID DATA 

52258A-5 

V" 
_J 

~ 
I~ 

If 
_J 

~ 

VALID DATA 

\___ 
52258A-6 



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 LH52258A's outputs 
from becoming active, preventing bus contention, thereby 
reducing system noise. 

LH52258A 

Write Cycle No. 1 rti 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. DQ lines may transition to Low-Zif the falling 
edge of W occurs after the falling edge of E. 

!we 

ADDRESS ' VALID ADDRESS _j f\ 

SHARP 

w 

DQ 

DATA ON 
DO LINES 

ADDRESS 

w 

DQ 

DATA ON 
DQLINES 

!Aw 

~ twp 

\~ 
!wHZ low 

)--i~ 
PREVIOUS OUTPUT HIGH-Z 

Figure 7. Write Cycle No. 1 

!we 

VALID ADDRESS 

twp 

HIGH-Z LOW-Z HIGH-Z 

Figure 8. Write Cycle No. 2 

!AH 

_) 

!wLZ 

~ 

, _ _1,---
_j ~ 

INPUT LOW-Z 

52258A-7 

low lnH 

INPUT 

52258A-8 
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LH52258A CMOS 32K x 8 Static RAM 

ORDERING INFORMATION 

LH52258A 
Device Type 

x 
Package 

-## 
Speed 

Y ~~ Access Time (ns) 

~---------< D 28-pin, 300-mil DIP (DIP28-P-300) 
1K 28-pin, 300-mil SOJ (SOJ28-P-300) 

~------------ CMOS 32K x 8 Static RAM 

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 

• 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 

• Package: 28-Pin, 400-mil SOJ 

FUNCTIONAL DESCRIPTION 
The LH521002 is a high-speed 1 M-bit static RAM 

organized as 256K 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 drops to its lowest level (lss1) 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 18 address lines. 

SHARP 

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 desirable. 
Series termination of the inputs should be considered 
when transmission line effects occur. 

PIN CONNECTIONS 

28-PIN SOJ TOP VIEW 

Au 1 • Vee 

A1 2 A11 

A._ 3 26 A16 

Aa 4 25 A1s 

A4 5 24 A14 

As 6 23 A1a 

As 7 22 A12 

A, 8 21 A11 

As 9 20 NC 

Ae 19 003 

A10 18 002 

E 17 001 

G 16 000 

Vss 15 w 
521002·10 

Figure 1. Pin Connections for SOJ Package 
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LH521002 

E 
w 
G----u...__,, 

TRUTH TABLE 

e G -
MODE w 

H x x Standby 

l H H Selected 

L L H Read 

L x L Write 

3-124 

CMOS 256K x 4 SAAM 

A10 

Ag 

As a: 
UJ MEMORY ARRAY 

A1 Cl 
0 

Ag 
() 32 BLOCKS UJ 
Cl 512ROWS 

Aa ;: 16COLUMNS 

A,, 
0 4 BITS WIDE a: 

A1 

Ao 

4 
1/0 CIRCUIT 

BLOCK COLUMN 
DECODE DECODE 

As As A,, A12 A15 A13 A14 A1s A17 

4 

Figure 2. LH521002 Block Diagram 

PIN DESCRIPTIONS 

DQ Ice PIN DESCRIPTION 

High-Z Standby Ao-A17 Address Inputs 

High-Z Active DQo-DOs Data Inputs/Outputs 

Data Out Active E Chip Enable 

Data In Active w Write Enable 

G Output Enable 

Vee Positive Power Supply 

Vss Ground 



CMOS 256K x 4 SRAM 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 -6 5°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. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

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 tcveLE = 25 ns 180 mA 
E=V1L, W=V1LorV1H 

lee1 Operating Current 1 tcveLE = 35 ns 150 mA 
E = V1L, W = V1L orV1H 

lss1 Standby Current E~Vee-0.2V 0.4 2 mA 

lss2 Standby Current E~VIH 20 mA 

Ju Input Leakage Current V1N = 0 VtoVcc -2 2 µA 

ILO 1/0 Leakage Current V1N=OVtoVec -2 2 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~Vee-0.2V 2 5.5 v 
ioR 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. 
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LH521002 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto 3 V 

Input Rise and Fall 1imes 5ns 

Input and Output 1iming Ref. Levels 1.5 v 
Output Load, 1iming Tests Figure 3 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance) 6pF 

Coo (1/0 Capacitance) SpF 

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

with VB1as = O V and Vee= 5.0 V. 

2. This parameter is sampled and not production 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 are 'Don't Care.' 

Vee 4.SV 

CMOS 256K x 4 SRAM 

+SV 

CLOAD = 30 pF * 

*INCLUDES JIG AND SCOPE CAPACITANCES 521002-3 

Figure 3. Output Load Circuit 

521002-9 

Figure 4. Data Retention Timing 
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CMOS 256K x 4 SAAM LH521002 

AC ELECTRICAL CHARACTERISTICS 6 (Over Operating Range) 

-20 -25 -35 
SYMBOL DESCRIPTION UNITS 

MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRC Read Cycle liming 20 25 35 ns 

tAA 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 7·8 3 3 3 ns 

tEHz E High to Output High-Z 7·8 10 12 20 ns 

tGA G Low to Valid Data 8 10 20 ns 

tGLZ G Low to Output Active 7•8 0 0 0 ns 

tGHz G High to Output High-Z 7·8 8 10 20 ns 

tpu E Low to Power Up lime 8 0 0 0 ns 

tpo E High to Power Down lime 8 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 

tAw Address Valid to End of Write 15 20 30 ns 

tAs Address Setup 0 0 0 ns 

tAH Address Hold From End of Write 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 7·8 8 10 15 ns 

twLZ W High to Output Active 7·8 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 specitied for a ±500 mV transition from steady state levels into the test load. 
Cloacl=S pF. 

3. This parameter is sampled and not production tested. 
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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 fAA. 

CMOS 256K x 4 SRAM 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. Timi_!!g 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. Data Out is valid after both tEA 
and 1<3A are met. 

ADDRESS VALID ADDRESS 

3-128 

DO 

DO 

SUPPLY 
CURRENT 

Figure 5. Read Cycle No. 1 

' I\ 
!Re 

laA 

latz 
~ 

1 
leA 

tELZ 

7 _L_L 
::s: ::s: ::s 

~ 

_f 

Figure 6. Read Cycle No. 2 

521002-4 

_/ 
-
I~ 

_f 
tpo 

~ 

VALID DATA 

' I\__ 

521002-5 
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CMOS 256K x 4 SRAM 

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. 

lwc 

LH521002 

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 per­
formance, since both twHz and tow timing specifications 
must be met. 

Write Cycle No. 2 (E Controlled) 

G is LOW. DQ lines may transition to Low-Zif the falling 
edge of W occurs after the falling edge of E. 

'I\ VALID ADDRESS ' ) ADDRESS 

w 

DO 

DATA ON 
DO LINES 

ADDRESS 

DO 

DATA ON 
DO LINES 

!Aw 

~ lwp 

~~ 
~ low 

1--ffi 
PREVIOUS OUTPUT HIGH·Z INPUT 

Figure 7. Write Cycle No. 1 

lwc 

VALID ADDRESS 

IAS 

HIGH-Z OUTPUT HIGH-Z 
(IFANY) 

Figure 8. Write Cycle No. 2 

IAH 

v 
) 

lwLZ 

- Ioli-

'11\ rv 

521002-6 

INPUT 

521002-7 
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LH521002 

ORDERING INFORMATION 

LH521002 
Device Type 

K 
Package 

CMOS 256K x 4 SRAM 

-## 

SpLJ ~~ Access Time (ns) --i35 
~------ 28 pin, 400-mil SOJ (SOJ28-P-400) 

~------------CMOS 256K x 4 Static RAM 

Example: LH521002K-25 (CMOS 256K x 4 Static RAM, 25 ns, 28 pin, 400-mil SOJ) 
521002MD 
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LH521007A 
FEATURES 

• Fast Access Times: 20/25/35 ns 

• Two Chip Enable Controls 

• Low-Power Standby When Deselected 

• TTL Compatible 1/0 

• 5 V ±10% Supply 

• Fully-Static Operation 

• 2 V Data Retention 

• Package: 32-Pin, 400-mil SOJ 

FUNCTIONAL DESCRIPTION 

The LH521007A 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 when 
all inputs are stable and are at CMOS levels, while the 
chip is in standby mode. 

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. 

CMOS 128K x 8 Static RAM 

When both Chip Enables are active and W is 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-PIN SOJ TOP VIEW 

NC 1• 32 Vee 

A1s 2 A15 

A14 3 E, 

A12 4 w 
A, 5 A13 

Aa 6 As 
As 7 As 
A, 8 A11 

A3 9 G 
A, 23 A10 

A1 11 22 E1 

As 21 008 

001 20 001 

002 19 OOs 

003 18 005 

Vss 17 004 

521007A-1D 

Figure 1. Pin Connections for SOJ Package 
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LH521007A 

E2 
E1 

DQ1-DQ8 

E1 

w 
i3--'----a___,1 

8 

TRUTH TABLE 

E1 E2 G" -
MODE w 

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 
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A10 

Ag 

As w 
0 

A1 0 u 
A2 w 

0 

As s: 
0 

A,, a: 

A1 

Ao 

MEMORY ARRAY 
(131,072 x 8) 

l/OCIRCUIT 

BLOCK 
DECODE 

COLUMN 
DECODE 

CMOS 128K x 8 Static RAM 

8 

8 

521007~2 

Figure 2. LH521007A Block Diagram 

PIN DESCRIPTIONS 

DQ Ice PIN DESCRIPTION 

High-Z Standby Ao-A16 Address Inputs 

High-Z Standby 001-DOa 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 



CMOS 128K x 8 Static RAM LH521007A 

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. Eicposure 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 permitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP 1 MAX UNIT 

lcc1 Operating Current 2 tcYCLE = 20 ns 115 180 mA 

lcc1 Operating Current 2 tcYCLE = 25 ns 105 175 mA 

lec1 Operating Current 2 fcYCLE = 35 ns 95 165 mA 

lse1 Standby Current E1 ;:: V1H or E2 ::; V1L 12 25 mA 
tcvc = min, lour = O 

ls02 Standby Current E1 ;<:Vcc-0.2Vor E2:S0.2V, 0.5 2 mA 
tcYc = min, lour = O 

lu Input Leakage Current V1N=OVtoVcc -2 2 µA 

ILO 1/0 Leakage Current V1N = 0 Vto Vee -2 2 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 E1 ;<:Vcc-0.2Vand E2 :S0.2 V 2 5.5 v 

loR Data Retention Current Vee= 3 V, E1 ;<:Vcc-0.2 V and E2 :S0.2V 500 µA 

NOTES: 
1. Typical values at Vcc = 5 V, TA= 25"C. 
2. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open. 
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LH521007A CMOS 128K x 8 Static RAM 

AC TEST CONDITIONS 

PARAMETER RATING +SV 

Input Pulse Levels Vssto 3 V 

Input Rise and Fall limes 5 ns 

Input and Output liming Ref. Levels 1.5 v 
Output Load, liming Tests Figure 3 

30pF• 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance) 7pF 
*INCLUDES JIG AND SCOPE CAPACITANCES 

Coo (1/0 Capacitance) 8pF 

NOTES: Figure 3. Output Load Circuit 

1. Capacitances are maximum values at 25°C measured at 1.0 MHz 
with VBias = O V and Vee= 5.0 V. 

2. Sample tested only. 

DATA RETENTION TIMING 
For data retention mode, either E1 ~Vee - 0.2 V or 

E2 !'> 0.2 V. The other control signals must be at valid 
CMOS levels (Vee - 0.2 V !'> V1N !'> 0.2 V). The address 
and data buses are 'Don't Care.' 

lcoRS Data retention mode 

Vee 

4.SV --------- ----------- ------------------------------------- ----------- ---------

2.2V 

E1 ;,Vcc-0.2 V 

GND ---------------------------------------------------------------------------------

LOW SUPPLY VOLTAGE DATA RETENTION WAVEFORM (1) (E1 CONTROL) 

Data retention mode 

Vee 

oav ---------------- ----------------------------------------------- ----------------
. E2,;0.2V 

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 LH521007A 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

-20 -25 -35 
SYMBOL DESCRIPTION UNITS 

MIN MAX MIN MAX MIN MAX 

READ CYCLE 

tRc Read Cycle liming 20 25 35 ns 

tAA Address Access lime 20 25 35 ns 

toH OUtput Hold from Address Change 5 5 5 ns 

tEA Chip Enable to Valid Data 20 25 35 ns 

tELz Chip Enable to Output Active 2.3 5 5 5 ns 

tEHZ Chip Disable to Output High-Z 2•3 8 10 15 ns 

tGA G Low to Valid Data 7 8 12 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 Chip Enable to Power Up lime 4 0 0 0 ns 

tpo Chip Disable to Power Down lime 4 20 25 35 ns 

WRITE CYCLE 

twc Write Cycle lime 20 25 35 ns 

tEw Chip Enable to End of Write 13 15 20 ns 

tAw Address Valid to End of Write 13 15 20 ns 

tAs Address Setup 0 0 0 ns 

tAH Address Hold from End of Write 0 0 0 ns 

twp W Pulse Width 13 15 20 ns 

tow Input Data Setup lime 9 10 12 ns 

toH Input Data Hold lime 0 0 0 ns 

twHz W Low to Output High-Z 2.3 0 8 0 10 0 15 ns 

twLZ W High to OUtput Active 2.3 5 5 5 ns 

NOTES: 
1. AC Electrical Characteristics specified at 'AC Test Conditions' levels. 
2. Active output to High-Zand High-Z to output active tesls specified for a ±500 mV transition from steady state levels into the test load. 

Ct.aad = 5 pF. 
3. Sample tested only. 
4. Guaranteed but not tested. 
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LH521007A 

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. 

CMOS 128K x 8 Static RAM 

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 

3-136 

DQ 

SUPPLY 
CURRENT 

DQ 

II 
_J 

' l\ 

~ 

J 

foH 

VALID DATA 

Figure 5. Read Cycle No. 1 

~ 

teA 

1 
foA 

~ 
teiz 

~' VALID DATA 

Figure 6. Read Cycle No. 2 
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' _J 
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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 Wis 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. 

lwc 

LH521007A 

Write Cycle No. 1 CN Controlled) 

C~ is selected: E1 and Gare 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) 

G is LQ.W. DO lines may transition to Low-Zif the falling 
edge of W occurs after the falling edge of E. 

ADDRESS VALID ADDRESS 

SHARP 

w 

DO 

DATA ON 
DO LINES 

ADDRESS 

E, 

E2 

w 

DO 

DATA ON 
DO LINES 

J-------IA,,,W,__ ____ _,IAH 

lwp 

IWHz low 

PREVIOUS OUTPUT HIGH-Z INPUT LOW-Z 

521007-7 

Figure 7. Write Cycle No. 1 

lwc 

VALID ADDRESS 

IEw 

!AS 
lwp 

low loH 

HIGH·Z LOW-Z INPUT 

521007-8 

Figure 8. Write Cycle No. 2 

3-137 



LH521007A CMOS 128K x 8 Static RAM 

ORDERING INFORMATION 

LH521007A 
Device Type 

K 
Package 

- ## 
Speed 

I f~~ 
----i3s Access Time (ns) 

~------ 32 pin, 400-mil SOJ (SOJ32-P-400) 

~------------ CMOS 128K x 8 Static RAM 

Example: LH521007AK-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 

• Low-Power Standby when Deselected 

• TTL Compatible 1/0 

• 5 V ±10% Supply 

• Fully-Static Operation 

• 2 V Data Retention 

• JEDEC Standard Pinout 

• Package: 32-Pin, 400-mil SOJ 

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 JHIGH). 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 fYii> are LOW. Data is transferred from the 
DQ 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 31 A1s 

A1 3 NC 

~ 4 'ii 
Ao 5 A1s 

~ 6 A14 

As 7 A13 

As 8 A12 

A, 9 G 

As A11 

Ag 11 E 
"10 D~ 

DO,, DOe 
DQ1 DQs 

002 ~ 

Vss 003 
521008-1D 

Figure 1. Pin Connections for SOJ Package 
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LH521008 

OOo-00, 8 

E ---+;I 

w 
G ---a__,/ 

TRUTH TABLE 

'E 6 w MODE DQ 

H x x Standby High-Z 

L H H Read High-Z 

A10 

Ag 

Ae w 
A, 

Q 

~ ~ Q 

As ~ A,, 
A1 

Ao 

MEMORY ARRAY 
(131,072 x 8) 

l/O CIRCUIT 

BLOCK COLUMN 
DECODE DECODE 

CMOS 128K x 8 Static RAM 

B 

521008-2 

Figure 2. LH521008 Block Diagram 

PIN DESCRIPTIONS 

Ice PIN DESCRIPTION 

Standby Ao-A1s Address Inputs 

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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CMOS 128K x 8 Static RAM LH521008 

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 1hose listed under 'Absolute Maximum Ratings' may cause permanent damage to 1he device. This is a stress rating for 

transient conditions only. Functional operation of 1he device at 1hese or any o1her conditions above 1hose indicated in 1he 'Operating Range' of 
1his specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more 1han 30 seconds. No more 1han 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 1 MAX UNIT 

lee1 Operating Current 2 tcveLE = 20 ns 110 180 mA 
E= V1L, W=V1L or V1H 

lee1 Operating Current 2 tcveLE = 25 ns 100 180 mA 
E = V1L, W = V1L or V1H 

lee1 Operating Current 2 tcveLE = 35 ns 80 150 mA 
E= V1L, W= V1LorV1H 

lse1 Standby Current E~Vcc-0.2V 0.005 2 mA 

lse2 Standby Current E~VIH 8 20 mA 

lu Input Leakage Current V1N = O V to Vee -2 2 µA 

ILO 110 Leakage Current V1N = O V to Vee -2 2 µA 

VoH Ou1put High Voltage loH=-4.0mA 2.4 v 
VoL Ou1put Low Voltage loL=8.0mA 0.4 v 
VoR Data Retention Voltage E~Vcc-0.2V 2 5.5 v 
loR Data Retention Current Vee= 3V, E~Vee-0.2 V 500 µA 

NOTES: 
1. Typical values at Vee= 5 V, TA= 2s0e. 
2. Ice is dependent upon output loading and cycle rates. Specified values are with outputs open. 
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LH521008 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto3 V 

Input Rise and Fall limes 5ns 

Input and Output liming Ref. Levels 1.5 v 
Output Load, liming 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 1.0 MHz 
with VB1as = 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 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 'Don't Care.' 

CMOS 128K x 8 Static RAM 

+SV 

30pF * 

*INCLUDES JIG AND 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) 

-20 -25 -35 
SYMBOL DESCRIPTION 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 

tEL.Z E Low to Output Active 2•3 3 3 3 ns 

lEHZ E High to Output High-Z 2•3 10 12 20 ns 

tGA G Low to Valid Data 8 10 20 ns 

tGL.Z G Low to Output Active 2•3 0 0 0 ns 

lGHZ 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 

tAw Address Valid to End of Write 15 20 30 ns 

tAs Address Setup 0 0 0 ns 

tAH Address Hold from End of Write 0 0 0 ns 

fwp W Pulse Width 15 20 25 ns 

tow Input Data Setup lime 12 15 15 ns 

toH Input Data Hold lime 0 0 0 ns 

twHZ W Low to Output High-Z 2•3 8 10 15 ns 

twL.Z W High to Output Active 2•3 3 3 3 ns 

NOTES: 
1. AC Electrical Characteristics specified at 'AC Test Conditions' levels. 

2. Active ou1put to High-Zand High-Z to output active tests specified for a ±500 mV transition from steady stale levels into the test load. 
Cload= 5pF. 

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 fAA. 

CMOS 128K x 8 Static RAM 

Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. Timing illu~ted 
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 taz or taLZ. Outputs 
will transition clirecUy from High-Z to Valid Data 0Ut Valid 
data will be present when both tGA and tEA timing are met. 

ADDRESS VALID ADDRESS 
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DQ 

DQ 

SUPPLY 
CURRENT 

Figure 5. Read Cycle No. 1 

I\ 

teA 

' I\ 
'°" foLZ 

feLZ 
L_L__LV 

~ 
u:::s:::::s::~ 

J 
Figure 6. Read Cycle No. 2 

VALID DATA 

5210Q8.5 

_f 
~ 
~ 

J 

~ 

VALID DATA 

\__ 
5210Q8.8 



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. lfG 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 LQ.W. DQ lines may transition to Lo~Z if the falling 
edge of W occurs after the falling edge of E. 

lwc 

ADDRESS VALID ADDRESS 

lwHz low 

loH 

DQ 

DATA ON PREVIOUS OUTPUT HIGH-Z INPUT LOW-Z 
DQLINES 

521008-7 

Flgure7. Write Cycle No. 1 

lwc 

ADDRESS VALID ADDRESS 

lew 

E 

!AS !AH 

w 

low !DH 

DQ 

DATA ON HIGH-Z LOW-Z INPUT 
DQLINES 

521008-8 

Figures. Write Cycle No. 2 
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LH521008 CMOS 128K x 8 Static RAM 

ORDERING INFORMATION 

LH521008 
Device Type 

K -## 

Package Speyed 

~~ 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 
FEATURES 

• Fast Access Times: 20/25/35 ns 

• 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 

• JEDEC Standard Pinout 

• Package: 52-Pin PLCC 

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 (ii), 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 

SHARP 

CMOS 64K x 18 Static RAM 

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. 

Write cycles occur when Chip Enable (E), SH and/or 
SL, and Write Enable (ii) 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 location 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 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 with ALE HIGH. 

PIN CONNECTIONS 

52-PIN PLCC 

0015 

001s 

0017 

TOP VIEW 

521028-10 

Figure 1. Pin Connections for PLCC Package 
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LH521028 CMOS 64K x 18 Static RAM 

ALE 

5210211-12 

~· LH521028 Block Diagram 

3-148 



CMOS 64K x 18 Static RAM LH521028 

TRUTH TABLE 

ADDRESS 'E Sit iL. ALE G w DQo-DQe ea.-&1111 MODE Ice 

Don't care H x x H x x High-Z Hlgh-Z Standby lse 

Valid L L H H L H Active Hlgh-Z Read lce1 

Valid L H L H L H High-Z ~ Read lee1 

Valid L L L H L H Active ~ Read lee1 

Valid L L L H H H High-Z HIQh-Z Read lce1 

Don't Care L L L L L H DataOUt DataQJt Read lce1 

Valid L L H H x L Data In Don'tCare Write, low byte lce1 

Valid L H L H x L Don't care Dafa.111 Write, high byte lce1 

Valid L L L H x L Data In Datalfl Write, both bytes lce1 

Valid L H H H x L Don'tCare Dan'ICare Write, inhibited lee1 

Don't care L L L L x L Data In Data In Write, both bytes lce1 

NOTE: 

X = Don't Care, L =LOW, H =HIGH 

PIN DESCRIPTIONS 

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL 

1 Vss 14 [)013 27 Vss 40 004 

2 Vee 15 0014 28 Vee 41 OQ; 

3 Si. 16 Vss 29 Aa 42 Vss 

4 SH 17 Vee 30 As 43 Vee 

5 E 18 001s 31 A10 44 Das 

6 "" 19 001& 32 A11 45 007 

7 A1 20 0011 33 A12 46 OOe 

8 OQg 21 A2. 34 OQ) 47 A13 

9 0010 22 Aa 35 001 48 A14 

10 Vee 23 A4 36 Vee 49 A15 

11 Vss 24 As 37 Vss 50 G 

12 0011 25 Aa 38 O~ 51 ALE 

13 0012 26 A1 39 DQ3 52 w 
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LH521028 

PIN DEFINITIONS 

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. 

w 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 op­
erations. When High, the Select signal will deselect its 
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byte and prevent Read or Write operations. When the 
Select signal is LOW and Chip Enable is LOW, a Read or 
Write operation is perfonned at the location detennined 
by the contents of the Address bus. When Chip Enable is 
HIGH, the Select signals are Don't Care. Select Low (SL) 
is assigned to DOo - DOa and Select High (SH) is 
assigned to DQg - DQ11. 

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. If 
not required, Address Latch Enable may be tied HIGH, 
leaving the Address bus in a transparent condition. 

DQo - DQ11 Data Bus Input/Output 

DOo - Dae 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). 



CMOS 64K x 18 Static RAM LH521028 

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) 2W 

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 reHability. 

2. Ou1puts should not be shorted for more than 30 seconds. No more than one ou1put 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 pennitted once per cycle. 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

lee1 Operating Current 1 tcYeLE = minimum 300 mA 

E~Vee-0.2 V 
ls01 Standby Current V1N ~Vee - 0.2 v or V1N ::; 0.2 v 4 mA 

f=O 

ls02 Standby Current E~VIH 50 mA 
V1N = V1H or V1L 

lu Input Leakage Current V1N = o V to Vee -2 2 µA 

ILO 1/0 Leakage Current V1N = O V to Vee -2 2 µA 

VoH Output High Voltage loH=-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. 
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LH521028 

AC TEST CONDITIONS 

PARAMETER RM'ING 

Input Pulse Levels Vssto3V 

Input Rise and Fall Times Sns 

Input and Oulput Timing Ref. Levels 1.5V 

Oulput Load, Timing Tests Figllre 3 

CAPACITANCE 1•2 

PARAMETER M"ING 

C1N {Input Capacitance) SpF 

Coo (1/0 Capacitance) ?'pF 

NOTES: 
1. Capacitances are maximum values at 25°C rreasuredat 1.0 MHz 

with Ve;as = 0 V and Vee= 5.0 V. 
2. Guaranteed but not tested. 
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+SV 

CLOAD=30 pF * 

*INCLUDES JIG AND SCOPE CAPACITANCES 521028-13 

Figure 3. Output Load Circuit 



CMOS 64K x 18 Static RAM LH521028 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operatirg ~e) .... -25 -35 
SYMBOL DESCRIPTION UNITS 

M• - MIN MAX MIN MAX 

READ CYCLE 

tRC Read~le Timi~ 20 25 35 ns 

tAA Address Access Time 21> 25 35 ns 

fAsL Address Set~to Latch Enable 3 3 3 ns 

fAHL Address Hold from Latch Enable 5 6 6 ns 

1LEA Latch Enable to Data Valid 22 27 37 ns 

1LHM Latch Enable H_!g_h Pulse Width 5 6 6 ns 

10H Output Hold from Address Cha¥ 5 5 5 ns 

1LH Output Hold from Latch High 7 7 7 ns 

tEA E Low to Valid Data 211 25 35 ns 

taz E Low to Output Active 2.3 3 3 3 ns 

tEHZ E 1-lig_h to Output Hig_h-Z 2.3 ... 12 20 ns 

1SA S Low to Valid Data 1t 12 20 ns 

tsLZ S Low to Output Active 2•3 2 3 3 ns 

tsHz S H!9._h toQutput H_!g_h-Z 2•3 ... 12 20 ns 

1GA G Low to Valid Data SI 12 20 ns 

1GLZ G Low to Output Active 2.3 0 0 0 ns 

1GHZ G H_igh to Output H_ig_h-Z 2.3 • 10 20 ns 

1Rcs Read Setup from W High 0 0 0 ns 

1RCH Read Hold from W Low 0 0 0 ns 

ti>u E LOW to Power U_ll_ Time 3 0 0 0 ns 

ti>o E HIGH to Power Down Time 3 • 25 35 ns 

twA Access Time From Write Enable HIGH 2!I 28 35 ns 
WRITE CYCLE 

twc Write Cycle Time 20 25 35 ns 

1Ew E Low to End of Write 15 20 30 ns 

tsw S LOW to End of Write 15 20 30 ns 

fAw Address Valid to End of Write 15 20 30 ns 

fAs Address Setup to Start of Write 0 0 0 ns 

1AH Address Hold from End of Write 0 0 0 ns 

fAsL Address Set~ to Latch Enable 3 3 3 ns 

tAHL Address Hold from Latch Enable 4 4 5 ns 

1LHw Latch Hold from W High 0 0 0 ns 

1LHM Laich Enable HIGH Pulse Width 5 6 6 ns 

twP W Pulse Width 15 20 30 ns 

tow Input Data Setup Time 12 13 15 ns 

toH Input Data Hold Time 0 0 0 ns 

twHZ W Low to Output High-Z 2•3 a 10 14 ns 

twLZ W High to Output Active 2.3 3 3 3 ns 

NOTES: 

1. AC Bectrical Characteristics specified at 'AC Test Conditions' le11els. 
2. Active oU1put 10 High-Z and High-Z to ou1put active tests specified for a ±500 mV ~ llDm steady state levels inlO the test load. 

CLDad=5pF. 
3. Guaranteed but not tested. 
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LH521028 

TIMING DIAGRAMS - READ CYCLE 

Read Cycle No. 1 (Unlatched Address Controlled 
Read) 

Chip is in Read Mode: ALE is HIGH (transparent 
mode), E and Gare LOW. Read cycle timing is referenced 
from when all addresses are stable until the first address 
transition. Following a W-controlled Write cycle, twA and 
tAA must both be satisfied to ensure valid data. 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 
until tAA. 

CMOS 64K x 18 Static RAM 

Read Cycle No. 2 (Unlatched Chip Enable 
Controlled Read) 

Chip is in Read Mode: ALE is HIGH (trans~e_!!t 
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 

w 

foH 

DQ VALID DATA 

521028-2 

Figure 4. Read Cycle No. 1 

ADDRESS ~ ..... ________ v_AL_ID_A_D_D_RE_s_s ________ x ___ _ 
files filcH 

DQ VALID DATA 

521028-3 

Figure 5. Read Cycle No. 2 
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CMOS 64K x 18 Static RAM 

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 tAA and ti.EA must be met before valid data is 
available. If the address is valid prior to the rising edge of 

ILHM 

ALE 

ADDRESS VALID ADDRESS 

DO PREVIOUS DATA 

LH521028 

ALE, then the access time is ILEA. If the address is valid 
after ALE is HIGH (or if ALE is tied HIGH) then the access 
time is tAA. 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. 

/II 

521028-4 

Figure 6. Read Cycle No. 3 
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LH521028 

TIMING DIAGRAMS---CYCLE (cont'd) 
Read Cycle No. 4 

Chip is in Read Mode: Tlnllng llultrated for the case 
when addresses are valid...,.. ~"'98 LOW. Da1a Out 
is not specified to be valid unl1EA. ..,_and tGA, but may 
become active as early 81 111.z. tazor tGt..z. 

ADDRESS VALID ADDRESS 

ALE 

tEA 

DQ 

Figure 7. Read Cycle No. 4 
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tilcH 

feHz 

faHz 

VALID DATA 

521028-5 



CMOS 64K x 18 Static RAM 

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 illustrate 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 

DQ PREVIOUS OUTPUT 

LH521028 

Write Cycle No. I tu1•• c9*1 W Controlled Write) 

Chip is selected: °E. Q Mii SH I SL are LOW ALE is 
High. Using only W to COldR1I Write cycles may ~t offer 
the best performcn:ie 9ilce both twHz and tow timing 
specifications must be met 

Write Cycle No. I (I, !l, I. Controlled Write) 

Gis LOW. DQ lilas11111J'811silion to Low-Zif the falling 
edge of W occurs...-.. flllng edge of E, SH!St. if G is 
LOW. 

\vc 

VALID ADDRESS 

tAW 
tAH 

fwp 

tow 

VALllJ DATA 

521028-<! 

Figures. Write Cycle No. 1 

\vc 

ADDRESS VALID ADDRESS 

lew 

E,SL,SH 

!AS !AH 

w 

tow 

DQ VALIDIMTA 

521028-7 

Figure9. Write Cycle No. 2 
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LH521028 

TIMING DIAGRAMS - WRITE CYCLE (cont'd) 

Write Cycle No. 3 (Latched W Controlled Write) 

Chip is selected: E, G, and SH I St.. are LOW. 

ALE 
1ASL 

ADDRESS 

w 

lwHz 

DO PREVIOUS OUTPUT 

CMOS 64K x 18 Static RAM 

Write Cycle No. 4 (E Controlled) 

G is LOW. DQ lines may transition to Low-Zif the falling 
edge of W occurs after the falling edges of E and SH/SL. 

!AHL 

!Aw li.Hw 

lwP 

lwiz 
low 

VAUDDATA 

521028-8 

Figure 10. Write Cycle No. 3 

lwc 

ALE 

t..SL 

l..HL 

ADDRESS VALID ADDRESS 

lsv 
tsw 

E, SH/ SL 

w 

low !DH 

DQ VALID DATA 

521028-9 

Figure 11. Write Cycle No. 4 
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CMOS 64K x 18 Static RAM 

BYTE OPERATIONS 

Byte Read Description (Figure 12) 

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. Figure 12 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. 

ADDRESS 

ALE 

DQH(9-17) VALID DATA 

(1) (2) (3) (4) 

LH521028 

(2) SH goes LOW initiating a Read on the upper byte 
00H(9-17). SL remains HIGH keeping the lower byte 
OOL(0-8) disabled and in a high-impedance mode. 

(3) SL goes LOW activating OOL(o-s).Valid data is avail­
able in tsA following SL going LOW. 

(4) When SH goes HIGH, DOH(9-17)remains valid fortsHz 
before returning to a high-impedance condition. 

(5) Finally, the Read for the lower byte is terminated by 
deasserting SL (HIGH). OOL(0-8) remains active for 
tsHZ following SL going HIGH. 

VALID DATA 

(5) 

521028-10 

Figure 12. Byte Read (E is LOW and Wis HIGH) 
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BYTE OPERATIONS (cent"cf> 
Byte Write Description.._ 13t 

To do individual byte-Wlla q:aab:;;, the device must 
be enabled (E is LOW, G is D't cse) and addresses 
must be either stable or lalChecl. f9n 13 is one example 
of the byte-write capabilitai d Ilia dlvioe. The diagram 
shows two write operatims will unlatched addresses. 
The first is a write to the low llJIB of memory location N 
and the second is a wril8 to h hid1 byte of memory 
location M. 

(1) W goes LOW while Si. ... Iii ..-.ain HIGH. 

(2) SL goes LOW initiating a WI& into the lower byte 
OOL(o-a) of memory localion N. SH remains HIGH 
preventing a Write if*» 118 UA>8I" byte 00L(!H7) of 
memory location N. 

ADDRESS VALID ADDRESS N 

ALE 

DATAIN(N 

CMOS 64K x 18 Static RAM 

(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 ~w initiated_on the upper byte 
00H(9-17) by bringing SH LOW. SL remains HIGH 
preventing a Write operation from occurring in the 
lower byte OOL(O-S) 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. 

VALID ADDRESS M 

DATAIN(M) 

(1) (2) (3) (4) (5) (6) (7) 
5210211-11 

Figure 13. Byte Write (Eis LOW) 
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CMOS 64K x 18 Static RAM 

ORDERING INFORMATION 

LH521028 
Device Type 

u 
Package 

LH521028 

-## 

Yi Aooess Tme ("') 

~------ 52-pin, Plastic Leaded Chip Clanllr (PLCC52-P-750) 

~------------CMOS 64K x 18 Static MU 

Example: LH521028U-25 (CMOS 64K x 18 Static RAM, 25 ns, 52-pin, Plalllc LeadChip Carrier) 
521028MD 
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LH52V103682 
ADVANCE INFORMATION 

32K x 36 Synchronous SRAM 

+3.3 V Supply With Clocked, Registered Inputs and Burst Counter 

FEATURES 

• Fast Access Times: 9, 10, 12, and 17 ns 

• Fast OE: 5, 6, and 7 ns 

• Single +3.3 V ±5% Power Supply 

• 5 V-Tolerant 1/0 

• Common Data Inputs and Dat~GUtputS 
• Individual BYTE WRITEContr:ol 

.:=:.:: ... :.':::\:':::.:-'·''·· :·,, 

• Three Chip EnablesJor Snnp1e~pth 
Expansion 

• Clock Controll~,R0Qi$tered,· Address, 
Data and Control 

• lntemauY'.Self~1imed Wt\ITE Cycle 

• Burst'~otrol ~Ins (486/Pentium™ Burst 
.;~~queMt) 

·~'''.'fob~i..~d tOFP Package for .l;iiQtf'D~!"l~lty~. 
HignSl'Jeed · · ··· 

• LOw Capacitive Bus Loading 

• High 30 pF Output Dd\i'~ Capa~illfy at 
Rated Access Time ............... . 

• Parity Disab~~L~ctioo f~;·32-Bit Operation 
·O.>· 

• Timing ··:;• .:: 

9 ~s.~~~~:15 n$ffycle 
t~:~·~A~~1:~ ns Cycle ·· ·· ······ ······o ns Cycle 

·;:, .. . .. ss/25 ns Cycle 

• P~9e: 100-pin TQFP 

3-162 

FUNCTIONAL DESCRIPTION 

The Sharp Synchronous SRAM family emplOys higth 
Speed, low-power CMOS designs using a tnlll-fllm tran­
sistor memory cell. Sharp SRAMs are fabrlcl)ted using 
doUble-layer metal, three-layer polysllic;:on tech~ogy. 

The LH52V1036B2 SRAMJntegrates.a 32K x 36 
SAAM core with advanced synqhronol!s J)eripheral cir­
cuitry and a 2-bit burst:(;Oµntet. Aft'$Yflchronous inputs 
pass through regi~~s oo~~olled by a positive-edge-trig­
gered single qlotlkdnput (Cf.K),.The synchronous inputs 
include all · .. , all datt inputs, active LOW chip 
enable ( additional chip enables for easy depth 
expansion (CE2, CE2); ·•burst control inputs (ADSC, 
ADS~, ADV) ~f1d byteWrite enables (BW1, BW2, BWa, 
BW4}, .... 

Asvncl'lrollous inputs include the output enable (OE) 
" lmd.the elock (CLK). The Data-out (Q), enabled by OE, 
is~~ asynchronous. WRITE cycles can be from one to 
tpurt>ytes wide as controlled by the byte write enables. 

· '.:' Burst pperation can be initiated with either address 
status processor (ADSP) or address status controller 
(ADSC) input pins. Subsequent burst addresses can be 
internally generated as controlled by the burst advance 
pin (ADV). 

Address and write control are registered on-chip to 
simplify WRITE cycles. This allows self-timed WRITE 
cycles. Individual byte enables allow individual bytes to 
be written. BW1 controls 001-DOa and DOP1, BW2 con­
trols DQ9-DQ15 and DQP2, BWa controls DQ11-DQ24 and 
DQPa, and BW4 controls 002s-OOa2 and OOP4. 

The LH52V103682 operates from a +3.3 V power sup­
ply and all inputs and outputs are TIL compatible. The 
device is ideally suited for 486 and Pentium (PS) systems 
and those systems which benefit from a very wide data 
bus. The device is also ideal in 32, 64 and 72-bit wide 
applications. 

SHARP 



32K x 36 Synchronous SRAM ADVANCE INFORMATION 

100-PIN TOFP 

• • n • - • ~ 00 lg 1~ J> "' ,._ 1w w I:!: I:!: I:!: I;;: 1w 8 gi -' 0 i5 1w Cl Cl Cl<( <C"' g> 
~ <C o o m m m m o > > o z ~ O <C <C ~ 

Figure 1. Pin Connections for TQFP Package 

SHARP 

LH52V103682 

TOP VIEW 

0012 

OQn 

Vssa 

v~ 
D010 

D09 

Vss 

NC 

Vee 

NC 

DO a 

D07 

Vcca 

Vssa 

DOs 

D05 

D04 

D03 

Vssa 

Vcca 

D02 

D01 

DOP1 

52V1036B2-1 
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Sse Truth Table, Pin Descriptions and Timing Diagrams for detailed Information. 
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32K x 36 Synchronous SRAM 

PIN DESCRIPTIONS 

TQFPPIN 
NUMBERS 

37,36,35,34,33,32, 
100, 99, 82, 81, 44, 45, 
46,47,48 

93,94,95,96 

89 

98 

92 

83 

85 

SHARP 

SYMBOL 

BW1,BW2, 
BW3,8W4 

CLK 

ADVANCE INFORMATION LH52V103682 

TYPE 

Input 

Input 

Input 

Input 

DESCRIPTION 

Synchronous Address Inputs: These inputs are 
registered and must meet the setup and hold times 
around the rising edge of CLK. 

, chip 
ol inputs on 

ust meet setup 
rising edge. 

active LOW input is 
and conditions internal use of 
led only when a new external 

nable: This active LOW input is 
device. This input is sar:npled only 

xternal address is loaded. This input can 
memory depth expansion. 

nous Chip Enable: This active HIGH input is 
to enable the device. This input is sampled only 

hen a new external address is loaded. This input can 
be used for memory depth expansion. 

Output Enable: This active LOW asynchronous input 
enables the data VO output drivers. 

Synchronous Address Advance: This active LOW input 
is used to advance the internal burst counter, controlling 
burst access after the external address is loaded. A 
HIGH on this pin effectively causes wait states to be 
generated (no address advance}. This pin must be 
HIGH at the rising edge of the first clock after an ADSP 
cycle is initiated if a WRITE cycle is desired (to ensure 
use of correct address}. 

Synchronous Address Status Processor: This active 
LOW input interrupts any ongoing burst, causing a new 
external address to be latched. A READ is performed 
using the new address, independent of the byte write 
enables and ADSC but dependent upon CE2 and CE2. 
ADSP is ignored if CE is HIGH. Power-down state is 
entered if CE2 is LOW or CE2 is HIGH. 

Synchronous Address Status Controller. This active 
LOW input interrupts any ongoing burst and causes a 
new external address to be latched. A READ or WRITE 
is performed using the new address if all chip enables 
are active. Power-down state is entered if one or more 
chip enables are inactive. 
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LH52V1036B2 

PIN DESCRIPTIONS (cont'd} 

TQFPPIN 
NUMBERS 

14, 16,31,38,39,42, 
43,49,50,64,66,88 
52,53,56,57,58,59, 
62,63,68,69,72, 73, 
74, 75, 78, 79,2,3,6, 
7, 8, 9, 12, 13, 18, 19, 
22,23,24,25,28,29 

51, 80, 1, 30 

87 

15, 41, 65, 91 
17,40,67,90 
4, 11, 20, 27, 54, 61, 
70, 77 
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SYMBOL 

NC 

POIS 

ADVANCE INFORMATION 32K x 36 Synchronous SAAM 

TYPE DESCRIPTION 

No Connect: These signals are not internally connected. 

Ai Ao 

hJ 
Latched Ao 

LatchedA1 Latched/Jv.J 

LatchedA1 Latched Ao 

FOURTH ADDRESS 

X ... X10 X ... X11 

X ... X11 X ... X10 

x ... xoo X ... X01 

X ... X01 x ... xoo 



32K x 36 Synchronous SAAM ADVANCE INFORMATION LH52V103682 

TRUTH TABLE 

OPERATION 
ADDRESS 

CE CE:! CE:! ADSP ADSC ADV WRITE OE CLK DQ 
USED 

Deselected Cycle, Power-
None H x x x L x x x L-H High-Z 

down 

Deselected Cycle, Power-
None L x L L x x x x L-H High-Z 

down 

Deselected Cycle, Power-
None L H x 

down 

Deselected Cycle, Power-
None 

down 

Deselected Cycle, Power-
None 

down 

READ Cycle, Begin Burst 

READ Cycle, Begin Burst High-Z 

WRITE Cycle, Begin Burst D 

L-H Q 

L-H High-Z 

READ Cycle, Continue H L-H Q 

READ Cycle, Co H H L-H High-Z 

READCycl H L L-H Q 

L H H L-H High-Z 

L L x L-H D 

H L L x L-H D 

H H H L L-H Q 

H H H H H L-H High-Z 

x x H H H L L-H Q 

x x H H H H L-H High-Z 

x x H H H L x L-H D 

x x x H H L x L-H D 

NOTES: 
1. HIGH. L means logic LOW. WRITE= L means any one or more byte write enable signals (BW1, BW2, BW3 

ns all byte write enable signals are HIGH. 
2. (001-DOs, DOP1). BW2 enables writes to Byte 2 (0Qg-DQ15, DOP2). BW3 enables writes to Byte 3 (D011-D024, 

o Byte~ (D02s-DQ32, DQP4). 
must meet setup and hold times around the rising edge (LOW to HIGH) of CLK. 
ed by suspending burst. 

5. following a read operation, OE must be HIGH before the input data required setup time and held HIGH throughout the 
time. 

6. This is e contains circuitry that will ensure the outputs will be in High-Z during power-up. 
7. POIS disables the DQP lines when HIGH and enables the DQP lines when LOW. 
8. ADSP LOW always initiates an internal READ at the L-H edge of CLK. A WRITE is performed by setting one or more byte write enable signals 

LOW for the subsequent L-H edge of CLK. Refer to WRITE timing diagram for clarification. 
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LH52V1036B2 ADVANCE INFORMATION 32K x 36 Synchronous SAAM 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Voltage on Vee Supply Relative to Vss -0.5 V to +4.6 V 

-0.5 V to Vee+ 0.5 V 

Storage Temperature (Plastic) -55°C to + 150°C 

Junction Temperature +150°C 

Power Dissipation 1.6W 

Short Circuit Output Current 

NOTE: 
1. Stresses greater than those listed under 'Absolute Maximum 

and functional operation of the device at these or any other c 
not implied. Exposure to absolute maximum rating conditions 

ELECTRICAL CHARACTERISTICS 
(0°C ~TA~ 70°C; Tc~ 110°C; V 

DESCRIPTION 

Input High (Logic 1) Voltage 

Input Leakage Cu 

Output Leak~~;~fl"erit''"' PH 

1. Alt~ii$ referenced to Vss 

2. Ov~l!Pt: V1H S Vee+ 2.0 
ts 2Ql}msec. 
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NOTES 

v 1, 2 

v 1, 2 

µA 

µA 

2.4 v 
0.4 v 

3.1 3.5 v 

Power-up: V1H,,; Vee+ 2.0 V and Vee,,; 3.1 V for 



32K x 36 Synchronous SAAM ADVANCE INFORMATION LH52V103682 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C ~TA~ 70°C; Tc~ 110°C; Vee= 3.3 V ±5% unless otherwise noted) 

DESCRIPTION 

Power 
Supply 
Current: 
Operating 

Power 
Supply 
Current: Idle 

CMOS 
Standby 

TTL Standby 

Clock 
Running 

NOTES: 
1. 
2. 

MAX. 
CONDITIONS SYMBOL TYPICAL 1---..,.----,---,----1 UNITS NOTES 

Device Selected; all inputs ~ V1L or 
;::: V1H; cycle time ;::: tKc min; 
Vee = MAX; outputs open 

Device Selected; ADSC, ADSP, 
ADV ;::: V1H; all inputs ~ V1L or ;::: V1H; 
Vee = MAX; cycle time;::: tKc min 

Device Deselected; Vee= MAX; 
inputs~ Vss +0.2 or;::: Vee -
inputs static; CLK frequency 

Ice 

CONDITIONS 

Still Air 

-9 -10 -12 -17 

250 250 210 180 mA 1, 2, 3 

2,3 

25 mA 2, 3 

es. 
le. 'Device Selected' means device is active (not in 

SYMBOL TYP MAX UNITS NOTES 

3 4 pF 

Co 5 6 pF 

SYMBOL TYP UNITS NOTES 

0JA 65 °C/W 

0Jc 6 °C/W 

TC 110 oc 

warrant the functionality or reliability of any product in which the case temperature exceeds 11 O'C. Care should be taken to limit 
lure to acceptable levels. 
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LH52V1036B2 ADVANCE INFORMATION 32K x 36 Synchronous SAAM 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 1 

{0°C ~TA ~ 10°c; Vee= 3.3 v ±5%) 

-9 -10 -12 -17 
DESCRIPTION SYMBOL 1---~--1---~---<1---~--1---~---< UNITS NOTES 

MIN MAX MIN MAX MIN MAX MIN MAX 

CLOCK 

Clock Cycle lime tKC 15 

Clock HIGH lime tKH 4 

Clock LOW lime ti<L 4 

Clock to Output Valid tKQ 

Clock to Output Invalid 

Clock to Output in Low-Z 

Clock to Output in High-Z 2,3 

OE to Output Valid ns 4 

OE to Output in Low-Z ns 2, 3 

OE to Output in High-Z 6 ns 2, 3 

Address 3 ns 5, 6 

3 ns 5, 6 

3 ns 5,6 

3 3 ns 5,6 

3 3 ns 5, 6 

3 3 ns 5,6 

0.5 0.5 ns 5,6 

0.5 0.5 0.5 ns 5,6 

0.5 0.5 0.5 ns 5,6 

0.5 0.5 0.5 0.5 ns 5,6 

toH 0.5 0.5 0.5 0.5 ns 5,6 

tCEH 0.5 0.5 0.5 0.5 ns 5,6 

ified with the output loading as shown in Figure 3 unless otherwise noted. 
specified with CL= 5 pF as in Figure 4. Transition is measured ±500 mV from steady state voltage. 

3. At any perature and voltage condition, IKOHZ is less than !Katz and loeHZ is less than toELZ· 
4. OE is a 'don~ care' when a byte write enable is sampled LOW. 
5. A READ cycle is defined by byte write enables all HIGH or ADSP LOW for the required setup and hold times. A WRITE cycle is defined by at 

least one byte write enable LOW and ADSP HIGH for the required setup and hold times. 
6. This is a synchronous device. All addresses must meet the specified setup and hold times for all rising edges of CLK when either ADSP or ADSC 

is LOW and chip enabled. All other synchronous inputs must meet the setup and hold times with stable logic levels for all rising edges 
of clock (CLK) when chip is enabled. Chip enable must be valid at each rising edge of CLK (when either ADSP or ADSC is LOW) to remain 
enabled. 
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32K x 36 Synchronous SRAM ADVANCE INFORMATION 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto3.0V 

Input Rise and Fall Times 1.5 ns 

Input Timing Reference Levels 1.5 V 

Output Reference Levels 1.5 V 

Output load 
See Figures 3 
and4 

LH52V103682 

+3.3V 
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32K x 36 Synchronous SRAM ADVANCE INFORMATION LH52V103682 

APPLICATION INFORMATION 

32-Bit Wide Systems 

The Sharp 32K x 36 Synchronous SAAM may be used 
in a 32-bit-wide system without the use of any external 
components by connecting POIS to Vee. This disables 
the output buffer on the data parity input/output lines 
(OOP1, OOP2, DQP3 and DQP4). 

Load Derating Curves 

The Sharp 32K x 36 Synchronous SAAM timing is 
dependent upon the capacitive loading on the outputs. 
The data sheet is written assuming a load of 30 pF. 
time changes with load capacitance as follows: 

AtKa = 0.03 ns/pF x ACL pF 

For example, if the SAAM loading is 22 pF, ACL is -8 
pF (8 pF less than rated load). The clock to valid output 
time of the SAAM is reduced by 0.03 x 8 = 0.24 ns. If the 
device is a 12 ns part, the worse case tKa becomes 
11.76 ns. 

Consult the factory for copies of 1/0 current versus 
voltage curves and SPICE models. 

Ao-14 

ADDRESS DATA 

SHARP 
SYNCHRONOUS 

SRAM 

52V103682-8 

igure 8. Depth Expansion From 32K x 36 to 64K x 36 
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LH52V1036B2 ADVANCE INFORMATION 32K x 36 Synchronous SAAM 

APPLICATION EXAMPLES 

DATA, PARITY!-----------~---------------

15 

ADDRESS DATA 

80486 

52V103882-9 

36 
15 36 

ADDRESS DATA 

POIS 

CLI< 

SHARP 

ADDRESS ADSC 
SYNCHRONOUS 

SAAM 
CLK CACHE BW1-BW4 

CONTROL 
LOGIC OE 

CE ADV ADSP 

52V1036B2-10 

Figure 10. 256K Byte Secondary cache With Parity and Burst 
for 66 MHz Pentium™ Using Two LH52V1036B2-9 Synchronous SRAMs 
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32K x 36 Synchronous SRAM ADVANCE INFORMATION 

ORDERING INFORMATION 

LH52V103682 - ## 
Device Type 

Sp eyed 9 

~ ~ Access Time (ns) 

17 

~-------- 32Ki(36Syni:lironous Burst Mode Static RAl\;11; 

Example: LH52V1036B2-9 (32K x 36 Synchronoµs'Burst M9~ Static RAM, 9 ns) 

SHARP 

LH52V103682 
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ADVANCE INFORMATION 
LH52V1036C4 32Kx36SynchronousSRAM 

+3.3 V Supply, Fully Registered Inputs, Outputs, and Burst Counter 

FEATURES 

• Fast Access Times: 7, 10, 12, and 15 ns 

• Fast OE: 5, 6, 7, and 8 ns 

• Single +3.3 V ±5% Power Supply 

• 5V-Tolerant1/0 

• Common Data Inputs and Data:~~.::;,:::' :v 

• Individual BYTE WRITE Con~rol . ·,,·v·,,,,,_ 

• Three Chip Enables for ..... , .• '..P.~ptfi':' 
Expansion ·=u:.:::,, 

• Clock Control! 
Data 1/0 and 
Applicati. 

f{eQl~~reci:l,:~ttdress, 
~!~:~~·:~:plly Pipelined 

• Intern d WRITE Cycle 

• WRITE PJi$$#l6rt>ugh Capability ., ..• 
:: ; :: ;,.; ·::~: ·:: . . . ·: .... ,,. : ····.' 

• ~~~t'.dQr:ttr~l:·P·ins (486/Penti 
s~llC'eJ' 

~···· +,·. 

: :~;.;:.:.:.< 

• 1 OO';t'ead TQFP Pack 
High Speed 

·:',.'<':i> 

ilon for 32-Bit Operation 

.~15 ns Cycle 
cess/20 ns Cycle 

12 ns'Access/25 ns Cycle 
15 ns Access/30 ns Cycle 

• Package: 100-pin TQFP 

3-178 

J:Y8i't~QNAL DESCRIPTION 
chronous SAAM family 

er CMOS designs 
cell. Sharp SRAMs 

er metal, three-la 

'a>'32K x 36 
s peripheral cir­

:register. All syn­
rs controlled by a 

ed'~m!e,plock input (CLK). The syn­
ude alhftddresses, all data inputs, 
ble, tWO' additional chip enables for 

... (CE2, CE2), burst control inputs 
and the byte write enables (BW1, 

A~(~biis inputs include the output enable (OE) 
the.~f!Ck (CLK). The data-out (Q), enabled by OE, is 

·:i:tt:hronous. The output register is controlled by 
~pck. WRITE cycles can be from one to four bytes 
e as controlled by the byte write enables. 

Burst operation can be initiated with either address 
status processor (ADSP) or address status controller 
(ADSC) input pins. Subsequent burst addresses can be 
internally generated as controlled by the burst advance 
pin (ADV). 

Address and write control are registered on-chip to 
simplify WRITE cycles. This allows self-timed WRITE 
cycles. Individual byte enables allow individual bytes to 
be written. WRITE pass-through makes written data 
immediately available at the output register during the 
READ cycle following a WRITE as controlled solely by 
OE to improve cache system response. 

The LH52V1036C4 operates from a +3.3 V power sup­
ply and all inputs and outputs are TTL compatible. The 
device is ideal for Pentium (PS) pipelined applications and 
32, 64 and 72-bit wide applications. 

SHARP 



32K x 36 Synchronous SRAM ADVANCE INFORMATION 

100-PIN TQFP 

"' .. "' "' I - "' u ><:: !!2~ I~ l00rn< 13i~ I>~ " " lw w IS: IS: IS: S: lw u gi -' 0 Y "' < < o o m m m m o > > o z - < 

Figure 1. Pin Connections for TQFP Package 

SHARP 

LH52V1036C4 

TOP VIEW 

DQP2 

D016 

D01s 

vc<X:I .. 
Vss<) 

PQ1.4 

·~i~i 
DO~?.· 

... [)911 
v~ 

Veca 

D010 

D09 

Vss 

NC 

Vee 

NC 

DO,, 

DO, 

Veca 

Vssa 

DO,, 

DOs 

DO., 

D03 

Vssa 

Veca 

DQ2 

Do, 
DQP1 

52V1()36(;4..1 
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32K x 36 Synchronous SAAM 

PIN DESCRIPTIONS 

TQFPPIN 
NUMBERS 

37,36,35,34,33,32, 
100,99,82,81,44,45, 
46,47,48 

93,94,95,96 

89 

98 

SYMBOL 

BW1,BW2, 
BWs,8W4 

CLK 

ADVANCE INFORMATION LH52V1036C4 

TYPE 

Input 

Input 

DESCRIPTION 

Synchronous Address Inputs: These inputs are 
registered and must meet the setup and hold times 
around the rising edge of CLK. 

Synchronous Byte Write Enables: These active LOW 
inputs a:llo\V inciividual bytes to be written and mtiSt meet 
the setup and hold times around the rising edge 
of CLl<.A. BYTE WAITE enable is LOW tof aWRITE 

·cycle andt:Jl~riior a READ cycle. BW1®ntrol$ 
001~Daa and OOP1. BW2 controls 0Qs-001eatid 
DOPa;aws controls D011-D02i(~~i::r00Pa. BW~·> 
contr<;i!s 002s-DQ32 and DQP4A>ata ll<:l'are tristated if 
any of these four inputs are LOW:. 

block: This signal latchliS:ttJe addre~; 9a~. chip 
enables, byte write enables.and bUt$f®Otrol inputs on 
its rising edge. AU syl)chrorl(lt,1$ il)puts must meet setup 
and hold timesa,«)und the cloe!<'s!ising edge. 

Synchrono!J\l Cfiil>'E~le: This active LOW input is 
used to enable the deiticeand conditions internal use of 
ADSP, 'This input is samplEid only when a new external 
addr · ·· 

~~~~~~--~-b--"""~-+>~--+~~~~-t~~---' 

92 

83 

Input 

85 Input 

· §ynch nable: This active LOW input is 
~to (!!~e the device. This input is sampled only 

·· wtl~na newextemal address is loaded. This input can 
fofmemory depth expansion. 

ronous Chip Enable: This active HIGH input is 
·~to enable the device. This input is sampled only 

... '.'when a new external address is loaded. This input can 
·be used for memory depth expansion. 

Output Enable: This active LOW asynchronous input 
enables the data 1/0 output drivers. 

Synchronous Address Advance: This active LOW input 
is used to advance the internal burst counter, controlling 
burst access after the external address is loaded. A 
HIGH on this pin effectively causes wait states to be 
generated (no address advance). This pin must be 
HIGH at the rising edge of the first clock after an ADSP 
cycle is initiated if a WRITE cycle is desired (to ensure 
use of correct address). 

Synchronous Address Status Processor: This active 
LOW input interrupts any ongoing burst, causing a new 
external address to be latched. A READ is performed 
using the new address, independent of the byte write 
enables and ADSC but dependent upon CE2 and CE2. 
ADSP is ignored if CE is HIGH. Power-down state is 
entered if CE2 is LOW or CE2 is HIGH. 

Synchronous Address Status Controller. This active 
LOW input interrupts any ongoing burst and causes a 
new external address to be latched. A READ or WRITE 
is performed using the new address if all chip enables 
are active. Power-down state is entered if one or more 
chip enables are inactive. 
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LH52V1036C4 

TQFPPIN 
NUMBERS 

14, 16,31,38,39,42, 
43,49,50,64,66,88 

SYMBOL 

NC 

ADVANCE INFORMATION 32K x 36 Synchronous SRAM 

TYPE DESCRIPTION 

No Connect: These signals are not internally connected. 

52, 53, 56, 57, 58, 59, SRAM Data 1/0: Byte 1 is 001-00a; Byte 2 is 
62, 63, 68, 69, 72, 73, 00g-D01 ~;Byte 3 is 0011-00:24; Byte 4 is D02s-0032. 
74, 75, 78, 79, 2, 3, 6, 001-0032 Input/Output Input d~~inust meet setup and hold times aroun~ the 
7, 8, 9, 12, 13, 18, 19, rising. oL9LK. ., , 

~22~·.!:,2~3,~2::::'.:4,~2~5-'-.'., 2::::8'.!.:, 2::::9=-----+------t-----i--=-,·'::':"'· .,.,.. . •. ·~,---------------' 

51,80, 1,30 

87 

15,41,65,91 

17,40,67,90 

4, 11, 20, 27, 54, 61, 
70, 77 
5, 10,21,26,55,60, 
71, 76 

3-182 
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32K x 36 Synchronous SRAM 

PASS-THROUGH TRUTH TABLE 

PREVIOUS CYCLE 

OPERATION BWs 

Initiate WRITE cycle, all bytes 
Address= A(n-1), data= D(n-1) All L 

Initiate WRITE cycle, all bytes All L 
Address= A(n-1), data= D(n-1) 

Initiate WRITE cycle, all bytes All L 
Address= A(n-1), data= D(n-1) 

Initiate WRITE cycle, one byte One L 
Address= A(n-1), data= D(n-1) 

NOTE: 

Previous cycle may be either BURST or NONBURST c 

BURST SEQUENCE TABLE 

OPERATION 

SHARP 

ADVANCE INFORMATION 

PRESENT CYCLE 

OPERATION 

Initiate READ cycle 
Register A(n), Q = D (n-1) 

No new cycle 
O=D(n-1) 

x ... xoo 

L 

LH52V1036C4 

NEXT CYCLE 

BWs OE OPERATION 

H L Read D(n) 

H L 
No carryover from 
previous 

H H No carryo 
pre 

H 
No 

Ao 

Latched Ao 
LatchedA-0 

Latched Ao 
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LH52V1036C4 ADVANCE INFORMATION 32K x 36 Synchronous SRAM 

TRUTH TABLE 

OPERATION 
ADDRESS 

CE CE.2 CE.2 ADSP ADSC ADV WRITE OE CLK DQ 
USED 

Deselected Cycle, Power-
None H x x x L x x x L-H High-Z 

down 

Deselected Cycle, Power-
None L x x x x 

down 

Deselected Cycle, Power-
None L x x 

down 

Deselected Cycle, Power-
None x 

down 

Deselected Cycle, Power-
L 

down 

READ Cycle, Begin Burst x 
READ Cycle, Begin Burst 

WRITE Cycle, Begin Burst 

L-H 

L-H High-Z 

L L-H Q 

x H H L-H High-Z 

H L L-H Q 

L H H L-H High-Z 

Next L L x L-H D 

L L x L-H D 

H H H H L L-H Q 

H H H H H L-H High-Z 

x H H H L L-H Q 

x H H H H L-H High-Z 

x x H H H L x L-H D 

x x x H H L x L-H D 

NOTES: 
gic HIGH. L means logic LOW. WRITE= L means any one or more byte write enable signals (BW1, BW2, BWa 
eans all byte write enable signals are HIGH. 

1-DOs, DOP1). BW2 enables writes to Byte 2 (DQg-DQ15, DOP2). BWa enables writes to Byte 3 (D011-D0:24, 
yte 4 (0025-0032, DQP4). 
setup and hold times around the rising edge (LOW to HIGH) of CLK. 

ed by suspending burst. 
following a read operation, OE must be HIGH before the input data required setup time and held HIGH throughout the 

e contains circuitry that will ensure the outpu1s will be in High-Z during power-up. 
7. es the DQP lines when HIGH and enables the DQP lines when LOW. 
8. ADSP LOW always initiates an internal READ at the L-H edge of CLK. A WRITE is performed by setting one or more byte write enable signals 

LOW for the subsequent L-H edge of CLK. Reier to WRITE timing diagram for clarification. 
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32K x 36 Synchronous SRAM ADVANCE INFORMATION 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Voltage on Vee Supply Relative to Vss -0.5 V to +4.6 V 

-0.5 V to Vee+ 0.5 V 

Storage Temperature (Plastic) -55°C to + 150°C 

Junction Temperature +150°C 

Power Dissipation 1.6W 

Short Circuit Output Current 

NOTE: 

1. Stresses greater than those listed under 'Absolute Maximum 
and functional operation of the device at these or any 
not implied. Exposure to absolute maximum rating e 

ELECTRICAL CHARACTERIST 
(0°C::;; TA::;; 70°C; Tc::;; 110°C; 

DESCRIPTION 

LH52V1036C4 

NOTES 

v 1, 2 

v 1, 2 

µA 

µA 

v 
0.4 v 

3.1 3.5 v 

~ -2.0 Y fort:;; IKc/2. Power-up: Y1H:;; Yee+ 2.0 Y and Vee:;; 3.1 V tor 
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LH52V1036C4 ADVANCE INFORMATION 32K x 36 Synchronous SAAM 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C $;TA$; 70°C; Tc$; 110°c; Vee= 3.3 V ±5% unless otherwise noted) 

DESCRIPTION 

Power 
Supply 
Current: 
Operating 

Power 
Supply 
Current: Idle 

CMOS 
Standby 

TILStandby 

Clock 
Running 

NOTES: 
1. 
2. 

MAX. 
CONDITIONS SYMBOL TYPICAL 1----~-~----.----l UNITS NOTES 

Device Selected; all inputs~ V1L or 
~ V1H; cycle time~ ti<c min; 
Vee= MAX; outputs open 

Device Selected; ADSC, ADSP, 
ADV~ V1H; all inputs ~ V1L or ~ V1H; 
Vee= MAX; cycle time~ tKc min 

Device Deselected; Vee= 
inputs~ Vss +0.2 or~ Vee 
inputs static; CLK frequ 

CONDITIONS 

Still Air 

-7 -10 -12 -15 

180 165 

2,3 

20 mA 2, 3 

SYMBOL TYP MAX UNITS NOTES 

3 4 pF 

Co 5 6 pF 

SYMBOL TYP UNITS NOTES 

0JA 65 °C/W 

0Jc 6 °C/W 

TC 110 

rrant the functionality or reliability of any product in which the case temperature exceeds 110°C. Care should be taken to limit 
a:ture to acceptable levels. 
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32K x 36 Synchronous SAAM ADVANCE INFORMATION LH52V1036C4 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 1 

(0°C $;TA$; 10°c; Vee= 3.3 v ±5%) 

-7 -10 -12 -15 
DESCRIPTION SYMBOL r---~-----<t---~-----<--~-----<t---~-----< UNITS NOTES 

MIN MAX MIN MAX MIN MAX MIN MAX 

CLOCK 
' : 

Clock Cycle Time 15 20 : ' 25 30 ns-"' 

5 7, 9, 11 ns 
..c. 

Clock HIGH Time 

Clock LOW Time 5 7 j ,9 11 ns 
f:, 

cL 

OUTPlJTTIMEs ,,,, :', ,',' "i> ,,, 

Clock to Output Valid 10 

Clock to Output Invalid 3 

Clock to Output in Low-Z 6 

Clock to Output in High-Z 6 

OE to Output Valid tOEQ " :,' 5 6 , ,, ',,)' 7 + ,·,.,·,·, 8 ns 4 

OE to Output in Low-Z loEL;Z Q,'''' 0 1£1,, O ns 2, 3 

OE to Output in High-Z ..:2": 5 6 "[_:_ 6 6 ns 2,3 

SETUP TIME$ ( " , 

Address , ,>' ·,_·'.·· ·' ..•• , .. t~s 2.5 3 ns 5,6 

tAoss 2.5 Address Statui>(ADSC,'A~j!>) 
Address AdiiaI~ ("°V) .. ··· tAAs 2.5 

3 ns 5,6 

3 ns 5,6 

Byte Write bleS (13W1, 
l3W2. sw3; tws 2.5 3 ns 5,6 

Oataln ; ,, 3 3 ns 5,6 

3 3 ns 5,6 

HOLD TIMES 

Adaress .. ·' + ' tA.:i · 0.5 0.5 0.5 ns 5,6 

Address Status (ADSC, ADSP) 0.5 0.5 0.5 0.5 ns 5,6 
~· 

Address Advance (MV) ·.'.·.: 0.5 0.5 0.5 0.5 ns 5,6 

Byte Write En~ (aw1, 
BW2, BW3, ,BW4) . . . twH 0.5 0.5 0.5 0.5 ns 5,6 

to 0.5 0.5 0.5 0.5 ns 5,6 

tcEH 0.5 0.5 0.5 0.5 ns 5,6 
NOTES: -cc ' ,,, 

1 > To:ist conc:litidlll;,as specified with the output loading as shown in Figure 3 unless otherwise noted. 

2: Oi.ilput loading is specified with CL = 5 pF as in Figure 4. Transition is measured ±500 mV from steady state voltage. 

3. Al any given temperature and voltage condition, IKOHZ is less than IKaLZ and loEHZ is less than loELZ-

4. OE fsa 'ddn 't care' when a byte write enable is sampled LOW. 

5. A READ cycle is defined by byte write enables all HIGH or ADSP LOW for the required setup and hold times. A WRITE cycle is defined by at 
least one byte write enable LOW and ADSP HIGH for the required setup and hold times. 

6. This is a synchronous device. All addresses must meet the specified setup and hold times for all rising edges of CLK when either ADSP or ADSC 
is LOW and chip enabled. All other synchronous inputs must meet the setup and hold times with stable logic levels for all rising edges 
of clock (CLK) when chip is enabled. Chip enable must be valid at each rising edge of CLK (when either ADSP or ADSC is LOW) to remain 
enabled. 
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LH52V1036C4 ADVANCE INFORMATION 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vssto3.0V 

Input Rise and Fall Times 1.Sns 

Input Timing Reference Levels 1.5 V 

Oulput Reference Levels 

OulputLoad 

Q 
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See Figures 3 
and4 

32K x 36 Synchronous SAAM 

+3.3V 

5pF 
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!Ka ---. 

I 'b IJ~LZ 
Q(A1) 

SINGLE READ 

1. Q(A2) refers to output from address A2. Q(A2+ 1) refers to output from the 
next internal burst address following A2. 

2. CE2 and CE2 have timing identical to CE. On this diagram, when CE 

GL: 

is LOW, CE2 Is LOW and CE2 is HIGH. When CE is HIGH, CE2 is HIGH and CE2 is LOW. 
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~ 
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C1I 

~ 
~· 

ADSC 

ADDRESS 

BW,-BW4 

5E 

D 
HIGH-Z 

a 
SINGLE WRITE 

NOTES: 
1. Q(A2) refers to output from address A2. O(A2+ 1) refers to 

output from the next internal burst address following A2. 
2. CE2 and CE2 have timing identical to CE. On this diagraJ!1. _ 

BURST WRITE 

when CE is LOW, CE2 is LOW and CE2 is HIGH. When CE is HIGH, CE2 is HIGH and CE2 is LOW. 
3. OE must be HIGH before the input data setup and held HIGH throughout the data hold time. 

This prevents inpuVoutput data contention for the time period prior to the byte write enable inputs being sampled. 
4. ADV must be HIGH to permit a WRITE to the loaded address. 
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ADSC 

ADDRESS 

ew,-ew, 

CE 
<NorE 2> \\\)'\~\\\\'''' 1 '1111 1 ,,,,, ·. ·· L: ... '\t(%ef 'rr._:rV'!',, 1 11111111~111111111rqtrJ11111111,rrr1111111r11111111 

5E 

IKQ 

D HIGH-Z 

IKQLZ 

Q HIGH·Z OOI 

SINGLE READ 

NOTES: 
1. Q(A3) refers to output from address A3. QA(3+ 1) refers to 
~ut from the next internal burst address following A3. 

loEHZ 

2. CE, and CE2 have timing identical to CE. On this diagram, when CE 

SINGLE WRITE 

is LOW, CE2 is LOW and CE2 is HIGH. When CE is HIGH, CE2 is HIGH and CE2 is LOW. 
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LH52V1036C4 ADVANCE INFORMATION 32K x 36 Synchronous SAAM 

APPLICATION INFORMATION 

32-Bit Wide Systems 

The Sharp 32K x 36 Synchronous SAAM may be used 
in a 32-bit-wide system without the use of any external 
components by connecting POIS to Vee. This disables 
the output buffer on the data parity input/output lines 
(DOP1, DOP2, DOPs and DQP4). 

Load Derating Curves 

The Sharp 32K x 36 Synchronous SAAM timing is 
dependent upon the capacitive loading on the outputs.,,,.,, M, .. ,';~ 

The data sheet is written assuming a load of 30 pF. Ace~'.' 
time changes with load capacitance as follows: '"' " 

DtKQ = 0.03 ns/pf x £\CL pF 

NOTE: this is preliminary information 

DATA 

3-192 

For example, if the SAAM loading is 22 pF, £\CL is 
-8 pF (8 pF less than rated load). The clock to 
valid output time of the SAAM is reduced by 
0. 03 x 8 = 0.24 ns. If the device is a 7 ns part, the worse 
case tKc becomes 6.76 ns. 

Consult the factory for copies of 1/0 current versus 
voltag~,e~es and SPICE models. 

eepttiExptrJsion ,::; 
,,..... "''""·· 36SynchronousSAAMin~s 

ADSP 

ip enables to facilitate"' · ·"'· ' · " 
permits easy cache u "'"' 

K depth with no 

Ao-14 

ADDRESS DATA 

1-------iCE 

SHARP 
SYNCHRONOUS 

SRAM 

ADV 

52V1036C4-B 

SHARP 



32K x 36 Synchronous SRAM ADVANCE INFORMATION LH52V1036C4 

APPLICATION EXAMPLES 

DATA, PARITY I-----------~;._-------------

ADDRESS 
SHARP 

ADSC SYNCHRONOUS 
1----- SRAM 
t-----BWrBW4 

1-----0E 

t-----CE 

36 

POIS 

ADS1--~~~~-+--~._~~~~~~~~~~~~~--' 

CONTROLi--~~~~-+-~~~~~~~~~~~~~~~~~~~----

52V1036C4-9 

52V1036C4-10 

Figure 10. 256K Byte Secondary Cache with Parity and Burst 
for 66 MHz Pentium Microprocessor Using Two LH52V1036-7 Synchronous SRAMs 
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LH52V1036C4 ADVANCE INFORMATION 

ORDERING INFORMATION 

LH52V1036C4 
Device Type 

-## Speedy 7 
~g Access Time (ns) 

15 

Example: LH52V1036C4-7 (32K x 36 Syn 

3-194 

32K x 36 Synchronous SRAM 



Static RAM Cross Reference 

STATIC RAM CROSS REFERENCE 
ORGANIZATIONAL SHARP MODEL COMPETITIVE COMPETITIVE ACCESS TIME PACKAGE 

STRUCTURE VENDOR MODEL OPTIONS 

256x4 LH5101 Harris MWS5101 300 ns DIP 

Intel 2101 

Philips PCD5101 

1K x4 LH5114H AMO Am9114 150 ns DIP 

Harris MWS5114 

Intel 2114 

Philips PCD5114 

S-MOS SRM2114 

UMC UM6104 

2K x 8 w/CE, OE LH5116 AMO Am9128 100 ns DIP/SKDIP/SOP 

Harris CDM6116 

Hitachi HM6116A 

Hyundai HY6116 

Intel 5116 

MatraHMS HM6116 

Mosel MS6516 

S-MOS SRM2016 

SGS-Thomson MK6116 

Sony CXK5816 

Toshiba TC5516 

UMC UM6116 

2K x 8 w/CE1, CE2 LH5118 S-MOS SRM2018 100 ns DIP/SKDIP/SOP 

Toshiba TC5518 

32Kx 8 Slow LH51256 Oki MSM51256 100/120 ns DIP/SOP 

Quality QS83285 

Sony CXK58267 

Toshiba TC55258 

BK x 8 Slow LH5168 Fujitsu MB8464 80/100 ns DIP/SKDIP/SOP/TSOP(I) 

Harris CDM6264 

Hitachi HM6264A 

Hyundai HY6264 

Intel 5164 

Mitsubishi M5M5165 

Mosel MS6264L 

Motorola MCM60L64 

NEC uPD4464 

Oki MSM5165A 

S-MOS SRM2264 

Samsung KM6264 

SGS-Thomson IMS1630 

SGS-Thomson MK6264 

Sony CXK5864B 

Toshiba TC5563 

Toshiba TC5564 

Toshiba TC5565 

UMC UM6264 

SHARP 3-195 



Static RAM Cross Reference 

ORGANIZATIONAL SHARP MODEL COMPETITIVE COMPETITIVE ACCESS TIME PACKAGE 
STRUCTURE VENDOR MODEL OPTIONS 

8Kx8 Slow LH5268A Fujitsu MB8464 100ns DIP/SKDIP/SOP 

Harris CDM6264 

Hitachi HM6264A 

Hyundai HY6264 

Intel 5164 

Mitsubishi M5M5165 

Mosel MS6264L 

Motorola MCM60L64 

NEC uPD4464 

Oki MSM5165A 

S-MOS SRM2264 

Samsung KM6264 

SGS-Thomson IMS1630 

SGS-Thomson MK6264 

Sony CXK58648 

Toshiba TC5563 

Toshiba TC5564 

Toshiba TC5565 

UMC UM6264 

256K x 4 Fast LH521002 Cypress CY7C106 20/251'35 ns SOJ 

EDI EDl84256 

Hitachi HM624256 

IDT IDT71028 

Micron MT5C1005 

Mitsubishi M5M51004 

Motorola MCM6229 

National NMS1024X4 

NEC uPD431004 

Sony CXK541000 

128K x 8 Fast LH521007A/08 Cypress CY7C109 20/251'35 ns SOJ 

EDI EDl88128 

EDI EDl88130 

IDT IDT71024 

Micron MT5C1008 

Micron MT5C1009 

Motorola MCM6226 

National NMS1024X8 

Paradigm PDM41024 

Philips FCB61C1025 

Quality 08812880 

Sony CXK581020 

64K x 18 Fast LH521028 National NMS1024X18 20/251'35 ns PLCC 

3-196 SHARP 



Static RAM Cross Reference 

ORGANIZATIONAL 
SHARP MODEL COMPETITIVE COMPETITIVE ACCESS TIME PACKAGE 

STRUCTURE VENDOR MODEL OPTIONS 

32Kx BSlow LH52B256 Catalyst CAT71C256 7Q./100 ns DIP/SKDIP/SOP/TSOP(I) 

EDI EDl8832 

Fujitsu MB84256 

Harris CDM62256 

Hitachi HM62256 

Hyundai HY62C256 

IDT IDT71256 

Intel 51256SL 

ISSI IS61C256 

Mitsubishi M5M5255 

Mitsubishi M5M5256 

Mosel MS62256L 

Motorola MCM60L256A 

NEC uPD43256 

NEC uPD43257 

Oki MSM51257 

Panasonic MN44256 

Philips FCB61C257 

S-MOS SRM20256 

Semsung KM62256 

SGS-Thomson MK48256 

Sony CXK58257 

Toshiba TC55256 

Toshiba TC55257 

UMC UM62256 

64Kx4w/OE LH52253 Cypress CY7C195 2Q./25.'35 ns DIP/SOJ 

EDI EDl8466 

Hitachi HM6709 

IDT IDT61298 

MatraMHS HM65799 

Micron MT5C2565 

Motorola MCM6209 

Philips FCB61C253 

Toshiba TC55465 

32K xB Fast LH52258A Cypress CY7C199 2Q./25135.'45 ns DIP/SOJ 

EDI EDl8834 

Fujitsu MB5298 

Hitachi HM62832 

Hyundai HY63C256 

Inlet 51256 

ISSI IS61C256 

MatraMHS HM65756 

MatraMHS M65656 

Micron MT5C2568 

Motorola MCM6206 

National NMS256X8 

NEC uPD43258 

Panasonic MN44251 

Paradigm PDM41256 

Quality 0883280 

Semsung KM68257 

Sony CXK58258 

Toshiba TC55328 

VLSI VT62832 
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CHOOSING A SHARP STATIC RAM 

FAST 
SRAMS 

NO 

15to25ns 
*LH52V1002 (256K x 4) 
*LH52V1007(128K x B) 

~45 ns 

15to35ns 
LH52252A (64K x 4) 
LH52253 (64K x 4) 

LH5225BA (32K x B) 

LH521002 (256K x 4) 
*LH521002B (256K x 4) 

LH521007A (128K x 8) 
*LH521007B (128K x 8) 
LH521008 (128K x 8) 

LH521028 (64K x 18) 
*LH521028A (64K x 18) 

CACHE MEMORY 

*LH52V103682 (32K x 36) 
*LH52V1036C4 (32K x 36) 

NOTE: *PRODUCT IN DEVELOPMENT 

3-198 

START 

~70ns 

-40to +ss·c 
LH5116H (2K x B) 

LH5168H (BK x B) 
LH5168SHN (BK x B) 

LH51256 (32K x B) 

3.0VOLTS 
LH5116SN(2KxB) 

LH516BSHN(BKxB) 
LH516BST (BKx B) 
LH5168ZB (BK x B) 
LH5168Z9 (BK x B) 

*LH52256AS (32K x B) 

*LH52V1000 (128K x 8) 

*LH51V4000 (512 x 8) 

1µASTANOBY 
LH5101 (256b x 4) 

LH5114H (1Kx4) 

LH5116 (2K x B) 

LH516B (BK x B) 

LH51256 (32K x B) 

*LH514000 (12BK x B) 

5V 

NO 

SLOW 
SRAMS 

COMMODITY 
LH526BA-LL (BK x B) 
LH52B256-LL (32K x B) 
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MASK-PROGRAMMABLE ROMs 

Density Organization Page 

LH53259 256K 32K x8 4-1 

LH53515 512K 64Kx8 4-5 

LH53H0900 1M 128K x 8 4-9 

LH530800A 1M 128K x 8 4-13 

LH530800A-Y 1M 128K x 8 4-17 

LH531000B 1M 128K x 8 4-20 

LH532000B 2M 256K x 8/128K x 16 4-24 

LH532000B-S 2M 256K x 8/128K x 16 4-30 

LH532100B 2M 256K x 8 4-36 

LH53H4000 4M 512K x 8/256K x 16 
LH53H4100 512K x 8 4-40 

LH534KOO 4M 512K x 8 4-41 

LH534POO 4M 512K x 8/256K x 16 4-46 

LH534ROO 4M 512K x 8 4-51 

LH534000B 4M 512K x 8/256K x 16 4-56 

LH534000B-S 4M 512K x 8/256K x 16 4-62 

LH534100B 4M 512K x 8 4-68 

LH534500A 4M 512K x 8/256K x 16 4-73 

LH534600A 4M 512K x 8/256K x 16 4-79 

LH538POOA 8M 1M x 8/512K x 16 4-84 

LH538ROOA 8M 1M x 8 4-90 

LH538000-S 8M 1M x 8/512K x 16 4-95 

LH538300B 8M 1M x 8 4-101 

LH538500B 8M 1M x 8/512K x 16 4-106 

LH538600 8M 1M x 8/512K x 16 4-113 

LH5316500C 16M 2Mx8/1Mx16 4-120 

LH5316501 16M 2M x 8/1M x 16 4-126 

LH5332500 32M 4M x 8/2M x 16 4-131 



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, 10 x 1 O mm2 QFP 

• 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. 

PIN CONNECTIONS 

28-PINDIP TOP VIEW 
28-PINSOP 

1• Vee 

A12 2 A14 

A1 3 A1a 

4 Aa 
5 Ag 

6 A11 

Aa 7 OE/OE 

~ 8 A10 

A1 9 CE 

10 D1 

De 

D1 D5 

D2 13 D4 

GND 14 Da 

44-PIN QFP 

~ .t <; 008:!~00 ZZ><<ZZ 

NC 34 33 32 31 30 29 28 27 26 25 24 23 22 NC 

NC 

As 
A.. 

A1 

Ao 
NC 

NC 

Do 

35 21 Aa 
36 Ag 

37 A11 

38 OE/OE 

39 A10 

NC 

41 NC 

42 CE 

43 D1 

NC 

53259-1 

Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 
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LH53259 

a: 
w u. 

Aa u. 
:::> 
a:i 
Cl) 
Cl) 
w 
a: 
Cl 
Cl 
< 

- OE 
OE/OE (22J~--i BUFFER 

a: 
w 
Cl 
0 
0 
w 
Cl 
Cl) 
Cl) 
w 
a: 
Cl 
Cl 
< 

TIMING 
GENERATOR 

Vee GND 

NOTE: Pin numbers apply to the 28-pin DIP or 28-pin SOP. 

CMOS 256K Mask-Programmable ROM 

MEMORY 
MATRIX 

(32,768x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

53259-2 

Figure 2. LH53259 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

Ao- A14 Address input Vee Power supply (+5 V) 

Do- D7 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 
UH 

Operating 
H/L Selected Dour 

NOTE: 
1. X=HorL 

4-2 



CMOS 256K Mask-Programmable ROM LH53259 

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 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= 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 VoL loL = 1.6 mA 0.4 v 
Output 'High' voltage VoH loH = -400 µA 2.4 v 
Input leakage current llul V1N = O V to Vee 10 µA 

Output leakage current I ILO I Vour = 0 V to Vee 10 µA 1 

lcc1 !Re= 150 ns 20 
mA 2 

Operating current lcc2 tRc = 1 µs 15 

lcc3 !Re= 150 ns 15 
mA 3 

ICC4 !Re= 1 µs 10 

Standby current 
lss1 CE= V1H 2 mA 

lss2 CE= Vee - 0.2 V 15 µA 

NOTES: 
1. CE/OE = V1H or OE =VIL 
2. V1N = V1.,/VIL• CE = VIL• 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. TYP. MAX. UNIT NOTE 

Read cycle time !RC 150 ns 

Address access time !AA 150 ns 

Chip enable access time !ACE 150 ns 

Output enable time toE 10 80 ns 

Output hold time toH 5 ns 

CE to output in High-Z ICHZ 70 ns 
1 

OE to output in High-Z lOHz 70 ns 

NOTE: 
1. This is the time required for the output to become high impedance. 

SHARP 4-3 



LH53259 CMOS 256K Mask-Programmable ROM 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6Vto2.4 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 SYMBOL MIN. TYP. MAX. UNIT 

Input capacitance C1N 10 pF 

Output capacitance Cour 10 pF 

!Re 

Ao-A14 

IAA(NOTE) 

CE 

IAce(NOTE) le Hz 

OE 

OE 
loe(NOTE) foHz 

DATA VALID 

NOTE: Data becomes valid after the intervals tAA, !ACE• and toe from address 
inputs, chip enable and output enable, respectively have been met. 

Figure 3. Timing Diagram 

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) 

CMOS 256K (32K x 8) Mask Programmable ROM 

53259-3 

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, 10 x 10 mm2 QFP 

• JEDEC standard EPROM pinout (DIP) 

PIN CONNECTIONS 

32-PIN SOP 

1• Vee 

2 NC 

3 NC 

4 A,4 

5 A,3 

6 Aa 

7 Ag 

8 A,, 

9 OE/OE 

A10 

A, CE 

D1 

Do Ds 

D, Ds 

D2 D4 

D3 

TOP VIEW 

53515-1A 

Figure 1. Pin Connections for SOP Package 

SHARP 

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-PIN SOP 

Ao 

D, 

GND 

A15 1 • Yee 

A,2 2 A,4 

A1 3 A13 

Ag 4 Ag 

As 5 Ag 

A, 6 A,, 

A3 7 OE/OE 

Ai 8 21 A10 

A, 9 CE 

Ao 10 Dr 
Do 11 Ds 

D, 12 Ds 

D2 13 D4 

GND D3 

34 33 32 31 30 29 28 27 26 25 24 23 22 

35 

36 

37 

38 

39 

40 

41 

42 

43 

o o o o o o o o o olw 
<(zzzzi§zzzz~ 

0 

As 
Ag 

A1 

A,2 

A,s 

Yee 

A,4 

A,3 

Aa 

Ag 

A,, 

53515-1 

Figure 2. Pin Connections for DIP, SOP, 
and QFP Packages 
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LH53515 CMOS 512K Mask-Programmable ROM 

OE/OE l.22J---t 

a: 
w 
LL 
LL 
:;) 
<D 
Cf) 
Cf) 
w a: 
0 
0 
< 

CE 
BUFFER 

OE 
BUFFER 

a: 
w 
0 
0 
0 
w 
0 
Cf) 
Cf) 
w 
a: 
0 
0 
< 

TIMING 
GENERATOR 

'-----------(?B 14->---------<· 

Vee GND 

NOTE: Pin numbers apply to 28-pin DIP and SOP. 

MEMORY 
MATRIX 

(65,536x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

DATA SELECTOR 
OUTPUT BUFFER 

Figure 3. LH53515 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

Ao· Ats Address input OE/OE Output enable input 

Do-D1 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- Dr CURRENT CONSUMPTION NOTE 

H x 
Non selected High-Z 

Standby(lss) 1 

l UH 
Operating(lcc) 

H/l Selected Dour 
NOTE: 
1. X=HorL 

53515-2 

NOTE 

1 

SHARP 



CMOS 512K Mask-Programmable ROM LH53515 

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 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 = 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 VoL loL = 1.6 mA 0.4 v 
Output 'High' voltage VoH loH = -400 µA 2.4 v 
Input leakage current llul V1N = O V to Vee 10 µA 

Output leakage current I ILo I Vour = O V to Vee 10 µA 1 

lcc1 tRc = 150 ns 35 
mA 2 

Operating current lcc2 tRC = 1 µs 25 

lcc3 tRc = 150 ns 30 
mA 3 

ICC4 tRc = 1 µs 20 

Standby current 
lss1 CE= V1H 2 mA 

lss2 CE= Vee - 0.2 V 100 µA 

NOTES: 
1. OE= v,L or CE/OE= v,H 
2. V1N = V1f-IV1L, 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 CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRc 150 ns 

Address access time IM 150 ns 

Chip enable access time !ACE 150 ns 

Output enable time toE 10 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 1 

NOTE: 
1. This is the time required for the output to become high-impedance. 

SHARP 4-7 



LH53515 CMOS 512K Mask-Programmable ROM 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6Vto2.4 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= 5 v ±10%, f = 1 MHz, TA= 25°C) 

PARAMETER 

Input capacitance 

Output capacitance 

CE 

OE 

OE 

SYMBOL MIN. 

C1N 

Gour 

~If" 
____/I\. 

~ 

TYP. MAX. UNIT 

10 pF 

10 pF 

If" 
\. 

!AA (NOTE) 

j 
IAcE(NOTE) lcHz 

\ 
.JI\. ../\. 

loE (NOTE) loHz 

.LL.Lr DATA VALIDID' U...i 
loH J 

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 

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, 10 x 10 mm2 QFP (QFP44-P-1010) 
Z 32-pin, 525-mil SOP (SOP32-P-525) 

CMOS 512K (64K x 8) Mask Programmable ROM 

53515-3 

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 LH53H0900 CMOS 1 M {128K x 8) Mask-Programmable ROM 

FEATURES 

• 131 ,072 x 8 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: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 

• JEDEC standard EPROM pinout (DIP) 

SHARP 

DESCRIPTION 

The LH53H0900 is a high speed mask-programma­
ble ROM organized as 131,072x8 bits (1,048,576 bits). 
It is fabricated using silicon-gate CMOS process tech­
nology. 

PIN CONNECTIONS 

32·PIN DIP TOP VIEW 
32-PIN SOP 

NC 1• Vee 

A15 2 31 NC 

A1s 3 NC 

A12 4 A14 

A1 5 28 A13 

Ae 6 Aa 

As 7 26 Ag 

A4 8 25 A11 

A3 9 24 OE 

A2 23 A10 

A1 11 22 cs 
A,, 21 D1 

Do 20 Da 

D1 19 Ds 

D2 18 D4 

GND 17 D3 

53H090Q..1 

Figure 1. Pin Connections for DIP and 
SOP Packages 
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LH53H0900 

A13 

A12 a: 
w 

A11 u.. u.. 
:::> 
cc 
Cll 
Cll w 
a: 

A1 a a 
Ae <( 

cs (22)-----o-I 

OE 41)------t OE 
BUFFER 

PIN DESCRIPTION 

SIGNAL PIN NAME 

Ao-A1s Address input 

Do-D1 Data output 

cs Chip Select input 

TRUTH TABLE 

cs OE MODE 

H x Non selected 

L H Non selected 

L L Selected 

NOTE: 
1. X=HorL 

4-10 

PRELIMINARY CMOS 1 M Mask-Programmable ROM 

a: w 
a 
0 
0 w 
a 
Cll 
Cll w 
a: 
a a 
<( 

TIMING 
GENERATOR 

Vee GND 

MEMORY 
MATRIX 

(131,072 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Figure 2. LH53H0900 Block Diagram 

SIGNAL PIN NAME 

OE Output Enable input 

Vee Power supply (+5 V) 

GND Ground 

Do- Dr SUPPLY CURRENT NOTE 

High-Z Standby (lss) 1 

High-Z Operating (Ice) 

DouT Operating (Ice) 

53H0900-2 

SHARP 



CMOS 1 M Mask-Programmable ROM PRELIMINARY LH53H0900 

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 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= 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 VOL loL = 3.2 mA 0.4 v 
Output 'High' voltage VOH loH = -1.0 mA 2.4 v 
Input leakage current I lu I V1N = O V or Vee 10 µA 

Output leakage current llLO I Vour = O V or Vee 10 µA 1 

Operating current 
lcc1 tRe = 55 ns 120 mA 2 

lcc2 tRe = 55 ns 110 mA 3 

Standby current lse CS= V1H 80 mA 

NOTES: 
1. ~Ol:=V1H 
2. V1N = V1f'IV1L• OS= V1L• outputs open 
3. V1N = (V cc - 0.2 V), 0.2 V. OS = 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 tRe 55 ns 

Address access time IAA 55 ns 

Chip select time !ACS 55 ns 

Output enable time toE 25 ns 

Output hold time toH 0 ns 

CE to output in High-Z teHZ 25 ns 
1 

OE to output in High-Z IQHz 25 ns 

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 1.5 v 
Output load condition 1TTL+30pF 
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LH53H0900 PRELIMINARY CMOS 1 M Mask-Programmable ROM 

CAPACITANCE (Vee= 5 v ±10%, f = 1 MHz, TA= 25°C) 
PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Input capacitance CrN 10 pF 

Output capacitance Coor 10 pF 

CAUTION 

To stablize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vee pin and the GND pin. 

~ '{ 
__J~ _jf\ 

~(NOTE) 

cs f 
\\cs(NOTE) 

l 
/ 

foe (NOTE) 

.LLL DATA VALID U..i 
foH 

NOTE: Data becomes valid after the intervals ~. tAcs• and foe from address 
input and output enable input respectively, have been met. 

ORDERING INFORMATION 

LH53H0900 
Device Type 

x 
Package 

Figure 3. Timing Diagram 

-## 
Speed 

L_ 55 Access Time (ns) 

tcttz 

foHz 

~~ 
LLJ 

D 32-pin, 600-mil DIP (DIP32-P-600) 
~------< N 32-pin, 525-mil SOP (SOP32-P-525) 

~------------ CMOS 1M(128Kx8) Mask Programmable ROM 

Example: LH53H0900D-55 (CMOS 1M (128K x 8) Mask Programmable ROM, 55 ns, 32-pin, 600-mil DIP) 
53H<J900.4 
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LH530800A 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.) 

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. 

PIN CONNECTIONS 

32-PINDIP TOP VIEW 

32-PINSOP 
NC 1• Vee 

A,e 2 31 NC 

A,5 3 NC 

A,2 4 A,4 

A, 5 A,3 

Ae 6 Ae 
As 7 Ag 

A. 8 An 

A3 9 OE/OE 
,.,,_ 

A10 

CE/CE 

Ao 12 21 D1 

Do 13 De 

D, 14 D5 

D2 15 D4 

GND 16 D3 

44-PINQFP 
c 

od'C'od't!i ~C'od'..? 

CE/CE 
34 33 32 31 30 29 28 27 26 25 24 23 22 A, 

A,o 35 ,.,,_ 

OE/OE 36 Aa 
37 NC 

38 NC 

39 NC 

NC 40 NC 

NC 41 NC 

NC 42 NC 

An 43 A. 
As 

..f "' .. 0 0 ~\!!~~.(..[ .[.[ z~ Cl<<< 

530800-1 

Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 
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LH530800A CMOS 1 M Mask-Programmable ROM 

A1a 

a: 
w 
u. 
u. 
::> m 
Ul 
Ul w 
a: 
0 
0 
< 

CE/CE~--~ 

OE 
OE/OE ~4}--~ BUFFER 

a: w 
0 
0 u w 
0 
Ul 

ffi 
a: 
0 
0 
< 

TIMING 
GENERATOR 

MEMORY 
MATRIX 

(131,072x8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

l..-~~~~~~~--o0-~16;\--~~~--f 

NOTE: Pin numbers apply to the 32-pln 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-Dr 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- D7 SUPPLY CURRENT NOTE 

LJH x Non selected High-Z Standby (lse) 1 

H/l LJH Non selected High-Z Operating (Ice) 

H/L H/L Selected Dour Operating (Ice) 

NOTE: 
1. X=HorL 
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CMOS 1 M Mask-Programmable ROM LH530800A 

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 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= 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 VoL loL = 1.6 mA 0.4 v 
Output 'High' voltage VoH loH = -400 µA 2.4 v 
Input leakage current I lu I V1N = 0 V to Vee 10 µA 

Output leakage current I ILO I Vour = O V to Vee 10 µA 1 

lcc1 IRC = 150 ns 35 
mA 2 

Operating current lcc2 !RC= 1 µs 25 

lcc3 IRC = 150 ns 30 
mA 3 

ICC4 !Re= 1 µs 20 

lss1 CE = V1L, CE = V1H 2 mA 
Standby current 

lss2 
CE= Vcc-0.2 V, 100 µA CE= 0.2 V 

NOTES: 
1. er/OE = V1H or CE/OE = V1L 
2. V1N = V1f'iYIL• CE = VIL• CE = VIH• 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 lRC 150 ns 

Address access time IAA 150 ns 

Chip enable time IACE 150 ns 

Output enable time toE 10 80 ns 

Output hold time IOH 5 ns 

CE to output in High-Z lCHZ 70 ns 
1 

OE to output in High-Z lOHZ 70 ns 

NOTE: 
1. This is the time required for the output to become high-impedance. 
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LH530800A CMOS 1 M Mask-Programmable ROM 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 Vto2.4 V 

Input rise/fall time 10ns 

Input reference level 1.SV 

Output reference level 0.8 V and 2.2 V 

Output load condition 11TL+100pF 

CAPACITANCE {Vee= 5 v ±100.k, f = 1 MHz, TA= 25°C) 

PARAMETER 

Input capacitance 

Output capacitance 

CE 

CE 

OE 

OE 

SYMBOL 

C1N 

Coor 

~ 
_) 

=t 

MIN. TYR MAX. 

10 

10 

~(NOTE) 

IACe(NOTE) 

.J 

loe (NOTE) 

LILT 
TI::S::k. 

NOTE: Data becomes valid after tAA, !ACE• and toe from address 
input, chip enable and output enable, respectively have been met. 

.J 

Figure 3. Timing Diagram 

ORDERING INFORMATION 

LH530800A 
Device Type 

x 
Package 

-## 
Speed 

UNIT 

pF 

pF 

.J 

1cHz 

'I 

loHZ 

DATA VALID I.D 
I..I.. 

loH 

L_ 15 150 Access Time (ns) 

D 32-pin, 600-mil DIP (DIP32-P·600) 
~--------< M 44-pin, 10 x 10 mm2 QFP (QFP44·P·1010) 

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

~------------ CMOS 1 M (128K x 8) Mask Programmable ROM 

Example: LH530800AD·15 (CMOS 1M (128K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 
530800-6 
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LH530800A-V 
FEATURES 

• 131,072 x 8 bit organization 

• Access time: 

500 ns (MAX.) at 2.6 V ~Vee< 4.5 V 

150 ns (MAX.) at 4.5 V ~Vee< 5.5 V 

• Low-power consumption: 
Operating: 193 mW (MAX.) 

Standby: 550 µW (MAX.) 

• Fully-static operation 

• Three-state outputs 

• Mask-programmable control pin: 
Pin 24 = OE/OE 

• Wide range power supply: 
2.6 V to 5.5 V 

• Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 

44-pin, 10 x 10 mm2 QFP 

DESCRIPTION 

The LH530800A-Y is a 1 M-bit mask-programmable 
ROM organized as 131,072 x 8 bits. It is fabricated 
using silicon-gate CMOS process technology. 

SHARP 

PRELIMINARY 
CMOS 1M {128K x 8) 

Mask-Programmable ROM 

PIN CONNECTIONS 

32-PIN DIP 
32-PIN SOP 

TOP VIEW 

Vee 

NC 

NC 

A,4 

A13 

As 

Ag 

A,, 

OE/OE 

A10 

CE/CE 

07 

Os 

05 

04 

03 

44-PIN QFP 
0 

0 d° Q Q CJ(<) f5 ~ ClN er c3 .f 

CE/CE 

A10 35 

OE/OE 36 

NC 37 

NC 38 

NC 39 

NC 40 

NC 41 

NC 42 

A,, 43 

A, 

A2 

As 

NC 

NC 

NC 

NC 

NC 

NC 

530800A~ Y ~ 1 

Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 
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LH530800A-Y 

a: 
A10 w 

LL 
LL 
::::> 
al 
rn 
rn 

A1 w a: 
Ae D 

D 
As < 

CE 111---__, 

OE 
OE/OE 3sr-----t BUFFER 

PIN DESCRIPTION 

SIGNAL PIN NAME 

Ao - A1s Address input 

Do· D7 Data Output 

CE Chip enable input 

OE/OE Output enable input 

NOTE: 

a: 
w 
D 
0 
0 w 
D 
rn 
rn w 
a: 
D 
D 
< 

TIMING 
GENERATOR 

Vee 

CMOS 1 M Mask-Programmable ROM 

MEMORY 
MATRIX 

(131,072 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

0 0 0 1 0 2 03 0 4 0 5 0 6 0 7 

Figure 2. LH530800A-Y Block Diagram 

NOTE SIGNAL PIN NAME NOTE 

Vee Power supply 

GND Ground 

NC Non connection 

1 

1. Active levels of OE/OE are mask-programmable. 

TRUTH TABLE 

CE OE/OE Do· D7 SUPPLY CURRENT NOTE 

H x High-Z Standby (lss) 1 
L UH High-Z Operating (Ice) 

L H/L Dour Operating (Ice) 

NOTE: 
1. X=HorL 
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CMOS 1 M Mask-Programmable ROM LH530800A-Y 

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 oc 
Storage temperature Tstg -65 to+150 oc 

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

Supply voltage Vee 2.6 5.5 v 

DC CHARACTERISTICS (Vee= 2.6 v to 5.5 v, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS 

Input 'Low' voltage V1L 
Input 'High' voltage V1H 

Output 'Low' voltage VoL loL = 400 µA 

Output 'High' voltage VoH loH = -100 µA 

Input leakage current llu I V1N = o V to Vee 

Output leakage 
I ILO I Vour = o V to Vee current 

lcc1 IRC = 150 ns 
Operating current lcc2 tRc = 500 ns 

Ices tRc = 500 ns 

Standby current lss1 CE= V1H 

lss2 CE = Vee - 0.2 v 
Input capacitance C1N 

f = 1 MHz, IA = 25°C 
Output capacitance Gour 

NOTES: 
1. CE/OE = VIH• OE = VIL• outputs open 
2. 4.5V,;Vcc :S:5.5V 
3. 3.4V<Vcc<4.5V 
4. 2.6 V,; Vee,; 3.4 V 

ORDERING INFORMATION 

LH530800A-Y 
Device Type 

x 
Package 

- ## 
Speed 

MIN. TYP. 

-0.3 

O.BxVcc 

O.BxVcc 

MAX. 

0.4 

Vcc+0.3 

0.4 

10 

10 

35 

18 

12 

2 

100 

10 

10 

L__ 50 500 Access Time (ns) 

UNIT 

v 
v 
v 
v 

µA 

µA 

mA 

mA 

mA 

mA 

µA 

pF 

pF 

D 32-pin, 600-mil DIP (DIP32-P-600) 
~-------< M 44-pin, 10 x 10 mm2 QFP (QFP44-P-1010) 

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

~------------- CMOS 1 M (128K x 8) Mask-Programmable ROM 

NOTE 

1 

2 

3 

4 

Example: LH530800A-YD-50 (CMOS 1M(128Kx8) Mask-Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 
530800A-Y-3 
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LH531000B CMOS 1 M (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 

4-20 

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-PIN DIP 
28·PINSOP 

A,s 

A,2 

A, 

Ao 

A, 

1• 

2 

3 

4 

5 

6 

TOP VIEW 

Vee 
A,, 

A,a 

Ao 
Ag 

A,, 

A10 

CE iCEioE/OE 
0, 

5310008-1 

Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 



CMOS 1 M Mask-Programmable ROM LH531000B 

MEMORY 
a: MATRIX a: w (131,072 x 8) w 0 LL 

LL 0 
::> 0 
ID w 
en 0 
en en w en 
a: w 
0 a: 
0 0 
<( 0 

<( COLUMN SELECTOR 

Aa 

~ 

SENSE AMPLIFIER 

CE/CE/ TIMING 
OE/OE GENERATOR 

L----------f28)--(114~----f1 

NOTE: Pin numbers apply to the 28-pln DIP. Vee GND 
531000B-2 

Figure 2. LH531000B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

Ao-A1s Address input Vee Power supply (+5 V) 

Do-D1 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) CE/CE OE/OE MODE Do· Dr SUPPLY CURRENT 
or PIN 34 (QFP) 

CE type 
H/L - Selected Dour Operating (ICC) 

LJH - Non selected High-Z Standby (lse) 

OE type 
- H/L Selected Dour 

Operating (ICC) 
- LJH Non selected High-Z 
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LH531000B CMOS 1 M Mask-Programmable ROM 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNrr 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. UNrr 

Supply voltage Vee 4.5 5.0 5.5 v 

DC CHARACTERISTICS (Vee= 5 v ±100k, TA= 0 to +70°C} 

PARAMETER SYMBOL CONDrrlONS MIN. TYP. MAX. UNrr 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 I ILil V1N = 0 v to Vee 10 µA 

Output leakage current I ILOI Vour = O V to Vee 10 µA 1 

lee1 tRc = 150 ns 35 
mA 2 

Operating current lee2 tRc=1µs 25 

ICC3 tRc = 150 ns 30 
mA 3 

ICC4 tRc=1µs 20 

Standby current 
lsa1 CE = V1H, CE = V1L 2 mA 

4 
lsa2 CE= Vee - 0.2 V, CE= 0.2 V 100 µA 

NOTES: 
1. CE/OE= VIL•~= V1H 
2. V1N = V1tfll11_, CE = VIH• CE= V1L (CE type), outpu1S 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 

AC CHARACTERISTICS (Vee= 5 v ±100k, TA= 0 to +70°C} 

PARAMETER SYMBOL CONDrrlONS MIN. TYP. MAX. UNrr NOTE 

Read cycle time tRc 150 ns 

Address access time tAA 150 ns 

Chip enable access time !ACE CE type 150 ns 

Output enable time toe OE type 10 80 ns 

Output hold time tOH 5 ns 

CE to output in High-Z tcHZ CE type 70 ns 
1 

OE to output in High-Z loHZ OE type 70 ns 

NOTE: 
1. This Is the time required for the output to become high-impedance. 
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CMOS 1 M Mask-Programmable ROM LH531000B 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6Vto 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 

CE 

OE 

OE 

SYMBOL 

C1N 

Gour 

~ 
__/ 

MIN. TYP. MAX. 

10 

10 

IAA(NOTE) 

IAce(NOTE) 

t loe(NOTE) 

UNIT 

pF 

pF 

_/I\ 

v 
~ 

-EH DATA VALID 

NOTE: Data becomes valid after !AA, !ACE• and toe from address 
in ut, ch" enable, and ou ut enable, res ective have been met. 

ORDERING INFORMATION 

LH531000B 
Device Type 

x 
Package 

Figure 3. Timing Diagram 

-## 
Speed 

loH 

lcHz 

loHz 

rr 

L_ 15 150 Access Time (ns) 

(CE TYPE) 

(OE TYPE) 

D 28-pin, 600-mil DIP (DIP28-P·600) 
~-------<lNM 28-pin, 450-mil SOP (SOP28-P-450) 

44-pin, 14x14 mm2 QFP (QFP44-P-1414) 

~------------ CMOS 1M(128Kx8) Mask Programmable ROM 

5310008-3 

Example: LH531000BD-15(CMOS1M (128K x 8) Mask Programmable ROM, 150 ns, 28-pin, 600-mil DIP) 
531000El-7 

4-23 



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: 120/150 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 

4-24 

CMOS 2M (256K x 8/128K x 16) 
Mask-Programmable ROM 

• Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 

48-pin, 12 x 18 mm2 TSOP (Type I) 

44-pin, 14 x 14 mm2 QFP 

44-pin, 10 x 10 mm2 QFP 

• x16 word-wide pinout 

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. 



CMOS 2M Mask-Programmable ROM 

PIN CONNECTIONS 

40-PIN DIP 
40-PIN SOP 

44-PIN QFP 

A,2 

A,, 
A,o 
Ag 

Ag 

OE1/0E1/0C 

A1 

As 
As 
A. 
As 

OE1/0E1/DC 1• 

A, 2 

Ag 3 

Ao 4 

~ 5 

Ag 6 

A. 7 

A, 

Ao 9 

CE 

GND 

OE/OE 

Do 

Ds 

D, 

Ilg 

D• 

D,. 

D3 
D,, 

TOP VIEW 

Ag 

Ag 

A,o 
A,, 

A,2 

A,3 

A,. 

A,s 

A,e 
BYTE 

GND 

D,sfA.1 (LSB) 

0., 

D,. 

Ds 

D,. 

Ds 

D,2 

D. 

Vee 

D,. 
Os 
D,. 
04 

Vee 
GNO 

o,, 
03 

o,. 
D2 

Dg 

532000B-1 

Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 

LH532000B 

48-PIN TSOP (TYPE I) TOP VIEW 

BYTE 1• 48 GND 

A16 2 47 GND 

A1s 3 46 D1sfA.1 

A14 4 45 ~ 

A13 5 44 014 

A12 6 43 05 

A11 7 42 013 

A1o 8 41 05 

As 9 40 D12 

As 39 04 

NC 38 Vee 

GND 37 Vee 

NC 36 GND 

NC 35 D11 

OE10E1/DC 34 03 

Ar 33 010 

As 32 D2 

As 31 De 

~ 30 D1 

A3 29 Da 

~ 28 Do 

A1 27 OE/OE 

Ao 26 GND 

CE 25 GND 

5320008-5 

Figure 2. Pin Connections for TSOP Package 
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LH5320008 CMOS 2M Mask-Programmable ROM 

As 
A. 
Aa ,,,, 
A, 

~ 

OE1/0E1/DC 

OE/OE 

BYTE 

OE 
BUFFER 

BYTE/WORD 
SWITCHOVER 

CIRCUIT 

NOTE: Pin numbers apply to the 40-pin DIP 

a: 
w 
0 
0 
0 
w 
0 
C/l 
C/l 
w 
a: 
0 
0 
<( 

TIMING 
GENERATOR 

A., 

MEMORY 
MATRIX 

(262,144 x 8) 
(131,072 x 16) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Vee GND 

Figure 3. LH532000B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL 

a: 
w 
lL 
lL 
:::> 
al 
I-
:::> a. 
I-
:::> 
Q 
a: 
12 
0 
w _, 
w 
C/l 

~ 

PIN NAME 

A-1 Address input (BYTE mode) 1 
OE1/0E1/DC 

Output enable input or 

Ao -A15 Address input Don't care 

Do - D1s Data output BYTE BYTE/WORD switch 

CE Chip enable input Vee Power supply (+5 V) 

OE/OE Output enable input 2 GND Ground 

NOTES: 
1. D1sfA.1 pin becomes LSB address input (A.,) when the bit configuration is set in byte mode, 

and data output (015) when in word mode. BYTE input pin selects bit configuration. 
2. The active levels of OE/OE and OE,IOE1/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. 
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CMOS 2M Mask-Programmable ROM LH532000B 

TRUTH TABLE 

CE OE/OE OE1/0E1 BYTE A.t MODE Do- Dr Da- Dts SUPPLY CURRENT 

H x x x x Non selected High-Z Standby (lse) 

L UH x x x Non selected High-Z Operating (Ice) 

L x LJH x x Non selected High-Z Operating (Ice) 

L H/L H/L H Inhibit Word Do-07 De- D15 Operating (Ice) 

L H/L H/L L L Byte Do-07 High-Z Operating (Ice) 

L H/L H/L L H Byte De- D15 High-Z 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 -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= 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 I ILil V1N = O V to Vee 10 µA 

Output leakage current I ILOI Vour = O V to Vee 10 µA 1 

lee1 tRc = tRc (MIN.) 50 
mA 2 

Operating current lee2 tRc=1µs 45 

lee3 tRc = tRc (MIN.) 45 
mA 3 

ICC4 tRC = 1 µs 40 

Standby current 
lse1 CE= V1H 3 mA 

lse2 CE= Vee - 0.2 V 100 µA 

NOTES: 
1. OE/OE1= VIL• CEIOEIOE1= Vitt 
2. V1N = V1tlV1L• CE= VIL• outputs open 
3. V1N = (V cc - 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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LH532000B CMOS 2M Mask-Programmable ROM 

AC CHARACTERISTICS {Vee= 5 v ±100k, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. MAX. MIN. 

Read cycle time tRC 120 150 

Address access time t.v. 120 

Chip enable access time lAcE 120 

Output enable delay time toe 55 10 

Output hold time loH 5 10 

CE to output in High-Z tCHz 55 

OE to output in High-Z loHz 55 

NOTE: 
1. This is the time required for the output to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6Vto2.4 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= 5 v ±100k, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

SYMBOL 

C1N 

Cour 

(NOT 
A·1·A1e 

E2) 
~Ir 

!Ao·A111l __J~ 

(NOT 
Do· °'7 

E2) 

MIN. TYP. MAX. 

10 

10 

tAA(NOTE 1) 

l ~CE 

t !oe(NOTE 1) 

UNIT 

pF 

pF 

MAX. 

150 

150 

70 

70 

70 

.[ 
J 

(Do ·D15) 
LL.L 
U .. H .. DATA VALID 

loH 

NOTES: 
1. Dala becomes valid after~. ~CE• 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 4. Timing Diagram 
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UNIT NOTE 

ns 

ns 

ns 

ns 

ns 

ns 
1 

ns 

fcHZ 

loHz 

:::s::::s:: 
_j__j_ 

5320008-3 
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CMOS 2M Mask-Programmable ROM 

ORDERING INFORMATION 

LH5320008 
Device Type 

x 
Package 

-## 
Speed 

Y ~~ ~~g Access Time (ns) 

D 40-pin, 600-mil DIP (DIP40-P-600) 
M 44-pin, 14x14 mm2 QFP (QFP44-P-1414) 

'-----------< N 40-pin, 525-mil SOP (SOP40-P-525) 

LH532000B 

T 48-pin, 12 x 18 mm2 TSOP (Type I) (TSOP48-P-1218) 
Z 44-pin, 10 x 10 mm2 QFP (QFP44-P-1010) 

~------------ CMOS 2M (256K x 8 or 128K x 16) Mask Programmable ROM 

Example: LH532000BD-15 (CMOS 2M (256K x 8or128K x 16) Mask Programmable ROM, 
150 ns, 28-pin, 600-mil DIP) 
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LH532000B-S 
FEATURES 

• Low-power supply: 
2.6 to 5.5 V 

• 262,144 x 8 bit organization 
(Byte mode) 

131,072 x 16 bit organization 
(Word mode) 

• Access time: 
500 ns (MAX.) at 2.6 V ~ Vee < 4.5 V 
150 ns (MAX.) at 4.5 V ~Vee~ 5.5 V 

• Static operation 

• Three-state outputs 

PRELIMINARY 
CMOS 2M (256K x 8/128K x 16) 

3 V-Drive Mask-Programmable ROM 

• Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 1 o x 1 o mm2 QFP 
44-pin, 14 x 14 mm2 QFP 
48-pin, 12 x 18 mm2 TSOP (Type I) 

DESCRIPTION 

The LH532000B-S is a CMOS 4M-bit mask-program­
mable ROM organized as 262, 144 x 8 bits (Byte mode) 
or 131,072 x 16 bits (Word mode) that can be selected 
by BYTE input pin. 

It is suited for use in compact battery back-up sys­
tems due to be operated on 3 V power supply. 



CMOS 2M Mask-Programmable ROM PRELIMINARY LH532000B-S 

PIN CONNECTIONS 

40-PIN DIP 
40-PIN SOP 

44-PIN QFP 

Ag 

Ag 

OE1/0E1/DC 

A, 

Ag 

As 
A, 

A3 

OE1/0E1/DC 

A, 

Ag 

As 
A, 

As 
A, 

A, 

Ao 
CE 

OE/OE 

Do 

Da 

o, 
De 

D2 

D10 

03 

D,, 

1 • 

2 

4 

7 

11 

12 

13 

14 

16 

17 

TOP VIEW 

Ag 

Ag 

A10 

A,, 

A,2 

A,3 

A,4 

A,. 

A,. 

31 BYTE 

GND 

D,sfA1 (LSB) 

D7 

D,. 

o. 
D,3 

Ds 

012 

04 

21 Vee 

53200065-1 

Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 

SHARP 

48-PIN TSOP (TYPE I) 

BYTE 1 • 

A1s 2 

A1s 3 

A14 4 

A13 5 

A12 6 

A11 7 

A10 8 

A9 9 

A8 10 

NC 11 

GND 12 

NC 13 

NC 14 

OE10E1/DC 15 

A7 16 

Au 17 

As 18 

A,. 
A3 

~ 21 

A1 22 

Ao 23 

CE 

TOP VIEW 

GND 

GND 

D1sfA.1 

D1 

D14 

Ds 

D13 

Ds 

D12 

D4 

Vee 

Vee 

36 GND 

D11 

D3 

D1o 

D2 

De 

D1 

De 

Do 

OE/OE 

GND 

25 GND 

53200085-2 

Figure 2. Pin Connections for TSOP Package 
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LH532000B·S PRELIMINARY CMOS 2M Mask-Programmable ROM 

a: 
w 
LL 
LL 
::i 
ID 
Cl) 
Cl) 

A, w 
a: 

As Cl 
Cl 

As <( 

A4 

CE 
CE 10>-----. BUFFER 

OE 
0E1'0E1/DC 1 ,__ _ __, BUFFER 

a: w 
Cl 
0 
(.) 
w 
Cl 
Cl) 
Cl) 
w 
a: 
Cl 
Cl 
<( 

TIMING 
GENERATOR 

ADDRESS 
BUFFER 

MEMORY 
MATRIX 

(262,144 x 8) 
(131,072 x 16) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

DATA SELECTOR/OUTPUT BUFFER 

NOTE: Pin numbers apply to the 40-pin DIP and SOP. 

Figure 3. LH532000B-S Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

A.1 -A1s Address input OE/OE Output enable input 

Do - D1s Data output OE1/0E1/DC Output enable input 

BYTE Byte/word switch 1 Vee Power supply 

CE Chip enable input 2 GND Ground 

NOTES: 

53200085-3 

NOTE 

2 

2 

1. The D1sfA..1 pin becomes LSB address input (A..1) when the BYTE pin is set to be LOW in byte mode, and data output (015) when set to 
be HIGH in word mode. 

2. Active levels of OE/OE and OE1/0E1/DC are mask-programmable. 
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CMOS 2M Mask-Programmable ROM PRELIMINARY LH532000B-S 

TRUTH TABLE 

CE OE/OE OE1/0E1 BYTE A-1 DATA OUTPUT ADDRESS INPUT 

(Dts) 
SUPPLY CURRENT 

Do. Dr De· D1s LSB MSB 

H x x x x High-Z High-Z - - Standby 

L UH x x x High-Z High-Z - - Operating 

L x UH x x High-Z High-Z - - Operating 

L H/L H/L H - Do· D1 De· D1s Ao A1s Operating 

L H/L H/L L L Do· D1 High-Z A-1 A1s Operating 

L H/L H/L L H De· D1s High-Z A-1 A15 Operating 

NOTE: 
X = Don't care, High·Z = High-impedance 

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 VouT -0.3 to Vee+ 0.3 v 
Operating temperature Topr Oto+70 oc 
Storage temperature Tstg -65 to +150 oc 

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 2.6 5.5 v 

DC CHARACTERISTICS {Vee= 2.6 to 5.5 v, TA= 0 to +70°C) 

PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT NOTE 

Input 'High' voltage V1H 0.8Vee Vee + 0.3 v 
Input 'Low' voltage V1L -0.3 0.4 v 
Output 'High' voltage VoH loH = -100 µA 0.8Vee v 
Output 'Low' voltage VoL loL = 400 µA 0.4 v 
Input leakage current I lu I V1N = O V to Vee 10 µA 

Output leakage current I ILOI Vour = 0 V to Vee 10 µA 1 

lee1 tRe = 150 ns 50 mA 2 

Operating current lee2 tRe = 500 ns 35 mA 3 

lee3 tRe = 500 ns 15 mA 4 

Standby current 
lss1 CE= V1H 3 mA 

lsB2 CE= Vee - 0.2 v 100 µA 

Input capacitance C1N 
f = 1 MHz, TA= +25°C 

10 pF 

Output capacitance Cour 10 pF 

NOTES: 
1. CE, OE, OE1 = V1H, OE, OE1 = VIL• outputs open 

2. 4.SVSVccSS.SV 
3. 3.4V<Vcc<4.5V 

4. 2.6 Vs Vee s 3.4 V 
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LH532000B-S PRELIMINARY CMOS 2M Mask-Programmable ROM 

AC CHARACTERISTICS (Vee= 2.6 to 5.5 v, TA= 0 to +70°C) 

PARAMETER SYMBOL 
2.6 s Vee < 4.5 4.5 s Vee s 5.5 

MIN. MAX. 

Read cycle time !Re 500 

Address access time tAA 500 

Chip enable time tACE 500 

Output enable time loE 150 

Output hold time loH 10 

CE to output in High-Z lcHZ 150 

OE to output in High-Z toHz 150 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.4 to (0.8 x Vee) V 

Input rise/fall time 10 ns 

Input/output reference level 1.5V 

Output load condition 1TIL+100pF 

~ (NOTE 
A-1-A1e 

(Ao-A1el ____/ 

tAA(NOTE 1) 

l ~CE 

t loE(NOTE 1) 

NOTES: 

(NOT 
Do-D7 

(Do - D1sl 

E2) 

1. Data becomes valid after tAA• ~CE• and toE from address 
input, chip enable or output enable, respectively have been met. 

LLLY 
\:.S::.S: 

2. Applied to byte mode. Signals in parentheses apply to word mode. 

MIN. 

150 

10 

j 

' .J 

DATA VALID 

loH 

Figure 4. Timing Diagram 
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MAX. 

150 

150 

80 

80 

80 

lc:HZ 

loHZ 

~~ 
ll 

UNrT NOTE 

ns 

ns 

ns 

ns 

ns 

ns 
1 

ns 



CMOS 2M Mask-Programmable ROM PRELIMINARY LH532000B-S 

ORDERING INFORMATION 

LH532000B-S 
Device Type 

x 
Package 

-## 
Speed 

L 50 500 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) 
T 48-pin, 12 x 18 mm2 TSOP (TSOP48-P-1218: Type I) 
Z 44-pin, 10 x 10 mm2 QFP (QFP44-P-1010) 

CMOS 2M (256K x 8 or 128K x 16) Mask-Programmable ROM 

Example: LH532000B-SD-50 CMOS 2M (256K x 8 or 128K x 16) Mask-Programmable ROM, 
150 ns, 40-pin, 600-mil DIP) 532000BS-6 
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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 
32-pin, 8 x 20 mm2 TSOP (Type II) 

• JEDEC standard EPROM pinout (DIP) 

4-36 

DESCRIPTION 

The LH532100B is a mask-programmable ROM 
organized as 262, 144 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 

PIN CONNECTIONS 

32·PINDIP TOP VIEW 
32-PINSOP 

OEifOEifOC 1 • Vee 

A1e 2 31 NC 

A1s 3 A17 

A12 4 A14 

A7 5 A1a 

As 6 As 
As 7 As 
~ 8 A11 

Aa 9 OE/OE 

~ A1o 

CE 

Ao 12 D7 

Do 13 De 

D1 14 Ds 

D2 15 D4 

GND 16 Da 

5321008·1 

Figure 1. Pin Connections for DIP and 
SOP Packages 



CMOS 2M Mask-Programmable ROM 

a: 
w u. 

A10 u. 
::::> 

A,, CJl 
Cl) 

Aa Cl) 
w 
a: 
0 
0 
<( 

OE/OE ~4J----t OE 
OE1/0E1/DC 1 BUFFER 

a: 
w 
0 
0 
u w 
0 
Cl) 
Cl) 
w 
a: 
0 
0 
<( 

TIMING 
GENERATOR 

MEMORY 
MATRIX 

(262, 144 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

~---------{321--f16'l-------<· 

Vee GND D0 D1 D2 D3 D4 D5 D6 D7 
NOTE: Pin numbers apply to the 32-pin DIP. 

Figure 2. LH5321 OOB Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

OE1/0E1/DC 
Output Enable input/ 
Don't Care connection 

Ao-A11 Address input 

Do-D1 Data output 

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-Dr SUPPLY CURRENT 

H x x Non selected High-Z Standby (lss) 

L UH x Non selected High-Z Operating (Ice) 

L x UH Non selected High-Z Operating (Ice) 

L H/L H/L Selected Dour Operating (Ice) 

NOTE: 
X =Hor L 

SHARP 

LH532100B 

5321008-2 

NOTE 

1 
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LH532100B CMOS 2M 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 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= 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 I lu I V1N = O V to Vee 10 µA 

Output leakage current llLO I Vour = o V to Vee 10 µA 1 

lec1 !Re= 150 ns 50 
mA 2 

Operating current ICC2 !Re= 1 µs 45 

ICC3 tRe = 150 ns 45 
mA 3 

ICC4 tRe = 1 µs 40 

lss1 CE = V1L, CE = V1H 3 mA 
Standby current 

lss2 
CE= 0.2 V, 100 
CE = Vee - 0.2 V µA 

NOTES: 
1. Ci:/OEIOE1 = v,Hor OE/OE1 = v,L 

2. V1N = V1f'IVIL• CE = VIL• 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. MAX. UNIT NOTE 

Read cycle time tRe 120 150 ns 

Address access time tAA 120 150 ns 

Chip enable access time tAeE 120 150 ns 

Output enable delay time toE 50 10 70 ns 

Output hold time loH 5 10 ns 

CE to output in High-Z teHZ 50 70 ns 
1 

OE to output in High-Z tOH;z: 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 Mask-Programmable ROM 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6 V to 2.4 V 

Input rise/fall time 10ns 

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 

SYMBOL 

OE/OE1 

OE/OE1 

C1N 

Cour 

-------
__J 

MIN. TYP. MAX. 

10 

10 

tM(NOTE) 

tACE(NOTE) 

t loE (NOTE) 

£.LZr 
\J..l 

NOTE: Data becomes valid after the intervals IM, tACE• and loE from address 
input, chip enable and output enable, respectively have been met. 

ORDERING INFORMATION 

LH532100B 
Device Type 

x 
Package 

Figure 3. Timing Diagram 

-## 
Speed 

UNIT 

pF 

pF 

£ 
lcHz 

I\. 

loHz 

VALID 
:.s.::.s.: 
ll 

loH 

Y ~~ ~~g Access Time (ns) 

D 32-pin, 600-mil DIP (DIP32-P-600) 
~-------< N 32-pin, 525-mil SOP (SOP32-P-525) 

LH532100B 

5321008-3 

T 32-pin, 8 x 20 mm2 TSOP (Type II) (TSOP32-P-0820) 

'---------------- 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) 
5321008-4 

SHARP 4-39 



LH53H4000/ 
LH53H4100 
FEATURES 

• LH53H4000 
524,288 x 8 I 262, 144 x 16 bit 
organization 

LH53H4100 

524,288 x 8 bit organization 

• Pin connections: 

LH53H4000 - x 8 I x 16 bit 
electrically-selectable type 

LH53H4100 - JEDEC standard 
pinout type 

• TTL compatible 1/0 

• Three-state outputs 

• Supply voltage: 5 V ±10% 

• Access time: 80 ns (MAX.) 

• Power consumption: 
Operating - 100 mA (MAX.) 
Standby - 100 µA (MAX.) 

• Operating temperature: 

o to +70°C 

• Packages: 

4-40 

LH53H4000 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
48-pin, 12 x 18 mm2 TSOP {Type I) 
(normal/reverse bend) 

PRELIMINARY 
CMOS 4M {512K x 8 / 256K x 16) 

High-Speed Mask-Programmable ROM 

CMOS 4M (512K x 8) 
High-Speed Mask-Programmable ROM 

• Packages (cont'd) 
LH53H4100 

32-pin, 600-mil DIP 
32-pin, 525-mil SOP 

32-pin, 8 x 20 mm2 TSOP {Type II) 
(normal/reverse bend) 

DESCRIPTION 
The required access time in the mask ROM market 

is now shifting from 150 ns to 120 ns, but some appli­
cations require a still faster access time of 100 ns or 
less. 

The LH53H4000/LH53H4100 is a 4M mask-program­
mable ROM with access time of 80 ns, which is most 
suitable for those applications which require fast access 
time. The LH53H4000 is electrically switched between 
x 8/x 16 bit forms; the LH53H4100 conforms to the pin 
assignment specified by JEDEC. 

APPLICATIONS 
• Program memory and font memory in laser beam 

printers, ink jet printers, and word processors 

• Program memory in personal computers 

• Waveform data memory in electronic musical 
instruments 

• Program memory and character memory in 
arcade games. 



LH534KOO 
FEATURES 

• 524,288 x 8 bit organization 

• Access time: 150 ns (MAX.} 

• Low-power consumption: 
Operating: 330 mW (MAX.} 

Standby: 550 µW (MAX.} 

• Mask-programmable control pin: 
Pin 1 - OE1/0E1/DC 
Pin 24 - OE/OE 

• 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 II) 

SHARP 

CMOS 4M (512K x 8) Mask-Programmable ROM 

DESCRIPTION 

The LH534KOO 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/D.C. 1• Vee 

2 

3 A11 

A12 4 A14 

5 A13 

6 As 

7 Ag 

8 A11 

9 OE/OE 

A, 10 A10 

CE 

12 21 D7 

20 Ds 

D1 Ds 

D4 

17 D3 

NOTE: D.C. = Don1 Care 
5341<00-1 

Figure 1. Pin Connections for DIP and 
SOP Packages 
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LH534KOO 

OE1/0E1/D.C. 1 ,._ _ __, OE 
OE/OE BUFFER 

TIMING 
GENERATOR 

CMOS 4M Mask-Programmable ROM 

SENSE AMPLIFIER 

~~~~~~~~--<:3 1sa-~~~~~ 

Vee GND 

NOTE: D.C. = Don1 Care 
534K00-2 

Figure 2. LH534KOO Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

Ao-A1a Address input 

Do- D1 Data output 
OE1/0E1/DC Output Enable input/ 

1 Don't Care 

CE Chip Enable input Vee Power supply (+5 V) 

OE/OE Output Enable input 1 GND Ground 

NOTES: 
1. Active levels of OE/OE1/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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CMOS 4M Mask-Programmable ROM LH534KOO 

TRUTH TABLE 

CE OEJOE OE1/0E1 Do· Dr SUPPLY CURRENT 

H x x Standby (lse) 

LJH x High-Z 

L x LJH Operating (Ice) 

H/L H/L Output 

NOTE: 
X=Horl 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +0.3 v 
Output voltage VouT -0.3 to Vee +0.3 v 
Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -55 to +150 ·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= 5 v ±100k, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAlC. UNIT NOTE 

Input 'Low' voltage V1L -0.3 0.8 v 
Input 'High' vollage V1H 2.2 Vee +0.3 v 
Output 'Low' vollage VoL loL =2.0 mA 0.4 v 
Output 'High' voltage VoH IOH = -400 µA 2.4 v 
Input leakage current I ILi I V1N = O V to Vee 10 µA 

Output leakage current llLO I VouT = O V to Vee 10 µA 1 

lee1 IRC = 150 ns 60 
mA 2 

Operating current lee2 IRC = 1 µs 50 

leea tRc = 150 ns 55 
mA 3 

ICC4 tRC = 1 µs 45 

Standby current 
lse1 CE= V1H 3 mA 

lse2 CE = Vee - 0.2 v 100 µA 

Input capacitance C1N 
f = 1 MHz, IA = 25°C 

10 pF 

Output capacitance CoUT 10 pF 

NOTES: 
1. CEI000E1 = V1H, outputs open; OEIOE1 = V1L 

2. V1N = V1tlV1L• CE= V1L• outputs open 
3. V1N =(Vee - 0.2 V) or 0.2 V, CE= 0.2 V 

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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LH534KOO CMOS 4M Mask-Programmable ROM 

AC CHARACTERISTICS (Vee= 5 v ±100.4, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle time tRC 150 ns 

Address access time tM 150 ns 

Chip enable time tACE 150 ns 

Output enable time toe 70 ns 

Output hold time !OH 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 10ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

~ 
~ 

IAA(NOTE) 

t j 
l.\ce(NOTE) l lcHZ 

t foe(NOTE) t loHz 

loH 

LIL Y" DATA VALID l Is: 
\_l_l -~LI 

NOTE: The output data becomes valid when the last interval, ~. !ACE• or foe, have concluded. 
534K00-3 

Figure 3. Timing Diagram 



CMOS 4M Mask-Programmable ROM 

ORDERING INFORMATION 

LH534KOO 
Device Type 

x 
Package 

-## 
Speed 

L_ 15 150 Access Time (ns) 

LH534KOO 

D 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 (Type II) (TSOP32-P-0820) 

CMOS 4M (512K x 8) Mask-Programmable ROM 

Example: LH534KOOD-15 (CMOS 4M (512K x 8) Mask-Programmable ROM, 150 ns, 32-pin, 600-mil DIP} 
534K00-4 

SHARP 4-45 



LH534POO 
FEATURES 

• 524,288 x 8 bit organization 
(Byte mode) 

262, 144 x 16 bit organization 
(Word mode) 

• Access time: 120 ns (MAX.) 

• Power consumption: 
Operating: 358 mW (MAX.) 
Standby: 550 µW (MAX.) 

• Static operation 

• 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 
48-pin, 12 x 18 mm2 TSOP (Type I) 

DESCRIPTION 

The LH534POO is a CMOS 4M-bit mask-program­
mable ROM organized as 524,288 x 8 bits (Byte mode} 
or 262, 144 x 16 bits (Word mode) that can be selected 
by BYTE input pin. It is fabricated using silicon-gate 
CMOS process technology. 

4-46 

CMOS 4M (512K x 8/256K x 16) 
Mask-Programmable ROM 

PIN CONNECTIONS 

40-PIN DIP TOP VIEW 

A17 1 • As 

A1 2 ~ 

As 3 A10 

As 4 A,, 

A. 5 A12 

A3 6 A13 

A2 7 A14 

A1 8 A1s 

Ao 9 A15 

CE 

GND 11 GND 

OE D15''A.1 (NOTE) 

Do D1 

Ds D14 

D1 Ds 

De D13 

D2 24 Ds 

D10 D12 

D3 D4 

D,, 21 Vee 

NOTE: The_Qd_A.1 pin becomes LSB address input (A.1) when 
the BYTE pin is set to be low in byte mode, and data 
output (D15) when set to be high in word mode. 534f'00.1 

Figure 1. Pin Connections for DIP Package 



CMOS 4M Mask-Programmable ROM 

CE 1!J; 

a: 

~ 
::> 
ID 

~ 
a: 
0 
0 
< 

CE 
BUFFER 

l 
OE J OE f12}---<~ BUFFER 

I 
BYTE/WORD 

BYTE l3\\: 1)-----1 SWITCHOVER 
CIRCUIT 

Vee GND GND 

PIN DESCRIPTION 

SIGNAL PIN NAME 

A1 -A11 Address input 

Do-D1s Data output 

CE Chip enable input 

OE Output enable input 

SHARP 

a: 
w 

~ 
0 
en 
ffl 
a: 
0 

~ 

TIMING 
GENERATOR 

ADDRESS J 
BUFFER 

MEMORY 
MATRIX 

(524,288 x 8) 
(262, 144 x 16) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

DATA SELECTOR/OUTPUT BUFFER 

Figure 2. LH534POO Block Diagram 

SIGNAL PIN NAME 

BYTE Byte/word switch 

Vee Power supply (+5 V) 

GND Ground 

LH534POO 
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LH534POO CMOS 4M Mask-Programmable ROM 

TRUTH TABLE 

CE OE BYTE 
DATA OUTPUT ADDRESS INPUT 

SUPPLY CURRENT 
Do- Dr Da ·Di& LSB MSB 

H x x High-Z High-Z - - Standby (Isa) 

L H x High-Z High-Z - - Operating (Ice) 

L L H Do-Dr De-D1s Ao A17 Operating (Ice) 

L L L Do-Dr High-Z A.1 A11 Operating (Ice) 

NOTE: 
X= Horl 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT 

Supply voltage Vee -0.3to +7.0 v 
Input voltage V1N -0.3 to Vee +o.3 v 
Output voltage VOUT -0.3 to Vee +o.3 v 
Operating temperature Topr Oto+70 ·c 
Storage temperature Tstg -65to+150 ·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= 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+o.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 I ILil V1N = O V to Vee 10 µA 

Output leakage current I ILOI Vour = O V to Vee 10 µA 1 

lcc1 IRC = 120 ns 65 
mA 2 

Operating current ICC2 1Rc=1µs 50 

ICC3 IRC = 120 ns 60 
mA 3 

ICC4 1Rc=1µs 45 

Standby current 
lse1 CE =V1H 3 mA 

lse2 CE= Vee - 0.2 V 100 µA 

Input capacitance C1N 
f = 1 MHz, IA = 25°C 

10 pF 

Output capacitance Cour 10 pF 

NOTES: 
1. OE = VIH• CE = VIH• ou1puts open 
2. V1N = V1tlV1L• CE = V1L• outputs open 
3. V1N = (V cc - 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. 



CMOS 4M Mask-Programmable ROM LH534POO 

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT NOTE 

Read cycle time tRC 120 ns 

Address access time tAA 120 ns 

Chip enable time tACE 120 ns 

Output enable time toE 60 ns 

Output hold time toH 5 ns 

CE to output in High-Z tcHZ 60 ns 
1 

OE to output in High-Z toHZ 60 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.4 Vto2.6 V 

Input rise/fall time 10 ns 

Input reference level 1.SV 

Output reference level 1.5 v 
Output load condition 1TTL+ 100pF 

---"\If" If" 
___}~ ~ 

A.1 -A17 

IAA(NOTE) 

CE 1 It 
_J 

IAcE(NOTE) le Hz 

~ It 
_J OE 

loE(NOTE) lo Hz 

loH 

-m DATAVALID l -H 
NOTE: The output data becomes valid when the last interval, !AA, !ACE• or loE• have concluded. 

534P00-3 

Figure 3. Byte Mode (BYTE = V1L) 
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LH534POO CMOS 4M Mask-Programmable ROM 

~ 
____jl\. .JI\ Ao· A11 

~(NOTE) 

CE l v 
.J 

tAcE(NOTE) le Hz 

OE \ _! 
foE(NOTE) lo Hz 

foH 

LZZ DATA VALID ::s:::s: 
TI:I 7_7_ 

NOTE: The output data becomes valid when the last interval, tAA, !ACE• or loE• have concluded. 
534f'00.4 

Figure 4. Word Mode (BYTE = V1H) 

ORDERING INFORMATION 

LH534POO 
Device Type 

x 
Package 

- ## 
Speed 

L_ 12 120 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) 
T 48-pin, 12 x 18 mm2TSOP (Type I) (TSOP48-P-1218) 

CMOS 4M (512K x 8 OR 256K x 16) Mask-Programmable ROM 

Example: LH534POOD-12 (CMOS 4M (512K x 8) Mask-Programmable ROM, 120 ns, 40-pin, 600-mil DIP) 
534P00-5 
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LH534ROO 
FEATURES 

• 524,288 x 8 bit organization 

• Access time: 120 ns (MAX.) 

• Power consumption: 
Operating: 358 mW (MAX.) 

Standby: 550 µW (MAX.) 

• Mask-programmable control pin: 
Pin 1 - OE1/0E1/DC 
Pin 24 - OE/OE 

• 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 11) 

CMOS 4M (512K x 8) Mask-Programmable ROM 

DESCRIPTION 

The LH534ROO 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 

OEifOE1/D.C. 1• Vee 

2 A1s 

3 A11 

4 A14 

5 A1a 

6 As 
7 Ag 

8 A11 

9 OE/OE 

10 A10 

A1 11 CE 

12 Dr 
13 De 

D1 14 Ds 

15 D4 

16 Da 

NOTE: D.C. = Don~ care 534RIXH 

Figure 1. Pin Connections for DIP and 
SOP Packages 
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LH534ROO CMOS 4M Mask-Programmable ROM 

MEMORY 
IC MATRIX w 

IC 0 (524,288 x 8) w 8 A11 IL 
IL w 

A10 ::::> 0 ID 

Ae 6 U) 
U) 
U) 

ff! w 
Ae IC IC 0 
A1 0 0 0 c( 

Ae c( 

COLUMN SELECTOR 

SENSE AMPLIFIER 

OUTPUT BUFFER 

OE1/0E1/D.C. OE 

OE/OE 11!4J----I BUFFER 

NOTE: D.C. = Don~ Care 
534RQ0.2 

Figure 2. LH534ROO Block Diagram 

Pl.N DESCRIPTION 
SIGNAL PIN NAME NOTE SIGNAL PIN NAME NOTE 

A-0- A1s Address input 

Do-Dr Data output 
OE1/0E1/DC 

Output Enable inpuV 1 
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 OE,tOE1/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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CMOS 4M Mask-Programmable ROM LH534ROO 

TRUTH TABLE 

CE OE1/0E1 OE/OE Do· D7 SUPPLY CURRENT 

H x x High·Z Standby (Isa) 

L UH x High·Z 

L x LJH High·Z Operating (Ice) 

L H/L H/L Output 

NOTE: 
X=Horl 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT 

Supply voltage Vee ·0.3to +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 -65 to +150 ·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= 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 I ILol Vour = O V to Vee 10 µA 1 

lee1 IRC = 120 ns 65 
mA 2 

Operating current ICC2 1Rc=1µs 50 

lcc3 IRC = 120 ns 60 
mA 3 

ICC4 IRc= 1 µs 45 

Standby current 
lse1 CE= V1H 3 mA 

lse2 CE = Vee - 0.2 V 100 µA 

Input capacitance C1N 
f = 1 MHz, IA = 25°C 

10 pF 

Output capacitance Cour 10 pF 

NOTES: 
1. OE/OE1 = VIH• OE/OE1 = v,b CE= VtH• outpuls open 
2. V1N = V1l'fVtL• CE = VtL• outputs open 
3. v,N =(Vee - 0.2 V) or 0.2 V, CE= 0.2 V, outpuls 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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LH534ROO CMOS 4M Mask-Programmable ROM 

AC CHARACTERISTICS (Vee= 5 v ±100.4, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle time IRC 120 ns 

Address access time !AA 120 ns 

Chip enable time !ACE 120 ns 

Output enable time toe 60 ns 

Output hold time tOH 0 ns 

CE to output in High-Z ICHZ 60 ns 
1 

OE to output in High-Z tOHz 60 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.4 Vto2.6 V 

Input rise/fall time 10 ns 

Input reference level 1.SV 

Output reference level 1.SV 

Output load condition 1TTL+ 100pF 

~ 
___/~ 

'°"'(NOTE) 

CE t { 
~ce(NOTE) lcHz 

v 
I\ .J~ 

loe(NOTE) loHZ 

loH 

LL DATA VALID ~~ 
\:TI TI 

NOTE: The output data becomes valid when the last interval, '°"'' ~CE• or loE• have concluded. 
534R00-3 

Figure 3. Timing Diagram 
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CMOS 4M Mask-Programmable ROM 

ORDERING INFORMATION 

LH534ROO 
Device Type 

x 
Package 

-## 

Speed 

L_ 12 120 Access Time (ns) 

D 32-pin, 600-mil DIP (DIP32-P-600) 
'---------< N 32-pin, 525-mil SOP (SOP32-P-525) 

LH534ROO 

T 32-pin, 8 x 20 mm2 TSOP (Type II) (TSOP32-P-0820) 

'-------------- CMOS 4M (512K x 8) Mask-Programmable ROM 

Example: LH534ROOD-12 (CMOS 4M (512K x 8) Mask-Programmable ROM, 120 ns, 32-pin, 600-mil DIP) 
534R00.4 
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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 

4-56 

CMOS 4M (512K x 8/256K x 16) 
Mask-Programmable ROM 

• Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 

48-pin, 12 x 18 mm2 TSOP (Type I) 
44-pin, 14 x 14 mm2 QFP 

44-pin, 1 O 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. 



CMOS 4M Mask-Programmable ROM 

PIN CONNECTIONS 

40-PIN DIP 
40-PIN SOP 

OE 

1 • 

2 

3 

4 

5 

6 

7 

8 

9 

12 

44-PINQFP 

() ~ ;! ~ :'? I~ 
Z<C<C<C<C ID 

As 

A,, 

A10 

A,, 

A12 

A13 

A,4 

A1s 

A16 

BYTE 

GND 

D1sfA.1 

D, 

D14 

Ds 

D13 

Ds 

D12 

D4 

21 Vee 

TOP VIEW 

A, 2 34 33 32 31 30 29 28 27 26 25 24 23 22 D13 

~ ~ ~ 

D12 

A,, ~ 

As ~ 
GND 

D,, 

As ~ 

~ ~o 

~ ~ 
A3 D9 

5340000-1 

Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 

SHARP 

LH534000B 

48-PIN TSOP (TYPE I) TOP VIEW 

BYTE 1. GND 

A15 2 GND 

3 D,sfA.1 

A14 4 D, 

A,3 5 D14 

A,2 6 Ds 

A,, 7 D13 

A10 8 Ds 

A,, 9 D,2 

As 10 D4 

NC 11 Vee 

GND Vee 

NC 36 GND 

NC 35 D,, 

A11 34 D3 

A1 33 D10 

As 32 D2 

As 31 Dg 

A4 30 D, 

A3 29 Ds 

A2 28 Do 

A1 27 OE 

Ao 26 GND 

CE 25 GND 

5340000-5 

Figure 2. Pin Connections for TSOP Package 
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LH534000B CMOS 4M Mask-Programmable ROM 

A11 

A1s 

cc 
w u. u. 
:::> 
CD 
U) 
U) 
w 
cc c c 
< 

A1 

Ao 

NOTE: Pin numbers apply to the 40-pin DIP. 

cc 
w c 
8 
w c 
U) 
U) 
w cc c c 
< 

TIMING 
GENERATOR 

A.1 

MEMORY 
MATRIX 

(524,288 x 8) 
(262, 144 x 16) 

cc 
w u. u. 
:::> 
CD 
I-
:::> 
Q. 
I-
:::> 

~ 

COLUMN SELECTOR 
~ 
..J 
w 
U) 

~ 
~ 

SENSE AMPLIFIER 

Vee GND 

Figure 3. LH5340008 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- Dis 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 (D15) when In word mode. BYTE input pin selec1s bit configuration. 

4-58 

5340008-2 

NOTE 



CMOS 4M Mask-Programmable ROM LH534000B 

TRUTH TABLE 

CE OE BYTE A.1 MODE Do· Dr De· D1s SUPPLY CURRENT 

H x x x Non selected High·Z Standby (lse) 

L H x x Non selected High-Z Operating (Ice) 

L L H Inhibit Word Do-D1 De- D15 Operating (Ice) 

L L L L Byte Do-D1 High-Z Operating (Ice) 

L L L H Byte De- D15 High-Z Operating (Ice) 

NOTES: 
1. X=Horl 
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 -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. 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 = 2.0 mA 0.4 v 
Output 'High' voltage VoH loH = -400 µA 2.4 v 
Input leakage current llul V1N = o V to Vee 10 µA 

Output leakage current llLO I Vour = 0 V to Vee 10 µA 1 

lcc1 tRc = 200 ns 50 
mA 2 

Operating current ICC2 tRc = 1 µs 45 

Ices tRc = 200 ns 45 
mA 3 

ICC4 tRc=1µs 40 

Standby current 
lse1 CE= V1H 3 mA 

lse2 CE = Vee - 0.2 V 100 µA 

NOTES: 
1. OE= V1L• CE'= V1H 
2. V1N = V1i-IV1L• CE= V1L, outputs open 
3. V1N =(Vee - 0.2 V) or 02 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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LH534000B CMOS 4M Mask-Programmable ROM 

AC CHARACTERISTICS {Vee= 5 v ±100k, TA= 0 to +70°C) 

PARAMETER SYMBOL MIN. TYP. MAX. 

Read cycle time tRc 200 

Address access time lv. 200 

Chip enable access time IAce 200 

Output enable delay time toe 80 

Output hold time toH 10 

CE to output in High-Z tCHZ 80 

OE to output in High-Z toHz 80 

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.SV 

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 

SYMBOL 

C1N 

Cour 

(NOTE 
A1-A11 2~ 

MIN. 

(Ao-A11) --'~ 

CE 

OE 

(NOTE 
Do- Or 

1 
2) 

TYP. MAX. UNIT 

10 pF 

10 pF 

liic 

_j~ 

W\(NOTE 1) 

tAcE (NOTE 1) 

~ 
toe (NOTE 1) 

UNIT NOTE 

ns 

ns 

ns 

ns 

ns 

ns 
1 

ns 

It 
.J 

lc:Hz 

Ir 
_j 

lottz 

.LLL DATA VALID ~ u....l j_j_ (Do- D1s) 

NOTES: 
1. Data becomes valid after the intervals tM. "'CE 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 4. Timing Diagram 
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CMOS 4M Mask-Programmable ROM LH534000B 

ORDERING INFORMATION 

LH5340008 
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) 

~--------< T 48-pin, 12x18 mm2 TSOP (TSOP48-P-1218: Type I) 
Z 44-pin, 10x10 mm2 QFP (QFP44-P-1010) 
M 44-pin, 14x14 mm2 QFP (QFP44-P-1414) 

~------------ 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) 
5340006-4 
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LH534000B-S 
FEATURES 

• Low-power supply: 
2.6 to 5.5 V 

• 524,288 x 8 bit organization 
(Byte mode) 

262, 144 x 16 bit organization 
(Word mode) 

• Access time: 

500 ns (2.6 V $Vee< 4.5 V) 

200 ns (4.5 V $Vee $ 5.5 V) 

• Static operation 

• Three-state outputs 

• Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 

44-pin, 10 x 1 O mm2 QFP 

44-pin, 14 x 14 mm2 QFP 

48-pin, 12 x 18 mm2 TSOP (Type I) 

DESCRIPTION 

The LH534000B-S is a CMOS 4M-bit mask-program­
mable ROM organized as 524,288 x 8 bits (Byte mode) 
or 262, 144 x 16 bits (Word mode) that can be selected 
by BYTE input pin. 

It is suited for use in compact battery back-up sys­
tems due to be operated on 3 V power supply. 

4-62 

PRELIMINARY 
CMOS 4M {512K x 8/256K x 16) 

3V-Drive Mask-Programmable ROM 

PIN CONNECTIONS 

40-PIN DIP TOP VIEW 
40-PINSOP 

A11 1• As 

A1 2 Ag 

As 3 38 A10 

Ao 4 A,, 

At 5 A,2 

A3 6 A,3 

~ 7 A,4 

A, 8 A,s 

Ao 9 A15 

CE BYTE 

GND 11 GND 

OE D,51A.1 

Do D1 

De D,. 

D, Ds 

De D,3 

D2 17 Ds 

D10 18 D,2 

D3 D4 

D,, Vee 

534000BS-1 

Figure 1. Pin Connections for DIP, SOP Packages 
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CMOS 4M Mask-Programmable ROM PRELIMINARY LH534000B-S 

48-PIN TSOP (Type I) TOP VIEW 

BYTE 1• GND 

A,s 2 GND 

A,s 3 D,,;IA_, 

A,4 4 o, 
A,3 5 D14 

A,2 6 Ds 

A,, 7 D13 

Arn 8 Ds 

Ag 9 D12 

As 10 04 

NC 11 Vee 

GND 12 Vee 

NC 13 GND 

NC 14 o,, 
A11 15 03 

A1 Drn 

As 17 D2 

As 18 31 De 

A, 19 o, 
A3 Ds 

A2 21 Do 

A, OE 

Ao GND 

CE GND 

53400088-2 

Figure 2- Pin Connections for TSOP Package 

SHA.RP 

44-PIN 14 x 14 mm2 QFP TOP VIEW 

A,2 

A,, 

Arn 

Ag 

As 
A11 

A1 

As 
As 

A, 

A3 

0 ~ ;! ~ :!! I~ c~ .. z ~ 00 rS Z<(<(<(<(CD (!) 0 

34 33 32 31 30 
D13 

35 Ds 

36 D12 

37 D4 

Vee 

39 GND 

o,, 
41 03 

42 Drn 

43 D2 

09 

5340008$-3 

Figure 3. Pin Connections for 44-Pin, 
14 x 14 mm2 QFP Package 

44-PIN 10 x 10 mm2 QFP TOP VIEW 

GND 

A,, 

Arn 

Ag 

As 
NC 

A11 

A1 

As 
As 
A, 

3433 32 31 30 

35 

37 

39 

41 

42 

< < < < I~ ~ l~ o o o o 
(!) 

D13 

Ds 

D12 

04 

Vee 

GND 

o,, 
03 

D10 

D2 

NC 

53400088-4 

Figure 4. Pin Connections for 44-Pin, 
10x10 mm2 QFP Package 
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LH534000B-S 

er: w 
u._ 
u._ 
::::> 
ID 

lll w er: 
Cl 

~ 

CE 
CE lQi>----. BUFFER 

OE 12>----- OE 
BUFFER 

BYTE 311)------1 

Vee GND 

er: 
w 
Cl 

§ 
Cl 
en en 
~ 
Cl 
Cl 
<( 

TIMING 
GENERATOR 

ADDRESS 
BUFFER 

NOTE: Pin numbers apply to the 40-pin DIP and SOP. 

PRELIMINARY CMOS 4M Mask-Programmable ROM 

MEMORY 
MATRIX 

(524,288 x 8 BIT) 
(262,144 x 16 BIT) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

DATA SELECTOR/OUTPUT BUFFER 

53400088-5 

Figure 5. LH534000B-S Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

A-1 - A17 Address input OE Output enable input 

Do - D1s Data output Vee Power supply 

BYTE Byte/word switch GND Ground 

CE Chip enable input 

NOTE: 
1. The Du/A.1 pin becomes LSB address input (A.1) when the bit configuration is set to byte mode, and data output (015) when in word mode. 

The BYTE input pin selects bit configuration. 
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CMOS 4M Mask-Programmable ROM PRELIMINARY LH534000B-S 

TRUTH TABLE 

DATA OUTPUT ADDRESS INPUT 
CE OE BYTE SUPPLY CURRENT 

Do. D7 De· D1s LSB MSB 

H x x High-Z High-Z - - Standby 

L H x High-Z High-Z - - Operating 

L L H Do· D1 Da ·DJs Ao A17 Operating 

L L L Do· D1 High-Z A.1 A11 Operating 

NOTE: 
X = Don't care, High-Z = High-impedance 

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 oc 
Storage temperature Tstg -55 to +150 oc 

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 2.6 5.5 v 

DC CHARACTERISTICS (Vee= 2.6 to 5.5 v, TA= 0 to +70°C) 

PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT NOTE 

Input 'High' voltage V1H 0.8Vee Vee+ 0.3 v 
Input 'Low' voltage V1L -0.3 0.4 v 
Output 'High' voltage VoH loH = -100 µA 0.8Vee v 
Output 'Low' voltage VoL loL = 400 µA 0.4 v 
Input leakage current I lu I V1N = o V to Vee 10 µA 

Output leakage current I ILOI Vour = o V to Vee 10 µA 1 

lee1 tRe = 200 ns 50 mA 2 

Operating current lee2 tRe = 1 µs 45 mA 2 

lee3 tRe = 200 ns 45 mA 3 

leC4 tRe=1µs 40 mA 3 

Standby current 
lss1 CE= V1H 3 mA 

lss2 CE = Vee - 0.2 v 100 µA 

Input capacitance C1N 
f = 1 MHz, TA= +25°C 

10 pF 

Output capacitance Gour 10 pF 

NOTES: 
1. CE= VIH• OE= V1H 

2. V1N = VIH• VIL• CE = VIL• outputs open 
3. V1N =(Vee - 0.2 V), 0.2 V, CE= 0.2 V, outputs open 
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LH534000B-S PRELIMINARY 

AC CHARACTERISTICS (TA= 0 to +70°C) 

PARAMETER SYMBOL 
2.6,;; Vee< 4.5 

MIN. MAX. 

Read cycle time tRC 500 

Address access time tAA 500 

Chip enable time tACE 500 

Output enable time toE 150 

Output hold time toH 10 

CE to output in High-Z tcHZ 150 

OE to output in High-Z toHZ 150 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.4to2.6V 

Input rise/fall time 10 ns 

Input/output reference level 1.5 v 
Output load condition 1TIL+100pF 

~c 

A1 -A17 

IAA(NOTE) 

CE 

IAce(NOTE) 

loe(NOTE) 

NOTE: Data becomes valid after !AA, !ACE• and loe from address input, 
chip enable and output enable, respectively, have been met. 

CMOS 4M Mask-Programmable ROM 

4.5 ,;; Vee ,;; 5.5 
UNIT NOTE 

MIN. MAX. 

200 ns 

200 ns 

200 ns 

80 ns 

10 ns 

80 ns 
1 

80 ns 

lcHZ 

DATA VALID 

534000BS-6 

Figure 6. Byte Mode {BYTE = V1L) 
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CMOS 4M Mask-Programmable ROM PRELIMINARY 

IAA{NOTE) 

CE 

IAce(NOTE) 

OE 

t0e(NOTE) 

NOTE: Data becomes valid after tAA, !ACE• and toe from address input, 
chip enable and output enable, respectively, have been met. 

DATA VALID 

Figure 7. Word Mode (BYTE= V1H) 

ORDERING INFORMATION 

LH534000B-S 
Device Type 

x 
Package 

-## 
Speed 

L{ ~g ~gg Access Time (ns) 

lcHZ 

IOHz 

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) 

LH5340008-S 

5340008$-7 

T 48-pin, 12 x 18 mm2 TSOP (Type I) (TSOP48-P-1218) 
Z 44-pin, 10x10 mm2 QFP (QFP44-P-1010) 

'---------------- CMOS 4M (512K x 8 or 256K x 16) Mask-Programmable ROM 

Example: LH534000B-SD-20 (CMOS 4M (512K x 8 OR 256K x 16) Mask-Programmable ROM, 
200 ns, 40-pin, 600-mil DIP) 534000BS-8 
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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) 

4-68 

DESCRIPTION 

The LH5341008 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• Vee 

A16 2 31 A10 

A15 3 A17 

A12 4 A14 

A1 5 A1a 

Aa 6 Aa 
~ 7 Ag 

A4 8 A,, 

Aa 9 OE/OE 

~ A10 

CE 

Ail Dr 
Do Ds 

D1 Ds 

D2 D4 

GND Da 

5341008-1 

Figure 1. Pin Connections for DIP and 
SOP Packages 
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CMOS 4M Mask-Programmable ROM 

A18 

A,7 

A16 

A,s 
A,4 

A13 

A1 

As 
As 
~ 
Aa 
A, 

CE (221----1 

OE1/0E1/DC 

OE/OE 

a: 
w 
LL 
LL 
::::> 
aJ 
en en 
w 
a: 
0 
Cl 
<( 

OE 
BUFFER 

NOTE: Pin numbers apply to the 32-pin DIP. 

a: 
w 
0 
0 
u 
w 
0 
en en 
w 
a: 
Cl 
Cl 
<( 

TIMING 
GENERATOR 

MEMORY 
MATRIX 

(524,288 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Figure 2_ LH534100B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL 

Ao-A1s 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 OE1/0E,tDC 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. 

SHARP 

PIN NAME 

Output Enable input/ 
Don't Care 

Power supply (+5 V) 

Ground 

LH5341008 

5341008-2 

NOTE 

1 
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LH534100B CMOS 4M Mask-Programmable ROM 

TRUTH TABLE 

CE OE/OE OE1/0E1 MODE Do- D7 SUPPLY CURRENT 

H x x Non selected High-Z Standby (lss) 

L x UH Non selected High-Z Operating (Ice) 

L UH x 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 -0.3 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 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= 5 v ±10%, TA= 0 to +70°C) 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT NOTE 

Input 'Low' voltage VtL -0.3 0.8 v 
Input 'High' voltage VtH 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 I lu I V1N = O V to Vee 10 µA 

Output leakage current I ILOI Vour = o V to Vee 10 µA 1 

lcc1 tRc = 200 ns 50 
mA 2 

Operating current lcc2 tRc = 1 µs 45 

lcca tRc = 200 ns 45 
mA 3 

ICC4 tRc = 1 µs 40 

Standby current 
lss1 CE= V1H 3 mA 

lss2 CE= Vee - 0.2 v 100 µA 

NOTES: 
1. CE!OEIOE1 = v,H or OE/OE1 = v,L 
2. V1N = V1~tL• ~ = 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 Mask-Programmable ROM 

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

PARAMETER SYMBOL MIN. MAX. UNIT NOTE 

Read cycle time tRc 200 ns 

Address access time tAA 200 ns 

Chip enable time tACE 200 ns 

Output enable time toE 80 ns 

Output hold time loH 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 1.5 v 
Output 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 SYMBOL MIN. TYP. MAX. 

Input capacitance C1N 10 

Output capacitance CoUT 10 

-----,, 
___/\. 

tAA(NOTE) 

!Ace(NOTE) 

toe (NOTE) 

_L_.LL 
TI:I 

NOTE: Data becomes valid after the intervals !AA, ~CE• and toe from address 
input, chip enable or output enable, respectively have been met. 

UNIT 

pF 

pF 

' .J 

f 

\ 
_J 

toH 

DATA VALID 

Figure 3. Timing Diagram 

LH534100B 

le Hz 

toHz 

~~ 
.LU 

5341008-3 
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LH534100B CMOS 4M Mask-Programmable ROM 

ORDERING INFORMATION 

LH534100B 
Device Type 

x 
Package 

- ## 
Speed 

l__ 20 200 Access Time (ns) 

~------1 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: LH534100BD-20 (CMOS 4M (512K x 8) Mask Programmable ROM, 200 ns, 32-pin, 600-mil DIP) 
534100-4 
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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) 

• TTL compatible 1/0 

• Three-state outputs 

• Single +5 V power supply 

CMOS 4M (512K x 8/256K x 16) 
Mask-Programmable ROM 

• Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 

48-pin, 12 x 18 mm2 TSOP (Type I) 

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. 
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LH534500A 

PIN CONNECTIONS 

40-PIN DIP TOP VIEW 
40-PINSOP 

A12 

A11 

A10 

Ag 

As 
A11 

A, 

As 
As 

A4 

A3 

4-74 

A11 1 • Aa 

A, 2 Ag 

As 3 A10 

As 4 A11 

A. 5 A12 

A3 6 A13 

A, 7 A14 

A1 8 A1s 

Ao 9 A16 

CE 10 BYTE 

GND 11 GND 

OE/OE 12 D1sfA.1 

Do 13 D, 

Da 14 D14 

D1 15 Da 

Dg 16 D13 

D2 17 Ds 

D10 18 D12 

D3 D4 

D11 21 Vee 

34 33 32 31 30 29 28 27 26 25 24 23 22 

35 

36 

38 

39 

41 

42 

Figure 1. Pin Connections for 
DIP, SOP, and QFP Packages 

D13 

Ds 

D12 

D4 

Vee 

GND 

D11 

D3 

D10 

D2 

De 

534S00-1 

CMOS 4M Mask-Programmable ROM 

48-PIN TSOP (TYPE I) TOP VIEW 

BYTE 1. 48 GND 

A1a 2 47 GND 

A1s 3 46 D1sfA.1 

A14 4 45 D, 

A13 5 44 D14 

A12 6 43 Ds 

A11 7 42 D13 

A10 8 41 Ds 

Ag 9 40 D12 

Aa 39 D4 

NC 11 38 Vee 

GND 37 Vee 

NC 36 GND 

NC 35 D11 

A11 34 D3 

A1 33 D10 

As 32 D2 

As 31 Dg 

A. 30 D1 

A3 29 Da 

A2 21 28 Do 

A1 27 OE 

Ao 26 GND 

CE 25 GND 

534500-7 

Figure 2. Pin Connections for TSOP Package 
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CMOS 4M Mask-Programmable ROM 

A11 

A15 

a: 
UJ 
u. u. 
:::> 
CD 
en 
en 
UJ 

A, a: 
Cl 

As Cl 
<( 

As 
A,, 
A3 

~ 
A, 

Ao 

OE/OE 

BYTE 

NOTE: Pin numbers apply to 40-pin DIP. 

a: 
UJ 
Cl 
0 
(.) 
UJ 
Cl 
en en 
UJ 
a: 
Cl 
Cl 
<( 

TIMING 
GENERATOR 

A..1 

MEMORY 
MATRIX 

(524,288 x 8) 
(262,144x16) 

a: 
UJ 
u._ 
u. 
:::> 
CD 
t-
:::> 
"-
t-
:::> 

~ 
~ 
() 
UJ 

COLUMN SELECTOR -' 
UJ 
CJl 

~ 
Cl 

SENSE AMPLIFIER 

Figure 3. LH534500A Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

A..1 Address input 1 OE/OE Chip Enable input 

Ao-A17 Address input BYTE Byte/word mode switch 

Do- D1s Data output Vee Power supply (+5 V) 

CE Chip Enable input GND Ground 

NOTES: 
1. 0 15/A..1 pin becomes LSB address input (A.1) when the bit configuration is set in byte mode, 

and data output (015) when in word mode. BYTE input pin selects bit configuration. 

2. Active level of OE/OE is mask-programmable. 

LH534500A 

534500-2 

NOTE 

2 
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LH534500A CMOS 4M Mask-Programmable ROM 

TRUTH TABLE 

CE OE/OE BYTE A-1 MODE Do- D7 Os· D1s SUPPLY CURRENT 

H x x x Non selected High-Z Standby (Isa) 

L UH x x Non selected High-Z Operating (Ice) 

L H/L H Inhibit Word Do- 0-, Da- D1s Operating (Ice) 

L H/L L L Byte Do- 0-, High-Z Operating (Ice) 

L H/L L H Byte Da- D1s High-Z Operating (Ice) 

NOTE: 
X = High or Low 
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 -0.3 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 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= 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 VoL loL = 2.0 mA 0.4 v 
Output 'High' voltage VoH loH = -400 µA 2.4 v 
Input leakage current I 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 !Re= 1 µs 45 

Ices !Re= 150 ns 45 
mA 3 

lcC4 IRC = 1 µs 40 

Standby current 
lss1 CE= V1H 5 mA 

lss2 CE= Vee - 0.2 V 100 µA 

NOTES: 
1. OE = VIL• CE/OE = V1H 
2. V1N = V1tfVtL• CE = VIL• outputs open 
3. V1N = (V cc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 
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CMOS 4M Mask-Programmable ROM 

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

Read cycle time tRc 150 

Address access time !AA 150 

Chip enable access time tACE 150 

Output enable delay time toE 70 

Output hold time loH 5 

CE to output in High-Z tcHZ 70 

OE to output in High-Z tOHz 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 1.5V 

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 

SYMBOL 

C1N 

Cour 

(NOT 
A.1 - A11 

E2) 

---"\V 

MIN. TYP. MAX. 

10 

10 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 

pF 

(Ao-Ad ___JI\. ./ 

CE 

OE 

OE 

tAA(NOTE 1) 

!AcE(NOTE 1) 

./ 

loE(NOTE 1) 

NOTES: 

(NOT 
D0 - D7 

(Do· D,s) 

E 2) 

1. Data becomes valid after the intervals !AA• ¥.cE 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. 

£LZY 
U...l 

Figure 4. Timing Diagram 

SHARP 

_f 

v 
.JI\. 

VALID 

loH 

1 

lcHz 

loHz 

E' 

LH534500A 

53450().3 
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LH534500A 

ORDERING INFORMATION 

LH534500A 
Device Type 

x 
Package 

·## 
Speed 

CMOS 4M Mask-Programmable ROM 

L_ 15 150 Access Time (ns) 

D 40-pin, 600-mil DIP (DIP40-P-600) 
'---------< N 40-pin, 525-mil SOP (SOP40-P-525) 

T 48-pin, 12x18 mm2 TSOP (TSOP48-P-1218: Type I) 
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) 
5345QIH; 
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LH534600A 
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 
48-pin, 12 x 18 mm2 TSOP (Type I) 

• x16 word-wide pinout 

CMOS 4M (512K x 8/256K x 16) 
Mask-Programmable ROM 

DESCRIPTION 

The LH534600A 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 TOP VIEW 
40-PINSOP 

A11 1• A,, 

A, 2 Ag 

Ao 3 A10 

As 4 A11 

A, 5 A12 

As 6 A13 

Ao 7 A14 
A, 8 A1s 

Ao 9 A1e 

CE BYTE 

GND 11 GND 

OE/OE D,s/A.1 

Do 0, 

De D,4 

D, Do 

Dg D,. 

D2 Ds 

D10 D,2 

Da D4 
D,. Vee 

A,2 34 33 32 31 30 29 28 27 26 25 24 23 22 D,3 

~ $ ~ 

~ <' < ~ I~ ~ 1£ ~ r! c ~ 
0 

D12 

D4 

Vee 

GND 

D,. 

Da 
D10 

°" Dg 

534800""1 

Figure 1. Pin Connections for DIP, SOP, and 
QFP Packages 
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LH534600A CMOS 4M Mask-Programmable ROM 

A17 
A16 

A1a 

a: 
w 
u. 
u. 
:::> 
Ill 
00 
00 w 

A1 a: 
0 

As 0 
< 

As 

~ 
Aa 
~ 
A1 

Ao 

BYTE 

NOTE: Pin numbers apply to the 40-pin DIP. 

a: 
w 
0 

M 
0 
00 
00 w 
a: 
0 
0 
< 

TIMING 
GENERATOR 

ADDRESS 

MEMORY 
MATRIX 

(524,288 x 8) 
(262, 144 x 16) 

a: 
w 
u. 
u. 
:::> 
Ill 
I-
:::> 
0.. 
I-
:::> 

~ 
§ 

COLUMN SELECTOR -' w 
00 

i".': 
(§ 

SENSE AMPLIFIER 

BUFFER 1----------------~ 

Figure 2. LH534600A Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

A..1 
Address input 1 (BYTE MODE) 

OE/OE Output Enable input 

BYTE Byte/word switch 
Ao-A11 Address input Vee Power supply (+5 V) 
Do-D1s Data output GND Ground 

CE Chip Enable input 

NOTES: 
1. Du{A.1 pin becomes LSB address input (A.1) when the bit configuration Is set in byte mode, 

and data output (D15) 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 Mask-Programmable ROM LH534600A 

TRUTH TABLE 

CE OE BYTE A.1 MODE Do- Dr Da • Dis 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- D7 De - D15 Operating (Ice) 

inhibit 

L L L L Byte Do- D7 High-Z Operating (Ice) 

L L L H Byte Da-D1s High-Z Operating (Ice) 

NOTE: 
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= Hor L 

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 ac 
Storage temperature Tstg -55 to +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= 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 VOL loL = 2.0 mA 0.4 v 
Output 'High' voltage VoH IOH = -400 µA 2.4 v 
Input leakage current llul V1N = O V to Vee 10 µA 

Output leakage current I ILO I Vour = O V to Vee 10 µA 1 

lee1 tRe = 100 ns 100 
mA 2 

Operating current lee2 tRe = 1 µs 70 

lcc3 IRe = 100 ns 100 
mA 3 

leC4 tRe = 1 µs 70 

Standby current 
lss1 CE= V1H 3 mA 

lss2 CE= Vee - 0.2 v 300 µA 

NOTES: 
1. OE = VIL• CE/OE = V1H 
2. V1N = V1tf'IL• CE = VIL• outputs open 
3. V1N = (V cc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 
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LH534600A CMOS 4M Mask-Programmable ROM 

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

PARAMETER SYMBOL 
LH534600 

UNIT NOTE 
MIN. TYP. MAX. 

Read cycle time tRC 100 ns 

Address access time t.v. 100 ns 

Chip enable access time IAce 100 ns 

Output enable delay time loE 40 ns 

Output hold time loH 5 ns 

CE to output in High-Z tcHZ 40 ns 
1 

OE to ouput in High-Z toHz 40 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 
PARAMETER RATING 

Input voltage amplitude 0.6Vto2.4 V 
Input rise/fall time 10ns 

Input reference level 1.5V 

Output reference level 1.SV 
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 

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 Mask-Programmable ROM 

NOTES: 

(NOTE 
A.1-A11 

CE 

OE 

OE 

(NOTE 
Do-D1 

(Do-D1sl 

2) -
~ 

2) 

~(NOTE1) 

~cE(NOTE 1) 

t 1oE (NOTE 1) 

LILY 
TI::S:: 

1. Data becomes valid after the intervals IAA. IAcE 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. 

ORDERING INFORMATION 

LH534600A 
Device Type 

x 
Package 

Figure 3. Timing Diagram 

-## 
Speed 

_j 

[.r 
_JI\_ 

VALID 

loH 

L_ 10 100 Access Time (ns) 

lcHz 

!oHz 

l =s:::s: 
I_I_ 

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) 

LH534600A 

T 48-pin, 12 x 18 mm2 TSOP (Type I) (TSOP48-P-1218) 

CMOS 4M (512K x 16) Mask Programmable ROM 

Example: LH534600AD-10 (CMOS 4M Mask Programmable ROM, 100 ns, 40-pin, 600-mil DIP) 
534600A-4 
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LH538POOA 
FEATURES 

• 1,048,576 x 8 bit organization 
(Byte mode) 

524,288 x 16 bit organization 
(Word mode) 

• Access time: 120 ns (MAX.) 

• Power consumption: 
Operating: 330 mW (MAX.) 

Standby: 550 µW (MAX.) 

• 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) 

DESCRIPTION 

The LH538POOA is an SM-bit 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. 

CMOS SM (1M x 8/512K x 16) 
Mask-Programmable ROM 

PIN CONNECTIONS 

42·PIN DIP TOP VIEW 

A1e 1• NC 

A11 2 As 
A, 3 As 

4 A1o 

5 A11 

6 A12 

A3 7 A13 
,.,,_ 8 A14 

A1 9 A15 

Ao A16 

CE BYTE 

GND GND 

D1sfA.1 (NOTE) 

Do 0, 

D14 

D1 De 

D13 

D5 

D12 

D4 

Vee 

NOTE: The ...Qii_A.1 pin becomes LSB address Input (A.1) when 
the BYTE pin is set 10 be low in byte mode, and data 
output (D15) when set to be high In word mode. 538POOA-1 

Figure 1. Pin Connections for DIP Package 



CMOS BM Mask-Programmable ROM LH538POOA 

44-PINSOP TOP VIEW 48-PIN TSOP (Type I) TOP VIEW 

NC 1• NC 

A1e 2 NC BYTE 1• GND 

A11 3 42 As A16 2 GND 

Ar 4 41 Ag A1s 3 D1sfA.1 

As 5 A10 
A14 4 Dr 40 

As 6 39 A11 
A13 5 D14 

A12 6 De 
A, 7 38 A12 

A11 7 D13 
Aa 8 A13 

A1o 8 Ds 
~ 9 A14 Ag 9 D12 
A1 A1s As 10 D4 
Ao 11 34 A1e NC 11 Vee 

CE 33 BYTE GND 12 Vee 
GND 32 GND NC 13 GND 

OE 31 D1sfA.1 A1a D,, 

Do 30 Dr A11 D3 

De D14 Ar D10 

D1 28 De As D2 

Dg 27 D13 As De 

~ 26 Os A, D1 

010 25 012 Aa De 

o, 24 04 ~ Do 

011 23 Vee A1 OE 

Ao GND 

538POOMI CE GND 

Figure 2. Pin Connections for SOP Package 
538POOA·7 

Figure 3. Pin Connections for TSOP Package 
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LH538POOA 

Vee 

0: 
w 
LL 
LL 
:::i 
m 
en 
ffl 
0: 
a 
a 
< 

PIN DESCRIPTION 

SIGNAL PIN NAME 

A1 - A10 Address input 

Do- D1s Data output 

CE Chip enable input 

OE Output enable input 

4-86 

GND 

0: 
w 
a 
§ 
a 
en 
ffl 
0: a 
~ 

CMOS SM Mask-Programmable ROM 

MEMORY 
MATRIX 

(1,048,576 x 8) 
(524,288 x 16) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

DATA SELECTOR/OUTPUT BUFFER 

538POOA-2 

Figure 4. LH538POOA Block Diagram 

SIGNAL PIN NAME 

BYTE Byte/word switch 

Vee Power supply (+5 V) 

GND Ground 



CMOS BM Mask-Programmable ROM LH538POOA 

TRUTH TABLE 

DATA OUTPUT ADDRESS INPUT 
CE OE BYTE A-1 (Dis) SUPPLY CURRENT 

Do- D7 De· D1s LSB MSB 

H x x x High-Z High-Z - - Standby (lss) 

L H x x High-Z High-Z - - Operating (Ice) 

L L H - Do· Dr Da • D1s Ao A10 Operating (Ice) 

L L L L Do· Dr High-Z A.1 A1a Operating (Ice) 

L L L H Da • D1s High·Z A.1 A1a Operating (Ice) 

NOTE: 
X= Hor L 

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 oc 
Storage temperature Tstg -65 to +150 oc 

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 +o.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 llul V1N = O V to Vee 10 µA 

Output leakage current I ILo I Vour = O V to Vee 10 µA 1 

Operating current 
lcc1 IRC = 120 ns 60 

mA 2 
lcc2 1Rc=1µs 45 

Standby current 
Issi CE= V1H 2 mA 

lss2 CE= Vee· 0.2 V 100 µA 

Input capacitance C1N 
f = 1 MHz, IA = 25°C 

10 pF 

Output capacitance Gour 10 pF 

NOTES: 
1. CE = VIH• OE = VIH• outputs open 

2. V1N = V1fiV1L• CE = VIL• 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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LH538POOA CMOS 8M Mask-Programmable ROM 

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

Read cycle time tRC 120 ns 

Address access time t.v. 120 ns 

Chip enable time tACE 120 ns 

Output enable time toe 55 ns 

Output hold time loH 5 ns 

CE to output in High-Z tCHz 50 ns 
1 

OE to output in High-Z tOHz 50 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 10ns 

Input reference level 1.SV 

Output reference level 1.5 v 
Output load condition 1TIL+ 100pF 

~ 

----' ~ 

~(NOTE) 

CE l { 
~ce(NOTE) lcHZ 

l !oe(NOTE) 
{ 

foHZ 

Iott 

LIZ DATA VALID ::s:::s: 
\_Ll 7_7_ 

NOTE: The output data becomes valid when the last interval, ~. ~CE• or toe. have concluded. 
538POOA-3 

Figure 5. Byte Mode (BYTE = V1L) 
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CMOS 8M Mask-Programmable ROM 

li.c 

---,. r 
___/ ./\. 

tAA(NOTE) 

CE t { lcHz tAce(NOTE) 

t loe(NOTE) 

loH 

_L__L__L_ f DATAVALID U..l 

NOTE: The output data becomes valid when the last interval, tAA, tACE• or Ice. have concluded. 

ORDERING INFORMATION 

LH538POOA 
Device Type 

x 
Package 

Figure 6. Word Mode (BYTE = V1H) 

- ## 
Speed 

L 12 120 Access Time (ns) 

loHZ 

~_l_-"i 
Ll 

D 42-pin, 600-mil DIP (DIP42-P-600) 
'-----------< N 44-pin, 600-mil SOP (SOP44-P-600) 

LH538POOA 

538POOA-4 

T 48-pin, 12 x 18 mm2 TSOP (Type I) (TSOP48-P-1218) 

CMOS 8M (1M x 8 OR 512K x 16) Mask-Programmable ROM 

Example: LH538POOAD-12 (CMOS 8M (1Mx8) Mask-Programmable ROM, 120 ns, 42-pin, 600-mil DIP) 
538POOA-5 
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LH538ROOA CMOS BM (1 M x 8) Mask-Programmable ROM 

FEATURES 

• 1,048,576 x 8 bit organization 

• Access time: 120 ns (MAX.) 

• Low-power consumption: 
Operating: 330 mW (MAX.) 

Standby: 550 µW (MAX.) 

• Programmable output enable 

• Fully-static operation 

• TTL compatible 110 

• 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 11) 

DESCRIPTION 

The LH538ROOA is a mask-programmable ROM 
organized as 1,048,576 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 
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PIN CONNECTIONS 

32·PINDIP TOP VIEW 

A19 1 • Vee 

A1e 2 A1e 

A15 3 A11 

A12 4 A14 

A1 5 A1s 

As 6 Ag 

As 7 Ag 

~ 8 An 

As 9 OE 

~ 10 A1o 

"1 11 CE 

Ao 12 21 ~ 

Do 13 De 

D1 14 05 

Oz 15 o. 
GND 16 03 

538AOOA-1 

Figure 1. Pin Connections for DIP Package 

32·PINSOP TOP VIEW 

1• Vee 

2 A1e 

3 A11 

4 A14 

5 A1s 

6 Ag 

7 Ag 

8 An 

9 OE 

A1o 

CE 

~ 
De 

05 

04 

03 

Figure 2. Pin Connections for SOP Package 



CMOS BM Mask-Programmable ROM 

a: 
w 
:±: 
::> 
ID 

ffi a: 
g 
<( 

a: 
w 
Cl 

8 
w 
Cl 

ffi 
a: 
Cl 

!i 

'--~~~~~~--flei)--~~~~~~ 

Vee GND 

MEMORY 
MATRIX 

(1,048,576 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

Figure 3. LH538ROOA Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao·A19 Address input OE Output Enable input 

Do·D7 Data output Vee Power supply (+5 V) 

CE Chip Enable input GND Ground 

LH538ROOA 

538ROOA·2 
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LH538ROOA CMOS SM Mask-Programmable ROM 

TRUTH TABLE 

CE OE Do· Dr SUPPLY CURRENT 

H x High-Z Standby (lss) 

L H High-Z Operating (Ice) 

L L Dour Operating (Ice) 

NOTE: 
X=HorL 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT 

Supply vollage 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 lemperature Topr Olo+70 oc 
Storage temperature Tstg -65 to +150 oc 

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 I lu I V1N = O V to Vee 10 µA 

Output leakage current I ILOI Vour = O V to Vee 10 µA 1 

Operating current 
lcc1 tRc = 120 ns 60 

mA 2 
lcc2 tRC = 1 µs 45 

Standby current 
Issi CE= V1H 3 mA 

lss2 CE= Vee. 0.2 v 100 µA 

Input capacitance C1N 
f = 1 MHz, IA = 25°C 

10 pF 

Output capacitance Gour 10 pF 

NOTES: 
1. OE = VIH• <::!: = VIH• outputs open 
2. V1N = V11'1ViL• <::!: = VIL• outputs open 
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CMOS SM Mask-Programmable ROM LH538ROOA 

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

Read cycle time IRC 120 ns 

Address access time I.AA 120 ns 

Chip enable time !Ace 120 ns 

Output enable time toe 55 ns 

Output hold time !OH 5 ns 

CE to output in High-Z tcHz 50 ns 
1 

OE to output in High-Z toHz 50 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 10ns 

Input reference level 1.5 v 
Output reference level 1.5 v 
Output load condition 1TTL+ 100pF 

~ 
__J~ ~ 

~(NOTE) 

l ~ce(NOTE) 
{ 

lcHz 

l loe(NOTE) 
{ 

loHz 

loe 

.LL.L DATA VALID ~~ 
TI:I U.L 

NOTE: The output data becomes valid when the last interval, !AA, !ACE• or foe, have concluded. 
538ROOA-3 

Figure 4. Timing Diagram 

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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LH538ROOA CMOS BM Mask-Programmable ROM 

ORDERING INFORMATION 

LH53SROOA 
Device Type 

x 
Package 

-## 
Speed 

L 12 120 Access Time (ns) 

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

T 32-pin, S x 20 mm2 TSOP (Type II) (TSOP32-P-OS20) 

~------------ CMOS SM (1M x S) Mask-Programmable ROM 

Example: LH53SROOAD-12 (CMOS SM (1M x S) Mask-Programmable ROM, 120 ns, 32-pin, 600-mil DIP) 
538R00-4 
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PRELIMINARY 

LH538000-S CMOS SM (1M x 8/512K x 16) 
3 V-Drive Mask-Programmable ROM 

FEATURES PIN CONNECTIONS 

• Low power supply: 
42-PINDIP TOP VIEW 

2.6 to 5.5 V 
A1e 1• 42 NC 

• 1,048,576 x 8 bit organization 
A11 2 41 Ae 

(Byte mode) A1 3 40 Ae 
524,288 x 16 bit organization As 4 39 A1o 

(Word mode) As 5 38 A11 

Ac 6 37 A12 

• Access time: As 7 36 A13 

500 ns (MAX.) at 2.6 V::;; Vee< 4.5 V ~ 8 35 A14 

200 ns (MAX.) at 4.5 V::;; Vee::;; 5.5 V 
A1 9 34 A1s 

Ao 10 33 A1e 

• Static operation 32 BYTE 

GND 12 

• Three-state output OE 13 30 D1sfA1 

• Packages: Do 14 29 07 

De 15 28 014 
42-pin, 600-mil DIP 

01 16 27 Ds 

44-pin, 600-mil SOP 09 17 26 013 

64-pin, 14 x 20 mm2 QFP o. 18 25 05 

48-pin, 12 x 18 mm2 TSOP (Type I) 010 19 24 D12 

03 23 04 

DESCRIPTION 22 Vee 

The LH538000-S is a CMOS BM-bit mask-programma- 5380008-1 

ble ROM organized as 1,048,576 x 8 bits (Byte mode) 
Figure 1. Pin Connections for DIP Package or 524,288 x 16 bits (Word mode) that can be selected 

by BYTE input pin. 

It is suited for use in compact battery back-up systems 
due to be operated on 3 V power supply. 
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LH538000-S 

44-PINSOP 

Figure 2. 

64-PIN QFP 
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CMOS SM 3 V-Drive Mask-Programmable ROM 

TOP VIEW 48-PIN TSOP (Type I) TOP VIEW 

NC 1• 44 NC 
BYTE 1• GND 

A,s 2 NC 
A,a 2 GND 

A11 3 42 As 
A,5 3 Dw'A.1 

A1 4 41 Ag 
A14 4 ~ 

As 5 40 A10 
A,a 5 D,4 

As 6 39 A,, 
A12 6 Da 

A, 7 38 A,2 A,, 7 D,. 
Aa 8 37 A,3 

A10 8 Ds 
A, 9 36 A,4 Ag 9 D,2 
A, 35 A,s As D4 

Ao 11 34 A,a NC 11 Vee 
CE 12 33 BYTE GND Vee 

GND 32 GND NC GND 

OE 31 D,sfA.1 A,s D11 

Do 30 ~ A,7 Da 

Ds 29 D,4 A1 D10 

D, 28 Da Aa D2 

Dg 27 D,. As De 

D2 26 Ds A, D, 

D10 25 D12 Aa Ds 

Da 21 24 D4 A, Do 

D,, 23 Vee 
A, OE 

Ao GND 

5380008-2 CE GND 

538000$-3 

Pin Connections for SOP Package 

Figure 3. Pin Connections for TSOP Package 

lw ~ 
~;!:~:!!!;:0000000000~-., ... 

<(<(<(<(al z z z z z z z z z z CJ coo 

Figure 4. Pin Connections for QFP Package 

TOP VIEW 
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CMOS SM 3 V-Drive Mask-Programmable ROM 

Vee GND GND 

a: 
w 
Cl 

8 
w 
Cl 
en en 
w a: 
Cl 
Cl 
<( 

TIMING 
GENERATOR 

A1 

NOTE: Pin numbers apply to the 42-pin DIP or SOP. 

MEMORY 
MATRIX 

(2,097,152 x 8) 
(1,048,576 x 16) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

OUTPUT BUFFER 

Figure 5- LH538000-S Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

A-1 -A10 Address input OE Output enable input 

Do - D15 Data output Vee Power supply 

BYTE Byte/Word switch GND Ground 

CE Chip enable input 

NOTE: 

LH538000-S 

5380005-5 

The 0 15/A.1 pin becomes LSB address input (A1) when the bit configuration is set to byte mode, and data output (015) when in word mode. 
The BYTE input pin selects bit configuration. 
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LH538000-S CMOS BM 3 V-Drive Mask-Programmable ROM 

TRUTH TABLE 

CE OE BYTE 
DATA OUTPUT ADDRESS INPUT SUPPLY A.1 (D1s) MODE 

Do. Dr De· D1s LSB MSB 
CURRENT 

H x x x High-Z High-Z - - Standby (lss) 
High-Z 

L H x x High-Z High-Z - - Operating (Ice) 

L L H Inhibit Do· D7 De· D15 16-bit Ao A1a Operating (Ice) 

L L L L Do·D? High-Z 8-bit A..1 A1a Operating (Ice) 

L L L H Da·D15 High·Z 8-bit A..1 A1a Operating (Ice) 

NOTE: 
X = Don't care, High-Z = High-impedance 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT 

Supply voltage Vee -0.3to+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 oc 
Storage temperature Tstg -55 to +150 oc 

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

PARAMETER SYMBOL MIN. TYP. MAX. UNIT 

Supply voltage Vee 2.6 5.5 v 

DC CHARACTERISTICS {Vee= 2.6 to 5.5 v, TA= 0 to +70°C) 

PARAMETER SYMBOL TEST CONDITION MIN. MAX. UNIT NOTE 

Input 'High' voltage V1H 0.8Vcc Vee+0.3 v 
Input 'Low' voltage V1L -0.3 0.4 v 
Output 'High' voltage VoH loH = ·100 µA 0.8Vee v 
Output 'Low' voltage VoL IOL = 400 µA 0.4 v 
Input leakage current llul 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 tRe=1µs 40 mA 2 

lcc3 tRe = 200 ns 45 mA 3 

leC4 tRe = 1 µs 35 mA 3 

Standby current 
lss1 CE= V1H 3 mA 

lss2 CE =Vee. 0.2 v 100 µA 

Input capacitance C1N 
I= 1 MHz, TA= +25°C 

10 pF 

Output capacitance Cour 10 pF 

NOTES: 
1. Cl: = V1H, OE = V1H, outputs open 
2. V1N = V1H• VIL• CE = V1L, outputs open 
3. V1N =(Vee· 0.2 V), 0.2 V, CE= 0.2 V, outputs open 
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CMOS BM 3 V-Drive Mask-Programmable ROM LH538000-S 

AC CHARACTERISTICS (TA= 0 to +70°C) 

PARAMETER SYMBOL 
2.6 s; Vee < 4.5 4.5 s; Vee s; 5.5 

UNIT NOTE 
MIN. MAX. MIN. MAX. 

Read cycle lime tRC 500 200 ns 

Address access lime WI 500 200 ns 

Chip enable time !ACE 500 200 ns 

Output enable time toe: 150 80 ns 

Output hold time toH 10 5 ns 

CE to output in High-Z tcHZ 150 70 ns 
1 

OE to output in High-Z tOHZ 150 70 ns 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.4to2.6V 

Input rise/fall time 10 ns 

Input/output reference level 1.5V 

Output load condition 1TTL+100pF 

-----.. v 
___J ~ 

~(NOTE) 

CE \ { IAce(NOTE) lcHz 

\ _t 
foe(NOTE) foHZ 

foH 

LZZ DATA VALID ::S.:TI 
TI::S: ll 

NOTE: Data becomes valid after the tAA• tACE• and foe from address 
input, chip enable, and output enable, respectively, have been met. 

538000S-6 

Figure 6. Byte Mode (BYTE = VIL) 
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LH538000-S CMOS SM 3 V-Drive Mask-Programmable ROM 

- v 
___J ~ 

tAA(NOTE) 

CE l { 
IAcE(NOTE) 

l loE(NOTE) 
{ OE 

foH 

_LLLf DATA VALID \:S::S: 

NOTE: Data becomes valid after the tAA• tACE• and loE from address 
input, chip enable, and output enable, respectively, have been met 

Figure 7. Word Mode {BYTE= V1H) 

ORDERING INFORMATION 

LH538000-S 
Device Type 

x 
Package 

- ## 
Speed 

L___ 50 500 Access Time (ns) 

lcHZ 

foHz 

_i_i 
j_j_ I 

D 42-pin, 600-mil DIP (DIP42-P-600) 
~-------< M 64-pin, 14 x 20 mm2 QFP (QFP64-P-1420) 

N 44-pin, 600-mil SOP (SOP44-P-600) 

5380008-7 

T 4S-pin, 12x1S mm2 TSOP (TSOP4S-P-121S: Type I) 

~------------ CMOS SM (1 M x SOR 512K x 16) Mask-Programmable ROM 

Example: LH53SOOO-SD-50 (CMOS SM (1M x S) Mask-Programmable ROM, 200 ns, 42-pin, 600-mil DIP) 
538000$-8 
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LH538300B CMOS BM (1 M x 8) Mask-Programmable ROM 

FEATURES 

• 1,048,576 x 8 bit organization 

• Access time: 150 ns (MAX.) 

• Low-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: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 

32-pin, 8 x 20 mm2 TSOP (Type II) 

DESCRIPTION 

The LH538300B 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 

1• Vee 

2 

3 A11 

4 A14 

5 A13 

6 Ae 
7 Ae 
8 A11 

9 OE 

A10 

CE 

~ 
De 

D5 

D4 

D3 

5363001!-1 

Figure 1. Pin Connections for DIP Package 

32-PINSOP TOP VIEW 

1• 

2 A1e 

3 

4 

5 A13 

6 Ae 
7 Ag 

8 A11 

9 OE 

10 A1o 

CE 

12 ~ 
13 De 

14 D5 

15 D4 

16 D3 

5363008-5 

Figure 2. Pin Connections for SOP Package 
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LH538300B 

CE C!2}---<-I 

a: 
w 
LL 
LL 
::i 
ID 
en en 
w 
a: 
0 

~ 

a: 
w 
0 

§ 
0 

gs 
w 
a: 
0 

~ 

CMOS SM Mask-Programmable ROM 

MEMORY 
MATRIX 

(1,048,576 x 8) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

'----------OZ~16>---------< 

Vee GND 

5383008-2 

Figure 3. LH538300B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

Ao-A19 Address input OE Output Enable input 

Do- D1 Data output Vee Power supply (+5 V) 

CE Chip Enable input GND Ground 
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CMOS SM Mask-Programmable ROM LH538300B 

TRUTH TABLE 
CE OE Do· in SUPPLY CURRENT 

H x High-Z Standby (lss) 

L H High-Z Operating (Ice) 

L L Dour Operating (Ice) 

NOTE: 
X=HorL 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER SYMBOL RATING UNIT 

Supply voltage Vee -0.3to+7.0 v 
Input voltage V1N -0.3 to Vee +o.3 v 
Output voltage Vour -0.3 to Vee +o.3 v 
Operating temperature Topr Oto+70 ac 
Storage temperature Tstg -65to+150 ac 

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+o.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 llul V1N = O V to Vee 10 µA 

Output leakage current I ILOI Vour = o V to Vee 10 µA 1 

Operating current 
lcc1 !Re= 150 ns 50 

mA 2 
lee2 !Re= 1 µs 40 

Standby current 
lss1 CE= V1H 3 mA 

lss2 CE= Vee· 0.2 V 100 µA 

Input capacitance C1N 
I= 1 MHz, IA= 25°C 

10 pF 

Output capacitance Cour 10 pF 

NOTES: 
1. OE = v,H, CE = VIH• outputs open 

2. v,N = V1fiY1L• CE = VIL• outputs open 
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LH538300B CMOS SM Mask-Programmable ROM 

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

Read cycle time IRC 150 ns 

Address access time !AA 150 ns 

Chip enable time !ACE 150 ns 

Output enable time IOE 70 ns 

Output hold time toH 5 ns 

CE to output in High-Z !cHZ 60 ns 
1 

OE to output in High-Z !oH:Z: 60 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+100pF 

-----.. 
__) \. 

IAA(NOTE) 

CE l v 
_J 

IAce(NOTE) lcHz 

t v 
_J 

loe(NOTE) loHZ 

loH 

.L..L..L. DATA VALID ~ U .... H. J_j_ 

NOTE: The output data becomes valid when the 
last interval, IAA, !ACE• or toe. have concluded. 

5383008·3 

Figure 4. Timing Diagram 

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 SM Mask-Programmable ROM 

ORDERING INFORMATION 

LH53B300B 
Device Type 

x 
Package 

- ## 
Speed 

L_ 15 150 Access Time (ns) 

D 32-pin, 600-mil DIP (DIP32-P-600) 
'-----------< N 32-pin, 525-mil SOP (SOP32-P-525) 

LH538300B 

T 32-pin, B x 20 mm2 TSOP (Type 11) (TSOP32-P-OB20) 

~------------ CMOS BM (1 M x B) Mask-Programmable ROM 

Example: LH53B3008D-15 (CMOS BM (1M x B) Mask-Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 
5383008-4 
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LH538500B 
FEATURES 

• 1,048,576 x 8 bit organization 
(Byte mode) 

524,288 x 16 bit organization 
(Word mode) 

• Access time: 150 ns (MAX.) 

• Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 µW (MAX.) 

• 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 (Type I) 

DESCRIPTION 

The LH538500B is an SM-bit 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. 

4-106 

CMOS SM (1M x 8/512K x 16) 
Mask-Programmable ROM 

PIN CONNECTIONS 

42-PIN DIP TOP VIEW 

A1a 1• NC 

A11 2 Aa 
A1 3 Aa 

Aa 4 A10 

As 5 A11 

A4 6 A12 

Aa 7 A1a 

Ai 8 A14 

A1 9 A1s 

Ao 10 Arn 

CE 11 BYTE 

GND 12 GND 

OE 13 Du/A.1 (NOTE) 

Do 14 0, 

Da 15 D14 

D1 16 De 

Dg 17 D13 

D2 18 Ds 

D10 19 D,2 

Da 20 23 D4 

D11 21 Vee 

NOTE: The__Qii._A.1 pin becomes LSB address input (A.1) when 
the BYTE pin is set to be low in byte mode, and data 
output (D15) when set to be high in word mode. 

5385008-1 

Figure 1. Pin Connections for DIP Package 
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CMOS SM Mask-Programmable ROM 

44-PINSOP TOP VIEW 

NC 1 • NC 

A10 2 NC 

A,7 3 As 
A1 4 Ag 

As 5 A,o 

As 6 A,, 

A4 7 A12 

As 8 A13 

A, 9 A,. 

A, 10 A,s 

Ao 11 A,e 

CE 12 BYTE 

GND 13 GND 

OE 14 D1s/A1 (NOTE) 

Do 15 07 

Da 16 D14 

o, 17 Da 

Dg 18 D1s 

o, 19 Ds 

D10 20 o,, 
03 21 04 

o,, 22 Vee 

NOTE: The D1siA1 pin becomes LSB address 
input (A1) when the BYTE pin is set to be 
LOW in byte mode, and data output (D1s) 
when set to be HIGH in word mode. 

5385008-18 

Figure 2. Pin Connections for SOP Package 

SHARP 

LH538500B 

44-PIN QFP TOP VIEW 

A,2 

A,, 

Ag 

As 

A,, 

A1 

As 
As 

A, 

34 33 32 31 30 
D13 

35 Ds 

36 D12 

04 

38 Vee 

39 NC 

40 o,, 
41 03 

42 D10 

o, 
Dg 

538500B-te 

Figure 3. Pin Connections for 44-Pin 
QFP Package 
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LH538500B 

64-PIN QFP 

Ag 

NC 

GND 

CMOS SM Mask-Programmable ROM 

TOP VIEW 

It!! c i 
~ ;! ~ ~ >- u u u u u u u u u z0 ~ c~c" c;! 
<C<C<C<(IXlZZZZZZZZZ ~ 

De 

D13 

D5 

D12 

D4 

Vee 

GND 

D,, 

Dg 

D10 

D2 

21 Dg 

D, 

538500B-1A 

Figure 4. Pin Connections for 64-Pin QFP Package 

48-PIN TSOP (Type I) TOP VIEW 
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BYTE 1 • 

A1e 2 

A15 3 

A14 4 

A13 5 

A12 6 

A11 7 

A10 8 

Ag 9 

Ag 

NC 11 

GND 12 

NC 13 

A1g 14 

A11 15 

A7 16 

Ag 17 

Ag 18 

A. 19 

Ag 

A2 

A, 

Ao 
CE 24 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

30 

29 

28 

27 

26 

25 

GND 

GND 

D1sfA1 

D, 

D14 

De 

D13 

D5 

D,2 

D4 

Vee 

Vee 

GND 

D,, 

D3 

D10 

D2 

Dg 

D, 

Dg 

Do 

OE 

GND 

GND 

Figure 5. Pin Connections for TSOP Package 
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CMOS SM Mask-Programmable ROM 

a: 
UJ 
LL 
LL 
::::> 
m 
(/) 
(/) 
UJ 
a: 
0 
0 
< 

Vee GND GND 

a: 
UJ 
0 

8 
UJ 
0 
(/) 

ffl 
a: 
0 
0 
< 

A., 

MEMORY 
MATRIX 

(1,048,576 x 8) 
(524,288 x 16) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

DATA SELECTOR/OUTPUT BUFFER 

Figure 6. LH538500B Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

A-1 - A10 Address input BYTE Byte/word switch 

Do- D1s Data output Vee Power supply (+5 V) 

CE Chip enable input GND Ground 

OE Output enable input NC Non connection 

SHARP 

LH538500B 

5385008-2 
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LH538500B CMOS SM Mask-Programmable ROM 

TRUTH TABLE 

CE OE BYTE A.1 (Dis) 
DATA OUTPUT ADDRESS INPUT 

SUPPLY CURRENT 
Do- D7 De- Dis LSB MSB 

H x x x High-Z High-Z - - Standby (lss) 

L H x x High-Z High-Z - - Operating (Ice) 

L L H - Do- D7 Da- D1s Ao A1a Operating (Ice) 

L L L L Do- D7 High-Z A.1 A1a Operating (Ice) 

L L L H Da-D1s High-Z A.1 A1a Operating (Ice) 

NOTE: 
X=HorL 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT 

Supply voltage Vee -0.3to+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 oc 
Storage temperature Tstg -65 to +150 oc 

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 IQH = -400 µA 2.4 v 
Input leakage current I ILi I V1N = o V to Vee 10 µA 

Output leakage current I ILOI Vour = O V to Vee 10 µA 1 

Operating current 
lcc1 IRe = 150 ns 50 

mA 2 
lcc2 IRC = 1 µs 40 

Standby current 
lss1 CE= V1H 2 mA 

lss2 CE= Vee - 0.2 V 100 µA 

Input capacitance C1N 
f = 1 MHz, IA = 25°C 

10 pF 

Output capacitance Cour 10 pF 

NOTES: 
1. CE" = V IH• OE = V1H• outputs open 
2. V1N = V1tfV1L• CE" = VIL• 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. 

4-110 



CMOS BM Mask-Programmable ROM LH538500B 

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 IAA 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 60 ns 
1 

OE to output in High-Z loHZ 60 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 V to 2.4 V 

Input rise/fall time 10ns 

Input reference level 1.5 v 
Output reference level 0.8 V and 2.2 V 

Output load condition 1TTL+100pF 

~c 

~ 
____/~ 

A.1-A1a 

tAA(NOTE) 

CE 1 { 
IAcE(NOTE) lcHZ 

1 { loE(NOTE) lo Hz 

OE 

loH 

LLLY DATA VALID ~~ 
\.l..l. Ul. 

NOTE: The output data becomes valid when the last interval, !AA, !ACE• or loE• have concluded. 
5385008-3 

Figure 7. Byte Mode (BYTE = V1L) 
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LH5385008 CMOS SM Mask-Programmable ROM 

lilc 

Ao-A10 

~(NOTE) 

CE 

IAcE(NOTE) lcHz 

OE 

loE(NOTE) 

DATA VALID 

NOTE: The output data becomes valid when the last interval, tAA, tACE• or loE• have concluded. 
5385008-4 

Figure 8. Word Mode (BYTE = V1H) 

ORDERING INFORMATION 

LH53B500B 
Device Type 

x 
Package 

- ## 
Speed 

L 15 150 Access Time (ns) 

D 42-pin, 600-mil DIP (DIP42-P-600) 
Z 44-pin, 14x14 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 4B-pin, 12 x 1B mm2 TSOP (Type I) (TSOP4B-P-121B) 

CMOS BM (1 M x B OR 512K x 16) Mask-Programmable ROM 

Example: LH53B500BD-15 (CMOS BM (1M x B) Mask-Programmable ROM, 150 ns, 42-pin, 600-mil DIP) 
5385008·5 
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LH538600 
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: 100 ns (MAX.) 

• Power consumption: 
Operating: 385 mW (MAX.) 

Standby: 550 µW (MAX.) 

• Static operation (internal sync. system) 

• TTL compatible 1/0 

• Three-state output 

• 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) 

44-pin, 14 x 14 mm2 QFP 

64-pin, 14 x 20 mm2 QFP 

DESCRIPTION 

The LH538600 is a CMOS SM-bit 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. Due to its high-speed access of 100 ns, 
it is suited to high-speed laser printer, quality sound 
electronic musical instruments, etc. 

PRELIMINARY 
CMOS SM (1M x 8/512K x 16) 

High-Speed Mask-Programmable ROM 

PIN CONNECTIONS 

42-PIN DIP TOP VIEW 

A18 1• OE1/0EifDC 

A11 2 

A, 3 Ag 

At; 4 A10 

As 5 A,, 

~ 6 A,2 

A3 7 A13 

A2 8 A,4 

A, 9 A1s 

~ A15 

CE 11 BYTE 

GND 12 31 GND 

OE D1sfA.1 

Do D, 

Da 15 D14 

D, De 

Dg 17 D13 

D2 18 Ds 

D10 19 D,2 

D3 D4 

D,, 21 Vee 

538600-1 

Figure 1. Pin Connections for DIP Package 
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LH538600 PRELIMINARY 

44-PINSOP TOP VIEW 

NC 1• NC 

A1e 2 OEifOE1/DC 

A11 3 42 As 
A, 4 Ag 

As 5 40 A10 

As 6 39 A,, 

A,, 7 A12 

Aa 6 A13 

Ao 9 A,4 

A, A1s 

Ao A1s 

CE BYTE 

GND GND 

OE 31 Du/A..1 

Do 30 0, 

De D14 

D1 De 

09 D13 

D2 26 Ds 

D10 D12 

03 21 04 

o,, Vee 

538600-2 

Figure 2. Pin Connections for SOP Package 

44-PINQFP 

!!:!~~l~o 0 :i: 
<<<< mz ~oOJcf 

o,. 
Ds 

D,2 

Ag D4 

As Vee 
oe116E11Dc 39 GND 

D,, 

A,, 41 Da 

A1 42 D,o 

43 0. 
De 

<<'<'<.f'I~ !i1 I~ rJ cf 0 
CJ 

53880(H 

Figure 4. Pin Connections for 44-Pin QFP 
Package 
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48-PINTSOP 

BYTE 

A,6 

A,s 

A,4 

A,3 

A,2 

A,, 

A,o 

Ag 

As 
OE1/0E1/DC 

GND 

NC 

A,e 

A17 

A1 

As 
As 

A,, 

A3 

Ao 
A, 

Ao 
CE 

Figure 3. 

CMOS SM Mask-Programmable ROM 

TOP VIEW 

1• GND 

2 GND 

3 D,s 

4 D1 

5 D,4 

6 D6 

7 D,3 

8 Ds 

9 D,2 

10 D4 

11 Vee 

12 Vee 

13 GND 

14 D,, 

15 D3 

16 D,o 

17 D2 

18 Dg 

19 o, 
De 

21 Do 

22 OE 

GND 

GND 

538600-3 

Pin Connections for TSOP Package 

SHARP 



CMOS SM Mask-Programmable ROM PRELIMINARY 

64-PINQFP 

A12 

A11 

A10 

Ag 

Ag 

OE1'0E1'DC 

GND 

A1a 

A11 

A1 

Ag 

~ 
A,. 

~ :!: ~ \!! 1~ o o o o o o o o o o ~ i .. <<<<al z z z z z z z z z z Cl co c 

Figure 5. Pin Connections for 64-Pin QFP Package 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL PIN NAME 

A..1 Address input (BYTE mode) 1 OE Output enable input 

Ao-A1a Address input 

Do - Dis Data output 
OE1/0E1/DC 

Output enable inpuVDon't 
care 

BYTE 8/16-bit Byte/Word mode 
switch input 

Vee Power supply (+5 V) 

GND Ground 

CE Chip enable input 

NOTES: 

LH538600 

TOP VIEW 

NOTE 

2 

1. D1~A..1 pin becomes LSB address input (A..1) when the bit configuration Is set In byte mode, and data output (011;) when in word mode. The 
BYTE Input pin selects bit configuration. 

2. An active level of OE1/()E1/DC is mask-programmable. 
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LH538600 

Vee GND 

NOTE: Pin numbers apply to the 42-pin DIP. 
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a: 
w c 
@ 
c 

!fl a: c 
~ 

TIMING 
GENERATOR 

PRELIMINARY 

ADDRESS 
BUFFER 

A.1 

CMOS SM Mask-Programmable ROM 

MEMORY 
MATRIX 

(1,048,576 x 8) 
(524,288 x 16) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

DATA SELECTOR/OUTPUT BUFFER 

Figure 6. LH538600 Block Diagram 



CMOS SM Mask-Programmable ROM PRELIMINARY LH538600 

TRUTH TABLE 

CE 
OEI BYTE 

DATA OUTPUT ADDRESS INPUT SUPPLY 
OE1/0E1 A.1 (O,s) MODE CURRENT 

Do· Dr De· Dis LSB MSB 

H x x x High·Z High·Z - - Standby -
L LJH x x High-Z High-Z - - Operating 

L H/L H Inhibit Do·D1 De· D1s 16-bit Ao A18 Operating 

L H/L L L Do-07 High-Z 8-bit A.1 A18 Operating 

L H/L L H De· D,s High-Z 8-bit A.1 A1a Operating 

NOTE: 
X = Don't care, High-Z = High-impedance 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER SYMBOL RATING UNIT 

Supply voltage Vee -0.3to +7.0 v 
Input voltage V1N -0.3 to Vee+ 0.3 v 
Output voltage Voor -0.3 to Vee + 0.3 v 
Operating temperature Topr Oto+70 °C 

Storage temperature Tstg -55 to +150 °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= 5 V ±100k, TA= 0 to +70°C) 

PARAMETER SYMBOL TEST CONDmON MIN. MAX. UNIT NOTE 

Input 'High' voltage V1H 2.2 Vee+0.3 v 
Input 'Low' voltage V1L -0.3 0.8 v 
Output 'High' voltage VOH loH = ·400 µA 2.4 v 
Output 'Low' voltage VoL loL = 2.0 mA 0.4 v 
Input leakage current llul V1N= 0 v. Vee 10 µA 

Output leakage current I ILol Vour = o V, Vee 10 µA 1 

lee1 tRe = 100 ns 70 mA 2 

Operating current ICC2 tRe=1µs 60 mA 2 

lee3 tRe = 100 ns 65 mA 3 

ICC4 tRe=1µs 55 mA 3 

Standby current 
lss1 CE= V1H 3 mA 

lss2 CE = Vee - 0.2 v 100 µA 

Input capacitance C1N 
f = 1 MHz, TA = 25°C 

10 pF 

Output capacitance Cour 10 pF 

NOTES: 
1. ct= V1H• lJE = V1H• OE1 = V1Lo OE,= V1H 
2. V1N =Vu/Vil• ct= VIL• outputs open 
3. V1H = v cc - 0.2 V/0.2 V, CE = 0.2 v, outputs open 
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LH538600 PRELIMINARY 

AC CHARACTERISTICS (Vee= 5 v ±100k, TA= 0 to +70°C} 

PARAMETER SYMBOL MIN. MAX. 

Read cycle time tRC 100 

Address access time tAA 100 

Chip enable time IACE 100 

Output enable time toe 40 

Output hold time IOH 5 

CE to output in High-Z lcHz 40 

OE to output in High-Z loHZ 40 

NOTE: 
1. This is the time required for the outputs to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER 

Input voltage amplitude 

Input rise/fall time 

Input reference level 

Output reference level 

Output load 

A.1 -A18 (NOTE 2) 
(Ag·A1a> 

RATING 

0.6to2.4 V 

10ns 

1.5V 

1.5V 

1TTL+100pF 

!,v. (NOTE 1) 

tACe(NOTE 1) 

foe{NOTE 1) 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

CMOS BM Mask-Programmable ROM 

NOTE 

1 

!cHZ 

foHZ 

Do- D1 (NOTE 2) 
(Do· Dis) 

DATA VALID 

NOTES: 
1. Data becomes valid after the intervals t,v., Y.ce. and foe from address 

inpu1, chip enable, and output enable, respectively, have been met 
2. Applies to byte mode. Signals In parentheses apply to word mode. 

Figure 4-7. Timing Diagram 
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CMOS SM Mask-Programmable ROM 

ORDERING INFORMATION 

LH53B600 
Device Type 

x 
Package 

- ## 
Speed 

PRELIMINARY 

L 10 100 Access Time (ns) 

D 42-pin, 600-mil DIP (DIP42-P-600) 
M 44-pin, 14 x 14 mm2 QFP (QFP44-P-1414) 

~------< N 44-pin, 600-mil SOP (SOP44-P-600) 
T 4B-pin, 12x1B mm2 TSOP (TSOP4B-P-121B) 
Z 64-pin, 14 x 20 mm2 QFP (QFP64-P-1420) 

LH538600 

CMOS BM (1 M x B OR 512K x 16) Mas~-Programmable ROM 

Example: LH538600D-10 (CMOS BM (1M x B) Mask-Programmable ROM, 100 ns, 42-pin, 600-mil DIP) 
~ 
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LH5316500C 
FEATURES 

• 2,097,152 x 8 bit organization 
(Byte mode) 

1,048,576 x 16 bit organization 
(Word mode} 

• 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 

48-pin, 12 x 18 mm2 TSOP (Type I} 

DESCRIPTION 

The LH5316500C is a 16M-bit mask-programmable 
ROM organized as 2,097,152 x 8 bits (Byte mode) or 
1,048,576 x 16 bits (Word mode) that can be selected 
by a BYTE input pin. It is fabricated using silicon-gate 
CMOS process technology. 

4-120 

CMOS 16M (2M x 8/1M x 16) 
Mask-Programmable ROM 

PIN CONNECTIONS 

42-PIN DIP TOP VIEW 

A1e 1• A10 

A,, 2 As 

A1 3 Ag 

As 4 A10 

As 5 An 

A4 6 A12 

A" 7 A13 

~ 8 A14 

A1 9 A1s 

~ A15 

BYTE 

GND GND 

OE D11JA_1 

Do D, 

De D14 

D1 De 

De D13 

D2 Ds 

D10 D12 

D3 D4 

Yee 

5316500C-1 

Figure 1. Pin Connections for DIP Package 

SHARP 



CMOS 16M Mask-Programmable ROM LH5316500C 

44-PINSOP TOP VIEW 48-PIN TSOP (Type I) TOP VIEW 

NC 1 • 44 NC 

A10 2 A19 BYTE 1• GND 

A11 3 Ag A1e 2 GND 

A7 4 Ag A1s 3 D11IA..1 

Ae 5 A1o A14 4 ~ 

As 6 A,, A13 5 D14 

A4 7 A12 A12 6 De 

A3 8 A13 A,, 7 D13 

~ 9 36 A14 A10 8 Ds 

A1 A1s Ag 9 D12 

Ao A1e Ag D4 

CE BYTE A19 11 Vee 

GND GND GND Vee 

OE 31 D15"A..1 NC GND 

Do D1 A1e D,, 

De D14 A17 34 D3 

D1 De ~ D10 

D9 D13 Ae D2 

D2 Ds As D9 

D10 D12 ~ D1 

D3 21 D4 A3 De 

D,, 23 Vee ~ Do 

53165000-9 A1 OE 

Ao GND 
Figure 2. Pin Connections for SOP Package CE GND 

53165000-10 

Figure 3. Pin Connections for TSOP Package 
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LH5316500C 

er: 

It 
:::> 
co 
en 
~ 
er: 
Cl 
Cl 
< 

Vee GND GND 

PIN DESCRIPTION 

SIGNAL PIN NAME 

A-1-A19 Address input 

Do- D1s Data output 

BYTE Byte/word switch 

CE Chip Enable input 

4-122 

er: 
w 
Cl 

8 
w 
Cl 
en 
~ 
er: 
Cl 
Cl 
< 

TIMING 
GENERATOR 

A..1 

CMOS 16M Mask-Programmable ROM 

MEMORY 
MATRIX 

(2,097, 152 x 8) 
(1,048,576 x 16) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

DATA SELECTOR/OUTPUT BUFFER 

5316500C-2 

Figure 4. LH5316500C Block Diagram 

SIGNAL PIN NAME 

OE Output Enable input 

Vee Power supply (+5 V) 

GND Ground 



CMOS 16M Mask-Programmable ROM LH5316500C 

TRUTH TABLE 

CE OE BYTE A.1 DATA OUTPUT ADDRESS INPUT SUPPLY 
(D1s) Do- Dr Da-D1s LSB MSB CURRENT 

H x x x High-Z High-Z - - Standby (Isa) 

L H x x High-Z High-Z - - Operating (Ice) 

L L H - Do- D7 Da-D1s Ao A19 Operating (Ice) 

L L L L Do-07 High-Z A-1 A19 Operating (Ice) 

L L L H De- D1s High-Z A-1 A19 Operating (Ice) 

NOTES: 
X = H or L; High-Z = High-impedance 

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 oc 
Storage temperature Tstg -65 to +150 oc 

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. MAX. UNIT NOTE 

Input 'High' voltage V1H 2.2 Vcc+0.3 v 
Input 'Low' voltage V1L -0.3 0.8 v 
Output 'High' voltage VoH loH = -400 µA 2.4 v 
Output 'Low' voltage VoL loL = 2.0 mA 0.4 v 
Input leakage current llL1I V1N = O V to Vee 10 µA 

Output leakage current I ILOI Vour = o V to Vee 10 µA 1 

Operating current 
lcc1 !Re= 150 ns 50 

mA 2 
lcc2 IRC = 1 µs 40 

Standby current 
lss1 CE= V1H 2 mA 

lss2 CE = V cc - 0.2 V 100 µA 

Input capacitance C1N 
I = 1 MHz, IA = 25°C 

10 pF 

Output capacitance Cour 10 pF 

NOTES: 
1. CE = V IH• OE = V1H, outputs open 
2. V1N = V1t!V1L• CE = VIL• outputs open 
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LH5316500C CMOS 16M Mask-Programmable ROM 

AC CHARACTERISTICS (Vee= 5 v ±100k, TA= 0 to +70°C) 
PARAMETER SYMBOL MIN. MAX. UNrT NOTE 

Read cycle time tRC 150 ns 

Address access time IAA 150 ns 

Chip enable time lACE 150 ns 

Output enable time loE 70 ns 

Output hold time toH 5 ns 

CE to output in High-Z tcHZ 60 ns 
1 

OE to output in High-Z toHz 60 ns 

NOTE: 
1. lhis is the time required for the outpuls to become high-impedance. 

AC TEST CONDITIONS 

PARAMETER RATING 

Input voltage amplitude 0.6Vto2.4 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 

---""\ ~ 
___)~ ~ 

~(NOTE) 

CE 

l 1 ¥.cE(NOTE) fcHZ 

1 loe(NOTE) f loHZ 

foH 

.LL.L l DATAVALID ~~ 
U.l .L.L 

NOTE: The output data becomes valid when the last Interval, ~. ¥.cE• or foE, have concluded. 

Figure 5. Byte Mode (BYTE = V1L) 

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. 

4-124 



CMOS 16M Mask-Programmable ROM 

"1c 

~ /" 
___/ .J\. 

tAA(NOTE) 

CE l { 
!Ace(NOTE) 

t { loe(NOTE) 

OE 

loH 

1-LL DATA VALID TI:I 

NOTE: The output data becomes valid when the last interval, !AA, !ACE• or toe. have concluded. 

ORDERING INFORMATION 

LH5316500C 
Device Type 

x 
Package 

Figure 6. Word Mode (BYTE = V1H) 

- ## 
Speed 

L 15 150 Access Time (ns) 

le Hz 

loHz 

::s:::s: 
T_T_ 

D 42-pin, 600-mil DIP (DIP42-P-600) 
~------< N 44-pin, 600-mil SOP (SOP44-P-600) 

LH5316500C 

5316500C-4 

T 48-pin, 12 x 18 mm2 TSOP (Type I) (TSOP48-P-1218) 

CMOS 16M (2M x 8 OR 1 M x 16) Mask-Programmable ROM 

Example: LH5316500CD-15 (CMOS 16M (2M x 8) Mask-Programmable ROM, 150 ns, 42-pin, 600-mil DIP) 
53165000-5 
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LH5316501 
FEATURES 

• 2,097, 152 x 8 bit organization 
(Byte mode) 

1,048,576 x 16 bit organization 
(Word mode) 

• Access time: 150 ns (MAX.) 
Page mode: 70 ns (MAX.) 

• Addressable page: 4 words or 8 bytes 

• Power consumption: 
Operating: 385 mW (MAX.) 

Standby: 550 µW (MAX.) 

• Fully-static operation 

• TTL compatible 1/0 

PIN CONNECTIONS 

42-PIN DIP 

A1s 1• 

A11 2 

A1 3 Ag 

At; 4 

As 5 A,, 

A. 6 A12 

Aa 7 A13 

~ 8 A14 

A1 9 A1s 

Ao A1s 

CE BYTE 

GND GND 

OE D1rJA..1 

Do 07 

014 

16 Da 

D13 

Ds 

D12 

04 

Vee 

TOP VIEW 

5316501-1 

Figure 1. Pin Connections for DIP Package 
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PRELIMINARY 
CMOS 16M {2M x 8/1M x 16) 

Mask-Programmable ROM 

• Three-state outputs 

• Single +5 V power supply 

• Packages: 
42-pin, 600-mil DIP 
44-pin, 600-mil SOP 

DESCRIPTION 

The LH5316501 is a 16M-bit mask-programmable 
ROM organized as 2,097,152 x 8 bits (Byte mode) or 
1,048,576 x 16 bits (Word mode) that can be selected 
by a BYTE input pin. It is fabricated using silicon-gate 
CMOS process technology. 

44-PIN SOP TOP VIEW 
1. 

2 

3 

4 

5 

6 

7 

8 

9 

A1s 

A1s 

GND 

07 

D14 

Da 

013 

Ds 

D12 

04 

22 Vee 

5316501-6 

Figure 2. Pin Connections for SOP Package 
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CMOS 16M Mask-Programmable ROM PRELIMINARY 

er: 
UJ 
LL 
LL 
::::> 
CD 
Cf) 
Cf) 
UJ 
er: 
Cl 

~ 

'1\. CE 
CE 1,Y,__ _ __, BUFFER 

T 
l 

';;\_ OE J OE 1-p',__ _ __, BUFFER 

1 
BYTE/WORD 

BYTE ~·1-----t SWITCHOVER 
CIRCUIT 

er: 
UJ 
Cl 

§ 
Cl 
rn 
ffl 
er: 
Cl 
0 
<( 

TIMING 
GENERATOR 

1 

l l 
ADDRESS I lADDRESSJ 
BUFFER J BUFFER 

MEMORY 
MATRIX 

(2,097, 152 x 8) 
(1,048,576 x 16) 

COLUMN SELECTOR 

SENSE AMPLIFIER 

LH5316501 

DATA SELECTOR/OUTPUT BUFFER 

'---<lb!2)--{12 31t----f3o!}---{~·~1JC:~!WlSX30 
Vee GND GND 

5316501-2 

Figure 3. LH5316501 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME SIGNAL PIN NAME 

A-1 -A1 Address input (page mode operation) CE Chip Enable input 

A2. - A19 Address input OE Output Enable input 

Do - D1s Data output Vee Power supply (+5 V) 

BYTE Byte/word switch GND Ground 
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LH5316501 PRELIMINARY CMOS 16M Mask-Programmable ROM 

TRUTH TABLE 

CE OE BYTE A.1 DATA OUTPUT ADDRESS INPUT SUPPLY 
(D1s) Do- Dr Os- Dis LSB MSB CURRENT 

H x x x High-Z High-Z - - Standby (lss) 

L H x x High-Z High·Z - - Operating (Ice) 

L L H Inhibit Do- D7 De· D1s Ao A19 Operating (Ice) 

L L L L Do· D7 High-Z A.1 A19 Operating (Ice) 

L L L L De· D1s High-Z A.1 A19 Operating (Ice) 

NOTE: 
X = H or L; High-Z = High-impedance 

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 oc 
Storage temperature Tstg -65 to +150 oc 

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. MAX. UNIT NOTE 

Input 'High' voltage V1H 2.2 Vcc+0.3 v 
Input 'Low' voltage V1L -0.3 0.8 v 
Output 'High' voltage VoH loH = ·400 µA 2.4 v 
Output 'Low' voltage VoL loL = 2.0 mA 0.4 v 
Input leakage current 1 lu I V1N = O V to Vee 10 µA 

Output leakage current I ILol Vour = O V to Vee 10 µA 1 

Operating current 
lcc1 tRc = 150 ns 70 

mA 2 
lcc2 tRc=1µs 50 

Standby current 
lss1 CE= V1H 2 mA 

lss2 CE =Vee - 0.2 V 100 µA 
Input capacitance C1N 

f = 1 MHz, IA = 25°C 
10 pF 

Output capacitance Gour 10 pF 

NOTES: 
1. CE = VIH• Qt= VIH• outputs open 
2. Y1N = Y1ffY1L• CE= VIL• outputs open 
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CMOS 16M Mask-Programmable ROM PRELIMINARY 

AC CHARACTERISTICS (Vee= 5 v ±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 

Page address access time !APA 70 ns 

Output enable time toE 70 ns 

Output hold time toH 5 ns 

CE to output in High-Z tcHZ 60 ns 
1 

OE to output in High-Z to HZ. 60 ns 

NOTE: 
1. Determined by the time for the output to be opened, irrespective of output voltage. 

AC TEST CONDITIONS 
PARAMETER 

Input voltage amplitude 

Input rise/fall time 

Input reference level 

Output reference level 

Output load condition 

A1 -A19 

(Ao· A19) 

CE 

OE 

RATING 

0.6 V to2.4 V 

10 ns 

1.5 v 
0.8 V and 2.2 V 

1TTL + 100 pF 

~I/" 
__JI\. 

1 
1 

,r 
.JI\. 

tAA(NOTE) 

!AcE(NOTE) 1 
toE(NOTE) { 

foH 

.L.L.L y DATAVALID 
U...l 

lcHZ 

fa Hz 

__::,,.__::,,. 

.Li_ 

NOTE: The output data becomes valid when the last interval, !AA, !ACE• !APA• or foE, have concluded. 

Figure 4. Read Cycle 

CAUTION 

LH5316501 

5316501-3 

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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LH5316501 PRELIMINARY CMOS 16M Mask-Programmable ROM 

tAA(NOTE) tAPA(NOTE) !APA (NOTE) 

CE 

~ce(NOTE) 

OE 

foe(NOTE) 

NOTE: The output data becomes valid when the last interval, tAA, !ACE• !APA• or foe, have concluded. 

Figure 5. Page Mode Read Cycle 

ORDERING INFORMATION 

x -## LH5316501 
Device Type Package Speed 

I r 10 • L 15 150 Access Time (ns) 

D 42-pin, 600-mil DIP (DIP42-P-600) 
N 44-pin, 600-mil SOP (SOP44-P-600) 

lcHZ 

foHz 

CMOS 16M (2M x 8 OR 1 M x 16) Mask-Programmable ROM 
* Page Mode only available in 70 ns 

Example: LH5316501 D-15 (CMOS 16M (2M x 8) Mask-Programmable ROM, 150 ns, 42-pin, 600-mil DIP) 
5316501-5 
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LH5332500 
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: 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: 
44-pin, 600-mil SOP 

64-pin, 14 x 20 mm2 QFP 

• x16 word-wide pinout 

SHARP 

PRELIMINARY 
CMOS 32M (4M x 8/2M x 16) 

Mask-Programmable ROM 

DESCRIPTION 

The LH5332500 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-PIN SOP TOP VIEW 

NC 1. Aro 

A,. 2 Arn 

A,, 3 As 

A1 4 A,. 

A,,, 5 A10 

As 6 A,, 

A, 7 A,2 

A3 8 A,3 

A, 9 A,4 

A, 10 A15 

A15 

CE 12 BYTE 

GND 13 GND 

OE 

Do 0, 

Ds D14 

o, o. 
09 013 

D2 Ds 

010 012 

03 24 04 

o,, 23 Vee 

5332500-1 

Figure 1. Pin Connections for SOP Package 

4-131 



LH5332500 

64-PIN QFP 

4-132 

PRELIMINARY CMOS 32M Mask-Programmable ROM 

47 46 45 44 43 42 41 40 39 38 37 36 35 34 3332 

31 

29 

NC 

~ ~ ~ 

A,. Vee 
GND GND 

A;.o 25 o,, 
~ M ~ 

~ ~ 

~ ~ 

~ 21 

~ ~ 

Figure 2. Pin Connections for QFP Package 

TOP VIEW 

5332500-1A 

SHARP 



CMOS 32M Mask-Programmable ROM 

A20 

A10 

er 
A11 

w 
"-
"-

A10 ::> 
ID 

Ag en 
en w 
er 
0 
0 
<( 

As 

A2 

OE 

NOTE: Pin numbers apply to 64-pin QFP. 

er 
w 
0 
0 
0 w 
0 
en en w 
er 
0 
0 
<( 

TIMING 
GENERATOR 

ADDRESS 
BUFFER 

PRELIMINARY 

MEMORY 
MATRIX 

(4, 194,304 x 8) 
(2,097,152x16) 

c: w u. 
u. 
::> 
ID 
t-
::> a.. 
t-
::> 

~ 
0 
ti 

COLUMN SELECTOR w 
_J 
w 
en 
<( 
t-
<( 
Cl 

SENSE AMPLIFIER 

Figure 3. LH5332500 Block Diagram 

PIN DESCRIPTION 

SIGNAL PIN NAME NOTE SIGNAL 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. D1sfA..1 pin becomes LSB address input (A..1) when the bit configuration is set to byte mode, 

and data output (015) when in word mode. BYTE input pin selects bit configuration. 

LH5332500 

D2 

5332500-2 

NOTE 
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LH5332500 PRELIMINARY CMOS 32M Mask-Programmable ROM 

TRUTH TABLE 

CE OE BYTE* A..1 MODE Do- Dr De- Dis SUPPLY CURRENT NOTE 

H x x x Non selected High-Z Standby (lss) 
1 

L H x x Non selected High-Z 

L L H Input Word Do-D1 Ds- D1s inhibit Operating (Ice) 

L L L L Byte Do- D1 High-Z 

L L L H Byte Ds - D1s 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 VIN -0.3 to Vee +o.3 v 1 

Output voltage Vour -0.3 to Vee +o.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= 5 v ±10%, TA= 0 to +70°C) 
PARAMETER SYMBOL CONDITIONS MIN. MAX. UNIT NOTE 

Input 'Low' voltage VtL -0.3 0.8 v 
Input 'High' voltage VtH 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 I lu I VtN = O V or Vee 10 µA 

Output leakage current I ILOI Vour = O Vor Vee 10 µA 1 

Operating current 
lcc1 tRc = 200 ns 50 

mA 2 
lcc2 tRc=1µs 40 

Standby current 
ISB1 CE= V1H 2 mA 

lss2 CE= Vee - 0.2 v 100 µA 

NOTES: 
1. cE/OE = v,H 
2. v,N = v ll'IV1L• CE = VIL• outputs open 
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CMOS 32M Mask-Programmable ROM PRELIMINARY 

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

Read cycle time tRC 150 ns 

Address access time IAA 150 ns 

Chip enable time tACE 150 ns 

Output enable time loE 70 ns 

Output hold time loH 5 ns 

CE to output in High-Z lcHZ 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 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+100pF 

CAPACITANCE (Vee= 5 v ±10%, f = 1 MHz, TA= 25°C) 
PARAMETER 

Input capacitance 

Output capacitance 

SYMBOL 

C1N 

Coor 

(NOTE2) 
A.1-Aoo 
(Ao-A.al 

MIN. TYP. MAX. UNIT 

10 pF 

10 pF 

IACe(NOTE 1) 

loe (NOTE 1) 

NOTE 

1 

fcHZ 

(NOTE2) 
Do- 0,. 

<Do-D1sl DATA VALID 

NOTES: 
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. 

Figure 4. Timing Diagram 

CAUTION 

LH5332500 

5332500-3 

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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LH5332500 

ORDERING INFORMATION 

LH5332500 
Device Type 

x 
Package 

-## 
Speed 

PRELIMINARY CMOS 32M Mask-Programmable ROM 

L_ 15 150 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: LH5332500N-15 (CMOS 32M Mask Programmable ROM, 150 ns, 44-pin, 600-mil SOP) 
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FIFO MEMORIES 

Density Organization Page 

LH5481/91 0.5K 64x 8/64 x 9 5-2 

LH5492 36K 4Kx9 5-16 

LH5496/96H 4.5K 512 x 9 5-34 

LH5497/97H 9K 1K x 9 5-49 

LH5498 18K 2Kx9 5-64 

LH5499 36K 4Kx9 5-79 

LH5420 18K 256x36x2 5-94 

LH540202 9K 1K x 9 5-129 

LH540203 18K 2Kx9 5-145 

LH540204 36K 4Kx9 5-161 

LH540205 72K 8Kx9 5-177 

LH540215/25 9K/18K 512 x 18/1K x 18 5-193 

LH543601/11 18K/36K 256x36x2/ 
512 x 36 x 2 5-231 

LH543620 36K 1K x 36 5-271 

Fl FO Cross Reference 5-306 



CHOOSING A SHARP FIFO 

START 

SAME AT BOTH ENDS{?) DIFFERENT AT BOTH ENDS {?) 

LH5420 

UNIDIRECTIONAL 
36/32 H 18/16 

36/32 B9/8 

LH543620 
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LH5481 
LH5491 
FEATURES 

• Fastest 64 x 8/9 Cascadable FIFO 
35/25/15 MHz 

• Expandable in Word Width and 
FIFO Depth 

• Almost-Full/Almost-Empty and 
Half-Full Flags 

• Fully Independent Asynchronous 
Inputs and Outputs 

• LH5481 Output Enable forces Data 
Outputs to High-Impedance State 

• Pin-Compatible Replacements for Cypress 
CY7C408A/09A or Logic Devices 
L8C408/09 FIFOs 

• Industry Standard Pinout 

• Packages: 
28-Pin, 300-mil DIP 
28-Pin PLCC 

FUNCTIONAL DESCRIPTION 

The LH5481 and LH5491 are high-performance, asyn­
chronous First-In, First-Out (FIFO) memories organized 
64 words deep by eight or nine bits wide. The eight-bit 
LH5481 has an Output Enable (OE) function, which can 
be used to force the eight data outputs (DO) to a high-im­
pedance state. The LH5491 has nine data outputs. 

These FIFOs accept eight or nine-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 (56 words 
or more) or almost- empty (eight words or less). The 

5-2 

Cascadable 64 x 8 FIFO 
Cascadable 64 x 9 FIFO 

Half-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 
high speed makes these FIFOs ideal for high perform­
ance communication and controller applications. 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 

AFE 1• Vee 

HF 2 MR 

IR 3 so 
SI 4 OR 

Dl0 5 D00 

DI, 6 oo, 
Vss 7 Vss 

Dl2 8 D02 

Dl3 9 003 

Dl4 19 D04 

Dis D05 

Dl6 17 DOs 

Dl7 16 D07 

NC/Dl8 OEIDOs 

5481-10 

Figure 1. Pin Connections for DIP Package 

28-PIN PLCC TOP VIEW 

u.. w 
~I~ 0 

Cii !!: 
u.. 

I <( CfJ 

4 3 2 1 28 27 26 

• Dl0 25 OR 

DI, 6 24 D00 

Vss 7 DO, 

Dl2 8 22 Vss 

Dl3 9 21 002 

Dl4 20 D03 

Dl5 19 D04 
12 13 14 15 16 17 18 

5481-20 

Figure 2. Pin Connections for PLCC Package 

SHARP 



64 x 8 / 64 x 9 FIFO 

SI 

IA 

(LH5491) Dl0 • Dl8 

(LH5481) Dl0 • Dl7 

INPUT 
CONTROLt--1""""---J---W-Rl_TE_PO_l_NT_E_R--J 

LOGIC 

DATA IN t---t-_. 

MASTER 
RESET 

WRITE MULTIPLEXER 

MEMORY ARRAY 

READ MULTIPLEXER 

READ POINTER 

LH5481/91 

~----i ALMOST-FULU 1-----AFE 
ALMOST-EMPTY 

HALF-FULL 1-----.-HF -----
000 

008 
(LH5491) 

OE 
(LH5481) 

OUTPUT 1-------0R 
CONIBOL 

---i._L~O~G~IC~t-------so 

5481-3 

Figure 3. LH5481/91 Block Diagram 

PIN DESCRIPTIONS 

PIN PIN TYPE* DESCRIPTION PIN PIN TYPE* DESCRIPTION 

Dlo-Dl7 I Data Inputs, LH5481 HF 0 Half-Full Flag 

DOo-00., O/Z Data Outputs, LH5481 

Dlo-Dla I Data Inputs, LH5491 
AFE 0 Almost-Full/ Almost-

Empty 

DOo-DOa 0 Data Outputs, LH5491 
MR I Master Reset 

SI I Shift In OE I 
Output Enable 
(LH5481 only) 

so I Shift Out Vee v Positive Power Supply 
IR 0 Input Ready Vss v Ground 
OR 0 Output Ready 

• l=lnput, O=Output, Z=High-lmpedance, V=Power Voltage Level 
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LH5481/91 64x8/64x 9 FIFO 

ABSOLUTE MAXIMUM RATINGS 1•2 

PARAMETER RATING 

Vee Range -0.5Vto7V 

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 V to Vee+ 0.5 V (not to exceed 7 V) 

Static Discharge Voltage 4 >2000V 

Power Dissipation (Package Limit) 1.0W 

NOTES: 
1. All voltages are measured with respect to Vss. 
2. Stresses greater 1han 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 1han 30 seconds. No more 1han 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 voltages are measured with respect to Vss. 
2. FIFO inputs are able to withstand a -1.5 V undershoot for less than 1 O 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=OVtoVcc -10 10 µA 

ILO Output Leakage Current (High-Z) Vee= 5.5 V, VouT = 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 Quiescent Current Vee= 5.5 V, louT = O mA 25 mA 
V1N ~ V1L, V1N <!: V1H 

Ice Power Supply Current 2 fsi = 35 MHz, fso = 35 MHz 45 mA 

NOTES: 
1. All voltages are measured with respect to Vss. 
2. Ice is dependent upon actual output loading and c~ rales. Specified values are with outpuls open. 



64 x 81 64 x 9 FIFO 

AC TEST CONDITIONS 1 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall Times (10% / 90%) 

Input Timing Reference Levels 

Output Timing 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 

CouT Output Capacitance 

NOTES: 
1. All voltages are measured with respect to Vss. 
2. Sample tested only. 

3·0 V ---V-90_% _____ 90-"/.--,/o 

GND 

5 ns 

RATING 

Oto 3 V 

Figure4a 

1.5 v 
1.5 v 

Figure4b 

TEST CONDITIONS RATING 

TA= 25°C, f = 1 MHz, Vee= 4.5 V 5pF 

TA= 25°C, f = 1 MHz, Vee= 4.5 V 7pF 

Sns 

5481-18 

DEVICE 167'1 
UNDER Tc::. 1.73 V 
TEST 

CL=30pF• 

I 
• 1NCLUDES JIG AND SCOPE CAPACITANCES 

LH5481/91 

5481-4 

Figure 48. Input Rise and Fall Times Figure 4b. Output Load Circuit 
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LH5481/91 64 x 8 / 64 x 9 FIFO 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

15MHz 25MHz 35MHz 
SYMBOL PARAMETER UNITS 

MIN MAX MIN MAX MIN MAX 

fo Operating Frequency 2 15 25 35 MHz 

tPHSI SI HIGH lime 3·8 15 11 9 ns 

tPLSI SI LOW lime 3•8 20 18 17 ns 

tss1 Data Setup to SI 4 -1 -1 -1 ns 

IHSI Data Hold from SI 4 14 12 10 ns 

IDLIR Delay, SI HIGH to IR LOW 20 18 16 ns 

IDHIR Delay, SI LOW to IR HIGH 24 20 18 ns 

tPHSO SO HIGH lime 3 15 11 9 ns 

IPLSO SOLOWlime 3 20 18 17 ns 

IDLOR Delay, SO HIGH to OR LOW 20 18 16 ns 

tDHOR Delay, SO LOW to OR HIGH 24 20 18 ns 

lsoR Data Setup to OR HIGH -1 -1 -1 ns 

IHso Data Hold from SO LOW 0 0 0 ns 

IFT Fallthrough lime 36 34 30 ns 

tsr Bubblethrough lime 28 26 25 ns 

ISIR Data Setup to IR 5 5 5 5 ns 

IHIR 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 

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 

IDHHF 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 

IDHAFE SO or SI LOW to AFE HIGH 40 40 36 ns 

IPMR MR Pulse Width 35 35 35 ns 

IDS! MR HIGH to SI HIGH 25 25 22 ns 

IDOR MR LOW to OR LOW 7 25 25 20 ns 

IDIR MR LOW to IR HIGH 7 25 25 20 ns 

ILXMR MR LOW to Output LOW 7 25 25 20 ns 

IAFE MR LOW to AFE HIGH 30 30 30 ns 

IHF MR LOW to HF LOW 30 30 30 ns 

loD SO LOW to Next Data Out Valid 26 22 20 ns 

NOTES: 

1. All time measurements performed at 'AC Test Conditions.' 
2. lo = fs1 = fso. 
3. tPHSI + tPLSI = tPHSO + lpLso = I/lo. 
4 tss1 and !HSI apply when memory is not full. 
5. ts1R and IH1R apply when memory is full 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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64 x 8164 x 9 FIFO 

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. The Output 
Ready (OR) signal 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 
deasserted, then Input Ready (IR) goes HIGH, but the 
data on the Data Input (DI) pins does 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 Con­
dition' 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 

LH5481/91 

word location; FIFO data, if present, appears on the Data 
Output (DO) pins; and the Output Ready (OR) signal goes 
HIGH. If FIFO data is not present, Output Ready (OR) 
stays LOW, indicating that the FIFO is empty; in this case, 
the last valid data read from the FIFO remains on the Data 
Output (DO) pins. When the FIFO is not empty, Output 
Ready (OR) goes 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 Fl FO is empty, a data word entering through 
the Shift In (SI) action follows one of two sequences. 

If Shift Out (SO) is LOW, the data propagates to the 
Data Output (DO) pins; and Output Ready (OR) goes 
HIGH and stays 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 propagates to the Data Output (DO) pins, and Output 
Ready (OR) pulses HIGH for a minimum time duration 
specified by tPOR and then goes back LOW again. The 
stored word remains on the Data Output (DO) pins. If 
more words are written into the FIFO, they line up behind 
the first word, and do 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 initiates 
one of the following two sequences: 

If Shift In (SI) is LOW, Input Ready (IR) goes HIGH and 
stays 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) pulses HIGH for a minimum time duration 
specified by tP1R, and then goes back LOW again. Special 
Data Input (DI) setup and hold times (ts1R and tHIR, 
respectively) are defined for this condition. 
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LH5481/91 64 x 8 / 64 x 9 FIFO 

TIMING DIAGRAMS 

1/fo 1/fo 

* SHIFT IN 

!DHIR 

INPUT READY 

DATA IN 

AFE 

loLAFE 

HF 
(LOW) 

* NOTE: FIFO Contains 8 Words 
5481-5 

Figure 5. Data In Timing 

1/fo 1/fo 

SHIFT OUT 

OUTPUT READY 

loLOR 

DATA OUT 

loo 

loHAFE 

AFE 

**NOTE: FIFO Contains 9 Words 
5481-6 

Figure 6. Data Out Timing 

5-8 SHARP 



64 x 81 64 x 9 FIFO LH5481/91 

TIMING DIAGRAMS (cont'd) 

1/fo 1/fo 

SHIFT IN 

INPUT READY 

DATA IN 

AFE 
(LOW) 

HF 

*** NOTE: FIFO Contains 31 Words 
5481-7 

Figure 7. Data In Timing 

1/fo 1/fo 

SHIFT OUT 

loHOR 

OUTPUT READY 

lsoR 

DATA OUT 

loo 

HF 

**** NOTE: FIFO Contains 32 Words 5481-8 

Figure 8. Data Out Timing 
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LH5481/91 64 x 8 I 64 x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

1/fo 1/fo 

SHIFT IN 

tPHSI 

INPUT READY 

!HSI 

DATA IN 

tss1 

HF 
(HIGH) 

AFE 

***** NOTE: FIFO Contains 55 Words 
5481·9 

Figure 9. Data In Timing 

1/fo 1/fo 

SHIFT OUT 

OUTPUT READY 

DATA OUT 

loo 

AFE 

tDLAFE 

****** NOTE: FIFO Contains 56 Words 
5481-10 

Figure 10. Data Out Timing 
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64 x 8164 x 9 FIFO LH5481/91 

TIMING DIAGRAMS (cont'd) 

SHIFT OUT ~ 

SHIFT IN 

!BT 

INPUT READY _l \ 
IPIR 

DATA IN \ 
I .J 

!SIR tHIR 

5481-11 

Figure 11. Bubblethrough Timing (Reading a Full FIFO) 

SHIFT IN ' - ~ 

SHIFT OUT 

!FT 

OUTPUT READY v \. J 
tsoR lpoR 

DATA OUT f 
5481-12 

Figure 12. Fallthrough Timing (Writing an Empty FIFO) 

SHARP 5-11 



LH5481/91 64x8/64x9 FIFO 

TIMING DIAGRAMS (cont'd) 

PMR 

MASTER RESET 1'. ll 
.J 

to1R 

INPUT READY It 
.J 

tooR 

OUTPUT READY " tos1 

SHlfTIN 1-
tLJCMR 

DATA OUT l 
toHF 

HF \. 
tDAFE 

AFE J 
5481-13 

Figure 13. Master Reset Timing 
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64 x 81 64 x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

EMPTY 2 

SHIFT IN _fLf1 

HF 

AFE 

FULL 64 63 

SHIFT OUT nn 
HF 

AFE 

SHARP 

8 9 10 31 32 33 

IlILI1 IlILI1 

Figure 14. Shifting Words In 

56 55 54 32 31 30 

JlJUl IlILI1 

Figure 15. Shifting Words Out 

LH5481/91 

55 56 57 64 FULL 

IlILI1 n 

5481·14 

9 8 7 1 EMPTY 

JlJUl n 

5481-15 
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LH5481/91 

FIFO EXPANSION 

HF/AFE 

COM 
INPU 

POSITE 

~ 

SHIFT IN 

5-14 

l l 
IR so IR so 

r----1 SI OR SI OR 

-I Dl0 D00 Dlo DOo r-
-I Dl1 D01 Dl1 D01 r-
-I Dl2 D02 Dl2 D02 r-
-I Dl3 64 x 819 D03 Dl3 256x819 D03 r-
---; Dl4 D04 Dl4 D04 I-
-I Dis DOs Dis DOs I-

-I Dis DOs Dis DOs I-

-I Dl7 D07 Dl7 DOr I-

-I Dia 
MR 

DO a Dia 
MR 

DOa I-

L 1 
IR so IR so t------1 

..--- SI OR SI OR 
---; Dlo D00 Dlo DOo f-
- Dl1 D01 Dl1 D01 f-
- Dl2 D02 Dl2 D02 f-
- Dl3 64 x 819 D03 Dl3 256 x8/9 D03 f-
- Dl4 D04 Dl4 D04 I-
- Dis DOs Dis DOs I-
- Dis DOs Dis DOs f-
- Dl7 D07 Dl7 D07 I-
- Dia - DO a Dia - DO a I-

MR MR 

L_ I 
IR so IR so t-----' 
SI OR SI OR 

- Dl0 D00 Dl0 D00 I-
- Dl1 D01 Dl1 D01 I-
- Dl2 D02 Dl2 D02 I-
- Dl3 64x819 D03 Dl3 256x8/9 D03 I-
- Dl4 D04 Dl4 D04 f-
- Dis DOs Dis DOs I-

- Dis DOs Dis DOs I-
- Dl7 D07 Dl7 D07 I-
- Dia 

MR 
DO a Dia 

MR 
DO a I-

L_ 1_ 

Figure 16. 320 x 24/27 Configuration 
Using 64 x 8/9 (LH5481/91) & 256 x 819 (LH5485/95) FIFOs 

64 x 8164 x 9 FIFO 

HF/AFE 

SHIFT OUT 

COMPOSITE 
OUTPUT READY 

~ 

-
MR 

5481·1S 

SHARP 



64 x 8164 x 9 FIFO 

FIFO EXPANSION (cont'd) 

HF/AFE 
SHIFT IN 

INPUT READY 

DATA IN 

SI 

IR 

Dlo 
DI, 
Dl2 
Dl3 
Dl4 
Dis 
Dis 

Dl7 
Dis 

OR 
so 
D00 

D01 

64 x 819 D02 
D03 
D04 
DOs 
DOs 
D01 

MR 
D08 

HF/AFE 

SI 
IR 

Dlo 
DI, 
Dl2 

256 x 819 
Dl3 

Dl4 
Dis 
Dis 
Dl7 
Dl8 

MR 

OR 

so 
D00 

D01 

D02 
D03 
D04 
DOs 
DOs 
D01 
D08 

LH5481/91 

OUTPUT READY 
SHIFT OUT 

DATA OUT 

5481-17 

Figure 17. 128 x 819 Configuration 

FIFOs are expandable in depth and width. However, 
in forming wider words, external logic is required to 
generate composite Input Ready and Output Ready flags. 
This is due to the variation of delays of the FIFOs. For 
example, the circuit of 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 be easily cascaded to any desired depth, 
as illustrated in Figure 17. The handshaking and associ­
ated timing between the FIFOs are handled by the inher­
ent timing of the devices. 

ORDERING INFORMATION 

-## 

NOTES: 

1. When the memory is empty, the last word read remains on the out­
puts until Master Reset is strobed, or a new data word bubbles 
through to the output. However, OR remains LOW, indicating 
that the data word at the output is not valid. 

2. When the output data word changes as a result of a pulse on SO, 
the OR signal always goes LOW before the output data word 
changes and stays LOW until a new data word has appeared at 
the outputs. Anytime OR is HIGH, there is valid stable data on 
the outputs. 

3. All SHARP FIFOs can be cascaded with other SHARP FIFOs of 
the same architecture (i.e., 64 x 819 with 64 x 819). However, 
they may not cascade with FIFOs from other manufacturers. 

LH#### 
Device Type 

x 
Package 

SpLJ ~~ Frequency (MHz) 
l35 

'---------< D 28-pin, 300-mil DIP (DIP28-P-300) 
U 28-pin Plastic Leaded Chip Carrier (PLCC28-P-S450) 

'----------------< 5481 64 x 8 FIFO 
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) 

5481MD 
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LH5492 
FEATURES 

• Fast Cycle Times: 25/30/35 ns 
Frequency: 40/33/28.5 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 Time Internal Architecture Based 
on CMOS Dual-Port SAAM 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 

• Reset/Reread Capability 

• TTL and CMOS Compatible 1/0 

• Package: 32-Pin PLCC 

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 nine-bit words. 
Asingle LH5492 FIFO can input and output nine-bit bytes; 
it has one nine-bit parallel input (write) port, and one 
nine-bit parallel output (read) port. Multiple write enables 
and read enables support paralleling LH5492s for 
greater-word-width operation, in order to achieve a wider 
'effective FIFO.' The paralleled LH5492 combination re­
mains 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 op­
eration, 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 
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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 totally full or else totally 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 
~ z "' TOP VIEW 

" 
z 

O' ltt 
0 IU IU 

0 .;; :i:: :i:: :i:: 

• D2 5 05 

o, 6 Ds 

Do 7 07 

RS 8 Ds 

AEF 9 25 HF 
Oo Os 

o, 23 07 

02 Os 

03 21 05 
15 16 17 18 19 20 

a ltt I~ "' ~ z "' '>' g z 
IU IU cc cc 

5492-10 

Figure 1. Pin Connections for PLCC Package 
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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 

D0 -D8 
DUAL PORT 

REGISTER Oa-Oe 
RAM ARRAY 

OE 

WCK INPUT OUTPUT ACK 
WEN1 

PORT WRITE READ PORT REN 1 CONTROL POINTER POINTER CONTROL 
WEN2 LOGIC LOGIC REN2 

- -~ 
RS~ FLAG LOGIC 

FF HF AEF EF 

5492-2 

Figure 2. LH5492 Block Diagram 

SIGNALJPIN DESCRIPTIONS 

PIN SIGNAL NAME/DESCRIPTION 

RS Reset. An assertive-LOW input which initializes the internal address pointers and flags. 
WCK Write Clock. A free-running clock input for write operations. 
ACK Read Clock. A free-running clock input for read operations. 

Do-Da Data Inputs. Do - Da are sampled on the rising edge of WCK, whenever both WEN1 and WEN2 are 
being asserted. 

Oo-Oa 
Data Outputs. Oo - Oa are updated following the rising edge of RCK, whenever both REN1 and 
REN2 are being asserted. 
Write Enable 1. An assertive-HIGH input signal which is sampled on the rising edge of WCK to 

WEN1 control the flow of data into the FIFO. Both WEN1 and WEN2 must be asserted in order to enable a 
write operation. 
Write Enable 2. An assertive-HIGH input signal which is sampled on the rising edge of WCK to 

WEN2 control the flow of data into the FIFO. Both WEN1 and WEN2 must be asserted in order to enable a 
write operation. 
Read Enable 1. An assertive-HIGH input signal which is sampled on the rising edge of RCK to 

REN1 control the flow of data out of the FIFO. Both REN1 and REN2 must be asserted in order to enable a 
read operation. 
Read Enable 2. An assertive-HIGH input signal which is sampled on the rising edge of RCK to 

REN2 control the flow of data out of the FIFO. Both REN1 and REN2 must be asserted in order to enable a 
read operation. 

FF Full Flag. An assertive-LOW output indicating when the FIFO is full. 
HF Half-Full Flag. An assertive-LOW output 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 eight locations of empty. 

EF Empty Flag. An assertive-LOW output indicating when the FIFO is empty. 

OE Output Enable. An assertive-LOW signal which, when asserted, places the data outputs Oo - Oa in a 
low-impedance state. 
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ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5Vto7V 

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 V in amplltude are permitted 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 

NOTE: 
1. Negative undershoots of 1.5 V in amplltude 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, V1N =0Vto Vee -10 10 

ILO Output Leakage Current OE~ V1H, 0 vs; VouT s; Vee -10 10 

VoL Output LOW Voltage loL=B.O 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 35 

NOTE: 

1. Ice and ICC2 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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µA 

v 
v 
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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 (Input Capacitance) 

CouT (Output Capacitance) 

NOTES: 
1. Sample tested only. 

RATING 

Vssto3 V 

5 ns 

1. 5 v 
1.5 v 

Figure 3 

RATING 

7pF 

7pF 

DEVICE 
UNDER 
TEST 

* INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 3. Output Load Circuit 

2. Capacitances are maximum values at 25"C, measured at 1.0 MHz with V1N = 0 V. 

LH5492 

5492-3 
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AC ELECTRICAL CHARACTERISTICS 1 (Vee= 5 v ± 10%, TA= 0°C to 70°C) 

-25 -30 -35 
SYMBOL DESCRIPTION UNrr 

MIN MAX MIN MAX MIN MAX 

fc Cycle Frequency - 40 - 33.3 - 28.5 MHz 

twc Write Clock Cycle lime 25 - 30 - 35 - ns 

twH Write Clock HIGH lime 10 - 12 - 14 - ns 

twL Write Clock LOW lime 10 - 12 - 14 - ns 

tRc Read Clock Cycle lime 25 - 30 - 35 - ns 

tRH Read Clock HIGH lime 10 - 12 - 14 - ns 

tRL Read Clock LOW lime 10 - 12 - 14 - ns 

tos Data Setup lime to Rising Clock 10 - 10 - 10 - ns 

toH Data Hold lime from Rising Clock 0 - 0 - 0 - ns 

tes Enable Setup lime to Rising Clock 10 - 10 - 10 - ns 

teH Enable Hold lime from Rising Clock 0 - 0 - 0 - ns 

~ Data Output Access lime - 20 - 22 - 25 ns 

toH Output Hold Time from Rising ACK 5 - 5 - 5 - ns 

taL OE to Data Outputs Low-Z 2 1 - 1 - 1 - ns 

taz OE to Data OUtputs High-Z 2 - 10 - 11 - 12 ns 

toe Output Enable to Data Valid - 10 - 11 - 12 ns 

teF Clock to Empty Flag Valid - 20 - 22 - 25 ns 

tFF Clock to Full Flag valid - 20 - 22 - 25 ns 

tHF Clock to Half Flag valid - 35 - 37 - 40 ns 

~F Clock to AEF Flag Valid - 35 - 37 - 40 ns 

tRs Reset Pulse Width 25 - 30 - 35 - ns 

tRss Reset Setup lime 3 10 - 12 - 15 - ns 

tAF Reset LOW to Flag Valid - 30 - 32 - 35 ns 

tAa Reset to Data Outputs LOW - 20 - 22 - 25 ns 

tFRL First Read Latency 4 18 - 19 - 20 - ns 

tFWL First Write Latency 5 18 - 19 - 20 - ns 

NOTES: 
1. All timing measurements performed at 'AC Test Condition' levels. 
2. Value guaranteed by design; not currently production tesled. 
3. 1Rss need not be met unless either a rising edge of WCK occurs while WEN1 and WEN:! both are being asserted, or else a rising edge of ACK 

occurs while REN1 and REN:! both are being asserted. 
4. IFRL is the minimum first-write-to-first read delay, following an empty condition, which is required to assure valid read da1a. 
5. IFwL is the minimum first-read-to-first-write delay, following a full condition, which is required to assure sucoessful 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 
memo!}'Jocation. 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 lime (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 
is seen on the output bus (Oo - Oa) whenever the output 
enable (OE) is being held LOW. 

Write 

A write operation consists of storing parallel data from 
the data inputs to the Fl FO 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-Da). 

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 itself 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 10 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 

LH5492 

becomes valid on the Data Out pins (Oo - Oe) 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 - Oa 
outputs are driven (i.e., are in a low-Z state) within a 
minimum time tQL. When OE is taken HIGH, the Oo-Oe 
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 itself 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 10 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 (FF), Half-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 physi­
cal 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 opera­
tions. 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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NOTES: 
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1. Both WEN 1 and WEN2 must be asserted (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 tied either to REN1 or to REN2. 

4. tFRL (First Read Latency) - The first read following an empty condition may begin no earlier than ~L 
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. Write and Read Operation in a 
Near-Empty Condition 

4K x 9 Clocked FIFO 

N2 
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TIMING DIAGRAMS (cont'd} 

WCK 

leH les 

WEN1, 
WEN2 

los loH los loH 

Do-De 

RCK 

OE 

loH 

NOTES: 
1. Both WEN1 and WE~ 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 ii Is tied either to WEN1 or to WEN2• 

4. liwt (First Write Latency) - The first write following a fuH condition may begin no earlier than liwt 
after the first read from a fuH 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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TIMING DIAGRAMS (cont'd) 
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NOTES: 

1. tii0 Is measured with OE held LOW. 

2. tiiss need not be met unless the rising edge of WCK andfor RCK occurs while that clock is enabled. 
RS operates whather or not WEN1 and WEN2, andfor REN1 and REN2, are being asserted. 

Figure 6. Reset Timing 
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TIMING DIAGRAMS {cont'd) 

WCK 

WEN1, 

WEN2 

AEF 

HF 

RCK 

REN1, 

REN2 

NOTES: 

tAEF 

toH 

toH 

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 

SHARP 
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TIMING DIAGRAMS (cont'd) 
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Figure 8. Half-Full Flag Timing 
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NOTES: 

1. HF Is LOW whenever the FIFO Is almost-ful~ since then It also is more than haH-full. 

2. An Almost-Full tlag AF may be Implemented, using external logic according to AF = AEF • HF = AEF +HF. 

Figure 9. Almost-Full Flag Timing 
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OPERATIONAL MODES 

Synchronous Read and Write 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) 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 for the 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. 
Likewise, the Empty Flag output (EF) may be tied directly 
to either REN1 or REN2, to prevent 'underrun' read op­
erations 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 ACK input are derived 

SYSTEM CLOCK 

WRITE ENABLE 

FULL 

DATA IN 

RESET 

HALF 

ALMOST-E/F 

"--

_C 

WCK 

WEN1 

WEN2 

FF" 

Do-De 

RS 
-
HF 

] 

LH5492 

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 drive Write Enable or Read Enable 
inputs directly, since they do not always satisfy valid setup 
times and hold times. 

Instead, it 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. 

RCKJ 
REN1 

REN2 D EF 

Oo-Oe 

OE 

AEF 

READ ENABLE 

EMPTY 

DATA OUT 

OUTPUT ENABLE 

HALF 

ALMOST-E/F 

5482-10 

Figure 1 o. Synchronous Operation 
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OPERATIONAL MODES (cont'd} 
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Figure 11. Asynchronous Operation 
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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 
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WRITE ENABLE 
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-
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] 
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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. 
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-
OE 

0 0 -0a 

ACK I-
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REN2 
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EF 
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J DECODE J 
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READ ENABLE 

DATA OUT (9-BIT) 

EMPTY FLAG 
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5492-12 

Figure 12. FIFO Depth Expansion (8192 x 9) 
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WRITE ENABLE 

(READ ENABLE) 

WRITE CLOCK 

(READ CLOCK) 

J 01-----t 
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WEN1 (REN1) } 
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WEN2 (REN2) } 
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WEN1 (REN1) 

Figure 13. Simple Decode Logic 

5492·13 
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LH5492 

OPERATIONAL MODES (cont'd) 

Interface Between Different Bus Widths 

Applications which require interface between system 
buses of different word widths also may be implemented 
with multiple LH5492 devices. Essentially, one port may 

WRITE CLOCK 

WRITE ENABLE 

RESET 

DATA IN (9-BIT) 

FULL FLAG 

ALMOST-EMPTY 

[DECODE 
LOGIC 

t....._ 

c_____-: 
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WCK 

WEN1 

WEN2 

-
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D0 -D8 

WCK 

WEN1 

WEN2 

RS 

Do- Da 
-
FF 

HF 

J 

4K x 9 Clocked FIFO 

be configured for greater Fl FO depth, while the other port 
is configured for greater word width. Referring to Figures 
14 and 15, the wide-word port accesses data simultane­
ously from multiple devices, while the narrow-word port 
uses decode logic to direct the flow of data between two 
or more devices. 
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Figure 14. SK x 9-Bit to 4K x 18-Bit Bus 
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4K x 9 Clocked FIFO 

OPERATIONAL MODES (cont'd) 

WRITE CLOCK 
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Figure 15. 4K x 18-Bit to SK x 9-Bit Bus 
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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 

HF 

-----------< EF 

---------OE 

------------ REN1 

----------- RCK 

-----ao-Os 

WCK 

------------ WEN1 

---------•RS 

----------<FF 
HF 

4K x 9 Clocked FIFO 

The extra enable control signals may be used to extend 
FIFO 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
cally to the same sequence of events. 
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Figure 16. Bidirectional Operation 
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4K x 9 Clocked FIFO 

ORDERING INFORMATION 

LH5492 
Device Type 

u 

LH5492 

-## 

P•r ""i [~ ._Tm• (no) 

32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450-PED) 

~------------ 4K x 9 Clocked FIFO 

Example: LH5492U-25 (4K x 9 Clocked FIFO, 32-pin PLCC, 25 ns) 
5492MD 
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LH5496/96H 
FEATURES 

• Fast Access Times: 
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 
32-Pin PLCC 

• Pin and Functionally Compatible with IDT7201 

FUNCTIONAL DESCRIPTION 

The LH5496/96H are dual port memories with internal 
addressing to implement a First-In, First-Out algorithm. 
Through an advanced dual port architecture, they provide 
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 se­
quential 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. 

* LH5496 only. 

CMOS 512 x 9 FIFO 

PIN CONNECTIONS 

28-PINPDIP TOP VIEW 

w 1• Vee 

Da 2 04 

03 3 05 

~ 4 De 
01 5 0., 

Do 6 FURT 
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Oo 9 XO/HF 

01 ~ 

~ Os 
Os 05 

Os ~ 

Vss R 
5496-10 

Figure 1. Pin Connections for PDIP Packages 

32-PINPLCC 
() ~o~ 

TOP VIEW 
tS ~ 1;:: z 

• 
~ 5 De 

01 6 28 0,. 
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Xi 8 26 FURT 

FF 9 R'S 
Oo 0 24 ff 
01 23 XO/HF 

NC 22 07 

~ 21 Os 
14 19 20 

a a.]~ 1a: a a 
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Figure2. Pin Connections for PLCC Package 



CMOS 512 x 9 FIFO 

- _IRE"SETl 
RS~ 

INPUT 
PORT 

CONTROL 

WRITE 
POINTER 

DATA INPUTS 
Do-De 

DUAL-PORT 
RAM 

ARRAY 

512x9 

DATA OUTPUTS 
C0 -Ce 

FLAG 
LOGIC 

EXPANSION 
LOGIC 

READ 
POINTER 

XO/HF 

Figure 3. LH5496/96H Block Diagram 

PIN DESCRIPTIONS 

PIN PIN TYPE* DESCRIPTION PIN PIN TYPE* 

Do-Da I Input Data Bus XO/HF 0 

Oo-Oa O/Z Output Data Bus XI I 

w I Write Request FLJRT I 

R I Read Request RS I 

EF 0 Empty Flag Vee v 
FF 0 Full Flag Vss v 

* I= Input, O = Ou1put, Z = High-Impedance, V = Power Voltage Level 

LH5496/96H 

OUTPUT 
PORT 

CONTROL 

DESCRIPTION 

5496-3 

Expansion Out/Half-Full Flag 

Expansion In 

First Load/Retransmit 

Reset 

Positive Power Supply 

Ground 
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LH5496f96H CMOS 512 x 9 FIFO 

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 Oulput 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 Hsted under 'Absolute Maximum Ratings' may cause permanent damage to the device. lhls 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 reliabUity. 

2. Outputs should not be shorted for more lhan 30 seconds. No more lhan one output should be shorted at any time. 
3. Negative undershoots of 1.5 V In amplitude are permitted for up to 1 O ns once per cycle. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX UNIT 

TA Temperature, Ambient, LH5496 0 70 oC 

TAH Temperature, Ambient, LH5496H -40 85 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 Vcc+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 =OVtoVcc -10 10 µA 

ILO Oulput Leakage Current R ~ V1H, o v :s; VouT :s; Vee -10 10 µA 

VoH Output High Voltage loH=-2.0mA 2.4 v 
VoL Output Low Voltage loL=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 

NOTI:: 
1. Ice, ICC2, and ICC3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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CMOS 512 x 9 FIFO LH5496/96H 

AC TEST CONDITIONS 

PARAMETER RATING +SV 

Input Pulse Levels Vss to 3V 
1.1 k!l 

Input Rise and Fall Times (10% to 90%) 5 ns DEVICE 

Input Timing Reference Levels 1.5 v UNDER < >--+-~ 
TEST 

Output Reference Levels 1.5 v 680!1 

Output Load, Timing Tests Figure 4 

CAPACITANCE 1•2 * INCLUDES JIG & SCOPE CAPACITANCES 5496-4 

PARAMETER RATING Figure 4. Output Load Circuit 
C1N (Input Capacitance) 5pF 

CouT (Output Capacitance) ?pf 

NOTES: 
1. Sample tested only. 
2. Capacitances are maximum values at 25°C measured at 1.0 MHz with V1N = O V. 
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LH5496/96H CMOS 512 x 9 FIFO 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL PARAMETER 
tA=15ns 5 tA=20ns tA=25 ns tA=35ns tA=SOns tA=65ns tA=BOns 

UNIT 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE TIMING 

IRC Read Cy_cle Time 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

IA Access Time - 15 - 20 - 25 - 35 - 50 - 65 - 80 ns 

IRR Read Recover Time 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 

twLZ 
Data Bus Active from Write 10 - 10 - 10 - 10 - 10 - 10 20 HIGH3.4 - - ns 

tov Data Valid from Read Pulse HIGH 5 - 5 - 5 - 5 - 5 - 5 - 5 - ns 

IRHZ 
Data Bus High-Z from Read 
HIGH 3 - 15 - 15 - 15 - 15 - 20 - 30 - 30 ns 

WRITE CYCLE TIMING 

twc Write Cy_cle Time 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

lwPW Write Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

twR Write Recov~ Time 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

tos Data SetlJQ_ Time 10 - 10 - 10 - 15 - 20 - 20 - 20 - ns 

loH Data Hold Time 0 - 0 - 0 - 0 - 0 - 5 - 5 - ns 

RESET TIMING 

tRSC Reset Cy_cle Time 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

IRS Reset Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

tRSR Reset Recovery_ Time 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

IRRSS 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 

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 

IRTR Retransmit Recov~ Time 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

FLAG TIMING 

IEFL Reset LOW to Empty Flag LOW - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

IHFH,FFH 
Reset LOW to Half-Full and Full - 25 - 30 - 35 - 45 - 65 - 80 100 
Fl~sHIGH 

- ns 

IREF Read LOW to Emotv Flag LOW - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

tRFF Read HIGH to Full Fl~ HIGH - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

twEF Write HIGH to Em_E!y_FI~ 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 Fl~HIGH - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

EXPANSION TIMING 

txoL E~nsion Out LOW - 18 - 20 - 25 - 35 - 50 - 65 - 80 ns 

Ix OH E~nsion Out HIGH - 18 - 20 - 25 - 35 - 50 - 65 - 80 ns 

tx1 E~ansion In Pulse Width 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

IXIR E)(pansion In Recov~ lime 10 - 10 - 10 - 10 - 10 - 10 - 10 - ns 

tx1s l;__xpansion in Set':P_ 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 currentiy tested. 
4. Only applies to read data flow-through mode. 
5. LH5496 only. 
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CMOS 512 x 9 FIFO 

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 
rJii) pins may be in any state when reset is initiated, but 
must be brought to a HIGH state lAPW 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 - 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 opertations. 

At the falling edge of the first write after the memory is 
half filled, the Half-Full 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-Full 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 thedata out (Qo--Oa) 
pins after a time tA from the falling edge ofR. 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 Fl FO is not empty 
(EF= HIGH). 

SHARP 

LH5496/96H 

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 deas­
serted, 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 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 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. 
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LH5496/96H 

TIMING DIAGRAMS 

R,W 

FF,HF 

NOTES: 

1. tiisc = liis +tRSR· 
2. Wand R ;:, V1H around the rising edge of RS. 

lwPW 

\ 
~ 

I( 

~ 

Figure 5. Reset liming 
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lwR 

v ' I\. 
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Figure 6. Asynchronous Write and Read Operation 
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CMOS 512 x 9 FIFO LH5496/96H 

LAST WRITE FIRST READ 
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w 1 twFF 

j 
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.1 

Figure 7. Full Flag from Last Write to First Read 

LAST READ FIRST WRITE 

ir 
J 

\ 
tREF twEF 

EF ~ 1 
5496-7 

Figure 8. Empty Flag from Last Read to First Write 
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LH5496/96H CMOS 512 x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

Do· Da xxxxxxxxx VALID DATA IN x xxxxxxxxxxxxxxxxxxx 

twEF 

VALID DATA OUT 

Figure 9. Read Data Flow-Through 
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NOTES: 
1. iwPF = lwPW 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 
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Figure 10. Write Data Flow-Through 
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CMOS 512 x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

lwEF 

EF 

NOTES: 
1. !APE = tAPW 
2. !APE: Effective Read Pulse Width after Empty Flag HIGH. 

Figure 11. Empty Flag Timing 

FF 

w 

NOTES: 

1 · lwPF = lwPW 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 
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Figure 12. Full Flag Timing 
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Figure 13. Half-Full Flag Timing 
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LH5496/96H 

TIMING DIAGRAMS (cont'd) 

RT 

R,W 

NOTES: 

1. tRTC = tRT + mR 
2. EF, HF and FF may change state during retransmi~ but flags will be valid at tRTc· 
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Figure 14. Retransmit Timing 
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CMOS 512 x 9 FIFO 

OPERATIONAL MODES 

Single Device Configuration 

When depth expansion is not required for the given 
application, the device_..!.s placed in Single mode by tying 
the Expansion In pin (XI) to ground. This pin is internally 
sampled during reset. 

WRITE 

DATA IN 
D0 -D8 

9 

lHF 

w 

LH5496/96H 

Width Expansion 

Word-width expansion is implemented by placing mul­
tiple LH5496/96H devices in parallel. Each LH5496/96H 
should be configured for standalone mode. In this ar­
rangement, the behavior of the status flags is identical for 
all devices; so, in principle, a representative value for 
each of these flags could be derived from any one device. 
In practice, it is better to derive 'composite' flag values 
using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
17 and 18.) 

A 

9 

READ 

DATA OUT 
0 0 -0a 

LH5496196H 
- -

FULL FLAG 
FF EF 

EMPTY FLAG 

RS RT 
RESET RETRANSMIT 

l_ -
XI 

5496-17 

Figure 17- Single FIFO (512 x 9) 
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18L l HF l HF 
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9 

w w 
WRITE ---
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Ull FLAG LH5496/96H --- READ F 

- - El= RS RS 
EMPTY FLAG RESET ----

-
RT RT 

RETRANSMIT ----
9 9 

/ 

J_x1 l XI 18 
DATA OUT -- -

5496-18 

Figure 18- FIFO Width Expansion (512x18) 
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LH5496/96H 

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, Wand R signals 

lxo 
-w 

DATA IN 9_,_ 9 
00 -08 - LH5496196H 

FF 

-
,.Jlli-

1~ XO 

9 

-
FF LH5496196H 

RS 

i~ XO 

9 

'"i=F 
LH5496/96H 

RS RS 

tXI 

CMOS 512 x 9 FIFO 

are shared by all devices, while internal logic controls the 
steering of data. Only one Fl FO 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 gen­
erate 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-Full flag and 
Retransmit functions are not available in Depth Expan­
sion mode. 

R 
9 9 DATA OU T 

-/ Oa-Oa 
El= 

~ 

9_,_ 
-,.-

EF 
EMPTY 

~ 

9_,_ 
-
EF 

-

~ 
-

5496-19 

Figure 19. FIFO Depth Expansion (1536 x 9) 
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CMOS 512 x 9 FIFO 

OPERATIONAL MODES (cont'd) 

Compound Expansion 

LH5496/96H 

A combination of width and depth expansion can be 
easily implemented by operating groups of depth 
expanded FIFOs in parallel. 

LH5496/96H devices in parallel but opposite directions. 
The Data In pins of a device may be tied to the corre­
sponding 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 
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 

.--O-o-_o.a.._ __________ ~....,o-o-_o_,_, ____ ,'l-_o_._-_o~N·~•o.._,._o~o--O.....,N--•~~DATAOUT 

R 
w 

RS 

SHARP 

LH5496/96H 
DEPTH EXPANSION 

BLOCK 

LH5496/96H 
DEPTH EXPANSION 
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Figure 20. Compound FIFO Expansion 

Wa 

FF a 

RS 

SYSTEM A 

Ra 

EFa 

HF a 

RT a 

LH5496/96H 

Da0-8 Qb0-8 

Tx1 
-

Qa0-8 Db0-8 

LH5496/96H 

TXi 

Figure 21. Bidirectional FIFO Buffer 

LH5496196H 
DEPTH EXPANSION 

BLOCK 

Rb 
EFb 

HFb 
RTb 

SYSTEMS 

Wb 

FFb 

RS 

5496-20 
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LH5496/96H CMOS 512 x 9 FIFO 

ORDERING INFORMATION 

LH5496/96H X 
Device Type Temperature 

Range 

x 
Package -~#15* -- 20 

Speed 25 
35 Access Time (ns) 
50 
65 
80 

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

U 32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 

J Blank Commercial (0° C to 70° C) 
~---------< 1 H Industrial (-40° C to 85° C) 

~-------------- CMOS1Kx9FIFO 

* LH5496 only 
Example: LH5496U-25 (CMOS 512 x 9 FIFO, 32-pin PLCC, 25 ns) 

5496MD 
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LH5497/97H 
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 

• TIL Compatible 1/0 

• Packages: 
28-Pin, 300-mil DIP 
28-Pin, 600-mil DIP 
32-Pin PLCC 

• Pin and Functionally Compatible 
with IDT7202 

FUNCTIONAL DESCRIPTION 
The LH5497/97H are dual port memories with internal 

addressing to implement a First-In, First-Out algorithm. 
Through an advanced dual port architecture, they provide 
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. 

* LH5497 only. 

CMOS 1Kx9 FIFO 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 

w 1• Vee 

De 2 D4 

Ca 3 Ds 

D2 4 De 

D1 5 0, 

Do 6 FL/Rf 
Xi 7 RS 

FF 8 21 EF 

Oo 20 XO/HF 

01 ~ 
02 05 

Da 05 

Oe 16 o. 
Vss Fi 

5497-10 

Figure 1. Pin Connections for DIP Packages 

32-PIN PLCC TOP VIEW 

" ~co 

D2 De 

D1 0, 

Do NC 

Xi FL/R'i' 
FF RS 

Oo EF 
o, XO/HF 

NC 07 
02 Oe 

14 15 16 17 18 

5'197-20 

Figure 2. Pin Connections for PLCC Package 
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LH5497/97H 

-~ 
RS~ 

INPUT 
PORT 

CONTROL 

WRITE 
POINTER 

FL1RT 
XI 

DATA INPUTS 
D0 -D8 

DUAL-PORT 
RAM 

ARRAY 

1Kx9 

DATA OUTPUTS 
Oo-Oa 

FLAG 
LOGIC 

EXPANSION 
LOGIC 

READ 
POINTER 

El= 
FF 

XO/HF 

Figure 3. LH5497/97H Block Diagram 

PIN DESCRIPTIONS 

PIN PIN TYPE* DESCRIPTION PIN PIN TYPE* 

Do-De I Input Data Bus XO/HF 0 

Qo-Qa OIZ Output Data Bus XI I 

w I Write Request FlJRT I 

R I Read Request RS I 

EF 0 Empty Flag Vee v 
FF 0 Full Flag Vss v 

• I= Input, 0 =Output, Z =High-Impedance, V =Power Voltage Level 

CMOS 1Kx9 FIFO 

OUTPUT 
PORT 

CONTROL 

DESCRIPTION 

5497.3 

Expansion Out/Half-Full Flag 

Expansion In 

First Load/Retransmit 

Reset 

Positive Power Supply 

Ground 



CMOS 1 K x 9 FIFO LH5497/97H 

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 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. Outpu1s should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 
3. Negative undershoo1s of 1.5 V in amplitude are permitted for up to 1 O ns once per cycle. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX UNIT 

TA Temperature, Ambient, LH5497 0 70 oc 
TAH Temperature, Ambient, LH5497H -40 85 oc 
Vee Supply Voltage 4.5 5.5 v 
Vss Supply Voltage 0 0 v 
V1L Logic 'O' Input Voltage1 -0.5 0.8 v 
V1H Logic '1' Input Voltage 2.0 Vee +0.5 v 

NOTE: 
1. Negative undershoo1s 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 VtoVcc -10 10 µA 

ILO Output Leakage Current R ~ V1H. O Vs VouT s Vee -10 10 µA 

VoH Output High Voltage loH=-2.0mA 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 

ICC3 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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LH5497/97H 

AC TEST CONDITIONS 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall Times 
(10%to90%) 

Input Timing Reference Levels 

Output Reference Levels 

Output Load, Timing Tests 

CAPACITANCE 1•2 

PARAMETER 

C1N (Input Capacitance) 

CouT (Output Capacitance) 

NOTES: 
1. Sample tested only. 

RATING 

Vssto 3 V 

5 ns 

1.5 v 
1.5 v 

Figure4 

RATING 

5pF 

7pF 

DEVICE 
UNDER 
TEST 

+5V 

1.1 kO 

6800 

CMOS 1 K x 9 FIFO 

30pF* 

* INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 4. Output Load Circuit 

2. Capacttances are maximum values at 25°C measured at 1.0 MHz with V1N = 0 V. 
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CMOS 1 K x 9 FIFO 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

tA=15ns 5 IA=20ns IA=25ns 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 

READ CYCLE TIMING 

IRC Read ~le lime 25 - 30 - 35 -
IA Access lime - 15 - 20 - 25 

IRR Read Recover lime 10 - 10 - 10 -
IRPW Read Pulse Width 2 15 - 20 - 25 -
tm.z Data Bus Active from Read LOW 3 5 - 5 - 5 -
twLZ Data Bus Active from Write HIGH 3·4 10 - 10 - 10 -
tov Data Valid from Read Pulse HIGH 5 - 5 - 5 -
IRHZ Data Bus Hig_h-Z from Read HIGH 3 - 15 - 15 - 15 

WRITE CYCLE TIMING 

twc Write ~cle lime 25 - 30 - 35 -
twPW Write Pulse Width 2 15 - 20 - 25 -
twR Write RecovEirY_ lime 10 - 10 - 10 -
tos Data Setup lime 10 - 10 - 10 -
!DH Data Hold lime 0 - 0 - 0 -

RESET TIMING 

IRSC Reset ~e lime 25 - 30 - 35 -
IRS Reset Pulse Width 2 15 - 20 - 25 -
IRSR Reset RecovEirY_ lime 10 - 10 - 10 -
IRRSS Read HIGH to RS HIGH 15 - 20 - 25 -
twRSS Write HIGH to RS HIGH 15 - 20 - 25 -

RETRANSMIT TIMING 

IRTC Retransmit C~le lime 25 - 30 - 35 -
!RT Retransmit Pulse Width 2 15 - 20 - 25 -
IRTR Retransmit RecovElr}'_ lime 10 - 10 - 10 -

FLAG TIMING 

!EFL Reset LOW to Em_p_ty_FI~ LOW - 25 - 30 - 35 

!t-tFH,FFH 
Reset LOW to Half-Full and Full - 25 - 30 - 35 
Fl¥HIGH 

IREF Read LOW to Em_p_ty_FI~ LOW - 20 - 25 - 25 

IRFF Read HIGH to Full Flag_ HIGH - 20 - 25 - 25 

twEF Write HIGH to Eme!l_FI~ HIGH - 20 - 25 - 25 

twFF Write LOW to Full Fl~ LOW - 20 - 25 - 25 

lwHF Write LOW to Half-Full Fl<ig LOW - 25 - 30 - 35 

IRHF Read HIGH to Half-Full F1'!9._ HIGH - 25 - 30 - 35 

EXPANSION TIMING 

txOL Expansion Out LOW - 18 - 20 - 25 

txOH ~ansion Out HIGH - 18 - 20 - 25 

tx1 Expansion In Pulse Width 15 - 20 - 25 -
txlR Eip_ansion In RecovElr}'_ lime 10 - 10 - 10 -
tx1s Expansion in Setup lime 7 - 10 - 10 -

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. 
s. LH5497 only. 

SHARP 

tA=35ns 

MIN MAX 

45 -
- 35 
10 -
35 -
5 -
10 -
5 -
- 15 

45 -
35 -
10 -
15 -
0 -

45 -
35 -
10 -
35 -
35 -

45 -
35 -
10 -

- 45 

- 45 

- 35 
- 35 
- 35 
- 35 
- 45 

- 45 

- 35 
- 35 
35 -
10 -
15 -

LH5497/97H 

tA=50ns tA=65ns tA=80ns 
UNITS 

MIN MAX MIN MAX MIN MAX 

65 - 80 - 100 - ns 

- 50 - 65 - 80 ns 

15 - 15 - 15 - ns 

50 - 65 - 80 - ns 

5 - 5 - 10 - ns 

10 - 10 - 20 - ns 

5 - 5 - 5 - ns 

- 20 - 30 - 30 ns 

65 - 80 - 100 - ns 

50 - 65 - 80 - ns 

15 - 15 - 15 - ns 

20 - 20 - 20 - ns 

0 - 5 - 5 - ns 

65 - 80 - 100 - ns 

50 - 65 - 80 - ns 

15 - 15 - 15 - ns 

50 - 65 - 80 - ns 

50 - 65 - 80 - ns 

65 - 80 - 100 - ns 

50 - 65 - 80 - ns 

15 - 15 - 15 - ns 

- 65 - 80 - 100 ns 

- 65 - 80 - 100 ns 

- 45 - 60 - 60 ns 

- 45 - 60 - 60 ns 

- 45 - 60 - 60 ns 

- 45 - 60 - 60 ns 

- 65 - 80 - 100 ns 

- 65 - 80 - 100 ns 

- 50 - 65 - 80 ns 

- 50 - 65 - 80 ns 

50 - 65 - 80 - ns 

10 - 10 - 10 - ns 

15 - 15 - 15 - ns 
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LH5497/97H 

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 
0N) 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-Full 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-Full flag is deasserted 
(HF = HIGH) by the appropriate rising edge of R. 

The Full flag is asserted (FF= LOW) atthe 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 (Oo--Qa) 
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 Fl FO is not empty 
(EF =HIGH). 
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CMOS 1K 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 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 deas­
serted, 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. 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 Fl FO 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 reac­
cessed by subsequent reads. Both R and 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 

TIMING DIAGRAMS 

R,W 

EF 

lwRSS 

lioFL 

FF.HF !1111// //IJ II /l///T;h7 //// uJ 
NOTE: W and R "= V1H around the rising edge of RS 

Figure 5. Reset Timing 

tov 

Oo·Os VALID DATA OUT VALID DATA OUT 

WC 

!wpw lWR 

~ v \ 
tos t DH 

v VALID DATA IN \ J VALID DATA IN I\_ _j \_ 

Figure 6. Asynchronous Write and Read Operation 

SHARP 

LH5497/97H 

5497-5 
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LH5497/97H CMOS 1K x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

LAST WRITE FIRST READ 

_j 

w 1 IRFF 

lwFF 

l v 
_j 

5497-6 

Figure 7. Full Flag from Last Write to First Read 

LAST READ FIRST WRITE 

w l 

' I\ 
IREF lwEF 

EF \ J 

5497.7 

Figure 8. Empty Flag from Last Read to First Write 
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CMOS 1K x 9 FIFO LH5497/97H 

TIMING DIAGRAMS (cont'd) 

Do-Da xxxxxxx x VALID DATA IN xxxxxxxxxxxxxxxxxxxxx 

lweF 

IWL2 

VALID DATA OUT 

NOTES: 
1. IRPE = IRPW 
2. IRPE : Effective Read Pulse Width after Empty Flag HIGH. 

5497-11 

Figure 9. Read Data Flow-Through 

w 

FF 

IWFF 

----+---------------------i:VALID DATA OUT 

Oo-Oa VALID DATA OUT 

NOTES: 
1. IWPF= lwPW 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 

5497-11 

Figure 10. Write Data Flow-Through 

5-57 



LH5497/97H 

TIMING DIAGRAMS (cont'd) 

fweF 

EF 

NOTI:S: 
1. lilPE = li!PW 
2. lilPE : Effective Read Pulse Width after Empty Flag HIGH. 

Figure 11. Empty Flag Timing 

w 

NOTES: 
1. lwpf= IWPW 
2. lwpF: Effective Write Pulse Width after Full Flag HIGH. 
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HALF-FULL 
OR LESS 

I\_ 

lwHF 

Figure 12. Full Flag Timing 

' I\ 

MORE THAN 
HALF-FULL 

Figure 13. Half-Full Flag Timing 

'{ 

iilHF 

CMOS 1K x 9 FIFO 

fwPF 

HALF-FULL 
OR LESS 

} 

5497-10 

5497-11 

5497-12 



CMOS 1 K x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

RT \ J 
tRTR 

R,W 

NOTES: 
1. tRTC = tRT + tRTR 

2. EF, HF and FF may change state during retransmit, but flags will be valid at tRTc 

WRITE TO LAST 
AVAILABLE 
LOCATION 

Figure 14. Retransmit Timing 

\ 

READ FROM 
LAST VALID 
LOCATION 

txoL txoH txoL 

XI 

!xis 

SHARP 

Figure 15. Expansion Out Timing 

WRITE TO FIRST 
AVAILABLE 
LOCATION 

tx1s 

Figure 16. Expansion In Timing 

READ FROM 
FIRST VALID 
LOCATION 

LH5497/97H 

5497-13 

txoH 

5497-15 

5497-16 
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LH5497/97H 

OPERATIONAL MODES 

Single Device Configuration 

When depth expansion is not required for the given 
application, the device~ placed in Single mode by tying 
the Expansion In pin {XI) to ground. This pin is internally 
sampled during reset. 

CMOS 1 K x 9 FIFO 

Width Expansion 

Word-width expansion is implemented by placing mul­
tiple LH5497/97H devices in parallel. Each LH5497/97H 
should be configured for standalone mode. In this ar­
rangement, the behavior of the status flags is identical for 
all devices; so, in principle, a representative value for 
each of these flags could be derived from any one device. 
In practice, it is better to derive 'composite' flag values 
using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
17 and 18.) 

1HF 

DATA IN 
18L_ 
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RITE w 
F ULLFLAG 

R ESET 

WRITE 

DATA IN 
D0 -D8 

FULL FLAG 

RESET 

~ 
-w 
-
FF 

-
RS--

w A 

9 9 

LH5497197H 

FF El' 

-
RS RT 

XI 

Figure 17. Single FIFO (1 K x 9) 

l - l -
HF HF 

9L_ 
-r 

-w ----
R 

---
RS 

--- -
RT ----
9 , 

J XI l XI 

- -

READ 

DATA OUT 
Oo-Oa 

EMPTY FLAG 

RETRANSMIT 

R 
READ -

EF 
EMPTY FLAG 

-
RT 

RETRANSMIT 

9 
/ 

18 

Figure 18. FIFO Width Expansion (1 K x 18) 

5497-17 

DATA OUT 

5497-18 

SHARP 



CMOS 1Kx9 FIFO 

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 R signals 

lxo 
-w 

DATA IN 9 _L_ g_L_ 

LH5497/97H 

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 gen­
erate 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-Full flag and Retrans­
mit functions are not available in Depth Expansion mode. 

R 
9""'- 9 DATAO UT 

00 • 08 LH5497197H 
7 0 0 -0s --

FF EF 
-
~ ~ 

l~ XO 

~ 9 

-CE== 
- LH5497/97H -

~ FF EF 
-

~ RS 

FULL EMPTY 

1~ XO 

9 g_L_ 
- -FF LH5497/97H EF 

- -
- RS n_ RS 

1x1 -

5497·19 

Figure 19. FIFO Depth Expansion (3072 x 9) 
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LH5497/97H 

OPERATIONAL MODES (cont'd) 

Compound Expansion 

CMOS 1Kx9FIFO 

A combination of width and depth expansion can be 
easily implemented by operating groups of depth ex­
panded FIFOs in parallel. 

LH5497/97H devices in parallel but opposite directions. 
The Data In pins of a device may be tied to the corre­
sponding 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 
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 

.--O-o-_O_a.._ __________ __, __ 0o..._-0_1_1 ____ ~)o-a_o_-_a~N-·10.._ ... a_o_-_a~N--1--.-DATAOUT 

Fi 
w 
RS 

DATA IN 
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LH5497/97H 
DEPTH EXPANSION 

BLOCK 

Do- DN.1 

w a 

-
F Fa 

R s 

SYSTEM A 

a 

Fa 

Fa 

a 

E 

H 

RT 

LH5497/97H LH5497197H 
DEPTH EXPANSION DEPTH EXPANSION 

BLOCK BLOCK 

D9- DN·1 Drn- DN·1 DN_9-DN·1 
5497-20 

Figure20. Compound FIFO 

Rb 
-
EFb 

LH5497/97H -
HFb 

-
RTb 

~-..ll.. ~ 

T<x1) 
- SYSTEMS 

Oao.a Dbo-s 

-
Wb 

-
LH5497/97H FFb 

-
RS 

T<Xi> 
5497-21 

Figure 21. Bidirectional FIFO 



CMOS 1 K x 9 FIFO 

ORDERING INFORMATION 

LH5497/97H X X 
Device Type Temperature Package 

Range 

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

LH5497/97H 

U 32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 

~--------~Blank Commercial (0° C to 70° C) 
H Industrial (-40° C to 85° C) 

~------------- CMOS 1Kx9 FIFO 

* LH5497 only 

Example: LH5497U-25 (CMOS 1 K x 9 FIFO, 32-pin PLCC, 25 ns) 
5497MD 
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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 
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 
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 
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 Fl FOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 
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CMOS 2K x 9 FIFO 

PIN CONNECTIONS 

32-PIN PDIP TOP VIEW 

w 1 • Vee 

Da 2 o. 
Da 3 Ds 

D2 4 Ds 

D1 5 07 

Do 6 R:tR"f 
Xi 7 Rs 
FF 8 21 EF 

Oo 9 20 XO/HF 

01 07 

°" 05 

03 Os 

Os o. 
Vss R 

5498-10 

Figure 1. Pin Connections for DIP Packages 

32-PINPLCC TOP VIEW 
0 

(J 

"' c 13: 
(J 0 0 c z > 

D2 Ds 

D1 07 

Do NC 

Xi FURT 

FF Rs 
Oo EF 

01 XO/HF 

NC 07 

02 21 Os 
15 16 17 18 19 20 

t"';l CICI 0 0 
0 0 >' z ta: 00 

5498-20 

Figure 2. Pin Connections for PLCC Package 
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CMOS 2K x 9 FIFO 

- - . _fREsETl 
RS~ 

INPUT 
PORT 

CONTROL 

WRITE 
POINTER 

FURT 
XI 

DATA INPUTS 
D0 - Da 

DUAL-PORT 
RAM 

ARRAY 

2Kx9 

' DATA OUTPUTS 
0 0 -0a 

FLAG 
LOGIC 

EXPANSION 
LOGIC 

READ 
POINTER 

El= 
FF 

XO/HF 

Figure 3. LH5498 Block Diagram 

PIN DESCRIPTIONS 

PIN PIN TYPE* DESCRIPTION PIN PIN TYPE* 

Do-De I Input Data Bus XO/HF 0 

Oo-Oa OIZ Output Data Bus Xi I 

w I Write Request FL/RT I 

R I Read Request RS I 

EF 0 Empty Flag Vee v 
FF 0 Full Flag Vss v 

• I = Input, O =Output, Z = High-Impedance, V = Power Voltage Level 

OUTPUT 
PORT 

CONTROL 

DESCRIPTION 

LH5498 

549&-3 

Expansion Out/Half-Full Flag 

Expansion In 

First Load/Retransmit 

Reset 

Positive Power Supply 

Ground 

5-65 



LH5498 CMOS 2K x 9 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 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 grea1ar 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 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 'O' Input Voltage 1 -0.5 0.8 v 
V1H Logic '1' Input Voltage 2.0 Vcc+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 Vcc=5.5 V, V1N=OVtoVcc -10 10 µA 

ILO Output Leakage Current R~ V1H, ov ~VouT~Vcc -10 10 µA 

VOH Output High Voltage loH=-2.0mA 2.4 v 
VoL Output Low Voltage loL=B.OmA 0.4 v 
Ice Average Supply Current 1 Measured at f = 40 MHz 100 mA 

leC2 Average Standby Current 1 All Inputs= V1H 15 mA 

lec3 Power Down Current 1 AH Inputs= Vee - 0.2 V 5 mA 

NOTE: 
1. Ice, le02, and lcca are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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CMOS 2K x 9 FIFO 

AC TEST CONDITIONS 

PARAMETER RATING 

Input Pulse Levels Vss to 3 V 

Input Rise and Fall Times (10% to 90%) 5 ns 

Input Timing Reference Levels 1.5 v 
Output Reference Levels 1.5 v 
Output Load, Timing Tests Figure4 

CAPACITANCE 1•2 

PARAMETER RATING 

C1N (Input Capacitance) 5pF 

CouT (Output Capacitance) 7pF 

NOTES: 
1. Sample tested only. 
2. Capacitances are maximum values at 2s0c measured at 1.0 MHz 

with V1N = 0 V. 

+SV 

1.1 kO 
DEVICE 
UNDER u---+---. 
TEST 

6800 

* INCLUDES JIG & SCOPE CAPACITANCES 

Figure 4. Output Load Circuit 

LH5498 
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LH5498 CMOS 2K x 9 FIFO 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range} 

SYMBOL PARAMETER 
IA= 15 ns tA=20ns IA=25ns IA=35ns tA=SOns IA=65ns tA=BOns 

UNITS 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE TIMING 

IRC Read CyEle lime 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

IA Access lime - 15 - 20 - 25 - 35 - 50 - 65 - BO ns 

IRR Read Recover lime 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

IRPW Read Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - BO - ns 

IRLZ Data Bus Active from Read LOW 3 5 - 5 - 5 - 5 - 5 - 5 - 10 - ns 

twLZ 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 

WRrTE CYCLE TIMING 

twc Write Cycle Tme 25 - 30 - 35 - 45 - 65 - BO - 100 - ns 

twPW Write Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

twR Write Recove_.!Y_ lime 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

tos Data Set~ Tme 10 - 10 - 10 - 15 - 20 - 20 - 20 - ns 

tDH Data Hold Ttme 0 - 0 - 0 - 0 - 0 - 5 - 5 - ns 

RESET TIMING 

IRSC Reset C~ Ttme 25 - 30 - 35 - 45 - 65 - BO - 100 - ns 

IRS Reset Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

tRSR Reset Recovery lime 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 

RETRANSMrr TIMING 

tRTc Retransmit Cycle lime 25 - 30 - 35 - 45 - 65 - 80 - 100 - ns 

tRT Retransmit Pulse Width 2 15 - 20 - 25 - 35 - 50 - 65 - BO - ns 

tRTR Retransmit Recovery lime 10 - 10 - 10 - 10 - 15 - 15 - 15 - ns 

FLAG TIMING 

tEFL Reset LOW to Empty Fll!!! LOW - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns 

IHFH,FFH 
Reset LOW to Half-Full and Full - 25 - 30 - 35 - 45 - 65 - 80 - 100 ns Flags HIGH 

tREF Read LOW to Empty Fla.Jl LOW - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

tRFF Read HIGH to Full Flall_ HIGH - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

twEF Write HIGH to Empty Flag HIGH - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

twFF Write LOW to Full Fla.Jl LOW - 20 - 25 - 25 - 35 - 45 - 60 - 60 ns 

twHF Write LOW to Half-Full Flag LOW - 25 - 30 - 35 - 45 - 65 - BO - 100 ns 

IRHF Read HIGH to Half-Full Flall_ HIGH - 25 - 30 - 35 - 45 - 65 - BO - 100 ns 

EXPANSION TIMING 

IXOL Expansion Out LOW - 18 - 20 - 25 - 35 - 50 - 65 - 80 ns 

txOH E:><Qllllsion Out HIGH - 18 - 20 - 25 - 35 - 50 - 65 - 80 ns 

tx1 Expansion In Pulse Width 15 - 20 - 25 - 35 - 50 - 65 - 80 - ns 

txlR Expansion In Reco~ 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 measurements 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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CMOS 2K x 9 FIFO 

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 Xf 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 
fiJ) 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. 

Write 

A write cycle is initiated on the falling edge of the Write 
fiJ) pin. Data setup and hold times must be obseNed 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-Full 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-Full 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 Fl FO 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--Oa) 
pins after a time tA from the falling edge of A. After B 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 Fl FO is not empty 
(EF=HIGH). 

LH5498 

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 (A) 
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 deas­
serted, 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 A 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 Fi. 

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 Fl FO 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 A and W must 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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LH5498 CMOS 2K x 9 FIFO 

TIMING DIAGRAMS 

EF 

FF.HF 

NOTE: W and A 2:V1H around the rising edge of RS 
5498-14 

Figure 5. Reset Timing 

tov 

VALID DATA OUT VALID DATA OUT 

WC 

lwPW lwR 

\ 1 \ 
t OS loH 

Oo-Oa v VALID DATA IN _j f VALID DATA IN 
~ \ 

5498-5 

Figure 6. Asynchronous Write and Read Operation 
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CMOS 2K x 9 FIFO LH5498 

TIMING DIAGRAMS (cont'd) 

LAST WRITE FIRST READ 

v 
.J 

l IRFF 

lwFF 

FF 1. _l 

5498·6 

Figure 7. Full Flag from Last Write to First Read 

LAST READ FIRST WRITE 

w 1 
\ 

!REF lweF 

EF 'l .! 
5498-7 

Figure 8. Empty Flag from Last Read to First Write 
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LH5498 CMOS 2K x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

xxxxxxx x VALID DATA IN xxxxxxxxxxxxxxxxxxxxx 
w 

twLZ 

Oo-Oa VALID DATA OUT 

NOTES: 
1 . IRPE = IRPW 
2. tRPE: Effective Read Pulse Width after Empty Flag HIGH. 

549 8 

Figure 9. Read Data Flow-Through 

lwPF 

w 

IRFF 

FF 

lwFF 

----+----------------------1. VALID DATA OUT 

Oo-Oa VALID DATA OUT 

NOTES: 
1. lwPF= lwpw 
2. t WPF: Effective Write Pulse Width after Full Flag HIGH. 

5498-9 

Figure 10. Write Data Flow-Through 
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CMOS 2K x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

w 

EF 

R 

NOTES: 
1. !APE = IAPW 

lwEF 

2. tAPE: Effective Read Pulse Width after Empty Flag HIGH. 

Figure 11. Empty Flag Timing 

w 

NOTES: 
1 · WPF = lwpw 
2. WPF: Effective Write Pulse Width after Full Flag HIGH. 

w 

HF 

HALF·FULL 
OR LESS 

SHARP 

' I\. 

twHF 

Figure 12. Full Flag Timing 

\ 

MORE THAN 
HALF-FULL 

Figure 13. Half-Full Flag Timing 

1 
IRHF 

lwPF 

HALF-FULL 
OR LESS 

i 

LH5498 

5498-10 

5498-11 

5498-12 
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LH5498 

TIMING DIAGRAMS (cont'd) 

RT \ I 
tRTR 

R,W 

NOTES: 
1. tRTC = tRT + tRTR 

2. EF, HF and FF may change state during retransmit, but flags will be valid at tRTc 

w 

WRITE TO LAST 
AVAILABLE 
LOCATION 

Figure 14. Retransmit Timing 

txoH 

' ~ 

READ FROM 
LAST VALID 
LOCATION 

txOL 

Figure 15. Expansion Out llming 

tx1s 

w 

lx1R 

WRITE TO FIRST 
AVAILABLE 
LOCATION 

tXls 

CMOS 2K x 9 FIFO 

54911-13 

txoH 

5499-15 

READ FROM FIRST ,_ ____ .,., VALID 

LOCATION 

5499-16 

Figure 16. Expansion In llming 
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CMOS 2K x 9 FIFO 

OPERATIONAL MODES 

Single Device Configuration 

When depth expansion is not required for the given 
application, the device~ placed in Single mode by tying 
the Expansion In pin (XI) to ground. This pin is internally 
sampled during reset. 

WRITE 

DATA IN 
Do· Da 

-w 

9 
/ 

LH5498 

Width Expansion 

Word-width expansion is implemented by placing mul­
tiple LH5498 devices in parallel. Each LH5498 should be 
configured for standalone mode. In this arrangement, the 
behavior of the status flags is identical for all devices; so, 
in principle, a representative value for each of these flags 
could be derived from any one device. In practice, it is 
better to derive 'composite' flag values using external 
logic, since there may be minor speed variations between 
different actual devices. (See Figures 17 and 18.) 

l HF 

A 

9 

READ 

DATA OUT 
Oo·Oa 

LH5498 

DATA IN 1f!L 

RITE w 

F ULL FLAG 

R ESET 

-

FULL FLAG 
FF EF 

EMPTY FLAG 

-
RESET RS RT 

RETRANSMIT 

l__ -
XI 

5498-17 

Figure 17. Single FIFO (2K x 9) 

l - l -
HF HF 

9 9L_ 

- w R w 
READ - ----

LH5498 -- R EF FF 
LH5498 --- EMPTY FLAG 

-
RS RS 

- -
RT RT --- RETRANSMIT 

9 9 
/ 

1 Xi _lx1 18 
DATA OUT 

- -

5498-18 

Figure 18. FIFO Width Expansion (2K x 18) 
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LH5498 

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 R signals 

t XO 

w 
DATA IN 9,. ~ 
Do-De FF LH5498 

-
~ 

CMOS 2K x 9 FIFO 

are shared by all devices, while internal logic controls the 
~earing 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 gen­
erate 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-Full flag and 
Retransmit functions are not available in Depth Expan­
sion mode. 

A 
9_._ 9 DATAO UT _--,. 7 Oo-Oe EF 

~ 
fx'xo 

9,. 9...L 

-Cl= FF 
_.., 

LH5498 EF 

RS ~ 
]x1xo 

Jl_ 9..L 
/_ - "7 

FF LH5498 EF 

RS 
RS Ft: 

1x1 --

54811-18 

Figure 19. FIFO Depth Expansion (6144 x 9) 
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CMOS 2K x 9 FIFO 

OPERATIONAL MODES (cont'd) 

Compound Expansion 

LH5498 

A combination of width and depth expansion can be 
easily implemented by operating groups of depth 
expanded FIFOs in parallel. 

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. 

Bidirectional Operation 

Applications which require bidirectional data buffering 
between two systems can be realized by operating 

..,..o_o_-_o.a ..... __________ ~,_.o.o-_0_1_1 __ ..... ~P.--o•o•--o~N--10._.~o-o.--_o~N-.1~._DATAOUT 

A 
w 
RS 

DATA IN 

LH5498 
DEPTH EXPANSION 

BLOCK 

Do- DN-1 

a 

Fa 

w 

F 

RS 

SYSTEM A 

a 

Fa 

Fa 

Ta 

Fi 

E 

ii 

A 

LH5498 LH5498 
DEPTH EXPANSION DEPTH EXPANSION 

BLOCK BLOCK 

Dg-DN-1 D1e-DN-1 DN-s-DN-1 
5498-20 

Figure20. Compound FIFO 

Rb 

EFb 
LH5498 HFb 

-
RTb 

Dao-Dae Obo-Obe 

j_x1 
- SYSTEMB 

Oao-Oae Db0 -Db8 

-
Wb 

-LH5498 FFb 

R8 

Tx1 

5498-21 

Figure 21. Bidirectional FIFO 
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LH5498 

ORDERING INFORMATION 

LH5498 
Device Type 

x 
Package -#~15 Speed 20 

~ Access Time (ns) 

65 

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

CMOS 2K x 9 FIFO 

U 32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450-PED) 

~----------- CMOS 2K x 9 FIFO 

Example: LH5498U-25 (CMOS 2K x 9 FIFO, 32-pin PLCC, 25 ns) 
5498MD 
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LH5499 
FEATURES 

• Fast Access Times: 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 DIP 
32-Pin PLCC 

• Pin and Functionally Compatible 
with IDT7204 

FUNCTIONAL DESCRIPTION 

The LH5499 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. 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 

Ds 2 D. 

D3 3 Ds 

D2 4 D5 

D, 5 D, 

Do 6 FliITT 
Xi 7 RS 

FF 8 EF 
Oo 9 XO/HF 

o, o, 
02 11 Oo 
03 05 

Os o. 
Vss Fi 

5499-10 

Figure 1_ Pin Connections for PDIP Package 

32-PIN PLCC 
0 (.) TOP VIEW 

0 0 1$: z .;: 0 0 

D2 D5 

D, D, 

Do NC 

Xi FURT 

FF RS 

Oo EF 

o, XO/HF 

NC o, 
02 21 Os 

14 15 16 17 18 19 20 

C"'> co (/') 0 
a a >' z 

IC: a 0 

5499-20 

Figure2. Pin Connections for PLCC Package 
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LH5499 

- __fREsETl 
RS~ 

INPUT 
PORT 

CONTROL 

WRITE 
POINTER 

FURT 
Xi 

DATA INPUTS 
Do-Da 

DUAL-PORT 
RAM 

ARRAY 

4Kx9 

' DATA OUTPUTS 
Oo-Oa 

FLAG 
LOGIC 

EXPANSION 
LOGIC 

READ 
POINTER 

EF 
FF 

XO/HF 

Figure 3. LH5499 Block Diagram 

PIN DESCRIPTIONS 

PIN PIN TYPE* DESCRIPTION PIN PIN TYPE* 

Do-De I Input Data Bus XO/HF 0 

Oo-Os O/Z Output Data Bus Xi I 

w I Write Request FURT I 

R I Read Request RS I 

EF 0 Empty Flag Vee v 
FF 0 Full Flag Vss v 

• I = Input, 0 = Output, Z = High-Impedance, V = Power Voltage Level 
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OUTPUT 
PORT 

CONTROL 

DESCRIPTION 

5499-3 

Expansion Out/Half-Full Flag 

Expansion In 

First Load/Retransmit 

Reset 

Positive Power Supply 

Ground 



CMOS 4K x 9 FIFO LH5499 

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 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 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 '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 = o v to Vee -10 10 µA 

ILO Output Leakage Current R<-: V1H. ov:-:::vour:-:::Vcc -10 10 µA 

VoH Output High Voltage loH=-2.0mA 2.4 v 

VoL Output Low Voltage loL=B.OmA 0.4 v 

Ice Average Supply Current 1 Measured at f = 33 MHz 110 mA 

lcc2 Average Standby Current 1 All Inputs = V1H 15 mA 

lcc3 Power Down Current 1 All Inputs= Vee - 0.2 V 8 mA 

NOTE: 
1. Ice, ICC2, and lcca are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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LH5499 

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 (Input Capacitance) 

CouT (Output Capacitance) 

NOTES: 

1. Sample tested only. 

RATING 

Vssto3 V 

5 ns 

1.5 v 
1.5 v 

Figure4 

RATING 

5pF 

7pF 

DEVICE 
UNDER 
TEST 

+5V 

CMOS 4K x 9 FIFO 

* INCLUDES JIG & SCOPE CAPACITANCES 

Figure 4. Output Load Circuit 

2. Capacitances are maximum values at 25°C measured at 1.0 MHz with V1N = 0 V. 
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CMOS 4K x 9 FIFO LH5499 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL 
IA=20ns IA=25ns IA=35ns IA=50ns IA=65ns IA=80ns 

PARAMETER UNITS 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE TIMING 

lRC Read ~le lime 30 - 35 - 45 - 65 - 80 - 100 - ns 

IA Access lime - 20 - 25 - 35 - 50 - 65 - 80 ns 

IRA Read Recover lime 10 - 10 - 10 - 15 - 15 - 15 - ns 

IRPW Read Pulse Width 2 20 - 25 - 35 - 50 - 65 - 80 - ns 

tmz Data Bus Active from Read LOW 3 5 - 5 - 5 - 5 - 5 - 10 - ns 

lwLz Data Bus Active from Wrrre HIGH 3.4 10 - 10 - 10 - 10 - 10 - 20 - ns 

tov Data Valid from Read Pulse HIGH 5 - 5 - 5 - 5 - 5 - 5 - ns 

tRHZ Data Bus High-Z from Read HIGH 3 - 15 - 15 - 15 - 20 - 30 - 30 ns 

WRITE CYCLE TIMING 

twc Write ~le lime 30 - 35 - 45 - 65 - 80 - 100 - ns 

lwPW Wrrre Pulse Width 2 20 - 25 - 35 - 50 - 65 - 80 - ns 

lwR Write RecovE!IY_ lime 10 - 10 - 10 - 15 - 15 - 15 - ns 

tos Data Se!Ufl_ lime 10 - 10 - 15 - 20 - 20 - 20 - ns 

IDH Data Hold lime 0 - 0 - 0 - 0 - 5 - 5 - ns 

RESET TIMING 

IRSC Reset ~le lime 30 - 35 - 45 - 65 - 80 - 100 - ns 

IRS Reset Pulse Width 2 20 - 25 - 35 - 50 - 65 - 80 - ns 

IRSR Reset RecovE!IY_ lime 10 - 10 - 10 - 15 - 15 - 15 - ns 

IRRSS Read HIGH to RS HIGH 20 - 25 - 35 - 50 - 65 - 80 - ns 

lwRss Write HIGH to RS HIGH 20 - 25 - 35 - 50 - 65 - 80 - ns 

RETRANSMIT TIMING 5 

IRTC Retransmit <2Y_cle lime 30 - 35 - 45 - 65 - 80 - 100 - ns 

tRT Retransmit Pulse Width 2 20 - 25 - 35 - 50 - 65 - 80 - ns 

IRTR Retransmrr Recoveiy_lime 10 - 10 - 10 - 15 - 15 - 15 - ns 

FLAG TIMING 

IEFL Reset LOW to Empty Flag LOW - 30 - 35 - 45 - 65 - 80 - 100 ns 

tHFH,FFH 
Reset LOW to Half-Full and Full - 30 - 35 45 65 80 100 
Fl!lgSHIGH 

- - - - ns 

IREF Read LOW to Em_N_FI~ LOW - 25 - 25 - 35 - 45 - 60 - 60 ns 

tRFF Read HIGH to Full Fl~ HIGH - 25 - 25 - 35 - 45 - 60 - 60 ns 

lwEF Write HIGH to Empty_Flag_HIGH - 25 - 25 - 35 - 45 - 60 - 60 ns 

lwFF Write LOW to Full Fl~ LOW - 25 - 25 - 35 - 45 - 60 - 60 ns 

lwHF Write LOW to Half-Full Fl~ LOW - 30 - 35 - 45 - 65 - 80 - 100 ns 

lRHF Read HIGH to Half-Full Flag HIGH - 30 - 35 - 45 - 65 - 80 - 100 ns 

EXPANSION TIMING 

txoL E~nsion Out LOW - 20 - 25 - 35 - 50 - 65 - 80 ns 

txoH Expansion Out HIGH - 20 - 25 - 35 - 50 - 65 - 80 ns 

tx1 ~nsion In Pulse Width 20 - 25 - 35 - 50 - 65 - 80 - ns 

lXIR E~sion In RecovE!IY_ lime 10 - 10 - 10 - 10 - 10 - 10 - ns 

tx1s Expansion in Setup lime 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. 
5. See also Note 3, Figure 13. 



LH5499 

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 
IJii) 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-Full 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-Full 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-Oa) 
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. Aread is only possible if the FIFO is not empty 
(EF=HIGH). 

5-84 

CMOS 4K x 9 FIFO 

The internal read andwrite 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 (EE = 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-as­
serted, 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 A. 

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 Fl FO on the rising edge of W which may 
occur tRFF + twPw after the read. 

Retransmit 

The Fl FO 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 reac­
cessed by subsequent reads. Both R and W must be 
inactive (HIGH) during the retransmit pulse. Retransmit 
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. 

SHARP 



CMOS 4K x 9 FIFO 

TIMING DIAGRAMS 

R,W 

EF 

FF,HF 

NOTES: 

1. !iisc =!Rs+ liisR· 
2. Wand A ~ V1H around the rising edge of RS. 

Oo-Oa 

lwPW 

1._ 

!RRSS 
!wRSS 

!EFL 

Figure 5. Reset Timing 

tov 

VALID DATA OUT 

WC 

lwR 

v- 1. 
tos loH 

VALID DATA IN ' .J 

VALID DATA OUT 

-( VALID DATA IN 

Figure 6. Asynchronous Write and Read Operation 

SHARP 
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LH5499 CMOS 4K x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

LAST WRITE FIRST READ 

II 
J 

I\. IAFF 

lwFF 

""\ It 
I\. _j, 

5499 

Figure 7. Full Flag from Last Write to First Read 

LAST READ FIRST WRITE 

Ir 

1 IAEF tweF 

EF ' V" 
I\. 

5499-7 

Figure 8. Empty Flag from Last Read to First Write 
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CMOS 4K x 9 FIFO LH5499 

TIMING DIAGRAMS (cont'd) 

Do- Da xxxxxxxxx VALID DATA IN xxxxxxxxxxxxxxxxxxxxx 

!wEF 

twLZ 

VALID DATA OUT 

NOTES: 
1. !RPE = !RPW 
2. ~PE: Effective Read Pulse Width after Empty Flag HIGH. 

5499·8 

Figure 9. Read Data Flow-Through 

't v lwpF 

w J 
IRFF 

_l } 
IWFF 

FF 

t OS loH 

\.VALID DATA IN J t--
IA 

~ VALID DATA OUT 

NOTES: 
1. lwPF = lwPw 
2. lwpF: Effective Write Pulse Width after Full Flag HIGH. 

5499·9 

Figure 10. Write Data Flow-Through 
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TIMING DIAGRAMS (cont'd) 

w 
tweF 

EF 

NOTES: 
1. IRPE = IRPW 
2. tRPE: Effective Read Pulse Width after Empty Flag HIGH. 

Figure 11. Empty Flag Timing 

FF 

w 

NOTES: 
1. twPF = lwPW 
2. twPF: Effective Write Pulse Width after Full Flag HIGH. 

w 

HF 
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HALF-FULL 
OR LESS 

'l 

lwHF 

Figure 12. Full Flag Timing 

I\ 

MORE THAN 
HALF-FULL 

v 
.J 

Figure 13. Half-Full Flag Timing 

IRHF 

CMOS 4K x 9 FIFO 

HALF-FULL 
OR LESS 

v 
.J 

5499-10 

5499-11 

5499-12 
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CMOS 4K x 9 FIFO 

TIMING DIAGRAMS (cont'd) 

RT \ _f 
tRTR 

R,W 

NOTES: 

1. tRTC = tRT + tRTR· 
2. EF and FF may change state during retransmit. 
3. HF may change state during retransmit and become valid at liiTc +5 ns. 

Figure 14. Retransmit Timing 

w 

XO 

WRITE TO LAST 
AVAILABLE 
LOCATION 

txoL txoH 

\. 

READ FROM 
LAST VALID 
LOCATION 

txoL txoH 

Figure 15. Expansion Out Timing 

XI 

tx1s 

w 

SHARP 

tx1R 

WRITE TO FIRST 
AVAILABLE 
LOCATION tx1s 

Figure 16. Expansion In Timing 

READ FROM FIRST 
VALID 

LOCATION 

LH5499 

5499-13 

5499-15 

5499-16 
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LH5499 

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 internally 
sampled during reset. 

WRITE 

DATA IN 
D0 -D8 

9 

-w 

CMOS 4K x 9 FIFO 

Width Expansion 

Word-width expansion is implemented by placing mul­
tiple LH5499 devices in parallel. Each LH5499 should be 
configured for standalone mode. In this arrangement, the 
behavior of the status flags is identical for all devices; so, 
in principle, a representative value for each of these flags 
could be derived from any one device. In practice, it is 
better to derive 'composite' flag values using external 
logic, since there may be minor speed variations between 
different actual devices. (See Figures 17 and 18.) 

t HF 

A 

9 

READ 

DATA OUT 
Oo-Oa 

LH5499 - -

FULL FLAG 
FF EF 

EMPTY FLAG 

- RT RS RESET RETRANSMIT 

Ix' 
5499-17 

Figure 17. Single FIFO (4K x 9) 

DATA IN 
1!!L_ l - j HF HF 

~ 
9 

, 

w w A 
WRITE --- READ - R LH5499 

EF FF 
EMPTY FLAG ULLFLAG LH5499 ----F 

- -
RS RS 

RESET ---- - -
RT RT -- RETRANSMIT 

9 9 
/ 

TX' J_x1 18 
DATA OUT 

- -

5499-18 

Figure 18. FIFO Width Expansion (4K x 18) 

5-90 SHARP 



CMOS 4K x 9 FIFO 

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, Wand R signals 

Jxo 
-
w 

DATA IN 9 9 

Do-Ds FF LH5499 

-

~ 

LH5499 

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 gen­
erate 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-Full flag and 
Retransmit functions are not available in Depth Expan-' 
sion mode. 

R 
9 9 DATA OU T 

_7 7 Oo·Os EF 

~ 
Jxixo 

9L. 9 
- -

FULL 
FF LH5499 EF 

RS ~ 
lXIXO 

9 9 
/_ 

EF FF 
LH5499 

-
RS 

RS r2l l XI -

5499-19 

Figure 19. FIFO Depth Expansion (12288 x 9) 
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LH5499 

OPERATIONAL MODES (cont'd) 

Compound Expansion 

CMOS 4K x 9 FIFO 

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. 

Bidirectional Operation 

Applications which require bidirectional data buffering 
between two systems can be realized by operating 

,....a_o_-_a_a ____________ --4to-0o_-_0_11----~1---o-o_-_o_N--1..,._0o __ -o_N--1--~DATAOUT 

R 

w 
RS 

DATA IN 
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LH5499 
DEPTH EXPANSION 

BLOCK 

Do - DN-1 

a w 

F Fa 

R s 

SYSTEM A 

a 

Fa 

R 

E 

Fa H 

A Ta 

LH5499 LH5499 
DEPTH EXPANSION DEPTH EXPANSION 

BLOCK BLOCK 

Dg- DN-1 D1a- DN-1 DN-9-DN-1 
5499·20 

Figure 20. Compound FIFO 

Rb 
-
EFb 

LH5499 
HFb 
-
RTb 

Dao.a Oba.a 

-!- XI 

- SYSTEM B 

aao.a Dbo.a 

-
Wb 

-
LH5499 FFb 

-
RS 

IXi 
5499-21 

Figure 21. Bidirectional FIFO 



CMOS 4K x 9 FIFO 

ORDERING INFORMATION 

LH5499 
Device Type 

x 
Package -#~# 20 Speed 25 

35 Access Time (ns) 
50 
65 

LH5499 

'----------<Blank 28-pin, 600-mil DIP (DIP28-P-600) 
U 32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450-PED) 

'---------------- CMOS 4K x 9 FIFO 

Example: LH5499U-25 (CMOS 4K x 9 FIFO, 32-pin PLCC, 25 ns) 5499MD 
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LH5420 
FEATURES 

• Fast Cycle Times: 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 

• Independently-Synchronized ('Fully 
Asynchronous') Operation of Port A and 
Port B 

• 'Synchronous' Enable-Plus-Clock Control 
at Both Ports 

• R/W, Enable, Request, and Address 
Control Inputs are Sampled on the Rising 
Clock Edge 

• Synchronous Request/Acknowledge 
'Handshake' Capability; Use is Optional 

• Device Comes Up Into a Known Default 
State at Reset; Programming is Allowed, 
but is not Required 

• Asynchronous Output Enables 

• Five 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 is Pin-Compatible 
and Functionally Equivalent 
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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 at 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%. At 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 CKs are free­
running, periodic 'clock' waveforms, used to control other 
signals which are edge-sampled. However, there actually 
is not any absolute requirement that these 'clock' wave­
forms must be periodic. An 'asynchronous' mode of op­
era ti on is possible, in one or both directions, 
independently, if the appropriate enable and request in­
puts are continuously asserted, and enough aperiodic 
'clock' pulses of suitable duration are generated by exter­
nal logic to cause all necessary actions to occur. 

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 oper­
ated 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 pro­
grammable over the entire FIFO depth, but are automat­
ically initialized to eight locations from the respective Fl FO 
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. 

SHARP 



256 x 36 x 2 Bidirectional FIFO 

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 
DgA 
DBA 

VssA 
D1A 
DsA 
DSA 

VccA 
D4A 
DBA 
D2A 

LH5420 

A word-width-select option is provided on Port B for 
36-bit, 18-bit, 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 utiliza­
tion of bus bandwidths. 

A Byte Parity Check Flag at each port monitors data 
integrity. Control-Register bit 00 selects the parity n:ode, 
odd or even. This bit is initialized for odd data parity at 
reset; but it may be reprogrammed for even parity, or back 
again to odd parity, as desired. 

VssA 
D,A 
DoA 
RS 
RT1 

Dos 
Drn 
D20 

TOP VIEW 

VccA 
D24A 
D25A 
D26A 
VssA 
D27A 
D28A 
D29A 
VcCA 
DaoA 
Da1A 
Da2A 
VssA 
D33A 
Da4A 
DaSA 
RT2 
Vss 
Dass 
Da4s 
Vsss Vsss 

Das 
D4s 
Dss 

Vccs 
Dss 
D7B 
Das 

Vsss 
Dgs 

D10s 
D11s 
Vccs 

SHARP 

Figure 1. Pin Connections for 132-Pin Quad Flat Package 
(TOPVIEW) 

Daas 
D32a 
Darn 
Vcca 
Daoa 
D29S 
D2ss 
Vssa 
D21s 
D2sB 
D2ss 
Vcca 

542(}.30 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

N 0 0 0 0 0 0 0 0 0 0 0 0 0 
D13a D1sB MBF1 AC Ka REOe RIW"e Aoe WS1 OEa FF2 HF2 Drne D21B 

M 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dae D11a D168 EF1 AE1 EN8 WS0 AF2 PFe D22e D2oa D23e D29e 

L 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dse Oge D12B D14e D11e Vss CKe Vee D19B D24B D2se D21s Dsoa 

K 0 0 0 0 0 0 
Ds9 D1oa Vccs Vees D268 Ds1s 

J 0 0 0 0 0 0 
Dss Dm Vsss Vsss D29s D339 

H 0 0 0 0 0 0 
D1s D20 D49 D328 D349 Dssa 

G 0 0 0 BOTTOM VIEW 0 _Q 0 
RT1 Doe RS Vss RT2 D34A 

F 0 0 0 0 0 0 
DOA D,A D3A Ds5A D32A D33A 

E 0 0 0 0 0 0 
D2A D6A VsSA VsSA D31A DsoA 

D 0 0 0 0 0 0 0 
D4A DgA VeCA NC VeeA D28A D29A 

c 0 0 0 0 0 0 0 0 0 0 0 0 0 
DSA DSA D11A D13A D16A Vee CKA Vss D10A D21A D23A D26A D27A 

B 0 0 0 0 0 0 0 0 0 0 0 0 0 
D1A D10A D,4A D17A PFA AF1 A1A ENA AE2 EF2 D19A D25A D24A 

A D 0 0 0 0 0 0 0 0 0 0 0 0 
D12A D15A HF1 FF1 OEA A2A ~ RNIA REQA ACKA MBF2 D20A D22A 

2 3 4 5 6 7 8 9 10 11 12 13 

NOTE: NC = NO CONNECTION 
5420-29 

Figure 2. Pin Connections for 120-Pin PGA Package 
(Bottom View) 
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256 x 36 x 2 Bidirectional FIFO LH5420 

13 0 0 0 0 0 0 0 0 0 0 0 0 0 
D22A D24A D21A D29A D30A D33A D34A D359 D33s D319 Daos D2ss D21B 

12 0 0 0 0 0 0 0 0 0 0 0 0 0 
D20A D2SA D26A D2BA Da1A D32A RT2 D349 D29s D25s D279 D239 D10s 

11 0 0 0 0 0 0 0 0 0 0 0 0 0 
MBF2 D19A D23A VeCA VsSA DaSA Vss D32s Vsss Vccs D2se D20s HF2 

10 0 0 0 0 0 0 
ACKA EF2 D21A D24s D229 FF2 

9 0 0 0 0 _Q 0 
REQA AE2 D1BA D19s PF8 OEs 

8 0 0 0 0 0 0 
RJWA ENA Vss Vee AF2 ws, 

7 0 0 0 TOP VIEW 0 0 0 
AoA A,A CKA CK8 WS0 Aos 

6 0 0 0 0 0 0 
A2A AF1 Vee Vss EN8 R!Ws 

5 _Q _Q 0 0 0 0 
OEA PFA D16A D11s AE1 REOs 

4 _Q 0 0 0 0 0 0 
FF1 D11A D13A NC D149 EF1 AC Ks 

3 0 0 0 0 0 0 0 0 0 0 0 0 _Q 
HF1 D14A D11A VeeA VssA D3A RS D49 Vsss Vecs D12s D1sa MBF1 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 
D1SA D10A DBA DgA D6A D1A Dos D2s D1s D100 D9s D11s D1sB 

D 0 0 0 0 0 0 0 0 0 0 0 0 
D12A D1A DSA D4A D2A DoA RT1 D19 D39 Dss Dss DBB D139 

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-Pin PGA Package 
(Top View) 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

PIN LIST 

SIGNAL PQFP PGA SIGNAL PQFP PGA SIGNAL PQFP PGA 
NAME PINNO. PINNO. NAME PINNO. PINNO. NAME PINNO. PINNO. 

AoA 1 A7 D1ss 56 M3 02BA 110 012 
A1A 2 87 017s 57 L5 D27A 111 C13 

A2A 3 A6 M8F1 58 N3 026A 113 C12 
OEA 4 A5 AE1 59 M5 D2sA 114 812 
FF1 6 A4 EF1 60 M4 024A 115 813 
AF1 7 86 AC Ks 61 N4 D23A 117 C11 
HF1 8 A3 REQs 63 N5 D22A 118 A13 
PFA 9 85 ENs 64 M6 D21A 119 C10 
D17A 10 84 R/Ws 65 N6 D20A 120 A12 
D1sA 11 C5 CKs 66 L7 D19A 122 811 
D1sA 12 A2 Aos 67 N7 D1aA 123 C9 
D14A 14 83 WSo 68 M7 M8F2 124 A11 
013A 15 C4 WS1 69 NB AE2 125 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 
09A 20 02 HF2 74 N11 ENA 130 88 
DaA 21 C2 PFs 75 M9 RIWA 131 AB 
D7A 23 81 D1as 76 N12 CKA 132 C7 
DsA 24 E2 D19s 77 L9 Vee 5 C6 
DsA 25 C1 D20s 78 M11 VssA 13 E3 
D4A 27 01 D21s 80 N13 VeeA 18 03 
03A 28 F3 D22s 81 M10 VssA 22 E3 
D2A 29 E1 023S 82 M12 VeeA 26 03 
D1A 31 F2 D24s 83 L10 VssA 30 E3 
Do A 32 F1 02ss 85 L11 Vsss 38 J3 
RS 33 G3 025s 86 K12 Vees 42 K3 
RT1 34 G1 027S 87 L12 Vssa 46 J3 
Dos 35 G2 D2as 89 M13 Vees 50 K3 
Orn 36 H1 029S 90 J12 Vsss 55 J3 
D2s 37 H2 03os 91 L13 Vss 62 L6 
03s 39 J1 031s 93 K13 Vee 71 LB 
04s 40 H3 032s 94 H11 Vsss 79 J11 
Dss 41 K1 033s 95 J13 Vees 84 K11 
Dss 43 L1 034s 97 H12 Vsss 88 J11 
D?s 44 J2 035s 98 H13 Vees 92 K11 
Das 45 M1 RT2 100 G12 Vssa 96 J11 
09s 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 51 L3 032A 105 F12 VssA 112 E11 
D13s 52 N1 D31A 106 E12 VeeA 116 011 
0149 53 L4 030A 107 E13 VssA 121 E11 
D1ss 54 N2 029A 109 013 Vss 128 ca 
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Figure 4a. Simplified LH5420 Block Diagram 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

PIN DESCRIPTIONS 

PIN PIN TYPE* DESCRIPTION 

GENERAL 

Vee. Vss v Power, Ground 

RS I Reset 

PORTA 

CKA I Port A Free-Running Clock 

RIWA 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 

OEA I Port A Level-Sensitive Output Enable 

REOA I Port A Request/Enable 

RT2 I FIFO #2 Retransmit 

DoA-D35A 1/0/Z Port A Bidirectional Data Bus 

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) 

MBF2 0 New-Mail-Alert Flag for Mailbox #2 

PFA 0 Port A Parity Flag 

ACKA 0 Port A Acknowledge 

PORTB 

CKe I Port B Free-Running Clock 

R/We I Port B Edge-Sampled Read/Write Control 

ENe I Port B Edge-Sampled Enable 

Aoe I Port B Edge-Sampled Address Pin 

OEe I Port B Level-Sensitive Output Enable 

WSo, WS1 I Port B Word-Width Select 

REQe I Port B Request/Enable 

RT1 I FIFO #1 Retransmit 

Doe-D3sB 1/0/Z Port B Bidirectional Data Bus 

FF2 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) 

MBF1 0 New-Mail-Alert Flag for Mailbox #1 

PFe 0 Port B Parity Flag 

AC Ke 0 Port B Acknowledge 

* I = Input, 0 = Output Z = High-Impedance, V = Power Voltage Level 
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256 x 36 x 2 Bidirectional FIFO LH5420 

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 

DC Output Current 2 ±40mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 2 Watts (Quad Flat Pack) 

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 undershoot of 1.5 V in amplitude is permitted 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 Vcc+0.5 v 

NOTE: 
1. Negative undershoot of 1.5 V in amplitude is 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= OVToVcc -10 10 µA 

ILO 110 Leakage Current OE ~VIH, OV:S;VouT:S;Vcc -10 10 µA 

VoL Logic LOW Output Voltage loL=8.0mA 0.4 v 

VoH Logic HIGH Output Voltage loH=-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) 30 mA 

lce3 Power-Down Supply Current 1 All Inputs= Vee - 0.2 V (Clock idle) 3 mA 

NOTE: 
1. Ice, ICC2, and lcca 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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LH5420 

AC TEST CONDITIONS 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall Times 
(10% to 90%) 

Output Reference Levels 

Input liming Reference Levels 

Output Load, Timing Tests 

CAPACITANCE 1 •2 

PARAMETER 

C1N (Input Capacitance) 

CouT (Output Capacitance) 

NOTES: 
1. Sample tested only. 

RATING 

Vss to 3 V 

5 ns 

1.5 v 
1.5 v 

Figure 5 

RATING 

8pF 

8pF 

256 x 36 x 2 Bidirectional FIFO 

DEVICE 
UNDER 
TEST 30 pF* 

*INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 5. Output Load Circuit 

5420-7 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz, with VtN = 0 V. 
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256 x 36 x 2 Bidirectional FIFO LH5420 

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

-25 -30 -35 
SYMBOL DECRIPTION UNITS 

MIN MAX MIN MAX MIN MAX 

fee Clock '2Y_cle Frequen<'.Y_ - 40 - 33 - 28.5 MHz 

tee Clock Cycle lime 25 - 30 - 35 - ns 

teH Clock HIGH lime 10 - 12 - 15 - ns 

teL Clock LOW lime 10 - 12 - 15 - ns 

tos Data Setup lime 12 - 13 - 15 - ns 

IDH Data Hold lime 0 - 0 - 0 - ns 

IES Enable Set~lime 13 - 15 - 15 - ns 

IEH Enable Hold lime 0 - 0 - 0 - ns 

IRWS Read/Wrtte Setup lime 13 - 15 - 18 - ns 

IRWH Read/Wrtte Hold lime 0 - 0 - 0 - ns 

!ROS R~est Sell!E_ lime 15 - 18 - 21 - ns 

lRQH Request Hold lime 0 - 0 - 0 - ns 

IAS Address Setup lime 6 15 - 18 - 21 - ns 

IAH Address Hold lime 6 0 - 0 - 0 - ns 

IA Data Output Access lime - 16 - 20 - 25 ns 

tAeK Acknowle~Access lime 8 - - - 20 - 25 ns 

tOH Output Hold lime 4 - 5 - 5 - ns 

tzx Output Enable lime, OE LOW to Do - Das Low-Z 2 5 - 5 - 5 - ns 

txz Output Disable lime, OE HIGH to Do - Das High-Z 2 - 15 - 20 - 25 ns 

IEF Clock to EF Fl~ Valid (Eme!Y_FI~ - 22 - 25 - 30 ns 

IFF Clock to FF Fl~ Valid (Full Flag) - 22 - 25 - 30 ns 

IHF Clock to HF Fl~ Valid (Half-Ful!l_ - 22 - 25 - 30 ns 

IAE Clock to AE Fl~ Valid (Almost-Em®') - 20 - 25 - 30 ns 

IAF Clock to AF Fl~ Valid (Almost-Ful!l_ - 20 - 25 - 30 ns 

IMBF Clock to MBF Fl~ Valid (Mailbox Flag) - 15 - 20 - 25 ns 

IPF Data to Pari.!X_FI~ Valid - 17 - 20 - 25 ns 

IRS ReseVRetransmit Pulse Width 7 40/25 - 52/30 - 65/35 - ns 

IRSS ReseVRetransmit Setup lime 3 20 - 25 - 30 - ns 

IRSH ReseVRetransmit Hold Time 3 10 - 15 - 20 - ns 

IRF Reset LOW to Flag Valid - 35 - 40 - 45 ns 

IFRL First Read Laten<'.Y_ 4 25 - 30 - 35 - ns 

IFWL First Write Laten<'.Y_ 5 25 - 30 - 35 - ns 

tss B}pass Data Setup 15 - 18 - 21 - ns 

IBH ~ass Data Hold 5 - 5 - 5 - ns 

IBA Bypass Data Access - 20 - 25 - 30 ns 

NOTES: 
1. liming measurements performed at 'AC Test Condition' levels. 
2. Values are guaranteed by design; not currently 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 CKa occurs while ENa 

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. tFWL 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 CKa is enabled; IRs = tRss + tcH + tRsH. 
8. The REQ/ACK facility is not available at cycle times less than 30 ns. 
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OPERATIONAL DESCRIPTION 

Reset 

The device is reset whenever the asynchronous Reset 
(RS) input is taken LOW. A reset operation is required 
after power-up, before the first write operation may occur. 
The LH5420 is fully ready for operation after being 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. If the respective 
outputs are enabled, the initial contents of these first 
locations appear at the outputs. Fl FO 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 flags get asserted 
within eight locations of an empty condition, and the 
AF1/AF2 flags likewise get asserted within eight locations 
of a full condition, for FIFO #1/FIFO #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 8. Port 8 is considered to be the slave, and 
cannot perform write or read operations independently on 
its own during reset. 

The direction of the bypass data transmission is deter­
mined by th RIWA control input, which does not get 
overridden by the RS input. Here, a 'write' operation 
means passing data from Port A to Port 8, and a 'read' 
operation means passing data from Port 8 to Port A 

The bypass capability may be used to pass initializa­
tion or configuration data directly between a master proc­
essor and a peripheral device during reset. 

Address Modes 

Address pins select the device resource to be 
accessed by each port. Port A has three resource-regis­
ter-select inputs, A!JA, A1 A. and A2A, which select between 
FIFO access, mailbox-register access, and flag-offset­
value-programming operating mode. Port 8 has a single 
address input, AtJs, 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 
CKs). Resource-register select-input address definitions 
are summarized in Table 1. 
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Table 1. Resource-Register Addresses 

A2A A1A AoA RESOURCE 

PORTA 

H H H FIFO 

H H L Mailbox 

H L H 
AF2, AE2, AF1, AE1 Flag 
Offset Registers 

H L L Control Register 

L H H AE1 Flag Offset Register 

L H L AF 1 Flag Offset Register 

L L H AE2 Flag Offset Register 

L L L AF2 Flag Offset Register 

Aoe RESOURCE 

PORTB 

H FIFO 

L Mailbox 

FIFO Write 

Port A writes to FIFO #1, and Port 8 writes to FIFO #2. A 
write operation is initiated on the rising edge of a dock (CKA 
or CKs) whenever: the appropriate enable (ENA or ENs) is 
held HIGH; the appropriate request (REOA or REQs) is held 
HIGH; the appropriate Read/Write control (RIWA or R/Ws) 
is held LOW; the FIFO address is selected for the address 
inputs (A2A - A!JA or AtJB); and the prescribed setup times 
and hold times are observed for all of these signals. Setup 
times and hold times must also be observed on the data-bus 
pins (DoA - D35A or Dos - D355). 

Normally, the appropriate Output Enable signal (OEA or 
OEs) is HIGH, to disable the outputs at that port, so that the 
data word present on the bus from external sources gets 
stored. However, a 'loopback' mode of operation also is 
possible, in which the data word supplied by the outputs of 
one internal FIFO is 'turned around' atthe port and read back 
into the other FIFO. In this mode, the outputs at the port are 
not disabled. To remain within specification for all timing 
parameters, the Clock Cycle Frequency must be reduced 
slightly below the value which otherwise would be permis­
sible for that speed grade of LH5420. 

When a FIFO full condition is reached, write operations 
are locked out. Following the first read operation from a 
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 are retrieved. 



256 x 36 x 2 Bidirectional FIFO 

OPERATIONAL DESCRIPTION (cont'd) 

FIFO Read 
Port A reads from Fl FO #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 ENs) is held HIGH; the appropriate request 
(REOA or REQs) is ~Id HIGH; the appropriate 
Read/Write control (ANIA or R/Ws) is held HIGH; 
the FIFO address is selected for the address inputs 
(A2A - AoA or Aos); and the prescribed setup times and 
hold times are observed for all of these signals. Read data 
becomes valid on the data-bus pins (DoA - D3sA or 
Dos - D3sB) by a time tA after the rising clock (CKA or 
CKs) edge, provided that the data outputs are enabled. 

OEA and OEs are assertive-LOW, asynchronous, Out­
put Enable control input signals. 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 again are en­
abled, unless it subsequently is 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. 

Dedicated FIFO Status Flags 
Six dedicated FIFO status flags are included for Full 

(FF1 and FF2), Half-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 Fl FO #2. 

A Full Flag is asserted following the rising clock edge 
for a write operation that fills the FIFO. A Full Flag is 
deasserted following the falling clock edge for a read 
operation to a full FIFO. A Half-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. 

An Almost-Full Flag is asserted following the rising 
clock edge for a write operation that fills the FIFO. An 
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Almost-Full Flag is deasserted following the falling clock 
edge for a read operation to a full FIFO. An Almost-Empty 
Flag is asserted following the rising clock edge for a read 
operation that empties the FIFO. An Almost-Empty Fl~g 
is deasserted following the falling clock edge for a write 
operation to an empty FIFO. 

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 
individually, through one of four eight-bit status words. 
Table 3 illustrates the data format for flag-programming 
words, and Table 4 defines the meaning of each of the 
five flags. 

WARNING: Control inputs which may affect the compu­
tation of flag values at a port generally should not change 
while the clock for that port is HIGH, since some updating 
of flag values takes place on the falling edge of the clock. 

Mailbox Operation 
Two mailbox registers are provided for passing system 

hardware or software control/status words between ports. 
Each port can read its own mailbox and write to the other 
port's mailbox. Mailbox access is performed on the r~sing 
edge of the controlling FIFO's clock, with the mailbox 
address selected and the enable (ENA or ENs) 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 CKs. 

The RiWA!B and OEA!B pins control the direction and 
availability of mailbox-register accesses. Each mailbox reg­
ister has its own New-Mail-Alert Flag (MBF1 and MBF2), 
which is synchronized to the reading port's clock. These 
New-Mail-Alert Flags are status indicators only, and cannot 
inhibit mailbox-register read or write operations. 

Request/Acknowledge Handshake 
Synchronous, request/acknowledge handshake fea­

ture is provided for each port, to perform boundary syn­
chronization between asynchronously-operated ports. It 
operates only during normal FIFO operation at that port. 
The use of this feature is optional. When it is used, the 
Request input (REOA!B) is sampled at a rising clock edge. 
With REOA!B HIGH, RNIA!B determines whether a FIFO 
read operation or a FIFO write operation is being re­
quested. The Acknowledge output (ACKA!B) is updated 
during the following clock cycle(s). ACKA!B meets the 
setup and hold time requirements of the Enable input 
(ENA or ENs). Therefore, ACKA!B may be tied back to.the 
enable input to directly gate FIFO accesses, at a slight 
decrease in maximum operating frequency. 

The assertion of ACKA!B signifies that REOA!B was 
asserted. However, ACKA!B does not depend logically on 
ENAJB; and thus the assertion of ACKA!B does not prove 
that a FIFO write access or a FIFO read access actually 
took place. While REOA!B and ENA!B are being held 

5-105 



LH5420 

OPERATIONAL DESCRIPTION (cont'd) 

HIGH, ACKA!B may be considered as a synchronous, 
predictive boundary flag. That is, ACKA!B acts as a syn­
chronized predictor of the Almost-Full Flag AF for write 
operations, or as a synchronized predictor of the Almost­
Empty Flag AE for read operations. 

Outside the 'almost-full' region and the 'almost-empty' 
region, ACKA!B remains continuously HIGH whenever 
REOA!B is held continuously HIGH. Within the 'almost-full' 
region or the 'almost-empty' region, ACKNB occurs only 
on every thirdcycle. Assuming that ACKA!B is being used 
to control ENA!B, this repetition-rate decrease can help 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!B 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 'almosf 
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, 
then 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, ACKA!B is not 
asserted in response to REQA/B. 

If the REQ/ACK handshake is not used, then the 
REOA!B input may be used as a second enable input, at 
a possible minor loss in maximum operating speed. In this 
case, the ACKA!B output may be ignored. 

WARNING: Whether or not the REQ/ACK handshake is 
being used, the REONB inputfor 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 memory 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 into and read from a FIFO, can be retrieved. 
The block to be retransmitted is bounded by the first FIFO 
memory location, and the FIFO memory 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 be stopped while the corresponding Retrans­
mit signal is being asserted. 

Parity Check 

The Parity Check Flags, PF A and PFs, are asserted 
(LOW) whenever there is a parity error in the data word 
present on the Port A data bus or the Port B data bus 
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respectively. The inputs to the parity-evaluation logic 
come directly (via isolation transistors) from the data-bus 
bonding pads, in each case. 

The four bytes of a 36-bit data word are grouped as 
Do - Ds, [)g- D11, D1s - D26, and D21 - 035. The parity of 
each nin&bit byte is individually checked, and the four 
single-bit parity indications are logically inclusive-ORed to 
produce the Parity-Flag output. Parity checking is initialized 
for odd parity at reset, but can be reprogrammed for even 
parity or for odd parity during operation. 

All nine bits of each byte are treated alike by the parity 
logic. The byte parity over the nine bits is compared with 
the Parity Mode bit in the Control Register, to generate a 
byte-parity-error indication. Then, the four byte-parity­
error signals are NORed together, to compute the asser­
tive-LOW parity-flag value. 

Word-Width Selection on Port B 

The word width of data access on Port B is selected 
by the WSo and WS1 control inputs. WSo and WS1 both 
are tied HIGH for 36-bit access; they both are tied LOW 
for single-byte access. For double-byte access, WSo is 
tied HIGH and WS1 is tied LOW. 

In the single-byte-access or double-byte-access modes, 
FIFO write operations on Port B essentially pack the data to 
form 36-bit words, as viewed from Port A Similarly, single­
byte or double-byte FIFO read operations on Port B essen­
tially 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. 

Since the values for each status flag are computed by 
logic directly associated with one of the FIFO-memory 
arrays, and not by logic associated with Port B, the flag 
values reflect the anay fullness situation in terms of com­
plete 36-bit words, and not in terms of bytes or double bytes. 

However, there is no such restriction for switching from 
writing to reading, or from reading to writing, at Port B. As 
long as tRws. tos, and tA are satisfied, R/Ws may change 
state after any single-byte or double-byte access, and not 
only after a full 36-bit-word access. 

Also, the word-width-writing feature continues to oper­
ate properly in 'loopback' mode. 

Note that the programmable word-width-matching 
feature is only supported for Fl FO accesses. Mailbox and 
Data Bypass operations do not support word-width 
matching between Port A and Port B. Tables 2, 3, and 4, 
and Figures 6a and 6b summarize 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 (Reserved) 

L H 18-Bit 

L L 9-Bit 
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Table 3. Flag Programming Words 

RESOURCE· 
REGISTER 
ADDRESS RESOURCE-REGISTER CONTENTS 

~ A-1 ~ 

NORMAL FIFO OPERATION 

H H H x ... 

MAILBOX 

H H L x ... 

36-BITMODE 

Da4A • • • D:!7A D:!sA ••• 0-.aA D1&A·. • [)gA D7A • • • 0oA 
H L H xj AF2 Offset 1 lxl AE2 Offset 1 Jxl AF1 Offset 1 lxl AE1Offset 1 

CONTROL REGISTER (WRITE-ONLY) 

DoA 

H L L x ... xJ Parjty_ Mode 2 

8-BIT AE1 FLAG 

D7A. • • 0oA 
L H H X ... xI AE1Offset 1 

8-BIT AF1 FLAG 

D7A • • • 0oA 

L H L x ... xl AF1Offset 1 

8-BIT AE2 FLAG 

D7A··· 0oA 

L L H x ... xj AE2 Offset 1 

8-BIT AF2 FLAG 

D7A··· 0oA 

L L L x ... xl AF2 Offset 1 

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 1 

VALID FULL·WORD READ CYCLES REMAINING VALID FULL-WORD 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:Q. 256 0 255:Q. 0 .£. I>_+ 1 256 
HF 129 256 0 128 0 127 128 256 
AE 0 _g_ _g_ + 1 256 256:9_ 256 0 255:9_ 
EF 0 0 1 256 256 256 0 255 

NOTE: 
1. p is the number in the Almost-Full-Flag-Offset-Value register for that port. q is the number in the Almost-Empty-Flag-Offset-Value register for that 

port. 
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LH5420 

PORT B WORD-WIDTH SELECTION 

PORT 
A 

36-Bit Data Stream 

18 

Bits 18-35 
(2nd Halfword) 

Bits 0-17 
(1st Halfword) 

18-Bit Data Streams 

D35B 

18t---o-

Dos 

256 x 36 x 2 Bidirectional FIFO 

2nd Halfword, then 1st Halfword 

PORT 
B 

1st Halfword, then 2nd Halfword 

5420-32 

Figure 6a. 36-to-18 Funneling Through FIFO #1 

36-Bit Data Stream 9-Bit Data Streams 

D35A 

9 

D27A 

D26A 

9 

D,BA 
PORT 

A 
D11A 

9 

DgA 

DaA 

9 

DoA 

Bits 27-35 
(4th Byte) 

Bits 18-26 
(3rd Byte) 

Bits 9-17 
(2nd Byte) 

Blts0-8 
(1st Byte) 

D35B 

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 

542().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 6a) or bytes (Figure Sb) are transferred 
in parallel form from Port A to Port B. 

5-108 

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 Doe - Dass. 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. To avoid such incomplete 
data words, and to achieve proper synchronization, 'dummy' par­
tial words should be supplied to complete the final longer word. 
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256 x 36 x 2 Bidirectional FIFO 

PORT B WORD-WIDTH SELECTION 

36-Bit Data Stream 

D3SA 

18 

D18A 

PORT 
A 

D11A 

18 

DOA Bits 0-17 
(1st Halfword) 

18-Bit Data Stream 

18 

PORT 
B 

1st Halfword, then 2nd Halfword 

LH5420 

5420-33 

Figure 7a. 18-to-36 Defunneling Through FIFO #2 

36-Btt Data Stream 9-Btt Data Stream 

D35A 

D27A 

D26A 

D1BA 
PORT 

A 
D17A 

DgA 

OBA 

9 

DOA 

[J"' 
Dga 

Bits 0-8 
(1st Byte) 

PORT 
B 

1st Byte, then 2nd Byte, then 3rd Byte, then 4th Byte 

542o-35 

Figure 7b. 9-to-36 Defunneling Through FIFO #2 

NOTES: 
1. The heavy black borders on register segments indicate the only 

data paths used. The other byte segments of Port B do not par­
ticipate in the data path during defunneling. 

2. The detunneling process does not change the ordering of bits 
within a byte. Halfwords (Figure 7a) or bytes (Figure 7b) are 
transferred in parallel form from Port B to Port A. 

SHARP 

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 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. To avoid such incomplete data words, and 
to achieve proper synchronization, 'dummy' partial words should 
be supplied to complete the final longer word. 
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LH5420 

TIMING DIAGRAMS 

EF,AE 

HF, AF, FF, MBF 

NOTES: 
1. RS overrides all other input signals, except for PiWA, and operates asynchronously. 

RS operates whether or not ENA and/or EN8 are asserted. 
2. tRSS• tRSH need not be met unless the rising edge of CKA and/or CK8 occurs 

while that clock is enabled. 
3. The [>!_rity check is initialized to odd byle parity at reset. 
4. The AE and AF flag offsets are initialized to eight locations from the boundary at reset. 

Figure 8. Reset Timing 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

RS 

Dos - Dass BYPASS IN 

tsA 

toH 

PREVIOUS DATA 

NOTES: 

BYPASS 
IN 

BYPASS DATA OUT 

1. tRss. tRsH 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, CKA, RiWA, and ENA control the 

transmission of data between ports at reset. 

Figure 9. Data Bypass Timing 

SHARP 

LH5420 
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LH5420 

TIMING DIAGRAMS (cont'd) 

READ FROM WRITE TO 
FIF0#2 

Ice 
FIFO #1 

t 
lcH 

J 
lcL l 

CKA 

lxz los 

DATA OUT DATA IN 

!pf 

VALID PF 

NOTES: 
1. The Port A Parity Error Flag (PF' Al reflects 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 1 O. Port A FIFO Read/Write 
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\ 
\ 

5420-24 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS {cont'd) 

CKs 

R!Wa 

EN a 

Aoa 

OE8 

Dos - Dass 

PFs 

NOTES: 

READ FROM 
FIF0#1 Ice 

WRITE TO 
FIF0#2 

1. The Port B Parity Error Flag (PFs) reflects the parity status of data present on the data bus. 
2. The status of OEs does not gate read or write operations. 
3. If OEs is left LOW during a write operation, then the previous data held in the output latch is 

written back into FIFO #2. 

Figure 11. Port B FIFO Read/Write 

LH5420 

5420-25 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

WRITE TO READ FROM 
MAILBOX #1 MAILBOX #2 

_1 ··+~I ~ ....... l:'"'f~·~:L ... ~ .. "" 

MBF1 

NOTES: 

MAILBOX IN 

MAXIMUM OF 2 CKs 
CYCLES LATENCY 

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, CKe. __ 
3. There is a maximum of two CKe clock cycles of synchronization latency before MBF1 

is asserted to indicate valid new mailbox data. If CKe and CKA are identical, there is 
a maximum of one clock cycle. 

4. The status of mailbox flags does not prevent mailbox read or write operations. 

Figure 12. Port A Mailbox Access 

"'\\\\ \\ \\\\\ \\\\ 

MAILBOX OUT 

542~22 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CKa 

R!Wa 

EN a 

Doa - Dasa 

NOTES: 

WRITE TO 
MAILBOX#2 

MAXIMUM OF 2 CKA 
CYCLES LATENCY 

MAILBOX IN 

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#1 

3. There is a maximum of two CKA clock cycles of synchronization latency before MBF2 

is asserted to indicate valid new mailbox data. If CKA and CK8 are identical, there is 
a maximum of one clock cycle. 

4. The status of mailbox flags does not prevent mailbox read or write operations. 

Figure 13. Port B Mailbox Access 

SHARP 

LH5420 

MAILBOX OUT 

5420-23 
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LH5420 

TIMING DIAGRAMS (cont'd) 

NOTES: 

LOAD FLAG 
POSITIONS 

READ FLAG 
POSITIONS 

\.___~ 

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 ~F. 

Figure 14. Flag Programming 
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256 x 36 x 2 Bidirectional FIFO LH5420 

TIMING DIAGRAMS {cont'd) 

IEF 

NOTE: Ae,..A,A.Ao,...and Ao.all are held HIGH for FIFO access. ....., 
Figure 15. Empty Flag Timlng 

CK,.(CK,,) 

NOTE: Ao,,. A1A• Ao,... and Aoe all are held HIGH for FIFO access. .... .. 
Figure 16. Almost-Empty Flag Timing 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

IFF IFF 

CK,, (CK,,) 

NOTE: Au,, A1A• Ao.,. and Aas all ""' held HIGH for RFO access. 

Figure 17. Full Flag Timing 

CK,.(CK,,) 

RfiiA cRiiieJ 

'•• 

CK,,(CI(,.) 

NOTE: Au,. A,.., Ao.,. and Aas au are held HIGH for RFO access. 

Figure 18. Almost-Full Flag Timing 
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256 x 36 x 2 Bidirectional FIFO LH5420 

TIMING DIAGRAMS (cont'd) 

NOTE: Ao,., A1,, Ao•• and Aoe all are held HIGH for FIFO access. 

Figure 19. Half-Full Aag Timing 

NOTES: 
1. ti.ss and ti.SH need not be met unless a ~sing edge of CK, or CK8 occurs while that clock Is enabled. 
2. ti.ss Is the Hme n- to cleassert RT2 belo19 "'111ming to a nonnal FIFO cycle. 

3. ti.SH Is the time neecled belo19 asserting RT2 after a nonnal FIFO cycle. 

Figure 20. FIFO #2 Retransmit 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CKA 
---""I 

tRWS 

A/WA __. .............. -+-------+--------+------~ 

NOTES: 

1. tRSS and tRSH need not be met unless a rising edge of CKA or CKe occurs while that clock is enabled. 
2. tRSS is the time needed to deassert RT 1 before returning to a normal FIFO cycle. 
3. tRSH is the time needed before asserting RT1 after a normal FIFO cycle. 542().21 

Figure 21. FIFO #1 Retransmit 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

EF1 

ENs 

Dos· D35s 

NOTES: 
1. Av.. A1A, AoA. and Aas are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OE8 is held LOW. 
4. lioRL (First Read Latency) - The first read following an empty condition 

may begin no earlier than lioAL after the first write to an empty FIFO, 
to ensure that valid read data is retrieved. 

SHARP 

Figure 22. FIFO #1 Write and Read Operation in 
Near-Empty Region 

LH5420 

5420-16 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CK a 

RIWa 

EN a 

Dos· D35s 

NOTES: 
1. Ai>.. A1A• AoA• and Aos are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OE8 is held LOW. 
4. ~RL (First Read Latency) - The first read following an empty condition 

may begin no earlier than 4'RL after the first write to an empty FIFO, 
to ensure that valid read data is retrieved. 

5-122 

Figure 23. FIFO #2 Write and Read Operation in 
Near-Empty Region 

5420-17 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

FF, 

CK a 

R!Wa 

EN a 

Doe- D35a 

NOTES: 
1. A2A• A1A• AoA• and Aas are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OE8 is held LOW. 
4. tFWL (First Write Latency) - The first write following a full condition 

may begin no earlier than lrwL after the first read from a full FIFO, 
to ensure that valid write data is written. 

SHARP 

Figure 24. FIFO #1 Read and Write Operation in 
Near-Full Region 

LH5420 

5420-1 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CKs 

R/Ws 

ENs 

Dos -0359 

NOTES: 
1. Av,, A1A, AoA• and Aos are all held HIGH for FIFO access. 
2. OEA is held LOW. 
3. OE8 is held HIGH. 
4. ~L (First Write Latency) - The first write following a full condition 

may begin no earlier than ~L after the first read from a full FIFO, 
to ensure that valid write data is written. 
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Figure 25. FIFO #2 Read and Write Operation in 
Near-Full Region 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CK a 

R!Wa 

EN a 

Dae· D17B 

I I 
WORD #n WORD #n+1 WORD #n+2 

D19a • D35a 

I I 
WORD #n WORD# n+1 WORD #n+2 

NOTES: 
1. &e is held HIGH for FIFO access. 
2. OEa is held LOW. 
3. WSa is held HIGH and WS1 is held LOW for double-byte access. 

Figure 26. Port B Double-Byte FIFO #1 Read Access for 
36-to-18 Funneling 

CK a 

R!Wa 

EN8 

Doe· D,70 

I I I 
WORD #n WORD #n+1 WORD #n+2 

NOTES: 
1. Aaa is held HIGH for FIFO access. 
2. OE8 is held HIGH. 
3. WSa is held HIGH and WS1 is held LOW for double-byte access. 

Figure 27. Port B Double-Byte FIFO #2 Write Access for 
18-to-36 Defunneling 

SHARP 

LH5420 

5420-13 

5420-12 
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LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CKe 

ENe 

Dos- Dae 

WORD #n WORD #n+1 

I I 
WORD #n WORD# n+1 

I 
WORD #n WORD #n+1 

D21e ·Dase 

WORD #n WORD #n+1 

NOTES: 
1. Aoe is held HIGH for FIFO access. 
2. OEe is held LOW. 
3. WS0 and WS1 both are held LOW for single-byte access. 

Figure 28. Port B Single-Byte FIFO #1 Read Access for 
36-to-9 Funneling 
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256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

CK8 

R!Ws 

EN 8 

Doe-DBB 

I 
WORD #n 

NOTES: 
1. Aoo is held HIGH for FIFO access. 
2. OE0 is held HIGH. 
3. WS0 and WS1 both are held LOW for single-byte access. 

Figure 29. Port B Single-Byte FIFO #2 Write Access for 
9-to-36 Defunneling 

Outside the 'almost-full' region,-t- Starting at the third cycle after entering the 
Acknowledge is continuous 'almosMull' region, Acknowledge occurs on 
for a continuous Request. every third cycle to prevent underrun of the 

'full' condition. 

* * * * 
CK,. (CKe) 

REQA (REQ8 ) 

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 wrfte 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 

* 

LH5420 

5420-10 

5420-8 

SHARP 5-127 



LH5420 256 x 36 x 2 Bidirectional FIFO 

TIMING DIAGRAMS (cont'd) 

Acknowledge is continuous 'almost-empty' region, Acknowledge 
Outside the 'almost-empty' regiTon, Starting at the third cycle after entering the 

for a continuous Request. occurs on every third cycle to prevent underrun 
of the 'empty' condition. 

REQA (REOe) 

ACKA (ACKe) 

AE2 (AE1) 

NOTES: 

tRWS 

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 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 

ORDERING INFORMATION 

LH5420 
Device Type 

x 
Package 

- ## 

Spled _ _j ~~ Cycle Times (ns) 

l35 

542().9 

JP 132-Lead, Plastic Quad Flat Package (PQFP132-P-S950) 
'---------~ Y 120-Lead, Pin-Grid-Array Package (PGA 120-C-S1360) 

'--------------- 256 x 36 x 2 Bidirectional FIFO 

Example: LH5420P-25 (256 x 36 x 2 Bidirectional FIFO, 25 ns, 132-Lead, Plastic Quad Flat Package) 
5420MD 
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LH540202 
FEATURES 

• Fast Access Times: 15/20/25/35150 ns 

• Fast-Fall-Through Time Architecture Based on 
CMOS Dual-Port SAAM Technology 

• Input Port and Oulput Port Have Entirely 
Independent Timing 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Data Retransmission Capability 

• TTL-Compatible VO 

• Pin and Functionally Compatible with Sharp 
LH5496197 and with Am'IDT/MS7201/02 

• Control Signals Assertive-LOW for Noise Immunity 

• Packages: 
28-Pin, 300-mil PDIP 
28-Pin, 600-mil PDIP * 
28-Pin, 300-mil SOJ * 
32-Pin PLCC 

PIN CONNECTIONS 

28-PINPDIP 
28-PINSOJ* w 1• 

Os 2 

03 3 

o, 4 

01 5 

Do 6 

Xi 7 

FF 8 

Oo 9 

01 

o, 
03 

Os 

Vss 

TOP VIEW 

Vee 

04 

05 

De 

o, 
ruRT 
RS 

EF 

XO/HF 

a, 
Os 
Os 

~ 
R 

540202-20 

Figure 1. Pin Connections for PDIP * and 
SOJ * Packages 

PRELIMINARY 
CMOS 1024 x 9 Asynchronous FIFO 

FUNCTIONAL DESCRIPTION 

The LH540202 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SAAM tech­
nology, capable of storing up to 1024 nine-bit words. It 
follows the industry-standard architecture and package 
pinouts for nine-bit asynchronous FIFOs. Each nine-bit 
LH540202 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing bit. 

The input and oulput ports operate entirely inde­
pendently of each other, unless the LH540202 becomes 
either totally full or else totally 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 oulput 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 write additional words into an already-full 
LH540202, or by attempting to read additional words from 
an already-empty LH540202. When an LH540202 is 
operating in a depth-cascaded configuration, the HaH-Full 
Flag is not available. 

32-PIN PLCC b ~ 0 O' 
TOP VIEW ., 

d' 1:= a z 

• o, De 

01 o, 
Do NC 

Xi Fl!RT 
ff RS 

Oo EF 
01 XO/HF 

NC o, 
a. Oa 

15 16 17 18 

t":I CD flJ -II 

a a ;: ~ llC 0 0 
NOTE: * = No external electrical connections are allowed. 

540202·30 

Figure2. Pin Connections for PLCC Package 

* This is a Preliminary data sheet; except lhat all references to lhe 600-mil PDIP and SOJ packages still have Advance lnfonnation status. 
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LH540202 PRELIMINARY CMOS 1024 x 9 Asynchronous FIFO 

FUNCTIONAL DESCRIPTION (cont'd) 

Data words are read out from the LH540202's output 
port in precisely the same order that they were written in 
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 opera­
tion of the LH540202 device. 

Drop-in-replacement compatibility is maintained with 
both larger sizes and smaller sizes of industry-standard 
nine-bit asynchronous FIFOs. The only change is in the 
number of internally-stored data words implied by the 
states of the Full Flag and the Half-Full Flag. 

The Retransmit (RT) control signal causes the internal 
Fl FO-rnemory-array read-address pointer to be set back 
to zero, to point to the LH540202's first physical memory 
location, without affecting the internal FIFO-memory­
array write-address pointer. Thus, the Retransmit control 
signal provides a mechanism whereby a block of data, 
delimited by the zero physical address and the current 
write-address-pointer value, 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, i.e., 
advance past physical location zero after traversing the 
entire memory. The retransmit facility is not available 
when an LH540202 is operating in a depth-expanded 
configuration. 

The Reset (RS) control signal returns the LH540202 to 
an initial state, empty and ready to be filled. An LH540202 
should be reset during every system power-up sequence. 
A reset operation causes the internal Fl FO-memory-array 
write-address pointer, as well as the read-address pointer, 
to be set back to zero, to point to the LH540202's first 
physical memory location. Any information which pre­
viously had been stored within the LH540202 is not 
recoverable after a reset operation. 

A cascading (depth-expansion) scheme may be imple­
mented by using the Expansion In (Xi) input signal and 
the Expansion Out (XO/HF) output signal. This allows a 
deeper 'effective FIFO' to be implemented by using two 
or more LH540202 devices, without incurring additional 
latency ('fallthrough' or 'bubblethrough') delays, and with­
out the necessity of storing and retrieving any given data 
word more than once. In this cascaded operating mode, 
one LH540202 device must be designated as the 'first­
load' or 'master' device, by grounding its First-Load 
(FURT) control input; the remaining LH540202 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' LH540202 
devices operating in cascaded mode. 

RS~ 
~ 

DATA INPUTS 
Do-Da 

w INPUT 
PORT 

CONTROL 

WRITE 
POINTER 

DUAL-PORT 
RAM 

ARRAY 

1024 x 9 

DATA OUTPUTS 
Oo-Oa 

FLAG 
LOGIC 

READ 
POINTER 

OUTPUT 
PORT 

CONTROL 

FuRT EXPANSION 
LOGIC 

x1---L---..J XO/HF 

540202~1 

Figure 3. LH540202 Block Diagram 
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CMOS 1024 x 9 Asynchronous FIFO PRELIMINARY LH540202 

PIN DESCRIPTIONS 

PIN PIN TYPE• DESCRIPTION 

Do-Ds I Input Data Bus 

Oo-Os O/Z Output Data Bus 

w I Write Request 

R I Read Request 

EF 0 Empty Flag 

FF 0 Full Flag 

• I = Input, 0 = Output, Z = High-Impedance, V = Power Voltage Level 

OPERATIONAL DESCRIPTION 

Reset 

The LH540202 is reset whenever the Reset input (RS) 
is taken LOW. A reset operation initializes both the read­
address pointer and the write-address pointer to point to 
location zero, the first physical memory location. During 
a reset operation, the state of the Xi and FURT inputs 
determines whether the device is in standalone mode or 
in depth-cascaded mode. (See Tables 1 and 2.) 

A reset operation is required whenever the LH540202 
first is powered up. The Read (R) and Write (W) inputs 
may be in any state when the reset operation is initiated; 
but they must be HIGH, before the reset operation is 
terminated by a rising edge of RS, by a time tRRSS (for 
Read) or twRss (for Write) respectively. (See Figure 10.) 

Write 

A write cycle is initiated by a falling edge of the Write 
NJ) control input. Data setup times and hold times must 
be observed for the data inputs (Do - Ds). Write opera­
tions may occur independently of any ongoing read op­
erations. However, a write operation is possible only if the 
FIFO is not full, (i.e., if the Full Flag FF is HIGH). 

At the falling edge of W for the first write operation after 
the memory is half filled, the Half-Full Flag is asserted 
(HF = LOW). It remains asserted until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining in the LH540202 are filling 
the FIFO memory to less than or equal to one-half of its 
total capacity. The Half-Full Flag is deasserted 
(HF= HIGH) by the appropriate rising edge of R. (See 
Table 3.) 

The Full Flag is asserted (FF= LOW) at the falling edge 
of W for the write operation which fills the last available 
location in the FIFO memory array. FF = LOW inhibits 
further write operations until FF is cleared by a valid read 
operation. The Full Flag is deasserted (FF= HIGH) after 
the next rising edge of R releases another memory loca­
tion. (See Table 3.) 

PIN PIN TYPE• DESCRIPTION 

XO/HF 0 Expansion Out/Half-Full Flag 

XI I Expansion In 

FURT I First Load/Retransmit 

RS I Reset 

Vee v Positive Power Supply 

Vss v Ground 

Read 

A read cycle is initiated by a falling edge of the Read 
(R) control input. Read data becomes valid at the data 
outputs (Oo - Os) after a time tA from the falling edge of 
R. After R goes HIGH, the data outputs return to a 
high-impedance state. Read operations may occur inde­
pendently of any ongoing write operations. However, a 
read operation is possible only if the FIFO is not empty 
(i.e., if the Empty Flag EF is HIGH). 

The LH540202's internal read-address and write­
address pointers operate in such a way that consecutive 
read operations always access data words in the same 
order that they were written. The Empty Flag is asserted 
(EF = LOW) after that falling edge of R which accesses 
the last available data word in the FIFO memory. EF is 
deasserted (EF = HIGH) after the next rising edge of W 
loads another valid data word. (See Table 3.) 

Data Flow-Through 

Read-data flow-through mode occurs when the Read 
(R) control input is brought LOW while the Fl FO is empty, 
and is held LOW in anticipation of a write cycle. At the end 
of the next write cycle, the Empty Flag EF momentarily is 
deasserted, and the data word just written becomes 
available at the data outputs (Qo - Os) after a maxi­
mum time oftwEF + tA. Additional write operations may occur 
while the R input remains LOW; but only data from the 
first write operation flows through to the data outputs. 
Additional data words, if any, may be accessed only by 
toggling R. 

Write-data flow-through mode occurs when the Write 
(W) input is brought LOW while the FIFO is full, and is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Flag momentarily is deasserted, but 
then immediately is reasserted in response to W being 
held LOW. A data word is written into the FIFO on the 
rising edge of W, which may occur no sooner than 
tRFF + Wvf'w after the read operation. 
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OPERATIONAL DESCRIPTION (cont'd) 

Retransmit 

The FIFO can be made to reread previously-read data 
by means of the Retransmit function. A retransmit opera­
tion is initiated by pulsing the RT input LOW. Both R and 
W must be deasserted (HIGH) for the duration of the 
retransmit pulse. The FIFO's internal read-address 
pointer is reset to point to location zero, the first physical 
memory iocation, whiie the internai write-address 
pointer remains unchanged. 

After a retransmit operation, those data words in the 
region in between the read-address pointer and the 
write-address pointer may be reaccessed by subsequent 
read operations. A retransmit operation may affect the 
state of the status flags FF, HF, and EF, depending on 
the relocation of the read-address pointer. There is no 
restriction on the number of times that a block of data 
within an LH540202 may be read out, by repeating the 
retransmit operation and the subsequent read operations. 

The maximum length of a data block which may be 
retransmitted is 1024 words. Note that if the write-address 
pointer ever 'wraps around' (i.e., passes location zero 
more than once) during a sequence of retransmit opera­
tions, some data words will be lost. 

The Retransmit function is not available when the 
LH540202 is operating in depth-cascaded mode, 
because the FURT control pin must be used for first-load 
selection rather than for retransmission control. 

-
XI 

H 1 

H1 

L 

NOTES: 

Table 1. Grouping-Mode Determination 
During a Reset Operation 

fLt XO/HF ii FURT 
RT 

MODE 
USAGE USAGE USAGE 

H Cascaded XO XI FL 
Slave 2 

L Cascaded XO XI FL 
Master 2 

-x Standalone HF (none) RT 

1. A...r.eset operation forces XO HIGH lor the nth FIFO, thus forcing 
XI HIGH for then+ 1st FIFO. 

2. The terms 'master' and 'slave' refer to operation in depth-<:as­
caded grouping mode. 

3. H = HIGH; L = LOW; X = Don't Care. 
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Table 2. Expansion-Pin Usage According to 
Grouping Mode 

PIN STANDALONE 
CASCADED CASCADED 

MASTER SLAVE 

From XO From XO 
XI Grounded (n-1st (n-1st 

FIFO) FIFO) 

Becomes 
To XI To XI 

XO/HF 
HF (n+1st (n+1st 

FIFO) FIFO) 

Becomes 
Grounded 

Logic FURT 
RT 

(Logic 
HIGH 

LOW) 

Table 3. Status Flags 

NUMBER OF UNREAD DATA 
WORDS PRESENT WITHIN FF HF EF 

1024x9FIFO 

0 H H L 

1 to 512 H H H 

513to 1023 H L H 

1024 L L H 



CMOS 1024 x 9 Asynchronous FIFO PRELIMINARY LH540202 

OPERATIONAL MODES 

Standalone Configuration 

When depth cascading is not required for a given 
application, the LH540202 is placed in standalone m~e 
by tying the Expansion In input (XI) to ground. This 
input is internally sampled during a reset operation. (See 
Table 1.) 

Width Expansion 

Word-width expansion is implemented by placing 
multiple LH540202 devices in parallel. Each LH540202 
should be configured for standalone mode. In this ar­
rangement, the behavior of the status flags is identical for 
all devices; so, in principle, a representative value for 
each of these flags could be derived from any one device. 
In practice, it is better to derive 'composite' flag values 
using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
4, 5, and 6.) 

l HF 

DATA IN 
Do - Du 

FU 

18.L 

WRITE 

LL FLAG 

RESET 

WRITE 

DATA IN 
Do· De 

FULL FLAG 

RESET 

~ 
-
w 
-
FF 

-
RS 

w R 

9 9 

LH540202 
- -
FF EF 

-
RS RT 

_l Xi 

Figure 4. Standalone FIFO 
(1024 x 9) 

l - 1 HF HF 

9/ 

-w -----
Fi LH540202 

LH540202 ---
RS -----

-
RT ----
9 

l XI l XI 

- -

Figure 5. FIFO Word-Width Expansion 
(1024x18) 

READ 

DATA OUT 
Oo·Oa 

EMPTY FLAG 

RETRANSMIT 

-
EF 

R 

-
RT 

9 

540202-17 

EMPTY FLAG 

READ 

RETRANSMI T 

18 DATA OUT 
Oo-017 

540202-18 
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OPERATIONAL MODES (cont'd) 

Depth Cascading 

Depth cascading is implemented by configuring the 
required number of LH540202s in depth-cascaded mode. 
In this arrangement, the FIFOs are connected in a circular 
fashion, with the Expansion Out output {XO) of each 
device tied to the Expansion In input {Xi) of the next 
device. One FIFO in the cascade must be designated as 
the 'first-load' device, by tying its First Load input (t-Lifffi 
1? ground. All other devices mus~ave their FURT inputs 
tied HIGH. In this mode, W and R signals are shared by 
all devices, while logic within each LH540202 controls the 
steering of data. Only one LH540202 is enabled during 

lxo 
-w 

DATA IN 9, 9, 
Do-De 

FF 
LH540202 

-
,JIB-

1~ XO 

g,. 

-cg - LH540202 FF 

RS 

r~ XO 

9 ,_-
FF LH540202 

-
- RS 
RS -

TXI 

any given write cycle; thus, the common Data In inputs of 
all devices are tied together. Likewise, only one 
LH540202 is enabled during any given read cycle; thus, 
the common Data Out outputs of all devices are wire­
ORed together 

In depth-cascaded mode, external logic should be 
used to generate a composite Full Flag and a composite 
Empty Flag, by ANDing the FF outputs of all LH540202 
devices together ~mn AN Dinn the EF outouts of all devices 
together. Since FF and EF ~are assertive-LOW signals, 
this 'ANDing' actually is implemented using an assertive­
HIGH physical OR gate. The Half-Full Flag and the 
Retransmit function are not available in depth-cascaded 
mode. 

R 
9 9 DATAO UT 

7 Oo-08 

EF 

~ 

9 

-
EF 

EMPTY 
Ft: v-¥ 

i- -' 

9 
-
EF 

-

t2l_ 
-

540202·19 

Figure 6. FIFO Depth Cascading 
(3072x9) 
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OPERATIONAL MODES (cont'd) 

Compound FIFO Expansion 

A combination of word-width expansion and depth 
cascading may be implemented easily by operating 
groups of depth-cascaded FIFOs in parallel. 

Bidirectional FIFO Operation 

LH540202 are tied to the corresponding Data Out ou1puts 
of another LH540202, which is 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 worcl­
width expansion and depth cascading may be used in 
bidirectional applications. 

Bidirectional data buffering between two systems may 
be implemented by operating LH540202 devices in par­
allel, but in opposite directions. The Data In inputs of each 

.... 0o ..... -_a_a ____________ ... _0o ..... -_a_11_.,.~:r-----a-~.10.__,...a_o_-a_N_·1.__ ... DATAOUT 

LH540202 
DEPTH EXPANSION 

BLOCK 

LH540202 
DEPTH EXPANSION 

BLOCK 

LH540202 
DEPTH EXPANSION 

BLOCK 

DATA IN ------D-0---~-1 ------D-9---D-N.-1 ______ .,_D-1a---DN--1_.,. ..... ._ __ D-~----~-1_. 

ARRAY STORES 
N-BIT WORDS. 

Wa 

Ff a 

RS 

SYSTEM A 

Ra 
EFa 

HFa 

RTa 

Figure 7. Compound FIFO Expansion 

LH540202 

Dao.a Obo.a 

J_x1 
-

Cao.a Dbo.e 

LH540202 

TXi 

Figure 8. Bidirectional FIFO Operation 
(1024 x 9 x 2) 

Rb 

EFb 

HFb 

RTb 

SYSTEMB 

Wb 

FFb 

540202-20 

540202-21 
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ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5 Vto7V 

Signal Pin Voltage to Vss Potential 2 -0.5 V to Vee+ 0.5 V (not to exceed 7 V) 

DC Output Curr~nt 3 ±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 1he device at 1hese or any o1her conditions outside of 1hose indicated In the 'Operating 
Range' of 1hls specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Negative undershoots of 1.5 V in amplitude are permitted for up to 1 o ns once per cycle. 
3. Outpu1s should not be shorted for more 1han 30 seconds. No more than one output should be shorted at any time. 

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 2.0 Vcc+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 =5.5V, V1N =OVto Vee -10 10 µA 

ILO Output Leakage Current R:<:: V1H, o v ~ VouT~ Vee -10 10 µA 

VoH Output HIGH Voltage loH=-2.0mA 2.4 v 
VoL Output LOW Voltage loL=B.OmA 0.4 v 
Ice Average Supply Current 1 Measured at f = 40 MHz 100 mA 

lcc2 Average Stancl>y Current 1 All Inputs = V1H 15 mA 

leea Power Down Current 1 All Inputs= Vee-0.2V 5 mA 

NOTE: 
1. Ice, ICC2, and lcc3 are dependent upon actual output loading and cycle rates. Specified values are with outpu1s open. 
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AC TEST CONDITIONS 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall nmes (10% to 90%) 

Input TI ming Reference Levels 

Output Reference Levels 

Output Load, Timing Tests 

CAPACITANCE 1•2 

PARAMETER 

C1N (Input Capacitance) 

CouT (Output Capacitance) 

NOTES: 
1. Sample tested only. 

PRELIMINARY 

RATING 

Vss to3 V 

5 ns 

1.5 v 
1.5 v 

Figure 9 

1.1 kn 
DEVICE 

+SV 

UNDER o--+-----. 
TEST 

6800 30pF* 

*INCLUDES JIG AND SCOPE CAPACITANCES 

RATING Figure 9. Output Load Circuit 
5 pF 

?pF 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz, with V1N = O V. 

SHARP 

LH540202 

540202-4 
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AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

tA=15ns tA= 20 ns tA=25ns tA=35ns tA=50ns 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE TIMING 

IRC Read Qycle lime 25 - 30 - 35 - 45 - 65 - ns 

IA Access lime - 15 - 20 - 25 - 35 - 50 ns 

IRR Read RecovE!_IY_ Time 10 - 10 - 10 - 10 - 15 - ns 

IRPW Read Pulse Width 2 15 - w - 25 - 35 - 50 - ns 

tRLz Data Bus Active from Read LOW 3 5 - 5 - 5 - 5 - 5 - ns 

lwLz Data Bus Active from Write HIGH 4•5 10 - 10 - 10 - 10 - 10 - ns 

tov Data Valid from Read Pulse HIGH 5 - 5 - 5 - 5 - 5 - ns 

IRHZ Data Bus H_ig_h-Z from Read HIGH 3 - 15 - 15 - 15 - 15 - 20 ns 

WRITE CYCLE TIMING 

twc Write C~le Time 25 - 30 - 35 - 45 - 65 - ns 

\WPW Write Pulse Width 2 15 - 20 - 25 - 35 - 50 - ns 

\WR Write RecovE!_IY_ Time 10 - 10 - 10 - 10 - 15 - ns 

tos Data Sell!e._ Time 10 - 10 - 10 - 15 - 20 - ns 

IOH Data Hold Time 0 - 0 - 0 - 0 - 0 - ns 

RESET TIMING 

!RSC Reset <2Y_cle lime 25 - 30 - 35 - 45 - 65 - ns 

IRS Reset Pulse Width 2 15 - 20 - 25 - 35 - 50 - ns 

IRSR Reset Recove~ Time 10 - 10 - 10 - 10 - 15 - ns 

RETRANSMIT TIMING 5 

IRTC Retransmit <2Y_cle Time 25 - 30 - 35 - 45 - 65 - ns 

tRT Retransmit Pulse Width 2 15 - 20 - 25 - 35 - 50 - ns 

IRTR Retransmit RecovE!_IY_ lime 10 - 10 - 10 - 10 - 15 - ns 

tRRSS Read HIGH to RS HIGH 15 - 20 - 25 - 35 - 50 - ns 

lWRSS Write HIGH to RS HIGH 15 - 20 - 25 - 35 - 50 - ns 

FLAG TIMING 

tEFL Reset LOW to Eme!Y_FI~ LOW - 25 - 30 - 35 - 45 - 65 ns 

tHFH,FFH 
Reset LOW to Hatt-Full and Full - 25 - 30 - 35 - 45 - 65 ns 
Fl~sHIGH 

tREF Read LOW to Em~FI~ LOW - 15 - 20 - 25 - 35 - 45 ns 

tRFF Read HIGH to Full Fl~ HIGH - 15 - 20 - 25 - 35 - 45 ns 

lWEF Write HIGH to Emp_!Y._FI~ HIGH - 15 - 20 - 25 - 35 - 45 ns 

lWFF Write LOW to Full Fl~ LOW - 15 - 20 - 25 - 35 - 45 ns 

lWHF Write LOW to Half-Full Fl~ LOW - 15 - 20 - 25 - 35 - 45 ns 

tRHF Read HIGH to Half-Full Fl~ HIGH - 15 - 20 - 25 - 35 - 45 ns 

EXPANSION TIMING 

IXOL Ex~sion Out LOW - 18 - 20 - 25 - 35 - 50 ns 

IXOH E~sion Out HIGH - 18 - 20 - 25 - 35 - 50 ns 

tx1 E~sion In Pulse Width 15 - 20 - 25 - 35 - 50 - ns 

IXIR Expansion In Recovery Time 10 - 10 - 10 - 10 - 10 - ns 

tx1s Expansion in Setup Time 7 - 10 - 10 - 15 - 15 - ns 

NOTES: 

1. All timing measurements are performed at 'AC Test Condition' levels. 
2. Pulse widths less than minimum value are not allowed. 

3. Values are guaranteed by design; not currently tested. 
4. Only applies to read-data flow-through mode. 
5. See also Note 2, Figure 19. 
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TIMING DIAGRAMS 

R,W 

FF.HF 

NOTES: 

1. tm;c = ~s + lmlR· 
2. Wand R <!: V1H around the rising edge of RS. 

PRELIMINARY 

tRSc 

!WASS 

tEFL 

Figure 10. Reset Timing 

tRC 

tov 

VALID DATA OUT 

WC 

twPW twR 

w _J ~ 
I\ 

tos loH 

v VALID DATA IN I\ 

VALID DATA OUT 

J VALID DATA IN \. 

Figure 11. Asynchronous Write and Read Operation 

SHARP 

LH540202 

540202-14 
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TIMING DIAGRAMS (cont'd) 

LAST WRITE FIRST READ 

\.._____1 
}~---~/ 

1- IWFF 

w 

FF----+--i 

540202-6 

Figure 12. Full Flag From Last Write to First Read 

LAST READ FIRST WRITE 

w l 

1 IREF lwEF 

.., If 
I\ _j EF 

540202-7 

Figure 13. Empty Flag From Last Read to First Write 
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TIMING DIAGRAMS (cont'd) 

Do-De xxxxxxxxx VALIDDATAIN x xxxxxxxxxxxxxxxxxxx 

lwEF 

lwLZ 

Oo-Oa VALID DATA OUT 

NOTES: 
1. liiPE = IRPW. 
2. ti.Pe: Effective Read Pulse Width after Empty Flag HIGH. 

540202-8 

Figure 14. Read Data Flow-Through 

1. _f lwPF 

w v 
IRFF 

FF .l \_ 
lwFF tos loH 

~ VALID DATA IN J f---

IA 

-(MX VALID DATA OUT 

NOTES: 
1. lwPF = lwPW 
2. lwPF: Effective Wr~e Pulse Width after Full Flag HIGH. 

540202-9 

Figure 15. Write Data Flow-Through 
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TIMING DIAGRAMS (cont'd) 

EF 

NOTES: 
1.~pe=~PW 

PRELIMINARY 

2. ~PE: Effective Read Pulse Width after Empty Flag HIGH. 

Figure 16. Empty Flag Timing 

FF 

NOTES: 
1. IWPF = lwPW 
2. fwpf: Effective Write Pulse Width after Full Flag HIGH. 

Figure 17. Full Flag Timing 
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TIMING DIAGRAMS (cont'd) 

w 

HF 

RT 

i'i,w 

HALF-FULL 
OR LESS 

NOTES: 

1.~Tc=~T+~TR 

' I\. 

twHF 

' I\. 

PRELIMINARY 

MORE THAN 
HALF-FULL 

Figure 18. Half-Full Flag liming 

2. FF, HF and EF may change state during retransmit, but they will become valid by tRTc· 

Figure 19. Retransmit liming 

SHARP 

v 

tRHF 

HALF-FULL 
OR LESS 

v 
_/ 

LH540202 

540202-12 

540202-13 
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TIMING DIAGRAMS (cont'd) 

XO 

XI 

WRITE TO LAST 
AVAILABLE 
LOCATION 

txoL txoH 

READ FROM 
LAST VALID 
LOCATION 

txoL 

Figure 20. Expansion-Out Timing 

txlR 

WRITE TO FIRST 
AVAILABLE 
LOCATION 

txoH 

READ FROM FIRST 
T----~ 1 VALID 

LOCATION 

Figure 21. Expansion-In Timing 

ORDERING INFORMATION 

LH540202 
Device Type 

x 
Package 

-## 

Speyed 15 
20 
25 
35 
50 

Access Time (ns) 

Blank 28-pin, 600-mil Plastic DIP* (DIP28-P-600) 
'-----------< D 28-pin, 300-mil Plastic DIP (DIP28-W-300) 

K 28-pin, 300-mil SOJ * (SOJ28-P-300) 

540202-15 

540202-16 

U 32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 

~------------- CMOS 1024 x 9 FIFO 

* This is a Preliminary data sheet; except that all references to the 
600-mil Plastic DIP and SOJ packages still have Advance information status. 

Example: LH540202U-25 (CMOS 1024 x 9 FIFO, 32-pin PLCC, 25 ns) 
540202MD 
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LH540203 
FEATURES 

• Fast Access Times: 15/20/25/35/50 ns 

• Fast-Fall-Through Time Architecture Based on 
CMOS Dual-Port SAAM Technology 

• Input Port and Output Port Have Entirely 
Independent Timing 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Data Retransmission Capability 

• TTL-Compatible 1/0 

• Pin and Functionally Compatible with Sharp LH5498 
and with Am/IDT/MS7203 

• Control Signals Assertive-LOW for Noise Immunity 

• Packages: 
28-Pin, 300-mil PDIP 
28-Pin, 600-mil PDIP * 
28-Pin, 300-mil SOJ * 
32-Pin PLCC 

PIN CONNECTIONS 

28-PIN PDIP 
28-PINSOJ • w 1 • 

Ds 2 

D3 3 

D2 4 

D1 5 

Do 6 

Xi 7 

FF 8 

Oo 9 

01 

02 

03 

Os 

Vss 

TOP VIEW 
Vee 

D4 

D5 

Ds 

Dr 
FL!FiT 

22 Rs 
21 EF 

20 XO/HF 

19 0, 

18 Os 

17 05 

16 a.. 
15 R 

540203-20 

Figure 1. Pin Connections for PDIP * and 
SOJ * Packages 

PRELIMINARY 
CMOS 2048 x 9 Asynchronous FIFO 

FUNCTIONAL DESCRIPTION 

The LH540203 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SAAM tech­
nology, capable of storing up to 2048 nine-bit words. It 
follows the industry-standard architecture and package 
pinouts for nine-bit asynchronous FIFOs. Each nine-bit 
LH540203 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing bit. 

The input and output ports operate entirely inde­
pendently of each other, unless the LH540203 becomes 
either totally full or else totally 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 write additional words into an already-full 
LH540203, or by attempting to read additional words from 
an already-empty LH540203. When an LH540203 is 
operating in a depth-cascaded configuration, the HaH-Full 
Flag is not available. 

32-PINPLCC b (.) TOP VIEW 
r:f d' I~ z ~ o~ 

• 
D2 5 De 

D1 6 Dr 
Do 7 NC 

Xi 8 FLIRT 

FF 9 RS 

Co 0 24 EF 
01 XO/HF 

NC 0, 
02 21 Os 

14 15 16 17 18 19 20 

M m (J) ii 

oo.;:~ 
ICI: 00 

NOTE: • = No external electrical connections are allowed. 
540203-30 

Figure2. Pin Connections for PLCC Package 

• This is a Preliminary data sheet; except that all references to the 600-mil PDIP and SOJ packages still have Advance Information status. 
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FUNCTIONAL DESCRIPTION (cont'd) 

Data words are read out from the LH540203's output 
port in precisely the same order that they were written in 
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 opera­
tion of the LH540203 device. 

Drop-in-replacement compatibility is maintained with 
both larger sizes and smaller sizes of industry-standard 
nine-bit asynchronous FIFOs. The only change is in the 
number of internally-stored data words implied by the 
states of the Full Flag and the Half-Full Flag. 

The Retransmit (RT) control signal causes the internal 
FIFO-memory-array read-address pointer to be set back 
to zero, to point to the LH540203's first physical memory 
location, without affecting the internal FIFO-memory­
array write-address pointer. Thus, the Retransmit control 
signal provides a mechanism whereby a block of data, 
delimited by the zero physical address and the current 
write-address-pointer value, 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, i.e., 
advance past physical location zero after traversing the 
entire memory. The retransmit facility is not available 
when an LH540203 is operating in a depth-expanded 
configuration. 

The Reset (RS) control signal returns the LH540203 
to an initial state, empty and ready to be filled. An 
LH540203 should be reset during every system power-up 
sequence. A reset operation causes the internal FIFO­
memory-array write-address pointer, as well as the read­
address pointer, to be set back to zero, to point to the 
LH540203's first physical memory location. Any informa­
tion which previously had been stored within the 
LH540203 is not recoverable after a reset operation. 

Acascading (depth-expansion) scheme may be imple­
mented by using the Expansion In (XI) input signal and 
the Expansion Out (XO/HF) output signal. This allows a 
deeper 'effective FIFO' to be implemented by using two 
or more LH540203 devices, without incurring additional 
latency ('fallthrough' or 'bubblethrough') delays, and with­
out the necessity of storing and retrieving any given data 
word more than once. In this cascaded operating mode, 
one LH540203 device must be designated as the 'first­
load' or 'master' device, by grounding its First-Load 
(FLJRT) control input; the remaining LH540203 devices 
are designated as 'slaves,' by tying their FLJRT 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' LH540203 
devices operating in cascaded mode. 

RS~ 
~ 

DATA INPUTS 
Do·Da 

w 
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CMOS 2048 x 9 Asynchronous FIFO PRELIMINARY LH540203 

PIN DESCRIPTIONS 

PIN PIN TYPE* DESCRIPTION 

Do-Ds I Input Data Bus 

Oo-Os O/Z Output Data Bus 

w I Write Request 

R I Read Request 

EF 0 Empty Flag 

FF 0 Full Flag 

• I = Input, 0 =Output, Z = High-Impedance, V = Power Voltage Level 

OPERATIONAL DESCRIPTION 

Reset 

The LH540203 is reset whenever the Reset input (RS) 
is taken LOW. A reset operation initializes both the read­
address pointer and the write-address pointer to point to 
location zero, the first physical memory location. During 
a reset operation, the state of the XI and FURT inputs 
determines whether the device is in standalone mode or 
in depth-cascaded mode. (See Tables 1 and 2.) 

A reset operation is required whenever the LH540203 
first is powered up. The Read (R) and Write (W) inputs 
may be in any state when the reset operation is initiated; 
but they must be HIGH, before the reset operation is 
terminated by a rising edge of RS, by a time tRRSS (for 
Read) or twRss (for Write) respectively. (See Figure 10.) 

Write 

A write cycle is initiated by a falling edge of the Write 
(ii) control input. Data setup times and hold times must 
be observed for the data inputs (Do - Ds). Write opera­
tions may occur independently of any ongoing read op­
erations. However, a write operation is possible only if the 
FIFO is not full, (i.e., if the Full Flag FF is HIGH). 

At the falling edge of W for the first write operation after 
the memory is half filled, the Half-Full Flag is asserted 
(HF = LOW). It remains asserted until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining in the LH540203 are filling 
the FIFO memory to less than or equal to one-half of its 
total capacity. The Half-Full Flag is deasserted 
(HF= HIGH) by the appropriate rising edge of R. (See 
Table3.) 

The Full Flag is asserted (FF= LOW) at the falling edge 
of W for the write operation which fills the last available 
location in the FIFO memory array. FF = LOW inhibits 
further write operations until FF is cleared by a valid read 
operation. The Full Flag is deasserted (FF = HIGH) after 
the next rising edge of R releases another memory loca­
tion. (See Table 3.) 

SHARP 

PIN PIN TYPE* DESCRIPTION 

XO/HF 0 Expansion Out/Half-Full Flag 

XI I Expansion In 

FURT I First Load/Retransmit 

RS I Reset 

Vee v Positive Power Supply 

Vss v Ground 

Read 
A read cycle is initiated by a falling edge of the Read 

(R) control input. Read data becomes valid at the data 
outputs (Oo - Os) after a time ~ from the falling edge of 
R. After R goes HIGH, the data outputs return to a 
high-impedance state. Read operations may occur inde­
pendently of any ongoing write operations. However, a 
read operation is possible only if the FIFO is not empty 
(i.e., if the Empty Flag EF is HIGH). 

The LH540203's internal read-address and write­
address pointers operate in such a way that consecutive 
read operations always access data words in the same 
order that they were written. The Empty Flag is asserted 
(EF = LOW) after that falling edge of R which accesses 
the last available data word in the FIFO memory. EF is 
deasserted (EF = HIGH) after the next rising edge of W 
loads another valid data word. (See Table 3.) 

Data Flow-Through 

Read-data flow-through mode occurs when the Read 
(R) control input is brought LOW while the FIFO is empty, 
and is held LOW in anticipation of a write cycle. At the end 
of the next write cycle, the Empty Flag EF momentarily is 
deasserted, and the data word just written becomes 
available at the data outputs (Oo - Os) after a maxi­
mum time of twEF + tA. Additional write operations may occur 
while the R input remains LOW; but only data from the 
first write operation flows through to the data outputs. 
Additional data words, if any, may be accessed only by 
toggling R. 

Write-data flow-through mode occurs when the Write 
(W) input is brought LOW while the FIFO is full, and is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Flag momentarily is deasserted, but 
then immediately is reasserted in response to W being 
held LOW. A data word is written into the FIFO on the 
rising edge of W, which may occur no sooner than 
tRFF + twPw after the read operation. 
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LH540203 PRELIMINARY CMOS 2048 x 9 Asynchronous FIFO 

OPERATIONAL DESCRIPTION {cont'd) 

Retransmit 

The FIFO can be made to reread previously-read data 
by means of the Retransmit function. A retransmit opera­
tion is initiated by pulsing the RT input LOW. Both R and 
W must be deasserted (HIGH) for the duration of the 
retransmit pulse. The FIFO's internal read-address 
pointer is reset to point to location zero, the first physical 
memory location, while the internal write-address 
pointer remains unchanged. 

After a retransmit operation, those data words in the 
region in between the read-address pointer and the 
write-address pointer may be reaccessed by subsequent 
read operations. A retransmit operation may affect the 
state of the status flags FF, HF, and EF, depending on 
the relocation of the read-address pointer. There is no 
restriction on the number of times that a block of data 
within an LH540203 may be read out, by repeating the 
retransmit operation and the subsequent read operations. 

The maximum length of a data block which may be 
retransmitted is 2048 words. Note that if the write-address 
pointer ever 'wraps around' (i.e., passes location zero 
more than once) during a sequence of retransmit opera­
tions, some data words will be lost. 

The Retransmit function is not available when the 
LH540203 is operating in depth-cascaded mode, 
because the FURT control pin must be used for first-load 
selection rather than for retransmission control. 

-
XI 

H1 

H1 

L 

NOTES: 

Table 1. Grouping-Mode Determination 
During a Reset Operation 

Fl! XO/HF 
-
XI FLJRT 

RT 
MODE 

USAGE USAGE USAGE 

H 
Cascaded 

XO XI FL 
Slave 2 

L 
Cascaded 

XO XI FL 
Master 2 

x Standalone HF (none) RT 

1. A reset operation forces xo HIGH for the nth FIFO, thus forcing Xi 
HIGH for the n+1st FIFO. 

2. The terms 'master' and 'slave' refer to operation in depth-cas­
caded grouping mode. 

3. H = HIGH; L = LOW; X = Don't Care. 
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Table 2. Expansion-Pin Usage According to 
Grouping Mode 

PIN STANDALONE 
CASCADED CASCADED 

MASTER SLAVE 

From XO 
From 

XI Grounded (n-1st 
XO 
(n-1st 

FIFO) 
FIFO) 

Becomes 
To Xi To Xi 

XO/HF 
HF 

(n+1st (n+1st 
FIFO) FIFO) 

Becomes 
Grounded 

Logic 
FURT 

RT 
(Logic 

HIGH 
LOW) 

Table 3. Status Flags 

NUMBER OF UNREAD DATA 
WORDS PRESENT WITHIN FF HF EF 

2048x9 FIFO 

0 H H L 

1to1024 H H H 

1025to2047 H L H 

2048 L L H 

SHARP 



CMOS 2048 x 9 Asynchronous FIFO PRELIMINARY LH540203 

OPERATIONAL MODES 

Standalone Configuration 

When depth cascading is not required for a given 
application, the LH540203 is placed in standalone m~e 
by tying the Expansion In input (XI) to ground. This 
input is internally sampled during a reset operation. (See 
Table 1.) 

WRITE 

DATA IN 
Do-De 

FULL FLAG 

RESET 

9 

l HF 

w 

LH540203 -
FF 

R5 

J_x1 

Width Expansion 

Word-width expansion is implemented by placing mul­
tiple LH540203 devices in parallel. Each LH540203 
should be configured for standalone mode. In this ar­
rangement, the behavior of the status flags is identical for 
all devices; so, in principle, a representative value for 
each of these flags could be derived from any one device. 
In practice, it is better to derive 'composite' flag values 
using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
4, 5, and6.) 

Fi 

9 
-, 

EF 

RT 

READ 

DATA OUT 
Oo-Oa 

EMPTY FLAG 

RETRANSMIT 

540203-17 

Figure 4. Standalone FIFO (2048 x 9) 

DATA IN 
Do- D11 

F 

18 , 

WRITE 

ULLFLAG 

RESET 

J HF l HF 

9L 9_L_ 

w -
EF w ---

FF Fi LH540203 Fi 
LH540203 ---

RS RS -----
FiT RT ----
9 9 

/ 

-Ix1 J_x1 
- -

Figure 5. FIFO Word-Width Expansion (2048x18) 

EMPTY FLAG 

READ 

RETRANSMIT 

18 DATA OUT 
Oo-011 

540203-18 
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LH540203 PRELIMINARY CMOS 2048 x 9 Asynchronous FIFO 

OPERATIONAL MODES (cont'd) 

Depth Cascading 

~h cascading is implemented by configuring the 
required number of LH540203s in depth-cascaded mode. 
In this arrangement, the FIFOs are connected in a circular 
fas~ion,. with the Expansi~ Out output_JXO) of each 
device tied to the Expansion In input (XI) of the next 
device. One FIFO in the cascade must be designated as 
the 'first-load' device, ~tying its First Load ~ut (FLJRT) 
1? ground. All o~er devices must _!'ave their FLJRT inputs 
tied HIGH. In this mode, W and R signals are shared by 
all devices, while logic within each LH540203 controls the 
steering of data. Only one LH540203 is enabled during 
any given write cycle; thus, the common Data In inputs of 

f xo 
-w 

DATA IN 9 9 
00 -08 

--, 
FF LH540203 

-
~ 

all devices are tied together. Likewise, only one 
LH540203 is enabled during any given read cycle; thus, 
the common Data Out outputs of all devices are wire­
ORed together. 

In depth-cascaded mode, external logic should be 
used to generate a composite Full Flag and a composite 
Empty Flag, by ANDing the FF outputs of all LH540203 
devices together and ANDing the EF outputs of all devices 
together. Since FF and EF are assertive-LOW signals 
this 'ANDing' actually is implemented using an asser: 
tive-HIGH physical OR gate. The Half-Full Flag and the 
Retransmit function are not available in depth-cascaded 
mode. 

Fi 
9 9 DATA OU T 

E1 
7 Oo-Os 

~ 
1x1xo 

9_L 9 

.----<\""J= - EF FF LH540203 

-

~ RS 

}x1xo 

9 9 ,_ - --, 
FF 

LH540203 
EF 

RS 
RS 

~ 
1x1 -

5'40203-19 

Figure 6. FIFO Depth C&scading {6144 x 9) 
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OPERATIONAL MODES (cont'd) 

Compound FIFO Expansion 

A combination of word-width expansion and depth 
cascading may be implemented easily by operating 
groups of depth-cascaded FIFOs in parallel. 

Bidirectional FIFO Operation 

Bidirectional data buffering between two systems may 
be implemented by operating LH540203 devices in par­
allel, but in opposite directions. The Data In inputs of each 

LH540203 are tied to the corresponding Data Out outputs 
of another LH540203, which is 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 word­
width expansion and depth cascading may be used in 
bidirectional applications. 

___ ao.-_0a-.. __ ... ________ ... a_o_-_a.11.._...,~)--a~o--_a~~~10 __ ... a~o-_~~-1~..-DATAOUT 

Fi 
w 
RS 

DATA IN 

SHARP 

LH540203 
DEPTH EXPANSION 

BLOCK 

a 

Fa 

w 

F 

RS 

SYSTEM A 

a 

Fa 

Fa 

Ta 

Fi 

E 

H 

R 

LH540203 
DEPTH EXPANSION 

BLOCK 

Figure 7. Compound FIFO Expansion 

LH540203 

Dao.a Obo-e 

_1!1 
-

aao-e Dbo.e 

LH540203 

]_Xi 

Figure 8. Bidirectional FIFO Operation 
(2048 x 9 x 2) 
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BLOCK 
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-
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-
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-
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-
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-
RS 
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ARRAY STORES 
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LH540203 PRELIMINARY CMOS 2048 x 9 Asynchronous FIFO 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5Vto7V 

Signal Pin Voltage to Vss Potential 2 -0.5 V to Vee+ 0.5 V (not to exceed 7 V) 

DC Output Current 3 ±50mA 

Storage Temperature Range -65°C to 1so0c 
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 oulside of 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. Negative undershoots of 1.5 V in amplitude are pennitted for up to 1 o ns once per cycle. 
3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

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 1 -0.5 0.8 v 
V1H Logic HIGH Input Voltage 2.0 Vcc+0.5 v 

NOTE: 
1. Negative undershoots of 1.5 V in arnplltude are pennitted 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 =0Vto Vee -10 10 µA 

ILO Output Leakage Current A<:: V1H, o Vs; VouT s; Vee -10 10 µA 

VoH Output HIGH Voltage IOH=-2.0mA 2.4 v 
VoL Output LOW Voltage loL=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 

lcc3 Power Down Current 1 All Inputs= Vee - 0.2V 5 mA 

NOTE: 
1. Ice, lccz and lcca are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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CMOS 2048 x 9 Asynchronous FIFO 

AC TEST CONDITIONS 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall limes (10% to 90%) 

Input liming Reference Levels 

Output Reference Levels 

Output Load, liming Tests 

CAPACITANCE 1•2 

PARAMETER 

C1N (Input Capacitance) 

CouT (Output Capacitance) 

NOTES: 
1. Sample tested only. 

PRELIMINARY LH540203 

RATING 

Vss to 3 V 

5 ns 

1.5 v 
1.5 v 

Figure 9 

RATING 

5 pF 

7 pF 

DEVICE 
UNDER 
TEST 

+5 v 

1.1 k!l 

6800 

* INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 9. Output Load Circuit 

540203-4 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz, with V1N = O V. 
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LH540203 PRELIMINARY CMOS 2048 x 9 Asynchronous FIFO 

AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL PARAMETER 
tA=15ns tA=20ns tA=25ns tA=35ns tA=SOns 

UNIT 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE TIMING 

IRC Read ~le Time 25 - 30 - 35 - 45 - 65 - ns 

IA Access Time - 15 - 20 - 25 - 35 - 50 ns 

IRR Read Recov~ Time 10 - 10 - 10 - 10 - 15 - ns 

IRPW Read Pulse Width 2 15 - 20 - 25 - 35 - 50 - ns 

IRLZ Data Bus Active from Read LOW 3 5 - 5 - 5 - 5 - 5 - ns 

twLz Data Bus Active from Write HIGH 4•5 10 - 10 - 10 - 10 - 10 - ns 

tov Data Valid from Read Pulse HIGH 5 - 5 - 5 - 5 - 5 - ns 

IRHZ Data Bus H..!g!1-Z from Read HIGH 3 - 15 - 15 - 15 - 15 - 20 ns 

WRITE CYCLE TIMING 

twc Write ~le Time 25 - 30 - 35 - 45 - 65 - ns 

twPW Write Pulse Width 2 15 - 20 - 25 - 35 - 50 - ns 

twR Write Recovery Time 10 - 10 - 10 - 10 - 15 - ns 

tos Data Set~ Time 10 - 10 - 10 - 15 - 20 - ns 

IOH Data Hold Time 0 - 0 - 0 - 0 - 0 - ns 

RESET TIMING 

IRSC Reset C19le Time 25 - 30 - 35 - 45 - 65 - ns 

IRS Reset Pulse Width 2 15 - 20 - 25 - 35 - 50 - ns 

IRSR Reset Recov~ Time 10 - 10 - 10 - 10 - 15 - ns 

IRRSS Read HIGH to RS HIGH 15 - 20 - 25 - 35 - 50 - ns 

twRSS Write HIGH to RS HIGH 15 - 20 - 25 - 35 - 50 - ns 

RETRANSMIT TIMING 5 

IRTC Retransmit Cvcle Time 25 - 30 - 35 - 45 - 65 - ns 

IRT Retransmit Pulse Width 2 15 - 20 - 25 - 35 - 50 - ns 

IRTR Retransmit Recov~ Time 10 - 10 - 10 - 10 - 15 - ns 

FLAG TIMING 

IEFL Reset LOW to Em_E!y_ Fl'!9_ LOW - 25 - 30 - 35 - 45 - 65 ns 

IHFH,FFH 
Reset LOW to Half-Full and Full - 25 - 30 - 35 - 45 65 
Fl¥HIGH - ns 

IREF Read LOW to Empty Flag_ LOW - 15 - 20 - 25 - 35 - 45 ns 

tRFF Read HIGH to Full Fl'!9_HIGH - 15 - 20 - 25 - 35 - 45 ns 

lwEF Write HIGH to Eme!Y_Fl'!9_ HIGH - 15 - 20 - 25 - 35 - 45 ns 

lwFF Write LOW to Full Flag LOW - 15 - 20 - 25 - 35 - 45 ns 

lwHF Write LOW to Half-Full Fl'!9_ LOW - 15 - 20 - 25 - 35 - 45 ns 

tRHF Read HIGH to Half-Full Fl'!9_ HIGH - 15 - 20 - 25 - 35 - 45 ns 

EXPANSION TIMING 

IXOL Ex~nsion Out LOW - 18 - 20 - 25 - 35 - 50 ns 

txOH E~sion Out HIGH - 18 - 20 - 25 - 35 - 50 ns 

tx1 Expansion In Pulse Width 15 - 20 - 25 - 35 - 50 - ns 

tXIR Ex_El!nsion In Recov~ Time 10 - 10 - 10 - 10 - 10 - ns 

tx1s Expansion in Setup Time 7 - 10 - 10 - 15 - 15 - ns 

NOTES: 
1. All timing measurements are performed at 'AC Test Condition' levels. 
2. Pulse widths less than minimum value are not allowed. 
3. Values are guaranteed by design; not currently tested. 
4. Only applies to read-data flow-through mode. 
5. See also Note 2, Figure 19. 
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TIMING DIAGRAMS 

R,W 

EF 

FF.HF 

NOTES: 

1. !RSC= !Rs + liisR· 
2. Wand R ~ V1H around the rising edge of RS. 

IRLz 

lwpw 

w \ 

PRELIMINARY 

Figure 10. Reset Timing 

tov 

VALID DATA OUT VALID DATA OUT 

WC 

lwR 

_f ' I\ 
tos loH 

VALID DATA IN \ { VALID DATA IN 
.J 

Figure 11. Asynchronous Write and Read Operation 

SHARP 

LH540203 

540203-14 

540203-5 
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LH540203 PRELIMINARY CMOS 2048 x 9 Asynchronous FIFO 

TIMING DIAGRAMS (cont'd) 

LAST WRITE FIRST READ 

J( 

w 1. IRFF 

lwFF 

' .! I\. 

540204-6 

Figure 12. Full Flag From Last Write to First Read 

LAST READ FIRST WRITE 

1 

l IREF lwEF 

EF \ v 
I\. _j 

540203-7 

Figure 13. Empty Flag From Last Read to First Write 
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TIMING DIAGRAMS (cont'd) 

Do- Da xxxxxxxxx VALID DATA IN xxxxxxxxxxxxxxxxxxxxx 

EF 

tweF 

VALID DATA OUT 

NOTES: 
1. tRPE = IRPW. 
2. ~PE: Effective Read Pulse Width after Empty Flag HIGH. 

540203-8 

Figure 14. Read Data Flow-Through 

y 

w v 

FF 

lwFF 

tos toH 

VALID DATA IN)--

----~ VALID DATA OUT 

NOTES: 

1 · lwPF = lwPW. 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 

540203-9 

Figure 15. Write Data Flow-Through 
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TIMING DIAGRAMS (cont'd) 

lweF 

EF 

NOTES: 
1. IRPE =~PW. 
2. !Ape: Effective Read Pulse Width after Empty Flag HIGH. 

540203-10 

Figure 16. Empty Flag Timing 

FF 

w 

NOTES: 

1. lwPF = lwPW. 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 

5402Q3.11 

Figure 17. Full Flag Timing 
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CMOS 2048 x 9 Asynchronous FIFO 

TIMING DIAGRAMS (cont'd) 

w 

HF 

RT 

R,W 

NOTES: 

HALF-FULL 
OR LESS 

1. !ATC = !RT + tRTR· 

\ 
I\. 

lwHF 

\ 
I\. 

I\ 

PRELIMINARY 

MORE THAN 
HALF-FULL 

Figure 18. Half-Full Flag Timing 

.I 
!RTR 

2. FF, HF, and EF may change state during retransmit; but they will 
become valid by !ATC· 

Figure 19. Retransmit Timing 

SHARP 

1 
!RHF 

~ 

HALF-FULL 
OR LESS 

'I 
_J 

LH540203 

540203--12 

540203-13 
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TIMING DIAGRAMS (cont'd) 

w 

XO 

w 

WRITE TO LAST 
AVAILABLE 
LOCATION 

txoH 

READ FROM 
LAST VALID 
LOCATION 

txoL txoH 

Figure 20. Expansion-Out Timing 

!xis 

WRITE TO FIRST 
AVAILABLE 
LOCATION 

!xis 

Figure 21. Expansion-In Timing 

READ FROM FIRST 
VALID 

LOCATION 

ORDERING INFORMATION 

LH540203 
Device Type 

x 
Package 

- ## 

Spey•d ~ """'5 n~ i"'i 
35 
50 

Blank 28-pin, 600-mil Plastic DIP * (DIP28-P-600) 
~-------< D 28-pin, 300-mil Plastic DIP (DIP28-W-300) 

K 28-pin, 300-mil SOJ * (SOJ28-P-300) 

540203-15 

540203-16 

U 32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 

~------------CMOS 2048 x 9 FIFO 

• This is a Preliminary data sheet; except that all references to the 
600-mil Plastic DIP and SOJ packages still have Advance information status. 

Example: LH540203U-25 (CMOS 2048 x 9 FIFO, 32-pin PLCC, 25 ns) 
540203MD 
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LH540204 
FEATURES 

• Fast Access Times: 20/25/35/50 ns 

• Fast-Fall-Through Time Architecture Based on 
CMOS Dual-Port SAAM Technology 

• Input Port and Output Port Have Entirely 
I ndependentTiming 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Data Retransmission Capability 

• TTL-Compatible 1/0 

• Pin and Functionally Compatible with Sharp LH5499 
and with Am/IDT/MS7204 

• Control Signals Assertive-LOW for Noise Immunity 

• Packages: 
28-Pin, 300-mil PDIP 
28-Pin, 600-mil PDIP * 
28-Pin, 300-mil SOJ * 
32-Pin PLCC 

PIN CONNECTIONS 

28-PIN PDIP 
28-PIN SOJ * w 1 • 

De 2 

D3 3 

D2 4 

D1 5 

Do 6 

Xi 7 

FF 8 

Oo 9 

01 

02 

03 

Oa 

Vss 

TOP VIEW 

Vee 

D4 

Ds 

Ds 

D1 

ruRl' 
RS 

EF 
XO/HF 

07 

Os 

Os 

04 

R 

540204-20 

Figure 1. Pin Connections for PDIP • and 
SOJ • Packages 

ADVANCE INFORMATION 
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 SAAM tech­
nology, capable of storing up to 4096 nine-bit words. It 
follows the industry-standard architecture and package 
pinouts for nine-bit asynchronous FIFOs. Each nine-bit 
LH540204 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing bit. 

The input and output ports operate entirely inde­
pendently of each other, unless the LH540204 becomes 
either totally full or else totally 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 write additional words into an already-full 
LH540204, or by attempting to read additional words from 
an already-empty LH540204. When an LH540204 is 
operating in a depth-cascaded configuration, the Half-Full 
Flag is not available. 

32-PIN PLCC b " TOP VIEW 
~ 01!!: " o~ z > 

• 
D2 5 Ds 

D1 6 D1 

Do 7 NC 

Xi 8 FURT 

FF 9 RS 

Oo 24 EF 
01 XO/HF 

NC 07 

02 21 Os 
14 15 16 17 18 19 20 

UJ. .... 00 UJ u IC: 0 0 > z 
NOTE: * = No external electrical connections are allowed. 

540204-30 

Figure2. Pin Connections for PLCC Package 

• This is an Advance Information data sheet; except that all references to the 600-mil PDIP and SOJ packages still have Product Preview status. 
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LH540204 ADVANCE INFORMATION CMOS 4096 x 9 Asynchronous FIFO 

FUNCTIONAL DESCRIPTION (cont'd} 

Data words are read out from the LH540204's output 
port in precisely the same order that they were written in 
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 opera­
tion of the LH540204 device. 

Drop-in-replacement compatibility is maintained with 
both larger sizes and smaller sizes of industry-standard 
nine-bit asynchronous FIFOs. The only change is in the 
number of internally-stored data words implied by the 
states of the Full Flag and the Half-Full Flag. 

The Retransmit (RT) control signal causes the internal 
Fl FO-memory-array read-address pointer to be set back 
to zero, to point to the LH540204's first physical memory 
location, without affecting the internal FIFO-memory­
array write-address pointer. Thus, the Retransmit control 
signal provides a mechanism whereby a block of data, 
delimited by the zero physical address and the current 
write-address-pointer value, 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, i.e., 
advance past physical location zero after traversing the 
entire memory. The retransmit facility is not available 
when an LH540204 is operating in a depth-expanded 
configuration. 

The Reset (RS) control signal returns the LH540204 
to an initial state, empty and ready to be filled. An 
LH540204 should be reset during every system power-up 
sequence. A reset operation causes the internal FIFO­
memory-array write-address pointer, as well as the read­
address pointer, to be set back to zero, to point to the 
LH540204's first physical memory location. Any informa­
tion which previously had been stored within the 
LH540204 is not recoverable after a reset operation. 

A cascading (depth-expansion) scheme may be imple­
mented by using the Expansion In (Xi) input signal and 
the Expansion Out (XO/HF) output signal. This allows a 
deeper 'effective FIFO' to be implemented by using two 
or more LH540204 devices, without incurring additional 
latency ('fallthrough' or 'bubblethrough') delays, and with­
out the necessity of storing and retrieving any given data 
word more than once. In this cascaded operating mode, 
one LH540204 device must be designated as the 'first­
load' or 'master' device, by grounding its First-Load 
(FURT) control input; the remaining LH540204 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' LH540204 
devices operating in cascaded mode. 

-~ 
RS~ 

DATA INPUTS 
Do-De 

w 
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Figure 3. LH540204 Block Diagram 
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PIN DESCRIPTIONS 

PIN PIN TYPE• DESCRIPTION 

Do-Da I Input Data Bus 

Oo-Oe OIZ Output Data Bus 

w I Write Request 

R I Read Request 

EF 0 Empty Flag 

FF 0 Full Flag 

• 1 = lnpu~ 0 =Output, Z =High-Impedance, V =Power Voltage Level 

OPERATIONAL DESCRIPTION 

Reset 

The LH540204 is reset whenever the Reset input (RS) 
is taken LOW. A reset operation initializes both the read­
address pointer and the write-address pointer to point to 
location zero, the first physical memory location. During 
a reset operation, the state of the Xi and FURT inputs 
determines whether the device is in standalone mode or 
in depth-cascaded mode. (See Tables 1 and 2.) 

A reset operation is required whenever the LH540204 
first is powered up. The Read (R) and Write 01J) inputs 
may be in any state when the reset operation is initiated; 
but they must be HIGH, before the reset operation is 
terminated by a rising edge of RS, by a time tRRSS (for 
Read} or twRss (for Write) respectively. (See Figure 10.) 

Write 

A write cycle is initiated by a falling edge of the Write 
(W) control input. Data setup times and hold times must 
be observed for the data inputs (Do - Da). Write opera­
tions may occur independently of any ongoing read op­
erations. However, a write operation is possible only if the 
FIFO is not full, (i.e., if the Full Flag FF is HIGH). 

At the falling edge of W for the first write operation after 
the memory is half filled, the Half-Full Flag is asserted 
(HF = LOW}. It remains asserted until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining in the LH540204 are filling 
the FIFO memory to less than or equal to one-half of its 
total capacity. The Half-Full Flag is deasserted 
(HF = HIGH) by the appropriate rising edge of R. (See 
Table 3.) 

The Full Flag is asserted (FF= LOW} at the falling edge 
of W for the write operation which fills the last available 
location in the FIFO memory array. FF = LOW inhibits 
further write operations until FF is cleared by a valid read 
operation. The Full Flag is deasserted (FF= HIGH) after 
the next rising edge of R releases another memory loca­
tion. (See Table 3.) 

PIN PIN TYPE• DESCRIPTION 

XO/HF 0 Expansion Out/Half-Full Flag 

Xi I Expansion In 

FURT I First Load/Retransmit 

RS I Reset 

Vee v Positive Power Supply 

Vss v Ground 

Read 

A read cycle is initiated by a falling edge of the Read 
(R) control input. Read data becomes valid at the data 
outputs (Oo - Oa) after a time tA from the falling edge of 
R. After R goes HIGH, the data outputs return to a 
high-impedance state. Read operations may occur inde­
pendently of any ongoing write operations. However, a 
read operation is possible only if the FIFO is not empty 
(i.e., if the Empty Flag EF is HIGH). 

The LH540204's internal read-address and write­
address pointers operate in such a way that consecutive 
read operations always access data words in the same 
order that they were written. The Empty Flag is asserted 
(EF = LOW) after that falling edge of R which accesses 
the last available data word in the FIFO memory. EF is 
deasserted (EF = HIGH) after the next rising edge of W 
loads another valid data word. (See Table 3.) 

Data Flow-Through 

Read-data flow-through mode occurs when the Read 
(R) control input is brought LOW while the FIFO is empty, 
and is held LOW in anticipation of a write cycle. At the end 
of the next write cycle, the Empty Flag EF momentarily is 
deasserted, and the data word just written becomes 
available at the data outputs (Qo - Oa) after a maxi­
mumtimeoftwEF+ tA.Additionalwriteoperationsmayoccur 
while the R input remains LOW; but only data from the 
first write operation flows through to the data outputs. 
Additional data words, if any, may be accessed only by 
toggling Fi. 

Write-data flow-through mode occurs when the Write 
(W) input is brought LOW while the FIFO is full, and is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Flag momentarily is deasserted, but 
then immediately is reasserted in response to W being 
held LOW. A data word is written into the FIFO on the 
rising edge of W, which may occur no sooner than 
tRFF + twPw after the read operation. 
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OPERATIONAL DESCRIPTION (cont'd) 

Retransmit 

The FIFO can be made to reread previously-read data 
by means of the Retransmit function. A retransmit opera­
tion is initiated by pulsing the RT input LOW. Both R and 
W must be deasserted (HIGH) for the duration of the 
retransmit pulse. The FIFO's internal read-address 
pointer is reset to point to location zero, the first physical 
memory location, while the internal write-address 
pointer remains unchanged. 

After a retransmit operation, those data words in the 
region in between the read-address pointer and the 
write-address pointer may be reaccessed by subsequent 
read operations. A retransmit operation may affect the 
state of the status flags FF, HF, and EF, depending on 
the relocation of the read-address pointer. There is no 
restriction on the number of times that a block of data 
within an LH540204 may be read out, by repeating the 
retransmit operation and the subsequent read operations. 

The maximum length of a data block which may be 
retransmitted is 4096 words. Note that if the write-address 
pointer ever 'wraps around' (i.e., passes location zero 
more than once) during a sequence of retransmit opera­
tions, some data words will be lost. 

The Retransmit function is not available when the 
LH540204 is operating in depth-cascaded mode, 
because the FURT control pin must be used for first-load 
selection rather than for retransmission control. 

-
XI 

H1 

H 1 

L 

NOTES: 

Table 1. Grouping-Mode Determination 
During a Reset Operation 

ru XO/HF 
-
XI FLJRT 

RT 
MODE 

USAGE USAGE USAGE 

H 
Cascaded 

XO Xi FL 
Slave 2 

L 
Cascaded 

XO Xi FL 
Master 2 

x Standalone HF (none) RT 

1. A reset operation forces XO HIGH for the nth FIFO, thus forcing 
Xi HIGH for the n+1st FIFO. 

2. The terms 'master' and 'slave' refer to operation in depth-<:as­
caded grouping mode. 

3. H = HIGH; L = LOW; X = Don't Care. 
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Table 2. Expansion-Pin Usage According to 
Grouping Mode 

PIN STANDALONE 
CASCADED CASCADED 

MASTER SLAVE 

From XO From XO 
Xi Grounded (n-1st (n-1st 

FIFO) FIFO) 

Becomes 
To Xi To Xi 

XO/HF 
HF 

(n+1st (n+ 1st 
FIFO) FIFO) 

Becomes 
Grounded 

Logic 
FURT (Logic 

RT 
LOW) 

HIGH 

Table 3. Status Flags 

NUMBER OF UNREAD DATA - - -
WORDS PRESENT WITHIN FF HF EF 

4096x9FIFO 

0 H H L 

1 to2048 H H H 

2049to4095 H L H 

4096 L L H 

SHARP 
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OPERATIONAL MODES 

Standalone Configuration 

When depth cascading is not required for a given 
application, the LH540204 is placed in standalone mode 
by tying the Expansion In input (XI) to ground. This 
input is internally sampled during a reset operation. (See 
Table 1.) 

WRITE 

DATA IN 
D0 -Da 

FULL FLAG 

RESET 

9 
/ 

-

l HF 

-w 

LH540204 
FF 

-
RS 

J_x1 

Width Expansion 

Word-width expansion is implemented by placing mul­
tiple LH540204 devices in parallel. Each LH540204 
should be configured for standalone mode. In this ar­
rangement, the behavior of the status flags is identical for 
all devices; so, in principle, a representative value for 
each of these flags could be derived from any one device. 
In practice, it is better to derive 'composite' flag values 
using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
4, 5, and 6.) 

Fi 

9 

El' 

-
RT 

READ 

DATA OUT 
0 0 -0a 

EMPTY FLAG 

RETRANSMIT 

540204-17 

Figure 4. Standalone FIFO (4096 x 9) 

DATA IN 
Do- D11 

F 

111c_ 

WRITE 

ULLFLAG 

RESET 

SHARP 

l HF l HF 

~ 
9 

w w EF --
FF R LH540204 R 

LH540204 ---
-
RS RS 

-
RT RT ---
9 9 

/ 

Tx' TXI 

- -

Figure 5. FIFO Word-Width Expansion (4096 x 18) 

EMPTY FLAG 

READ 

RETRANSMIT 

1~ DATA OUT 
Oo-011 

540204-18 
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OPERATIONAL MODES (cont'd) 

Depth Cascading 

Depth cascading is implemented by configuring the 
required number of LH540204s in depth-cascaded mode. 
In this arrangement, the FIFOs are connected in a circular 
fashion, with the Expansion Out output (XO) of each 
device tied to the Expansion In input (Xi) of the next 
device. One FIFO in the cascade must be designated as 
the 'first-load' device, by tying its First Load input (FURT) 
t? ground. All other device~ mus!.!_lave their FURT inputs 
tied HIGH. In this mode, Wand R signals are shared by 
all devices, while logic within each LH540204 controls the 
steeri~g of d_ata. Only one LH540204 is enabled during 
any given write cycle; thus, the common Data In inputs of 

w 
DATA IN 9 9 

XO 

Do·D8 
LH540204 

FF 

9 

FULL 
FF LH540204 

RS 

all devices are tied together. Likewise, only one 
LH540204 is enabled during any given read cycle; thus, 
the common Data Out outputs of all devices are wire­
ORed together. 

In depth-cascaded mode, external logic should be 
used to generate a composite Full Flag and a composite 
Empty Flag, by ANDing the FF outputs of all LH540204 
devices together and ANDing the EF outputs of all devices 
together. Since FF and EF are assertive-LOW signals, 
this 'ANDing' actually is implemented using an assertive­
HIGH physical OR gate. The Half-Full Flag and the 
Retransmit function are not available in depth-cas­
caded mode. 

R 
9 9 DATA OUT 

Ei= Oo-Oe 

9 

Ei= EMPTY 

Xi XO 

9 9 

FF 
LH540204 

Ei= 

RS 
RS FL 

Xi --
540204-19 

Figure 6. FIFO Depth cascading (12288 x 9) 
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OPERATIONAL MODES {cont'd) 

Compound FIFO Expansion 

A combination of word-width expansion and depth 
cascading may be implemented easily by operating 
groups of depth-cascaded FIFOs in parallel. 

Bidirectional FIFO Operation 

Bidirectional data buffering between two systems may 
be implemented by operating LH540204 devices in par­
allel, but in opposite directions. The Data In inputs of each 

LH540204 are tied to the corresponding Data Out outputs 
of another LH540204, which is 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 word­
width expansion and depth cascading may be used in 
bidirectional applications. 

,.....Oo_._-_a_e __ _,. ________ _,._ao.-_a.11....,..,_~~-a ..... -_~~-~1 ..... ,...a_o_-~ ...... -1 ..... ~DATAOUT 

DATA IN 

SHARP 

LH540204 
DEPTH EXPANSION 

BLOCK 

a 

Fa 

w 

F 

s 

SYSTEM A 

a 

Fa 

Fa 

Ta 

Fi 

E 

H 

A 

Da-DN-1 

LH540204 
DEPTH EXPANSION 

BLOCK 

Figure 7. Compound FIFO Expansion 

LH540204 

Dao.a Oba.a 

-rl 
-

oao.a DIJo.a 

LH540204 

_1!1 

Figure 8. Bidirectional FIFO Operation 
(4096x9 x2) 

LH540204 
DEPTH EXPANSION 
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Rb 

-
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HFb 

-
RTb 

-
Wb 

-
FFb 

-
RS 

SYSTEMB 

ARRAY STORES 
N-BIT WORDS. 
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ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5Vto7V 

Signal Pin Voltage to Vss Potential 2 -0.5 V to Vee+ 0.5 V (not to exceed 7 V) 

DC Output Current 3 ±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 outside of 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. Negative undershoots of 1.5 V in amplitude are permilfed for up to 1 o ns once per cycle. 
3. Outputs should not be shorted for more than 30 seconds. No more than one OUlput should be shorted at any time. 

OPERATING RANGE 

SYMBOL PARAMETER MIN MAX uNrr 

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 2.0 Vcc+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 UNIT 

lu Input Leakage Current Vee=5.5V, V1N =0Vto Vee -10 10 µA 

ILO Output Leakage Current A :2: V1H. o Vs.; VoUT s.; Vee -10 10 µA 

VoH Output HIGH Voltage loH=-2.0mA 2.4 v 
VoL Output LOW Voltage IOL=8.0mA 0.4 v 
Ice Average Supply Current 1 Measured at f = 33 MHz 110 mA 

lc02 Average Standby Current 1 All Inputs = V1H 15 mA 

lcc3 Power Down Current 1 All Inputs = Vee - 0.2V 8 mA 

NOTE: 
1. Ice, ICC2, and lcca 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 (Input Capacitance) 

CouT (Output Capacitance) 

NOTES: 
1. Sample tested only. 

ADVANCE INFORMATION LH540204 

RATING 

Vss to 3 V 

5 ns 

1.5 v 
1.5 v 

Figure 9 

RATING 

5 pF 

7pF 

DEVICE 
UNDER 
TEST 

+5V 

1.1 kQ 

6800 30pF* 

*INCLUDES JIG AND SCOPE CAPACITANCES 540204-4 

Figure 9. Output Load Circuit 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz, with V1N = O V. 
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AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

SYMBOL PARAMETER 
tA=20ns tA=25ns tA=35 ns tA=SOns 

UNIT 
MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE TIMING 

IRC Read ~cle lime 30 - 35 - 45 - 65 - ns 

IA Access lime - 20 - 25 - 35 - 50 ns 

IRR Read Recovery lime 10 - 10 - 10 - 15 - ns 

IRPW Read Pulse Width 2 20 - 25 - 35 - 50 - ns 

IRLZ Data Bus Active from Read LOW 3 5 - 5 - 5 - 5 - ns 

twu: Data Bus Active from Write HIGH 3.4 10 - 10 - 10 - 10 - ns 

tov Data Held Valid from Read Pulse HIGH 5 - 5 - 5 - 5 - ns 

IRHZ Data Bus High-Z from Read HIGH 3 - 15 - 15 - 15 - 20 ns 

WRITE CYCLE TIMING 

twc Write ~cle lime 30 - 35 - 45 - 65 - ns 

lwPW Write Pulse Width 2 20 - 25 - 35 - 50 - ns 

lwR Write Recov~ lime 10 - 10 - 10 - 15 - ns 

tos Data Setup lime 10 - 10 - 15 - 20 - ns 

IOH Data Hold lime 0 - 0 - 0 - 0 - ns 

RESET TIMING 

IRSC Reset ~cle lime 30 - 35 - 45 - 65 - ns 

IRS Reset Pulse Width 2 20 - 25 - 35 - 50 - ns 

IRSR Reset Recovery lime 10 - 10 - 10 - 15 - ns 

IRRSS Read HIGH to RS HIGH 20 - 25 - 35 - 50 - ns 

lwRss Write HIGH to RS HIGH 20 - 25 - 35 - 50 - ns 

RETRANSMIT TIMING 5 

IRTC Retransmit Cycle lime 30 - 35 - 45 - 65 - ns 

IRT Retransmit Pulse Width 2 20 - 25 - 35 - 50 - ns 

IRTR Retransmit Recov~ lime 10 - 10 - 10 - 15 - ns 

FLAG TIMING 

IEFL Reset LOW to Empty Fl!19_ LOW - 30 - 35 - 45 - 65 ns 

IHFH FFH Reset LOW to Hatt-Full and Full Flags HIGH - 30 - 35 - 45 - 65 ns 

IREF Read LOW to EmN_Fla_g_ LOW - 20 - 25 - 35 - 45 ns 

IRFF Read HIGH to Full Fl!IQ_ HIGH - 20 - 25 - 35 - 45 ns 

lwEF Write HIGH to Ema Fl!IQ_ HIGH - 20 - 25 - 35 - 45 ns 

lwFF Write LOW to Full Fl!IQ_ LOW - 20 - 25 - 35 - 45 ns 

lwHF Write LOW to Half-Full Fl!IQ_ LOW - 20 - 25 - 35 - 45 ns 

IRHF Read HIGH to Hatt-Full Fl!IQ_ HIGH - 20 - 25 - 35 - 45 ns 

EXPANSION TIMING 

lxOL E~sion Out LOW - 20 - 25 - 35 - 50 ns 

lxOH E~nsion Out HIGH - 20 - 25 - 35 - 50 ns 

tx1 E~nsion In Pulse Width 20 - 25 - 35 - 50 - ns 

IXIR E~nsion In Recovery_ lime 10 - 10 - 10 - 10 - ns 

tx1s Ex~nsion in Setup lime 10 - 10 - 15 - 15 - ns 

NOTES: 
1. All timing measurements are performed at 'AC Test Condition' levels. 
2. Pulse widths less than minimum value are not allowed. 
3. Values are guaranteed by design; not currently tested. 
4. Only applies to read-data flow-through mode. 
5. See also Note 2, Figure 19. 
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TIMING DIAGRAMS 

R,W 

FF,HF 

NOTES: 

1. !RSC= IRS+ IRSR· 

2. Wand R ;,, V1H around the rising edge of RS. 

Oo-Oa 

lwpw 

w \ 
I\. 

ADVANCE INFORMATION 

Figure 10. Reset Timing 

tov 

VALID DATA OUT VALID DATA OUT 

WC 

lwR 

1 I\. 
I OS I DH 

v VALID DATA IN \ J VALID DATA IN I\ " 
Figure 11. Asynchronous Write and Read Operation 

SHARP 

LH540204 

540204-14 

540204-5 
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TIMING DIAGRAMS (cont'd) 

LAST WRITE FIRST READ 

_f 

\ IRFF 

twFF 

FF \ v 
I\. 

540206-6 

Figure 12. Full Flag From Last Write to First Read 

LAST READ FIRST WRITE 

w v 
.J 

\ l IREF tweF 

EF \ .f 
540204-7 

Figure 13. Empty Flag From Last Read to First Write 
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TIMING DIAGRAMS (cont'd) 

Do· Da xxxxxxxxx VALID DATA IN xxxxxxxxxxxxxxxxxxxxx 
w ~ 

EF 

lweF 

Oo· 0 8 VALID DATA OUT 

NOTES: 
1. !APE = !RPW. 
2. ~pe: Effective Read Pulse Width after Empty Flag HIGH. 

Figure 14. Read Data Flow-Through 

1. v 
lwpf 

_f 
IRFF 

FF _J l\ 
lwFF 

t OS loH 

1---VALID DATA IN _j 

IA 

-<:MiJ VALID DATA OUT 

NOTES: 
1. WPF = WPW. 
2. WPF: Effective Write Pulse Width after Full Flag HIGH. 

540204.9 

Figure 15. Write Data Flow-Through 
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TIMING DIAGRAMS (cont'd) 

w 
lwEF 

EF 

NOTES: 
1. IRPE = IRPW. 
2. tRPE: Effective Read Pulse Width after Empty Flag HIGH. 

540204-10 

Figure 16. Empty Flag Timing 

FF 

lwPF 

w 

NOTES: 
1. lwPF = lwPw. 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 

540204-11 

Figure 17. Full Flag Timing 
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TIMING DIAGRAMS (cont'd) 

HF 

RT 

R,W 

NOTES: 

HALF-FULL 
OR LESS 

1. tRTc = tRT + tRTR· 

\ 

twHF 

\ 
I\ 

ADVANCE INFORMATION 

" 

MORE THAN 
HALF-FULL 

Figure 18. Half-Full Flag Timing 

v-
_j 

tRTR 

2. FF, HF, and EF may change state during retransmit; but they will 
become valid by tRTc· 

Figure 19. Retransmit Timing 

_l 

' f\. 

tRHF 

HALF-FULL 
OR LESS 

_l 

LH540204 

540204-12 

540204-13 
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TIMING DIAGRAMS (cont'd) 

XO 

WRITE TO LAST 
AVAILABLE 
LOCATION 

txoL lxoH 

READ FROM 
LAST VALID 
LOCATION 

txoL txoH 

Figure 20. Expansion-Out Timing 

lx1s 

txlR 

WRITE TO FIRST 
AVAILABLE 
LOCATION 

tx1s 

READ FROM FIRST 

540204-15 

r------.1 VALID ,..---
LOCATION 

Figure 21. Expansion-In Timing 

ORDERING INFORMATION 

LH540204 
Device Type 

x 
Package 

-## 
Speed 

I r ~i Access Time (ns) lso 
Blank 28-pin, 600-mil Plastic DIP* (DIP28-P-600) 

~-------< D 28-pin, 300-mil Plastic DIP (DIP28-W-300) 
K 28-pin, 300-mil SOJ * (SOJ28-P-300) 

540204-16 

U 32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 

~------------ CMOS 4096 x 9 FIFO 

* This is an Advance information data sheet; except that all references to the 
600-mil Plastic DIP and SOJ packages still have Product Preview status. 

Example: LH540204U-25 (CMOS 4096 x 9 FIFO, 32-pin PLCC, 25 ns) 
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LH540205 
FEATURES 

• Fast Access Times: 20/25/35/50 ns 

• Fast-Fall-Through Time Architecture Based on 
CMOS Dual-Port SAAM Technology 

• Input Port and Output Port Have Entirely 
Independent Timing 

• Expandable in Width and Depth 

• Full, Half-Full, and Empty Status Flags 

• Data Retransmission Capability 

• TTL-Compatible 1/0 

• Pin and Functionally Compatible with Am/IDT7205 

• Control Signals Assertive-LOW for Noise Immunity 

• Packages: 
28-Pin, 300-mil PDIP 
28-Pin, 600-mil PDIP * 

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 storing up to 8192 nine-bit words. It 
follows the industry-standard architecture and package 
pinouts for nine-bit asynchronous FIFOs. Each nine-bit 
LH540205 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing bit. 

The input and output ports operate entirely inde­
pendently of each other, unless the LH540205 becomes 
either totally full or else totally 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 write additional words into an already-full 
LH540205, or by attempting to read additional words from 
an already-empty LH540205. When an LH540205 is 
operating in a depth-cascaded configuration, the Half-Full 
Flag is not available. 

Data words are read out from the LH540205's output 
port in precisely the same order that they were written in 
at its input port; that is, according to a First-In, First Out 

ADVANCE INFORMATION 
CMOS 8192 x 9 Asynchronous FIFO 

(FIFO) queue discipline. Since the addressing sequence 
for a FIFO device's memory is internally predefined, no 
external addressing information is required for the opera­
tion of the LH540205 device. 

Drop-in-replacement compatibility is maintained with 
both larger sizes and smaller sizes of industry-standard 
nine-bit asynchronous FIFOs. The only change is in the 
number of internally-stored data words implied by the 
states of the Full Flag and the Half-Full Flag. 

The Retransmit (RT) control signal causes the internal 
FIFO-memory-array read-address pointer to be set back 
to zero, to point to the LH540205's first physical memory 
location, without affecting the internal FIFO-memory­
array write-address pointer. Thus, the Retransmit control 
signal provides a mechanism whereby a block of data, 
delimited by the zero physical address and the current 
write-address-pointer value, 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, i.e., 
advance past physical location zero after traversing the 
entire memory. The retransmit facility is not available 
when an LH540205 is operating in a depth-expanded 
configuration. 

PIN CONNECTIONS 

28-PIN PDIP TOP VIEW 
w 1 • Vee 

De 2 D4 

Da 3 Ds 

D2 4 De 

D, 5 D, 

Do 6 FLIRT 
XI 7 RS 

FF 8 EF 

Oo 9 XO/HF 

o, 07 

02 05 

03 Os 

Oa 04 

Vss Fi 

540205-20 

Figure 1. Pin Connections for PDIP Packages 

* This is an Advance Information data sheet; except that all references to the 600-mil PDIP still have Product Preview status. 
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FUNCTIONAL DESCRIPTION (cont'd) 

The Reset (RS) control signal returns the LH540205 
to an initial state, empty and ready to be filled. An 
LH540205 should be reset during every system power-up 
sequence. A reset operation causes the internal FIFO­
memory-array write-address pointer, as well as the read­
address pointer, to be set back to zero, to point to the 
LH540205's first physical memory location. Any informa­
tion which previously had been stored within the 
LH540205 is not recoverable after a reset operation. 

A cascading {depth-expansion) sc~me may be imple­
mented by using 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 LH540205 devices, without 
incurring additional latency ('fallthrough' or 'bub­
blethrough') delays, and without the necessity of storing 
and retrieving any given data word more than once. In this 
cascaded operating mode, one LH540205 device must 
be designated as the 'first-load' or 'master' device, by 
grounding its First-Load (FURT) control input; the remain­
ing LH540205 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 retrans­
mission capability are not available for either 'master' or 
'slave' LH540205 devices operating in cascaded mode. 

RS~ 
~ 

DATA INPUTS 
Do-De 

INPUT 
PORT 

CONTROL 

WRITE 
POINTER 

DUAL-PORT 
RAM 

ARRAY 
READ 

POINTER 

OUTPUT 
PORT 

CONTROL 

DATA OUTPUTS 
0 0 -0a 

5-178 

FURT 
Xi 

FLAG 
LOGIC 

EXPANSION 
LOGIC 

EF 
FF 

XO/HF 

Figure 2. LH540205 Block Diagram 
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PIN DESCRIPTIONS 

PIN PIN TYPE* DESCRIPTION 

Do-De I Input Data Bus 

Oo-Os O/Z Output Data Bus 

w I Write Request 

R I Read Request 

EF 0 Empty Flag 

FF 0 Full Flag 

* I = Input, O = Outpu~ Z = High-Impedance, V = Power Voltage Level 

OPERATIONAL DESCRIPTION 

Reset 

The LH540205 is reset whenever the Reset input (RS) 
is taken LOW. A reset operation initializes both the read­
address pointer and the write-address pointer to point to 
location zero, the first physical me~ry location. During 
a reset operation, the state of the XI and FURT inputs 
determines whether the device is in standalone mode or 
in depth-cascaded mode. (See Tables 1 and 2.) 

A reset operation is required '!!henever the LH540205 
first is powered up. The Read (R) and Write (W) inputs 
may be in any state when the reset operation is initiated; 
but they must be HIGH, before the reset operation is 
terminated by a rising edge of RS, by a time tRRSS (for 
Read) or twRss (for Write) respectively. (See Figure 9.) 

Write 

A write cycle is initiated by a falling edge of the Write 
(W) control input. Data setup times and hold times must 
be observed for the data inputs (Do - De). Write opera­
tions may occur independently of any ongoing read op­
erations. However, a write operation is possible only if the 
FIFO is not full, (i.e., if the Full Flag FF is HIGH). 

At the falling edge of W for the first write operation after 
the memory is half filled, the Half-Full Flag is asserted 
(HF = LOW). It remains asserted until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining in the LH540205 are filling 
the FIFO memory to less than or equal to one-half of its 
total capacity. The Half-Full Flag is dea~erted 
(HF = HIGH) by the appropriate rising edge of R. (See 
Table 3.) 

The Full Flag is asserted (FF= LOW) at the falling edge 
of W for the write operation which fills the last available 
location in the FIFO memory array. FF = LOW inhibits 
further write operations until FF is cleared by a valid read 
operation. The Full Flag is deasserted (FF= HIGH) after 
the next rising edge of R releases another memory loca­
tion. (See Table 3.) 

SHARP 

PIN PIN TYPE* DESCRIPTION 

XO/HF 0 Expansion Out/Half-Full Flag 

XI I Expansion In 

FURT I First Load/Retransmit 

RS I Reset 

Vee v Positive Power Supply 

Vss v Ground 

Read 

A read cycle is initiated by a falling edge of the Read 
(R) control input. Read data becomes valid at the data 
outputs (Qo - Oe) after a time tA from the falling edge of 
R. After R goes HIGH, the data outputs return to a 
high-impedance state. Read operations may occur inde­
pendently of any ongoing write operations. However, a 
read operation is possible only if the FIFO is not empty 
(i.e., if the Empty Flag EF is HIGH). 

The LH540205's internal read-address and write­
address pointers operate in such a way that consecutive 
read operations always access data words in the same 
order that they were written. The Emp_!y Flag is asserted 
(EF = LOW) after that falling edge of R which accesses 
the last available data word in the FIFO memory. EF is 
deasserted (EF = HIGH) after the next rising edge of W 
loads another valid data word. (See Table 3.) 

Data Flow-Through 

Read-data flow-through mode occurs when the Read 
(R) control input is brought LOW while the FIFO is empty, 
and is held LOW in anticipation of a write cycle. At the end 
of the next write cycle, the Empty Flag EF momentarily is 
deasserted, and the data word just written becomes 
available at the data outputs (Qo - Oe) after a maxi­
mum time of twEF + fA. Additional write operations may occur 
while the R input remains LOW; but only data from the 
first write operation flows through to the data outputs. 
Additional data words, if any, may be accessed only by 
toggling R. 

Write-data flow-through mode occurs when the Write 
(W) input is brought LOW while the FIFO is full, and is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Flag momentarily is deasserted, but 
then immediately is reasserted in response to W being 
held LOW. A data word is written into the FIFO on the 
rising edge of W, which may occur no sooner than 
tRFF + twPw after the read operation. 
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OPERATIONAL DESCRIPTION (cont'd) 

Retransmit 

The FIFO can be made to reread previously-read data 
by means of the Retransmit function. A retransmit opera­
tion is initiated by pulsing the RT input LOW. Both R and 
W must be deasserted (HIGH) for the duration of the 
retransmit pulse. The FIFO's internal read-address 
pointer is reset to point to location zero, the first physical 
memory location, while the internal write-address 
pointer remains unchanged. 

After a retransmit operation, those data words in the 
region in between the read-address pointer and the 
write-address pointer may be reaccessed by subsequent 
read operations. A retransmit operation may affect the 
state of the status flags FF, HF, and EF, depending on 
the relocation of the read-address pointer. There is no 
restriction on the number of times that a block of data 
within an LH540205 may be read out, by repeating the 
retransmit operation and the subsequent read operations. 

The maximum length of a data block which may be 
retransmitted is 8192 words. Note that if the write-address 
pointer ever 'wraps around' (i.e., passes location zero 
more than once) during a sequence of retransmit opera­
tions, some data words will be lost. 

The Retransmit function is not available when the 
LH540205 is operating in depth-cascaded mode, 
because the FURT control pin must be used for first-load 
selection rather than for retransmission control. 

Xi 

H1 

H1 

L 

NOTES: 

Table 1. Grouping-Mode Determination 
During a Reset Operation 

FD XO/HF Xi FURT 
RT 

MODE 
USAGE USAGE USAGE 

H 
Cascaded 

XO XI FL 
Slave 2 

L 
cascaded 

XO XI FL 
Master 2 

x Standalone HF (none) RT 

1. A...r.eset operation forces XO HIGH for the nth FIFO, thus forcing 
XI HIGH for the n+1st FIFO. 

2. The terms 'master' and 'slave' refer to operation in depth-cas­
caded grouping mode. 

3. H = HIGH; L = LOW; X = Donl Care. 
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110 

I 

0 

I 

Table 2. Expansion-Pin Usage According to 
Grouping Mode 

PIN STANDALONE 
CASCADED CASCADED 

MASTER SLAVE 

From From 

XI Grounded 
XO XO 
(n-1 st (n-1st 
FIFO) FIFO) 

Becomes 
To Xi To Xi 

XO/HF 
HF 

(n+1st (n+1st 
FIFO) FIFO) 

Becomes 
Grounded 

Logic 
FURT 

RT 
(Logic 

HIGH 
LOW) 

Table 3. Status Flags 

NUMBER OF UNREAD DATA 
WORDS PRESENT WITHIN FF HF EF 

8192 x9 FIFO 

0 H H L 

1 to4096 H H H 

4097to 8191 H L H 

8192 L L H 
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OPERATIONAL MODES 

Standalone Configuration 

When depth cascading is not required for a given 
application, the LH540205 is placed in standalone mode 
by tying the Expansion In input (XI) to ground. This 
input is internally sampled during a reset operation. (See 
Table 1.) 

Width Expansion 

Word-width expansion is implemented by placing mul­
tiple LH540205 devices in parallel. Each LH540205 
should be configured for standalone mode. In this ar­
rangement, the behavior of the status flags is identical for 
all devices; so, in principle, a representative value for 
each of these flags could be derived from any one device. 
In practice, it is better to derive 'composite' flag values 
using external logic, since there may be minor speed 
variations between different actual devices. (See Figures 
3 and4.) 

l HF 

DATA IN 
Do- D17 

F 

18L_ 

WRITE 

ULLFLAG 

RESET 

SHARP 

WRITE 

DATA IN 
Do-Da 

FULL FLAG 

RESET 

~ 
-w 
-
FF 

-
RS 

- Fl w 

9 9 , 

LH540205 -
FF EF 

--
RS RT 

TXi 

Figure 3. Standalone FIFO (8192 x 9) 

l - l HF HF 

~ 

w ---
Fi LH540205 

LH540205 ---
RS 

---- -
RT 

---
9 

-,-

J_x1 _t ><1 
- -

READ 

DATA OUT 
0 0 -0a 

EMPTY FLAG 

RETRANSMIT 

EF 
EMPTY FLAG 

R 
READ 

-
RT 

RETRANSMIT 

9 
/ 

1~ 
7 

Figure 4. FIFO Word-Width Expansion {8192x18) 

54020~17 

DATA OUT 
Oo-011 

540205-18 
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OPERATIONAL MODES {cont'd) 

Depth Cascading 

Depth cascading is implemented by configuring the 
required number of LH540205s in depth-cascaded mode. 
In this arrangement, the FIFOs are connected in a circular 
fashion, with the Expansion Out output (XO) of each 
device tied to the Expansion In input (Xi) of the next 
device. One FIFO in the cascade must be designated as 
the 'first-load' device, by tying its First Load input (FURT) 
t? ground. All other devices mus~ave their FURT inputs 
tied HIGH. In this mode, W and R signals are shared by 
all devices, while logic within each LH540205 controls the 
steering of data. Only one LH540205 is enabled during 
any given write cycle; thus, the common Data In inputs of 

Jxo 
-
w 

DATA IN 9 9 

Do-De FF LH540205 

~ 

all devices are tied together. Likewise, only one 
LH540205 is enabled during any given read cycle; thus, 
the common Data Out outputs of all devices are wire­
ORed together 

In depth-cascaded mode, external logic should be 
used to generate a composite Full Flag and a composite 
Empty Flag, by ANDing the FF outputs of all LH540205 
devices together and ANDing the EF outputs of all devices 
together. Since FF and EF are assertive-LOW signals, 
this 'ANDing' actually is implemented using an assertive­
HIGH physical OR gate. The Half-Full Flag and the 
Retransmit function are not available in depth-cas­
caded mode. 

Fi 
9 9 DATA OU T 

EF Oo-Oa 

~ 
-fx'xo 

9/ 9.L 

~ FF LH540205 El' 

RS ~ 
1Xixo 

9 9 
7_ 

FF 
LH540205 

El' 

-

RS 
RS FL 

1x1 --
540205-19 

Figure 5. FIFO Depth Cascading (24576 x 9) 
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OPERATIONAL MODES (cont'd) 

Compound FIFO Expansion 

A combination of word-width expansion and depth 
cascading may be implemented easily by operating 
groups of depth-cascaded FIFOs in parallel. 

of another LH540205, which is 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 word­
width expansion and depth cascading may be used in 
bidirectional applications. 

Bidirectional FIFO Operation 

Bidirectional data buffering between two systems may 
be implemented by operating LH540205 devices in par­
allel, but in opposite directions. The Data In inputs of each 
LH540205 are tied to the corresponding Data Out outputs 

.--O-o-_a_a;.... .... ____________ a_o-_a_1_7 ..... _..~)..--a_o_-a_N~-1-o .... ~O~o--O-N~-1--_,..DATAOUT 

R 
w 
RS 

DATA IN 

SHARP 

LH540205 
DEPTH EXPANSION 

BLOCK 

w a 

Fa 

-
RS 

SYSTEM A 

a 

Fa 

Fa 

Ta 

R 

E 

H 

R 

LH540205 
DEPTH EXPANSION 

BLOCK 

Figure 6. Compound FIFO Expansion 

LH540205 

Dao.a Oba-a 

~I 
-

aaa.a Dbo.a 

LH540205 

IXi 
Figure 7. Bidirectional FIFO Operation 

(8192 x 9 x 2) 

LH540205 
DEPTH EXPANSION 

BLOCK 

Rb 
-
EFb 

HFb 

-
RTb 

-
Wb 

-
FFb 

-
RS 

SYSTEM B 

ARRAY STORES 
N-BIT WORDS. 

540205-20 

540205-21 
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ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5Vto7V 

Signal Pin Voltage to Vss Potential 2 -0.5 V to Vee+ 0.5 V (not to exceed 7 V) 

DC Output Current 3 ±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 outside of 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. Negative undershoots of 1.5 Vin amplitude are permitted for up to 1 O ns once per cycle. 
3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

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 2.0 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 =0Vto Vee -10 10 µA 

ILO Output Leakage Current R~V1H, OV~VouT~Vec -10 10 µA 

VoH Output HIGH Voltage loH=-2.0mA 2.4 v 
VoL Output LOW Voltage loL=B.O mA 0.4 v 
Ice Average Supply Current 1 Measured at f = 33 MHz 110 mA 

lcc2 Average Standby Current 1 All Inputs= V1H 15 mA 

lcc3 Power Down Current 1 All Inputs= Vee - 0.2V 8 mA 

NOTE: 
1. Ice, I=, and lcca 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 (Input Capacitance) 

CouT (Output Capacitance) 

NOTES: 
1. Sample tested only. 

ADVANCE INFORMATION 

RATING 

Vss to 3 V 

5 ns 

1.5 v 
1.5 v 

Figure 8 

DEVICE 
UNDER 
TEST 

1.1kn 

6800 

LH540205 

+5 v 

30pF* 

* INCLUDES JIG AND SCOPE CAPACITANCES 
540205-4 

RATING Figure 8. Output Load Circuit 
5 pF 

7pF 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz, with V1N = O V. 
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AC ELECTRICAL CHARACTERISTICS 1 (Over Operating Range) 

tA=20ns tA=25ns tA=35ns tA=SOns 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

READ CYCLE TIMING 

lRC Read ~le lime 30 - 35 - 45 - 65 - ns 

IA Access lime - 20 - 25 - 35 - 50 ns 

lRR Read Recov~ lime 10 - 10 - 10 - 15 - ns 

lRPW Read Pulse Width 2 20 - 25 - 35 - 50 - ns 

lRLZ Data Bus Active from Read LOW 3 5 - 5 - 5 - 5 - ns 

lwLZ Data Bus Active from Write HIGH 3•4 10 - 10 - 10 - 10 - ns 

tov 
Data Held Valid from Read Pulse 5 - 5 - 5 - 5 - ns 
HIGH 

IRHZ Dala Bus Hig_h-Z from Read HIGH 3 - 15 - 15 - 15 - 20 ns 

WRITE CYCLE TIMING 

twc Write ~le lime 30 - 35 - 45 - 65 - ns 

twPW Write Pulse Width 2 20 - 25 - 35 - 50 - ns 

lwR Write Recov~ lime 10 - 10 - 10 - 15 - ns 

tos Data Seti£_ lime 10 - 10 - 15 - 20 - ns 

!OH Data Hold lime 0 - 0 - 0 - 0 - ns 

RESET TIMING 

!RSC Reset ~le lime 30 - 35 - 45 - 65 - ns 

IRS Reset Pulse Width 2 20 - 25 - 35 - 50 - ns 

IRSR Reset Recov~ lime 10 - 10 - 10 - 15 - ns 

lRRSS Read HIGH lo RS HIGH 20 - 25 - 35 - 50 - ns 

lwRSS Write HIGH to RS HIGH 20 - 25 - 35 - 50 - ns 

RETRANSMIT TIMING 5 

lITTC Retransmit ~le lime 30 - 35 - 45 - 65 - ns 

!ITT Retransmit Pulse Width 2 20 - 25 - 35 - 50 - ns 

IITTR Retransmit Recov~ lime 10 - 10 - 10 - 15 - ns 

FLAG TIMING 

lEFL Reset LOW to Empty Fl'!9.. LOW - 30 - 35 - 45 - 65 ns 

tHFH,FFH 
Reset LOW to Half-Full and Full - 30 - 35 - 45 - 65 ns 
F1¥HIGH 

tREF Read LOW to Em_E!y_Fl'!9.. LOW - 20 - 25 - 35 - 45 ns 

tRFF Read HIGH to Full F1'!9.. HIGH - 20 - 25 - 35 - 45 ns 

lwEF Write HIGH to Em_&FI~ HIGH - 20 - 25 - 35 - 45 ns 

lwFF Write LOW to Full Fl'!9.. LOW - 20 - 25 - 35 - 45 ns 

lwHF Write LOW to Half-Full Fl<ig_ LOW - 20 - 25 - 35 - 45 ns 

tRHF Read HIGH to Half-Full Fl'!9.. HIGH - 20 - 25 - 35 - 45 ns 

EXPANSION TIMING 

txOL Exj)ll_nsion Out LOW - 20 - 25 - 35 - 50 ns 

txoH Expansion Out HIGH - 20 - 25 - 35 - 50 ns 

tx1 Exj)ll_nsion In Pulse Width 20 - 25 - 35 - 50 - ns 

IXIR Ex~sion In Recov~ lime 10 - 10 - 10 - 10 - ns 

tx1s Expansion in Setup lime 10 - 10 - 15 - 15 - ns 

NOTES: 
1. All timing measuremen1s are performed at 'AC Test Condition' levels. 

2. Pulse widths less than minimum value are not allowed. 

3. Values are guaranteed by design; not currently tested. 

4. Only applies to read-data flow-through mode. 

5. See also Note 2, Figure 18. 
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TIMING DIAGRAMS 

R,W 

EF 

FF.HF 

NOTES: 

1. ~SC= !Rs+ !RSA· 
2. Wand R ~ V1H around the rising edge of RS. 

Oa· Oa 

!wPW 

w l 

ADVANCE INFORMATION 

Figure 9. Reset Timing 

tov 

VALID DATA OUT VALID DATA OUT 

WC 

lwR 

y ~ 
t DS I DH 

VALID DATA IN \ { VALID DATA IN 
_J 

Figure 1 O. Asynchronous Write and Read Operation 

SHARP 

LH540205 

540205-14 

540205-5 
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TIMING DIAGRAMS (cont'd) 

LAST WRITE FIRST READ 

_f 

\ 
IRFF 

IWFF 

FF \ v 
I\ 

540205-6 

Figure 11. Full Flag From Last Write to First Read 

LAST READ FIRST WRITE 

_f 

1 IREF lwEF 

EF 'l _l 
540205-7 

Figure 12. Empty Flag From Last Read to First Write 
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TIMING DIAGRAMS (cont'd) 

Do- Da xxxxxxxxx VALID DATA IN xxxxxxxxxxxxxxxxxxxxx 

EF 

twEF 

Oo-08 VALID DATA OUT 

NOTES: 
1. IRPE = tRPW. 
2- liiPE: Effective Read Pulse Width after Empty Flag HIGH. 

540205-8 

Figure 13. Read Data Flow-Through 

l 1 twPF 

w 1 
tRFF 

FF _l l 
twFF 

tos toH 

VALID DATA IN ~ 

tA 

<LM VALID DATA OUT 

NOTES: 
1. lwPF = twpw. 
2. fwpF: Effective Write Pulse Width after Full Flag HIGH. 

540205-9 

Figure 14. Write Data Flow-Through 
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TIMING DIAGRAMS (cont'd) 

w 

lwEF 

EF 

NOTES: 
1. !APE = !APW. 
2. !APE' Effective Read Pulse Width after Empty Flag HIGH. 

540205-10 

Figure 15. Empty Flag Timing 

FF 

!wPF 

w 

NOTES: 
1. lwPF = lwPW. 
2. !wPF: Effective Write Pulse Width after Full Flag HIGH. 

540205-11 

Figure 16. Full Flag Timing 
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TIMING DIAGRAMS (cont'd) 

w 

RT 

R,W 

NOTES: 

HALF-FULL 
OR LESS 

1. tRTC = tRT + tRTR· 

l 

twHF 

' I\. 

ADVANCE INFORMATION 

\ 

MORE THAN 
HALF-FULL 

Figure 17. Half-Full Flag Timing 

.J 
!RTR 

2. FF, HF, and EF may change state during retransmit; but they will 

become valid by tRTC· 

Figure 18. Retransmit Timing 

SHARP 

1 

' I\. 

tRHF 

HALF-FULL 
OR LESS 

1 

LH540205 

540205-12 

540205-13 
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TIMING DIAGRAMS (cont'd) 

WRITE TO LAST 
AVAILABLE 
LOCATION 

txoH 

Figure 19. Expansion-Out Timing 

!xis 

WRITE TO FIRST 
AVAILABLE 
LOCATION 

!xis 

READ FROM 
LAST VALID 
LOCATION 

lxoH 

READ FROM FIRST 

540205-15 

'r------..1 VALID ,---

ORDERING INFORMATION 

LH540205 
Device Type 

x 
Package 

Figure 20. Expansion-In Timing 

-## 
Speed 

I r ~~ Access Time (ns) 

[so 

LOCATION 

540205-16 

'---------< Blank 28-pin, 600-mil Plastic DIP* (DIP28-P-600) 
D 28-pin, 300-mil Plastic DIP {DIP28-W-300) 

'--------------- CMOS 8192 x 9 FIFO 

• This is an Advance information data sheet; except that all references to the 
600-mil Plastic DIP package still have Product Preview status. 

Example: LH540205-25 (CMOS 8192 x 9 FIFO, 28-pin, 600-mil DIP, 25 ns) 
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LH540215/25 
FEATURES 

• Fast Cycle limes: 20/25/35 ns 

• Pin-Compatible Drop-In Replacements for 
IDT72215B/25B FIFOs 

• Choice of IDT-Compatible or Enhanced Operating 
Mode; Selected by an Input Control Signal 

• Device Comes Up into One of Two Known Default 
States at Reset Depending on the State of the 
EMODE Control Input: Programming is Allowed, but 
is not Required 

• Internal Memory Array Architecture Based on CMOS 
Dual-Port SRAM Technology, 512x18or1024 x 18 

• '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 

• Most Control Signals Assertive-LOW for 
Noise Immunity 

RS-~ 
~ 

PRELIMINARY 
512 x 18/1024 x 18 Synchronous FIFO 

• May be Cascaded for Increased Depth, or 
Paralleled for Increased Width 

• 16-mA-loL Three-State Outputs 

• Five Status Flags: Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty; 'Almost' Flags are 
Programmable 

• In Enhanced Operating Mode, Almost-Full, 
Haff-Full, and Almost-Empty Flags can be Made 
Completely Synchronous 

• In Enhanced Operating Mode, Duplicate Enables 
for Interlocked Paralleled FIFO Operation, for 
36-Bit Data Width, when Selected and 
Appropriately Connected 

• In Enhanced Operating Mode, Disabling 
Three-State Outputs May be Made to Suppress 
Reading 

• Data Retransmit Function 

• TTUCMOS-Compatible 1/0 

• Space-Saving 68-Pin PLCC Package 

FURT 
WXl/WEN2 

WXO/HF 
RXllREN2 

RXO/EF2 

EXPANSION 
LOGIC 

FIFO 
MEMORY ARRAY 
512x 18/1024 x 18 

WCK 

WEN 

INPUT 
PORT 

CONTROL 
LOGIC 

WRITE 
POINTER 

OUTPUT 
PORT 

CONTROL 
LOGIC 

RCK 

WXllWEN2 RXl/REN2 

DEDICATED AND 1----1--t---t--~- EF 
PAF -----+----t--1----1 PROGRAMMABLE 1---t---t---i-----~- RXOIEF2 

wxoiRF-----±----+--1---t__s_T_AT_u~s-F_LA_G_s _ _:----+-+-----±---~PAE 

INPUT 
PORT Do -017 

LD----------i 

BOLD ITALIC= Enhanced Operating Mode. 

PROGRAMMABLE 
REGISTERS 

Figure 1. LH540215/25 Block Diagram 

BOLD ITALIC= Enhanced Operating Mode 

SHARP 

OUTPUT 
PORT 

OE 

540215-1 
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LH540215/25 PRELIMINARY 512 & 1024x18 Synchronous FIFO 

FUNCTIONAL DESCRIPTION 

NOTE: Throughout this data sheet, a BOLD ITALIC 
type font is used for all references to Enhanced Operat­
ing Mode features which do not function in I OT-Compat­
ible Operating Mode; and also for all references to the 
retransmitfacility (which is not an IDT722158/25B FIFO 
feature), even though it may be used - subject to some 
restrictions - in either of these two operating modes. 
Thus, readers interested only in using the LH540215/25 
FIFOs in IDT-Compatible Operating Mode may skip over 
BOLD ITALIC sections, if they wish. 

The LH540215/25 are FIFO (First-In, First-Out) memory 
devices, based on fully-static CMOS dual-port SAAM tech­
nology, capable of containing up to 512or1024 18-bit words 
respectively. They can replace two or more byte-wide FIFOs 
in many applications, for microprocessor-to-microprocessor 
or microprocessor-to-bus communication. Their architec­
ture supports synchronous operation, tied to two inde­
pendent 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 inde­
pendently of each other, unless the FIFO becomes either 
totally full or else totally 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 value of 63 
(LH540215) or 127 (LH540225) FIFO-memory words, 
from the respective FIFO boundary. If this default offset 
value is satisfactory, no further programming is required. 

After a reset operation during which the EMODE control 
input was not asserted (was HIGH), these FIFOs operate in 
the IDT-Compatible Operating Mode. In this mode, each 
part is pin-compatible and functionally-compatible with the 
IDT722158/25B part of similar depth and speed grade; and 
the Control Register is not even accessible or visible to the 
external-system logic which is controlling the FIFO, although 
it still performs the same control functions. 

However, assertion of the EMODE control input 
during a reset operation leaves Control Register bits 
00-0S set, and causes the FIFO to operate in the 
Enhanced Operating Mode. In essense, asserting 
EMODE chooses a different default state for the Con­
trol Register. The system optionally then may pro­
gram the Control Register in any desired manner to 
activate or deactivate any or all of the Enhanced-Op­
erating-Mode features which it can control, including 
selectable-clock-edge flag synchronization, and read 
inhibition when the data outputs are disabled. 
BOLD ITAUC =Enhanced Operating Mode 
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Whenever EMODE is being asserted, interlocked­
operation paralleling also is available, by appropriate 
interconnection of the FIFO's expansion inputs. 

The retransmit facility is available during standalone 
operation, in either IDT-Compatible Operating Mode or 
Enhanced Operating Mode. (See Tables 1 and 2.) It is 
inoperative if the FU RT input signal is grounded. It is not 
an IDT72215B/25B feature. 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. 
The only restrictions are that neither the read-ad­
dress pointer nor the write-address pointer may 
'wrap around' during this entire process, and that the 
retransmit facility is not available during depth-cas­
caded operation, either in IDT-Compatible Operating 
Mode or in Enhanced Operating Mode. (See Tables 1 
and 2.) Also, the flags behave differently for a short 
time after a retransmit operation. Otherwise, the re­
transmit facility is available during standalone opera­
tion, in either IDT-Compatible Operating Mode or 
Enhanced Operating Mode. 

Programming the programmable-flag offsets, the tim­
ing synchronization of the various status flags, the 
optional read-suppression functionality of OE, and 
the behavior of the pointers which access the offset-value 
registers and the Control Register may be individually 
controlled by asserting the signal LO, without any reset 
operation. When LO is being asserted, and writing is 
being enabled by asserting WEN, some portion of the 
input bus word Do - 011 is used at the next rising edge of 
WCLK to program one or more of the programmable 
registers on successive write clocks. Likewise, the values 
programmed into these programmable registers may be 
read out for verification by asserting LO and REN, with 
the outputs Oo - 011 enabled. Reading out these pro­
grammable registers should not be initiated while they are 
being written into. Table 3 defines the possible modes of 
operation for loading and reading out the contents of 
programmable registers. 

In the Enhanced Operating Mode, coordinated op­
eration of two 18-bit FIFOs as one 36-bit FIFO may be 
ensured by 'interlocked' crosscoupling of the status­
flag outputs from each FIFO to the expansion inputs 
of the other one; that is, FF to WXVWEN2, and EF to 
RXVREN2, in both directions between two paralleled 
FIFOs. This 'interlocked' operation takes effect auto­
matically, if two paralleled FIFOs are crossconnected 
in this manner, with the EMODE control input being 
asserted (LOW). (See Tables 1and2.) IDT-compatible 
depth cascading no longer is available when operat­
ing in this 'interlocked-paralleled' mode; however, 
pipelined depth cascading remains available. 
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512 & 1024x18 Synchronous FIFO PRELIMINARY LH540215/25 

TOP VIEW 
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Figure 2. Pin Connections for PLCC Package 

SUMMARY OF SIGNALS/PINS 

PIN NAME PIN NAME 

Do-011 Data Inputs RXllRENa Read Expansion lnpuVRead Enable 2 

RS Reset -
Full Flag FF 

EMODE Enhanced Operating Mode PAF Programmable Almost-Full Flag 
WCLK Write Clock WXO/HF Write Expansion OutpuVHalf-Full Flag 
WEN Write Enable PAE Programmable Almost-Empty Flag 
RCLK Read Clock -

Empty Flag EF 
REN Read Enable 

OE Output Enable 

LD Load 

RXO/EFa Read Expansion Output/Empty Rag 2 

Qo-011 Data Outputs 

FLIRT First Load/Retransmit 
Vee Power 

WX.l/WEN2 Write Expansion lnpuVWrlte Enable 2 
Vss Ground 

BOLD ITALIC= Enhanced Operating Mode 
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LH540215/25 PRELIMINARY 512 & 1024 x 18 Synchronous FIFO 

PIN DESCRIPTIONS 

PIN NAME PIN DESCRIPTION TYPE 1 

Do-D11 Data Inputs I Data inputs from an 18-bit bus. 

When RS is taken LOW, the FIFO's internal read and write P.Qinters are set to 

- address the first physical location of the RAM array; FF and PAF go HIGH; and 
RS Reset I PAE and EF go LOW. The programmable-flag-offset registers and the Control 

Register are set to their default values. (But see the description of EMOOE, 
below.) A reset is required before an initial read or write operation after power-up. 

When EMOOE Is held LOW, the default setting for Control Register bits 00-
05 after a reset operation changes to HIGH rather than LOW, thus enabling 
all Control-Register-control/able Enhanced Operating Mode features, and 
allowing access to the Control Register for repf09!!!!!!.mll19 or readback. 
(See Tables 1, 2 and 5.) If this behavior Is desired, EMOOE may be 

Enhanced grounded; however, Control Register bits 00-05 still may be individually 
EMOOE Operating I programmed to se/ectlvely enable or disable certain of the Enhanced Mode 

Mode features, even though those features associated with interlocked-paralleled 
operation always are enabled whenever EMOOE is being asserted. (See 
Table 2.) Alternatively, EMOOE may be tied to Vee; so that the RFO is 
functionally IDT~, and the Control Register is not accessible or 
visible. Control/Ing EMOOE dynamically during system operation is not 
recommended. 

Data is written into the FIFO on a LOW-to-HIGH transition of WCI.JS,_ whenever 
WCLK Write Clock I WEN (Write Enable) is being asserted (LOW), and LD is HIGH. If LD is LOW, a 

programmable 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 HIGH, the FIFO 

WEN Write Enable I 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 Enhanced Operating Mode, WEN2 
is ANOed with WEN to produce an effective internal write-enable signal. 2 

Data is read from the FIFO on a LOW-to-HIGH transition of RCLK whenever REN 
RCLK Read Clock I (Read Enable) is being asserted (LOW), and LD is HIGH. If LD is LOW, a 

programmable 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 eve_!YLOW-to-HIGH transition of RCLK When REN is HIGH, and/or also 
when EF is LOW, the FIFO's output register continues to hold the previous data 

REN Read Enable I word, whether or not Co - 011 (the data outputs) are enabled. (See Table 3.) In 
the Enhanced Operating Mode, REN2 is ANOed with REN (and whenever 
Control Register bit 05 ls HIGH, also with OE) to produce an effective 
internal retJCl.enable signal. 2 

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) 

OE Output Enable I state. In the Enhanced Operating Mode, OE not only continues to control 
the outputs in this same manner, but also can function as an additiona_I _ 
ANOing input to the combined effective read-enable signal, along with REN 
and RENa, whenever Control Register bit 05 is HIGH. (See Table 5.) 2 

When LD is LOW, the data word on Do- D17 (the data inputs) is written into a 
programmable-flag-offset register, or into the Control Register (when in the 
Enhanced~g Mode), on the LOW-to-HIGH transition of WCLK, 

LO Load I whenever WEN is LOW. (See Table 3.) Also, when LD is LOW, a word is read to 
Co- 011 (the data outputs) from the offset registers ant:Vor the Control Register 
{when In the Enhanced Operating Mode) 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. 

1 I = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 
2 The ostensible differences in signal assertiveness are reconciled before ANDing. 

BOLD rrALIC =Enhanced Operating Mode 

5-196 



512 & 1024 x 18 Synchronous FIFO PRELIMINARY LH540215/25 

PIN DESCRIPTIONS (cont'd) 

PIN NAME PIN 
DESCRIPTION TVPE 1 

In the standalone or paralleled configuration, FL may be grounded. However, in 
the standalone or paralleled configuration, if FL is taken HIGH, It functions 
instead as Hr (Retransmit), and resets the RFO's internal read pointer to 
the first physical location of the RAM array. Note that although Retransmit 
is an 'enhanced' feature, It is always available for a RFO during standalone 

FLIRT First Load/ operation, whether the RFO is in /OT-Compatible Operating Mode or In 

Retransmit 
I Enhanced Operating Mode; it is not regulated by the Control Register or by 

the EMOOE control input In IDT-compatible cascaded configuration, FL has an 
entirely different 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. Thus, the Retransmitfeature is not available for FIFOs operating in 
a cascaded configuration. The external differences in signal assertiveness are 
reconciled before ANDing. 2 

This signal is dual-purpose; its functionality is determined during a reset 
operation, accordins.!Q. its own state, and also according to the states of the three 

Write Expansion other control inputs RXllRENz, FLIRT, and EMOOE. (See Tables 1 and 2.) In the 

WXl/WEN2 lnpuVWrite I standalone or ~lleled configuration, WXllWEN2 is grounded. In the cascaded 

Enable2 
configuration, WXllWEN2 is connected to WXO (Write Expansion Output) of the 
~ious device, and functions as WXI. In the Enhanced Operating Mode, 
WXllWENa functions as a second write-enable signal, WEN2, which Is 
ANOed with WEN to produce an effective Internal writfHHIBble signal. 2 

This signal is dual-purpose; its functionality is determined during a reset 
operation, accordingJQjts own state, and also according to the states of the three 
other control inputs WXVWEN2, FLIRT, and EMOOE. (See Tables 1 and 2.) In 

Read Expansion the standalone or paralleled configuration, RXllRE~rounded. In the 
RXllRENa lnpuVRead I cascaded configuration, RXVREN2 is connected to RXO (Read Expansion 

Enable2 Output) of the previous device, and functions as RXI. In the Enhanced 
Operating Mode, RXVREN2 functions BS a second read-enable signal, RENa, 
which is ANOed with REN- and perhaps also with OE, if Control·Repister 
bit 05 is HIGH- to produce an effective Internal read-enable signal. 

When FF is LOW, the FIFO is full; further advancement of its internal write:_ 
-

0 address pointer, and further data writes into its inputs, are inhibited. When FF is FF Full Flag HIGH, the FIFO is not full. FF is synchronized to WCLK. FF is functionally 
equivalent to an assertive-HIGH 'Input Ready' status output signal. 

When PAF is LOW, the FIFO is 'almost full,' based on the almost-full-offset value 
programmed into the FIFO. The default value of this offset at reset is one-eighth 

PAF Programmable of the total number of words in the FIFO-memory array, minus on~easured 

Almost-Full Flag 0 from 'full.' (See Table 4.) In the IDT-Compatible Operating Mode, PAF is 
asynchronous. In the Enhanced Operating Mode, PAF is synchronized to 
WCLK after a reset operation, according to the state of Control Register bit 
04. (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 WXllWEN2 and RXVRENa. (See 
Tables 1 and 2.) In the standalone or paralleled configuration, whenever HF is 

Write Expansion LOW the device is more than haH full. In IDT-Compatible Operating Mode, HF is 
WXOIHF OutpuV 0 asynchronous; In the Enhar.ced Operating Mode, HF may be synchronized 

Half-Full Flag either to WCLK or to RCLK after a reset operation, according to the state of 
Control Register bits 02 and 03. (See Table~ the IDT-compatible cascaded 
configuration, a pulse is sent from WXO to the WXI input of the next FIFO in the 
daisy-chain cascade, whenever the last location in the FIFO is written. 

1 I = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 
2 The ostensible differences in signal assertiveness are reconciled before ANDing. 

BOLD fTALIC =Enhanced Operating Mode 
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LH540215/25 PRELIMINARY 512 & 1024x18 Synchronous FIFO 

PIN pESCRIPTIONS (cont'd) 

PIN NAME 
PIN DESCRIPTION 

TYPE 1 

When PAE is LOW, the FIFO is 'almost empty,' based on the almost-empty-offset 
value programmed into the FIFO. The default value of this offset at reset is one-

Programmable eighth of the total number of words in the FIFO-memory array, minus one, _ 
PAE Almost-Empty 0 measured from 'empty.' (See Table 4.) In IDT-ComPi!tible Operating Mode, PAE is 

Flag asynchronous. In the Enhanced Operating Mode, PAE Is synchronized to 
RCLK after a teSet operation, according to the state of Control Register bit 
01. (See Table 5:1_ 

When EF is LOW, the FIFO is empty; further advancement of its internal read-
address pointer, and further changes in the data worQ.present at its outputs, are 

EF Empty Flag 0 inhibited. When EF is HIGH, the FIFO is not empty. EF is synchronized to RCLK. 
EF is functionally equivalent to an assertive-HIGH 'Output Ready' status output 
s~al. 

This signal is dual-purpose; its functionality is determined by the state of the 
EllAODE control input during a reset operation. (See Tables 1 and 2.) In the IDT-

RXOIEFa Read Expansion .QQmpatible ..QQ!!rating Mode, in a cascaded configuration, a pulse is sent from 
0 RXO to the RXI input of the next FIFO in the daisy-chain cascade, whenever the Output last location of the FIFO is read. In the Enhanced Operating Mode, whenever 

EllAODE is being asserted (LOW), EF2 behaves as an exact duplicate of EF, 
but delayed by one full cycle of RCLK with respect to EF. 

Oo-011 Data Outputs Oil Data outputs to drive an 18-bit bus. 

Vee Power v Seven +5 V power-supply pins. 

Vss Ground v Eight O V ground pins. 
1 I = Input, O =Output, Z = High-Impedance, V = Power Voltage Level 

BOLD ITAUC =Enhanced Operating Mode 
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512 & 1024x18 Synchronous FIFO PRELIMINARY LH540215/25 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

S~ Volt'!ll_e to Vss Potential -0.5 Vto7V 
SJ.9.nal Pin Volt'!9_e 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 (PLCC Package Limit) 2W 

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 s~ Volt'!ll_e 4.5 5.5 v 
Vss Supp!Y_ Voltage 0 0 v 
V1L Logic LOW lllfl_ut Volt'!ll_e -0.5 0.8 v 
V1H Logic HIGH Input Voltage 2.0 Vcc+0.5 v 

DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 

SYMBOL PARAMETER TEST CONDITIONS MIN. 

lu Input Leakage Vee = 5.5 V, V1N = o V to Vee -1 

ILO 1/0 Leakage OE ;e: V1H, 0 v ~ VouT~ Vee -2 

VoH Output HIGH Voltage loH=-8.0mA 2.4 

VOL Output LOW Volt'!ll_e loL= 16.0 mA 
Ice Aver'!ll_e Operatirig_ Supply Current 1 Measured at fee = maximum 

lcc2 Aver'!ll_e Stand~ S~ Current All illfl_uts = V1HM1Nj_clocks idl!& 
lcc3 Power-Down Supply Current All inputs= Vee- 0.2 V (clocks idle) 

NOTE: 
1. Output load is disconnected. 

AC TEST CONDITIONS 

PARAMETER 
Input Pulse Levels 
Input Rise and Fall limes 

j10%to90%) 
lllfl_ut liming_ Reference Levels 
Output liming Reference Levels 

Output Load, R1 (Top Resistor) 
liming Tests R2 (Bottom Resistor) 
(Figure 3) CL (Load Capacitance) 

RATING 
Vss to 3 V 

3 ns 

1.5 v 
1.5 v 

1.1kn 

680'2 
30pF 

+5V 

1.1 kQ 

DEVICE 
UNDERC>-~~~..__~ 

TEST 
680'1 

MAX. 

1 

2 

0.4 
250 
60 
1 

30pF* 

*INCLUDES JIG AND SCOPE CAPACITANCES 
CAPACITANCE 

PARAMETER RATING Figure 3. Output Load Circuit 

C1N (Input Capacitance) V1N = 0 V 10pF 
CouT (Output Capacitance) VouT = 0 V 10pF 

BOLD ITALIC= Enhanced Operating Mode 
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~ 
~ 
v 
v 

mA 
mA 
mA 
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LH540215/25 PRELIMINARY 512 & 1024 x 18 Synchronous FIFO 

AC ELECTRICAL CHARACTERISTICS 

-20 -25 -35 
SYMBOL PARAMETER 

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

fee Clock Cycle Frequency 50 40 28.6 

IA Data Access lime 2 12 3 15 3 20 

ICLK Clock Cycle lime 20 25 35 

ICLKH Clock HIGH lime 8 10 14 

ICLKL Clock LOW lime 8 10 14 

tos Data i:;etup lime 5 6 7 

loH Data Hold lime 1 1 2 

IENS Enable Setup lime 5 6 7 

IENH Enable Hold lime 1 1 2 

IRS Reset Pulse Width 1 20 25 35 

tRSS Reset Setup lime 2 12 15 20 

IRSR Reset Recovery lime 2 12 15 20 

tRSF Reset to Flag and Output lime 30 35 40 

lotz Output Enable to Output in Low-Z 2 0 0 0 

loE Output Enable to Output Valid 9 12 15 

loHz Output Enable to Output in High-Z 2 1 9 1 12 1 15 

lwFF Write Clock to Full Flag 12 15 20 

IREF Read Clock to Empty Flag 12 15 20 

tPAF 
Clock to Programmable Almost-Full Flag (IDT-Compatible Operating 14 17 23 
Mode) 

tPAE 
Clock to Programmable Almost-Empty Flag (IDT-Compatible 14 17 23 
Operating Mode) 

tHF Clock to Half-Full Flag (IDT-Compatible Operating Mode) 14 17 23 

tPAFS 
Clock to Programmable Almost-Fu// Rag (Enhanced Operating 14 17 23 
Mode) 

tPAES 
Clock to Programmable Almost-Empty Rag (Enhanced 14 17 23 
Operating Mode) 

tHFS Clock to Half-Full Rag (Enhanced Operating Mode) 14 17 23 

txo Clock to Expansion-Out 12 15 20 

tx1 Expansion-In Pulse Width 8 10 14 

tx1s Expansion-In Setup lime 8 10 15 

tsKEW1 Skew lime Between Read Clock and Write Clock for Full Flag 3 14 16 18 

tsKEW2 Skew lime Between Write Clock and Read Clock for Empty Flag 4 14 16 18 

NOTES: 
1. Pulse widths less than the stated minimum values may cause incorrect operation. 
2. Values are guaranteed by design; not currently tested. 
3. These times also apply to the Programmable-Almost-Full and Half-Full flags when they are synchronized to WCLK. 
4. These times also apply to the Half-Full and Programmable-Almost-Empty flags when they are synchronized to RCLK 

BOLD ITALIC= Enhanced Operating Mode 
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512 & 1024x18 Synchronous FIFO 

DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES 

PRELIMINARY 

Table 1. Grouping-Mode Determination 
During a Reset Operation 4 

---

LH540215/25 

- --
WXVWEN2 RXVREN2 ---

WXVWEN2 
-

FURT 
WXO/HF FLJRT RXO/EF2 EMO DE RXVREN2 MODE 
USAGE USAGE USAGE USAGE USAGE 

H H H H 
Cascaded wxo WXI RXI FL RXO 
Slave 1 

H H H L 
Cascaded wxo WXI RXI FL RXO 
Master 1 

H H L x (Reserved) - - - - -

H L H x (Reserved) - - - - -
H L L H2 (Not Allowed) (HF) (none) (none) (RT} (none) 

H L L L2 Standalone HF (none) (none) RT (none) 

L x x L2 Interlocked 
HF WEN2 REN2 RT EF2 Paralleled 3 

NOTES: 
1. The terms 'master' and 'slave' refer to IDT ~ompatible cascading. In pipelined cascading3, there is no such distinction. 
2. Once grouping mode has been determined during a reset operation, FURT then may go HIGH to activate a retransmit operation. 
3. EMODE must be asserted for access to the Control Register to be enabled. Also, FIFOs being used in a pipelined-cascading 

configuration should be in Interlocked Paralleled mode. 
4. Setup-time and recovery-time specifications apply during a reset operation. 
5. H = HIGH; L = LOW; X = Don't Care. 

Table 2. Expansion-Pin Usage According to 
Grouping Mode 

IDT-COMPATIBLE OPERATING MODE 

VO PIN 

MASTER SLAVE STANDALONE 

I WXllWEN2 From WXO (n·1st FIFO) From WXO (n·1st FIFO) Grounded 
-

0 WXO/HF To WXI (n+ 1st FIFO) ToWXI (n+1stFIFO) Becomes HF 

I RXl/REN2 From RXO (n· 1st FIFO) From RXO (n-1st FIFO) Grounded 

0 RXOIEF2 To RXI (n+1st FIFO) To RXI (n+ 1st FIFO) Unused 

I FURT Grounded (Logic LOW) Logic HIGH BecomesRT1 

NOTE: 

1. FURT may be grounded if the Retransmit facility is not being used. 

BOLD ITALIC= Enhanced Operating Mode 
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ENHANCED 
OPERATING MODE 

INTERLOCKED 
PARALLELED 

From FF (other FIFO) 
-

Becomes HF 

From EF (other FIFO) 

BecomesEF2 

BecomesRT1 
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Table 3. Selection of Read and Write Operations 

LO WEN3 REN3 WCLK RCLK ACTION 

L x x - - No operation. 

L L H A - Write to a programmable register. 1 

L H H A - Hold P.resent value of programmable-register write counter, and do not 
write. 2 

L H L - A Read from a programmable register. 1 

L H H - A 
Hold P.resent value of programmable-register read counter, and 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 programmable register to be written or read is controlled by two simple state machines. One state machine controls the selec­
tion for writing; the other state machine controls the selection for reading. These two state machines operate independently of each other. 
Both state maehines are reset to point to Word O by a reset operation. In the Enhanced Operating Mode, if Control Register bit 00 Is set, 
both state machines are also reset to point to Word Oby deassertion of LD after LD has been asserted (that is, by a rising edge of 
LD), followed by a valid write cycle for the writing-control state machine and/or by a valid read cycle for the reading-control state 
machine. 

2. The order of the two programmable registers which are accessible in IDT-Compatible Operating Mode, as selected by either state machine, is 
always: 

Word O: Almost-Empty Offset Register 
Word 1: Almost-Full Offset Register 
Word O: Almost-Empty Offset Register 

(repeats indefinitely) 

The order of the three programmable registers which are accessible in Enhanced Operating Mode, as selected by either state 
machine, is always: 

Word O: Almost-Empty Offset Register 
Word 1: Almost-Full Offset Register 
Word 2: Control Register 
Word O: Almost-Empty Offset Register 

(repeats Indefinitely) 

In IDT-Compatible Operating Mode, Word 2 is not accessed, and Word O and Word 1 alternate. 

3. After normal FIFO operation has begun, writing new contents into either of the two offset registers is not recommended, as it may cause errone­
ous output values for the respective flag outputs. 

4. WEN2, REN2, and OE may be ANDed terms in the enabling of read and write operations, according to the state of the EMODE control 
input and of Control Register bit 05. 

BOLD ITAUC =Enhanced Operating Mode 

5-202 SHARP 



512 & 1024x18 Synchronous FIFO PRELIMINARY LH540215/25 

Table 4. Status Flags 

NUMBER OF UNREAD DATA WORDS PRESENT WITHIN FIFO 1• 2 FULL 
MIDDLE FLAGS 

EMPTY 
FLAG FLAG 

512x18 FIFO 1024 x 18 FIFO FF PAF HF PAE EF 

0 0 H H H L L 

1 to q 1toq H H H L H 

(q+1)to256 (q+ 1)to512 H H H H H 

257to (512-(p+ 1)) 513to (1024-(p+ 1)) H H L H H 

(512-p)to511 (1024- p) to 1023 H L L H H 
512 1024 L L L H H 

NOTES: 

1. q =Programmable-Almost-Empty Offset value. (Default values: 512x18, q= 63; 1024x 18, q = 127.) 

2. P= Programmable-Almost-Full Offset value. (Default values: 512x18, p = 63; 1024x 18, p = 127.) 

3. Only9 (512 x 18) or 10(1024x18) of1he 12 offset-value-register bits should be programmed. The unneeded most-significant-end bits should 
be LOW (zero). 

4. The flag output is delayed by one full clock cycle in Enhanced Operating Mode, when synchronous operation is specified for intermediate flags. 

BOLD ffALIC =Enhanced Operating Mode 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

PRELIMINARY 512 & 1024 x 18 Synchronous FIFO 

Table 5. Control-Register Fonnat 

COMMAND VALUE AFTER RESET FLAG 
REGISTER CODE AFFECTED, DESCRIP110N NOTES 

BffS EMODE=H EMODE=L IFANY 

Deassertion of LO does not 

L 
reset the programmable- IDT-compatible addressing 
register write pointer and of programmable registers. 
read pointer. 
Oeassertlon of LO resets 
the programmable-register 

00 L H - write pointer and read 
pointer to address Word O, 

Non-ambiguous 
H 

the Programmable-Almost· 
addressing of Empty-Rag-Offset Register. 
programmable registers. 

The change takes effect 
after a valid write operation 
or a valid read operation, 
re 

L - Set byfRCLK, reset by Asynchronous flag 
01 L H PAE tWCLK. clocki.ES:_ 

H Set and reset f!Y_fRCLK. Synchronous~ c/ockif!!f_ 

LL Set bytWCLK, reset by Asynchronous flag 
tRCLK. c/ocki.ES:_ 

03,02 LH LL HH HF Set and reset by tRCLK. Synchronous flag clocking 
at outaut Dort. 

HL, 
Set and reset by tWCLK. 

Synchronous flag clocking 
HH at input port. 

L 
PAF 

Set bytWCLK, reset by Asynchronous flag 
04 L H tRCLK. clocking. 

H Set and reset l!Y_ tWCLK. Synchronous~ c/oclclf!!f_ 
OE has no effect on an Allows the read-address 

L 
Internal read operation, pointer to advance ewn 
apart from disabling the when Qo - Q17 are not 
Out,,uts. drlvf.!!!J... the output bus. 

05 L H - Inhibits the read-address 
OE Inhibits a read pointer from advancing 

H operation whenever the when Qo-Q17are not 
data outputs Qo- Q17 are in driving the output bus; 
the high.z state. thus, guards against data 

loss. 
L Future use to control depth 

06 
H 

L L - Resented. cascading and interlocked 
paralleli'!!I:_ 

07,08, 
LLLLL LLLLL LLLLL - Resetved. Resented. 09 1011 

NOTES: 
1. When EMODE is HIGH. and Control Register bits tJ0-05 are LOW, the FIFO behaves in a manner functionally equivalent to the 

IDT72215B/25B FIFO of similar depth and speed grade. Under these conditions, the Control Register is not visible or accessible to the exter· 
nal system which includes the FIFO. 

2. If EMODE is not asserted (is HIGH). Control Register bits tJ0-05 temain LOW after a reset operation. However, ff EMODE Is asserted (Is 
LOW) during a reset o~ratlon, Control Register bits tJ0-05 ate forced HIGH, and remain HIGH until changed. Control Register bits 
06-11 ate unaffected by EMODE. 

BOLD ITALIC= Enhanced Operating Mode 
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Data Inputs 
DATA IN (Do- D11) 

Data, programmable-flag-offset values, and Control­
Register codes are input to the FIFO as 18-bit words on 
Do - DH- Unused bit positions in offset-value and Con­
trol-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 Control Register by a reset operation are acceptable, 
then no device programming is required. A reset opera­
tion 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 one-eighth of the depth of 
a single FIFO, minus one; 63 for a 512-word FIFO, and 
127 for a 1024-word FIFO. If EMODE is not being as­
serted (i.e., if EMODE is HIGH), the Control Register is 
initialized to configure the FIFO to operate in the 
IDT72215B/25B-Compatible Operating Mode. Until a 
write operation occurs, the data outputs Do - D11 all are 
LOW whenever OE is LOW. 

ENHANCED OPERATING MODE (EMODE) 

Whenever EMODE is asserted during a reset op­
eration, Control Register bits 00-05 remain HIGH 
rather than LOW after the completion of the reset 
operation. Thus, EMODE has the effect of activating 
Enhanced-Operating-Mode features, without the 
need to configure the Control Register by the normal 
programming method. The behavior of these En­
hanced-Operating-Mode features is described in Ta­
ble 5. For permanent Enhanced-Operating-Mode 
operation, EMODE must be grounded; dynamic con­
trol of EMODE during system operation is not recom­
mended. 

Asserting EMODE during a reset operation also 
causes WXVWEN2 to be configured as WEN2, and 
RXVREN2 to be configured as REN2, to support inter­
locked-paralleled operation of two F/FOs 'side by 
side.' 

BOLD ITALIC= Enhanced Operating Mode 
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WRITE CLOCK (WCLK) 

A rising edge (LOW-to-HIGH transition) of WCLK initi­
ates a FIFO write cycle if LD is HIGH, or a programma­
ble-register write cycle if LD 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, the WCLK input receives a free-running, 
periodic 'clock' waveform, which is used to control other 
signals which are edge-sensitive. However, there actually 
is not any absolute requirementthatthe WCLK waveform 
must be periodic. An 'asynchronous' mode of operation 
is in fact possible, if WEN is continuously asserted (that 
is, is continuously held LOW), and WCLK receives ape­
riodic 'clock' pulses of suitable duration. There likewise is 
no requirement that WCLK must have any particular 
synchronization 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 LD is 
HIGH, and the FIFO is not full, an 18-bit data word is 
loaded into the effective input register for the memory 
array at every WCLK rising edge (LOW-to-HIGH transi­
tion). Data words are stored into the two-port memory 
array sequentially, regardless of any ongoing read opera­
tion. Whenever WEN is not being asserted (is HIGH), the 
input register retains whatever data word it contained 
previously, 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, during normal FIFO 
operation, WEN has no effect when the FIFO is full. 

In the Enhanced Operating Mode, whenever 
EMODE is being asserted (is LOW}, WXVWEN2 func­
tions as WEN2, an additional duplicate {albeit asser­
tive-HIGH) write-enable input, in order to provide an 
'interlocking' mechanism for reliable synchroniza­
tion 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 fore­
going description. 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

READ CLOCK (RCLK) 

A rising edge (LOW-to-HIGH transition} of RCLK initi­
ates a FIFO read cycle if LO is HIGH, or a programma­
ble-register read cycle if LO is LOW. All output-side 
synchronous control inputs must meet setup and hold 
times with respect 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, the RCLK input receives a free-running, 
periodic 'clock' waveform, which is used to control other 
signals which are edge-sensitive. However, there actually 
is not any absolute requirement that the RCLK waveform 
must be periodic. 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 
requirement that RCLK must have any particular synchro­
nization 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 syn­
chronized to each other in any way. 

READ ENABLE (REN) 

Whenever REN is being asserted (is LOW}, and the 
FIFO is not empty, 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 !REF, and another 
read operation is allowed to begin whenever RCLK 
makes another LOW-to-HIGH transition. Effectively, REN 
is overridden by EF; thus, during normal FIFO operation, 
REN has no effect when the FIFO is empty. 

In the Enhanced Operating Mode, one (or, some­
times two)additional read-enable inputs may be com­
bined with REN to control reading. The additional 
read-enable input(s) are RXVREN2 (and OE). The 
logic-AND function of these two (or three) inputs then 
behaves like REN in the foregoing description. 

BOLD ITALIC= Enhanced Operating Mode 
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Whenever EMODE is being asserted (is LOW), 
RXVREN2 functions as REN2, an additional duplicate 
(albeit assertive-HIGH) Read-Enable input, in order to 
provide an 'interlocking' mechanism for reliable 
synchronization of two paralleled FIFOs. Also, if Con­
trol Register bit 05 has been set, OE takes on the extra 
role of serving as yet another duplicate read-enable 
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 
disabled, and thereby to prevent data loss under 
some circumstances. 

OUTPUT ENABLE (OE) 

OE is an assertive-LOW, asynchronous, output 
enable. In the IDT-Compatible 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 operation, for data being transmitted to the output 
register; the same data will remain available later, when 
the outputs are again enabled, unless subsequently over­
written. 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-impedance} state. 

In the Enhanced Operating Mode, if Control Reg­
ister bit 05 has been set, OE behaves as an additional 
read-enable control input, as well as enabling and 
disabling the data outputs Oo - Q17. Under these 
circumstances, incrementing the read-address 
pointer is inhibited whenever Qo - Q17 are in the 
high-Z state. Thus, 'reading' successive words which 
fail· ever to reach the outputs is prevented, as a 
safeguard against data loss. 

LOAD(LD) 

The Sharp LH540215/25 FIFOs contain three 18-bit 
programmable registers. The contents of these three 
registers may be loaded with data from the data inputs 
Do - 011, or read out onto the data outputs Oo - 011. The 
first two registers are the Programmable-Flag-Offset­
Value Registers, for the Programmable Almost-Empty 
Flag (PAE} and the Programmable Almost-Full Flag (PAF} 
respectively. The third register is the Control Register, 
which includes several configuration-control bits for 
Sharp's Enhanced-Operating-Mode features. 
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WORDO PROGRAMMABLE-ALMOST-EMPTY-FLAG-OFFSET VALUE 1• 2 

17 12 11 10 

WORD1 PROGRAMMABLE-ALMOST-FULL-FLAG-OFFSET VALUE 1• 2 

17 12 11 10 

CONTROL REGISTER 4, 5 

WORD2 Reserved for 
future use. ® 0 0 ®® ©@ 

17 12 11 7 

CONTROL-REGISTER BITS: 

@ Future use to control depth cascading and interlocked paralleling. 

@ Enables suppressing reading whenever data outputs are disabled. 

© Makes PAF synchronous. 

6 5 4 3 

® ® Makes HF synchronous. (See the Control-Register Format table for the encoding of bits 02-03.) 

(J) Makes PAE synchronous. 

@ Selects reinitialized addressing of the programmable registers. 

NOTES: 
1. Default offset values are 6310 = 3F16 (LH540215) or 12710 = 7F16 (LH540225). 
2. Bits 11-17 (LH540215) or bits 12-17 (LH540225) of both offset-value registers should 

in all cases be programmed LOW (zero). 
3. This bit position is used for offset values in the LH540225 only. In the LH540215, it 

always should be programmed LOW. 
4. See the Control-Register Format table for the defaun states of the Control Register, 

2 

for EMODE =HIGH (IDT-Compatible Operating Mode) and for EMODE =LOW (Enhanced Operating Mode). 
The Control Register is not accessible in IDT-Compatible Operating Mode. 

5. The assertion of EMODE (LOW) forces Control Register bits 00-05 HIGH during a reset operation. 
After that, these bits may be programmed at will. 

~ = Reserved. Do not load with non-zero information. 

BOLD ITALIC= Enhanced Operating Mode. 

Figure 4. Programmable Registers 

0 

0 

0 

540215-4 

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 an offset value 
in bits 0-10 (LH540215) or 0-11 (LH540225); bits 11-17 
(LH540215) or 12-17 (LH540225) are unused. The de­
fault values for both offsets are one-eighth of the total 
number of words in the FIFO memory array, minus one: 
63fora512x 18 FIFO, and 127fora 1024x 18 FIFO. 

{HIGH), the default value for any operational bit which has 
not been programmed is zero (LOW); in the Enhanced 
Operating Mode, with EMODE asserted (LOW}, the 
default value for bits 00-05 is HIGH, and the default 
value for bits 06-11 is LOW. 

The Control Registerconfiguration is shown in Figure 
4 and in Table 5. For the Control Register, in the IDT­
Compatible Operating mode, with EMODE deasserted 

BOLD ITALIC= Enhanced Operating Mode 

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-Al­
most-Empty-Flag-Offset-Value Register at the first rising 
edge (LOW-to-HIGH transition) of the write clock 
(WCLK). (See Table 3.) If LD and WEN continue to be 
simultaneously asserted, another 18-bit data word from 
the data inputs Do - D11 is written into the Programma-
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

ble-Almost-Full-Flag-Offset-Value Register at the second 
rising edge of WCLK. 

What happens next is determined by the state of the 
EMODEcontrol input. If it is deasserted (HIGH), the next 
18-bit word from the data inputs Do - D11 is written back 
into the Programmable-Almost-Empty-Flag-Offset-Value 
Register again. 

But, if EMODE is asserted (LOW}, then still another 
18-bit data word from the data inputs Do-D17 is 
written into the Control Register at the third rising 
edge of WCLK. At the fourth rising edge of WCLK, 
writing again occurs to the Programmabte-Almost­
Empty-Flag-Offset-Value Register; and the same 
three-step writing sequence gets repeated on sub­
sequent WCLK rising edges. 

The lower nine bits of these offset-value words are 
made use of by the 512-word LH540215, and the lower 
ten bits by the 1024-word LH540225. Five active bits are 
used for the Control Register, by both the LH540215 and 
the LH540225. There is no restriction on the values which 
may occur in these data fields. However, reserved bit 
positions must be encoded LOW, in order to maintain 
forward compatibility. 

Writing contents to these two or three programmable 
registers does not have to occur all at one time, or to be 
effected by one single sequence of steps. Whenever LD 
is being asserted (is LOW) but WEN is not being asserted 
(is HIGH), the FIFO's internal programmable-register­
write-address pointer maintains its present value, without 
any writing actually taking place at each rising edge of 
WCLK. (See Table 3.) Thus, for instance, one or two 
programmable registers may be written, after which the 
FIFO may be returned to normal FIFO-array-read/write 
operation by deasserting LD (to HIGH). 

Likewise, whenever LD and REN are simultaneously 
being asserted (are both LOW) the 18-bit data word 
(zero-filled as necessary) from the Programmable-Al­
most-Empty-Flag-Offset-Value Register is read to the 
data outputs Oo - 011 at the first rising edge (LOW-to­
HIGH transition) of the read clock (RCLK). (See Table 3.) 
If LD and REN continue to be simultaneously asserted, 
another 18-bit data word from the Programmable-Almost­
Full-Flag-Offset-Value Register is read to the data outputs 
Oo - 011 at the second rising edge of RCLK. 

What happens next is determined by the state of the 
EMODE control input. If it is deasserted (HIGH), the next 
18-bit word again comes from the Programmable-Almost­
Empty-Flag-Offset-Value Register; it is read to the data 
outputs Oo - 011. 

BQLD ITALIC= Enhanced Operating Mode 
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But, if EMODE is asserted (LOW}, then the next 
18-bit data word instead comes from the Control 
Register; it is read to the data outputs Qo- Q17 at the 
third rising edge of RCLK. At the fourth rising edge 
of RCLK, reading again occurs from the Programma­
ble-Almost-Empty-Flag-Offset-Value Register; and 
the same three-step reading sequence gets repeated 
on subsequent RCLK rising edges. 

Reading contents from these two or three programma­
ble registers does not have to occur all at one time, or to 
be effected by one single sequence of steps. Whenever 
LD is being asserted (is LOW) but REN is not being 
asserted (is HIGH), the FIFO's internal programmable­
register-read-address pointer maintains its present value, 
without any reading actually taking place at each rising 
edge of RCLK. (See Table 3.) Thus, for instance, one or 
two programmable registers may be read, after which the 
FIFO may be returned to normal FIFO-array-read/write 
operation by deasserting LD (to HIGH). 

To ensure correct operation, rising edges of WCLK and 
RCLK should not both be occuring at the same time while 
LD is being asserted. 

FIRST LOAD/RETRANSMIT (FLIRT) 

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 WXllWEN2 and RXl!REN2. There are four 
possible grouping modes: standalone, interlocked par­
alleled, cascaded 'master' or 'first-load,' and cascaded 
'slave.' The designations 'master' and 'slave' pertain to 
IDT-compatible depth cascading. Tables 1 and2showthe 
signal encodings which select each grouping mode. 

In standalone or paralleled operation, the FURT pin 
should be grounded for strict IDT72215B/25B-compatible 
operation. However, if it is taken HIGH, regardless of 
the state of the EMODE control input, the FIFO's 
internal read-address pointer is reset to address the 
FIFO's first physical memory location, without the 
other usual reset actions being taken; in particular, 
the FIFO's internal write-address pointer is unaf­
fected. Subsequent read operations may then again 
read out the same block of data, delimited by the 
FIFO's first physical memory location andthe 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 neither the read-address pointer nor the 
write-address pointer may 'wraparound' and address 
the FIFO's first physical memory location a second 
time during the retransmission process, and that the 
retransmit facility is unavailable during cascaded opera­
tion. 
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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 opera­
tion. (See again Tables 1 and 2.) The cascade will not 
operate correctly either without any 'master' FIFO, or with 
more than one 'master' FIFO. 

WRITE EXPANSION INPUT/WR/TE ENABLE 2 
(WXVWEN2) 

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 FURTand RXI. Thereare four possible 
grouping modes: standalone, interlocked paralleled, 
cascaded 'master' or 'first-load,' and cascaded 'slave.' 
The designations 'master' and 'slave' pertain to IDT-com­
patible depth cascading. Tables 1 and 2 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, WXVWEN2 is tied to 
FF of the other paralleled FIFO, and RXVREN2 is tied 
to EF of that same other FIFO. This interconnection 
scheme ensures that both FIFOs will operate 
together, and remain coordinated, regardless of tim­
ing 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. RXI/ REN2is 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 RXllREN2 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 1 and 2.) 

READ EXPANSION INPUT/READ ENABLE 2 
(RXVREN2) 

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 FURTand WXI. There are fourpossible 
grouping modes: standalone, interlocked paralleled, cas­
caded 'master' or 'first-load,' and cascaded 'slave.' The 
designations 'master' and 'slave' pertain to IDT-compat­
ible depth cascading. Tables 1 and 2 show the signal 
encodings which select each grouping mode. 

In standalone operation, WXllWEN2 and RXllREN2 
both must be grounded so that the FIFO comes up in the 
standalone grouping mode after a reset operation. In 
interlocked paralleled operation, WXVWEN2 is tied to 
FF of the other paralleled FIFO, and RXVREN2 is tied 
to EF of that same other FIFO. This interconnection 
BOLD ff ALIC= Enhanced Operating Mode 
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scheme ensures that both F/FOs will operate to­
gether, and remain coordinated, regardless of timing 
skews. 

In cascaded operation, RXl/REN2 is connected to 
RXO (Read Expansion Output) of the previous FIFO in 
the cascade. WXl!WEN2 is likewise connected to 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 FIFOs 
with their RXllREN2 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 1 
and2.) 

Data Outputs 
DATA OUT (Qo - 011) 

Data, programmable-flag-offset values, and Control­
Register codes are output from the FIFO as 18-bit words 
on Oo - 011. Unused bit positions in offset-value words 
and Control-Register words are zero-filled. 

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, 
if another word were to be written, it would have to 
overwrite the unread word which is now in position for 
reading out by the next requested read operation. Under 
these conditions, the Fl FO is filled to its nominal capacity, 
which is51218-bitwordsforthe LH540215or 102418-bit 
words for the LH540225 respectively. Write operations 
are inhibited whenever FF is LOW, regardless of the 
assertion or deassertion of Write Enable (WEN). 

If the FIFO has been reset by asserting RS (LOW), FF 
initially is HIGH. But, whenever no read operations have 
been performed 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 'p.' 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. 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 

The default value of 'p' after the completion of a reset 
operation is one-eighth of the total number of words in the 
FIFO-memory array, minus one: 63 for the LH540215 or 
127 for the LH540225 respectively. However, 'p' may be 
set to any value which does not exceed this total nominal 
number of words for the device, as explained in the 
description of Load (LO). 

If the Fl FO 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-p) write operations for the LH540215, or after 
(1024-p) write operations for the LH540225. (See 
Table4.) 

If p is still at its default value, PAF is LOW whenever 
the FIFO is from 7/8 full to completely full. 

In the IDT-Compatible 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 'asyn­
chronous flag.' 

In the Enhanced Operating Mode, on the other 
hand, PAF gets updated only after a LOW-to-HIGH 
transition of the Write Clock WCLK, and thus behaves 
as a 'synchronous flag.' (See Table 5.) This behavior 
is selected whenever Control Register bit 04 is HIGH. 

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 an 
IDT-style 'daisy-chain' ring configuration, the Write Ex­
pansion 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 
connections, for Read Expansion Input (RXI) and Read 
Expansion Output (RXO). 

BOLD ITALIC= Enhanced Operating Mode 
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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, and it is deacti­
vated for writing at the next valid WCLK; and the next 
FIFO in the ring is simultaneously activated for writing. 
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' 
Fl FD-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 at the next valid WCLK. 

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; itfollows 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 
state of its WXl!WEN2, RXllREN2, and FURT control 
inputs during a reset operation, and of EMODE. (See 
Table 1, Table 2, and Table 5.) 

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 Fl FO'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 512 for the LH540215 
or 1024 for the LH540225 respectively. 

If the FIFO has been reset by asserting RS (LOW), and 
it is operating in standalone mode or in 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 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 'asyn­
chronous flag.' 
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In the Enhanced Operating Mode, on the other 
hand, HF gets updated only after a LOW-to-HIGH 
transition of the Read Clock RCLK, or else after a 
LOW-to-HIGH transition of the Write Clock WCLK, 
according to the setting of bits 03 and 02 of the 
Control Register. (See Table 5.) Thus, in this mode HF 
behaves as a 'synchronous flag,' and may be syn­
chronized either to the input side of the FIFO (i.e., to 
WCLK), or to the output side of the FIFO (i.e., to 
RCLK). 

PROGRAMMABLE ALMOST-EMPTY FLAG (PAE) 

PAE goes LOW whenever the Fl FO 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 q + 1, where 
'q' 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 q after the completion of a reset 
operation is one-eighth of the total number of words in the 
FIFO-memory array, minus one; 63 for the LH540215 or 
127 for the LH540225 respectively. However, q may be 
set to any value which does not exceed this total nominal 
number of words for the device, 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 q is still at its default value, PAE is LOW whenever 
the FIFO is from 1/8 full to completely empty. 

In the IDT-Compatible 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 'asyn­
chronous flag.' 

In the Enhanced Operating Mode, on the other 
hand, PAE gets updated only after a LOW-to-HIGH 
transition of the Read Clock RCLK, and thus behaves 
as a 'synchronous flag.' (See Table 5.) This behavior 
is selected whenever Control Register bit 01 is HIGH. 

EMPTY FLAG (EF) 

EF goes LOW whenever the FIFO is completely 
empty. That is, whenever the Fl FO'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 which is now 
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in position to be written into by the next requested write 
operation. Read operations are inhibited whenever EF is 
LOW, regardless of the assertion or deassertion of Read 
Enable (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/EMPTY FLAG 2 (RXO/EF2) 

When two or more LH540215 or LH540225 FIFOs are 
operating in IDT-compatible 'cascaded' mode as a larger 
'effective FIFO,' the dual-purpose RXllREN2 and 
WXl/WEN2 inputs behave as Read Expansion Input 
(RXI) and Write Expansion Input {WXI) signals respec­
tively. An IDT-style cascade of these 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 com­
plete the ring. Similar connections are made for each 
FIFO in the ring, parallel to these RXO-to-RXI connec­
tions, for Write Expansion Input (WXI) and Write Expan­
sion Output (WXO). 

When the last physical location has been read in a 
FIFO operating in IDT-style cascaded mode, a LOW-go­
ing pulse is emitted by that FIFO on its RXO output; 
otherwise, RXO remains constantly HIGH. This LOW-go­
ing 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 atthe next valid RCLK. 

After a FIFO emits an RXO pulse, it is deactivated for 
reading at the next valid RCLK; and the next FIFO in the 
ring is simultaneously activated for reading. Also, its data 
outputs go into high-Z state, regardless of the assertion 
or deassertion 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, RXllREN2, and FURTcontrol inputs during 
a reset operation. It also may be forced into interlocked 
paralleled mode by EMODE. (See Table 1, Table 2, and 
Tables.) 
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TIMING DIAGRAMS 

5-212 

IRs 

FF, PAF, HF 

0.·017 - - - - - - - - - - - - - -q_e: .!:'~!:!'_ - -

NOTES: 
1. After reset, the outputs will be LOW if Oe = LOW, and in a high-impedance state if OE= HIGH. 
2. The clocks (RCLK, WCLK) may be free-running during a reset operation. 

Figure 5. Reset Timing 

fcLKH fcLKL 

WCLK 

WEN 

FF 

RCLK 

REN 

NOTE: 
1. lsKew1 is the minimum...![ne between a rising RCLK edge and a 

rising WCLK edge for FF to change predictably during the current 
clock cycle. If the time between the rising edge of RCLK and the 
risin~dge of WCLK is less than tSKew1, then it is not guaranteed 
that FF will change state until the next following WCLK edge. 

los 

Figure 6. Synchronous Write Operation 
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lcLK 

lcLKH lcLKL 

RCLK 

loE 

tsKEW2(1) 

WCLK 

NOTE: 
1. lsKEW2 is the minimum time between a rising WCLK edge and a 

rising RCLK edge for EF to change predictably during the current 
clock cycle. If the time between the rising edge of WCLK and the 
risin~dge of RCLK is less than tsKEW2• then ~ is not guaranteed 
that EF will change state until the next following RCLK edge. 

VALID DATA OUT 

loHz 

Figure 7. Synchronous Read Operation 
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TIMING DIAGRAMS (cont'd} 

WCLK 

WEN 

~RL(2) 

RCLK 

NOTES: 
1. lsKew2 is the minimum time between a rising RCLK edge and a rising 

WCLK edge for FF to change predictably during the current clock cycle. 
If the time between the rising edge of RCLK and the risin_g_ edge of 
WCLK is less than lsKEW2• then it is not guaranteed that FF will change 
state until the next following WCLK edge. 

2. ~AL (First-Read Latency) is the minimum time between a rising WCLK 
edge and a rising RCLK edge to assure a correct readout of the first data 
word Do in response to the next RCLK edge. Thus, tFRL = lcLK + tsKEW2· 
If tFRL is not met, D0 may be available either at lcLK + tsKew2• or after 
one more clock cycle delay at 2 lcLK + tsKEW2· The First-Read Latency 
timing restrictions apply only when the FIFO has been empty (EF =LOW). 

3. EF may be used to determine when the first d~ word D0 may be read. 
00 always is available on the next cycle after EF has gone HIGH. 

~(3) 

Figure 8. Latency for the First Data Word After a 
Reset Operation, With Simultaneous Read and Write 
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WCLK 

WEN 

RCLK 

NOTE: 

LOW 

DATA IN 
OUTPUT REGISTER 

PRELIMINARY 

DATA READ 

1. fsKEWl is the minimum_!Lme between a rising RCLK edge and a 
rising WCLK edge for FF to change predictably during the current 
clock cycle. If the time between the rising edge of RCLK and the 
risin~dge of WCLK is less than fsKEW1> then it is not guaranteed 
that FF will change state until the next following WCLK edge. 

Figure 9. Full-Flag Timing 

SHARP 

NEXT 
DATA READ 
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TIMING DIAGRAMS {cont'd) 

WCLK 

WEN 

RCLK 

EF 

REN 

OE LOW 

DATA IN OUTPUT REGISTER 

NOTES: 
1. fsKEW2 is the minimum_!lme between a rising WCLK edge and a 

rising RCLK edge for EF to change predictably during the current 
clock cycle. If the lime between the rising edge of WCLK and the 
rising_E!_dge of RCLK is less than lsKEW2, then it is not guaranteed 
that EF will change state until the next following RCLK edge. 

2. iioRL (First-Read Latency) is the minimum time between a rising WCLK 
edge and a rising RCLK edge to assure a correct readout of the first data 
word D0 in response to the next RCLK edge. Thus, iioRL = lcLK + lsKEW2· 
If tFRL is not met, D0 may be available either at lcLK + lsKEW2• or after 
one more clock cycle delay at 2 lcLK + fsKEW2· The First-Read Latency 
timing restrictions apply only when the FIFO has been empty (EF = LOW). 

3. EF may be used to detennine when the first data word D0 may be read. 
D0 always is available on the next cycle after EF has gone HIGH. 

BOLD ITALIC= Enhanced Operating Mode. 

Figure 10. Empty-Flag Timing 
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WCLK 

LO 

WEN 

PAE OFFSET PAF OFFSET 
540215-11 

Figure 11. Programmable-Register Write Operation 

RCLK 

LO 

COMMAND REGISTER 

UNKNOWN PAE OFFSET PAF OFFSET 

540215-12 

Figure 12. Programmable-Register Read Operation 
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TIMING DIAGRAMS (cont'd) 

WCLK 

RCLK 

NOTE1.._ 

lpAE 

q + 1 words 
in FIFO 

lpAE 

leNs 

---~J 

words In FIFO 

1. PAE offset= q. Also, number of data words written into FIFO already= q. 
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Figure 13. Programmable-Almost-Empty Flag Timing, 
IDT-Compatible Operating Mode 
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Enhanced Operating Mode Timing Diagram 

WCLK 

RCLK 

PAE 

LOW 

DATA IN OUTPUT REGISTER 

NOTES: 
1. lsKEW2 is the minimum time between a rising WCLK edge and a 

rising RCLK edge for PAE to change predictably during the current 
clock cycle. If the time between the rising edge of WCLK and the 
risin~e of RCLK is less than lsKEW2• then it is not guaranteed 
that PAE will change state until the next following RCLK edge. 

2. PAE offset= q. Also, number of data words written into FIFO already= q. 

3. The internal state of the FIFO: 

At@,q+1 words. 

At @, q words. 

At@). q+1 words again. 

DATA READ 

Figure 14. Programmable-Almost-Empty Flag Timing, 
When Synchronous (Enhanced Operating Mode) 
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TIMING DIAGRAMS {cont'd) 

WCLK 

RCLK 

NOTES: 

512 - p won:ts 
in FIFO 2 

leNS 

--------..-.-~ 

511-pwords 
inFIF0(3) 

1. PAF offset= p. Number of data words written into FIFO already= 511 -p for the LH540215 and 1023 - p for the LH540225. 
2. 512 - p words In FIFO for LH540215. 1024 - p word In FIFO for LH540225. 
3. 511 - p words in FIFO for LH540215. 1023 - p word in FIFO for LH540225. 
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Figure 15. Programmable Almost-Full-Flag Timing, 
IDT-Compatible Operating Mode 
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Enhanced Operating Mode Timing Diagram 

WCLK 

PAF 

RCLK 

NOTES: 

LOW 

DATA IN 
OUTPUT REGISTER DATAREAD 

1. fsKEW1 is the minimum time between a rising RCLK edge and a 
rising WCLK edge for PAF to change predictably during the current 
clock cycle. If the time between the rising edge of RCLK and the 
risin~ge of WCLK is less than fsKEW,. then It is not guaranteed 
that PAF will change state until the next following WCLK edge. 

2. PAF offset= p. Number of data· words written into FIFO already= 511 - p 
for the LH540215 and 1023 - p for the LH540225. 

3. 512 -p words in FIFO for LH540215. 1024-p word in FIFO for LH540225. 

4. 511 -p words in FIFO for LH540215. 1023- p word in FIFO for LH540225. 

5. The internal state of the FIFO: 

At@, 511-p words. 

At@. 512-p words. 

At @. 511-p words again. 

NEXT 
DATA READ 

Figure 16. Programmable-Almost-Full-Flag Timing, 
When Synchronous (Enhanced Operating Mode} 
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TIMING DIAGRAMS (cont'd) 

WCLK 

liiF 

HALF FULL OR LESS HALF FULL+ 1 HALF FULL OR LESS 
OR MORE 

liiF 

RCLK 

leNs 

-------.-.-J 
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Figure 17. Half-Full-Flag Timing, 
IDT-Compatible Operating Mode 
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Enhanced Operating Mode Timing Diagram 

WCLK 

WEN 

RCLK 

NOTES: 

LOW 

DATA IN 
OUTPUT REGISTER DATA READ 

1 . lsKEw1 is the minimum time between a rising RCLK edge and a 
rising WCLK edge for HF to change predictably during the current 
clock cycle. If the time between the rising edge of RCLK and the 
risin9_!.Cfge of WCLK is less than lsKEWl, then it is not guaranteed 
that HF will change state until the next following WCLK edge. 

2. The internal state of the Fl FO: 

At @, exactly haW full. 

At@. half+1 words. 

At @. exactly half full again. 

NEXT 
DATA READ 

Figure 18. Haff-Fu/I-Flag Timing, When Synchronized 
to Input Port (Enhanced Operating Mode) 
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TIMING DIAGRAMS (cont'd) 

Enhanced Operating Mode Timing Diagram 

WCLK 

RCLK 

LOW 

DATA IN OUTPUT REGISTER 

NOTE: 
1. lsKEW2 is the minimum time between a rising WCLK edge and a 

rising RCLK edge for HF to change predictably during the current 
clock cycle. If the time between the rising edge of WCLK and the 
risinl!..!dge of RCLK is less than lsKEW2• then it is not guaranteed 
that HF will change state until the next following RCLK edge. 

2. The internal state of the Fl FO: 

At @, half+ 1 words. 

At @, exactly half full. 

At@, half+1 words again. 

DATA READ 

Figure 19. Haff-Full-Flag Timing, When Synchronized 
to Output Port (Enhanced Operating Mode) 
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0(17:0] DR2 

RCLK 

EMODE 

FURT 

IENH 

~SF 

FF 

PAF 

HF 

PAE 

EF 

NOTES: 
1. In IDT-compatible opera~ mode, REN = LOW; in Enhanced Operating Mode, _ 

also REN2 =HIGH (and OE= LOW, H Control Register bit 05 =HIGH). In any case, LO= HIGH. 
2. DRT1 is the data item in physical location zero of the FIFO memory array. 
3. The asynchronous intermediate flags (corresponding to LOW Control-Register bits) 

will show correct status two or more RCLK cycles after a retransm~ operation. 
(RT2, in the above RCLK waveform.) 

4. The synchronous intermediate flags (corresponding to HIGH Control-Register bits) will 
show correct status three or more RCLK cycles after a retransmit operation. (RT 3, in 
the above RCLK waveform.) 

5. Immediately after a reset operation, before any write operations have taken place, a retransmit 
operation is a 'no-op', and does not change the state of any FIFO registers or flags. 

Figure 20. Retransmit Timing, 
IDT-Compatible Operating Mode 
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TIMING DIAGRAMS (cont'd) 

WCLK 

NOTE: Write to last physical location. 

RCLK 

NOTE: Read from last physical location. 

WCLK 
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(NOTE) ,__t~xo~­

txo 

/Ill 

Figure 21. Write-Expansion-Out Timing, 
IDT-Compatible Operating Mode 

lcu<H 

(NOTE) 1---t=xo~­
lxo 

1111 

Figure 22. Read-Expansion-Out Timing, 
IDT-Compatible Operating Mode 

Figure 23. Write-Expansion-In Timing, 
IDT-Compatible Operating Mode 
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RCLK 

Figure 24. Read-Expansion-In 11ming, 
IDT-Compatible Operating Mode 

APPLICATIONS INFORMATION 

WRITE CLOCK (WCLK) 

WRITE ENABLE (WEN) 

LOAD(LD) 

DATA IN (Do - Dl71 

FULL FLAG (FF) 

PROGRAMMABLE 
ALMOST-EMPTY FLAG (PAE) 

HALF-FULL FLAG (WXO/HF) 

RESET(RS) 

ENHANCED 

MODElMODE) 

LH540215/25 

READ CLOCK (RCLK) 

READ ENABLE (REN) 

OUTPUT ENABLE (OE) 

DATAOUT(Oo-017) 

EMPTY FLAG (EF) 

PROGRAMMABLE _ 
ALMOST-FULL FLAG (PAF) 

OAD(FUR7) t J WRITEEXP 

FIRSTL 

ANSION IN (WXVWEN~ 

BOLD ITALIC= Enhanced Operating Mode. 

READ EXPANSION I 
__,_ 

Figure 25. Standalone FIFO 
(512x18/1024x18} 

N(RXl/REN~ 

LH540215/25 

540215-19 

540215-21 

5-227 



LH540215/25 PRELIMINARY 512 & 1024 x 18 Synchronous FIFO 

APPLICATIONS INFORMATION (cont'd} 

-
RESET(RS) 

ENHANCED 

DATAIN(D) ~ 
MODE 1MODE) 

K(WCLK) WRITECLOC 

WRITEENABL E(WEN) 

LOAD(LD) 

FLAG(FF) FULL 

PROGRAMMABLE 
ALMOST-EMPTY FL AG(PAE) 

HALF-FULL FLAG (WXOIHF) 

18_L_ 

--------
--------
--------
LH540215/25 

1 J 
T 
--

FIRST LOAD (FURT) 
WRITE EXPANSION IN (WXVWENa) 
READ EXPANSION IN (RXVRENa) 

BOLD ff ALIC= Enhanced Openlfing Mode. 

18 

18 

-
RESET(RS) 

ENHANCED 
MODE 1MODE) 

--------
--------
--------
LH540215/25 

I J 

READ CLOCK (R CLK) 

REN) 

E(OE) 

READ ENABLE ( 

OUTPUT ENABL 

F) - EMPTY FLAG (E 

_ PROGRAMMABL E 
FLAG(PAF) ALMOST-FULL 

18 

" 
36""'---..J- -" 

-~, ATAOUT(Q) 

-

540215-22 

Figure 26. FIFO Word-Width Expansion, IDT-Compatible 
Operating Mode (512x36/1024 x 36) 
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512 & 1024x18 Synchronous FIFO PRELIMINARY 

WRITE-TOKEN PULSE 

READ-TOKEN PULSE 

6-
wxo RXO 
--
WCLK 

-CWEN RCLK 

-C RS RENP 

-C LD oEp 

.--------'--r 1 FF EF rp>--------. 
.------'"'r I PAF PAE rp>-----~ 

FL Wxl RX! 

Vcc_=:51 
~-......_ ........ ....., 

WXO RXO 

e---1--+--+-+---+------->-'WCLK 

e---+---t---+---+----~-O~•WEN 

e--+--+---+---------Or•RS 

DATA IN 
-OLD 

-cj FF 

r----G PAF 

RCLKi------+----+---1-r-• 
RENrpr-----+---+---1--. 
oErhr-----+---+--~ 

!'-'DATA OUT 

EF rp ·1------1--, 

PAEIJ---i 

FL Wxl RX! 

Vcc_=:51 
WXO RXO 

--0---1-.----1--+--W_R_l_TE_C_LO_C_K_--+-_ _,WCLK 
WRITE ENABLE _, 

--0---1------+----~---+-_,-q•WEN 
RESET 

READ CLOCK 

LOAD 

FF~ 
{COMPOSITE 

FLAGS) 

J 

-cjRS 

EF IJ-r ,_ _ _,_-,1 
PAEP"-1 

- - - '--t------{ l 
FL WXI RXI 

:g---
_);! 

C,) y Q 
,..----. 

~ 
FIRST LOAD 

~ 

NOTE: Designates 'first-load' FIFO {'master' FIFO). The remaining FIFOs are 'slave' FIFOs. 

SHARP 

Figure 27. Synchronous FIFO Depth Cascading Using 
IDT-Compatible 'Token-Passing' Scheme 

LH540215/25 

-
EF 

{COM POSIT E 
FLAGS) 

-
PAE 

540215-27 
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LH540215/25 PRELIMINARY 512 & 1024x18 Synchronous FIFO 

ORDERING INFORMATION 

LH540215/25 
Device Type 

u - ## 

PTO j' [ f; Cydo TI~ (M) 

68-pin Plastic Leaded Chip Carrier (PLCC68-P-S950) 

~------------ 512x18/1024x18 Synchronous FIFO 

Example: LH540215U-25 (512 x 18 Sychronous FIFO, 25 ns, 68-pin PLCC) 
540215MD 
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LH543601/11 
FEATURES 

• Fast Cycle limes: 15/20/25/30/35 ns 

• Pin-Compatible and Functionally-Compatible 
0.8µ-Technology Replacements for Sharp LH5420 

• Two 256 x 36-bit/512 x 36-bit FIFO Buffers 

• Full 36-bit Word Width 

• Selectable 36/1819-bit Word Width on Port B 

• Independently-Synchronized ('Fully-Asynchronous') 
Operation of Port A and Port B 

• 'Synchronous' Enable-Plus-Clock Control at 
Both Ports 

• RiW, Enable, Request, and Address Control Inputs 
are Sampled on the Rising Clock Edge 

• Synchronous Request/Acknowledge 'Handshake' 
Capability; Use is Optional 

• Device Comes Up Into a Known Default State at 
Reset; Programming is Allowed, but is not Required 

• Asynchronous Output Enables 

• Five 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 

• 16 mA-loL Three-State Outputs; 
TTUCMOS-Compatible 1/0 

• Space-Saving PQFP and PGA Packages 

SHARP 

PRODUCT PREVIEW 
256 x 36 x 2 / 512 x 36 x 2 BiFIFOs 

FUNCTIONAL DESCRIPTION 

The LH543601/11 contain two FIFO buffers, FIFO #1 
and FIFO #2. These operate in parallel, but in opposite 
directions, for bidirectional data buffering. FIFO #1 and 
FIFO #2 each are organized as 256 or 512 words by 36 
bits. The LH543601/11 are ideal either for wide unidirec­
tional applications or for bidirectional data applications; 
component count and board area are reduced. 

The LH543601/11 have 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 at a port by the rising 
edge of the appropriate clock; it is gated by the corre­
sponding edge-sampled enable, request, and read/write 
control signals. At the maximum operating frequency, the 
clock duty cycle may vary from 40% to 60%. At lower 
frequencies, the clock waveform may be quite asymmet­
ric, as long as the minimum pulse-width conditions for 
clock-HIGH and clock-LOW remain satisfied; the 
LH543601/11 are fully-static parts. 

Conceptually, the port clocks CKA and CKs 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 
operation is possible, in one or both directions, inde­
pendently, if the appropriate enable and request inputs 
are continuously asserted, and enough aperiodic 'clock' 
pulses of suitable duration are generated by external logic 
to cause all necessary actions to occur. 

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 pro­
grammable over the entire FIFO depth, but are automat­
ically initialized to eight locations from the respective Fl FO 
boundaries at reset. A data block of 256 (LH543601) or 
512 (LH543611) or fewer words may be retransmitted any 
desired number of times. 
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LH543601/11 PRODUCT PREVIEW 256 x 36 x 2/ 512 x36 x2 BiFIFOs 

FUNCTIONAL DESCRIPTION (cont'd) 

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. 

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-

PIN CONNECTIONS 

tion or configuration information directly, to or from a 
peripheral device on Port B, during system startup. 

A word-width-select option is provided on Port B for 
36-bit, 18-bit, 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 utiliza­
tion of bus bandwidths. 

A Byte Parity Check Flag at each port monitors data 
integrity. Control-Register bit 00 selects the parity mode, 
odd or even. This bit is initialized for odd data parity at 
reset; but it may be reprogrammed for even parity, or back 
again to odd parity, as desired. 

~W~VMN-OOOO~W~VMN~N-o~OO~W~VMN-o~oo~ 
-------- cMMMNNNNNNNNNN __ _ 
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TOP VIEW 

Figure 1. Pin Connections for 132-Pin Quad Flat Package 
{Top View) 

543601-30 
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256 x 36 x 2/512 x 36 x 2 BiFIFOs PRODUCT PREVIEW LH543601/11 

N 0 0 0 0 0 0 0 0 0 0 0 0 0 
D,30 D,sB MBF1 ACKs REOs Rfiis Aos ws, OEs FF2 HF2 D,aB D21B 

M 0 0 0 _Q 0 0 0 _Q .Q 0 0 0 0 
Das D,,0 D16B EF1 AE1 EN8 WS0 AF2 PF8 D22e D20e D23B D2ee 

L 0 0 0 0 0 0 0 0 0 0 0 0 0 
Dse D90 D,20 D,40 D119 Vss CKa Vee D,90 D,40 D2sB D21B D300 

K 0 0 0 0 0 0 
Dss D10e Vees Vees D25a D31B 

J 0 0 0 0 0 0 
Dae D1a Vssa Vssa D29B D33B 

H 0 0 0 0 0 0 
D19 D29 D4B D32B D340 Dass 

G _Q 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 D30A 

D 0 0 0 0 0 0 0 
D4A DgA VeeA NC VeCA D2BA D29A 

c 0 0 0 0 0 0 0 0 0 0 0 0 0 
DSA DBA D,,A D,3A D16A Vee CKA Vss D18A D21A D23A D26A D27A 

B 0 0 0 0 0 0 0 0 0 0 0 0 0 
D1A D1oA D14A D11A PFA AF1 A,A ENA AE2 EF2 D19A D2SA D24A 

A D 0 0 0 0 0 0 0 0 0 0 0 0 
D,2A D1SA HF1 FF1 OEA ~ AoA R/WA REQA ACKA MBF2 D20A D22A 

2 3 4 5 6 7 8 9 10 11 12 13 
NOTE: NC = NO CONNECTION 

543601-29 

Figure 2. Pin Connections for 120-Pin PGA Package 
(Bottom View) 
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LH543601/11 PRODUCT PREVIEW 256 x 36 x 2/ 512 x 36 x 2 BiFIFOs 

13 0 0 0 0 0 0 0 0 0 0 0 0 0 
022A D24A D21A D2eA 030A 033A 034A 0350 0330 0315 0309 D2BB 0218 

12 0 0 0 0 0 0 0 0 0 0 0 0 0 
D20A D25A 026A D2BA Da1A 032A RT2 0349 0299 D2es 0279 D2a8 D1a8 

11 0 0 0 0 0 0 0 0 0 0 0 0 0 
MBF2 D1eA D23A VeCA VsSA 035A Vss 0329 Vsss Vecs D2ss 0200 HF2 

10 0 0 0 0 0 0 
ACKA EF2 D21A 0249 0229 FF2 

9 0 0 0 0 _Q 0 
REQA A~ D1BA 0199 PF9 OE8 

8 0 0 0 0 0 0 
RJWA ENA Vss Vee AF2 ws, 

7 0 0 0 TOP VIEW 0 0 0 
AoA A,A CKA CKs WS0 Aas 

6 0 0 0 0 0 0 
A2A AF1 Vee Vss ENs R!Ws 

5 _Q 0 0 0 0 0 
OEA PFA 016A 017s AE1 REOe 

4 0 0 0 0 0 0 0 
FF1 D11A D13A NC D14s EF1 ACKe 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 
HF1 o,4A D11A VCCA VssA 03A RS D4s Vsss Vecs D12s 0159 MBF1 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 
o,5A D10A OBA DoA OBA D1A Dos 029 079 0100 Ogs D11e D1ss 

D 0 0 0 0 0 0 0 0 0 0 0 0 
D12A 07A DSA 04A 02A DOA RT1 D1s 030 Dss Das Das 0130 

A B c D E F G H J K L M N 

NOTE: NC = NO CONNECTION 543601-29A 

Figure 3. Pin Connections for 120-Pin PGA Package 
(Top View) 
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256x 36 x 2/ 512 x 36 x 2 BiFIFOs PRODUCT PREVIEW LH543601/11 

PIN LIST 

SIGNAL PQFP PGA SIGNAL PQFP PGA SIGNAL PQFP PGA 
NAME PINNO. PINNO. NAME PINNO. PINNO. NAME PINNO. PINNO. 

Ao A 1 A7 D16s 56 M3 D20A 110 D12 
A1A 2 87 D17S 57 L5 D27A 111 C13 
A2A 3 A6 M8F1 5B N3 D26A 113 C12 
OEA 4 A5 AE1 59 M5 025A 114 812 
FF1 6 A4 EF1 60 M4 D24A 115 813 
AF1 7 86 AC Ks 61 N4 D23A 117 C11 
HF1 B A3 REQs 63 N5 D22A 11B A13 
PFA 9 85 ENs 64 M6 021A 119 C10 
D11A 10 84 R/Ws 65 N6 D2oA 120 A12 
D16A 11 C5 CKs 66 L7 D19A 122 811 
D15A 12 A2 Aos 67 N7 D10A 123 C9 
D14A 14 83 WSo 6B M7 M8F2 124 A11 
D13A 15 C4 WS1 69 NB AE2 125 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 75 M9 RIWA 131 A8 
D7A 23 81 D10s 76 N12 CKA 132 C7 
DsA 24 E2 D19S 77 L9 Vee 5 C6 
D5A 25 C1 02os 7B M11 VssA 13 E3 
D4A 27 D1 D21s BO N13 VeeA 1B D3 
D3A 2B F3 D22S B1 M10 VssA 22 E3 
D2A 29 E1 D23S B2 M12 VeeA 26 03 
D1A 31 F2 024s B3 L10 VssA 30 E3 
Do A 32 F1 025s BS L11 Vsss 3B J3 
RS 33 G3 D26S 86 K12 Vees 42 K3 
RT1 34 G1 D27S B7 L12 Vsss 46 J3 
Dos 35 G2 02as B9 M13 Vees 50 K3 
Drn 36 H1 029s 90 J12 Vsss 55 J3 
D2s 37 H2 030s 91 L13 Vss 62 L6 
D3S 39 J1 D31S 93 K13 Vee 71 L8 
D4S 40 H3 D32S 94 H11 Vsss 79 J11 
Dss 41 K1 D33S 95 J13 Vees 84 K11 
Dss 43 L1 0340 97 H12 Vsss B8 J11 
D?s 44 J2 035s 9B H13 Vees 92 K11 
Das 45 M1 RT2 100 G12 Vsss 96 J11 
Dgs 47 L2 Da5A 101 F11 Vss 99 G11 
D10s 4B K2 D34A 102 G13 VssA 104 E11 
D11B 49 M2 D33A 103 F13 VeeA 10B D11 
D12S 51 L3 Da2A 105 F12 VssA 112 E11 
D13S 52 N1 031A 106 E12 VeeA 116 D11 
D14S 53 L4 D3oA 107 E13 VssA 121 E11 
D15S 54 N2 D29A 109 D13 Vss 12B CB 
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LH543601/11 PRODUCT PREVIEW 256 x36x 2/ 512 x 36 x 2 BiFIFOs 
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PORTA 
1/0 

PORTA 
CONTROL 

FIFO 1 

FIF02 

READ 

WRITE 

PORTB 
1/0 

PORTB 
CONTROL 

Figure 4a. Simplified LH543601/11 Block Diagram 

BYPASS 

.------1---------- MBF1 

RS RESET 
LOGIC 

MAILBOX 
REGISTER 

#1 

MBF2--------+-I-----~ 

CKA 

RJWA 
ENA 

REQA 
ACKA 

COMMAND 
PORT AND 
REGISTER 

PORTA 
SYNCH­
RONOUS 
CONTROL>---+--->~ 

LOGIC 

MAILBOX 
REGISTER 

#2 

FIF0#1 
MEMORY ARRAY 
256x36/512x36 

COMMAND 
PORT AND 
REGISTER 

PORTB 
SYNCH­

,__.._ _ _, RONOUS 
CONTROL 

LOGIC 

Aoa 

CKa 
R!Wa 
EN a 
REOa 
AC Ka 

FF, ------1---t--11----t FIXED AND 
AF1 ------11----+-l----i PROGRAMMABLE t---t-+--t---+----- EF1 
HF1 ----11--11-L_::S:.:T_:A.:_:TU~S::.:FLA::.:,::G::;S:.__Jt---t-+--t---+----- AE1 

RT2 -----11---., RT1 

- FIXED AND t--+-+--t---+----- FF2 
EF2 ------t---t-t--11----t PROGRAMMABLE t--+-+--t---+-----AF2 
AE2 ------t---t-t--11----t STATUS FLAGS -

'-------~-_J-+-+-t----+---- HF2 

PORTA 
1/0 

PARITY 
CHECKING 

FIF0#2 
MEMORY ARRAY 
256 x 36/ 512 x 36 

RESOURCE 
REGISTERS 

PORTB 
1/0 

PARITY 
CHECKING 

Figure 4b. Detailed LH543601/11 Block Diagram 

OEa 

Doa • D35B 

WS0,WS1 

PF a 

543601·36 

543601-6 
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256 x 36 x 2/ 512 x 36 x 2 BiFIFOs PRODUCT PREVIEW LH543601/11 

PIN DESCRIPTIONS 

PIN PIN TYPE* DESCRIPTION 

GENERAL 

Vee, Vss v Power, Ground 

RS I Reset 

PORTA 

CKA I Port A Free-Running Clock 

RIWA 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 

OEA I Port A Level-Sensitive Output Enable 

REOA I Port A Request/Enable 

RT2 I FIFO #2 Retransmit 

DoA-D35A 1/0/Z Port A Bidirectional Data Bus 

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) 

MBF2 0 New-Mail-Alert Flag for Mailbox #2 

PFA 0 Port A Parity Flag 

ACKA 0 Port A Acknowledge 

PORTB 

CKs I Port B Free-Running Clock 

R!Ws I Port B Edge-Sampled Read/Write Control 

ENs I Port B Edge-Sampled Enable 

Aos I Port B Edge-Sampled Address Pin 

OEs I Port B Level-Sensitive Output Enable 

WS0,WS1 I Port B Word-Width Select 

REOs I Port B Request/Enable 

RT1 I FIFO #1 Retransmit 

Dos-D35s 1/0/Z Port B Bidirectional Data Bus 

FF2 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) 

MBF1 0 New-Mail-Alert Flag for Mailbox #1 

PFs 0 Port B Parity Flag 

AC Ks 0 Port B Acknowledge 

• I = Input, 0 = Output, Z = High-Impedance, V = Power Voltage Level 
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LH543601/11 PRODUCT PREVIEW 256 x36 x 2/ 512 x 36 x 2 BiFIFOs 

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 

DC Output Current 2 ±40mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 2 Watts (Quad Flat Pack) 

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 undershoot of 1.5 V in amplitude is 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 Vcc+0.5 v 

NOTE: 
1. Negative undershoot of 1.5 V in amplitude is 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 = OVTo Vee -10 10 µA 

I Lo 1/0 Leakage Current OE ;e:V1H, OV:s;VouT:s;Vcc -10 10 µA 

VoL Logic LOW Output Voltage loL= 16.0mA 0.4 v 
VoH Logic HIGH Output Voltage loH=-4.0mA 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) 75 mA 

lcc3 Power-Down Supply Current 1 All Inputs= Vcc-0.2 V (Clock idle) 0.1 mA 

NOTE: 
1. Ice, ICC2, and IC::ca 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 2/512 x 36 x2 BiFIFOs PRODUCT PREVIEW LH543601/11 

AC TEST CONDITIONS 

PARAMETER RATING 
+SV 

Input Pulse Levels Vss to 3 V 

Input Rise and Fall Times 
5 ns 

(10% to90%) 

Output Reference Levels 1.5 v 30pF* 

Input Timing Reference Levels 1.5 v 
Output Load, Timing Tests Figure5 

CAPACITANCE 1•2 

PARAMETER RATING 
*INCLUDES JIG AND SCOPE CAPACITANCES 543601-7 

C1N (Input Capacitance) 8 pF Figure 5. Output Load Circuit 

CouT (Output Capacitance) BpF 

NOTES: 

1. Sample tested only. 

2. Capacitances are maximum values at 25°C, measured at 1.0MHz, with V1N = O V. 
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LH543601/11 PRODUCT PREVIEW 256 x 36 x 2/ 512 x 36 x 2 BiFIFOs 

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

-15 -20 -25 -30 -35 
SYMBOL DECRIPTION UNITS 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

fee Clock ~le Fr~en9'._ - 67 - 50 - 40 - 33 - 28.5 MHz 

tee Clock ~le lime 15 - 20 - 25 - 30 - 35 - ns 

teH Clock HIGH lime 6 - 8 - 10 - 12 - 15 - ns 

teL Clock LOW lime 6 - 8 - 10 - 12 - 15 - ns 

tos Data Set~ lime 4 - 5 - 6 - 7 - 8 - ns 

toH Data Hold lime 0 - 0 - 0 - 0 - 0 - ns 

tES Enable Setl.JQ_ lime 6 4 - 5 - 6 - 7 - 8 - ns 

IEH Enable Hold lime 6 0 - 0 - 0 - 0 - 0 - ns 

IRWS Read/Write Setl.JQ_ lime 4 - 5 - 6 - 7 - 8 - ns 

tRWH Read/Write Hold lime 0 - 0 - 0 - 0 - 0 - ns 

tRQS Reg_uest Setl.JQ_ lime 6 9 - 12 - 15 - 18 - 21 - ns 

IRQH Reg_uest Hold lime 6 0 - 0 - 0 - 0 - 0 - ns 
IAS Address Setl.JQ_ lime 6 9 - 12 - 15 - 18 - 21 - ns 

IAH Address Hold lime 6 0 - 0 - 0 - 0 - 0 - ns 

IA Data Ol!!Q_ut Access lime - 9 - 12 - 15 - 18 - 21 ns 

tAeK Acknowled~ Access lime - 9 - 12 - 15 - 18 - 21 ns 

toH Output Hold lime 3 - 4 - 5 - 5 - 5 - ns 

tzx 
Output Enable lime, OE LOW to 
Do - D3s Low-Z 2 3 - 4 - 5 - 5 - 5 - ns 

txz 
Output Disable lime, OE HIGH 
to Do - D35 Hig_h-Z 2 - 9 - 12 - 15 - 18 - 21 ns 

tEF 
Clock to EF Flag Valid (Empty - 9 - 12 - 15 - 18 - 21 ns 
Flag)_ 

tFF Clock to FF Fl~ Validjfull Fl~ - 9 - 12 - 15 - 18 - 21 ns 

tHF Clock to HF Fl~ Valid jHalf-Full}_ - 9 - 12 - 15 - 18 - 21 ns 

tAE 
Clock to AE Flag Valid (Almost- - 9 - 12 - 15 - 18 - 21 ns Empty) 

tAF 
Clock to AF Flag Valid (Almost' - 9 - 12 - 15 - 18 - 21 ns Full}_ 

tMBF 
Clock to MBF Flag Valid - 9 - 12 - 15 - 18 - 21 ns 

__{_Mailbox Fl~ 
tpF Data to Parl!Y_FI~ Valid - 9 - 12 - 15 - 18 - 21 ns 

IRS Reset/Retransmit Pulse Width 7 24/15 - 32/20 - 40/25 - 52/30 - 65/35 - ns 

IRSS Reset/Retransmit Setl.JQ_ lime 3 12 - 16 - 20 - 25 - 30 - ns 

tRSH Reset/Retransmit Hold lime 3 6 - 8 - 10 - 15 - 20 - ns 
tRF Reset LOW to Fl~ Valid - 25 - 30 - 35 - 40 - 45 ns 

tFRL First Read Laten9'._ 4 15 - 20 - 25 - 30 - 35 - ns 

tFWL First Write Laten9'._ 5 15 - 20 - 25 - 30 - 35 - ns 

tas ~ass Data Setl.JQ_ 9 - 12 - 15 - 18 21 - ns 

taH ~ass Data Hold 3 - 4 - 5 - 5 - 5 - ns 

taA ~ass Data Access - 12 - 16 - 20 - 25 - 30 ns 

NOTES: 

1. liming measurements performed at 'AC Test Condition' levels. 
2. Values are guaranteed by design; not currently production tested. 
3. IRss and/or IRsH need not be met unless a rising edge of Cl<A occurs while ENA is being asserted, or else a rising edge of CKs occurs while 

ENs 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 Cl<A or CKs is enabled; IRs = IRss + lcH + !ASH. 
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256 x36 x 2/ 512 x 36 x 2 BiFIFOs PRODUCT PREVIEW LH543601/11 

OPERATIONAL DESCRIPTION 

Reset 

The device is reset whenever the asynchronous Reset 
(RS) input is taken LOW. A reset operation is required 
after power-up, before the first write operation may occur. 
The LH543601 /11 are fully ready for operation after being 
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. If the respective 
outputs are enabled, the initial contents of these first 
locations appear atthe outputs. 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 flags get asserted 
within eight locations of an empty condition, and the 
AF1/AF2 flags likewise get asserted within eight locations 
of a full condition, for FIFO #1/FIFO #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 
cannot perform write or read operations independently on 
its own during reset. 

The direction of the bypass data transmission is deter­
mined by th RIWA control input, which does not get 
overridden by the RS input. Here, a 'write' operation 
means passing data from Port A to Port B, and a 'read' 
operation means passing data from Port B to Port A. 

The bypass capability may be used to pass initializa­
tion or configuration data directly between a master proc­
essor and a peripheral device during 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, A 1 A, 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 
CKs). Resource-register select-input address 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 
ENs) is held HIGH; the appropriate request (REOA or 
REOs) is held HIGH; the appropriate Read/Write control 
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(RiWA or R/Ws) is held LOW; the FIFO address is 
selected for the address inputs (A2A - AoA or Aoo); and 
the prescribed setup times and hold times are observed 
for all of these signals. Setup times and hold times must 
also be observed on the data-bus pins (DoA - D3sA or 
Dos-D35s). 

Normally, the appropriate Output Enable signal (OEA 
or OEs) is HIGH, to disable the outputs at that port, so 
that the data word present on the bus from external 
sources gets stored. However, a 'loopback' mode of 
operation also is possible, in which the data word supplied 
by the outputs of one internal FIFO is 'turned around' at 
the port and read back into the other FIFO. In this mode, 
the outputs at the port are not disabled. To remain within 
specification for all timing parameters, the Clock Cycle 
Frequency must be reduced slightly below the value 
which otherwise would be permissible for that speed 
grade of LH5420. 

When a FIFO full condition is reached, write operations 
are locked out. Following the first read operation from a 
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 are retrieved. 

Table 1. Resource-Register Addresses 

Av. A1A AoA RESOURCE 

PORTA 

H H H FIFO 

H H L Mailbox 

H L H AF2, AE2, AF1, AE1 Flag 
Offset Registers 

H L L Control Register 

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 

Aoe RESOURCE 

PORTB 

H FIFO 

L Mailbox 

FIFO Read 

Port Areads from FIFO #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 ENs) is held HIGH; the appropriate request 
(REOA or REQs) is held HIGH; the appropriate 
Read/Write control (RiWA or R!Ws) is held HIGH; 
the FIFO address is selected for the address inputs 
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OPERATIONAL DESCRIPTION (cont'd) 

(A2A -AoA or Aoe); and the prescribed setup times and 
hold times are observed for all of these signals. Read data 
becomes valid on the data-bus pins (DoA - D3sA or 
Doe - D35B) by a time tA after the rising clock (CKA or 
CKa) edge, provided that the data outputs are enabled. 

OEA and OEe are assertive-LOW, asynchronous, Out­
put Enables control input signals. 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 again are en­
abled, unless it subsequently is 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. 

Dedicated FIFO Status Flags 

Six dedicated FIFO status flags are included for Full 
(FF1 and FF2), Half-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. A Full Flag is 
deasserted following the falling clock edge for a read 
operation to a full FIFO. A Half-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. 

An Almost-Full Flag is asserted following the rising 
clock edge for a write operation that fills the FIFO. An 
Almost-Full Flag is deasserted following the falling clock 
edge for a read operation to a full FIFO. An Almost-Empty 
Flag is asserted following the rising clock edge for a read 
operation that empties the FIFO. An Almost-Empty Flag 
is deasserted following the falling clock edge for a write 
operation to an empty FIFO. 

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 
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word; or, each programmable flag offset can be set indi­
vidually, through one of four eight-bit (LH543601) or nine­
bit (LH543611) status words. Table 3a illustrates the data 
formatforflag-programming words for the LH543601, and 
Table 3b illustrates the data format for flag-programming 
words for the LH543611. 

Also, Table 4a defines the meaning of each of the five 
flags, both the dedicated flags and the programmable 
flags, for the LH543601. Likewise, Table 4b lists the same 
definitions for the LH543611. 

WARNING: Control inputs which may affect the compu­
tation of flag values at a port generally should not change 
while the clock for that port is HIGH, since some updating 
of flag values takes place on the falling edge of the clock. 

Mailbox Operation 

Two mailbox registers are provided for passing system 
hardware or software control/status 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 RiWAtB and OEA!B pins control the direction and 
availability of mailbox-register accesses. Each mailbox 
register has its own New-Mail-Alert Flag (MBF1 and 
MBF2), which is synchronized to the reading port's clock. 
These New-Mail-Alert Flags are status indicators only, 
and cannot inhibit mailbox-register read or write operations. 

Request Acknowledge Handshake 

A synchronous, request-acknowledge handshake fea­
ture is provided for each port, to perform boundary syn­
chronization between asynchronously-operated ports. 
The use of this feature is optional. When it is used, the 
Request input (REOA!B) is sampled at a rising clock edge. 
With REOA!B HIGH, RIWA!B determines whether a FIFO 
read operation or a FIFO write operation is being re­
quested. The Acknowledge output (ACKA!B) is updated 
during the following clock cycle(s). ACKA!B meets the 
setup and hold time requirements of the Enable input 
(ENA or ENe). Therefore, ACKA!B may be tied back to the 
enable input to directly gate FIFO accesses, at a slight 
decrease in maximum operating frequency. 

The assertion of ACKAiB signifies that REOA!B was 
asserted. However, ACKA!B does not depend logically on 
ENA1B; and thus the assertion of ACKA!B does not prove 
that a FIFO write access or a FIFO read access actually 
took place. While REOAiB and ENA/B are being held 
HIGH, ACKA!B may be considered as a synchronous, 
predictive boundary flag. That is, ACKA!B acts as a syn­
chronized predictor of the Almost-Full Flag AF for write 
operations, or as a synchronized predictor of the Almost­
Empty Flag AE for read operations. 

SHARP 



256x36 x2/512 x36 x 2 BiFIFOs PRODUCT PREVIEW LH543601/11 

OPERATIONAL DESCRIPTION (cont'd) 

Outside the 'almost-full' region and the 'almost-empty' 
region, ACl<AIB remains continuously HIGH whenever 
REQA/8 is held continuously HIGH. Within the 'almost-full' 
region or the 'almost-empty' region, ACl<AIB occurs only 
on every third cycle, to prevent an overrun of the FIFO's 
actual full or empty boundaries and to ensure thatthe tFWL 
(first write latency) and lFRL (first read latency) specifica­
tions are satisfied before ACKA!B 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 'almosf 
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, 
then 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 Fl FO is empty, ACl<AIB is not 
asserted in response to REOA/8. 

If the REQ/ACK handshake is not used, then the 
REQAIB input may be used as a second enable input, at 
a possible minor loss in maximum operating speed. In this 
case, the ACKAiB output may be ignored. 

WARNING: Whether or not the REQ/ ACK handshake is 
being used, the REQAIB 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 memory 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 (LH543601) or 512 
(LH543611) data words, which previously had been writ­
ten into and read from a FIFO, can be retrieved. The block 
to be retransmitted is bounded by the first FIFO memory 
location, and the FIFO memory location addressed by the 
write pointer. FIFO #1 retransmit is initiated by strobing 
the RT1 pin LOW. FIFO #2 retransmit is initiated by 
strobing the RT2 pin LOW. Read and write operations to 
a FIFO should be stopped while the corresponding Re­
transmit signal is being asserted. 

Parity Check 

The Parity Check Flags, PFA and PFs, are asserted 
(LOW) whenever there is a parity error in the data word 
present on the Port A data bus or the Port B data bus 
respectively. The inputs to the parity-evaluation logic 
come directly (via isolation transistors) from the data-bus 
bonding pads, in each case. 

The four bytes of a 36-bit data word are grouped as 
Do- De. Ds- D11, D1a - 026. and 027 - Das. The parity of 
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each nine-bit byte is individually checked, and the four 
single-bit parity indications are logically inclusive-ORed 
to produce the Parity-Flag output. Parity checking is 
initialized for odd parity at reset, but can be repro­
grammed for even parity or for odd parity during opera­
tion. 

All nine bits of each byte are treated alike by the parity 
logic. The byte parity over the nine bits is compared with 
the Parity Mode bit in the Control Register, to generate a 
byte-parity-error indication. Then, the four byte-parity­
error signals are NORed together, to compute the asser­
tive-LOW parity-flag value. 

Word-Width Selection on Port B 
The word width of data access on Port B is selected 

by the WSo and WS1 control inputs. WSo and WS1 both 
are tied HIGH for 36-bit access; they both are tied LOW 
for single-byte access. For double-byte access, WSo is 
tied HIGH and WS1 is tied LOW. 

In the single-byte-access or double-byte-access modes, 
FIFO write operations on Port B essentially pack the data to 
form 36-bit words, as viewed from Port A. Similarly, single­
byte or double-byte FIFO read operations on Port B essen­
tially 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. 

Since the values for each status flag are computed by 
logic directly associated with one of the two FIFO-memory 
arrays, and not by logic associated with Port B, the flag 
values reflect the array fullness situation in tenns of com­
plete 36-bitwonts, and not in terms of bytes or double bytes. 

However, there is no such restriction for switching from 
writing to reading, or from reading to writing, at Port B. As 
long as tRws. tos, and tA are satisfied, R/Ws may change 
state after anysingle-byte or double-byte access, and not 
only after a full 36-bit-word access. 

Also, the word-width-matching feature continues to 
operate properly in 'loopback' mode. 

Note that the programmable word-width-matching fea­
ture is only supported for FIFO accesses. Mailbox and 
Data Bypass operations do not support word-width 
matching between Port Aand Port B. Tables 2, 3a, 3b, 4a, 
and 4b, and Figures Sa, Sb, 7a, and 7b summarize 
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 (Reserved) 

L H 18-Bit 

L L 9-Bit 
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Table 3a. LH543601 Reso11rce-Register Programming 

RESOURCE-
REGISTER 
ADDRESS RESOURCE-REGISTER CONTENTS 

Az A1 Ao 

NORMAL FIFO OPERATION 

H H H x ... 

MAILBOX 

H H L x ... 
36-BITMODE 

Da4A. • • 027A D25A • • • D1BA D1BA ••• OBA l>rA· •. l>oA 

H L H xI AF2Offset 1 JxI AE2Offset 1 Ix I AF1 Offset 1 JxJ AE1 Offset 1 

CONTROL REGISTER (WRITE-ONLY) 

l>oA 

H L L x ... xj Parity Mode 2 

&-BIT AE1 FLAG 

l>rA·· 0 l>oA 

L H H x ... xJ AE1 Offset 1 

&-BIT AF1 FLAG 

l>rA • •• l>oA 

L H L x ... xJ AF1Offset 1 

&-BIT AEz FLAG 

l>rA ••. l>oA 

L L H x ... xJ AE2 Offset 1 

&-BIT AF2 FLAG 

l>rA • •. l>oA 

L L L x ... xj AF2 Offset 1 

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. 
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Table 3b. LH543611 Resource-Register Programming 

RESOURCE· 
REGISTER 
ADDRESS RESOURCE-REGISTER CONTENTS 

A2 A1 Ao 

NORMAL FIFO OPERATION 

H H H x ... 

MAILBOX 

H H L x ... 

36-BITMODE 

D36A • • • D27A ihGA. • • D18A D11A ••• [)gA DSA ••• DoA 

H L H AF2Offset 1 I AE2Offset 1 I AF1 Offset 1 I AE1 Offset 1 

CONTROL REGISTER (WRITE-ONLY) 

DoA 

H L L x ... xl Parity Mode 2 

-
8-BIT AE1 FLAG 

DSA ••• DoA 

L H H x ... xI AE1 Offset 1 

-
8-BIT AF1 FLAG 

DaA ••• DoA 

L H L x ... xI AF1 Offset 1 

8·BIT AE2 FLAG 

DaA ••• DoA 

L L H x ... xJ AE2Offset 1 

-
8-BIT AF2 FLAG 

DSA ••• DoA 

L L L x ... xl AF2Offset 1 

NOTES: 
1. All four programmable-flag-offset values are initialized to eight (B) during a reset operation. 
2. Odd parity= HIGH; even parity= LOW. The parity mode is initialized to odd during a reset operation. 
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Table 4a. LH543601 Flag Definition Table 1 

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-p 256 0 255-p 0 p p+1 256 

HF 129 256 0 128 0 127 128 256 

AE 0 q q+1 256 256-q 256 0 255-q 

EF 0 0 1 256 256 256 0 255 

Table 4b. LH543611 Flag Definition Table 1 

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 512 512 0 511 0 0 1 512 

AF 512-p 512 0 511-p 0 p p+1 512 

HF 257 512 0 256 0 255 256 512 

AE 0 q q+1 512 512-q 512 0 511-q 

EF 0 0 1 512 512 512 0 511 
NOTE: 
1. pis the number in the Almost-Full-Flag-Offset-Value register for that port. q is the number in the Almost-Empty-Flag-Offset-Value register for that 

port 
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PORT B WORD-WIDTH SELECTION 

36-Bit Data Stream 18-Bit Data Streams 

Bits 18-35 
D3sA (2nd Halfword) D35S 

18 18 2nd Halfword, then 1st Halfword 

D18A 

PORT PORT 
A B 

D17A 

18 18 1st Halfword, then 2nd Halfword 

DoA Bits 0-17 Dos (1st Halfword) 

543601-32 

Figure 6a. 36-to-18 Funneling Through FIFO #1 

36-Bit Data Stream 9-Bit Data Streams 

D35A 

9 

D27A 

D26A 

9 

D18A 
PORT 

A 
D17A 

9 

DgA 

DBA 

9 

DOA 

Bits 27-35 
(4th Byte) 

Bits 18-26 
(3rd Byte) 

Bits 9-17 
(2nd Byte) 

Bits 0-8 
(1st Byte) 

Dos 

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 

543601-34 

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 6a) or bytes (Figure 6b) are transferred 
in parallel form from Port A to Port B. 
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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 Dos - Dsss. 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 Data Stream 

D35A 

18 

D18A 

PORT 
A 

D17A 

18 

DOA Bits0-17 
(1st Halfword) 

18-Bit Data,Stream 

18 

Doe 

PORT 
B 

1st Halfword, then 2nd Halfword 

543601-33 

Figure 7a. 18-to-36 Defunneling Through FIFO #2 

36-Bit Data Stream 9-Bit Data Stream 

D35A 

D21A 

D26A 

D18A 
PORT 

A 
D17A 

DgA 

DBA 

9 

DoA 

Bits 0-8 
(1st Byte) 

PORT 
B 

1st Byte, then 2nd Byte, then 3rd Byte, then 4th Byte 

543601-35 

Figure 7b. 9-to-36 Defunneling Through FIFO #2 

NOTES: 
1. The heavy black borders on register segments indicate the only 

data paths used. The other byte segments of Port B do not par­
ticipate in the data path during defunneling. 

2. The defunneling process does not change the ordering of bits 
within a byte. Halfwords (Figure 7a) or bytes (Figure 7b) are 
transferred in parallel form from Port B to Port A. 
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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 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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TIMING DIAGRAMS 

RS 

EF,AE 

HF, AF, FF, MBF 

NOTES: 
1. RS overrides all other input signals, except for RiW A• and operates asynchronously. 

RS operates whether or not ENA and/or EN8 are asserted. 
2. tRSS• tRSH need not be met unless the rising edge of CKA and/or CK8 occurs 

while that clock is enabled. 
3. The ()'ll'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 reset. 

Figure 8. Reset Timing 
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LH543601/11 

543601-26 
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TIMING DIAGRAMS (cont'd) 

RS 

CKA 
-----.J 

las 

Dos· Dsss BYPASS IN 

NOTES: 

BYPASS 
IN 

BYPASS DATA OUT 

1. !iiss• lilsH 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, CKA• RiWA• and ENA control the 

transmission of data between ports at reset. 

Figure 9. Data Bypass Timing 
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TIMING DIAGRAMS (cont'd) 

NOTES: 

READ FROM 
FIFO #2 

VALID PF 

Ice 

lxz 

WRITE TO 
FIF0#1 

los 

DATA IN 

VALID PF 

1. The Port A Parity Error Flag (PFA) reflects 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 Read/Write 

SH.ARP 
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TIMING DIAGRAMS (cont'd) 

CK a 

RlWa 

Aas 

Doa · D35a 

PF a 

NOTES: 

PRODUCT PREVIEW 

READ FROM 
FIF0#1 Ice 

WRITE TO 
FIF0#2 

1. The Port B Parity Error Flag (PF6) 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 OE6 is left LOW during a write operation, then the previous data held in the output latch is 

written back into FIFO #2. 

Figure 11. Port B FIFO Read/Write 
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TIMING DIAGRAMS (cont'd) 

NOTES: 

PRODUCT PREVIEW 

WRITE TO 
MAILBOX#1 

MAILBOX IN 

MAXIMUM OF 2 CKs 
CYCLES LATENCY 

READ FROM 
MAILBOX#2 

1. Both edges of MBF2 are synchronized to the Port A clock, CKA· 
2. Both edges of MBF 1 are synchronized to the Port B clock, CK6 . 

3. There is a maximum of two CK6 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. Port A Mailbox Access 

SHARP 

LH543601/11 

MAILBOX OUT 

543601~22 
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TIMING DIAGRAMS (cont'd) 

CKs 

R!Ws 

Aas 

MBF1 

OEs 

Dos· D3ss 

NOTES: 

WRITE TO 
MAILBOX#2 

MAXIMUM OF 2 CKA 
CYCLES LATENCY 

1. Both edges of MBF2 are synchronized to the Port A clock, CKA. 
2. Both edges of MBF 1 are synchronized to the Port B clock, CKs. 

READ FROM 
MAILBOX#1 

3. There is a maximum of two 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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256x 36 x 2/512 x 36 x 2 BiFIFOs 

TIMING DIAGRAMS (cont'd) 

LOAD FLAG 
POSITIONS 

PRODUCT PREVIEW 

READ FLAG 
POSITIONS 

FLAG DATA OUT 

-!RF l-------
AE1, AE2. AF1, AF2 

~~~~~~~~~~ 

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 !RF. 

Figure 14. Flag Programming 
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LH543601/11 PRODUCT PREVIEW 256 x 36 x 2 / 512 x 36 x 2 BiFIFOs 

TIMING DIAGRAMS (cont'd) 

NOTE: AiA.. A1A, ft.oA, and Aoe all are held HIGH for FIFO access. 
543601-1 

Figure 15. Empty Flag Timing 
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256 x 36 x 2/ 512 x 36 x 2 BiFIFOs PRODUCT PREVIEW LH543601/11 

TIMING DIAGRAMS (cont'd) 

NOTE: ~. A1A, AoA. and Aas all are held HIGH for FIFO access. 
543601-2 

Figure 16. Almost-Empty Flag Timing 
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LH543601/11 PRODUCT PREVIEW 256 x36 x 2/ 512 x 36 x 2 BiFIFOs 

TIMING DIAGRAMS (cont'd) 

NOTE: AzA, A1A, AoA• and Aoe all are held HIGH for FIFO access. 
543601-3 

Figure 17. Full Flag Timing 
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256x36 x2/512 x36 x 2 BiFIFOs PRODUCT PREVIEW LH543601/11 

TIMING DIAGRAMS (cont'd) 

NOTE: ~. A1A, Ao>.. and Aas all are held HIGH for FIFO access. 
543601-4 

Figure 18. Almost-Full Flag Timing 
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LH543601/11 PRODUCT PREVIEW 256 x 36 x 2/ 512 x 36 x 2 BiFIFOs 

TIMING DIAGRAMS (cont'd) 

NOTE: "'2>,, A1A, Ao>.. and Aos all are held HIGH for FIFO access. 
543601·5 

Figure 19. Half-Full Flag Timing 
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256 x 36 x 2/ 512 x 36 x2 BiFIFOs PRODUCT PREVIEW LH543601/11 

TIMING DIAGRAMS (cont'd) 

ENA 

!ASS 
IRS 

RT2 

!ASS 

CK8 

IRwS 

R/Ws 

!Es !EH 

EN8 
NOTES: 

1. !Ass and ~SH need not be met unless a rising edge of CKA or CK8 occurs while that clock is enabled. 

2. !Ass is the time needed to deassert RT2 b..:!_ore returning to a normal FIFO cycle. 

3. !ASH is the time needed before asserting RT2 after a normal FIFO cycle. 
543601-20 

Figure 20. FIFO #2 Retransmit 
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LH543601/11 PRODUCT PREVIEW 256 x 36 x2/ 512 x 36 x 2 BiFIFOs 

TIMING DIAGRAMS (cont'd) 

Cf<a 

R/WB 

EN6 

!ASH liiss 

!RS 

RT1 

!ASH 

CKA 

tRWS 

RIWA 

!ES !EH 

ENA 

NOTES: 
1 . !Ass and ~SH need not be met unless a rising edge of CKA or CK6 occurs while that clock is enabled. 

2. !Ass is the time needed to deassert RT 1 before returning to a normal FIFO cycle. 

3. tRsH is the time needed before asserting RT1 alter a normal FIFO cycle. 

Figure 21. FIFO #1 Retransmit 
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256x36 x2/ 512 x 36 x 2 BiFIFOs PRODUCT PREVIEW 

TIMING DIAGRAMS (cont'd) 

ENB 

DoB - DssB 

NOTES: 
1. A2A, A1A, AoA. and Ao6 are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OE8 is held LOW. 
4. tFRL (First Read Latency) - The first read following an empty condition 

may begin no earlier than tFRL after the first write to an empty FIFO, 
to ensure that valid read data is retrieved. 

SH.ARP 

Figure 22. FIFO #1 Write and Read Operation in 
Near-Empty Region 

LH543601/11 

543601-16 
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LH543601/11 PRODUCT PREVIEW 256 x36x 2/ 512 x 36 x2 BiFIFOs 

TIMING DIAGRAMS (cont'd) 

CKs 

R!Wa 

Doe - D35a 

NOTES: 
1. ~. A1A• AoA• and Aoa are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OE8 is held LOW. 
4. "'RL (First Read Latency) - The first read following an empty condition 

may begin no earlier than trnL after the first write to an empty FIFO, 
to ensure that valid read data is retrieved. 

5-264 

Figure 23. FIFO #2 Write and Read Operation in 
Near-Empty Region 

543601-17 
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256 x 36 x 2 / 512 x 36 x 2 BiFIFOs PRODUCT PREVIEW 

TIMING DIAGRAMS (cont'd) 

DoA - DasA 

CKs 

R!Ws 

Dos - Dass 

NOTES: 
1. A,p,, A1A, AoA• and Aas are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OEs is held LOW. 
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 FIFO, 
to ensure that valid write data is written. 

Figure 24. FIFO #1 Read and Write Operation in 
Near-Full Region 

LH543601/11 

543601-14 
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LH543601/11 PRODUCT PREVIEW 256 x36x2/ 512 x 36 x 2 BiFIFOs 

TIMING DIAGRAMS (cont'd) 

CKs 

R/Ws 

ENs 

Dos - Dass 

NOTES: 
1. A,A, A1A• AoA• and Aas are all held HIGH for FIFO access. 
2. OEA is held LOW. 
3. OE8 is held HIGH. 
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 FIFO, 
to ensure that valid write data is written. 

5-266 

Figure 25. FIFO #2 Read and Write Operation in 
Near-Full Region 
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256 x36 x 2/ 512 x36 x 2 BiFIFOs PRODUCT PREVIEW 

TIMING DIAGRAMS (cont'd) 

R!Wa 

ENe 

IA 

Doe - D110 

I 
WORD #n WORD #n+1 WORD #n+2 

D, •• - Dase 

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. Port B Double-Byte FIFO #1 Read Access for 
36-to-18 Funneling 

NOTES: 

I 
WORD #n 

1. Aoa is held HIGH for FIFO access. 
2. OE8 is held HIGH. 

I 
WORD #n+1 

3. WSo is held HIGH and WS1 is held LOW for double-byte access. 

I 
WORD #n+2 

Figure 27. Port B Double-Byte FIFO #2 Write Access for 
18-to-36 Defunneling 

LH543601/11 

543601-13 

543601-12 
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LH543601/11 PRODUCT PREVIEW 256 x 36 x 21512 x 36 x 2 BiFIFOs 

TIMING DIAGRAMS (cont'd) 

CK a 

!Aws 

R/Wa 

!ES 

EN a 

!A 

Dos - DBB 

WORD# n WORD #n+1 

D90 - D11s 

I I 
WORD #n WORD #n+1 

D199 - D268 

I 
WORD #n WORD # n+1 

D278 - Da50 

WORD #n WORD #n+1 

NOTES: 
1. Aos is held HIGH for FIFO access. 
2. OE8 is held LOW. 
3. WS0 and WS1 both are held LOW for single-byte access. 

Figure 28. Port B Single-Byte FIFO #1 Read Access for 
36-to-9 Funneling 
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256 x 36 x 2/ 512 x 36 x 2 BiFIFOs PRODUCT PREVIEW 

TIMING DIAGRAMS (cont'd) 

R/WB 

EN8 

Do.-Da• 

I I 
WORD #n WORD #n+1 

NOTES: 
1. Aoo is held HIGH for FIFO access. 
2. OE6 is held HIGH. 
3. WS0 and WS1 both are held LOW for single-byte access. 

Figure 29. Port B Single-Byte FIFO #2 Write Access for 
9-to-36 Defunneling 

LH543601/11 

543601-10 

Outside the 'almost-empty' regi=t-on, Starting at the third cycle after entering the 
acknowledge is continuous 'almost-empty' region, acknowledge 
for a continuous request. occurs on every third cycle to prevent underrun 

of the empty condition. 

* * * * 
CK,.. (CKB) 

REQA (REQB) 

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 REO/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 

543601-8 
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LH543601/11 PRODUCT PREVIEW 256 x36 x2/ 512 x 36 x 2 BiFIFOs 

TIMING DIAGRAMS (cont'd) 

Outside the 'almost-empty' regioTn, Starting at the third cycle after entering the 
acknowledge is continuous 'almost-empty' region, acknowledge 
for a continuous request. occurs on every third cycle to prevent underrun 

of the empty condition. 

c~ (CK8 ) 

REQA (REOs) 

ACKA (ACKs) 

AE2 (AE1) 

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 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 

ORDERING INFORMATION 

LH543601/11 
Device Type 

x 
Package 

-## 

Spj" [" 20 
25 
30 
35 

Cycle Times (ns) 

* 

543601-9 

'-------------< P 132-Lead, Plastic Quad Flat Package (PQFP132-P-S950) 
Y 120-Lead, Pin-Grid-Array Package (PGA120-C-S1360) 

~------------- 256 x 36 x 2/512 x 36 x 2 Bidirectional FIFO 

Example: LH543611P-20 (512 x 36 x 2 Bidirectional FIFO, 20 ns, 132-Lead, Plastic Quad Flat Package) 
543601-37 
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LH543620 
FEATURES 

• Fast Cycle Times: 20/25/30 ns 

• Selectable 36/18/9-Bit Word Width for Both 
Input Port and Output Port 

• Byte-Order-Reversal Function (i.e., 
'Big-Endian' *""+ 'Little-Endian' Conversion) 

• 16-mA-loL Three-State Outputs 

• Automatic Byte Parity Checking 

• Selectable Byte Parity Generation 

• Five Status Flags: Full, Almost-Full, 
Half-Full, Almost-Empty, and Empty 

• Programmed Values may be entered from 
either Port 

• Two Enable Control Signals for each Port 

• Mailbox Register with Synchronized Flags 

• Asynchronous Data-Bypass Function 

• Data-Retransmit Function 

• Configurable for Paralleled FIFO Operation 
(72-Bit Data Width) 

• PQFP-to-PGA Package Conversion * 

• Package: Space-Saving PQFP 

* For PQFP-to-PGA conversion for thru-hole board designs, Sharp 
recommends ITT Pomona Electronics' SMT/PGA Generic Con­
verter model #5853®. This converter maps the LH543620 132-
pin PQFP to a generic 13x13, 132-pin PGA(100-mil pitch). For 
more information, contact Sharp or ITT Pomona Electronics at 
1500 East Ninth Street, Pomona, CA 91766, (909) 469-2900. 

SHARP 

ADVANCE INFORMATION 
1024 x 36 Synchronous FIFO 

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 nine-bit-wide FIFOs in many appli­
cations. 

The input port and the output port operate inde­
pendently of each other. Write operations are performed 
on the rising edge of the input clock CKI, and enabled by 
two enabled signals ENh, ENl2. Read operations are 
performed on the rising edge of the output clock CKO and 
enabled by two enabled signals EN01, EN02. 

Five status flags are available to monitor the memory 
array status: Full, Almost-Full, Half-Full, Almost-Empty, 
and Empty. The Almost-Full and Almost-Empty flags are 
initialized to a default offset of eight locations from their 
respective boundaries, but they are each programmable 
over the entire FIFO depth. 

Both the input port and the output port may be set 
independently to operate at three data-word widths: 36 
bits, 18 bits, or 9 bits. This setting may be changed during 
system operation. The LH543620 can perform Byte-Or­
der-Reversal on the four nine-bit bytes of each 36-bit data 
word passing through it, thus accomplishing 'Big Endian' 
++ 'Little Endian' conversion. 

When data is read out of the FIFO a byte-parity check 
is performed. The parity flag is used to indicate that a 
parity error was detected in one of the 9-bit bytes of the 
output word. 

Parity generation, when selected, creates the parity bit 
of each 8-bit byte of the input word. The result is written 
into the MSB-bit of each 9-bit byte, overwriting the pre­
vious contents of the bit. The default is odd parity. How­
ever, the FIFO may be programmed to use even parity. 

The LH543620 has a data-bypass mode that connects 
the output port to the input port asynchronously. A mailbox 
facility with Synchronized Flags is provided from the input 
port to the output port. 

The LH543620's 'Smart-Retransmit' capability sets the 
internal-memory read pointer to any arbitrary memory 
location. The 'Smart-Retransmit' capability includes a 
Marking Function and a Programmable Offset to support 
data communication and digital signal processing appli­
cations. 
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1024 x 36 Synchronous FIFO ADVANCE INFORMATION LH543620 

PIN DESCRIPTIONS (SUMMARY) 

PIN NAME 
PIN 

DESCRIPTION 
TYPE* 

DATABUS 

D[35:0] I 36-Bit Input-Port Databus 

0[15:0] 1/0/Z Three-State 36-Bit Output-

0(35:16] Oil Port Databus 

CLOCKS 

CKI I Input-Port Clock 

CKO I Output-Port Clock 

ASYNCHRONOUS CONTROL 

RS I Master Reset 

OE I Output Enable 

BYE I Data-Bypass Enable 

CAPR I 
Command-Address Port 
Reference 

CONTROL SIGNALS SYNCHRONOUS 

TO THE INPUT CLOCK 

EN'1,ENl2 I Input-Port Enables 

ADl(2:0] I Input-Port Address 

WSl[1:0] I 
Input-Port Word-Width-
Selection Address Field 

STATUS FLAGS SYNCHRONOUS 

TO THE INPUT CLOCK 

FF 0 Full Flag 

AF 0 Almost-Full Flag 

HF 1 0 Half-Full Flag 

MFF 0 Mailbox-Full Flag 

* I = Input, 0 = Output, V =Voltage, Z = High-Impedance 

1. The half-full flag is user-selectable to be synchronized to either eKI 
oreKO. 

PIN NAME 
PIN 

DESCRIPTION 
TYPE' 

CONTROL SIGNALS SYNCHRONOUS 

TO THE OUTPUT CLOCK 

EN01,EN02 I Output-Port Enables 

AD0[2:0] I Output-Port Address Field 

WS0[1:0] I 
Output-Port Word-Width-
Selection Address Field 

RTMD[1:0] I Retransmit Mode Control 

RT I Retransmit 

STATUS FLAGS SYNCHRONOUS 

TO THE OUTPUT CLOCK 

AE 0 Almost-Empty Flag 

EF 0 Empty Flag 

PF 0 Parity-Error Flag 

MEF 0 Mailbox-Empty Flag 

VOLTAGES AND GROUNDS 

Vee v Positive Power for Internal 
Logic 

Veeo v Positive Power for Output 
Drivers 

Vss v Ground for Internal Logic 

Vsso v Ground for Output Drivers 
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LH543620 ADVANCE INFORMATION 1024 x 36 Synchronous FIFO 

PIN CONNECTIONS 

~~~~~~~~~~~~~~~N~~~~~re~re~~~~N~~~~ 
~~~~~~~~~~~~~~~~~ 

MEF 
MFF 

EF 
AE 

Vsso 
HF 
AF 
FF 
PF 

CKO 
Veco 

035 
034 

Vsso 
033 
032 

Veco 
031 
030 

Vsso 
029 
02s 

Veco 
021 

025 
Vsso 

025 

024 
Veeo 

023 
022 

Vsso 
Vss 

5-274 

a: 

TOP VIEW 

(PRELIMINARY) 

Figure 2. LH5436201024 x 36 FIFO PQFP Package 

02s 

029 

030 
031 
032 

033 
034 
035 
Vee 
ENl1 

ENl2 
AOl0 
ADl1 

ADl2 
WSlo 
WSl1 

Vss 
CAPR 
BYE 
EN01 
EN02 

AOOo 
A001 

A002 

Vee 
WSOo 
WS01 
RS 
RTM00 

RTM01 
RT 
OE 
Veco 

543620-4 

SHARP 



1024 x 36 Synchronous FIFO ADVANCE INFORMATION LH543620 

PIN LIST 

PIN NAME PINNO. PIN NAME PINNO. PIN NAME PINNO. 

D14 1 015 61 D2a 116 
D13 2 014 62 D21 117 
D12 3 013 64 D26 119 
D11 4 012 65 D2s 120 
D10 5 011 67 D24 121 
D9 6 010 68 D23 122 
De 8 Oe 70 D22 123 
D7 9 Os 71 D21 124 
De 10 07 73 D2o 125 
Ds 11 Os 74 D19 126 
D4 12 Os 76 D1a 127 
D3 13 04 77 CKI 128 
D2 14 03 79 D17 130 
D1 15 02 80 D1s 131 
Do 16 01 82 D1s 132 
MEF 18 Oo 83 Vss 7 
MFF 19 OE 85 Veco 17 
EF 20 RT 86 Vsso 22 
AE 21 RTMD1 87 Vcco 28 
HF 23 RTMDo 88 Vsso 31 
AF 24 RS 89 Vcco 34 
FF 25 WS01 90 Vsso 37 
PF 26 WSOo 91 Vcco 40 
CKO 27 ADD2 93 Vsso 43 
035 29 AD01 94 Vcco 46 
034 30 ADOo 95 Vsso 49 
033 32 EN02 96 Vss 50 
032 33 EN01 97 Vee 51 
031 35 BYE 98 Veco 54 
Oao 36 CAPR 99 Vsso 57 
029 38 WSh 101 Vcco 60 
02a 39 WSlo 102 Vsso 63 
021 41 ADl2 103 Vcco 66 
02a 42 ADh 104 Vsso 69 
02s 44 AD lo 105 Vcco 72 
024 45 ENl2 106 Vsso 75 
023 47 ENh 107 Vcco 78 
022 48 Das 109 Vsso 81 
021 52 D34 110 Vceo 84 
020 53 D33 111 Vee 92 
019 55 D32 112 Vss 100 
01a 56 D31 113 Vee 108 
011 58 Dao 114 Vss 118 
015 59 D29 115 Vee 129 
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LH543620 ADVANCE INFORMATION 1024 x 36 Synchronous FIFO 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER RATING 

Supply Voltage to Vss Potential -0.5Vto7V 

Signal Pin Voltage to Vss Potential 2 -0.5 V to Vee+ 0.5 V 

DC Output Current 3 ±75mA 

Storage Temperature Range -65°C to 150°C 

Power Dissipation (Package Limit) 2 Watts (Quad Flat Pack) 

NOTES: 
1. Stresses greater than those Ii~ under 'Absolute Maximum Ratings' may cause permanent damage to the device. This Is a stress rating for tran­

sient 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. Negative undershoot of 1.5 V in amplitude is pennitted for up to 1 O ns, once per cycle. 
3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

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 1 -0.5 0.8 v 
V1H Logic HIGH Input Voltage 2.2 Vcc+0.5 v 

NOTE: 
1. Negative undershoot of 1.5 V in amplitude is pennitted 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 =OVToVee -10 10 µA 

ILO 1/0 Leakage Current OE~ V1H, 0 v ~ VouT~ Vee -10 10 µA 

VoL Logic LOW Output Voltage IOL= 16.0 mA 0.4 v 
VOH Logic HIGH Output Voltage loH=-8.0mA 2.4 v 
Ice Average Supply Current 1 Measured at fc = maximum 280 mA 

lcc2 Average Standby Supply Current 1 All Inputs= V1HMIN (Clock idle) 75 mA 

ICC3 Power-Down Supply Current 1 All Inputs = Vee, Outputs - open, 
1.0 mA 

Control - deasserted, Clocks= Vee 

NOTE: 
1. Ice, ICC2, and ICC3 are dependent upon actual output loading, and Ice is also dependent on cycle times. Specified values are with outputs open; 

and, for Ice, operating at minimum cycle times. 
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1024 x 36 Synchronous FIFO 

AC TEST CONDITIONS 

PARAMETER 

Input Pulse Levels 

Input Rise and Fall Times (10% to 90%) 

Output Reference Levels 

Input liming Reference Levels 

Output Load, Timing Tests 

CAPACITANCE 1 •2 

PARAMETER 

C1N MAX. {Input Capacitance) 

CouT MAX. (Output Capacitance) 

NOTES: 
1. Sample tested only. 

ADVANCE INFORMATION LH543620 

RATING 

Vss to 3 V 

3 ns 

1.5 v 
1.5 v 

Figure 3 

RATING 

8pF 

SpF 

+5V 

1.1 kn 

DEVICE 
UNDER•>-----.--~ 

TEST 
680'1 30 pF* 

*INCLUDES JIG AND SCOPE CAPACITANCES 

Figure 3. Output Load Circuit 

543620·27 

2. Capacitances are maximum values at 25°C, measured at 1.0 MHz, with V1N = O V. 
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LH543620 ADVANCE INFORMATION 1024 x 36 Synchronous FIFO 

AC ELECTRICAL CHARACTERISTICS 1 (See Timing Diagrams Pages 21-35) 

-20 -25 -30 
SYMBOL DESCRIPTION UNIT 

MIN MAX MIN MAX MIN MAX 

tc Clock Qy_cle Time 20 25 30 ns 

tcH Clock HIGH lime 8 10 12 ns 

tcL Clock LOW Time 9 12 14 ns 

tos Data In Setup Time 5 6 7 ns 

toso 
Data Setup Tune When Writing to Resource Register 10 12 14 ns 
From Output Port 

loH Data In Hold lime 1 1 1 ns 

IDHO 
Data Hold lime When Writing to Resource Register 2 2 2 ns 
From Output Port 

IA Data Out Access Time 14 17 21 ns 

IOH Data Out Hold Time 4 5 5 ns 

IES Enable Setup Time 5 6 7 ns 

IEH Enable Hold lime 1 1 1 ns 

loES Ou]l_ut Enable Setup lime 6 7 8 ns 

IOEH Output Enable Hold Time 1 1 1 ns 

loL OE to Data Out Low-Z 2 1 1 1 ns 

toz OE to Data Out High-Z 2 12 15 19 ns 

loE OE to Data Valid 14 17 21 ns 

IEF Em~Flag_ Access Time 14 17 21 ns 

tFF Full Flag_ Access Time 14 17 21 ns 

tAE AE Flag_ Access Time 14 17 21 ns 

tAF AF Flag Access Time 14 17 21 ns 

IHF HF Flag_ Access Time 14 17 21 ns 

tPF Parity_FlaJL Access lime 14 17 21 ns 

IMFF Mailbox FF Access Time 14 17 21 ns 

IMEF Mailbox EF Access lime 14 17 21 ns 

IAS Address Setup lime 9 10 11 ns 

IAH Address Hold lime 1 1 1 ns 

twss WSI and WSO Set':!E_ lime 5 6 7 ns 

lwSH WSI and WSO Hold lime 1 1 1 ns 

IRTMS Retransmit Mode Setup Time 5 6 7 ns 

tRTMH Retransmit Mode Hold lime 1 1 1 ns 

tRTS Retransmit Setup Time 5 6 7 ns 

IRTH Retransmit Hold lime 1 1 1 ns 

IRS Reset Pulse Width 20 25 30 ns 

IRSR Reset Recovery Time 2 10 12 15 ns 

tRF Reset LOW to Flag_ Valid 30 35 40 ns 

IRO Reset to Data Out LOW 20 25 30 ns 

IBA ~ass LOW to Data Valid 14 17 21 ns 

tao ~ass Propagation Deliiy_ 14 17 21 ns 

ISKEW1 Skew lime Between CKO and CKI for FF 3 14 17 21 ns 

tsKEW2 Skew lime Between CKI and CKO for EF 4 14 17 21 ns 

!sKEWM Skew lime Between Clock for Mailbox Flags 14 17 21 ns 

NOTES: 
1. "Timing measurements performed at 'AC Test Condition' levels. 

2. Values are guaranteed by design; not currently tested. 
3. These times also apply to the Programmable-Almost-Full and Half-Full flags when they are synchronized to CKI. 

4. These times also apply to the Half-Full and Programmable-Almost-Empty flags when they are synchronized to CKO. 
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1024 x 36 Synchronous FIFO ADVANCE INFORMATION LH543620 

PIN DESCRIPTIONS (FUNCTIONAL) 

PIN NAME 

0[35:0] 

0(35:0] 

CKI 

CKO 

DESCRIPTION 

DAT AB US 

36-bit Input-Port Databus. The D port is the input port for the FIFO memory array, the resource 
registers, and the mailbox, or it may be directly connected to the output port. See Figure 4. 
0(35:0] is synchronous to the rising edge of CKI. 

Three-State 36-Bit Output-Port Databus. The O port is the output port for the Fl FO memory 
array, the resource registers, and the mailbox, or it may be directly connected to the input port. 
See Figure 4. 0(35:0] is synchronous to the rising edge of CKO. The lower 16 bits of the 0 port 
(0(15:0]) may also be used as the input port for the resource register. 

CLOCKS 

Input-Port Clock. CKI is a free-running waveform controlled by an oscillator. It may be irregular 
or asynchronous if minimum clock-HIGH times and clock-LOW times are met. 

Output-Port Clock. CKO is a free-running waveform controlled by an oscillator. It may be 
irregular or asynchronous if minimum clock-HIGH times and clock-LOW times are met. 

INPUT PORT 

SELECT INPUT 
PORT FUNCTION 

ADI [2:0] = 
MAILBOX 

D-+MAILBOX 
MFF=L 
MEF=H 

RESOURCE 
REGISTER 

OUTPUT PORT 

SELECT OUTPUT 
PORT FUNCTION 

ADO [2:0]= 

MAILBOX 

MAILBOX-+0 
MFF=H 
MEF=L 

RESOURCE 
REGISTER 

H 

• All the operations are synchronized to CKI, 
except MEF is set HIGH on CKO. 

• All the operations are synchronized to CKO, 
except MFF is set HIGH on CKI. 

Figure 4. Resource Registers, Read and Write 
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PIN NAME DESCRIPTION 

ASYNCHRONOUS CONTROL 

RS Master Reset. When asserted LOW, the LH543620 internal resource registers are set to their 
default value. See Table 1. The status flags indicate Empty FIFO. 

Output Enable. When asserted LOW, OE forces Q[35:0] to be active. When deasserted HIGH, 

OE OE forces Q[35:0] into a Hi-Z state. Bit 6 of the control register governs whether OE suppresses 
the advancement of the Read Pointer (RP). In this case, OE must obey setup time and hold time 
relative to CKO. 

BYE Data-Bypass Enable. When asserted LOW, BYE connects Q[35:0] directly to D[35:0]. 

Command-Address Port Reference. CAPR determines the source of the 16-bit word to be 
loaded into the resource register. Whenever CAPR is LOW, the word comes from the Input Port. 
Whenever CAPR is HIGH (OE is HIGH), the word comes from the Output Port. 

CAPR NOTES: 
1. The destination of the resource register is always the Output Port. 
2. CAPR is assumed to be a steady signal. It is not allowed to change 'on-the-fly' during 
operation. 

CONTROL SIGNALS SYNCHRONOUS TO THE INPUT CLOCK 

Input-Port Enables. ENh and ENl2 are active HIGH and synchronous to the rising edge of CKI. 
ENh, ENl2 Data is written into the FIFO memory array when both ENh and ENl2 are asserted HIGH. 

NOTE: ENh, ENl2 DO NOT ENABLE writing data into the Resource Registers or the Mailbox. 

ADl[2:0] Input-Port Address. ADl[2:0] specifies the Input-Port destination. See Table 1. ADl[2:0] is 
synchronized to the rising edge of CKI. 

WSl[1:0] Input-Port Word-Width-Selection Address Field. WSl[1 :O] selects the Input-Port Word-Width. 
See Table 2. WSl[1 :O] is synchronous to the rising edge of CKI. 

Table 1. Input-Port Address Field Table 2. Input-Port Word-Width Selection 

DEFAULT VALUE WS'1 WSlo FUNCTION 
ADl2 AD'1 ADlo SELECTION (of the selected 

REGISTER) 

L L L 
ABASE 

0 register 

L L H ROFFSET 
0 register 

L L 9-Bit Data-Path Input data D[8:0] Width 

L H 
18-Bit Data-Path 

Input data D[17:0] Width 

H L Reserved 

L H L AF offset value 8 

L H H Parity register 0 
H H 36-Bit Data-Path Input data D[35:0] Width 

H L L AE offset value 8 

H L H Control register 1 

H H L Mailbox 0 

Resource 
H H H registers write 

disabled 
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PIN NAME DESCRIPTION 

STATUS FLAGS SYNCHRONOUS TO THE INPUT CLOCK 

Full Flag. FF is synchronous to the rising edge of CKI. When asserted LOW, 1024 36-bit words 
FF of the FIFO memory array contain meaningful data. When FF is asserted, writing data to the 

FIFO is disabled. 

Almost-Full Flag. When asserted LOW, AF indicates that there are at most 'p' vacant 36-bit 
words remaining in the FIFO memory array, where 'p' is the value of the Almost-Full-Offset-

AF Value. AF has two synchronization modes depending on Bit 5 of the control register. 
Bit 5 = 0 (Default) Asynchronous Mode 
Bit 5 = 1: AF is synchronous to the rising edge of CKI. 

Half-Full Flag. When asserted LOW, there are at least 513 36-bit words in the FIFO memory 
HF array. HF has three synchronization modes depending on Bits 3 and 4 of the control register. 

SeeTable3. 

MFF 
Mailbox-Full Flag. MFF is synchronized to the rising edge of CKI. When asserted LOW, it 
indicates that a new mail word has been placed in the mailbox. 

CONTROL SIGNALS SYNCHRONOUS TO THE OUTPUT CLOCK 

Output-Port Enables. EN01 and EN02 are active HIGH, synchronous to the rising edge of 

EN01, EN02 
CKO. Data is read from the FIFO memory array when both EN01, EN02 are asserted. 
NOTE: EN01, EN02 DO NOT ENABLE reading data from the Resource Register or the 
Mailbox. 

Output-Port Address Field. AD0[2:0] specifies the Output-Port source/destination. See Table 

AD0[2:0] 
4. AD0[2:0] is synchronous to the rising edge of CKO. 
NOTE: In order to read the resource register at the output bus, BYE should be deasserted and 
the FIFO memory array should be disabled. 

Table 3. HF Synchronization Modes Table 4. Output-Port Address Field 

CONTROL DEFAULT VALUE 
REGISTER FUNCTION ADO:! AD01 ADOo SELECTION {of the selected 

REGISTER) 
BIT4 BIT3 

L* L* Asynchronous Mode: HF L L L 
RB ASE 

0 
register 

L H 
Synchronous Mode I: HF is 
synchronous to the rising edge of CKO L L H 

ROFFSET 
0 

register 

H L Synchronous Mode II: HF is 

H H synchronous to the rising edge of CKI 
L H L 

AF offset 
8 

value 

• Default Mode 
L H H Parity register 0 

H L L 
AE offset 

8 
value 

H L H 
Control 

1 
register 

H H L Mailbox 0 

Resource 
H H H registers read Not applicable 

disabled 
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PIN NAME DESCRIPTION 

CONTROL SIGNALS SYNCHRONOUS TO THE OUTPUT CLOCK (cont'd) 

Output-Port Word-Width-Selection Address Field. WS0[1 :O] is synchronous to the rising 
WS0[1:0] edge of CKO. WS0[1 :O] selects the Output-Port Word-Width and controls byte-order-reversal 

according to Table 5. 

Retransmit Mode Control. RTMD[1 :O] is synchronized to the rising edge of CKO. RTMD[1 :O] 
controls the placement of new contents into the Read Pointer (RP) and/or the Retransmit Base 
(ABASE) registers. Whenever Retransmit (RT) is asserted, one of three operations is performed 
according to the setting of RTMD[1 :O]. See Table 6. 
NOTES: 

RTMD[1:0] 1. When RTMD[1 :O] is set to 0, the FIFO is in depth cascade mode, and the Retransmit 
mechanism can not be used. In cascade mode, the Almost-Empty Flag is a handshake signal 
for cascading. The Almost-Empty Flag is used as an input to the ENI of the next FIFO in the 
chain. 
2. In standard FIFO operation RTMD[1 :O] must be set to 3 and the Retransmit signal should be 
HIGH. 

Retransmit. RT is synchronized to the rising edge of CKO. When asserted LOW, RT causes 

RT 
one of the Retransmit Mode operations to be performed, according to the encoding of 
RTMD[1 :O]. See Table 6. 
NOTE: When RTMD[1 :O] = 0 (FIFO is in cascade mode) RT is ignored. 

Table 5. Output-Port Word-Width Selection Table 6. Retransmit Operation Modes 

WS01 WSOo FUNCTION RTMD1 RTMDo OPERATION ACTION TAKEN 

L L 
9-Bit Data-Path Output data 0(8:0] 
Width 

Depth The Almost-Empty 
L L Cascade Flag is a handshake 

L H 
18-Bit Data-Path Output data 0[17:0] 
Width 

36-Bit Data-Path 

Mode signal for cascading 

L H Retransmit 
(ABASE)+ 
(ROFFSET) --+ RP 

H L Width With Byte- Output data 0(35:0] (ABASE)+ 
Order-Reversal (ROFFSET) --+ RP 

H H 
36-Bit Data-Path Output data 0[35:0] 
Width 

H L 
Retransmit and 
and Mark (ABASE)+ 

(ROFFSET) --+ 

RB ASE 

H H Mark (RP) --+ ABASE 
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PIN NAME DESCRIPTION 

STATUS FLAGS SYNCHRONOUS TO THE OUTPUT CLOCK 

Almost-Empty Flag. The AE flag has two modes of operation depending on the RTMD[1 :O] 
setting. 
1. RTMD[1 :O] * O: AE is a standard Almost-Empty Flag. When asserted LOW, AE implies that 
there are at most 'q' 36-bit words in the FIFO memory array, where 'q' is Almost-Empty-Offset-

AE Value register value. In this mode AE has two synchronization options depending on the setting 
of Bit 2 of the control register. 
Bit 2 = 0 (Default) Asynchronous Mode 
Bit 2 = 1 Synchronous Mode: AE is synchronous to the rising edge of CKO. 
2. RTMD[1 :O] = O: AE is a handshake signal for cascading. 

EF 
Empty Flag. EF is synchronous to the rising edge of CKO. When asserted LOW, all 1024 
36-bit words are vacant. When asserted, EF disables the FIFO Read operation. 

Parity-Error Flag. PF is synchronized to the rising edge of CKO. When asserted LOW, PF 
implies that a parity error has occurred in at least one 9-bit byte within a 36-bit word read from 
the FIFO memory array. If there are no errors, it is deasserted HIGH. When an error is 

PF detected, the parity check result of each 9-bit byte of the 36-bit output word is written to the 
parity register. The content of the parity register is frozen until read. The PF signal is delayed by 
one CKO cycle compared to the output data (i.e., if the PF is asserted, there was an error in the 
previous word). 

MEF 
Mailbox-Empty Flag. MEF is synchronous to the rising edge of CKO. When asserted LOW, 
MEF indicates that there is no new mail word in the mailbox. 

VOLTAGES AND GROUNDS 

Vee Positive Power for Internal Logic. 

Vcco Positive Power for Output Drivers. 

Vss Ground for Internal Logic. 

Vsso Ground for Output Drivers. 

OPERATIONAL DESCRIPTION The FIFO write and read operations are supported by 
the following mechanisms: 

The LH543620 has four operating modes: 

• Normal Mode 

• Programmable Resource Registers 

• Mailbox 

• Data Bypass 

NORMAL MODE 

Normal FIFO operation refers to Read and Write oi:r 
erations to the FIFO memory array. Data Write operations 
into the FIFO memory array occur at the rising edge of 
CKI. The operation is enabled if both ENh and ENl2 are 
asserted HIGH. Data Read operations from the FIFO 
memory occur at the rising edge of CKO. The operation 
is enabled if both EN01 and EN02 are asserted HIGH. 

• Byte-Order-Reversal and Bus FunnelinglDefunneling 
Functions 

• Status Flags 

• Retransmit Mechanism 

• Parity Checking 

• Parity Generation 
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Byte-Order-Reversal and Bus Funneling/ 
Defunneling Functions 

Word width can be selected at the Input Port and/or 
the Output Port to be 36, 18 or 9 bits wide. When the 
Output Port width is selected to be 36 bits, it is possible 
to select Byte-Order-Reversal. 

The funneling mechanism is controlled by the inputs 
WSl[1 :O] and WS0[1 :O] according to Tables 2 and 5. Dala. 
is packed and unpacked from a 36-bit word memory array. 
Table 7 describes all combinations of funnelingdefunneling. 

Changes to the funnelingldefunneling settings during 
system operation should be made one clock before a 
word boundary, as shown in Example 3. 

Example 1: 36-to-9 Funneling 

CONDITIONS 

WSIJ:l:C!]_ I wsoc1:C!l_ 
RESULTS 

3 - Input 36 bits wide. 

- 0 Output 9 bits wide. 
Pins used are 0[8:0]. 

The dataflow structure is illustrated by Figure 5. 

Example 2: 18-to-38 Defunneling With Byte Reversal 

This example performs two functions: 

1. Bus width change 

2. Big Endian to Little Endian conversion 

This configuration can be used for connecting the Intel 
80286 to the Motorola 68040. 

CONDmONS 
RESULTS 

WSIJ:l:C!]_ WS0(1:!!1_ 

1 - Input 18 bits wide. 
Pins used are 1:!_17:0]. 

- 2 Output 36 bits wide with byte 
reversal order. 

The dala.flow structure is illustrated by Figure 6. 

Example 3: Changing Input Bus Width From 9 to 38 
During Operation 

CKI WSI ACTION 

0 0 Write 1st 9-bitMe 
1 0 Write 2nd 9-bi~ 
2 0 Write 3rd 9-bitMe 
3 3 Write 4th 9-bit byte 
4 3 Write 1st 36-bit word 

Table 7. Bus FunnelinglDefunnellng • 

INPUT OUTPUT 
CKI WSl=O CKO WS0=3 wso-2 WS0=1 WSO=O 

..s'..cl8S ~5:fil_ ~:C!]_ ~cles ~5:!!1_ _g(_35:C!]_ Qf3f:11!1_ q[:l7:!!1_ Ql35:9 Jm!:!!]_ 
0 xxx BO 0 B3 B2 B1 BO BO B1 B2 B3 B3 B2 B1 BO B3 B2 B1 BO 
1 xxx B1 1 B7 B6 BS B4 B4 BS B6 B7 B1 BO B3 B2 BO B3 B2 B1 
2 xxx B2 2 B7 B6 BS B4 B1 BO B3 B2 
3 xxx B3 3 BS B4 B7 B6 B2 81 BO B3 
4 xxx B4 4 B7 B6 B5 B4 
5 xxx BS 5 
6 xxx B6 6 
7 xxx B7 7 
8 xxx BB 8 

WSl=1 WS0=3 WS0=2 WS0=1 WS0=0 
~:1!!1 D1_17:Ql _Q[_35:Ql _Q[_35:Ql _ID5:1!!1 Q['!7:Q]_ Qm?:!ll, QLB:!!l_ 

0 xx B1 BO 0 B3 B2 B1 BO BO B1 B2 B3 B3 B2 B1 BO B3 B2 B1 BO 
1 xx B3 B2 1 B7 B6 BS B4 B4 BS B6 B7 B1 BO B3 B2 BO 83 82 B1 
2 xx BS B4 2 87 B6 BS B4 B1 BO 83 B2 
3 xx B7 86 3 B5 84 B7 86 82 B1 BO B3 
4 xx B9 B8 4 B7 B6 85 B4 

WSl=3 WS0=3 WS0=2 WS0=1 WS0=0 
.J!l.35:!!1_ QL35:!!1_ ~5:!!1_ ...Q!i35:1!!l. q[:l7:!!1_ :lf35:9l _g(_B:!!l_ 

0 B3 B2 B1 BO 0 B3 B2 B1 BO BO B1 B2 B3 83 B2 B1 BO B3 B2 B1 BO 
1 B7 B6 BS B4 1 B7 B6 BS B4 B4 BS 86 B7 81 BO B3 B2 BO B3 82 B1 

87 B6 BS B4 B1 BO B3 B2 
85 84 B7 B6 B2 B1 BO B3 

B7 B6 B5 B4 
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INPUT: WSl[1 :0]=3 LH543620 

B3 B7 D35 
BYTE #4 BYTE #8 

B2 B6 
BYTE #3 BYTE #7 

B1 B5 
BYTE #2 BYTE #6 

BO B4 
BYTE #1 BYTE #5 

DO 

5UL_Pl 
CKI 

NOTES: 
HEAVY SOLID LINES= Main data path. 

SHADED LINES= Not used for this application. 

035 

00 

OUTPUT: WS0[1:0J=0 

B3 BO B1 B2 
BYTE #4 BYTE#1 BYTE #2 BYTE #3 BYTE #8 

B2 B3 BO 81 
BYTE#3 BYTE #4 BYTE#1 BYTE #2 BYTE#7 

B1 B2 B3 BO 
BYTE#2 BYTE#3 BYTE #4 BYTE#1 BYTE#6 

BO B1 B2 B3 
BYTE#1 BYTE #2 BYTE#3 BYTE#4 BYTE#5 

~ 
CKO 

543620-30 

Figure 5. 36-to-9 Bus Funneling 

INPUT: WSl[1:0J= 1 

NOT USED 

NOT USED 

B1 B3 BS B7 
BYTE#2 BYTE#4 BYTE#6 BYTE #8 

BO B2 B4 B6 
BYTE#1 BYTE #3 BYTE#5 BYTE #7 

FUl..5LFUl 
CKI 

NOTES: 
HEAVY SOLID LINES= Main data path. 

SHADED LIN ES = Not used for this application. 

LH543620 

r---1 
D35 

~ 
r---1 
D26 

~ 
r---1 
D17 

i--
~ 
r---1 
D8 

~ 

OUTPUT: WS0[1:0J= 3 

.---
035 83 B7 

BYTE #4 BYTE#B 
r--
~ 
.-----
026 82 B6 

BYTE#3 BYTE#7 

~ 
.---
017 B1 BS 

~ 
BYTE #2 BYTE#6 

~ 
r---1 
08 BO B4 

BYTE#1 BYTE#5 

~ 

JoLFU1__Fl 
CKO 

543620-31 

Figure 6. Example of 18-to-36 Bus Defunneling 
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Status Flags 

There are five status flags: 

FF Full Flag 

AF Almost-Full Flag 

HF Half-Full Flag 

EF Empty Flag 

AE Almost-Empty Flag 

EF Empty Flag 

The functionality and the synchronization of the status 
flags are detailed in the Pins Descriptions (FunctionaQ 
section. All status flags are generated for 36-bit word 
widths, not according to selected input or output port 
widths. 

Retransmit Mechanism 

With standard FIFO operations, every data word can 
be read out of the FIFO once. The Retransmit mechanism 
allows reading the data more than once by providing 
flexible control of the Read Pointer. 

Associated with the Retransmit mechanism are three 
control lines: RTMD[1 :OJ, RT, and two Resource regis­
ters: ABASE and ROFFSET. 

RTMD[1 :OJ sets the mode of operation. See Table 6. 

RT enables the operation synchronous to CKO. 

Retransmit allows three modes of operation: 

Mark: RTMD[1 :OJ = 3 and RT is asserted. The value of 
the Read Pointer is saved into the ABASE register. 

Retransmit: RTMD[1 :OJ = 1 and RT is asserted. The 
Read Pointer is loaded by the value of ABASE plus the 
value of ROFFSET. 

Retransmit and Mark: RTMD[1 :OJ = 2 and RT is as­
serted: The Read Pointer is loaded by the value of ABASE 
plus the value of ROFFSET. Then the value of the Read 
Pointer is saved into the ABASE register. 

The timing of the retransmit is illustrated in Figures 26 
and 27. 

When RT is asserted and RTMD[1 :OJ is set to 1 or 2, 
the flags change their value to indicate a 'Retransmit 
state', i.e., EF, AE, FF deasserted; AF, HF asserted. 
Three enable-read cycles are required to read the new 
data word. The flags reflect the new status. The retransmit 
is acknowledged even when the output is disabled 
(ENO = LOW), but enable-read cycles are needed to fill 
the pipeline with new information before reading the new 
data. 

5-286 

NOTES 

1. The Retransmit mechanism can be used inde­
pendently and parallel to the write operation. 

2. When using normal read and write operations, the FF 
inhibits writing when the FIFO is full and the EF 
inhibits reading when the FIFO is empty. This behav­
ior provides a protection from wraparound situations 
(i.e., the Read pointer is ahead of the Write Pointer). 
This protection is NOT provided when using retrans­
mit. The user should be careful not to write more than 
1024 words from the marked point. 

3. When the retransmit mechanism is not used, the 
recommended connection is: 

RTMD[1 :OJ = 3 
RT=HIGH 

The Retransmit mechanism can be useful in many 
applications. For example: 

1. Computer-communications applications. 

When the receiver reads a block of data and finds no 
errors in the data block, it can mark the beginning of 
the new message by setting the FIFO in MARK mode 
RTMD[1:OJ=3 and assert the RT signal for one clock 
cycle. 

If the receiver finds an error in the data block, it can 
read the last message again by setting the FIFO in 
Retransmit mode RTMD[1 :OJ = 1 and asserting the 
RT signal for one cycle. 

2. Overlap addressing for DSP applications. 

A typical DSP consists of A/D-FIFO-DSP. In many 
applications, the DSP needs to read a block of data 
where each block overlaps the previous block (like 
the overlap-and-save method for filtering.) The over­
lap addressing can be implemented by using the 
LH543620 with no additional hardware as follows: 

The FIFO is set to retransmit and mark mode: 
RTMD[1 :OJ = 2, the AF offset register is programmed 
to N = Block Size, and the ROFFSET register is 
programmed to (N - Overlap). The data is loaded into 
the FIFO each time CKin is triggered. 

The DSP can sense the AF flag of the FIFO. When­
ever this flag is being asserted, a new block of data 
is available in the FIFO. The DSP then reads a block 
of data, and then asserts the Fl FO's RT signal, which 
causes the RP and ABASE register to be set at the 
beginning of the new block. 
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Parity Checking 

The Parity checking mechanism is always active. Par­
ity checking is done separately for each of the 9-bit bytes 
of the 36-bit word read from the memory array. Toggling 
Bit O of the control register selects odd or even parity. 
When a parity error is detected in one or more bytes, the 
signal PF is asserted and the result of the individual parity 
checks are written to the parity register. See Example 3. 

The parity register is frozen until read. When read, the 
parity register is released and ready to store the next 
parity error data. 

Parity Generation 

After Reset, parity generation is not active. Parity 
generation is active only when Bit 1 of the control register 
is HIGH. The parity mechanism, when enabled, creates 
a parity bit for each of the bytes of the input word. The 
parity bit for each byte is created based on its 8 least 
significant bits of each 9-bit byte of the input-data word 
and on Bit 0 of the control register (it specifies odd or even 
parity). The result of the parity generation is written back 
to the MSB of the data byte. See Example 4. 

PROGRAMMABLE RESOURCE REGISTERS 

The LH543620 has six programmable resource regis­
ters. The resource registers may be loaded from either 
the Input Port or the Output Port. They can be read from 
the Output Port. The selection and loading or reading of 
the resource registers is controlled by ADI, ADO and 
CAPR. See Tables 1 and 4 and Figure 4. 

The resource registers are: 

Control (Default = 1 ). 

AE Offset - Offset value of the AE flag (Default = 8). 

AF Offset - Offset value of the AF flag (Default = 8). 

RT Offset- Offset value of the Retransmit mechanism 
(Default = 0). 

RT Base-Base register of the Retransmit mechanism 
(Default = 0). 

Parity 

EXAMPLE3 PARITY CHECK 

Q35 QO 

Output word: 100111100 000111100 100111000 000111000 

Odd parity: Parity Register = 011 O; PF-Asserted Low 

Even parity: Parity Register = 1001; PF-Asserted Low 

EXAMPLE4 PARITY GENERATION 

035 DO 

Input word: 100111100 000111100 100111000 000111000 

Output, odd parity: 100111100 100111100 000111000 000111000 

Output, even parity: 000111100 000111100 100111000 100111000 
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Control Register (See Figure 7) 

After reset, the control register's value is 1. This sets 
the following conditions: 

Odd parity 

Disabling parity generation (parity check is active). 

AF, HF, AE flags are asynchronous. 

OE signal does not control the Read pointer. 

Read/Write Resource Register Mode 

It is possible to write to the resource registers from 
either the Input Port or the Output Port. Reading from the 
resource register is possible only from the Output Port. 
The source port for the write operation is determined by 
the control signal CAPR. 

Input Port: 

Data from the Input Port is written to a resource register 
when: 

the value of the input-address field, ADI, selects the 
register (see Table 1) 

CAPRisLOW 

The operation is enabled by ADl[2:0] and synchronized 
toCKI. 

Output Port: 

Data from the Output Port is written to a resource 
register when: 

the value of the output-address field, ADO, selects the 
register (see Table 4) 

CAPRisHIGH 

OE is HIGH 

Data is read from a resource register to the Output Port 
when: 

the value of the output-address field, ADO, selects the 
register (see Table 4) 

OE is LOW 

Both operations are enabled by AD0[2:0] and are 
synchronous to CKO. 

MAILBOX 

The mailbox mechanism includes: 

One 36-bit data register. 

Two status flags: 
- MFF Mailbox Full Flag 
- MEF Mailbox Empty Flag 

0 EVEN PARITY 
1 ODD PARITY 

0 HF ASYNCHRONOUS 
~-----< 1 HF SYNCHRONOUS TO CKO 

2 OR 3 HF SYNCHRONOUS TO CKI 

543620-29 

Figure 7. LH543620 Control Register 
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Writing to the Mailbox is enabled from the Input Port 
when the Input Port address field ADl[2:0] = 6. The write 
operation is synchronous to the rising edge of CKI. 

When writing to the Mailbox, the status flags are 
changed as follows: 

MEF is deasserted HIGH on the rising edge of CKO. 

MFF is asserted LOW on the rising edge of CKI. 

A Mailbox read is enabled from the Output Port, when 
the Output Port address field AD0[2:0] = 6. The Read 
operation is synchronized to CKO. 

When reading the Mailbox, the status flags are 
changed as follows: 

MEF is asserted LOW on the rising edge of CKO. 

MFF is deasserted HIGH on the rising edge of CKI. 

After reset the Mailbox is empty (i.e., MFF = HIGH, 
MEF=LOW). 

When using Mailbox, the transmitter side can transfer 
a message to the receiver side without interrupting the 
data in the FIFO memory array. 

DATA BYPASS MODE 

Data Bypass mode is selected when BYE = LOW. In 
this mode, data may be transferred asynchronously from 
the Input Port to the Output Port. The device may be 
placed in Data Bypass mode without voiding the contents 
of the FIFO memory array, the Mailbox Register, or the 
Resource Register. However, if the input is enabled 
(ENh,2 =HIGH) then the input data Dis also written to 
the FIFO memory array on the rising edge of CKI. If the 
Output is enabled, (EN01,2 = HIGH) then the input data 
Dis transferred to the output buffer, and the Read Pointer 
is incremented by CKO. The control signal OE is function­
ing when BYE is asserted. 

The recommended control setting for bypass is: 

ENI = LOW, ENO = LOW, ADl[2:0] = 7, 
AD0[2:0] = 7, OE= LOW, BYE = LOW 

OPERATIONAL MODES AND CONFIGURATIONS 

Interlocked Width Expansion (Figure SA) 

Two LH543620s may be configured to expand the 
width to 72 bits. This is accomplished by: 

Cross-connecting the FF output of each FIFO to ENh 
(or ENl2) input of the other FIFO. 

Cross-connecting the EF output of each FIFO to EN01 
(or EN02) input of the other FIFO. 

The composite status flags are the OR function of the 
individual flags. 

Pipeline Cascading Mode and 'Two-Dimension' 
Pipeline Cascading Mode (Figure 88 and BC) 

Depth cascading is accomplished by: 

Setting the upper FIFO into cascade mode: 
RTMD[1 :0) = 0 

Connecting the same free-running clock to CKO of the 
upper FIFO and to CKI input of the lower FIFO. 

Connecting the AE output of the upper FIFO to ENh 
input (or ENl2) of the lower FIFO. 

Connecting the FF output of the lower FIFO to EN01 
input (or EN02) of the upper FIFO. 
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LH543620 ADVANCE INFORMATION 1024 x 36 Synchronous FIFO 

CKI 

ENI 

DI [71:36] 

CKI 

ENl1 

ENl2 

FF 

CKI -------i 

ENI ---+-+----i 

01[71 :36] ---+-+-+-1-4~ 

FF 

CKI 

ENl1 

ENl2 

FF 

0[35:0] 

CKI 

ENl1 

ENl2 

FF 

0[35:0] 

CKO 

EN01 

EF 

EN~ 

0[35:0] 

CKO 

EN01 

EF 

EN02 

0[35:0] 

i------- CKO 

----+--+--- ENO 

-----~ 00[71:36] 

EF 

A. INTERLOCKED WIDTH EXPANSION 

COMMON 
CLOCK 

CKI CKO 
Vee 

CKI CKO 

ENl1 EN01 ENl1 EN01 

ENl2 AE ENl2 EF 

FF EN02 FF EN~ 

CKO 

EN01 

EF 

EN02 

D1[35:0] 0[35:0] RTMD[1:0] 0[35:0] 0[35:0] RTMD[1:0] 0[35:0] 00[35:0] 

LL HH 

B. PIPELINED CASCADING MODE 

COMMON 
CLOCK -----, 

CKI CKO CKI CKO CK 0 
_iVee 

ENl1 EN01 ENl1 EN01 EN 0 

.--1 ENl2 AE ENl2 EF h 
-

,---1 FF EN02 FF EN02 H-
0[35:0] ATMD[1:0] 0[35:0] 0[35:0] RTMD[1:0] 0[35:0] 00[71: 36] 

J JH 

'-+-+-+-".., CKI CKO ...__.___,-t CKI CKO ..--1-+-...._. 
_r:_Vee L-_J 

'-+-t--1 ENl1 EN01 ENl1 EN01 r-t-t-

~ ENl2 AE ENl2 EF r--1Cd_)--
~ - ff 
~ ~ FF EN02 i------1 FF EN02 I--' 

01[35:0] 0[35:0] RTMD[1:0] 0[35:0] 0[35:0] RTMD[1:0] 0[35:0] 00[35:0] 
'--~~~---.!~---~~~ ~~~~~"T"-1---~~~ 

NOTES: 
DI = System data input width. 
DO =System data output width. 

LL H H 

C. 'TWO-DIMENSION' PIPELINED CASCADING MODE 

Figure 8. LH543620 Width and Depth Expansion Scheme 
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1024 x 36 Synchronous FIFO ADVANCE INFORMATION LH543620 

TIMING DIAGRAMS 

tc 

!CL !CH 

CKI 

!DH 

0(35:0) 

CKO 

EN01, EN02 
~~~~~~~~~~~~.J..Jl.J• 

OE 

toe 

0(35:0) PREVIOUS DATA 

NOTES: 
1. Both ENl1 and ENl2 must be asserted (HIGH) to enable write operations. 

2. Both EN01 and EN02 must be asserted (HIGH) to enable read operations. 

Figure 9. Write and Read Operation 
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LH543620 

CKI 

0[35:0] 

CKO 

EF 

0(35:0] 

ADVANCE INFORMATION 

DATA VALID 

fsKEW2 

(NOTE) 

NOTE: If fsKEW2 > (minimum specification) the EF may be changed one CKO cycle later. 

Figure 10. Empty Flag Timing 
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1024 x 36 Synchronous FIFO ADVANCE INFORMATION LH543620 

NO WRITE 

( 
CKI 

{NOTE) los ~ 

0[35:0] DATA WRITE 

fsKEW1 

CKO 

EN01, EN02 _____ _,. 

0[35:0] DATA READ 

NOTE: If lsKEW• is smaller than (minimum specification) FF may be changed one CKI cycle later. 
543620-10 

Figure 11. Full Flag Timing 
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LH543620 ADVANCE INFORMATION 

WORD (1024- p-1) WRITE OCCURS 

t 
CKI 

CKO 

EN01, ENO, 
~~~~~~--t~~~~t-~~~~~~~~~~~~T-' 

SYNCHRONOUS MODE 

AF 

AF 

NOTES: 
1. The synchronization mode of AF is set by programming bit 5 of contr_Qljegister. 
2. When in synchronization mode and tsKEW < (min specification) then AF may change one CKI later. 

CKI 

CKO 

ENO,, EN02 

ENl1, ENl2 

Figure 12. Almost-Full Flag -
Synchronous and Asynchronous Modes 

WORD (q + 1) WRITE OCCURS 

t 

~~~~~~.....,~~~~-i-~~~4~~J 

tSKEW2 

tAE 

ASYNCHRONOUS MODE 

NOTES: 
1. The synchronization mode is set by programming btt 2 of control r~ster. 

1024 x 36 Synchronous FIFO 

543620-11 

2. When AE is in synchronous mode and tsKEW < (min specification) AE may changed one CKO cycle later. 
543620·12 
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Figure 13. Almost-Empty Flag­
Synchronous and Asynchronous Modes 



1024 x 36 Synchronous FIFO ADVANCE INFORMATION 

WORD 513 WRITE OCCURS WORD 513 READ OCCURS 

CKI 

CKO 

ENl1, ENl2 

EN01, EN02 

HF 

SYNCHRONOUS TO CKI 

HF 

SYNCHRONOUS TO CKO 

NOTE: The synchronization mode of HF is determined by the state of bits 3 and 4 of the Control Register. 

SHARP 

Figure 14. Half-Full Flag -
Synchronous and Asynchronous Modes 

LH543620 

543620-28 
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LH543620 ADVANCE INFORMATION 

5-296 

CKI 

0[35:0] 

ENI,. ENl2 

CKO 

Q[35:0] N1 

ENO,.EN02 

OE 

NOTE: 1. If fs1<EY12 <(minimum specification) EF may be changed one CKO 
later and the first word (N1) will appear on Q[35:0] one cycle later. 

Figure 15. First Word Latency 

CKO 

EN01,ENO, 

PF 

Q[35:0] N1 N2 N3 

NOTE: Partty error at word N1. 

Figure 16. Parity Flag 

1024 x 36 Synchronous FIFO 

N2 

543620-13 

N4 

543820-14 



1024 x 36 Synchronous FIFO 

RS 

EF,AE 

FF, HF, 
AF,PF 

0(35:0] 

ENl1, ENI,, 
EN01, EN02 

NOTES: 

ADl[2:0] 
AD0[2:0] 

ADVANCE INFORMATION 

1. After reset, the outputs will be LOW if OE= LOW, and in a high-impedance 
state if OE = HIGH. 

2. The clocks (CKI, CKO) may be free-running during a reset operation. 

Figure 17. Reset Timing 

SHARP 

LH543620 

0E=HIGH1 

OE=LOW 

543620-15 
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LH543620 ADVANCE INFORMATION 

BYE 

0[35:0] 11 12 

leA 

0[35:0] (FIFO OUT) x 
NOTES: 

1. If ENI is enabled during BYE = LOW, the bypass data 
will be written into the FIFO. 

2. If ENO is enabled the data at the 0 Port is the bypass data. 
The RP will be updated according to CKO. 

13 

~ 
12 x 

Figure 18. Bypass 

CKO 

AD0[2:0] 

0[35:0] 

OE 

FIFO(N2)--+0 PARITY R--+ 0 FIFO (N3) --+ 0 

NOTE: N1, N2, N3, N4 are data from the FIFO and PARITY R. is 
the Parity Register value. 

13 ~~ 

Figure 19. Read Resource Register 
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1024 x 36 Synchronous FIFO ADVANCE INFORMATION LH543620 

CKI 

CAPR 

ADl[2:0] 7 7 

0[35:0] 01 02 03 04 

01 ->FIFO C---> CONTROL REG. 02---> FIFO 03--->FIFO 

543620..18 

Figure 20. Write Resource Register From the Input Port 

CKO 

CAPR 

ioES ioEH 

OE 

!AS !AH 

A00[2:0] 7 5 7 

loso loHO 

0[35:0] N1 c N2 N3 

li;s li;H 

EN01, EN02 

FIFO (N1)---> 0 O(C)---> CONTROL FIFO (N2)---> 0 FIFO(N3)--->0 
REG. 

543620-19 

Figure 21. Write Resource Register From Output Port 
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LH543620 ADVANCE INFORMATION 1024 x 36 Synchronous FIFO 

CKI 

ENl1, EN12 

lwss 

WSl2 

DATA IS STORED 
ACCORDING TO: WS11 WSl2 WSl2 WS12 

543620-20 

Figure 22. WSl[1 :0) Timing 

CKO 

EN01, EN02 

DATA IS READ 
ACCORDING TO: WS01 WS02 WS02 WS02 

543620-21 

Figure 23. WS0[1 :0) Timing 
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1024 x 36 Synchronous FIFO ADVANCE INFORMATION LH543620 

CKO 

AD0[2:0] 

0[35:0] Q(FIFO) MAILBOX Q(FIFO) 

CKI 

NOTE: If lsKEWM < minimum specification MFF may be changed one CKI later. 

Figure 24. Mailbox Read 
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LH543620 ADVANCE INFORMATION 1024 x 36 Synchronous FIFO 

CKI 

ENl1, ENl2 

IAH 

ADl[2:0) 7 6 7 

IMFF 

MFF 

0(35:0) 

CKO 

MEF 

lsKEWM 

NOTE: lftSKEWM <minimum specification MEF may be changed one CKO later. 
54362().23 

Figure 25. Mailbox Write 
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NS 
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STATUS 
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->ABASE 

NS 
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1024 x 36 Synchronous FIFO 

CKO 

OE 

Q(35:0] 

ORDERING INFORMATION 

LH543620 
Device Type 

p 

ADVANCE INFORMATION 

Figure 28. OE When Bit 6 of the 
Control Register is HIGH 

-## 

LH543620 

loz 

543620-26 

Parg• Si m c,.,. r;m•*I 

132-Lead, Plastic Quad Flat Package (PQFP132-P-S950) 

~------------ 1024 x 36 Synchronous FIFO 

Example: LH543620P-20 (1024 x 36 Synchronous FIFO, 20 ns, 132-Lead, Plastic Quad Flat Package) 
543620-32 
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FIFO Cross Reference 

FIFO CROSS REFERENCE 

ORGANIZATIONAL SHARP MODEL * COMPETITIVE COMPETITIVE ACCESS TIME PACKAGE 
STRUCTURE VENDOR MODEL OPTIONS 

256x36x2 LH5420 MoseWitelic MS76542 25/30/35 ns PQFP/PGA 

64x8 LH5481 Cypress CY7C408 35/25/15 MHz DIP/PLCC 

64 x9 LH5491 Cypress CY7C409 35/25/15 MHz DIP/PLCC 

4,096 x 9 LH5492 MoselNitelic MS76492 25/30/35 ns PLCC 

512 x9 LH5496/96H AMO Am7201 15 to 80 ns DIP/PLCC 

Cypress CY7C420 DIP 

CY7C421 DIP/PLCC 

Dallas DS2009 

IDT IDT7201 

Micron MT52C9005 

MoselNitelic MS7201A 

MUSIC MU9C7201 

Quality QS7201/8201 

Samsung KM75C01 

SGS MK4501 

1,024 x 9 LH5497/97H AMO Am7202A 15 to 80 ns DIP/PLCC 

Cypress CY7C424 DIP 

CY7C425 DIP/PLCC 

Dallas DS2010 

IDT IDT7202 

Micron MT52C9010 

MoselNitelic MS7202A 

MUSIC MU9C7202 

Quality QS7202/8202 

Samsung KM75C02 

2,048 x 9 LH5498 AMO Am7203 15 to BO ns DIP/PLCC 

Cypress CY7C428 DIP 

CY7C429 DIP/PLCC 

Dallas DS2011 

Hitachi HM63921 

IDT IDT7203 

Micron MT52C9020 

MoselNitelic MS7203 

MUSIC MU9C7203 

Quality QS7203/8203 

Samsung KM75C03 

SGS MK4503 

4,096 x 9 LH5499 AMO Am7204 20 to 80 ns DIP/PLCC 

Cypress CY7C432 DIP 

CY7C433 DIP/PLCC 

Dallas DS2012 

Hitachi HM63941 

IDT IDT7204 

MoselNitelic MS7204 

MUSIC MU9C7204 

Quality QS7204/8204 

* Released to production as of the date of publication of this data book. 
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Pseudo SRAMs 256K (32K x 8), 1 M (128K x 8), 4M (512K x 8) 

Bob Laird, Field Applications Engineer 

INTRODUCTION 

The Sharp LH5P8512 is a 4M bit Pseudo-Static RAM 
(PSRAM) manufactured on a 0.8 µm CMOS process in 
one of Sharp's state-of-the-art wafer tabs. The LH5P8512 
is the newest member of SHARP's family of PSRAMs that 
began with the 256K bit LH5P832. 

Sharp is committed to expanding its presence in the 
PSRAM market, which has been growing rapidly over the 
lastfew years. Initially developed as a low-cost alternative 
to a Static RAM (SAAM), the PSRAM has also success­
fully replaced Dynamic RAMs (DRAM) in certain applica­
tions. This application note will discuss the advantages 
and disadvantages of using a PSRAM over an SAAM or 
DRAM. 

DEFINITIONS 

A DRAM is a volatile, dynamic memory IC. Volatile 
means that if it loses power, it will also lose its memory. 
Dynamic means that it must constantly be refreshed since 
the memory cell itself utilizes a small storage capacitor 
that must be constantly recharged. Refresh is accom­
plished when the memory contents of a row of cells are 
read by the sense amplifiers, and the logic states that 
were read are amplified and written back to the cells. 

An SRAM is a volatile, static memory IC. Static means 
that it will maintain its memory indefinitely with no external 
clocking, as long as power is supplied. The memory cell 
is a simple latch that is either set or reset depending on 
the data that was written to it. 

SHARP 

A PSRAM is a volatile, dynamic memory IC. It uses the 
same memory cell structure as a DRAM. Like a DRAM, 
a PSRAM must be refreshed, but it incorporates the 
refresh timing and control logic on-chip to simplify and 
minimize external logic. Having the refresh logic circuitry 
on-chip also provides more flexibility to the designer to 
reduce the power consumption of the PS RAM. The bene­
fit of this is discussed later. 

The Pseudo SAAM got its name because it was 
designed to be offered in the same package and have the 
same pinout as an SAAM. A PSRAM, while pin-for-pin 
compatible with an SAAM, would not be a direct drop-in 
replacement because it must be refreshed. 

Schematic diagrams of the memory cell structures for 
the DRAM/PSRAM and SAAM are shown in Figure 1. For 
the SAAM, the cell structure shown is the most commonly 
used by SAAM vendors. There are SRAMs available with 
6-transistor cell structures for ultra-low power applica­
tions, but they will not be discussed in this application 
note. 

Pinout diagrams for the 4M bit versions of the PS RAM, 
SAAM, and DRAM are shown in Figure 2. 

DRAM CELL 
PSRAMCELL 
1 - Transistor 
1 - Capacitor 

SAAM CELL 
4 - Transistors 
2 - Resistors 

Figure 1. Memory Cell Structures for 
DRAM/PSRAM and SRAM 

APP21-2 
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Pseudo-Static RAMs 256K, 1M, 4M 

PS RAM TOP VIEW ADVANTAGES AND DISADVANTAGES 

A1s 1• 32 Vee The major considerations when deciding which mem-

A15 2 31 A1s ory IC to use in your design are as follows: 

A14 3 30 A11 1) Cost 
A12 4 29 WE 2) Density and speed 

A1 5 28 A13 3) Design ease 

As 6 27 As 4) Power consumption 

As 7 26 As 1) Cost 
A, 8 25 A11 The PSRAM carries a small-cost premium over DRAM 
A3 9 24 OE/RFSH because of its added circuitry. The premium has been 
~ 23 A1o 1.2x to 1.4x, but it is expected to decrease as the volume 
A1 11 22 CE usage of PSRAMs increases. 

Ao 21 D07 The DRAM has traditionally been the high-volume 
DOo 20 DOi; memory of choice based on its low cost per bit, high 
DO, 19 DOs density, and small package. It is ideal for large systems 
D02 18 D04 that use many Megabytes of memory. 

Vss 17 D03 The SRAM is the most expensive of the three tech-
nologies. The memory cell area of an SAAM is much 

SAAM greater than that of the DRAM/PSRAM, resulting in a 

A1a 1• 32 Vee much larger die size. On a cost-per-bit basis, an SRAM 

A15 2 31 A,s is typically 3x to 4x that of a DRAM. The differences in 

A,4 3 30 A11 cell complexity can be seen in Figure 1. 

A,2 4 29 WE 2) Density and Speed 
A1 5 28 A13 Design engineers selecting the density of their memory 
Aa 6 27 Aa ICs must consider what is currently available on the 
As 7 26 As market versus next generation devices. The PSRAM 
A4 8 25 A11 utilizes a DRAM for its base design, so it tends to lag 

A3 9 24 OE behind the DRAM design introduction by a year or more. 

A2 23 A10 
Since the DRAM, with its small cell size, is easier to 

A, 11 22 CE 
manufacture than an SRAM of the same density, DRAMs 
and PSRAMs lead SRAMs to market by at least one 

Ao 21 D07 generation. Today, leading DRAM vendors are just start-
DOo 20 DOi; ing small volume production of 16M bit DRAMs while the 
DO, 19 DOs 4M bit PSRAM is readily available on the market. Leading 
D02 18 D04 SRAM manufacturers are just starting to sample 4M bit 

Vss 17 D03 SRAMs. New DRAMs have historically gone to market 
with a very high initial cost. The PSRAM tends to go to 

DRAM market with a cost comparable to its corresponding 

DQ0 1• 20 Vss 
DRAM, which has come down the cost curve, making it 
attractive for new designs. Compared to an SRAM then, 

DQ1 2 19 D04 the PSRAM will be one generation ahead in density, and 
WE 3 18 D03 very cost competitive from its introduction. 

RAS 4 17 CAS 
PSRAMs (and DRAMs) compete against SRAMs in 

Ag 5 16 OE what would be considered the slow-speed classification. 
Ao 6 15 As The 4M bit PSRAM is offered with access times ranging 
A, 7 14 A1 from 60 ns to 80 ns and cycle times from 110 ns to 130 ns, 
A2 8 13 As respectively. Slow 1 M bit SRAMs are available with ac-

A3 9 12 As cess times of 70 ns or 100 ns. For an SRAM, the access 

Vee 10 11 A4 
time and cycle time are the same simplifying system 
timing requirements. DRAMs have speeds comparable 

APP21~1 to or slightly faster than PSRAMs. Fast SRAMs, with sub 

Figure 2. Pin Connections for PSRAM, SAAM and 
45 ns access times, fulfill a speed requirement for high-

DRAM Packages 
end systems that DRAMs and PS RAMs cannot fill. There-

6-2 SHARP 



256K, 1M, 4M 

fore, PSRAMs and DRAMs do not compete against fast 
SRAMs. 

3) Design Ease 

A DRAM is the most complex device to design with 
because of its multiplexed addressing and refresh cir­
cuitry requirements. The address provided by the micro­
processor while it is accessing memory does not 
multiplex the address. Therefore, decode logic is required 
between the DRAM and microprocessor to perform the 
multiplexing function. No such logic is required for 
PSRAMs or SRAMs. 

The refresh specification for the DRAM and PSRAM 
defines the maximum time allowed between refreshes. 
This means that both the DRAM and PSRAM require a 
timer circuit to monitor the refresh time, and also control 
logic to provide the refresh clocking. Both the DRAM and 
PSRAM have internal counters that can be used to 
provide the refresh address. On DRAMs, it is called a 
CAS before RAS refresh. On PSRAMs, it is called Auto 
refresh. In either case, external refresh clocking is re­
quired. An example of the refresh timing is shown in 
Figure 3. This timing represents the refresh of one row 
internal to the memory. The 4M bit PSRAM requires that 
2048 rows be refreshed every 32 ms. 

One large advantage that a PS RAM has over a DRAM 
is a Self Refresh mode. The PSRAM can be put into Self 
Refresh mode in which an internal clock provides the 
refresh timing, and no external timing is required. It is very 
useful during standby mode when memory is not being 
accessed. The timing for Self Refresh looks the same as 
that for Auto Refresh except that the OE/RFSH pin must 
be held LOW for longer than 8 µs. After 8 µs, the internal 
Self refresh clock begins to automatically refresh the 
memory array. It will continue to refresh the array as long 
as OE/RFSH is held LOW with CE held HIGH. 

CE 

Pseudo-Static RAMs 

The standard through hole package for the 4M bit 
PSRAM (and SAAM) is a 32-pin, 600-mil PDIP. For the 
4M bit DRAM (1M x 4), it is a 20-pin, 300-mil DIP. The 
DRAM package is the smaller package, which is pre­
ferred because it helps reduce board size. One reason 
that it has a smaller package is that the DRAM has fewer 
outputs than the others. The DRAM is organized as 1 M 
x 4 while the PSRAM and SAAM are organized as 512K 
x 8. The wide width of the PS RAM and SAAM is advan­
tageous for small memory systems. For example, as­
sume that a system required no more than 512Kb of 
density. If this system used one of the common micro­
processors on the market that has a 32-bit data bus, then 
you would need four 512K x 8 memories to meet the 
required data width. The same system would need eight 
1 M x 4 DRAMs to meet the same 32-bit width. Recently, 
some DRAM vendors announced plans to offer devices 
with x8 configurations, targeting small and medium size 
systems. 

A second reason for the smaller package is that the 
DRAM has almost half the number of addresses as the 
PSRAM or SAAM. This is because it uses multiplexed 
addressing. Multiplexing allows you to clock in two differ­
ent 10-bit addresses on the same address pins to achieve 
the 20 address bits required to select one of the 1 M 
different memory locations. On the PSRAM and SAAM, 
you must provide all of the required 19 address bits at the 
same time to select one of the 512K memory locations. 

4) Power Consumption 

There is not a significant difference in operating power 
consumption for a PSRAM, SAAM, and DRAM. The 
operating power is composed primarily of switching cur­
rents from the CMOS peripheral circuits surrounding the 
memory arrays, and those circuits are reasonably similar 
for all three memories. Differentiation is seen in standby 
power. The term standby means that no Reads or Writes 

OE/RFSH _ __,/ \.___ ____ ____,( 

RAS 

GAS 

NOTES: 
1. PSRAM auto refresh (cycle RFSH pin while CE inactive HIGH). 
2. DRAM GAS before RAS (cycle GAS active LOW before RAS). 

APP21-3 

Figure 3. Refresh Timing 
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Pseudo-Static RAMs 

are taking place. A sample of standby current (lss) speci­
fications is given below. Note that a DRAM must have its 
supply voltage maintained within the operating range (4.5 
V - 5.5 V) during standby, but with SRAMs and 4M bit 
PSRAMs the supply voltage can be dropped to a data 
retention voltage (typically 3 V) during standby, signifi­
cantly reducing power consumption. 

4M Bit 4MBit 1M Bit 
PS RAM DRAM SAAM 

Isa max@ 
100 µA 1 mA 100µA 

Vee=5 V 

Isa max@ 
50µA - 50µA 

Vee=3 V 

The standby current given for the PSRAM at Vee= 3 
V is actually a self refresh current, so it includes the 
additional current required to perform the internal refresh. 
The standby current given for the DRAM does not include 
refresh current. The typical standby current seen with an 
SAAM is actually much lower than that for a PSRAM, 
making SRAMs the best choice for low standby power 
consumption. 

Low-standby power consumption is a critical parame­
ter for battery operated systems such as Notebook com­
puters. A decrease in power consumption directly 
translates to an increase in battery life. PSRAMs have 
proven to be an ideal choice for main memory in the 
Notebooks where low-power consumption is required at 
a reasonable cost. 
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For systems requiring a small amount of memory to be 
battery backed up (usually a small 3 V lithium battery), an 
SAAM is still the memory of choice, due to its low lss and 
static operation. 

SUMMARY 

Pseudo-Static RAMs have advantages and disadvan­
tages when compared to either SRAMs or DRAMs. The 
market has shown that the PSRAM can win designs 
against either, depending on the application. A summary 
of the advantages and disadvantages is given below. 

ADVANTAGE DISADVANTAGE 

VersusSRAM 

Much lower cost More complex design 

Higher density Higher standby power 

Versus DRAM 

Lower standby power Higher cost 

Ease of design Larger Package 

Lag in time-to-market 
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LH5420 Synchronous Bidirectional FIFO 

PARITY CHECKING IN THE LH5420 BiFIFO 

Bob Laird, Field Applications Engineer 

INTRODUCTION 

Sharp's LH5420 256 x 36 x 2 bidirectional FIFO 
(BiFIFO) was the first monolithic FIFO from the semicon­
ductor industry to offer customers a full 36-bit data word­
width. 

The LH5420's 36-bit wordwidth makes it the ideal 
choice for those 32-bit or 64-bit systems which use parity. 
It remains an ideal choice, even for those wide-word 
systems that don't use parity, because there are no 
available 32-bit FIFOs, and because systems frequently 
use an extra bit per byte for some type of 'tag' information 
anyway. 

WHAT IS PARITY? 

Many systems need to have error detection and cor­
rection (EDAC) implemented into the design, but cannot 
afford the added overhead - memory requirements 
increase dramatically. The most common compromise is 
to use just error detection. 

By adding a single bit to each byte of data, the occur­
rence of single-bit errors may be monitored. This extra bit 
is referred to as the parity bit. 

Parity is not a perfect means of detecting errors; but it 
is easy to implement. In fact, many off-the-shelf memory, 
microprocessor, and general-purpose-logic integrated 
circuits make provision for parity bits. 

A system using parity requires a parity-generation 
circuit. The purpose of a parity-generation circuit is to 
examine each data byte, and set that byte's parity bit 
based on the number of ones (logic 'HIGH' levels) in the 
eight data bits. 

Either 'odd parity' or 'even parity' may be chosen. 
These are defined as follows: 

Odd Parity. The parity bit is set to one if there is an 
even number of ones; otherwise, it is cleared (not set). 
Thus, the total number of ones, including the parity bit, is 
odd. 

Even Parity. The parity bit is set to one if there is an 
odd number of ones; otherwise, it is cleared (not set). 
Thus, the total number of ones, including the parity bit, is 
even. 
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In either case, a single-bit error in any bit position 
within a data byte, including an error in the parity bit itself, 
causes a parity-error indication. 

The type of parity chosen may be dictated by the 
system design. However, neither type of parity offers any 
major economic or performance advantage over the other 
one. Some designers prefer odd parity, on the grounds 
that the correct parity bit is a one for an all-zero byte. 
Thus, a completely-blank byte (which presumably arose 
from some type of data-recording failure) shows up as 
having a parity error. 

In any case, it is a good idea to maintain the same type 
of parity throughout the entire system. 

LH5420 PARITY CHECKING 
The LH5420 offers parity checking, which means that 

it examines each data byte to determine what its parity is, 
thereby computing an internal parity bit for that byte. This 
parity bit then is compared with the Parity Mode bit in the 
LH5420's Control Register. If they do not match, then 
there is the presumption of a parity error in that byte. 

Since an LH5420 word is 36 bits wide, parity checking 
is done in parallel on the four bytes that make up a 36-bit 
word. If an error is detected in ANY of these four bytes, 
the parity flag is asserted LOW, indicating the parity error. 

Figures 1 and 2 show the parity-flag logic for Port A. 
The ten-bit parity trees for the other three bytes are 
configured identically with the one shown in Figure 1, 
which is for the low-order byte. Also, the parity-flag logic 
for Port B is configured identically with that for Port A. 

Since there is parity-flag circuitry associated with both 
LH5420 ports, data words may be checked both entering 
and exiting the BiFIFO. The parity-tree inputs are con­
nected to the actual port input/output pads, through iso­
lation transistors. Data words are monitored as they 
change on the system bus, which connects to the pads 
at that port. 

It should be noted that the parity-flag circuitry at an 
LH5420 port is not controlled by the Output Enable (OE) 
control signal at that port. Hence, parity checking always 
is active, regardless of whether or not the BiFIFO itself is 
driving the system bus. Therefore, as data constantly 
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changes on the bus, the parity flag may keep on changing 
states also. Some transitions on the data lines may make 
it appear that a parity error has occurred. 

According to the LH5420 data sheet specification, the 
parity flag at a port is not guaranteed to be valid, until 
some given delay time after stable data is present at the 
input/output pads. For the LH5420P-25, for instance, this 
delay time is a maximum of 17 ns. Thus, to monitor the 
parity of data entering the LH5420, the sum of the data 
setup time and the data hold time must be sufficient to 
satisfy this 17 ns delay time. 

Also, when monitoring the parity of data words being 
read from the LH5420, it is necessary to keep OE as­
serted long enough to satisfy this parity-flag delay time. If 
the LH5420 is being operated at the minimum cycle time 
of 25 ns, then OE would have to remain asserted 6 ns into 
the next cycle. In most designs, this requirement does not 
present a problem. 

As it is, an LH5420 cannot perform a read operation 
and a write operation on consecutive cycles, when oper­
ating at the minimum cycle time. The reason is that the 
sum of the data-access time (for outbound data words) 
and the data-setup time (for inbound data words) already 
exceeds the minimum cycle time, for all three LH5420 
speed grades. 

The LH5420 Control Register Parity Mode bit is initial­
ized for odd parity during a reset operation. However, it 
may be reprogrammed for even parity, and then back to 
odd parity, at will during system operation. Programming 
is performed by loading a full 36-bit word into the Control 
Register from Port A, with the code HLL at the LH5420's 
Address (resource-register-selection) inputs A2A-A-0A. 
The least-significant bit of that 36-bit word, DoA, selects 
the Parity Mode: HIGH for odd, and LOW for even. The 
Control Register is written into at the next rising edge of 
CKA. 

Note that the Control Register is a 'blind' or write-only 
register. The system cannot read it back. 

The normal convention for parity-bit position is to use 
the most-significant bit of each byte; that is, DaA, D11A, 
D26A, D3SA, Das, D17S, D26S, and D3sS. Now, the LH5420 
is designed in such a way that any bit position within a 
data byte may be used as the parity bit. However, when 
programming the Almost-Full Flags and the Almost­
Empty Flags, the offset values are written into the re­
source register using data pins DoA-D?A, DgA-D16A, 
D1aA·D2sA, and D27A-D34A- Thus, there is a presumption 
that the least-significant eight bits of a byte are 'the data 
bits.' 
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So, for systems using byte parity with the most-signifi­
cant bit as the parity bit, which use the programmable-flag 
feature, the fields line up as they should. Otherwise, 
special consideration must be given when using the parity 
bit as a data bit for programming. 

Figure 1 is a simple schematic for the ten-bit parity­
checking logic circuit for one byte, in this case the least­
significant byte at Port A. The tenth bit is the Control 
Register Parity Mode bit. Since this bit is HIGH for odd 
parity and LOW for even parity, the output of the ten-bit 
parity checker is LOW whenever the parity of the data 
byte being examined agrees with the LH5420's Parity 
Mode bit. 

The parity-circuit outputs for the four bytes of Port A, 
designated in Figure 1 as PCoA·PC3A, are NORed to­
gether to compute the parity flag PF A. Similar logic is used 
at Port B, to compute PFs. 

Note that the PFA and PFs NOR gates do not incorpo­
rate latches. The states of these two outputs depend 
directly on the data words present at Port A and at Port B 
respectively. 

USING PARITY CHECKING TOGETHER 
WITH WORDWIDTH SELECTION 

Another useful feature offered by the LH5420 BiFIFO 
is wordwidth selection, also known as funneling/defunnel­
ing, at Port B. Port A always assumes a wordwidth of 36 
bits. But Port B may assume a 36-bit, 18-bit, or 9-bit 
wordwidth, according to the setting of two LH5420 control 
input signals, WSoandWS1. lnthelattertwocases, there 
is an effect on parity checking at Port B. 

For example, assume that Port B has been set for 9-bit 
wordwidth. As a byte is being written into Dos-Das. the 
lowest-order Port B byte, the Port B parity checker is 
monitoring not only this byte, but also the three unused 
bytes Dgs-D35a. If any of those three bytes has improper 
parity, according to the current Parity Mode setting, then 
PFs is asserted LOW to indicate a parity error. 

If the Port B 9-bit-wordwidth setting never changes 
during system operation, then it may be advantageous to 
tie pins Dgs-D3sa all HIGH for odd parity, or all LOW for 
even parity. Similar statements apply for pins D1aa·D3ss. 
given the use of 18-bit wordwidth at Port B. 
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NOTE: 
O; Valid Parity 
1 ; Parity Error 

LH5420 

APP22-1 

Figure 1. Example of Byte-Parity Gate: 
Port A, Low Order Byte 

APP22-2 

Figure 2. Example of Parity-Flag Logic: Port A 

When outputting a byte from Port B with 9-bit word­
width in effect, the LH5420 actually conveys a full 36-bit 
word to the output buffers; although, presumably, the 
other devices on the output bus are examining only 
Dos-Das. Presenting the remaining bytes to the output 
bus is accomplished by circular-shifting operations, which 
are inherently available in the Port B output logic. The 
second byte of the word is read by shifting Dgs-D17s down 
to Dos-Das. Concurrently, D2?s-D3ss are shifted down to 
D10s-D25s, D1as-D25s are shifted down to Dgs-D17s, and 
Dos-Das are shifted circularly to D27s-D3ss. 

This circular-shifting procedure is repeated twice 
more, for the remaining two bytes of that data word. After 
that, another full 36-bit data word is again fetched, to 
output the next byte. Assuming thatthe fetched data bytes 
all have correct parity, then PFs continues to indicate 
correct parity, after each successive circular shift of the 
data word. 

SHA.RP 

SUMMARY 
Sharp's LH5420 256 x 36 x 2 BiFIFO features two 

built-in parity checkers, one connected to each 36-bit data 
bus. The parity of each 9-bit data byte may be checked 
twice as it passes through an LH5420: once as it enters, 
and once as it leaves. 

An LH5420 parity checker may be used to examine a 
data word which is present on either of the LH5420's two 
36-bit data buses, even if that word never actually gets 
read into one of the LH5420's internal FIFO memories. 

The LH5420 may be programmed to consider either 
odd parity or even parity as correct. A parity error in any 
byte, of a data word passing through an LH5420 port, is 
signaled by asserting the LH5420's parity flag at that port 
LOW, as long as that data word remains present there. 

Proper use of this port parity flag can detect any 
single-bit error in any data byte passing through an 
LH5420, assuming that the parity flag gets read at the 
appropriate time. No additional hardware is required. 
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FIFO FLAG TIMING: MARCHING TO TWO DIFFERENT DRUMMERS* 

Chuck Hastings 
Marketing/Applications Manager, FIFO and Specialty Memory 

206/834-8615 

Sharp Microelectronics Technology, Inc. 
5700 N.W. Pacific Rim Blvd. 

Camas, WA 98607 

INTRODUCTION 

A FIFO (First-In, First-Out memory device) can. be 
thought of as a 'passthrough window' between two inde­
pendently-clocked digital subsystems -each marching to 
its own drummer, as it were. To adequately perform this 
role in practical digital systems, FIFOs are 'schizoid': they 
are memory devices, and they also are logic-synchroni­
zation circuits. 

Increasingly, newer FIFOs have been made capable 
of recognizing commands from the overall digital system 
of which they are part, and also of providing that system 
with timely status information in the form of 'flag' values. 

A FIFO can undergo a change in its status because of 
an event synchronized either to the subsystem at its input 
end, or to the subsystem at its output end. These two 
subsystems usually are independently clocked; and 
either of the two clock signals can affect a flag value. The 
external logic normally uses one or the other of these 
clock signals to synchronize reading the flag, which leads 
directly to a potential metastability hazard. The very new­
est FIFOs incorporate internal logic to minimize any 
practical metastability hazard; but, even then, their speci­
fications have to include 'skew parameters,' which must 
be complied with by the external logic. 

This paper includes a short review of FIFO basics, 
followed by a more detailed discussion of flag-synchroni­
zation and metastability issues. Finally, the flag-synchro­
nization features of the new Sharp LH540215/25 18-bit 
synchronous FIFOs are described, as a case in point. 

WHAT IS IT THAT FIFOs DO, IN THE FIRST PLACE? 

Conceptually, using a Fl FO as a 'passthrough window' 
accomplishes two related but different system functions: 

• Providing 'rubber-band memory' between Subsystem 
A and Subsystem 8. 

• Decoupling the clocking of each subsystem from that 
of the other subsystem. 

As long as each subsystem deals with the other sub­
system through a FIFO, the two subsystems don't have 
to be synchronized or coordinated with each other in any 
way, at least for the purpose of passing a data stream 
from one to the other. This is a powerful simplifying 
assumption in digital-system design and integration. 
FIFOs often are used to save design effort and leadtime, 
and to reduce the complexity of timing logic, when inter­
facing two independent subsystems together. 

Subsystem A, functionally upstream, stuffs data into a 
FIFO at whatever rate Subsystem A likes best; and Sub­
system 8, functionally downstream, unloads the data 
from the FIFO at whatever rate Subsystem B likes best. 
These rates may be derived from oscillator-driven clock 
circuits; or, they may not even be constant, if the 'clock' 
actually is an aperiodic 'demand' signal. 

To cope with the requirements of this usage, a FIFO 
must include an input registerwhich can be synchronized 
or 'clocked' by Subsystem A, and an output registerwhich 
can be synchronized or 'clocked' by Subsystem B. In 
between, there needs to be the 'rubber-band memory.' 
(Also known as 'elastic storage,' if you prefer more for­
mal-type technobabble.) This rubber-band memory 
should appear both to Subsystem A and to Subsystem 8 
as having unlimited depth; that is, as containing enough 
words that neither subsystem ever bumps up against 
finite FIFO-memory capacity as a bothersome constraint. 
If you've designed with FIFOs previously, then maybe you 
knew all that. 

Historically, FIFOs have been perceived by system­
design engineers as premium semiconductor parts which 
Make Problems Go Away. That is, FIFOs are supposed 
to be liberating. It follows, of course, that these same 
customers can become severely annoyed with FIFOs, if 
they ever begin to feel that using Fl FOs gets them entan-

*This paper was prepared for, and presented at, Northcon/93 and Wescon/93. It appeared in the Northcon/93 Conference Record; Session 12, 
paper 3. It also appeared in the Wescon/93 Conference Record; Session 26, paper 3. 
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gled in lots of timing hassles. But, sometimes, they fail to 
distinguish between those timing issues which arise from 
the use of a particular part, and those timing issues which 
arise intrinsically from the characteristics of their applica­
tion. 

REAL-WORLD MATHEMATICAL ISSUES 
WHEN USING FIFOs 

The term 'FIFO' comes from operations research, a 
branch of mathematics. It stands for a queue discipline, 
that of 'First In, First Out.' The term FIFO also turns up in 
cost-accounting methodology, for reckoning the cost of 
items being withdrawn from an inventory after having 
been bought at varying prices. 

The operations-research 'single-server' model fits Fl­
FOs being used to buffer 'randomly-arriving' data, as well 
as fitting the classic example of hamburger stands serving 
'randomly-arriving' customers. In this model, the arrival of 
a piece of data at the FIFO's input end ('a customer') and 
the unloading of a piece of data from the output end of the 
FIFO ('serving a customer') are random events. In be­
tween the input end and the output end, there is a queue 
of customers waiting to be served - here, words being 
temporarily stored within the FIFO's internal memory 
array. If you like mathematical lingo, the entire scene is a 
'stochastic process,' meaning that the events which are 
occurring are 'probabilistic' and not 'determinate.' 

Why is this operations research model of interest? In 
the 'single-server' model, the queue length is a 'random 
walk,' and - if it is given enough time to fluctuate - is 
unbounded, meaning that no FIFO used to queue up truly 
random data can ever be quite big enough, if it has to 
operate for an infinitely-long time. Thus, this operations­
research model in principle contradicts the common­
sense notion that there is some 'large-enough' size for 
e.1ery FIFO application. 

So, it's not just that semiconductor manufacturers 
don't choose to develop FIFOs having deep-enough in­
ternal memory-array capacities. Ifs that there isn't any 
finite depth which can provide theoretically-absolute pro­
tection, in the truly-random case. 

DESIGN STRATEGIES USING FIFOs 

But, in practical systems, there always is a 'large­
enough' FIFO size. The probability of any queue length 
growing past a certain value, before the next ice age, 
usually can be made veiy small without making the 
FIFO's queue-length capacity uneconomically large. 

If a catastrophic increase in queue length starts to occur, 
often because of some sudden-onset system problem, the 
designer's line of defense is the FIFO's 'fullness flags.' If the 
system is monitoring these, they can provide an adequate 
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early warning of impending trouble, so that the system 
can take timely and effective countermeasures. 

The key point here is that finite-depth FIFOs-and the 
semiconductor industry hasn't built any other kind of 
FIFOs yet! - must, for basic mathematical reasons, incor­
porate some kind of bulletproof logic for dealing with 'full' 
and 'empty' queue conditions. 

Of course, there are also 'block-oriented' FIFO appli­
cations, in which Subsystem A dumps another block of 
data into the FIFO only when the FIFO is less than half 
full, and the FIFO size has been chosen a priori to be large 
enough to hold two blocks of data. Here, Subsystem A is 
doing some of the 'elastic' adaptation to fluctuations in the 
data rate, and is no longer depending upon the down­
stream FIFO to do all of that adaptation. Consequently, 
not all of the pessimistic assumptions of the 'single-server' 
model still have to be satisfied. But limiting the queue 
length in this manner can exact a price, in some other 
system-level performance characteristic. 

Prudent digital-system designers usually try to avoid 
ever allowing their FIFOs to get either completely 'full' or 
completely 'empty' during normal system operation. Fol­
lowing this rule means that many fascinating 'gotchas,' 
which in principle can raise their ugly heads at these 
boundary conditions, never get to disturb the serenity of 
the system's operation, or of the system designer's work­
ing day. However, the Product Engineering and Test 
Engineering staffs of semiconductor manufacturers often 
must spend major time and effort dealing with these 
boundary-condition 'gotchas.' 

FIFO 'FULLNESS' STATUS FLAGS 

Contemporary FIFOs commonly provide several 
status flags, to inform the system logic external to the 
FIFO as to the FIFO-memory array's relative state of 
fullness or emptiness. Often, there are five such flags: 
'Full,' 'Almost Full,' 'Half Full,' 'Almost Empty,' and 'Empty.' 
These 'Almosf flags originated some years ago, as a 
semiconductor-piece-part adaptation of the 'Yellow Warn­
ing' interrupt-flag scheme used in DEC's PDP-11 family 
of minicomputers. 

Sometimes, when there aren't quite enough pins to 
provide every FIFO feature desired by the semiconductor 
manufacturer and its customers, the 'Almost-Full Flag' 
signal and the 'Almost-Empty Flag' signal are combined 
as an 'inclusive-ORed' 'Almost FulVEmpty Flag' signal on 
one pin. The external logic can distinguish these condi­
tions one from another by examining the 'Half-Full Flag,' 
on the assumption that a FIFO which is 'almost full' can 
be presumed to be more than 'half full,' and likewise that 
a FIFO which is 'almost empty' can be presumed to be 
less than 'half full.' 
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This last assumption sounds obvious to the point of 
silliness. Still, it needs to be rechecked when designing 
with FIFOs which feature 'programmable' 'Almost-Full 
Flag' and 'Almost-Empty Flag' signals, whenever large 
'offsef values are being 'programmed' into the 'offset­
value registers' which are associated with each of these 
two flags. These 'offsef values define the 'almost-full' 
condition as some exact number of words away from 'full,' 
and the 'almost-empty' condition as some exact number 
of words away from 'empty.' Obviously, the rules are going 
to change, if ever one or both of these offset values 
exceeds half of the number of words in the FIFO-memory 
array. 

THE FLAG-SYNCHRONIZATION DILEMMA 

Back to Subsystem A. which is being synchronized by 
Clock A, and Subsystem B, which is being synchronized 
by Clock B. Subsystem Ais 'synchronously' dumping data 
destined for Subsystem B into a FIFO, which is there to 
make everything come out OK so that Subsystem B can 
'synchronously' read these same data back out. 

Whenever Subsystem A stuffs in one more word, the 
FIFO can suddenly become 'full,' 'almost full,' or 'halffull'; 
or it can suddenly cease to be 'almost empty' or 'empty.' 
Similarly, Subsystem B unloading one word can cause 
the FIFO now suddenly to become 'almost empty' or 
'empty,' or now suddenly to cease to be 'full,' 'almost full,' 
or 'half full.' Thus, each flag signal can be affected for one 
transition by a 'write event,' and can be affected for the 
other transition by a 'read event.' Therefore, 

Events which can cause the state of any 'fullness flag' to change 
can occur at either end of the FIFO. 

So, each of the five flags can change state either in 
synchronism with Clock A, or else with Clock B. So all 
five flags are 'synchronized to both clocks,' which is the 
same as saying that they aren't really synchronized to 
either clock - that is, that they are asynchronous. These 
statements, of course, apply strictly to the intemalvalues 
of the five flags, as these values are computed by the 
FIFO's control circuits. 

Incidentally, if this operational description seems to be 
stacked lopsidedly in favor of fullness, ifs because the 
'Half-Full Flag' customarily is called just that, rather than 
being called the 'Half-Empty Flag.' Probably, the term 
'Half-Empty Flag' just sounded too negativistic for the 
tastes of positive-thinking FIFO marketeers! Anyway, the 
logic which controls the 'Half-Full Flag' behaves exactly 
in accordance with what one would expect from that 
name. 
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Now, in a 'synchronous' FIFO having 'enable' inputs as 
well as 'clock' inputs for both writing and reading, a 'write 
evenf is synchronized to the 'write clock' input, and is 
made to occur by asserting the 'write enable' input. Like­
wise, a 'read evenf is synchronized to the 'read clock' 
input, and is made to occur by asserting the 'read enable' 
input. 

In principle, the 'write clock' and the 'read clock' both 
may be free-running periodic waveforms derived from 
crystal-oscillator frequency sources. However, most con­
temporary FIFOs avoid the use of any internal circuit 
techniques which would require that these 'clock' signals 
must be periodic. 

So, now, what happens when either Subsystem A or 
Subsystem B wants to read the value of one of these 
flags? If Subsystem A and Subsystem B are connected 
by a 'synchronous' FIFO, then the logic outside the FIFO 
which is trying to read the FIFO's flag(s) very likely a/so 
is synchronized, probably either to the 'write clock' (here, 
Clock A) or to the 'read clock' (here, Clock B). Which is 
fine, as long as the flag value is stable, or as long as the 
most recent event which is capable of affecting this flag 
value was synchronized to the same 'clock' signal to 
which flag reading also is being synchronized. 

But what, then, if the most recent event which has 
affected this flag value was synchronized to the other 
'clock' signal? Then, we have a signal getting changed in 
synchronism with one 'clock' signal, but being read in 
synchronism with a second, different 'clock' signal which 
is not necessarily in anyway synchronized or coordinated 
with the first 'clock' signal. Thus, the FIFO's flag output is 
most unlikely always to be meeting the setup-time and 
hold-time specifications for the downstream semiconduc­
tor-device input which it is driving. 

METASTABILITY 

This latter situation is, of course, the recipe for instant 
metastability. Metastability is a digital-system form of 'bad 
vibes.' It arises as the result of trying to read a digital signal 
while that signal is changing. 

A potential 'metastability hazard' exists whenever the 
signal being read isn't a stable HIGH or a stable LOW, as 
of the exact instant when the clock-signal transition edge 
comes along to synchronize the reading process. If there 
are many ongoing attempts to read the signal, and the 
timing of the signal is unrelated to that of the clock signal, 
then what we have here is another example of a 'stochas­
tic process.' And, eventually, there is bound to be an 
attempt to read the signal at exactly the wrong time. 
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When attempting to read such an unstable signal, 
three different outcomes are possible: 

• The signal can be read as a HIGH. 

• The signal can be read as a LOW. 

• The reading circuit element itself can just get confused 
and 'hang up' in a 'metastable' state, outputting a signal 
close to its own input 'trip poinf or 'transition threshold' 
for a while, before settling back either into a stable 
HIGH condition or else into a stable LOW condition. 

This 'metastable' state can, in some circuit technolo-
gies, last for as long as several additional clock periods. 
Now, the probability of 'going metastable' remains very 
small as long as the reading circuit isn't being operated 
at a frequency really close to its maximum; but it in­
creases, quite dramatically, as this maximum is 
approached. The potentially-ruinous impacts on system 
reliability are all too obvious. 

Notice that we got into this metastability issue as a 
direct consequence of the burden which FIFOs are ex­
pected to take on in systems, of Making Synchronization 
Problems Go Away. Ultimately, metastability is not intrin­
sically just a circuit-design problem; it arises mathemati­
cally as an operations-research problem, when 
deterministic digital circuits are used - whether wittingly 
or not! - to try to deal with 'stochastic processes.' 

RESYNCHRONIZING FLAG SIGNALS 

FIFO customers, like customers for any other prod­
ucts, develop new Wants over time, as suppliers learn to 
satisfy their previous Wants. So customers now Want to 
be able to perform flag-reading operations from which­
ever end of the FIFO they wish, for any of the five usual 
'fullness flags,' without having to spend time and circuit­
board real estate protecting themselves against metasta­
bility hazards. 

FIFO manufacturers first began to address this cus­
tomer Want by attempting to handle the potential metas­
tability problems internally within the Fl FO, butfor just two 
out of the five flags - the 'Full Flag,' and the 'Empty Flag.' 
The approach was to resynchronize each of these two 
flag signals, for both of its possible state transitions, to the 
clock signal for that end of the FIFO where there usually 
is the greatest interest in reading that flag: the 'Full Flag' 
to the 'write clock,' and the 'Empty Flag' to the 'read clock.' 

The premise for these choices was, of course, that it's 
essential for Subsystem A to know if a FIFO which it's 
trying to write into is 'Full'; if it is, then the write operation 
can't be completed. But there's no similarly-urgent reason 
why Subsystem A needs to know if the FIFO which it's 
trying to write into is 'Empty.' Analogous reasoning also 
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applies at the other end of the FIFO, where words are 
being read out. 

USING PROGRAMMABLE FLAGS TO DO 
END-OF-BLOCK DETECTION 

Certainly, this resynchronization of the external values 
for the 'Full Flag' and the 'Empty Flag' was a step in the 
right direction. It costs some on-chip resynchronizing 
flipflops; but it provides system designers with an easier­
to-use FIFO part. But it didn't go quite far enough, since 
customers also turned out to be intensely concerned 
about getting absolutely dead-on-accurate readings from 
the 'Almost-Full Flag' and from the 'Almost-Empty Flag' -
not just readings accurate to within a word or two. 

A puzzling attitude, if one assumes that these latter 
flags are being used only as warnings to the system that 
it needs to do something soon, before the FIFO becomes 
either completely full or else completely empty as the 
case may be. But, as often happens, customers found a 
major use for the 'Almost-Full Flag' feature and the 'Al­
most Empty Flag' feature which was utterly different from 
the type of use planned for by the semiconductor manu­
facturers. In this case, the unanticipated major usage was 
as cheap block-length counters. 

The semiconductor industry originally opened the door 
to this block-length-counter trick, while trying simultane­
ously to satisfy all of the different customers who could 
not agree on just what 'almost full' and 'almost empty' 
ought to mean - that is, how many words away from 'full' 
should be defined to mean 'almost full,' and how many 
words away from 'empty' should be defined to mean 
'almost empty.' 

The industry's response was to say, in effect, "Hey, you 
guys decide," by including programmable registers within 
Fl FOs to hold 'offset values' which could be loaded during 
the operation of a system. These 'offset values' allowed 
the system to specify the 'how-many-words-away' 
parameters, during operation. 

In older-architecture FIFOs which date back to when 
'almosr flags first were introduced, these 'offset values' 
were fixed, 'wired-in,' architectural-design parameters. 
There are even certain newer FIFOs which have wired-in 
offset values, generally because they come in small 
packages without any extra pins to spare which could be 
used for controlling the necessary programmable regis­
ters, if their offset values were to be specifiable. Eight has 
been one very common wired-in offset value. 

However, the very newest FIFOs generally have archi­
tectural provisions for reading in these 'offset values' from 
the external logic. If the external logic never gets around 
to imposing its own choice of 'offset values' on the FIFO, 
the FIFO's 'default values' for these parameters remain 
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in effect during system operation. Again, eight is a very 
common 'default value.' Another frequent choice is one­
eighth of the FIFO depth. 

As for block-length counting, to make a long story 
short, if the sum of the two 'offset values' and the desired 
block length equals the depth of the FIFO, then the 
system can use a state change by one of the 'almost' flags 
as an 'end-of-block' signal. The details are left as an 
Exercise For The Reader. 

A CONTEMPORARY EXAMPLE OF 
SYNCHRONOUS-FIFO ARCHITECTURE 

Consider now Sharp's new 18-bits-wide synchronous 
FIFOs, LH540215(512x18) and LH540225 (1024 x18). 
These new x18 FIFOs are pin-compatible drop-in 
replacements for the IDT72215B and IDT72225B x18 
synchronous FIFOs. But they also have some useful 
enhanced features, which go some ways beyond the 
architecture of the original IDT parts. 

Naturally, they offer programmable offset-value regis­
ters for the Almost-Full Flag (PAF) and the Almost-Empty 
Flag (PAE). The default values for the contents of these 
registers are one-eighth of the FIFO depth, minus one. 

Also, the LH540215/25's Full Flag (FF) and Empty 
Flag (EF) signals have been made to behave fully 'syn­
chronously,' as far as the outside world is concerned. In 
order to avoid metastability problems, these flags have 
been resynchronized, to the clock at that end of the FIFO 
where the external logic is most likely to be trying to read 
them. 

To review the rationale for this resynchronization, Sub­
system A (the writing/input side) normally won't need to 
read EF, since writing can occur at any time when the 
FIFO isn't actually full. Likewise, Subsystem B (the read­
ing/output side) normally won't need to read FF, since 
reading can occur at any time when the FIFO isn't actually 
empty. Therefore, FF has been resynchronized to change 
only as the result of a rising edge of WCLK (the writing­
side clock); and EF has been resynchronized to change 
only as the result of a rising edge of RCLK (the reading­
side clock). 

This flag-signal behavior is probably optimum, from the 
viewpoint of a digital-system designer trying to make use 
of these FIFOs. However, for the resynchronization cir­
cuits within the FIFO to have time to function properly, it 
has proven necessary to specify two new 'skew' timing 
parameters, lsi<EW1 and tSKEw.!; see Figure 1 and Figure 2. 

4ii<EW1 is the minimum delay for a rising edge of WCLK 
to occur after a rising edge of RCLK, in order to guarantee 
that the value of FF will be accurate as of this rising edge 
of WCLK, and won't get delayed until the next rising edge 
of WCLK. Similarly, tsKEWl is the minimum delay for a rising 

6-12 

FIFO Flag Timing 

edge of RCLK to occur after a rising edge of WCLK, in 
order to guarantee that the value of EF will be accurate 
as of this rising edge of RCLK, and will not get delayed 
until the next rising edge of RCLK. 

Impatient digital-system designers sometimes are an­
noyed by having to observe the timing restrictions implied 
by these 'skew parameters.' However, even the fastest 
digital logic can't respond instantaneously. It appears that 
their objections really are to restrictions which are inher­
ent in what Fl FOs must be, if they are to solve the system 
timing problems which they are expected to solve. The 
basic flag-synchronization problem can be moved 
around, and changed in form, in all sorts of different ways; 
but it can't ever be totally eliminated 

Because a FIFO is inherently a pass-through window, 
between two logic subsystems which are synchronized 
differently, at some point there is always going to be a 
boundary between these two subsystems. And, at this 
boundary, the system designer inevitably is going to have 
to make allowances for some 'boundary effects.' 

THE 'MIDDLE' FLAG SIGNALS 

In the IDT x18 FIFOs, the three 'middle' flags - the 
'Programmable Almost-Full Flag' (PAF), the 'Half-Full 
Flag' (HF), and the 'Programmable Almost-Empty Flag' 
(PAE)- have been passed straight through to the outside 
world in the exact same form in which, as we have seen, 
the FIFO's internal logic inevitably must generate them. 
That is, these flags are 'synchronized to both clocks,' 
which is to say that they are 'asynchronous.' 

But the Sharp x18 replacements for these IDT parts 
go one step further. They incorporate a programmable 
'Control Register,' by means of which the system can 
specify 'synchronous' behavior for these three 'middle' 
flags also. 

PAF, like FF, normally gets read at the writing side of 
the FIFO; and so there is a Control-Register bit which can 
be used to program PAF to be resynchronized to WCLK. 
PAE, like EF, normally gets read at the reading side of the 
FIFO; and so there is a Control-Register bit which can be 
used to program PAE to be resynchronized to RCLK. 

However, a priori, HF is equally likely to be needed at 
either end of the FIFO. Therefore, two Control-Register 
bits have been allocated for HF resynchronization. The 
system can select either WCLK or RCLK as the resyn­
chronizing clock for HF. Or, it can leave HF 'synchronized 
to both ends of the Fl FO' - i.e., as 'asynchronous.' 

These Sharp x18 FIFOs incorporate an 'Enhanced 
MODE' control signal (EMODE), which allows the system 
to select between two different sets of Control-Register 
'default' oonditions. If EMODE is held HIGH during a reset 
operation, the FIFO is initialized to function exactly like 
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the same-depth IDT x18 FIFO. But, if EMODE is held 
LOW during a reset operation, a selection is made from 
the Sharp x18-FIFO menu of enhanced features; see 
Table 1. Also, the Control Register then becomes acces­
sible for further modification of these selections. 

The pin used for the EMODE control input is a Vee pin 
in the IDT72215B and I DT72225B x18 Fl FOs. So, when­
ever the Sharp LH540215 and LH540225 x18 Fl FOs are 
used in pre-existing IDT x18-FIFO sockets, they auto­
matically get 'strapped' (pin-programmed) to behave ex­
actly like the IDT FIFOs which they are replacing. 

tcLKH tcLKL 

WCLK 

00 - 0 17 

WEN 

twFF 

FF 

RCLK 

REN 

NOTE: 
1. tsKEW1 is the minimum_!Lme between a rising RCLK edge and a 

rising WCLK edge for FF to change predictably during the current 
clock cycle. If the time between the rising edge of RCLK and the 
risin~dge of WCLK is less than lsKEw1, then it is not guaranteed 
that FF will change state until the next following WCLK edge. 
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SUMMARY 

A FIFO's mission is to serve as a 'pass-through win­
dow' between two conceptually-independent subsys­
tems, which should not need to be coordinated or 
synchronized together in any way. To perform this mission 
well, the FIFO must provide 'rubber-band memory' be­
tween the two subsystems, and also must decouple their 
clocking synchronizations one from another. 

In its 'pass-through window' role, the FIFO itself has its 
input side and its output side 'marching to two different 
drummers.' The values of the FIFO's status flags, by 
which the FIFO informs the outside world of its state of 

NO OPERATION 

twFF 

540215-6 

Figure 1. Synchronous Write Operation 
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relative fullness or emptiness, arise from computations 
which unavoidably are synchronized first to one subsys­
tem, and then to the other. 

These status-flag values must be resynchronized to 
one or the other of the two subsystem clocks. Otherwise, 
the external logic must contend with the hazards of 
metastability, which can give rise to profound system 
processing errors if no countermeasures are taken. 

FIFO Flag Timing 

Two new Sharp x18 synchronous FIFOs, the 
LH540215 (512 x 18) and LH540225 (1024 x 18), offer 
advanced new functionality for controlling status-flag syn­
chronization. For practical purposes, when reading 
status-flag values, fully-synchronous status flags can 
reduce the risk of metastability to negligible levels. 

lcLK 

lcLKH tcLKL 

6-14 

RCLK 

tENs 

Oo- 011 

loE 

WCLK 

NOTE: 
1. tsKEW• is the minimum time between a rising WCLK edge and a 

rising RCLK edge for EF to change predictably during the current 
clock cycle. tt the time between the rising edge of WCLK and the 
risin~ge of RCLK is less than tsKEW2• then It is not guaranteed 
that EF will change state until the next following RCLK edge. 

VALID DATA OUT 

toHZ 

Figure 2. Synchronous Read Operation 
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Table 1. Control-Register Format for Sharp LH540215/25 x18-Bit FIFOs 

CONTROL VALUE AFTER RESET FLAG 
REGISTER CODE AFFECTED, DESCRIPTION NOTES 

BITS EMODE=H EMODE=L IFANY 

Deassertion of LO does not 

L reset the programmable- IDT-compatible addressing 
register write pointer and of programmable registers. 
read pointer. 

Oeassertion of LO resets 
the programmable-register 

00 L H - write pointer and read 
pointer to address Word O, 

Non-ambiguous 
H the Programmable-Almost-

addressing of 
Empty-Flag-Offset Register. 
The change takes effect 

programmable registers. 

after a valid write operation 
or a valid read operation, 
respectively. 

L -- Set by iRCLK, reset by Asynchronous flag 
01 L H PAE iWCLK:. clocking. 

H Set and reset byiRCLK. Synchronous flag clocking. 

LL Set byiWCLK, reset by Asynchronous flag 
iRCLK. clocking. 

03, 02 LH LL HH HF Set and reset by iRCLK. 
Synchronous flag clocking 
at output port. 

HL, 
Set and reset byiWCLK. 

Synchronous flag clocking 

HH at input port. 

L SetbyiWCLK, reset by Asynchronous flag 
04 L H PAF iRCLK. clocking. 

H Set and reset by iWCLK. Synchronous flag clocking. 

OE has no effect on an Allows the read-address 

L internal read operation, pointer to advance even 
apart from disabling the when Oo - 017 are not 
outputs. driving the output bus. 

05 L H - OE inhibits a read 
Inhibits the read-address 

operation whenever the 
pointer from advancing 

H data outputs when Oo - 017 are not 

Oo - 017 are in the high-Z 
driving the output bus; 
thus, guards against data 

state. loss. 

L Future use to control depth 
06 L L - Reserved. cascading and interlocked 

H paralleling. 

07, 08, 
LLLLL LLLLL LLLLL - Reserved. Resetved. 09, 10,11 

NOTES: 
1. When EMODE is HIGH, and Control Register bits 00-05 are LOW, the FIFO behaves in a manner functionally equivalent to the 

IDT72215Bl25B FIFO of similar depth and speed grade. Under these conditions, the Control Register is not visible or accessible to 
the external system which includes the FIFO. 

2. ff EMODE is not asserted (is HIGH), Control Register bits 00-05 remain LOW after a reset operation. However, if EMODE is asserted (is 
LOW) during a reset operation, Control Register bits 00-05 are forced HIGH, and remain HIGH until changed. Control Register bits 
06-11 are unaffected by EMODE. 

BOLD ITAUC =Enhanced Operating Mode 
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1. INTRODUCTION 

In the design of digital systems, there's never quite 
enough memory. It's as if there's a memory corollary of 
'Parkinson's Law' (1], stating that 'Information expands to 
fill the memory available.' 

Fl FOs ('First-In, First-Out memories'; pronounced 'fye­
foes') are one type of VLSI semiconductor memory de­
vice. Their storage and readout properties are just what 
their name, 'FIFO,' implies. That is, the first data word 
taken in becomes the first data word read out, from the 
opposite end of the same FIFO. Once input, subsequent 
data words also emerge with no change in their sequential 
ordering. 

In recent years, FIFOs have become large enough, 
and cheap enough, to prove their worth in a very wide 
variety of digital systems. 

FIFOs too are notoriously subject to 'Parkinson's Law 
of Memory.' As system designers discover the operational 
advantages of increasing the size of their FIFOs, and as 
new FIFO applications emerge, system needs continually 
arise for larger FIFOs-typically having two to three times 
the capacity of any which currently are available. 

One practical answer is to use several FIFOs, or even 
many FIFOs, together in a coordinated manner, in order to 
provide FIFO capabilities and behavior with expanded 
memory capacity. This tutorial paper presents some FIFO­
memory-capacity expansion methods, and describes the 
built-in support for these methods which is provided by 
various industry-standard FIFO architectures. 

2. FIFOs AS MEMORY COMPONENTS 

In certain ways, FIFOs behave like memory compo­
nents; in other ways, they behave like logic components. 
Obviously, FIFO-memory expansion techniques are 
aimed at increasing memory size. However, the required 
logic is somewhat subtle and sophisticated, as compared 
with the expansion logic needed with other types of 
memory components. 

2.1 FIFOs as Compared With RAMs 

Within a digital system, Fl FOs mostly are used to store 
data words temporarily, while they are 'just passing 
through' on their way to some other part of the system. 
Sometimes, they are used to repetitively read out the 
same data block sequentially, over and over again. Ran­
dom-access memories (RAMs), on the other hand, al­
most always are used to store data words which need to 
be kept available, 'on tap,' for the entire duration of some 
computational procedure. 

The tendency of RAM devices to get larger over time 
is well known. According to 'Moore's Law,' as stated 
originally by Gordon Moore of Intel Corporation, the ca­
pacity in bits of RAM devices quadruples every two to 
three years, as semiconductor manufacturers continually 
develop larger RAM devices to keep up with the memory 
capacities that digital-system builders and their custom­
ers are demanding. 

The majority of applications for RAMs use large arrays 
of them. Usually, systems need much greater RAM stor­
age capacity than is to be found within any single physical 
semiconductor-RAM device. 

FIFOs are more likely than RAMs to be deployed in 
systems individually, here and there, one by one. But, 
sometimes, FIFOs too are used in arrays. When there is 
a need for temporary-storage capacity exceeding that of 
any available single physical FIFO device, several indi­
vidual Fl FO devices may be teamed up into an expansion 
array, to comprise a larger 'effective FIFO.' 

Some corollary of 'Moore's Law' certainly applies to 
FIFOs; the capacity of single-package FIFO devices has 
been doubling approximately every two years. Thus, at 
any given time, FIFO expansion arrays fill the gap be­
tween the largest single-package Fl FO devices available, 
and the still-larger 'effective FIFOs' which system design­
ers feel that they need for their very latest applications. 

•This paper was prepared tor, and presented at, Northcon/93. It appeared in The Northcon/93 Conference Record; Session 9, paper 1. 
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2.2 FIFO Family Pin-Compatibility 

Unlike RAMs, FIFOs have the startling and valuable 
property that their pinouts do not depend in any way on 
their 'depth,' i.e., on the number of words which they can 
store. RAMs have to include more memory-address pins 
as their depth increases; but Fl FOs don't have any mem­
ory-address pins to start with. Thus, very deep FIFOs 
frequently have been made pin-compatible with shallow 
ones. 

Consequently, FIFO devices usually are marketed as 
members of 'families' of pin-compatible, architecturally­
identical, mutually drop-in-interchangeable parts. Mem­
bers of a given family differ architecturally only in the depth 
of their internal FIFO-memory arrays, and in whatever 
that implies about the behavior of the 'flag' status-output 
signals - for instance, how many words the FIFO must 
contain in order to be 'half full.' In most FIFO families, the 
depth difference from one family member to the next one 
is by a factor of two, rather than by a factor of four as is 
standard for RAMs. 

It is a fairly common design practice to defer a final 
decision as to the depth of a FIFO, for a given system 
application, until the system has been built and tested 
under realistic operating conditions. Then, deeper FIFOs 
may replace shallower Fl FOs, which often speeds up the 
system. Or, instead, shallower FIFOs may replace deeper 
FIFOs, to save money. In either case, there aren't any 
address pins to rewire; and the FIFO depth may be 
chosen after the fact, to optimize cosVperformance. 

Unless, of course, the system designer needs a FIFO 
deeper than any which is available! When thafs the case, 
the designer suddenly starts taking an intense interest in 
FIFO depth-expansion methods. 

Obviously, the deepest member of a FIFO product 
family is the one which is going to get used most often in 
applications involving depth-expansion. 

3. USING FIFOs IN ARRAYS 

When an array has FIFOs interconnected in a deptlr 
expansion pattern, to provide more words than are avail­
able in any single FIFO device, such interconnection is 
referred to as 'cascading,' or sometimes more precisely 
as 'depth cascading.' 

In contrast, when the array has FIFOs interconnected 
in a wordwidth-expansion pattern, to provide widerwords 
than are available in any single FIFO device, such inter­
connection is referred to as 'paralleling' - or sometimes 
as 'width cascading.' For clarity's sake, in this paper 
'cascading' always means depth cascading; and 'width 
cascading' always is referred to as 'paralleling.' 

Frequently, practical FIFO expansion arrays feature 
both cascading and paralleling. 

SHARP 
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3.1 Architectural Support for FIFO Expansion 

Four different industry-standard FIFO-architectures to 
support depth-cascading have been widely implemented. 
These are: 

(1) Handshake 

(2) Handclasp 

(3-1) One-Wire Token Passing 

(3-2) Two-Wire Token Passing 

Sharp happens to be the only FIFO manufacturer 
producing at least one FIFO having each of these four 
industry-standard FIFO cascading architectures. Sharp's 
FIFO products include various alternate-sourced com­
petitor-defined FIFOs, and also Sharp-defined proprie­
tary FIFOs. Included among the alternate-sourced parts 
are FIFOs which support three out of the four industry­
standard architectures; and there is a Sharp proprietary 
FIFO which supports the remaining architecture. 

This tutorial application note presents each of these 
four architectures, and shows for each of them how to 
hook multiple FIFO devices together for increased depth. 

Increased wordwidth is a separate topic, and is cov­
ered last. In general, unless a system designer is pre­
pared to take the chance that the system will have some 
inherent, hard-to-find intermittent malfunctions, 'parallel­
ing' FIFOs is not just a simple matter of placing them 
side-by-side and hooking their control inputs up in paral­
lel. Rather, there need to be some 'interlocking' cross­
coupling interconnections, so that each paralleled FIFO 
is compelled always to do - or to not do - the same 
operation at the same time. By now, some limited archi­
tectural support also exists in newer Fl FOs for interlocked 
paralleling. 

3.2 Synchronous and Asynchronous FIFOs 

In practice, both the 'handshake' architecture (1) and 
the 'one-wire token-passing' architecture (3-1) have been 
used most successfully in 'asynchronous' FIFOs. On the 
other hand, both the 'handclasp' architecture (2) and the 
'two-wire token-passing' architecture (3-2) have been 
used most successfully in 'synchronous' FIFOs. There 
are some pragmatic reasons for this state of affairs, but 
nothing rigid or absolute. 

Here, a 'synchronous' FIFO is defined as one which 
<a> uses a free-running 'write-clock' signal, which in 
principle is generated by an external oscillator, and is 
gated within the FIFO chip itself by a level-sensitive 
'write-enable' signal, to synchronize write operations; and 
also <b> uses a free-running 'read-clock' signal, which in 
principle is generated by a second external oscillator, and 
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is gated within the FIFO chip itself by a level-sensitive 
'read-enable' signal, to synchronize read operations. 

These two 'enable' signals may in principle be com­
pletely independent of one another. Also, between them, 
they completely control the distribution within the FIFO of 
the two free-running clock signals. Thus, by using these 
enable signals to control a synchronous FIFO, a data­
transfer procedure at one end of the Fl FO can be started, 
and also can be stopped, quite independently of any 
data-transfer procedure which may or may not be going 
on concurrently at the other end of the FIFO. 

'Asynchronous' FIFOs don't have any such 'write-en­
able' or 'read-enable' signals. They can't even make use 
of free-running 'clock' signals, since a data word would 
have to be transferred willy-nilly on eveiy 'clock' rising 
edge. 

Or, to state the matter another way: At each end of an 
'asynchronous' Fl FO, the functionality of the level-sensi­
tive 'enable' signal is combined with that of the 'clock' 
signal, into a single edge-sensitive 'demand' signal. 

Usually, asynchronous FIFOs have 'Shift In' and 'Shift 
Out' control inputs, which function respectively as 'write­
demand' and 'read-demand' control signals. Now, these 
inputs are edge-sensitive, like 'clock' signals; that is, a 
rising edge or a falling edge of the signal waveform is what 
causes things to happen, and not a steady-state level. But 
otherwise these inputs function quite differently from 
'clock' signals, in that they cause direct, immediate action 
in and of themselves whenever they occur. 

In general, synchronous FIFOs can operate at much 
higher data-transfer repetition rates, with many fewer 
system-timing headaches, than can asynchronous FIFOs 
which have been produced at the same level of semicon­
ductor process technology. It is increasingly difficult to 
control the timing and shaping of the 'demand' pulses for 
asynchronous FIFOs, in order to achieve reliable opera­
tion with them, as repetition rates become higher and 
higher. As a general guideline, asynchronous FIFOs no 
longer are the best way to go, whenever operating FIFO 
repetition rates exceed roughly 25 MHz. 

3.3 Series and Parallel Data-Bus Connections 

Another distinction, among these various cascading 
architectures, is whether the successive FIFOs in the 
cascade are deployed in series, or in parallel; see Fig­
ure 1. 

In the handshake and handclasp architectures, suc­
cessive FIFOs in the cascade are connected in series as 
in Figure fa, like a string of sausages. Here, the 'read' 
(data-output) bus of the i111 FIFO is connected to the 'write' 
(data-input) bus of the (i+ 1 )& FIFO. A data word enters the 
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'effective FIFO' via the data-input bus of the first FIFO in 
the cascade, and passes through each of the other FIFOs 
in the cascade, and exits via the data-output bus of the 
last FIFO in the cascade. 

Obviously, the data word needs to get handled N times, 
by N different FIFOs. (The case N = 5 is illustrated in 
Figure 1.) All this handling of data implies greater 'latency' 
or 'pipeline delay,' and also gives rise to more occasions 
where possibly mishandling may occur. However, there 
is a compensating advantage: each FIFO output-bus 
driver element is required to drive just one single load. 
And the operating speed of a FIFO with lightly-loaded 
data outputs is relatively predictable. 

In the two token-passing architectures, on the other 
hand, all FIFOs in the cascade are connected in parallel 
as in Figure 1 b, somewhat like a bunch of bananas - at 
least, assuming that all of the banana-blossom ends were 
somehow to grow together, like the banana stem ends! 
Anyway, the data-input buses of all of the FIFOs are tied 
together, and the data-output buses of all of the FIFOs 
are tied together. A data word passes through only one 
FIFO in the cascade, no more, on its way through the 
'effective FIFO'; and so it gets handled just once. 

But now, by duality, there is an offsetting disadvantage: 
the data-input bus and the data-output bus, each of which 
are common to N (here 5) FIFOs, present a greater 
capacitive load to whatever devices are called upon to 
drive them. In the case of the data-output bus, the FIFO 
output-bus driver elements themselves must drive some 
number N-1 of similar data outputs from other FIFO 
devices, which at the moment are in a high-impedance 
state, in addition to whatever other system devices have 
their inputs or their three-state outputs on the FIFO-data­
output bus. And since the FIFO data outputs now are 
more heavily loaded, their operating speed becomes 
harder to predict. 

The characteristics, strengths, and weaknesses of 
each of these four FIFO cascading architectures are 
summarized in Tables 1 and 2. 

Table 1. Conventional Classification of 
FIFO Cascading Architectures 

TIMING DEPTH-CASCADING ARRANGEMENT 
CONTROL 
PRINCIPLE SERIES PARALLEL 

Asynchronous 
One-Wire 

Handshake Token 
Passing 

Two-Wire 
Synchronous Handclasp Token 

Passing 
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CONTROL CONTROL CONTROL CONTROL CONTROL CONTROL 

--DA_T_A_-IFIFO #1 1--D-AT_A_--l FIFO #2 t--D-AT_A_-1 FIFO #3 t--D-AT_A_--1 FIFO #41--D-AT_A_--l FIFO #51---DA_T_A_ 

DATA 

SHARP 

DATA FLOW -

Figure 1a. Series Connection of Depth-Cascaded FIFOs 

TOKEN 
CONTROL 

---------- FIFO#S t----------

TOKEN 
CONTROL 

----+---.! FIFO #4 1-----..._ 

TOKEN 
CONTROL 

TOKEN 
CONTROL 

--i--..i RFO #2 I---" 

TOKEN 
CONTROL 

....._-----+---.! RF0#1 1---------

DATA FLOW -

WIRED FOR 
'FIRST LOAD' 

Figure 1 b. Parallel Connection of Depth-Cascaded FIFOs 
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Table 2. Characteristics of FIFO Cascading Architecures 

NUMBER OF NUMBER OF SUIT ABILITY 
ARCHITECTURAL 

USUAL TIMING 
TIMES A DATA EXTRA LOADS FOR HIGH· SHARP FIFOs WHICH 

CONTROL 
WORD GETS ONA DATA SPEED USE THIS SCHEME SCHEME 

PRINCIPLE 
HANDLED OUTPUT OPERATION 

Handshake A N 0 Very Poor LH5481/91 

Handclasp s N 0 Excellent LH543620 

One-Wire 
Poor LH5496/97 /98/99, Token A 1 N-1 

LH540202/03/04/05 Passing 

Two-Wire 
Token s 1 N-1 Very Good LH540215/25 
Passing 

KEY: 

A = Asynchronous. S = Synchronous. N = Number of FIFOs in the cascade. 

4. DESIGN APPROACHES FOR FIFO CASCADING 

This discussion of each cascading architecture refers 
to the Sharp FIFOs having that architecture. However, the 
same analysis applies, equally well, to other manufactur­
ers' FIFOs having an identical or a similar architecture. 

Even among FIFOs having the same basic cascading 
architecture, there still is some variation in the recom­
mended interconnections. Some FIFOs are designed to 
'cascade' without the need for any external 'glue logic' 
whatever, but some are not. Neither of these alternatives 
always is necessarily better than the other; there are 
tradeoffs both ways. 

4.1 Cascading Asynchronous-Handshake FIFOs 

The 'handshake' architecture for asynchronous FIFOs 
dates back all the way to 1969, when Fairchild introduced 
the 800 KHz PMOS 64x4 type 3341 FIFO. Sharp has 
used this architecture in the 64x8 LH5481 and in the 64x9 
LH5491. Other manufacturers still make 3341-pinout 
64x4 FIFOs, and also 64x5 FIFOs. Of course, these parts 
generally use some more-recent-vintage CMOS technol­
ogy, rather than sticking with PMOS! Anyway, ifs mostly 
the oldest-pinout, smallest-capacity FIFOs which use 
'handshake' cascading. 

This architecture is the oldest one of the four. It has 
served semiconductor users well for a quarter of a cen­
tury. Nevertheless, it is by far the most difficult architecture 
of the four to understand, and to explain. Also, the expla­
nations of the other three architectures do not depend 
strongly on this 'handshake-cascading' explanation. Con­
sequently, this section of the paper is not a prerequisite 
to the other sections which follow; and so it may be 
skipped over, if desired. 
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Anyway, in the handshake architecture, each FIFO has 
two control inputs, Shift In and Shift Out; and two status 
flags, 'Input Ready' and 'Output Ready.' As previously 
discussed, these Shift In and Shift Out control inputs are 
edge-sensitive, rather than level-sensitive. 

Input Ready is asserted by a FIFO whenever it is not 
totally full, so that it can accommodate at least one more 
input data word. Output Ready is asserted whenever the 
FIFO is not totally empty, so that it can furnish at least one 
more output data word. 

The Input Ready and Output Ready status flags have 
the same system meaning respectively as FF (assertive­
LOW Full Flag) and EF (assertive-LOW Empty Flag) in 
other FIFO architectures. And, even though the nomen­
clature is opposite, the polarity of the actual signal does 
not change; the same logic state of the flag (HIGH or 
LOW) still means exactly the same thing, with respect to 
the internal status of the FIFO. However, when cascading 
asynchronous-handshake FIFOs, the Input Ready and 
Output Ready flags normally function as pulses, and not 
as levels, as is emphasized here in the description of the 
procedure by which data words get transferred from one 
FIFO in a cascade to the next one. 

Asynchronous-handshake FIFOs are cascaded in se­
ries, like sausages, as in Figure 1 a. The interconnections 
from each FIFO, to the next one downstream from it in 
the cascade, are as shown in Figure 2. Output Ready of 
the upstream FIFO is connected to Shift In of the down­
stream FIFO, and Input Ready of the downstream FIFO 
is connected to Shift Out of the upstream FIFO. As for the 
data path, the data outputs of the upstream FIFO are 
connected to the data inputs of the downstream FIFO. 
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Figure 2. Cascading Interface Between 
Handshake-Architecture FIFOs 

With these interconnections, and assuming that the 
FIFO cascade has been operating for a while, the proce­
dure for transferring a data word from the upstream FIFO 
to the downstream FIFO may be described as follows: 

(1) The downstream FIFO's Input Ready signal be-
comes asserted, whenever it ceases to be full. (Or, 
see Step (6) below.) 

(2) Since this Input Ready signal is connected to the Shift 
Out control input of the upstream FIFO, when it is 
asserted it becomes a read-demand pulse for the 
upstream FIFO. 

(3) Assuming that the upstream FIFO is not empty, so 
that its Output Ready signal has been asserted, it 
then performs a read operation - meaning that its 
internal read pointer gets advanced by one word 
position, and a new word becomes available on its 
data outputs. When those events have occurred, its 
Output Ready signal becomes deasserted. The up­
stream FIFO's internal logic actually forms the Output 
Ready signal as a delayed and inverted copy of the 
Shift Out input control pulse which was received from 
the downstream FIFO. So, unless the upstream FIFO 
was entirely emptied out by the read operation which 
it just performed, it then reasserts its Output Ready 
signal, after a time lag determined by an internal-gat­
ing delay from the deassertion of its Shift Out control 
input. 

(4) Since this Output Ready signal is connected to the 
Shift In control input of the downstream FIFO, when 
it is asserted it becomes a write-demand pulse for the 
downstream FIFO. 

(5) Since the downstream FIFO is not full (see Step (1) 
above), its Input Ready signal has been asserted. So 
it then performs a write operation - meaning that the 
new word from the upstream FIFO, which is present 
at its data inputs, gets written into its internal memory, 
and its internal write pointer then gets advanced by 
one word position. When those events have oc­
curred, its Input Ready signal becomes deasserted. 
The downstream FIFO's internal logic actually forms 
the Input Ready signal as a delayed and inverted 
oopy of the Shift In input control pulse which was 
received from the upstream FIFO. 

(6) If the new word just acquired did not fill up the 
downstream FIFO, it then reasserts its Input Ready 
signal, after a time lag which is determined by an 
internal gating delay from the deassertion of its Shift 
In control input; and the entire sequence just de­
scribed starts up all over again. (So, go back to Step 
(2), and repeat!) 

The above word description may seem confusing at 
first, because of its inherently recursive, round-and­
round, never-ending-story flavor! Figure 3 is a waveform 
description; it shows the pulses for one representative 
complete word-transfer cycle. 

The length of the Shift In and Shift Out pulses must be 
well-controlled by internal FIFO circuits. A pulse from one 
FIFO always must be sufficiently long, that it will supply 
enough energy to cause the appropriate action to take 
place in another architecturally-similar FIFO - making 
allowances for lot-to-lot semiconductor-manufacturing 
variations. Also, particular care should be used, when 
laying out the circuit-board wiring for these signals, in 
order to avoid vulnerability to noise problems. Spurious 
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Figure 3. Control-Signal Waveforms for 
Handshake Cascading 

control pulses between cascaded FIFOs may cause er­
roneous data-transfer-procedure steps to occur. 

Nowhere in this entire scene is there any role for a 
controlled, periodic 'clock' signal. Hence, the timing of the 
data-transfer operations depends entirely on gate delays 
within the FIFO devices themselves. Thus, in principle, 
this timing is process-dependent. 

The data-word-transfer procedure pauses after every 
word, because of the circuit delays. But it does not halt 
completely, until either the upstream FIFO has become 
empty, or else the downstream FIFO has become full. 
Subsequently, whenever it happens that the upstream 
Fl FO is non-empty while the downstream FIFO is non-full, 
the procedure automatically restarts itself again. 

4.2 Cascading Synchronous-Handclasp FIFOs 

Superficially, the arrangement for cascading 'synchro­
nous-handclasp' FIFOs resembles that for 'asynchro­
nous-handshake' FIFOs. Again the FIFOs are in series, 
like sausages, as in Figure 1 a. And again each FIFO has 
two control inputs, which in principle might be called 'Shift 
In' and 'Shift Out'; and also two status flags, which in 
principle might be called 'Input Ready' and 'Output 
Ready.' 

But usually, for these synchronous FIFOs, these con­
trol inputs and status flags have different names. In the 
Sharp LH543620 1024><36 synchronous FIFO, 'Shift In' 
is called 'Write Enable'; and there actually are two such 
'Write Enable' signals, which get ANDed together. Like­
wise, 'Shift Out' is rechristened 'Read Enable,' and again 
there are two such ANDed signals. 'Input Ready' and 
'Output Ready' are renamed 'Full Flag' and 'Empty Flag' 
respectively, and now are understood as assertive-LOW 
signals. 
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And there is one enormous architectural and behav­
ioral difference, which goes far beyond mere nomencla­
ture or signal assertiveness, and which changes the 
entire character of the data-transfer procedure for the 
handclasp cascading architecture. Now, there is an ex­
ternal, free-running 'transfer clock.' For any given two 
successive FIFOs in the cascade, this transfer clock is 
connected both to the 'read-clock' input at the output port 
of the upstream FIFO, and to the 'write-clock' input atthe 
input port of the downstream FIFO. 

So, this transfer clock does all of the necessary timing. 
There is no 'handshaking'; and the repetition rate of the 
data-transferring procedure isn't derived from any proc­
ess-dependent internal-gating delays within FIFOs. 

The transfer clock does not have to be the same as 
the write clock which is visible to the rest of the system, 
at the input port of the entire FIFO cascade. Nor does it 
have to be the same as the system-visible read clock, at 
the output port of the entire FIFO cascade. However, for 
overall smoothness of operation, it certainly is desirable 
that the same transfer clock get used at each FIFO-to­
FIFO interface, everywhere within the cascade; that is, 
that there only be one transfer clock per 'effective FIFO.' 

Apart from the use of the transfer clock, the handclasp 
interconnections between a Fl FO and its downstream 
successor in the cascade look very similar to those for 
asynchronous-handshake FIFOs; see Figure 4. The 
downstream FIFO's Full Flag is connected to both of the 
upstream FIFO's Read Enable inputs; and the upstream 
FIFO's Empty Flag is connected to both of the down­
stream Fl FO's Write Enable inputs. It is all right to connect 
duplicate enables together at the FIFO ports interior to 
the cascade; although the duplicate-enable functionality 
often is needed at the two extreme ends (input and output) 
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of the entire FIFO cascade, it isn't needed for FIFO-to­
Fl FO data transfer within the cascade. 

Full Flag and Empty Flag are assertive-LOW signals. 
Thus, when Full Flag is HIGH, the downstream FIFO is 
not full, and may be written into; and when Empty Flag is 
HIGH, the upstream FIFO is not empty, and may be read 
from. So, the system meaning of these signals resembles 
that of the assertive-HIGH Input Ready and Output Ready 
signals, except of course that now the signals behave as 
levels and not as pulses. But the names, and the seman­
tic-psychological assertiveness perceptions of designers, 
have changed. 

And the mechanism for data transfer from an upstream 
FIFO to a downstream FIFO reduces to the following 
simple rule: Whenever the upstream FIFO is not empty, 
and the downstream FIFO is not full, a data word is 
transferred from the upstream FIFO to the downstream 
FIFO after EVERY transfer-clock rising edge. 

Assuming that the transfer clock never is interrupted, 
this procedure obviously continues until either the up­
stream FIFO becomes empty, or else the downstream 
FIFO becomes full. Thus, the stable quiescent condition 
for the entire Fl FO cascade, if neither any write operations 
nor any read operations are taking place, is that all of the 
data words 'fall to the bottom' of the cascade, as in a 
'hopper.' As a matter of fact, 'hopper' is one synonym for 
'FIFO'; in the specialized jargon used by the designers of 
digital telephone-switching systems, FIFOs traditionally 
are called 'hoppers.' 

CLOCK 

~ 
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4.3 Cascading Token-Passing FIFOs 

Token passing as a method of controlling cascaded 
FIFOs was introduced by Mostekin 1981, in the MK4501 

512x9 asynchronous FIFO. Today, FIFOs which conform 
to the MK4501 asynchronous one-wire token-passing 
architecture dominate the world FIFO market. By now, 
architecturally-compatible descendants of the MK4501 
are offered in every power-of-two depth from 256x9 to 

16384x9. 
Sharp has produced the LH5496/97/98/99 family of 

asynchronous MK5401-architecture FIFOs for several 

years; these are 512x9, 1024><9, 2048><9, and 4096><9 
respectively. Sharp's newer LH540202/03/04/05 family 
directly replaces the largest three Fl FOs in that older 
Sharp family, and adds an 8192><9 FIFO at the deeper 
end. 

The original MK4501 was very slow; its cycle time was 
235 nsec, and its data-access time was 200 nsec. But the 
speed of more-recent architecturally-similar FIFOs has 
improved dramatically. For instance, Sharp offers speed 
grades of the new LH540202 (1024><9) and LH540203 
(2048><9) FIFOs with the cycle time at 25 nsec, and the 
data-access time and the flag-access times all the way 
down to 15 nsec. 

READ CLOCK <1-"0--------n WRITE CLOCK 

SHARP 
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READ ENABLE 1 i---.--L---rl FULL FLAG 

READ ENABLE 2 

EMPTY FLAG n---i___._ _ _. WRITE ENABLE 1 
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Figure 4. Cascading Interface Between 
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Nevertheless, operation of asynchronous FIFOs in 
systems at very high speeds, say above 25 MHz to 30 
MHz, becomes progressively more difficult. The difficul­
ties have led to a boom in new synchronous architectures 
for FIFOs. However, some of the earliest synchronous­
FIFO architectures did not make any explicit provision for 
depth cascading. 

Subsequently, Integrated Device Technology at­
tempted to use the one-wire-token-passing architecture 
in a line of fast 18-bit-wide synchronous FIFOs. That 
attempt did not succeed; predictably, once in a very great 
while, the 'one wire' becomes a severe bottleneck, for 
reasons which are discussed below. 

And so IDT, Sharp, and other manufacturers switched 
to the two-wire-token-passing architecture for new syn­
chronous FIFOs. Adding the second wire eliminates a 
troublesome technical problem, and thereby provides 
very much better performance at high speeds. Sharp's 
new LH540215 and LH540225 synchronous FIFOs, 
512x18 and 1024x18 respectively, use the two-wire-to­
ken-passing architecture. 

WRITE DEMAND 

9 9 

w-----...-------.l1 
DATA IN---..--------~ 
Do- Ds 

COMPOSITE 
FULL FLAG 

9 

9 

w 

FF 

RS 

w 

FF 

RS 

w 
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In either token-passing architecture, FIFOs are cas­
caded in parallel, like bananas, rather than in series like 
sausages. (Refer to Figures 1a, 1b, 5, and 6.) The input­
data buses of all FIFOs in the cascade are tied together, 
and likewise for their output-data buses and their Read 
Enable and Write Enable control inputs. One FIFO in the 
cascade is designated as 'first-load' or 'master,' normally 
by tying a certain control pin LOW which is tied HIGH for 
all other FIFOs in the cascade. And the token-passing 
signaling pins of all FIFOs in the cascade are connected 
together in a ring configuration. 

When the array of FIFOs is reset, the internal logic of 
the master FIFO comes up in a slightly different state than 
that of the other FIFOs. Actually, there are THREE possi­
ble post-reset internal-logic states; besides 'cascaded­
master' and 'cascaded-non-master' (or, 'cascaded­
slave'), there is a third state which applies to a 'stand­
alone' FIFO, that is, to a FIFO which is not part of any 
cascade. 

TOKEN PULSE 

I .... ------+------R 

i--................ _,..__9 ..... --~DATAOUT 
Oo-Os 

COMPOSITE 
EMPTY FLAG 

DATA FLOW -

NOTE: Designates 'first-load' or 'maste~ FIFO. The remaining FIFOs are 'slave' FIFOs. 
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Figure 5. Depth Cascading for Three 
One-Wire-Token-Passing 9-Bit Asynchronous FIFOs 

MIS-14 



Cascading and Paralleling FIFOs 

WRITE-TOKEN PULSE 

READ-TOKEN PULSE 

_Q_ 

wxo RXO 

WCLK 

-CWEN RCLK 

-'-'RS RENP 
h -CLO OE 

18 DATA IN "OATAOUT 18-L 

18 

DATA IN 
Do-017 

18 DATA IN 

-c FF" EFP 

--c PAF PAE P----
FL WXI RXI 

Vcc_J 
wxo RXO 

WCLK 

·<:lWEN RCLK 

-qRs RENP 

-tjLD OE 
h 
t-'oATAOUT 

.q FF EFP 
---q PAF PAE P----

FL WXI RXI 

Vcc_J 
WXO RXO 

~-1---1~---+--t--W_R_IT_E_C_L_O_C_K~~~~WCLK 

18 

FIFO Memories 

18.L 

DATA OUT 
Do·D1 

WRITE ENABLE 
~-1---1~~ ...... -t-~~~~~~~~.q~1wEN 

RESET ..rl 
LOAD '-1 RS 

RCLK'--~R_E_AD~C_LO_C_K-+--1~+--+-.... ~--'f--+--+-~~ 
REN h. READ ENABLE 

OE h. OUTPUT ENABLE 

COMPOSITE 
FULL FLAG 

18 

J 

FIRST LOAD 
-:::'::::-

t-'DATAOUT 18 

DATAFLOW­

NOTE: Designates 1irst-load' or 'rnaste~ FIFO. The remaining FIFOs are 'slave' FIFOs. 

~ v' >--+--+-----
..,.____/ COMPOSITE 

EMPTY FLAG 

MIS-15 

Figure 6. Depth Cascading for Three 
l\vo-Wire-Token-Passlng 18-Bit Synchronous FIFOs 

SHARP 6-25 



FIFO Memories 

For concreteness and descriptive simplicity in what 
follows, the FIFO depth is assumed to be 1024 words. 

According to common sense, the first FIFO operation 
after a reset operation always should be a write operation; 
if you haven't written anything into the FIFO yet, there's 
nothing meaningful in there which you can read back out. 
Thus, when the first write operation is requested of the 
FIFO array after a reset operation, the designated master 
FIFO has the 'write token' within its internal write-pointer­
counting and memory-array-addressing logic. There is 
likewise a 'read token,' which this designated master 
FIFO also has within its internal read-pointer-counting 
and memory-array-addressing logic, which comes into 
play whenever the first read operation is requested of the 
FIFO array. 

After 1024 words have been written into the master 
FIFO, it passes the write token on to the next FIFO in the 
cascade. In between FIFOs, this token takes the form of 
a pulse, LOW-going in all common FIFO architectures, 
and generally having a duration of approximately half of 
one clock interval. 

The read token also is passed along from one FIFO to 
the next one by this same procedure. But one more thing 
must happens also: a FIFO's data outputs must be in a 
high-impedance state unless that FIFO has the read 
token, even if that FIFO's 'Output Enable' (OE) control 
input is being asserted. In practice, OE is routed in parallel 
to every FIFO in the cascade, anyway. Thus, the sending 
FIFO's data outputs go into a high-impedance state as 
soon as the read token has been passed on; and the 
receiving FIFO's data outputs, which had been in a 
high-impedance state, become active as soon as the read 
token has been received. 

In a FIFO with the one-wire-token-passing architec­
ture, the 'one wire' carries both the write token and the 
read token, at different times. The output pin for the 
sending FIFO usually is called 'Expansion Out' (XO); and 
the input pin for the receiving Fl FO usually is called 
'Expansion In' (Xi). 

In a FIFO with the two-wire-token-passing architec­
ture, there is a 'write-token wire,' and also a 'read-token 
wire.' The output pins for the sending FIFO are called 
'Write Expansion Ouf (WXO) and 'Read Expansion Ouf 
(RXO); and the input pins forthe receiving FIFO are called 
'Write Expansion In' (WXI) and 'Read Expansion In' (RXI). 

Whether an 'effective FIFO' array or an individual Fl FO 
is being considered, the 'empty' condition may be de­
scribed as the read token catching up with the write token; 
and the 'full' condition may be described as the write token 
catching up- almost- with the read token. 

Almost, but not quite; the read token still must be one 
position ahead of the write token, unless a one-word 
'overrun' (overwriting a data word location not yet read 
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out) has occurred. Now, most FIFO architectures include 
internal 'interlock' logic to prevent such an overrun. But a 
few FIFOs, for instance Sharp's LH5492 4096><9 synchro­
nous FIFO, are designed to operate with external inter­
lock logic, and do not have internal logic to inhibit either 
overrun or the opposite condition, 'underrun' (reading out 
from a data word location not yet written). 

Returning to the one-wire-token-passing architecture, 
how does a FIFO which has just received a pulse on its 
Xi input know whether that pulse is to be interpreted as a 
read token, or as a write token? Simple, as long as all 
FIFO circuits operate reliably, and there haven't been any 
spurious noise pulses on the 'one wire'; the first pulse 
received after a reset operation is considered to be a write 
token, the second is a read token, the third is again a write 
token, the fourth is again a read token, and thereafter the 
interpretation alternates between write- token and read­
token. Thus, the interpretation is determined by the 
equivalent of a trigger flipflop within the FIFO's internal 
control logic. 

Now, to see why the one-wire-token-passing architec­
ture becomes inappropriate for high-speed FIFOs, con­
sider what happens when the read token catches up with 
the write token exactly at the point where an XO pulse is 
ready to go out, on the 'one wire,' from one FIFO to the 
next FIFO in a cascade. 

What now? The write token is all set to move on to the 
next FIFO, and so is the read token. And, both of these 
pass through the 'one wire' between the two FIFOs in the 
form of half-clock-period-duration LOW-going pulses. So, 
should there be just one regular-length token pulse, or 
one double-length token pulse, or two token pulses? 

The receiving FIFO's Xi input circuit and read-to­
ken/write-token trigger flipflop are edge-sensitive. Thus, 
they need to see two distinct pulses- perhaps, even, two 
pulse falling edges; in order to start off both that FIFO's 
internal write pointer and its internal read pointer, there 
indeed must be two separate LOW-going pulses. And, 
there has to be a long-enough HIGH interval, in between 
these two LOW-going pulses, that they always get de­
tected reliably as two pulses. Any token-pulse detection 
mistake by the receiving Fl FO would immediately put the 
entire FIFO array into an erroneous operating state, from 
which no recovery would be possible without another 
reset operation. That event, in turn, would render all the 
data in the entire FIFO array unrecoverable. 

Extra time must be allocated by the FIFO's internal 
logic, therefore, just in case it is necessary on any given 
cycle to generate and propagate two distinct token 
pulses. Consequently, to avoid losing data when this 
condition occurs, this occasional extra time must be 
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allowed for in the design and timing of the entire system, 
thus reducing system performance. 

On an entirely-random basis, it would be a very rare 
event that the read token would catch up with the write 
token precisely at the most-inconvenient time. However, 
if the system has a standard block length which is some 
power of two, blocks may end precisely on FIFO bounda­
ries fairly often. And, if the system usually writes a block, 
and then reads it before doing anything else, then a 
problem may occur fairly frequently. 

In any case, simply adding the second token-passing 
wire, so that the write token and the read token each have 
their very own wire, completely eliminates this particular 
bottleneck problem. 

Returning to the behavior of the entire FIFO array, the 
array wiring should connect XO (or, WXO and RXO) of 
the last Fl FO back to Xi (or, WXI and RXI) of the 'master' 
or 'first-load' FIFO. After both tokens have gotten started 
off and are circulating through the array, this master FIFO 
becomes activated for writing or reading by receiving the 
applicable token, just like any other FIFO in the array. See 
again Figure 5, for one-wire token passing; also Figure 6, 
for two-wire token passing. 

In some FIFO architectures, the master FIFO takes on 
an additional responsibility, that of computing 'master' 
fullness-flag values (FF and EF) for the entire FIFO array. 
The intent of this feature is to eliminate the need for the 
usual 'jellybean' logic external to the FIFO array, which 
otherwise is used to compute 'composite' fullness flags 
for the entire array. IDT first added this 'master-flag' 
feature to the initial version of their two-wire-token­

pass ing FIFOs, the 512x18/1024x18 IDT72215A/ 
IDT72225A. In these FIFOs, and in the Paradigm Tech­
nology PDM722n5 FIFOs which emulate their architec­
ture, the master FIFO's FF and EF outputs no longer 
reflect the fullness situation just within the master FIFO 
itself, but instead reflect the fullness situation for the entire 
FIFO array. 

To implement this usage, the master FIFO must know 
how many FIFOs there are in the entire FIFO array. And 
so there is a 'depth code,' which must be loaded into a 
master-FIFO internal register by the system. Also, the 
master FIFO must have redundant master counters, to 
keep track of where the write token and the read token 
are in the entire FIFO array, with enough bits to provide 
enough states to encompass representing the complete 
range of addresses for the entire FIFO array. Since any 
physical FIFO device must be capable of filling a master­
FIFO socket, all the compatible FIFO devices manufac­
tured must include the necessary master-counter logic. 

And, during system operation, if the master read 
counter or write counter ever gets out of synchronization 
with the local read counter or write counter respectively, 
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within whichever FIFO currently has the applicable token, 
this discrepancy must get resolved somehow, whenever 
that token again comes around the loop back into the 
master FIFO's Xl(or WXI or RXI) input. 

In any case, IDT did not go into full-scale production 
with their IDT722n5A x18 FIFOs, but instead has pro­
duced the IDT722n5B versions. These IDT722n5B Fl­
FOs no longer incorporate the master-fullness-flag logic; 
the master FIFO's FF and EF outputs reflect just the 
fullness situation within the master FIFO itself. Sharp's 
LH540215 and LH540225 x18 Fl FOs are pin-compatible 

replacements for the IDT72215B and IDT72225B x18 
FIFOs respectively. However, Sharp's versions also have 
some additional flag-synchronization and high-imped­
ance-read-inhibit functionality, which is outside the scope 
of this paper. [2], [3] 

When a token-passing-architecture FIFO is being 
used 'standalone,' and is not part of any cascade, its XO 
(or WXO and RXO) outputs have no cascading-related 
function. Thus, in several different FIFO architectures, the 
XO output or the WXO output has been used opportunis­
tically, to provide a Half-Full Flag (HF) status output 
whenever the Fl FO is in 'standalone' mode; the applicable 
data sheets show a pin designated as 'XO/HF,' or as 
'WXO/HF.' The FIFO's internal logic determines the 
FIFO's mode, 'cascaded-master' or 'cascaded-slave' or 
'standalone, during a reset operation, according to the 
connection of the Xi (or WXI or RXI) and 'first-load' control 
inputs. 

Of course, when a FIFO is included within some 
cascade, its HF output is not available. It would not have 
any useful system meaning, even if it were available. 

5. PARALLELING FIFOs 

Previous sections have discussed different architec­
tural approaches to cascading FIFOs, that is, to depth 
expansion of a Fl FO array. This final section analyzes 
paralleling Fl FOs, that is, width expansion of a Fl FO array. 
Of course, both types of expansion may occur within one 
FIFO array. 

In a perfect world, two FIFOs logically and physically 
next to each other, each receiving exactly the same 
waveforms at their corresponding control inputs, always 
would do exactly the same thing at the same time. 

In the real world, the circuit-board wires leading to the 
control inputs for one of these two FIFOs may be just a 
little bit longer, than those leading to the other FIFO. Also, 
the two FIFO devices may have come from different lab 
lots, and thus may differ in their inherent speed. Both 
should respond to the same control-input-signal combi­
nation in the same way; but one may respond more 
quickly than the other. 
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Apparent reliability problems may arise when control­
input signals violate setup-time specifications for the two 
FIFOs; but one FIFO is quick enough to be able to 
respond, and the other one isn't. At that point, ifs possible 
that the write pointers, and/or the read pointers, in the two 
side-by-side FIFOs are no longer pointing at the same 
relative internal FIFO-memory locations. Thereafter, the 
output data stream will consist of full words which are 
derived half from one input-data-stream word, and half 
from the one before it. In this situation, a reset operation 
is the only way to get the two FIFOs back to tracking each 
other properly again. 

Even though a system designer may have tried very 
conscientiously to observe FIFO timing specifications, 
there are subtle ways in which timing violations may 
occur. Now, as a general rule, the two opposite ends of 
the two side-by-side FIFOs may be responding to clock 
signals, or demand signals, which are not synchronized 
with each other in any way. 

So, say that both FIFOs become completely full, and 
that a read operation comes along at some time which 
isn't serendipitous with respect to the write-port timing, 
and creates a vacancy so that one more word now may 
be written. If both FIFOs contain internal interlock logic to 

Cascading and Paralleling FIFOs 

prevent them from trying to write a word when they are 
full, but this internal logic releases the internal write-lock­
out signal much more rapidly for one of the two FIFOs 
than for the other one when the vacancy is created, then 
one FIFO may allow the next write operation - and the 
other one may not! Or, if there also is external interlock 
logic in the surrounding system, one FIFO's Full Flag may 
respond more quickly than the other one's, causing a 
similar effect. 

This particular type of problem, of paralleled FIFOs 
'getting out of step' with each other, may arise either with 
asynchronous FIFOs or with synchronous FIFOs. 

Also, by duality, there is a similar sequence of events 
which may occur at the other ports of the two FIFOs, as 
a consequence of their having become completely empty; 
when another word gets written in at a non-serendipitous 
time, one FIFO may become again ready to output data 
before the other one does. 

A robust solution to this 'getting-out-of-step' design 
problem is the 'interlocked-crosscoupling' paralleling-in­
terconnection scheme shown in Figure 7. The Full Flag 
output of each FIFO is connected to one of the Write 
Enable control inputs of the other FIFO. And, likewise, the 

UPPER-HALFWORD FIFO 

WRITEC LOCK 

WRITEE NABLE 

DATA IN 

" 
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WRITE CLOCK READ CLOCK 

WRITE ENABLE 1 READ ENABLE 1 

WRITE ENABLE 2 READ ENABLE 2 t---
1 ..... ~ ~ FULL FLAG EMPTY FLAG 

DATA IN DATA OUT 

OUTPUT ENABLE P. 

LOWER-HALFWORD FIFO 

~ WRITE CLOCK L-1 READ CLOCK 

'-----1 

_y_ _,.., 
'1 

WRITE ENABLE 1 READ ENABLE 1 

WRITE ENABLE 2 READ ENABLE 2 ~ 

FULL FLAG EMPTY FLAG ~ 
DATA IN DATA OUT 

OUTPUT ENABLE P. 

DATA FLOW-

Figure 7. Crosscoupled Interlocking of 
Paralleled Synchronous FIFOs 

-

..) 

READ CLOCK 

READ ENABLE 

DATA OUT 

OUTPUT ENABLE 

MIS-13 
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Empty Flag output of each FIFO is connected to one of 
the Read Enable control inputs of the other FIFO. 

Notice that, even though the Write Enable and Read 
Enable control inputs are assertive-HIGH, and the Full 
Flag and Empty Flag status outputs are assertive-LOW, 
the polarity of the actual signals still works out OK. When 
the Full Flag FF is deasserted, meaning that the FIFO isn't 
full and can accept more data words, FF is HIGH - and, 
if it is connected to Write Enable, writing is thereby 
enabled! Ditto for the Empty Flag EF, when it is connected 
to Read Enable. 

The small triangular symbol denotes a change in per­
ceived signal assertiveness, from a driving output to 
driven input(s). 

Now, assuming that the two FIFOs both have internal 
interlocking to prevent overrun and underrun, neither 
FIFO can respond to a write request or a read request, 
unless both it andthe other one truly are ready to respond. 
Thus, borderline cases, where one FIFO gets out of step 
with the other one, get suppressed. 

Many FIFOs, including Sharp's LH5492 4096><9 and 
LH543620 1024x36 synchronous FIFOs, feature dupli­
cate Write Enable signals, and also duplicate Read En­
able signals, specifically to support interlocked 
crosscoupling. Even if one enable signal of each type is 
used in this manner, the other one of the same type still 
remains available for control of the FIFO array by the 
system. 

External logic generally is required, in order to 
crosscouple more than two paralleled FIFOs in this man­
ner, since present-day FIFO pinouts don't provide more 
than two enables of each type. This logic computes a 
'Composite Full Flag' and a 'Composite Empty Flag,' 
which are logic-AND functions (with appropriate use of de 
Morgan's Theorem) of the corresponding flags of the 
individual FIFO devices. These composite flags are 
routed respectively back to one Write Enable control 
input, and one Read Enable control input, of each of the 
individual FIFOs. 

SHARP 

FIFO Memories 

6. SUMMARY 

FIFOs are memory components internally. But they 
interact with the system of which they are part, and with 
each other, like logic devices. 

Fl FOs often are used in arrays, to expand the memory 
available within the 'effective FIFO' which is required by 
the system. The expansion may be either in depth (the 
number of memory words), or in width (the number of bits 
within one memory word), or in both depth and width at 
once. 

Recent FIFOs include architectural features to make 
depth-expansion (cascading) and width-expansion (par­
alleling) both more designer-friendly and more reliable. 
Four different cascading architectures are in widespread 
use today. Architectural support for paralleling comes 
down simply to providing extra 'enable' control inputs. 
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PACKAGE SELECTIONS: STATIC RAMs 
PIN COUNT (NOMINAL DIMENSIONS) 

PRODUCT DIP SDIP SOJ SOP TSOP PLCC 

18 22 24 24 31 31 32 24 31 24 31 31 32 24 31 32 311 322 321 5'2 
(:DJ) (DI) (:DJ) (&XI) (:DJ) (&XI) (&XI) (DI) (DI) (DI) (DI) (4CXJ) (400) (4SI) (4SI) (525) (0813) (GI) (DJ) (750) 

PSEUDO-STATIC RAMs 

LH5P832 x x x 
LH5P864 x 
LH5P8128 x x x 
LH5P8129 x x x 

STATIC RAMs 

LH5101 x 
LH5114 x 
LH51161H x x x 
LH5116S x 
LH51181H x x x 
LH5168/H x x x x 
LH5168SH x 
LH5168ST x 
LH5168Z8 x 
LH5168Z9 x 
LH5268A x x x 
LH51256L x x 
LH52B256 x x x 
LH52252A x x 
LH52253 x x 
LH52258A x x 
LH521002 x 
LH521007A x 
LH521008 x 
LH521028 x 

1. TSOP(I) 
2. TSOP(ll) - Consult factory for availability. 
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PACKAGE SELECTIONS: MASK-PROGRAMMABLE ROMs 
PIN COUNT (NOMINAL DIMENSIONS) 

PRODUCT DIP SOP QFP TSOP 

28 32 40 42 28 32 40 44 44 44 64 321 492 
(IDI) (IDI) (IDI) (IDI) (48J) (52S} (52S} (IDI) (1010) (1414) (1420) (rl82ll) (1218) 

MASK·PROGRAMMABLEROMs 

LH53259 x x x 
LH53515 x x x x 
LH53H0900 x x 
LH530800A x x x 
LH530800A-Y x x x 
LH531000B x x x 
LH532000B x x x x x 
LH532000B-S x x x x x 
LH532100B x x x 
LH53H4100 x x x 
LH53H4000 x x x 
LH534KOO x x x 
LH534POO x x x x 
LH534ROO x x x 
LH534000B x x x x x 
LH534000B-S x x x x x 
LH534100B x x 
LH534500A x x x x 
LH534600A x x x 
LH538POOA x x x 
LH538ROOA x x x 
LH538000-S x x x x 
LH538300B x x x 
LH538500B x x x x x 
LH538600 x x x x x 
LH5316500C x x x 
LH5316501 x x 
LH5332500 x x 

1. TSOP (Type II) 
2. TSOP (Type I) 
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PACKAGE SELECTIONS: FIFO MEMORIES 
PIN COUNT (NOMINAL DIMENSIONS) 

PRODUCT DIP SOJ Pl.CC PQFP PGA 

28 28 28 28 321 68 132 1l!ll 
(:IJO) IQ) (:IJO) (4Sl) (4Sl) (9Sl) (9Sl) (1:&>) 

FIFO MEMORIES 

LH5481/91 x x 
LH5492 x 
LH5496/96H x x x 
LH5497/97H x x x 
LH5498 x x x 
LH5499 x x 
LH5420 x x 
LH540202 x x x x 
LH540203 x x x x 
LH540204 x x x x 
LH540205 x x 
LH540215/25 x 
LH543601/11 x x 
LH543620 x 

1. Rectangular Body (450 x 550) 
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PACKAGING NOMENCLATURE 
DIP - Dual-In-line-Package 

• SKDIP - Skinny DIP (0.300 inch package width) 

• SDIP - Shrink DIP (0.070 inch lead pitch) 

• CERDIP - Ceramic DIP 

SOP - Small Outline Package 

• TSOP - Thin SOP 

SOJ - Small Outline J-leaded Package 

NOMINAL DIMENSIONS 

ZIP- Zigzag In-line Package 

QFP - Quad Flat Package (Metric Standard) 

• PQFP - Plastic QFP (JEDEC Bumpered 
Standard) 

PLCC - Plastic Leaded Chip Carrier 

PGA- Pin Grid Array 

t 
(mil) 

~ 
__J 

DIP SOP 

QFP SOJ 

r(mil)1 

c:1[ ]\\:, 
TSOP (II) 

7-4 

ZIP 

------(mil)----.. .... , 

~1 

~ .............................. ......-Jj 
PLCC 

(••)::::ri 

'-====er TSOP (I) 
ND-1 



18DIP {DIP18-P-300) 

c::::: ~:[~::~ 
I~ 23.25 [0.915] . -

9 I 
22.75 [0.896] ---j 

3.65 [0.144] 

~¥±3.25[0.1:~~0[0.173] 
4.00 [0.157] 

3.45 [0.136] 

_ I 3.o5 [0.1201 

2.54[0.100] --ii- 0.51 [0.020]MIN 
TYP. 0.56 [0.022] 

0.36 [0.014] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

22DIP {DIP22-P-300) 

~ : : : : : : : : : : []:~ ::~ 
~ 27.45[1.081] - - 1-1 I 

22 

26.95 [1.061] -----/ 

3.65 [0.144] 

4.0 [0.158] 

3.4 [0.133] 
83.25 [0.1:8~ [0.173] 

--11-- 3.0[0.118] 

~~ [0.100] 0.56 [0.022] 0.51 [0.02] MIN 

. 0.36 [0.014] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

SHARP 

7.64 [0.300] 

H Fl 

Packaging 

DETAIL 

1BDIP 

DETAIL 

22DIP·3 
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24DIP (DIP24-P-300) 

24 f;:::::::::: :1J~::~ 
I 29.85 [1.175] - - - 12

1 

29.35 [1.155] -----! 
3.65 [0.144] 

;
?±3.25 [0.1:: [0.173] 

4.0 [0.158] 

3.4 [0.133] 

--1~ 3.0 [0.118] 

~~-[0.100] 0.56 [0.022] 0.51 [0.02] MIN 

0.36 [0.014] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

24DIP (DIP24-P-600) 

24 13 

4.45 [0.175] 

4.90 [0.193] 

3.45 [0.136] 
?±

4.05 [0.1:~~0 [0.209] 

_JI 3.05 [0.120] 

2.54 [0.100] l- 0.51 [0.020] MIN 

TYP. 0.60 [0.024] 
0.40 [0.016] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

7-6 

DETAIL 

0.3 [0.012] 
0.2 [0.008] _...,,_~ 

7.64 [0.300] 

h Fl 

15.24 [0.600] 

DETAIL 

r;= TYP.~ 
r ~ 

2401P·1 
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28DIP (DI P28-P-300) 

f; : : : : : : : : : : : : :tn~ ro~ 
• 35.0 [1.378] 141 

34.4 [1.354] • 

28 

28DIP (DI P28-P-W300) 

f ;: : : : : : : : : : : : tr~:::~: 
34.80 [1.370] 141 
34.54 [1.360] • 

SHARP 

0.35 [0.014] 
0.15 [0.006] 

7.62 [0.300) 

H Fl 

0.30 [0.012] 
0.20 [0.008] 

7.62 [0.300] 

H Fl 

Packaging 

DETAIL 

DETAIL 

2BDIP-5 
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28DIP {DIP28-P-600) 

1 
13.45 [0.530] 
12.95 [0.510] 

~·~~~l 
14.1 

i------- 36.3 (1.429] - . 
35.7(1.406] -----~ 

4.5 (0.177] 

~#4.0(0.158~.2[0.204] 
5.0 [0.197] 

3.5 (0.138] 

--H-- 3.010.1101 

2.54 (0.100] o.6 [0.024] 0.51 [0.020] MIN 

TYP. 0.4 [0.016] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

32DIP {DIP32-P-600) 

1 

4.50 (0.177] 

~~4.00~~~:~:.205] 
5.00 [0.197] 

3.50 [0.138] 
3.00 [0.118] 

2.54 [0.100] ---11- 0.51 [0.020] MIN 
TYP. 0.60 [0.024] 

0.40 [0.016] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

7-8 

DETAIL 

15.24 (0.600] 

I TYP. 
. · 1 ,....._____, 

DETAIL 

15.24 [0.600] r,= TYP. ~ 

r ' 
320tP 

SHARP 



40DIP {DIP40-P-600) 

40 

0 0 
1 
13.45 [0.530] 
12.95 [0.510] 

'l:":r"t:-":!". ~~~"T""T""!""""l""..,....,....,.._l 
11 20.1 
~--------52.30 [2.059] __________ . 

51.70 [2.035] 

4.55 [0.179] 

~~3.95~~~:~:1.213] 
4.80 [0.189] 
3.55 [0.140] 
2.95 [0.116] :: .. """''"" ~~-[0 · 1001 0.60 [0.024] 

0.40 [0.016] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

42DIP {DIP42-P-600) 

42 22 

1 

4.55 [0.179] 

~~3.95~~~:~:1213] 
4.80 [0.189] 
3.55 [0.140] 
2.95 [0.116] :: .. ''·"'''" ~~~-[0 - 1001 0.60 [0.024] 

0.40 [0.016] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

Packaging 

DETAIL 

15.24 [0.600] r,= TYP. ~ 

f \ 

4001P 

DETAIL 

15.24 [0.600] r,= TYP. ~ 

l \ 
42DIP 
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24SDIP (SDIP24-P-300) 

i:: :: : :: :::~]Jr.::~~ 
11 - - - - - - 121 
1-- 22.25 (0.876] ---I 

21.75 (0.856] 

3.65 (0.144] 

~83.25(0.1:~~0(0.173] 
4.00 (0.157] 

3.45 (0.136] 
3.05(0.120] 

=:"''°'""" 1.78 (0.070] 0.56 (0.022] 
TYP. 0.36 [0.014] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 
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DETAIL 

7.62 (0.300] 

r,TYP.~ 

Fl 
24SDIP 
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24SOJ (SOJ24-P-300) 

l 
DETAIL 

7.9 [0.311] 
7.5 [0.295] 

8.63 [0.340] 

···r· .. , 3.7 [0.146] 
3.3 [0.130] 2.6 [0.102] 

2.2 [0.087] J 
12.1 

16.2 [0.638] ----~--i· 
15.8 [0.622] 

.~ 
1.27 [0.050] 0.53 [0.021] 1.15 [0.045] 
TYP. 0.33 [0.013] 0.85 [0.033] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

28SOJ (SOJ28-P-300) 

16.7[0.736] _____ --i 
1--------18.3 [0.720] 

~ 
0.33 [0.013] 1.27 [0.050] 

TYP. MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

SHARP 

Q 0.102 [0.004] 

0.2 [0.008] ~ l :b 
I 1.0 [o.216J __j 
I- 6.6 [0.260] 

DETAIL 

l 
7.9 [0.311] 

J~ 
8.63 [0.340] 

'"l'"' 
3.7 [0.146] 

0.604~~~~::: ~IN 
0.6 [0.024] 

Q 0.102 [0.004] 

0.20 [0.008] ~ l :b 
1.15 [o.o45J I 7.0 [o.276l ___j 
0.85 [0.033] I- 6.6 [0.260] 

24SOJ 

28SOJ300 
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28SOJ (SOJ28-P-400) 
28 15 

1: I 1 
.. 

1 

'""·------- 18.7 [0.736] _____ _ 
18.3 [0.720] 

1.27 [0.50] 0.33 [0.013] 
TYP. 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

32SOJ (SOJ32-P-400) 
32 

I 
10.4 [0.409] 
10.0 [0.394] J 11.13[0.438] 

10.73 r422] 

Q 0.102 [0.004] 

17 ____ ~ 

10.4 [0.409] 
10.0 [0.394] 

J 11.13[0.438] 

10.73r422] 

3.7 [0.146] 
3.3 [0.130] 

DETAIL 

'·"'·'"'' l_ ~ 
2.2 [0.087] ifl 
0.64 [0.025] MIN 

0.8 [0.031] 
0.6 [0.024] 

l :b 
I 9.5 [0.3741 I 
I-9.1 [0.358] ----I 

3.7 [0.146] 
3.3 (0.130] 

DETAIL 

28SOJ400 

1: I 1.1 

... --------- 21.2 [0.835] ------~-
20.8 [0.819] 

1.27 [0.050] 0.33 [0.013] 

TYP. 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

7-12 

Q 0.102[0.004] 

I 9.5 co.3741 I 
I- 9.1 [0.358] ----I 

32SOJ400 



24SOP (SOP24-P-450) 

1.27 [0.050] 
TYP. 

15.60 [0.614] 
15.20 [0.598] 

1.70 [0.067] 

t 

1.70 [0.067] 

I 
12.40 [0.488] 
11.60 [0.457] 

0.15 [0.006] 

1.03 [0.040] 

r::==:::i-+----'-+-----. 2.40 [0.094] 

~'4==l===i==}="" 2.00 [0.079] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

28SOP (SOP28-P-450) 

1.27 [0.050] 
TYP. 

[ "~""' 17.80 [0.701] 

0.20 [0.008] 
o.00[0.000] 

1.03 [0.040] 

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] 

c::::::==:J-+----'-+---. 2.40 [0.094] 

~4==f=F==l===2.00[0.079] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

SHARP 

0.20 [0.008] 
0.00 [0.000] 

1.025 [0.041] 

~l·"' 
--l~ 

0.20 [0.008] 
0.10 [0.004] 

~}·"'' 
--l~ 

0.20 [0.008] 
0.10 [0.004] 

Packaging 

24SOP 

28SOP 
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32SOP (SOP32-P-525) 

1.27 [0.050] 
TYP. 

L .... , .... 
20.40 [0.803] 

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[0.50] 

c=::::::::::::J-!---'-+---. 2.90 [0.114] 

~~=l"=y==l'-~2.50[0.098] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

40SOP (SOP40-P-525) 

1.27 [0.050] 
TYP. 

1~uuu11 ,...,,, ... ----i 
'------ 26.10[1.028] 

0.20 [0.008] 
0.00 [0.000] 

1.28 [0.050] 

1.40 [0.055] 

t 

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 -----------,-t-'---r---r 2.90[0.114] 

~~=l=y==f-~2.50[0.098] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

0.20 [0.008] 
0.00 [0.000] 

1.28 [0.050] 

_j~ 
0.20 [0.008] 
0.10 [0.004] 

_j~ 
0.20 [0.008] 
0.10 [0.004] 

32SOP 

40SOP 



44SOP (SOP44-P-600) 

0.50 [0.120] 
0.30 [0.012] 

II 

1.'D[0.050] 
TYP. 

c ~~'"'" ----28.00 [1.102] 

13.40 (0.528] 
13.00 (0.512] 

0.15 (0.006] 

1.275 (0.050] 

16.40 [0.646] 
15.60 (0.614] 

~~ 
0.20 [0.006] 
0.10 [0.004] 

2.9 [0.114] 3.25 [0.128] 
2.5 [0.098 2.45 [0.096] 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

28TSOP (TSOP28-P-0813) 

0.25 (0.010] 
0.05 (0.002] 

1.28 (0.050] 

12.00 (0.480] 13.70 (0.548] 
11.60 (0.464] 13.10 (0.524] 

.~J_ 

0.15 [0.006] 
1.10 [0.044] 
0.90 [0.036] 

0.20 [0.008] 
0.00 [0.000] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

1.20 [0.047] 
MAX 

12.60 [0.504] 
12.20 [0.488] 

_l 
~~ 

0.20 (0.008] 
0.10 (0.004] 

Packaging 

44SOP 

28TSOP 
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Packaging 

7-16 

32TSOP (TSOP32-P-0820) 

0.30 [0.012] 
0.10 [0.004] 

0.50 [0.020] 
TYP. 

32 rn 
18.60 [0.732] 
18.20 (0.717] 

.~_l 
20.40 (0.803] 
19.60 [0.772] 

+------~ 

o. 15 (0.006] 

l±--ft-i-039) 
buuuuuuuuuuuuuuud~ 1·2010·047J 

0.20 [0.008] 
o.oo (0.000] 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

48TSOP (TSOP48-P-1218) 

0.50 (0.020) 
TYP. 

l 
19.00 [0.748] 

u 
--ll--

0.20 [0.008] 
0.10 (0.004) 

1.10 (0.043) 
0.90 (0.035) 

l 
17.00 [0.669] 

J 
--ll--

0.20 (0.008) 
0.10 (0.004) 

~ 1.20(0.047] 

'it1Htt11t111HH::t::::::f::::;::====:::;:::::::__i_MAX 

DIMENSIONS IN MM [INCHES) 
MAXIMUM LIMIT 
MINIMUM LIMIT 

0.425 [0.017] 0.20 [0.008] 
0.00 (0.000] 

48TSOP 



44QFP (QFP-44-P-1010) 

0.80 [0.031] 
TYP. 

13.90 [0.547] 
13.10[0.516] 

11 

10.20 [0.402] 13.90 [0.547] 
9.80 [0.386] 13.10 (0.516] 

1.75 [0.069] 
8 PLACES 

DETAIL 
1.65 [0.065] 
1.25 [0.049] 

I-Ir 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT ~ 
44QFP (QFP-44-P-1414) 

34 

44 

0.80 (0.031] 
TYP. 

33 

• 

23 

12 

11 

14.20 [0.560] 18.20 (0.717] 
13.80 [0.543] 17.40 (0.685] 

DETAIL 
2.10 (0.083] 
1. 70 [0.067] 

0.20 [0.008] 
0.10 [0.004] 

II 

~ 1 

Packaging 

11.50 [0.453] 

1.05 [0.041] 
0.65 [0.026] 

0.20 [0.008] STANDOFF 
0.00 [0.000] 

0.20 (0.008] 
0.10 (0.004] 

II 

l 
15.80 [0.622] 

1.20 (0.04 7] 
0.80 [0.031] 1__:__ 14.20 [0.560] 

13.80 (0.543] 
1.90 (0.075] 
8PLACES 

nr 
~ 

0.20 [0.008] STANDOFF 
0.00 (0.000] 

,__ ___ 18.20 (0.717] 
17.40 (0.685] -----i 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

SHARP 

44QFP-2 

7-17 



Packaging 

64QFP (QFP64-P-1420) 
0.10 [0.0041 

--11--

f 51 n 1.00 (0.039) 

7-18 

19.20 [0.756] 
18.40 (0.724] 

14.20 (0.559] 
13.80 [0.543) 

2.40 (0.095] 
8PLACES 

20.20(0.795)~0 
------19.80 [0.779] 

, ______ 25.20 [0.9921 
24.40 [0.961 J 

.d/6iiriiiririiiii~-1 
I . 22.98 (0.905] • I :1 [0.0081 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

28PLCC (PLCC28-P-S450) 

1.143 
(0.045] 

1.14 
(0.045] 

4.37 

Q 0.10[0.004] [0.1721 

11.48 (0.452] 

12.57 (0.495] 
12.32 [0.485] 

DIMENSIONS IN MM [INCHES] ~:~~~ Ci~I~ 

0.10 [0.0041 

n,=L 
12.32 (0.485) 

11.48 
[0.452) 

2.64 
[0.1041 

0.51 
[0.0201 

MIN 

DETAIL 

2.95 (0.116] 
2.55 (0.1001 n r 0.20 (0.008] STANDOFF 

~ 000 .... 

DETAIL 

''V 
_JL 
0.46 [0.018) 

64QFP 

l 
10.80 (0.425) 
10.03 (0.395) 

J 



32PLCC (PLCC32-P-R450) 

,.Inn 
14.86 [0.585) 

14.05 [0.553] 
13.89 [0.547] 

3.56 [0.140] 
c::, 0.10 [0.004] 3.12 [0.123] 

"""'"' ._ii 11.35 [0.447] 

12.57 [0.495] 
12.32 [0.485] 

rnnnnrlflflb~ [0.095] 
~[0.060] 
I - - ~-9~[0:30~ - - 1--.f-,...t 
I--- 9.91 [o.39oJ ---I o.3BJ?No1SJ 

MAXIMUM LIMIT 
DIMENSIONS IN MM (INCHES) MINIMUM LIMIT 

32PLCC (PLCC32-P-R450-PED) 

rn 15. 11 [0.595) 
14.86 [0.585) 

14.05 [0.553] 
13.89 [0.547] 

,,....... ._11 11.35 [0.447] 

12.57 [0.495] 
12.32 [0.485] 

3.56 [0.140] 
c::, 0.10 [0.004] 2.54 [0.100] ~'1'""' 1.52 [0.060] -------- I 

~ 10.92 [0.430] ~ 0.38 [0.015] 
9.91 [0.390] 0.13 [0.005] 

DIMENSIONS IN MM (INCHES) ~~~I~~~ t1:i~ 

SHARP 

l 
13.46 [0.530] 

]'~ 

DETAIL 
0.81 [0.032] 
0.66 [0.026] 

v 
--11-
0.53 [0.021] 
0.33 [0.013] 

l 
13.46 [0.530] J-

DETAIL 
0.81 [0.032] 
0.66 [0.026] 

v 
--11-

Packaging 

32f'LCC 

0.53 [0.021] 
0.33 [0.013] 

32PLCC-1 
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Packaging 

52PLCC (PLCC52-P-750) 

19.69 [0.775] 20.57 [0.810] 
18.67 [0.735] 19.56 [0.770] 

11~ ::::~;;::--------!=== 20.57(0.810] _____ __ 
19.56 [0.770] 4.06 [0.160] 

3.56 [0.140] 

~~ pjo.mco00<1I 

1.27 [0.050] 0.58 [0.023] 0.76 [0.030] 
TYP. 0.33 [0.013] 1.38 [0.015] 

MAXIMUM LIMIT 
DIMENSIONS IN MM (INCHES) MINIMUM LIMIT 

7-20 

18.8 [0.740] 
17.78 [0.700] 

52PLCC 

SHARP 



68PLCC (PLCC68·P-950) 

t--------- 24.23 [0.954] ________ ..., 
24.13 [0.950] 

25.27 [0.995] ----------i 
--------- 25.02 [0.985] 

24.23 [0.954] 
24.13 [0.950] 

25.27 [0.995] 
25.02 [0.985] 

3.91 [0.154] 4.57 [0.180] 
3.71 [0.146] 4.19 [0.165] 

Packaging 

23.62 [0.930] 
22.61 [0.890] 

~-.-f-___.l-=10..__lo.10~[0.o__,_,0411 
1.27 [0.050] 0.53 [0.021] 0.051 [0.020] 

BSC 0.33 [0.013] MIN 

DIMENSIONS IN MM [INCHES] 
MAXIMUM LIMIT 
MINIMUM LIMIT 68PLCC-1 
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Packaging 

132PQFP (PQFP132-P-$950) 

28.02 [1.103] 
27.86 [1.097] 

27.69 [1.090] 
27.18 [1.070] 

24.21 [0.953] 
24.05 [0.947] 

0.635 
[0.025]TYP 
NON-ACCUM 

45° 
CHAMFER 

MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 

7-22 

4.57 [0.180] 

14
.06[0.

160F] 0.51 [0.020] 

J MIN. 

SECTION 

0.51 [0.020] MIN. 
--ji-----. 

132 PQFP 

SHARP 



120PGA (PGA120-C-S1360) 

35.05 [1.380] 
34.03 [1.340] 

35.05 [1.380] 
34.03 [1.340] 

2.54 [0.100] BSC 

Packaging 

1.27 [0.050] DIA TYP 

l 

0.50 [0.020] 
0.40 [0.016] 

I-----+-- 1.40 [0.055] 
1.14 [0.045] 

i----+- 3.30 [0.130] TYP 

,_ ____ 4.83 [0.190] 

4.32 [0.170] 

3.30 [0.130] 
@@@@@@@@@@@@ 2.54[0.100] 

@@@ @@@@ @@@@@ (eJ-~-.-
@@ @@@@@@@@@@@ 
@@@ @@@@ 
@@@ @@@ 
@@@ @@@ 
@ @ @ @ @ @ 30.48 [1.200] BSC 

@@@ @@@ 
@@@ @@@ 
@@@ @@@ 
@@@@@@@@@@@@@ 
@@@@@@@@@@@@@ 

@@@@@@@@@@!EIH--+--~ 

2.54 [0.100] BSC 

i---- 30.48 [1.200] BSC 

DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 

SHA.RP 

120PGA 
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SHARP'S SALES OFFICES & 
HEADQUARTERS LOCATIONS 

HEADQUARTERS 
5700 NW Pacific Rim Blvd. 
M/S 20 Camas, WA 98607 
Tel: 206·834-2500 
Fax: 206-834-8903 

BRANCH OFFICE 
1980 zanker Road 
San Jose, CA 95112 
Tel: 408·436-4900 
Fax: 408-436·0924 

REGIONAL OFFICE 
16841 Armstrong Avenue 
Irvine, CA 92714 
Tel: 714-250·0225 
Fax: 714-250·0438 

REGIONAL OFFICE 
1300 Naperville Road 
Romeoville, IL 60441 
Tel: 708-759-6318 
Fax: 708·759·6319 

REGIONAL OFFICE 
1825 S. Woodward Ave. 
Sutte 170 
Bloomfield Hills, Ml 48302 
Tel: 313-338-9944 
Fax: 313·338·9955 

REGIONAL OFFICE 
9950 Cypresswood, Suite 140 
Houston, TX 77070 
Tel: 713·955·9909 
Fax: 713·955·991 O 

BRANCH OFFICE 
1025 Royal Lane 
DFW Airport, TX 75261-9035 
Tel: 214-574-5205 
Fax: 214-574-9870 

BRANCH OFFICE 
14A Second Avenue 
Burlington, MA 01803 
Tel: 617·270·7979 
Fax: 617·229·9117 

REGIONAL OFFICE 
Canterbury Hall 
4815 Emperor Blvd., Sutte 140 
Morrisville, NC 27560 
Tel: 919-941·0065 
Fax: 919-941-0066 





JAPAN 
SHARP Corporation 
IC Sales Department 
International Sales & Marketing Group 
IC/Electronic Components 
Integrated Circuits Group 
2613-1 Ichinomoto-Cho 
Tenri-City, Nara 632, Japan 
Phone: (07436) 5-1321 
Telex: LABOMETA-B ]63428 
Facsimile: (07436) 5-1532 

EUROPE 
SHARP Electronics (Europe) GmbH 
Microelectronics Division 
SonninstrafSe 3 
20097 Hamburg, Germany 
Phone: ( 49) 40 2376-2286 
Telex: 2161867 (HEEG D) 
Facsimile: ( 49) 40 2376-2232 

SINGAPORE .. 
SHARP-ROXY Sales (Singapore) PfE. Ltd. 
lOOG Pasir Panjang Road, Singapore 0511 
Phone: 4731911 
Telex: 55504 (SRSSIN RS) 
Facsimile: 4794105 

MAIAYSIA 
SHARP-ROXY Sales & Service Company 
(M), SDN.BHD 
IC/Electronic Component Dept. 
No. llB, Jalan 223, Section 51-A, 
46100 Pataling Jaya, 
Selangor, Malaysia 
Phone: (3) 7571477 
Telex: RMKL MA37167 
Facsimile: (3) 7571736 

NORTH AMERICA 
SHARP Electronics Corporation 
Microelectronics Group 
5700 NW Pacific Rim Blvd., MIS 20 
Camas, WA 98607, U.S.A. 
Literature: (800) 642-0261 
Phone: (206) 834-2500 
Telex: 49608472 (SHARPCAM) 
Facsimile: (206) 834-8903 

HONGKONG 
SHARP-ROXY (Hong Kong) Ltd 
3rd Business Division 
Room 1701-1711, Admiralty Centre, Tower 1 
18 Harcourt Road, Hong Kong 
Phone: 8229311/8229348 
Telex: 7 4258 SRHL HX 
Facsimile: 5297561/8660779 

KOREA 
SHARP Electronic Components 
(Korea) Corporation 
RM 501 Geosung Bldg, 541 Dohwa-dong 
Mapo-ku, Seoul, Korea 
Phone: (02) 711-5813 
Telex: SHARPCC K22080 
Facsimile: (02) 71 1-5819 

TAIWAN 
SHARP Electronic Components 
(Taiwan) Corporation 
7F, No. 16, Sec 4, Nanking E. Rd. 
Taipei, Taiwan, Republic of China 
Phone: (02) 741-7341 
Telex: 10518 SECT 
Facsimile: (02) 741-7326, (02) 741-7328 

SHARR 
FROM SHARP MINDS 

COME SHARP PRODUCTS"' 

Reference No.WT255C-3 




