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Introduction 

Logic Devices Incorporated continues its commitment to provide our customers with 
the highest performance products available without abandoning our dedication to improving 
price/performance and quality. To do this, we bring to bear submicron CMOS technology on 
a par with the most advanced production processes in the world. By coupling this technology 
with our crack engineering design teams, we offer the fastest devices available. Logic Devices' 
product diversification remains at the forefront of our ability to supply total solutions with 
high performance logic products, peripheral and memory products. 

We proudly present this new edition of the Logic Devices Product Catalog containing our 
full line of some 84 products, nearly double lasts year's offering. Logic Devices' products bring 
new levels of performance to a wide range of application environments, including general
purpose computing, DSP and image processing, computer peripherals, and embedded 
control. We've worked hard to revise and reformat the data sheets in this year's catalog to ease 
your design effort and assist in your navigation of the device/package/ temperature/ speed 
maze. 

Section 2, Memory Products, features the la test speed upgrades of our high-speed 16K and 
64K-bit SRAM families. Also we're pleased to introduce our new 256K-bit SRAM family 
boasting the fastest access speeds available anywhere. 

Section 3, FIFO Memory Products, details the latest augmentation of our product line. This 
family of FIFOs offers a wide range of widths, depths and status information. Plus, they're 
designed for expandability. 

Section 4, Memory Modules, gathers together Logic Devices' offerings to solve high
speed/high-density memory problems. 

Section 5, Logic Products, gives a roll call of our standard high-speed families of multipli
ers, multiplier I accumulators, ALUs, and pipeline registers including the latest speed en
hancements and more than few new devices to help fill your design needs. 

Background and reference information on the topics of Quality & Reliability, La tchup, ESD 
Protection, and Power Dissipation are supplied in Sections 7 & 8. Packaging information, 
including a detailed discussion of thermal considerations, can be found in Section 9. Appli
cation Notes and Technical Article reprints reside in Sections 10 & 11, respectively, and feature 
solutions to typical design problems. 

Lastly, if further information is required, please contact your local Logic Devices sales 
office. Logic Devices locations worldwide are listed in Section 12, conveniently located at the 
end of this catalog. 
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Part Numbering System 

To construct a valid part number: 
In order to construct a valid Logic Devices part number, begin with the generic number obtained from the datasheet 
header or the product selection guide. To this number, append three characters from the tables below indicating the 
desired package code, temperature range, and screening. Finally, append zero, one, or two digits indicating the per
formance grade desired. Most devices are offered in several speed grades with the part number suffix indicating a 
critical path delay in nanoseconds. 

For more information on available part numbers: 
All products are not offered with all combinations of package style, temperature range, and screening. The Ordering 
Information table on the last page of each product datasheet indicates explicitly all valid combinations of package, 
temperature, screening, and performance codes for a given product. 

For more information on package options: 
Also given in the Ordering Information tables in each product datasheet are the Logic Devices package codes. These are 
two character codes consisting of a letter designating a package type, and a number distinguishing the individual 
package drawing. Drawings giving detailed dimensions and tolerances for each package code can be found in the 
Mechanical Data section of this catalog. For example, the LMA1010DMB55 given below refers to a "D" or sidebraze, 
hermetic DIP package. The LMA1010 /2010 datasheet indicates that the actual package used is D6. In the Mechanical 
Data section package type D6 is seen to be a 64-pin, cavity-down, sidebraze, hermetic DIP. 

L MA101Q D 
(1) (2) (3) 

Package Code/ 

Suffix Description 

C, I* CerDIP 

D,H* Sidebraze, Hermetic DIP 

F Ceramic Flat Pack 

G Ceramic Pin Grid Array 

J Plastic J-Lead Chip Carrier 

K, T* Ceramic Leadless Chip Carrier 

L Ceramic Leaded Chip Carrier 

P,N* Plastic DIP 

U, V* Plastic SOIC (Gull-Wing) 

w Plastic SOJ (J-Lead) 

x Dice 

- ~ ..-...-~ - ~----...-. - ------ -- ------ --~-------- ---
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Key: 

M B ~ (1) Prefix, Logic Devices, Inc. 

(4) (5) (6) (2) Device number 

\~ 
(3) Package code 
(4) Temperature range 
(5) Screening 
(6) Performance/speed 

Temperature Range Screening 

Suffix Description 

c Commercial 
0°Cto +70°C 

M Military 
-55°C to + 125°C 

*Some devices are available in packages 
of two widths. For devices available in a 
single width, C, D, K, P, and Vare used. 

1-1 

Suffix Description 

No 
Designator Commercial Flow 

R 48 Hour Burn-in at 125°C 

E Extended Screening 

B MIL-STD-883 
Class B Compliant 

Ordering Information 

I 



ORDERING INFORMATION PAGE EXPLANATION 

24-pln 

(0.3" wide) 

PlastlcDIP 
ed (P2) 

35 ns 
25 ns 

- ...-... ~-~ - ..... ~---- ------- -- - .. ---- ------ _,_ _ ___, 

SI deb raze 
Hermetic DIP (02) 

Speeds available. 

Pinout number and package width. 

Package pinout drawing. 

Package illustration. 

Package type. 

Mechanical drawing code 
(see Section 9 for specific package 
specifications) 

Part number base. A com
plete part number for 
example would be 
L6116PC25. 

When parts are available in 
two package widths, for 
example, CerDIP 0.3" wide 
use L6116CC25 or 0.6" wide 
use L6116IC25. 

SI deb raze 

1
35 

L6116DC 25 
or 20 

L6116LDC 15 
12 
10 

35 
L6116DM 35 

1

35 135 L6116CC 25 L6116NC 25 
or 20 or 20 

L6116LCC 25 L6116LNC 15 
12 12 
10 10 

35 
L6116CM 25 

1
35 

L6116HC 25 
or 20 

L6116LHC 15 
12 
10 

35 
L6116HM 35 

CerDIP 

1
35 

C 116IC 25 
r 20 

L6116LIC 25 
12 
10 

35 
L6116IM 25 
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Static RAM Package Availability Guide 

Package Availability Code<2l 

Part No. Sldebraze SOIC SOJ Plastic Ceramic 
No.<1> Pins Plastic DIP Hermetic DIP CerDIP (Gull-Wing) KJ-Lead, LCC LCC 

s ~±2 -·······~!•·&~······~ 
L7C1G7 20 PG 07 C2 U3 W3 KG 

L7C168 20 PG 07 C2 U3 W3 

L7C170 22124 PS OS C3 W1 

L7C171 24/2S P2 02 C1 W1 K1 

L7C172 24/2S P2 02 C1 W1 K1 

LG11G 24/2S/32 P1, P2 01, 02 C1, C4 U1 W1 K1, K7 
;;;:: ;:;:;: ~••TJ•••••••·•·•__J····~·:·•T-~~ iz::: ::::0 

L7C1S7 22124 PS OS C3 U1 W1 K4 

L7C164 22124 PS OS C3 U1 W1 K4 

L7C165 24 P2 02 C1 U1 W1 

L7C166 24/2S P2 02 C1 U1 W1 KS 

L7C1G1 2S P10 010 cs U2 W2 KS 

L7C162 2S P10 010 cs U2 W2 KS 

L7C185 2S/32 P9, P10 09, 010 CS, CG U2, V2 W2 

LIT 2 -T•· ..... Jf7••••·•~-··•:•:• 
L7C197 24 P2 C1 V1 W1 

L7C194 24 P2 C1 V1 W1 

L7C19S 2S P10 cs V2 W2 

L7C196 2S P10 cs V2 W2 

L7C191 2S P10 cs V2 W2 

L7C192 2S P10 cs V2 W2 

L7C199 2S/32 

OS C3 

L7C1S1 22124 PS OS C3 W1 

L7C174 2S/32 P9, P10 09,010 cs W2 K7 

L7C186 2S/32 P9,P10 09,010 cs 
L7C183 4S/S2 PS OS 

L7C184 4S/S2 PS OS 

(1) See Section 1 - Ordering Information for assistance In constructing a valid part number. 
(2) See Section 9 - Packaging for package dimensions. 

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

W2 K7 

JS K9 

JS K9 

-- -- -=oE=v=,c=Es=,N=c=o=RP=o=RA=T=Eo================================================ Memory Products 
2-3 



Product Selection-Cross Reference Guide 16K 

1\111111111[11111itli\11t.ID.111Il•t\\$.ill~M.i]\\\lllll\\\\\\\\\\\\1\\\\\j\\f11tE1J]11\1\\11JlE1IE1E1111\111ll]1]\1]1\111\I]lII1\f]I1E]I 
Maximum Speed (ns) Typical Power (mW) 

Part NoJ1l Description Com. Mii. Oper. Inactive 

L7C167 

L7C168 

L7C170 

L7C171 

L7C172 

L6116/ 
L6116L 

16K x 1 8 
Separate 1/0 

4Kx4 8 
Common 1/0 

4Kx4 8 
Common 
1/0+ OE 

4Kx4 8 
Separate 1/0 
Transparent Write 

4Kx4 8 
Separate 1/0 
High Impedance Write 

2K x 8 10 
Common 1/0 + OE 

10 135 75 

10 190 75 

10 190 75 

10 190 75 

10 190 75 

12 250 75/60 

Pins Packages Available<2l 

20 DIP, LCC 
SOIC (Gull-Wing) 
SOJ ( J-Lead) 

20 DIP, LCC 
SOIC (Gull-Wing) 
SOJ ( J-Lead) 

22124 DIP 
SOJ ( J-Lead) 

24/28 DIP, LCC 
SOJ ( J-Lead) 

24/28 DIP, LCC 
SOJ ( J-Lead) 

24128/32 DIP, LCC 
SOIC (Gull-Wing) 
SOJ ( J-Lead) 

::::::1:11::•~~1:::111::1:::•1~:::2r11::111r1m::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

Competitor 
L7C167 

(16K x 1) 
L7C168 
(4K x 4) 

LOGIC DEVICES PART NUMBER 

L7C170 
(4K x 4) 

L7C171 
(4Kx 4) 

(1) See Section 1 - Ordering Information for assistance in constructing a valid part number. 
(2) See Section 9 - Packaging for package dimensions. 

- ..-... ..-... -....-.. - ~----------- - ------ -- ------ ----------_..._.,..~-~ 

DEVICES INCORPORATED 
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L7C172 
(4K x 4) 

L6116 
(2K x 8) 

Memory Products 







Product Selection-Cross Reference Guide RAMs 

Maximum Speed (ns) Typical Power (mW) 

Part No.(1l Description Com. Mil. Oper. Inactive Pins Packages Available(2l 

L7C180 4Kx4 10 12 225 75 22124 DIP 
Cache-Tag SOJ ( J-Lead) 
Totem Pole MATCH Output 

L7C181 4Kx4 10 12 225 75 22/24 DIP 
Cache-Tag SOJ (J-Lead) 
Open Drain MATCH Output 

L7C174 8Kx8 12 15 320 75 28/32 DIP, LCC 
Cache-Tag SOJ (J-Lead) 

L7C186/ SK x 8 12 15 320 75160 28/32 DIP, LCC 
L7CL186 Flash Clear Reset SOJ ( J-Lead) 

L7C183 2 x 4K x 16 25 35 350 75 48/52 DIP, LCC 
Cache-Data PLCC 
Fast A12 Access 
Two-Way Set Associative or Direct Map 

L7C184 2 x 4K x 16 25 35 350 75 48/52 DIP, LCC 
Cache-Data PLCC 
Two-Way Set Associative or Direct Map 

LOGIC DEVICES PART NUMBER 

L7C180 L7C181 L7C174 L7C186 L7C183 L7C184 
Competitor (4Kx4) 

IDT IDT6178 

Saratoga SSL4180 

Motorola MCM4180 

Part No.(1) Description 

L7CX187 64K x 1 
Radiation-Hard 

(4K x 4) 

IDT7178 

SSL4181 

NA 

Total Dose 

(8Kx8) 

IDT7174 

NA 
NA 

Dose 
Rate Upset 

(8Kx8) (2x4Kx16) (2x4Kx16) 

IDT7165 NA 
NA 
NA 

NA 
NA 

Dose Rate 
Survivability 

NA 
NA 
NA 

Neutron Package<2> 

Hardness Pins Availability 

~106 Rads(Si02) ~109 Rads(Si)/s >1012 Rads(Si)/s >1014 N/cm2 24 DIP 

L7CX197 256Kx1 ~106 Rads(Si02) ~109 Rads(Si)/s >1012 Rads(Si)/s >1014 N/cm2 24 DIP 
Radiation-Hard 

(1) See Section 1 - Ordering Information for assistance in constructing a valid part number. 
(2) See Section 9 - Packaging for package dimensions. 

- ...-... ....-.. -....-... - ------ ------- -- - ----- --~-------~ ..._,_._.._... 
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Typical DC & AC Characteristics 16K & 64K Static RAMs 

The following Figures 1 through B represent typical DC and AC characteristic curves for the 16K and 64K static RAM 
products listed below: 

16K Static RAMs 
L7C167 -16K x 1 
L7C16B -4K x4 
L7C170 -4Kx4 
L7C171 -4K x4 
L7C172 -4Kx4 
L6116 -2KxB 
L6116L -2KxB 

64K Static RAMs 

L7C1B7 - 64K x 1 
L7C164 -16K x 4 
L7C165 - 16K x 4 
L7C166 -16Kx4 
L7C161 -16K x 4 
L7C162 -16K x 4 
L7C1B5 -BKxB 
L7CL1B5-BK x B 

Cache-Tag Static RAMs 

L7C1BO - 4K x 4 
L7C1Bl - 4K x 4 
L7C174 -8Kx8 
L7C1B6 - BK x B 
L7CL186 - BK x B 

··:f1~01:te:1.w: :: NOAMAbatfSof?pbf::CoAAEN1f ••> .......................... . • FlauFle·2~: <NOFIMAUzlliSUPPLY CURMNt>} •• •< .·.· .. 
··.··:····.· .. : ..... ·uu·.·····v$. .. Al(4$1~NTfl'eM#~~Awa~M+HcciJ>>> : •. ! .. ·t ·<···t .. -.:::-:····Vi\AM~1~Nf ·r~M~fflAT4~~ ±H1¢¢~ !··· :•> > 
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Typical DC & AC Characteristics 16K & 64K Static RAMs 
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Typical DC & AC Characteristics 256K Static RAMs 

The following Figures 1through8 represent typical DC and AC characteristic curves for the 256K static RAM products 
listed below: 

256K Static RAMs 
L7Cl 97 - 256K x 1 
L7C194 -64K x4 
L7C195 -64Kx4 
L7C196 -64K x4 
L7C191 -64K x4 
L7C192 -64Kx4 
L7C199 -32K x 8 
L7CL199 -32K x 8 

.F,nvM£2W' ::'NoiMit1ao:su~P1Jt:Cofiti~Nf>><'::: "''' ,, ... 
·::::m.t·U:::Y·tJYYMi{AM'1~NJ--·'t~~~~AT:9.R~: . ..;.;n9¢g''···.: :u<: 
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Typical DC & AC Characteristics 256K Static RAMs 
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16K x 1 Static RAM L 7C1 67 

0 16K x 1 Static RAM with Separate 
I/ 0, Chip Select Powerdown 

0 Auto-PowerdownTM Design 

0 Advanced CMOS Technology 

0 High Speed - to 8 ns maximum 

0 Low Power Operation 
Active: 135 mW typical at 35 ns 
Standby: 100 µ W typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT 6167, 
Cypress CY7C167 

0 Package Styles Available: 
• 20-pin Plastic DIP 
• 20-pin Sidebraze, Hermetic DIP 
• 20-pin Cer DIP 
• 20-pin Plastic SOIC 
• 20-pin Plastic SOJ 
• 20-pin Ceramic LCC 

Vee GND 

l l 
I-
(.) 
w 

7 ....I 
w 
en 

ROW :: 
ADDRESS 0 

c: 

CONTROL 

DI 

The L7C167is a high-performance, 
low-power CMOS static RAM. 
The storage circuitry is organized as 
16,384 words by 1 bit per word. This 
device is available in seven speeds 
with maximum access times from 8 ns 
to35ns. 

Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 135 mW (typical) when being 
operated at 35 ns. Dissipation drops 
to 75 mW (typical) when the memory 
is deselected (CE is high). 

Two standby modes are available. 
Proprietary Auto-PowerdownTM 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 

128 x 128 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

COLUMN ADDRESS 

DO 

data may be retained in inactive 
storage with a supply voltage as low 
as 2 V. The L7C167 consumes only 
15 µW (typical) at 3 V, allowing 
effective battery backup operation. 

The L7C167 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. Active-low 
Chip Enable and a three-state output 
simplify the connection of several 
chips for increased capacity. 

Memory locations are specified on 
address pins Ao through A13. Read
ing from a designated location is 
accomplished by presenting an 
address and driving CE low whileWE 
remains high. The data in the 
addressed memory location will then 
appear on the Data Out pin within 
one access time. The output pin stays 
in a high-impedance state when CE is 
high or WE is low. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7C167 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 

!...~=-=-i~ 
=oe=v=,c=es=,N=c=o=RP=o=RA=r=eo================================================ Memory Products 
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16K x 1 Static RAM L7C167 

Storage temperature ............................................................................................................ -65°C to + 150°C 
Operating ambient temperature ............................................................................................ -55°C to + 125°C 
Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to + 7.0 V 
Output current into low outputs .............................................................................................................. 25 mA 
Latchup current ................................................................................................................................ > 200 mA 

Mode 

Active Operation, Commercial 
Active Operation, Military 
Data Retention, Commercial 
Data Retention, Military 

Temperature Range (Ambient) 

0°c to +70°C 
-55°C to + 125°C 

0°c to +70°C 
-55°C to + 125°C 

Supply Voltage 

4.5 V s Vee s 5.5 V 
4.5 V s Vee s 5.5 V 
2.0 vs Vee s 5.5 v 
2.0 v s Vee s 5.5 v 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage IOH = -4.0 mA, Vee = 4.5 v 2.4 v 
VOL Output Low Voltage IOL = 8.0 mA 0.4 v 
VIH Input High Voltage 2.0 Vee v 

+ 0.3 

VIL Input Low Voltage (Note3) -3.0 0.8 v 
llX Input Current GND s VIN s Vee -10 +10 µA 

loz Output Leakage Current GND s VOUT s Vee, CE =Vee -10 +10 µA 

los Output Short Current VoUT = GND, Vee= Max (Note 4) -350 mA 

lee2 Vee Current, TTL Inactive (Note?) 15 30 mA 

lee3 Vee Current, CMOS Standby (Note8) 20 100 µA 

lee4 Vee Current, Data Retention Vee= 3.0 V (Note 9) 5 50 µA 

CIN Input Capacitance Ambient Temp= 25°C, Vee = 5.0 V 5 pF 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 7 pF 

L7C167-

Symbol Parameter Test Condition 35 ] 25 ] 20 ] 15 ] 12 10 8 Unit 

lee1 l Vee Current, Active 1 (Note6) 50 ] 65 l 85 ] 11 0] 135 150 165 mA 

- ...-... ...-.. -....-... - ------ - ------ -- - ------ --~--------===================================================================== Memory Products DEVICES INCORPORATED 
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16K x 1 Static RAM L7C167 

·::··:·::<::::::::::::::::::::::::·········:••:! 

1::n;:;;~:;:;: ...... ~;;:::::: TI "~ 11.Yfa ::.:!:.. 
L: 

L7C167· 
35 25 20 15 12 10 8 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Read Cycle Time 35 25 20 15 12 10 8 

tAVQV Address Valid to Output Valid (13, 14) 35 25 20 15 12 10 8 

tAXOX Address Change to Output Change 3 3 3 3 3 3 3 

tCLOV Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12 10 8 

tcLOZ Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3 3 

tcHOZ Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 4 4 

tPU Input Transition to Power Up (10, 19) 0 0 0 0 0 0 0 

tPD Power Up to Power Down (1 o, 19) 35 25 20 20 20 18 15 

tcHVL Chip Enable High to Data Retention (1 O) 0 0 0 0 0 0 0 

ADDRESS ~ 

tAvav l I 
-

--------------- tAvAv------------

l 
DATAOUT~----.f...-:..PR~E~v~1ou~s~D~AT~A~V~AL~ID;,__ ___ ~~·)(Qw)(~)(~)(~)(~·"f'}(-----------------D~A~TA~v~A~LID;._ ____________ _ 

._____ tAXOX t PD I 
1-tPu ;jl ------i ..... ___________ _ 

Ice 

CE 
tAVAV 

tcLQV tcHOZ 
tcLOZ HIGH 

DATA OUT HIGH IMPEDANCE IMPEDANCE 
DATA VALID 

tpu 

;t;50o/o 50o/o~ Ice 

V1Hl\S \SS SS S\SSS\ 

Vee 
Dl\TA RETINTlON MODE J 

.4.5 v 
1--tcHVL 

~ ZZZZZZZZZ~v~ ' 

45V1= 
lAVAV --12

V 

- ..-... ...-..-..-... - ------ - ------ -- - ------ -------_..._.... ..._,__ ...._.... 
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16K x 1 Static RAM L7C167 
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L7C167· 
35 25 20 15 12 10 8 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 25 20 20 15 12 10 8 

tcLEW Chip Enable Low to End of Write Cycle 25 15 15 12 10 8 8 

tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 25 15 15 12 10 8 8 

tEWAX End of Write Cycle to Address Change 0 0 0 0 0 0 0 
twLEW Write Enable Low to End of Write Cycle 20 15 15 12 10 8 6.5 
tDVEW Data Valid to End of Write Cycle 15 10 10 7 6 5 4 

tEWDX End of Write Cycle to Data Change 1 
twHCZ Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 0 0 
twLCZ Write Enable Low to Output High z (20, 21) 10 7 7 5 4 4 3 

tAVAV -ADDRESS )I( )( - tCLEW 

~' ·~"- ILL.LZ...t. r.zzzzz.zz 
tAVEW tew1U<.--

1-tAVBW~ t--- tWLEW 

~~ f 
L trJVEW tEWOX 
J,. 

DATA-IN VALID ~~~~ "-DATA IN 
t twLoz 

HIGH IMPEDANCE 1---tWHOZ _,,, "- y 
'- J'I 1'. DATA OUT 

tPU I tPO 

tPU ~ ~ 
-----------~ 

i------------ tAvAv-------------

ADDRESS 

DATA IN 

DATA OUT 

Ice 

- ...-... ...-...-~ - ~----- --~--- -- - .. ____ -_ ___.. _,,_ _ _. 
_..._,. ..__._ ..._... 
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16K x 1 Static RAM 

LNdtES 
1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8through2-11 of this data book supply the 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE ::; VIL, WE ::; VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CT= Vee. Input 
levels are within 0.2 V of Vee or ground. 

9. Data retention operation requires that 
Vee never drop below 2.0 V. CE must be 
~Vee - 0.2 V. For all other inputs VIN 
~ Vee - 0.2 V or VIN ::; 0.2 V is required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ~ ~-...-... - ......_.-.-~ - ------- -- - ------ ---------

IOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 

16. The internal write cycle of the mem~ 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 

18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Iee2 to ree1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 

b. Falling edge of WE (CE active). 

c. Transitiononanyaddressline (CE active). 

d. Transition on any data line (CE and WE 
active). 

The device automatically powers down 
from Iee2 to IeC1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. 1 b. This parameter is sampled and not 
100% tested. 

L7C167 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE or WE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

flGlJRE 1a; 

R1 4800 

OUTPUT o-~~--t--~~~--

INCLUDING 
JIG AND 
SCOPE 

flGlJFlE 1b. 

+5V 

INCLUDING 
JIG AND 
SCOPE 

f1GURE2, 

I 30pF 

R1 480 Q 

R2 
2550 

R2 
2550 

_.._... ..._._._~ 
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16K x 1 Static RAM 

20-pin 

(0.3" wide) 

Vee 
A1 A13 

A2 A12 

A3 A11 

A1o 
A9 

A6 As 

A7 

DIN 

GND CE 

Plastic DIP Sldebraze 
(P6) Hermetic DIP (07) 

CerDIP 
(C2) 

20·pin 

Ao 

A1 
A2 

A3 

A4 

A5 
A6 

DOUT 

WE 
GND 

Plast'.c SOIC 
(.300"-U3) 

20 

2 19 

3 18 

4 17 

5 16 

15 

14 

13 

9 12 

10 11 

vee 
A13 
A12 

A11 

A10 

A9 
As 

A7 

DIN 

CE 

Plastic SOJ 
(.300"-W3) 

35 ns 
25 ns 
20 ns 
15 ns 
12 ns 
10 ns 

L7C167PC35 L7C1670C35 L7C167CC35 l7C167UC35 L7C167WC35 
• • 25 • 25 • 25 • • 25 • • 25 

·20 ·20 ·20 ·20 ·20 
• 15 • 15 • 15 • 15 • 15 
• 12 • 12 • 12 • 12 • 12 
• 10 • 10 • 10 • 10 • 10 

ans a a a a a 

35 ns L7C167DM35 L7C167CM35 
25 ns • 25 • 25 
20 ns • 20 • 20 
15 ns • 15 • 15 
12 ns • 12 • 12 
10 ns • 10 • 10 
ans 

35 ns L7C167DME35 L7C167CME35 
25 ns • 25 • 25 
20 ns • 20 • 20 
15 ns • 15 • 15 
12 ns • 12 • 12 
10 ns • 10 • 10 
ans 

35 ns 
25 ns 
20 ns 
15 ns 
12 ns 
10 ns 
ans 

- ...-... ..-.. -..-... - ....._.--~ - - ------ -- - .., ____ -
--.....-~-,_ 

L7C167DMB35 L7C167CMB35 
• 25 • 25 
• 20 • 20 
• 15 • 15 
• 12 • 12 
• 10 • 10 

L7C167 

20-pin 

{290 x 425) 

.... 0 8 ~ 
ct: ct: > <( 

A2 A12 
A3 A11 
A4 A10 
A5 Ag 

As As 
Dour A7 

I~ ~I~ c5 
(!) 

0 
Ceramic Leadless 
Chip Carrier (K6) 

L7C167KC35 
• 25 
• 20 
• 15 
• 12 
• 10 

a 

L7C167KM35 
• 25 
• 20 
• 15 
• 12 
• 10 

L7C167KME35 
• 25 
• 20 
• 15 
• 12 
• 10 

L7C167KMB35 
• 25 
• 20 
• 15 
• 12 
• 10 

=-==-==-==-=-======================================Memory Products 
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4K x 4 Static RAM l 7C1 68/170 

0 4K x 4 Static RAM with Common 
I/O, Output Enable (L7C170 only) 

The L7C168 and L7C170 are high
performance, low-power CMOS static 
RAMs. The storage cells are organ
ized as 4096 words by 4 bits per word. 
Data In and Data Out signals share 
1/0 pins. The L7C170 version adds 
an active-low Output Enable control. 
These devices are available in seven 
speeds with maximum access times 
from 8 ns to 35 ns. 

0 Auto-Powerdown™ Design 

0 Advanced CMOS Technology 

0 High Speed - to 8 ns maximum 

0 Low Power Operation 
Active: 190 mW typical at 35 ns 
Standby: 100 µ W typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT 6168 
and Cypress CY7C168/170 

0 Package Styles Available: 
• 20/22-pin Plastic DIP 
• 20/22-pin Sidebraze, 

Hermetic DIP 
• 20/22-pin CerDIP 
• 20-pin Plastic SOIC 
• 20/24-pin Plastic SOJ 
• 20-pin Ceramic LCC 

Vee GND 

l l 

ROW 
ADDRESS 

CE 

WE 

OE 
(L7C170 only) 

1-
(.) 
UJ 
...J 
UJ 
C/'J 

3: 
0 
c: 

CONTROL 

Inputs and output are TTL compat
ible. Operation is from a single +5 V 
power supply. Power consumption 
is 190 mW (typical) when being 
operated at 35 ns. Dissipation drops 
to 75 mW (typical) when the memory 
is deselected (Enable is high). 

Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 

128 x 32 x 4 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE DATA 

110 

COLUMN ADDRESS 

- ~ ...-..-...-... - ~--------- ------ -- - ----- -------

accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 
storage with a supply voltage as low 
as 2 V. The L7C168 and L7C170 
consume only 15 µW (typical) at 3 V, 
allowing effective battery backup 
operation. 

The L7C168 and L7C170 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
An active-low Chip Enable and a 
three-state 1/0 bus simplify the 
connection of several chips for 
increased capacity. 

Memory locations are specified on 
address pins Ao through An. Read
ing from a designated location is 
accomplished by presenting an 
address and driving CE low while WE 
remains high. The data in the address
ed memory location will then appear 
on the Data 1/0 pins within one 
access time. The 1/0 pins stay in a 
high-impedance state when CE or OE 
is high or WE is low. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are low. Either signal 
may be used to terminate the write 
operation. Data In and Data Out 
signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7C168 and L7C170 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 

=-==-==-==-=-========================================Memory Products 
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4K x 4 Static RAM L7C168/170 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 
Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to + 7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to + 7.0 V 

Output current into low outputs .............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 200 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 
Data Retention, Commercial 
Data Retention, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 
0°c to +70°C 

-55°C to + 125°C 

Supply Voltage 

4.5 V ~ Vee s 5.5 V 

4.5 V ~ Vee s 5.5 V 
2.0 V ~Vee ~ 5.5 V 
2.0 V s Vee s 5.5 V 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage IOH = -4.0 mA, Vee = 4.5 v 2.4 v 
VOL Output Low Voltage IOL = 8.0 mA 0.4 v 
VIH Input High Voltage 2.0 Vee v 

+ 0.3 

VIL Input Low Voltage (Note3) -3.0 0.8 v 
llX Input Current GND s VIN~ Vee -10 +10 µA 

loz Output Leakage Current GND ~ VOUT s Vee, CE =Vee -10 +10 µA 

los Output Short Current VOUT = GND, Vee = Max (Note 4) -350 mA 

lee2 Vee Current, TIL Inactive (Note 7) 15 30 mA 

lee3 Vee Current, CMOS Standby (Note8) 20 100 µA 

lee4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 5 50 µA 

CIN Input Capacitance Ambient Temp= 25°C, Vee = 5.0 V 5 pF 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 7 pF 

L 7Ci 68ii 70-

Symbol Parameter Test Condition 35 25 20 15 12 10 8 Unit 

lee1 I Vee Current, Active l (Note6) 50 65 85 110 135 150 165 mA 

- ~ ....-..-...-... - ...... .---- ------- -- - ----- ------=-===-===-==-=-==========================================Memory Products 
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4K x 4 Static RAM L7C168/170 

· · .·.· ............ /·•·•·•·• ••/•• <<·<t t .. ::::.<I 
:::.~:. Z0 77: 

~ ~00J ..... .. •• 7 
::::::::: ~ .... 

L 7C168/170-
35 25 20 15 12 10 8 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Read Cycle Time 35 25 20 15 12 10 8 

tAVOV Address Valid to Output Valid (13, 14) 35 25 20 15 12 10 8 

tAXOX Address Change to Output Change 3 3 3 3 3 3 3 

tcLOV Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12 10 8 

tCLOZ Chip Enable Low to Output Low Z (20, 21 ) 3 3 3 3 3 3 3 

tcHOZ Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 4 4 

toLOV Output Enable Low to Output Valid 15 12 10 8 6 4 4 

toLOZ Output Enable Low to Output Low Z (20, 21) 0 0 0 0 0 0 0 

toHQZ Output Enable High to Output High Z (20, 21) 12 10 8 5 5 4 4 

tPU Input Trans~ion to Power Up (10, 19) 0 0 0 0 0 0 0 

tPD Power Up to Power Down (1 o, 19) 35 25 20 20 20 18 15 

tcHVL Chip Enable High to Data Retention (1 O) 0 0 0 0 0 0 0 

i--------------- tAvAv------------" 

Ice 

OE---+--1 
(L7C170 Only) 

lcc ____ tp_u_-~:~+--SO_% ___ _ 

Vee 
DATA RETENTION MOOE 3 

,4.SV 

1--tcHVL 

CE 222222222 ~VIH ' 

- ..-.. .....-.... -..-.. - ~---.-- - -~--- -- - ----- -------

hVAV 

i _____ _ 

4SV£ 

DATA VALID 

lAVAV --12
V 

tcHOZ 

toHOZ 

HIGH 
IMPEDANCE 

V1Hl\S S\S S\S\S\\S 
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4K x 4 Static RAM L7C168/170 

- -::/:}/:/: ;::::::::::::::: J ~ 
L 7C168/170· 

35 25 20 15 12 10 8 
Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 25 20 20 15 12 10 8 

tcLEW Chip Enable Low to End of Write Cycle 25 15 15 12 10 8 8 

tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 25 15 15 12 10 8 8 

tEWAX End of Write Cycle to Address Change 0 0 0 0 0 0 0 
twLEW Write Enable Low to End of Write Cycle 20 15 15 12 10 8 6.5 
tDVEW Data Valid to End of Write Cycle 15 10 10 7 6 5 4 

tEWDX End of Write Cycle to Data Change 1 1 1 1 1 1 1 
twHOZ Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 0 0 
twLOZ Write Enable Low to Output High Z (20, 21) 10 7 7 5 4 4 3 

tAVAV -ADDRESS _Jf.. )I( 
tCLEW 

~' ~"'" fLL.LL..LJ V-LLLLLLL 
tAVEW tEWAX-1 

t-tAVBW~ ~ tWLEW 

~3!s.. .r 
~ tDVEW tEWDX 

y 
DATA-IN VALID "-~~~ 

-i\. ..JL:ZZJ DATA IN 

t twLOZ 
HIGH IMPEDANCE 1---tWHOZ ..r ~ ...v 

' -"'" "" 
DATA OUT 

tPU . tPO 

tPU -----* Ice 

------------- tAvAv-------------i 

ADDRESS 

DATA IN 

DATA OUT 

Ice 

- ...-... .....-..-...-... 
-~~-~ - ------- -- ------ --------~~-...._,,-
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4K x 4 Static RAM 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8 through2-11 of this data booksupplythe 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE S VIL, WE S VIL. Input pulse levels 
are 0 to 3.0 V. 

L7C168/170 

!OH plus 30 pF (Fig. la), and input pulse 22. All address timings are referenced from 
levels of 0 to 3.0 V (Fig. 2). the last valid address line to the first transi-

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 

16. The internal write cycle of the mem~ 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 

18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from 1ee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 

tioning address line. 

23. CE or WE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

R1 4800 

OUTPUT n-~~-<11>--~~~• 

INCLUDING 30 pF 

JIG AND I_ 
SCOPE 

R1 480 o 
+5V 

OUTPUT u-~~-11.--~~~-e 

INCLUDING 5 pF 

R2 
2550 

7. Tested with outputs open and all address b. Falling edge of WE (CE active). JIG AND I_ 
SCOPE 

R2 
2550 

and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE= Vee. Input 
levels are within 0.2 V of Vee or ground. 

9. Data retention operation requires that 
Vee never drop below 2.0 V. CE must be 
~ VCC- 0.2 V. For all other inputs VIN 
~ VCC - 0.2 V or VIN S 0.2 V is required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ...-... ...-....-~ - ------- - ------ -- - ------ -
_ _... _____ _ 

c. Transitiononanyaddressline (CE active). 

d. Transition on any data line (CE and WE 
active). 

The device automatically powers down 
from ICC2 to ICC1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. lb. Thisparameterissampledand not 
100% tested. 
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4K x 4 Static RAM L7C168/170 

20-pln 20-pln 20-pln 

(0.3" wide) (290x 425) 

T-"" 0 8 :;:: 
vee Ao 20 Vee <(<(><( 

A1 A11 A1 2 19 A11 

A2 A10 A2 3 18 A10 

A9 A3 4 17 A9 A3 

AS A4 5 16 As A4 

1/03 As 6 15 1/03 As 

1/02 As 7 14 1/02 As 1/02 

1/01 A7 8 13 1/01 A7 1/01 

CE 9 12 1/0o 
I~ ~I~ Q' GND GND 10 11 WE 

(.'.l -

0 
Plastic DIP Sldebraze CerDIP Plastic SOIC Plastic SOJ Ceramic Leadless 

(P6) Hermetic DIP (07) (C2) (.300"- U3) (.300"-W3) Chip Carrier (K6) 
:o!fC:::J(,f;.101:cAiit¢.Q.ijijMel~k:$~~~~~ijf{))t>:> :::}::}:'{:}/)():t}{{/C:>:<<::::::()():{) :<Jt(t<>:;::::::/::::/;::;::::;:;:::::;:::::::: 

35 ns L7C168PC35 L7C168DC35 L7C168CC35 L7C168UC35 L7C168WC35 L7C168KC35 
25 ns • • 25 • • 25 • • 25 • • 25 • • 25 • • 25 
20ns • 20 • 20 • 20 • 20 • 20 • 20 
15 ns • 15 • 15 • 15 • 15 • 15 • 15 
12 ns • 12 • 12 • 12 • 12 • 12 • 12 
10 ns • 10 • 10 • 10 • 1 0 • 10 • 10 
8 ns 8 8 8 8 8 8 

35 ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
Sns 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
ans 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
Sns 

- ...-.. ....... -...-.. - ..-.....--.-. - -_ ... ___ -

L7C168DM35 L7C168CM35 L7C168KM35 
• • 25 • • 25 • • 25 

• 20 • 20 • 20 
• 15 • 15 • 15 
• 12 • 12 • 12 
• 10 • 10 • 10 

L7C168DME35 L7C168CME35 L7C168KME35 
• • 25 25 • 25 

• 20 20 • 20 
• 15 15 • 15 
• 12 ~2 • 12 
• 10 10 • 10 

L7C168DMB35 L7C168CMB35 L7C168KMB35 
• • 25 • • 25 • • 25 

• 20 • 20 • 20 
• 15 • 15 • 15 
• 12 • 12 • 12 
• 10 • 10 • 10 

=-:..:-==~ =oE=v=1cE=s=,N=c=oRP==oRA==:rE=o============================================== Memory Products 
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4K x 4 Static RAM 

35 ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
8 ns 

35 ns 
25 ns 
20ns 
15 ns 
12 ns 
10 ns 
8 ns 

ns 
25 ns 
20 ns 
15 ns 
12 ns 
10 ns 
8 ns 

35 ns 
25 ns 
20 ns 
15 ns 
12 ns 
10 ns 
8 ns 

22-pin 

(0.3" wide) 

Plastic DIP 
(P8) 

L7C170PC35 
• • 25 

• 20 
• 15 
• 12 
• 10 

8 

- ....... ~-....-... - ....-..------ - -~--- -- ------ ------

Vee 
A11 

A10 
Ag 

As 

NC 
1/03 
1/02 
1/01 

l/Oo 

WE 

L7C170DC35 
• • 25 

• 20 
• 15 
• 12 
• 10 

8 

L7C170DM35 
• 25 
• 20 
• 15 
• 12 
• 10 

L7C170DME35 
• 25 
• 20 
• 15 
• 12 
• 10 

L7C170DMB35 
• 25 
• 20 
• 15 
• 12 
• 10 

L7C170CC35 
• • 25 

• 20 
• 15 
• 12 
• 10 

8 

L7C170CM35 
• 25 
• 20 
• 15 
• 12 
• 10 

L7C170CME35 
• 25 
• 20 
• 15 
• 12 
• 10 

L7C170CMB35 
• 25 
• 20 
• 15 
• 12 
• 10 

24-pln 

L7C170WC35 
• • 25 

• 20 
• 15 
• 12 
• 10 

8 

Ao 

A1 

A2 
A3 

A4 

A5 

NC 
A6 
A7 

CE 
OE 

GND 

L7C168/170 

24 vee 
23 A11 
22 A10 

4 21 A9 

5 20 As 
19 NC 

7 18 NC 
8 17 1/03 

16 1/02 
10 15 1/01 
11 14 1/00 
12 13 WE 
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4K x 4 Static RAM l 7C171 /172 

0 4K x 4 Static RAM with Separate 
1/0, Transparent Write (L7C171), 
or High Impedance Write (L7C172) 

The L7C171 and L7C172 are high
performance, low-power CMOS static 
RAMs. The storage cells are organ
ized as 4096 words by 4 bits per word. 
Data In and Data Out are separate. 
These devices are available in seven 
speeds with maximum access times 
from 8 ns to 35 ns. 

0 Auto-PowerdownTM Design 

0 Advanced CMOS Technology 

0 High Speed- to 8 ns maximum 

0 Low Power Operation 
Active: 190 mW typical at 35 ns 
Standby: 100 µW typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT 71681 I 
71682, Cypress CY7C171/172 

0 Package Styles Available: 
• 24-pin Plastic DIP 
• 24-pin Sidebraze, Hermetic DIP 
• 24-pin CerDIP 
• 24-pinSOJ 
• 28-pin Ceramic LCC 

Vee GND 

1 1 

ROW 
ADDRESS 

1-
(.) 
w 
...J 
w 
CIJ 

3: 
0 a: 

Inputs and output are TTL compat
ible. Operation is from a single +5 V 
power supply. Power consumption 
is 190 mW (typical) when operating 
at 35 ns. Dissipation drops to75 mW 
(typical) when the memory is 
deselected (Enable is high). 

Two standby modes are available. 
Proprietary Auto-Powerdown TM 
circuitry reduces power consumption 
automatically during read or write 

128 x 32 x 4 
MEMORY 
ARRAY 

CONTROL 
COLUMN SELECT 
& COLUMN SENSE 

DO 

DI 
4 COLUMN ADDRESS 

- ~ ....-...-...-... - ~--------
- -_ _, ___ -- - ... ---- --------

accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 
storage with a supply voltage as low 
as 2 V. The L7C171 and L7C172 
consume only 15 µW (typical) at 3 V, 
allowing effective battery backup 
operation. 

The L7C171 and L7C172 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
An active-low Chip Enable and a 
three-state output bus simplify the 
connection of several chips for 
increased storage capacity. 

Memory locations are specified on 
address pins Ao through An. Read
ing from a designated location is 
accomplished by presenting an 
address and driving CE low while 
WE remains high. The data in the 
addressed memory location will then 
appear on the Data Out pins within 
one access time. The output pins stay 
in a high-impedance state when WE is 
low (L7C172 only) or CE is high. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. The Data In and Data 
Out signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7C171 and L7C172 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 

_.._... ...__-~ 
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4K x 4 Static RAM L7C171/172 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 
Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to + 7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs .............................................................................................................. 25 mA 
Latch up current ................................................................................................................................ > 200 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 
Data Retention, Commercial 
Data Retention, Military 

Symbol Parameter 

VOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lee2 Vee Current, TTL Inactive 

lee3 Vee Current, CMOS Standby 

lee4 Vee Current, Data Retention 

CIN Input Capacitance 

COUT Output Capacitance 

Symbol Parameter 

lee1 J Vee Current, Active l 

- ...-... .....-...-~ - .-.....--~ - ------- -- ------ -_..__..~---

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 
0°c to +70°C 

-55°C to + 125°C 

Test Condition 

IOH = -4.0 mA, Vee = 4.5 v 
IOL= 8.0 mA 

(Note 3) 

GND :s; VIN :s; Vee 

GND :s; VOUT :s; Vee, CE =Vee 

VOUT = GND, Vee = Max (Note 4) 

(Note7) 

(Note8) 

Vee = 3.0 V (Note 9) 

Ambient Temp= 25°C, Vee= 5.0 V 

Test Frequency= 1 MHz (Note 10) 

Test Condition 35 25 

(Note6) 50 65 

Supply Voltage 

4.5 V :s; Vee :s; 5.5 V 

4.5 V :s; Vee :s; 5.5 V 
2.0 v :s; Vee :s; 5.5 V 
2.0 V :s; Vee :s; 5.5 V 

Min Typ 

2.4 

2.0 

-3.0 

-10 

-10 

15 

20 

5 

L 7C1711172-

Max 

0.4 

Vee 
+ 0.3 

0.8 

+10 

+10 

-350 

30 

100 

50 

5 

7 

20 15 12 10 I a 
150 I 165 85 110 135 

Unit 

v 
v 
v 

v 
µA 

µA 

mA 

mA 

µA 

µA 

pF 

pF 

Unit 

mA 

=-=-=-=-=-=========================Memory Products 
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4K x 4 Static RAM L7C171/172 

,.,..~:/;:_::::~ :::::, L:: ;} :: :::::: 

n>>•t••·• illllilliffi.·-;;: : : } : •t/ : /:: >I Li. 
:CL 2 iti2 ::::::: Sill 

L 7C1 71 /172· 
35 25 20 15 12 10 8 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Read Cycle Time 35 25 20 15 12 10 8 
tAVQV Address Valid to Output Valid (13, 14) 35 25 20 15 12 10 8 
tAXOX Address Change to Output Change 3 3 3 3 3 3 3 
tcLQV Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12 10 8 
tcLQZ Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3 3 
tcHQZ Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 4 4 

tPU Input Transition to Power Up (10, 19) 0 0 0 0 0 0 0 
tPD Power Up to Power Down (1 o, 19) 35 25 20 20 20 18 15 
tcHVL Chip Enable High to Data Retention (1 O) 0 0 0 0 0 0 0 

--------------- tAVAv------------

Ice 

CE 

DATA OUT 

lee 

Vee 

tcLOv 
tcLOZ 

tPU 

HIGH IMPEDANCE 

;J;soo/o 

DATA RErENTION MOOE J 
_4.SV 

1---tcHVL 

CE %%%%%%%724v1H ' 

- ...-.. ...-..-~ - ~~----- - -~--- -- ------- ------

tAVAV 

tcHOZ 
HIGH 

IMPEDANCE 
DATA VALID 

50o/oi 

··l lAVAV --i2
V 

V1H-,\S SSS ssssssss 

=-===-===-===-=-============================================= Memory Products 
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4K x 4 Static RAM 

I t?:::t/tX 

Symbol Parameter 

tAVAV Write Cycle Time 

tcLEW Chip Enable Low to End of Write Cycle 

tAVBW Address Valid to Beginning of Write Cycle 

tAVEW Address Valid to End of Write Cycle 

tEWAX End of Write Cycle to Address Change 

twLEW Write Enable Low to End of Write Cycle 

tDVEW Data Valid to End of Write Cycle 

tEWDX End of Write Cycle to Data Change 

twHQZ Write Enable High to Output Low Z (20, 21) 

twLQZ Write Enable Low to Output High Z (20, 21) 

twLQV Write Enable Low to Output Valid 

tovav Data Valid to Output Valid 

ADDRESS 

DATA IN 

DATA OUT 
(L7C172 Only) 

lli1&12 : ::: :JiL:r:::::<:::::::::::Z?TI ::::: 

L 7C171 /172· 
35 25 20 15 12 

Min Max Min Max Min Max Min Max Min Max 

25 20 20 15 12 
25 15 15 12 10 
0 0 0 0 0 

25 15 15 12 10 

0 0 0 0 0 
20 15 15 12 10 
15 10 10 7 6 

1 1 1 1 1 
0 0 0 0 0 

10 7 7 5 4 

30 20 15 15 12 
30 20 15 15 12 

HIGH IMPEDANCE f----tWHOZ 

HIGH IMPEDANCE 

tDvav 
DATA VALID 

L7C171/172 

::::: :::::::::.~ 
ill 

10 8 
Min Max Min Max 

10 8 

8 8 

0 0 
8 8 

0 0 
8 6.5 
5 4 

1 1 
0 0 

4 3 
10 8 

10 8 

DATA OUT 
(l7C171 Only) 

Ice ----------------------------------J;li----t-PD_~----------------------
- ...-... ..-...-...-.... - ~~----- ------- -- ------ -_......_.___. _ _. 

=;-=v=,c-=es=,N=c=o=RPO=-=:=T=Eo======================== Memory Products 
2-30 LDS.17112-C 



4K x 4 Static RAM 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard damping of 
transient undershoot. Input levels below 
ground will be damped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8 through2-11 of this data book supply the 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE ~VIL, WE ~ VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., cr = vec. Input 
levels are within 02 V of Vee or ground. 

9. Data retention operation requires that 
Vee never drop below 2.0 V. CE must be 
~Vee- 0.2 V. For all other inputs VIN 
~ Vee - 0.2 V or VIN ~ 0.2 V is required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ........ ....-.. -...-... - ------- - ------ -
- - ._ ____ -----------

JOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEw is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CT transition to low. 

16. The internal write cycle of the mem~ 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signalthat falls last orrises first. 

17. If WE goes low before or concurrent 
with cr going low, the output remains in a 
high impedance state. 

18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from 1ee2to1ee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 

b. Falling edge of WR (CE active). 

c. Transitiononanyaddressline (CE active). 

d. Transition on any data line (CE and WE 
active). 

The device automatically powers down 
from Iee2 to Iee1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 mV from 
steady state voltage with specified loading 
in Fig. 1 b. This parameter is sampled and not 
100% tested. 

L7C171/172 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. LE or WE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

R1 4800 

OUTPUT u-~~-t1t---~~~• 

INCLUDING 
JIG AND 
SCOPE 

+5V 

I 30pF 

R1 480 n 

OUTPUT L>-~~--.---~~~-

INCLUDING 
JIG AND 
SCOPE 

R2 
2550 

R2 
2550 
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4K x 4 Static RAM L7C171/172 

i'.oaoea:l..NGl]fi:F:2aM~'J"1p·~·:::::::<::::r>>XU>?H:>:>:><t?\t:/:t:t<>?//HU<JHt :::::::;}:f::/f:f/\ :}:{/::: :::::;::< .. 

24-pln 

(0.3" wide) vee 
A11 

AB 

03 
02 
01 
Oo 

GND WE 

SI deb raze 
Hermetic DIP (02) 

CerDIP· 
(C1) 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
ans t

35 t35 t35 L7C171PC 25 L7C171DC 25 L7C171CC 25 
~ ~ ~ ~ ~ ~ 

L7C172PC 15 L7C172DC 15 L7C172CC 15 
12 12 12 
10 10 10 
a a a 

35ns 
25ns 
20ns 
15ns 
12ns 
10ns 
ans 

35ns 
25ns 
20ns 
15ns 
12ns 
10ns 
ans 

35ns 
25ns 
20ns 
15ns 
12 ns 
10ns 
ans 

- ...-.. ~ -~ - ....--.---- ------- -- ------ ----....------

1
35 

L7C171DM 25 
or 20 

L7C172DM 15 
12 
10 1

35 
L7C171DM 25 

or 20 
L7C172DM 15 

12 
10 

1

35 135 L7C171DME 25 L7C171DME 25 
or 20 or 20 

L7C172DME 15 L7C172DME 15 
1!> 1? 

L 10 L 10 

1
35 135 L7C171DMB 25 L7C171DMB 25 

or 20 or 20 
L7C172DMB 15 L7C172DMB 15 

12 12 
10 10 

24-pln 

Ao 
A1 
A2 
A3 
A4 
As 
As 
A7 
lo 
11 

CE: 
GND 

24 
2 23 
3 22 
4 21 

5 20 

19 

18 

8 17 

9 16 
10 15 

11 14 

12 13 

Plastic SOJ 
(.300"-W1) 

vee 
A11 
A10 
A9 
AB 
13 
12 
03 
02 
01 
00 
WE 

L7C171WC 25 

t
35 

or ~ 

L7C172WC 15 
12 
10 
a 

35 
25 
20 
15 
12 
10 

35 
25 
~ 

15 
12 

35 
25 
20 
15 

10 

28-pin 

(450 x 450) 

A4 
As 

NC 
NC 

(") C'\I .,..._ 0 8;:: ~ 
<(<(<(<(><(<( 

.:: I~ ~I~ 0 0 0 
(!) 

0 
Ceramic Leadlass 
Chip Carrier (K1) 

t
35 

L7C171KC 25 
or ~ 

L7C172KC 15 
12 
10 
a 

1
35 

L7C171KM 25 
or 20 

L7C172KM 15 
12 
10 

f 
35 

L7C171 KME 25 
or ~ 

L7C172KME 15 

[ 12 
10 

1
35 

L7C171KMB 25 
or 20 

L7C172KMB 15 
12 
10 

NC 

03 
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2K x 8 Static RAM (Low Power) L6116/L6116L 

0 2K x 8 Static RAM with Chip Select 
Powerdown, Output Enable 

0 Auto-PowerdownTM Design 

0 Advanced CMOS Technology 

0 High Speed - to 10 ns maximum 

0 Low Power Operation 
Active: 

250 mW (L6116) typical at 35 ns 
Standby (typical): 

100 µW (L6116) 
50 µW (L6116L) 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT6116, 
Cypress CY7C128/CY6116 

0 Package Styles Available: 
• 24-pin Plastic DIP 
• 24-pin Sidebraze, Hermetic DIP 
• 24-pin Cer DIP 
• 24-pin Plastic SOIC 
• 24-pin Plastic SOJ 
• 28-pin Ceramic LCC 
• 32-pin Ceramic LCC 

Vee GND 

l l 

The L6116 and L6116L are high
performance, low-power CMOS static 
RAM. The storage circuitry is organ
ized as 2048 words by 8 bits per word. 
The 8 Data In and Data Out signals 
share 1/0 pins. These devices are 
available in six speeds with maximum 
access times from 10 ns to 35 ns. 

Inputs and output are TIL compat
ible. Operation is from a single +5 V 
power supply. Power consumption 
for the L6116 is 250 mW (typical) at 
35 ns. Dissipation drops to 75 mW 
(typical) for the L6116 and 60 mW 
(typical) for the L6116L when the 
memory is deselected (Enable is high). 

Two standby modes are available. 
Proprietary Auto-PowerdownTM 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive 

ROW 
ADDRESS 

lo 
w 
...I 
w 
en 
3: 
0 
a: 

128 x 16 x 8 
MEMORY 
ARRAY 

CONTROL 

- ......-.. ......-.. -...-... - ........ .-. _ _._ - - -~--- -- ------ ------

COLUMN SELECT 
& COLUMN SENSE 

DATA 
110 

storage with a supply voltage as low 
as 2 V. The L6116 and L6116L con
sume only 15 µWand 6 µW (typical) 
respectively at 3 V, allowing effective 
battery backup operation. 

The L6116 and L6116L provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
An active-low Chip Enable and a 
three-state 1/0 bus with a separate 
Output Enable control simplify the 
connection of several chips for 
increased storage capacity. 

Memory locations are specified on 
address pins Ao through Arn. 
Reading from a designated location is 
accomplished by presenting an 
address and driving CE low while WE 
remains high. The data in the 
addressed memory location will then 
appear on the Data Out pins within 
one access time. The output pins stay 
in a high-impedance state when CE or 
OE is high, or WE is low. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L6116 and L6116L can withstand an 
injection current of up to 200 mA on 
any pin without damage. 

_.._.,..~_..._.... 
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2K x 8 Static RAM (Low Power) L6116/L6116L 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to + 7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs .............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 200 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 
Data Retention, Commercial 
Data Retention, Military 

Symbol Parameter 

VoH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Leakage Current 

loz Output Leakage Current 

los Output Short Current 

lee2 Vee Current, TTL Inactive 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 
0°c to +70°C 

-55°C to + 125°C 

Test Condition 

IOH = -4.0 mA, Vee = 4.5 v 
IOL= 8.0 mA 

(Note3) 

GND $VIN s Vee 

GND s VOUT s Vee, CE =Vee 

VOUT = GND, Vee = Max (Note 4) 

(Note7) 

lee3 Vee Current, CMOS Standby (Note 8) 

lee4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 

CIN Input Capacitance 

CouT Output Capacitance 

Ambient Temp= 25°C, Vee = 5.0 V 

Test Frequency= 1 MHz (Note 10) 

Supply Voltage 

4.5 v s Vee s 5.5 V 

4.5 Vs Vee s 5.5 V 
2.0 V s Vee s 5.5 V 
2.0 V s Vee s 5.5 V 

L6116 L6116L 

Min Typ Max Min Typ Max Unit 

2.4 

2.0 

-3.0 

-10 

-10 

2.4 

0.4 

Vee 2.0 
+0.3 

0.8 1-3.0 

+10 -10 

+10 -10 

-350 

15 30 

20 100 

5 50 

5 

7 

L6116· 

v 
0.4 v 
Vee V 
+0.3 

0.8 v 
+10 µA 

+10 µA 

-350 mA 

12 20 mA 

10 30 µA 

2 10 µA 

5 pF 

7 pF 

Symbol Parameter Test Condition 35 25 20 15 12 10 Unit 

lee1 Vee Current, Active l (Note 6) 75 100 125 160 200 220 mA 
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2K x 8 Static RAM {Low Power) L6116/L6116L 

L6116/L6116L-
35 25 20 15 12 10 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Mi~ 

tAVAV Read Cycle Time 35 25 20 15 12 10 

tAVQV Address Valid to Output Valid (13, 14) 35 25 20 15 12 10 

tAXOX Address Change to Output Change 3 3 3 3 3 3 

tcLOV Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12 10 

tcLOZ Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3 

tcHOZ Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 4 
toLOV Output Enable Low to Output Valid 15 12 10 8 6 5 

toLOZ Output Enable Low to Output Low Z (20, 21) 0 0 0 0 0 0 
toHOZ Output Enable High to Output High Z (20, 21) 12 10 8 5 5 4 

t?U Input Transition to Power Up (10, 19) 0 0 0 0 0 0 
tpO Power Upto Power Down (10, 19) 35 25 20 20 20 18 

tcHVL Chip Enable High to Data Retention (1 O) 0 0 0 0 0 0 

:::s.~p:::¢i®i::gfNi.~#i~::¢i#iiJU!ii.fitM:@~d$.L1#1:%< ))f \?t ;:;:::::::::::::::::::::::::::::~:~:~:~:~:~:;:~:~:~:~::::::;::::::::::'.:::::::··.· 
.. :=::::::::::::::::::::::::::;:::::::::;:::;:::;::::;::::::::::·:::;:-:-:.:-:-:·>:········ 

_-------------tAw..v-----------1 
ADDRESS * * 

-,.._ _____ tAVOV ~I I 

Ice 
i _____ _ 

-------------- tAVAV 

DATA VALID 

tcHOZ 

toHOz 
HIGH 

IMPEDANCE 

tpu --+-----
Ice ------~ 50% 

~%i...._ _________________________ _ 

DATA RETENTION MOOE 3 1= 
Vee .4.5 V 4.5 v v 

J:::::tCHVL tAVAV --12 

cE 222 zz zzz 2 >j'"VIH ''--------------/----uv,::Hl\~r"s~s~s"""s'."""s~s~s~s~s~s~s~s~ 

Max 

!.:0:~~~ 
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2K x 8 Static RAM (Low Power) L6116/L6116L 

L6116/L6116L-
35 25 20 15 12 10 

Symbol Parameter Min -..x Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 25 20 20 15 12 10 
tcLEW Chip Enable Low to End of Write Cycle 25 15 15 12 10 8 

tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 25 15 15 12 10 8 

tEWAX End of Write Cycle to Address Change 0 0 0 0 0 0 
twLEW Write Enable Low to End of Write Cycle 20 15 15 12 10 8 

tDVEW Data Valid to End of Write Cycle 15 10 10 7 6 5 
tEWDX End of Write Cycle to Data Change 

twHQZ Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 0 

twLQZ Write Enable Low to Output High Z (20, 21) 10 7 7 5 4 4 

tAVAV -ADDRESS _JI. )I( 
tCLEW 

"' .s..~ ;zz/_L VLLLLLLL 
tAVEW tEWAX---

t-tAVBW~ 1-- tWLEW 

~"''" ¥ 
tDVEW tEWDX 

~ DATA-IN VALID .... :::s:::::s:~ 
.I ""1'. ILL LI 

T twLoz 
HIGH IMPEDANCE f4-tWHOZ 

f "' _V 

' fi "-

DATA IN 

DATA OUT 

tPU I tpo 

tPU Ice ""'t 
-----~ 

==={ __ _ 

------------ tAvAv------------.i 

ADDRESS 

DATAiN 

Ice 

- ~ ....-..-...-... - ......._ __._, ---- - -~--- -- ------ -
_........, ____ __ 
-~ .._._~ 
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2K x 8 Static RAM (Low Power) L6116/L6116L 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
groundwillbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8through2-11 ofthisdata booksupplythe 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE S VIL, WE S VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ;;:;.: VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CT= Vee. Input 
levels are within 0.2 V of Vee or ground. 

9. Data retention operation requires that 
Vee never drop below 2.0 V. CE must be 
;;,:;.: Vee - 0.2 V. For all other inputs VIN 
;;,:;.: Vee - 0.2 V or VIN=:;; 0.2 V is required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ~ ~-....-.... - ------- - ----- -- - ------ -_...._._._,_.. _ _. 

IOH plus 30 pF (Fig. la), and input pulse 22. All address timings are referenced from 
levels of 0 to 3.0 V (Fig. 2). the last valid address line to the first transi-

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 

16. The internal write cycle of the mem~ 
is defined by the overlap of CT low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 

18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Iee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 

b. Falling edge of WE (CE active). 

c. Transitiononanyaddressline (CE active). 

d. Transition on any data line (CE and "WE 
active). 

The device automatically powers down 
from Iee2 to Iee1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 mV from 
steady state voltage with specified loading 
in Fig. 1 b. This parameter is sampled and not 
100% tested. 

tioning address line. 

23. CT or WE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

R1 4800 

+5 v o-------'l.JIVl.r---. 

OUTPUT 0------...----• 

INCLUDING 30 pF 

JIG AND I 
SCOPE 

R1 480 O 
+5V 

OUTPUT n---~-----

INCLUDING 5 pF 

JIG AND I 
SCOPE 

R2 
2550 

R2 
2550 
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2K x 8 Static RAM (Low Power) 

24-pln 

(0.3" wide) vee 
As 

A9 
WE 

A3 rn: 
A2 A10 

A1 CE 
Ao 1/07 

1/00 1/06 

1/01 1/05 

1/04 
1/03 

Plastic DIP Sldebraze CerDIP 
(P2) Hermetic DIP (D2) (C1) 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 

35 
L6116PC125 or 20 

L6116LPC 15 
12 
10 

ans 

35ns 
25 ns 
20ns 
15 ns 
12 ns 
10 ns 
8 ns 

35ns 
25ns 
20ns 
15 ns 
12 !"!S 

10 ns 
ans 

35 ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
ans 

- ..-... ....-... -~ - ------ - _.., ___ -- ------- -------

35 
L6116DC125 or 20 

L6116LDC 15 
12 
10 

35 
L6116CC125 or 20 

L6116LCC 25 
12 
10 

1

35 135 L6116DM 35 L6116CM 25 
or 20 or 20 

L6116LDM 15 L6116LCM 15 
12 12 

1

35 135 L6116DME 35 L6116CME 25 
or 20 or 20 

L6116LDME 15 L6116LCME 15 
12 12 

35 35 

L6116DMB 135 L6116CMBt 25 
or 20 or 20 

L6116LDMB 15 L6116LCMB 15 
12 12 

24-pln 

(0.6" wide) 

Plastic DIP 
(P1) 

35 
L6116NC 125 or 20 

L6116LNC 15 
12 
10 

L6116/L6116L 

A7 1 24 vee 
A6 2 23 AB 
As 3 22 A9 
A4 4 21 WE 
A3 5 20 rn: 
A2 6 19 A10 
A1 18 CE 
Ao 17 1/07 

1/00 9 16 1/06 
1/01 10 15 1/05 
1/02 11 14 1/04 

GND 12 13 1/03 

Sldebraze 
Hermetic DIP (D1) 

35 

L6116HC125 or 20 
L6116LHC 15 

12 
10 

35 

L6116HM 135 
or 20 

L6116LHM 15 
12 

CerDIP 
(C4) 

35 
L6116IC125 or 20 

L6116LIC 25 
12 
10 

35 
L6116IM 125 

or 20 
L6116LIM 15 

12 

L6116HME1 ~~ L6116IME 1 ~~ 
or 20 or 20 

L6116LHME 15 L6116LIME 15 
12 12 

35 
L6116HMB t 35 

or 20 
L6116LHMB 15 

12 

35 
L6116IMB 125 

or 20 
L6116LIMB 15 

12 

=-=-=~=-=-===================Memory Products 
DEVICES INCORPORATED 

2-38 LOS.6116-B 



2K x 8 Static RAM (Low Power) 

Speed 

35ns 
25ns 
20 ns 
15 ns 
12 ns 
10 ns 
8 ns 

35 ns 
25 ns 
20ns 
15 ns 
12 ns 
10 ns 
ans 

35 ns 
25 ns 
20 ns 
15 ns 
12 ns 
10 ns 
8 ns 

35 ns 
25 ns 
20 ns 
15'ns 
12 ns 
10 ns 
8 ns 

A? 

A6 
As 
A4 4 

A3 5 

A2 
A1 
Ao 

1/00 

1/01 10 

1/02 11 

GND 12 

Plastic SOIC 
(.300"-U1) 

1
35 

L6116UC 25 
or 20 

L6116LUC 15 
12 
10 

- ~ ...-..-....-.. - ------ - ------ -- - ~---- ------

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

Vee 
AB 

A9 
WE 
OE 
A10 

ct: 
1/07 
1/06 

1/05 

1/04 
1/03 

Plastic SOJ 
(.300"-W1) 

L6116WC 25 

1
35 

or 20 
L6116LWC 15 

12 
10 

l/Oo 

0 
..:t I,{) <D r-- 0 co O') 

<(<(<(<(><(<( 

QQ~QQQQ 
--0----

0 . 
Ceramic Leadless 
Chip Carrier (K1) 

1
35 

L6116KC 25 
or 20 

L6116LKC 15 
12 
10 

1
35 

L6116KM 25 
or 20 

L6116LKM 15 
12 

1
35 

L6116KME 25 
or 20 

L6116LKME 15 
12 

1
35 

L6116KMB 25 
or 20 

L6116LKMB 15 
12 

WE 

OE 

NC 

CE 
1/07 

l/Oo 

L6116/L6116L 

..-- C\I 0 () C") ..:t I,{) 

QQzzQQQ - - (.'.) - - -

I 

0 . 
Ceramic Leadless 
Chip Carrier (K7) 

1
35 

L6116TC 25 
or 20 

L6116LTC 15 
12 
10 

1
35 

L6116TM 25 
or 20 

L6116LTM 15 
12 

35 
L6116TME 125 

or 20 
L6116LTME 15 

12 

1
35 

L6116TMB 25 
or 20 

L6116L TMB 15 
12 

As 
Ag 

NC 

WE 

A10 

CE 

1/06 
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64K x 1 Static RAM l 7C1 87 

0 64K x 1 Static RAM with Separate 
I/O, Chip Select Powerdown 

0 Auto-PowerdownTM Design 

0 Advanced CMOS Technology 

0 High Speed- to 8 ns maximum 

0 Low Power Operation 
Active: 135 mW typical at 35 ns 
Standby: 500 µ W typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT 7187, 
Cypress CY7C187 

0 Package Styles Available: 
• 22-pin Plastic DIP 
• 22-pin Sidebraze, Hermetic DIP 
• 22-pin CerDIP 
• 24-pin Plastic SOIC 
• 24-pin Plastic SOJ 
• 22-pin Ceramic LCC 

DI 

ROW 
ADDRESS 

CE---nr-..... 

WE-r-1"'1'1i....."' 

- ~ ~-..-... - ......._..-.-.-. - - ------ -- ------ -------

1-
(.) 
w 
....I 
w 
CIJ 

3: 
0 
c: 

The L7C187 is a high-performance, 
low-power CMOS static RAM. 
The storage circuitry is organized as 
65,536 words by 1 bit per word. This 
device is available in seven speeds 
with maximum access times from 
8ns to 35 ns. 

Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 135 mW (typical) at 35 ns. Dissipa
tion drops to 75 mW (typical) when 
the memory is deselected (CE is high). 

Two standby modes are available. 
Proprietary Auto-PowerdownTM 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 

256 x 256 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

8 

Vee GND 

l l 

DO 

COLUMN ADDRESS 

data may be retained in inactive 
storage with a supply voltage as low 
as 2 V. The L7C187 consumes only 
30 µW (typical) at 3 V, allowing 
effective battery backup operation. 

The L7C187 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. An active-low 
Chip Enable and a three-state output 
simplify the connection of several 
chips for increased capacity. 

Memory locations are specified on 
address pins Ao through Ais. 
Reading from a designated location is 
accomplished by presenting an 
address and driving CE low while WE 
remains high. The data in the 
addressed memory location will then 
appear on the Data Out pin within 
one access time. The output pin stays 
in a high-impedance state when CE is 
high or WE is low. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7C187 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 
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64 K x 1 Static RAM L7C187 

Storage temperature ............................................................................................................ -65°C to + 150°C 
Operating ambient temperature ............................................................................................ -55°C to + 125°C 
Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to + 7.0 V 

Output current into low outputs .............................................................................................................. 25 mA 
Latchup current ................................................................................................................................ > 200 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 
Data Retention, Commercial 
Data Retention, Military 

Temperature Range (Ambient) 

0°c to +70°C 
-55°C to + 125°C 

0°c to +70°C 
-55°C to + 125°C 

Supply Voltage 

4.5 v ::;; Vee ::;; 5.5 v 
4.5 V ::;; Vee ::;; 5.5 V 
2.0 v::;; Vee ::;; 5.5 v 
2.0 V ::;; Vee ::;; 5.5 V 

1·· .. .:
1

·g .... p·•·•·•····i.•.••·b;:A•·•• .. •••••··•••::;:;:;.;:::;~u:;..i••·••k.i~·.;:.JLLL• ············•···•··•;; ; LJ·•·•··• •············ ·•···•··•·•·•·• •·•·•ll•••······························· 2-••···········•··················••••············· •.•••·•• __________±_ili .••m; f" ~ ··~ /' :.~ 'll .,, _!'JUtt:f8.l:iL£ •< .... > Lf\• •:: 
Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage IOH = -4.0 mA, Vee = 4.5 v 2.4 v 
VOL Output Low Voltage IOL = 8.0 mA 0.4 v 
VIH Input High Voltage 2.0 Vee v 

+ 0.3 

VIL Input Low Voltage (Note3) -3.0 0.8 v 
llX Input Current GND ::;; VIN::;; Vee -10 +10 µA 

loz Output Leakage Current GND::;; VOUT::;; Vee, CE =Vee -10 +10 µA 

los Output Short Current VOUT = GND, Vee = Max (Note 4) -350 mA 

lee2 Vee Current, TTL Inactive (Note 7) 15 30 mA 

lee3 Vee Current, CMOS Standby (Note8) 100 500 µA 

lee4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 10 250 µA 

CIN Input Capacitance Ambient Temp= 25°C, Vee = 5.0 V 5 pF 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 7 pF 

L7C187-

Symbol Parameter Test Condition 35 25 20 15 12 10 8 Unit 

lee1 I Vee Current, Active _l (Note6) 75 100 125 160 190 205 225 mA 
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64 K x 1 Static RAM L7C187 
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L7C187-
35 25 20 15 12 10 8 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Read Cycle Time 35 25 20 15 12 10 8 

tAVQV Address Valid to Output Valid (13, 14) 35 25 20 15 12 10 8 

tAXCX Address Change to Output Change 3 3 3 3 3 3 3 

tcLCV Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12 10 8 

tcLQZ Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3 3 

tcHQZ Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 4 4 

tPU Input Transition to Power Up (10, 19) 0 0 0 0 0 0 0 

tPD Power Up to Power Down (1 o, 19) 35 25 20 20 20 18 15 

tcHVL Chip Enable High to Data Retention (1 O) 0 0 0 0 0 0 0 

._,_ _____________ tAvAv------------

Ice *~-----

tAVAV 
CE 

tcLOV tcHOZ 
tcLOZ HIGH 

DATA OUT HIGH IMPEDANCE IMPEDANCE 
DATA VALID 

tpu ;1;50% SOo/oi Ice 

Vee 

DATA RETENTION MODE ~ ":1.-
1--t cHVL __j""'

4

.SV 

4

.SV,ttAVAv--i
2

V 

CE 22222 777 z ~ VIH ''--------.r--~v7:'.1H:-:o:l\t .... sM\:""\~S:""\~s~s .... s~s .... \M\ .... s~ 

- ..... ....-...-~ - ......._. ____ ___ - - ------ -- -~---- -------- ..._.... ..._.._ .._.. 
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64 K x 1 Static RAM L7C187 
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L7C187-
35 25 20 15 12 10 8 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 25 20 20 15 12 10 8 

tcLEW Chip Enable Low to End of Write Cycle 25 15 15 12 10 8 8 

tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 25 15 15 12 10 8 8 

tEWAX End of Write Cycle to Address Change 0 0 0 0 0 0 0 
twLEW Write Enable Low to End of Write Cycle 20 15 15 12 10 8 6.5 
tDVEW Data Valid to End of Write Cycle 15 10 10 7 6 5 4 

tEWDX End of Write Cycle to Data Change 0 0 0 0 0 0 0 
twHOZ Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 0 0 

twLOZ Write Enable Low to Output High Z (20, 21) 10 7 7 5 4 4 3 

tAVAV -ADDRESS _IC JI{ 
tCLEW 

~' ~"\.. ILZLL V'LZLLLZZ_ 
tAVEW tEWAX---

t-tAVBW~ 1----1 twLEW 

~~ .T 
L tDvr:w tEWDX 
J, 

DATA-IN VALID l'~~~ 
"1'. 1£LZ7 DATA IN 

t twLOZ 
HIGH IMPEDANCE 1-t--tWHOZ .,, "'- _v 

' ,'1 I'-DATA OUT 

tPU I tPD 

tPU -----* Ice 

ADDRESS 

DATA IN 

DATA OUT 

~---------------------------tp_u ____ _,';k: tPD~--------------------~ Ice 

- ...-... ...-..-...-... 
==~=----=_~jc; 
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64 K x 1 Static RAM 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8through2-11 of this data book supply the 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE ~VIL, WE ~ VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ;::: VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE= Vee. Input 
levels are within 0.2 V of Vee or ground. 

9. Data retention operation requires that 
Vee never drop below 2.0 V. CE must be 
;::: Vee - 0.2 V. For all other inputs VIN 
;::: Vee - 0.2 V or VIN ~ 0.2 V is required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ..-... .....-... -~ - ....--..--.....-- - ------ -- ------ --------

L7C187 

IOH plus 30 pF (Fig. la), and input pulse 22. All address timings are referenced from 
levels of 0 to 3.0 V (Fig. 2). the last valid address line to the first transi-

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 

16. The internal write cycle of the mem~ 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 

18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Iee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 

b. Falling edge of WE (CT active). 

c. Transitiononanyaddressline (CT active). 

d. Transition on any data line (CE and WE 
active). 

The device automatically powers down 
from Iee2 to Iee1 after tm has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. 1 b. This parameter is sam pied and not 
100% tested. 

tioning address line. 

23. CE or WE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good partto be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

R1 480.Q 

+5 v 

OUTPUT 

I 30pF 
R2 

INCLUDING 255.Q 
JIG AND 
SCOPE 

FIGURE lb; 

R1 480 .Q 
+5V 

OUTPUT 

INCLUDING 
fpF 

R2 

JIG AND 
255 .Q 

SCOPE 
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64K x 1 Static RAM 
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35ns 
25ns 
20ns 
15ns 
12 ns 
10 ns 
ans 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
8 ns 

35ns 
25ns 
20ns 
15 ns .. ,.. --
1.:; 11:::. 

10 ns 
8 ns 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
8 ns 

22-pin 

(0.3" wide) 

L7C187PC35 . 25 . 20 . 15 . 12 . 10 
8 

- ....-.. ....-..-....-... - ......_ ___ ____ - -_ .. ___ -- ------ --~-----

Ao Vee 
A1 A15 
A2 A14 
A3 A13 
A4 A12 

A11 

A10 
A7 A9 

DOUT As 
WE DIN 

CE 

SI deb raze 
Hermetic DIP (08) 

L7C187DC35 . 25 . 20 . 15 . 12 . 10 
8 

L7C187DM35 
• 25 
• 20 
• 15 
• 12 
• 10 

L7C187DME35 
• 25 
• 20 
• 15 ., 
• 10 

L7C187DMB35 
• 25 
• 20 
• 15 
• 12 
• 10 

CerDIP 
(C3) 

L7C187CC35 . 25 . 20 . 15 . 12 . 10 
8 

L7C187CM35 
• 25 
• 20 
• 15 
• 12 
• 10 

L7C187CME35 
• 25 
• 20 
• 15 . ~ ... ., 
• 10 

L7C187CMB35 
• 25 
• 20 
• 15 
• 12 
• 10 

24-pin 

Ao 
A1 

A2 

A3 

A4 

As 

NC 

A6 
A7 

DOUT 10 

WE 11 

GND 12 

Plastic SOIC 
(.300"-U1) 

L7C187UC35 
• 25 
• 20 
• 15 
• 12 
• 10 

8 

24 Vee 
23 A15 

22 A14 

21 A13 

20 A12 

19 NC 

18 A11 

17 A10 

16 A9 

15 As 

14 DIN 

13 CE 

Plastic SOJ 
(.300"-W1) 

L7C187WC35 
• 25 
• 20 
• 15 
• 12 
• 10 

8 

22-pin 

(290 x 490) 

L7C187 

Ceramic Leadless 
Chip Carrier (K4) 

L7C187KC35 
• 25 
• 20 
• 15 
• 12 
• 10 

8 

L7C187KM35 
• 25 
• 20 
• 15 
• 12 
• 10 

L7C187KME35 
• 25 
• 20 
• 15 . ~ ... ., 
• 10 

L7C187KMB35 
• 25 
• 20 
• 15 
• 12 
• 10 
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16K x 4 Static RAM l 7C164/165/166 

0 16K x4 Static RAM with 
Common 1/0 

0 Auto-PowerdownTM Design 

0 Advanced CMOS Technology 

0 High Speed - to 8 ns maximum 

0 Low Power Operation 
Active: 210 rn W typical at 35 ns 
Standby: 500 µ W typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT 7188/ 
7198, Cypress CY7C164/166 

0 Package Styles Available: 
• 22/24-pin Plastic DIP 
• 22/24-pin Sidebraze, 

Hermetic DIP 
• 22/24-pin CerDIP 
• 24-pin Plastic SOIC 
• 24-pin Plastic SOJ 
• 22-pin Ceramic LCC 
• 28-pin Ceramic LCC 

The L7C164, L7C165, and L7C166 are 
high-performance, low-power CMOS 
static RAMs. The storage cells are 
organized as 16,384 words by 4 bits 
per word. Data In and Data Out 
signals share I/O pins. The L7C164 
has a single active-low Chip Enable. 
The L7C165 has two Chip Enables and 
a separate Output Enable. The L7C166 
has a single Chip Enable and an 
Output Enable. These devices are 
available in seven speeds with max
imum access times from 8 ns to 35 ns. 

Inputs and output are TIL compat
ible. Operation is from a single +5 V 
power supply. Power consumption is 
210 rn W (typical) at 35 ns. Dissipation 
drops to 75 rn W (typical) when the 
memory is deselected (Enable is high). 

Two standby modes are available. 
Proprietary Auto-Powerdown TM 
circuitry reduces power consumption 

······•t7b164J1·ssii66'·•el..obtHD1i~~AMH••··•Y·•:\}'•••':':•:':-·>.· .·. 
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Vee GND 

ROW 
ADDRESS 

1-
u 
w 
_J 

w 
Cl) 

3: 
0 
a: 

CONTROL 

- ~ .....-...-...-.. - ------ ------- -- - ~---- -------

256 x 64 x 4 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

DATA 
110 

automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive stor
age with a supply voltage as low as 
2 V. The L7C164, L7C165, and L7C166 
consume only 30 µW (typical) at 3 V, 
allowing effective battery backup 
operation. 

The L7C164, L7C165, and L7C166 
provide asynchronous (unclocked) 
operation with matching access and 
cycle times. An active-low Chip 
Enable and a three-state I/O bus 
simplify the connection of several 
chips for increased capacity. 

Memory locations are specified on 
address pins Ao through A13. For the 
L7C164 and L7C166, reading from a 
designated location is accomplished 
~presenting an address and driving 
CE1 low while WE remains high. For 
the L7C165, both CE1 and CE2 must 
be low. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin stays in a high
impedance state when CE or OE is 
high or WE is low. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are low. Either signal 
may be used to terminate the write 
operation. Data In and Data Out 
signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7C164, L7C165, and L7C166 can 
withstand an injection current of up to 
200 rnA on any pin without damage. 
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16K x 4 Static RAM L7C164/165/166 

Storage temperature ............................................................................................................ -65°C to + 150°C 
Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to + 7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to + 7.0 V 
Output current into low outputs .............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 200 mA 

Mode 

Active Operation, Commercial 
Active Operation, Military 
Data Retention, Commercial 

Data Retention, Military 

Temperature Range (Ambient) 

0°c to +70°C 
-55°C to + 125°C 

0°c to +70°C 

-55°C to + 125°C 

Supply Voltage 

4.5 V s Vee s 5.5 V 
4.5 v s Vee s 5.5 v 
2.0 Vs Vee s 5.5 V 
2.0 V s Vee s 5.5 V 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage IOH = -4.0 mA, Vee = 4.5 v 2.4 v 
VOL Output Low Voltage IOL = 8.0 mA 0.4 v 
VIH Input High Voltage 2.0 Vee v 

+ 0.3 

VIL Input Low Voltage (Note 3) -3.0 0.8 v 
llX Input Current GND::;; VIN::;; Vee -10 +10 µA 

loz Output Leakage Current GND s Vour s Vee, CE =Vee -10 +10 µA 

los Output Short Current Vour = GND, Vee = Max (Note 4) -350 mA 

lee2 Vee Current, TTL Inactive (Note?) 15 30 mA 

lee3 Vee Current, CMOS Standby (Note8) 100 500 µA 

lee4 Vee Current.Data Retention Vee = 3.0 V (Note 9) 10 250 µA 

CIN Input Capacitance Ambient Temp= 25°C, Vee = 5.0 V 5 pF 

Cour Output Capacitance Test Frequency = 1 MHz (Note 10) 7 pF 

-- . - . - ... --· . --
Symbol Parameter Test Condition 35 25 20 15 12 10 8 Unit 

lee1 l Vee Current, Active ] (Note6) 75 100 125 160 190 205 225 mA 

- ...-... .....-...-~ - ....... ......-.----- - ------ -- - ------ ------------================================================Memory Products 
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16K x 4 Static RAM L 7C164/165/166 

~ •. ~ ~~ :::;::;: ::z:L2 

L 7C164/165/166-
35 25 20 15 12 10 8 

Symbol Parameter Min Mu Min Max Min Max Min Max Min Max Min Max Min 

tAVAV Read Cycle Time 35 25 20 15 12 10 8 
tAVOV Address Valid to Output Valid (13, 14) 35 25 20 15 12 10 
tAXOX Address Change to Output Change 3 3 3 3 3 3 3 

tCLOV Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12 10 
tCLOZ Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3 3 
tCHQZ Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 4 

tOLQV Output Enable low to Output Valid 15 12 10 8 6 4 

tOLQZ Output Enable Low to Output Low Z (20, 21 ) 0 0 0 0 0 0 0 
tOHQZ Output Enable High to Output High Z (20, 21) 12 10 8 5 5 4 

tPU Input Transition to Power Up (10, 19) 0 0 0 0 0 0 0 
tPD Power Up to Power Down (1 o, 19) 35 25 20 20 20 18 
tCHVL Chip Enable High to Data Retention (1 O) 0 0 0 0 0 0 0 

--------------- IAvAv------------il 

ADDRESS * * 
--------tAVOV ] I 

DATAOUT ______ ~PR~E~Vl~OU~S~O~~~A~V~AL~ID;.._ ___ ~::*:X.~7~~~7M')<~x.~)(~,~l'-----------------O~A~TA~V~A~LID;,_ ____________ ~ 
t-...__ IAXOX 

-------r-----t-pu _____ ;jJl IPD Ice 
i _____ _ 

OE-----· 
(L7C165 and 

L7C166 Only) 

ICLQV 

tpu --+------
Ice _______ _..J!L 50% 

IAVAV 

DATA VALID 

Vee 
DATA RETENTION MODE 3 1= 

.4.5 v 4.5 v v 

fcHOZ 

toHOZ 

HIGH 
IMPEDANCE 

1---tcHVL IAVAV --1 2 

cE 222 22 222 2 ~ v1H ... ""--------------r----'\:vi:-:1H~l\~-.;s~s~s~s~s"'S:-'\~s::"'s~s~s~s~ 

- ...-... ....-... _....-,,.. - ------ ------- -- ------ -------

Max 

8 

8 

4 

4 

4 

15 
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16K x 4 Static RAM L7C164/165/166 

I
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L 7C164/165/166-

35 25 20 15 12 10 8 
Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 25 20 20 15 12 10 8 

tCLEW Chip Enable Low to End of Write Cycle 25 15 15 12 10 8 8 

tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 25 15 15 12 10 8 8 

tEWAX End of Write Cycle to Address Change 0 0 0 0 0 0 0 
twLEW Write Enable Low to End of Write Cycle 20 15 15 12 10 8 6.5 
tDVEW Data Valid to End of Write Cycle 15 10 10 7 6 5 4 

tEWDX End of Write Cycle to Data Change 0 0 0 0 0 0 0 
twHOZ Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 0 0 
twLOZ Write Enable Low to Output High Z (20, 21) 10 7 7 5 4 4 3 

tAVAV -ADDRESS )I( )!{ - tCLEW 

~~ ~ "\.. ILL.LL ~ 
tAVEW tEWAX-1 

t-tAVBW~ 1--- tWLEW 

~3is. ; 
L toveN tEWDX 
Jr DATA-IN VALID ~.2~~ " t tWLQZ 

HIGH IMPEDANCE 1--tWHOZ _,,. "- _V 

' ./I " 

DATA IN 

DATA OUT 
tpu I tPD 

- tPU Ice -f": ____ ____.ir' ~---

- ...-... ...-...-~ ------ ------ -- ------- ---....-.-------- -- -
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16K x 4 Static RAM 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8 through2-11 of this data book supply the 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE* :s:; VIL, WE :s:; VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE* ;::: VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., LE*= Vee. Input 
levels are within 0.2 V of Vee or ground. 

9. Data retention operation requires that 
Vee never drop below 2.0 V. ""CE* must be 
;::: vee-0.2 V. For all other inputs VIN 
;::: Vee - 0.2 V or VIN :s:; 0.2 V is required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ~ ....-...-...-... - ------- - _..., ___ -- - ------ ---------

IOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE* 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE* transition to low. 

16. The internal write cycle of the mem~ 
is defined by the overlap of CE* low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

17. H WE goes low before or concurrent 
with CE* going low, the output remains in a 
high impedance state. 

18. H CE* goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Iee2to1ee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE*. 

b. Falling edge of WE (CE* active). 

c. Transition on any address line (CE* ac
tive). 

d. Transition on any data line (CE* and WE 
active). 

The device automatically powers down 
from Iee2 to Iee1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig.1 b. This parameter is sampled and not 
100% tested. 

L 7C164/165/166 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE* or-wE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
d ures can ca use a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

R1 480.0 
+5 v o-------'1.AA.---. 

OUTPUT u----ti...,_---• 

INCLUDING I 30 pF 
JIG AND 
SCOPE 

R1 480 n 
+5V 

OUTPUT CJ---~-------

INCLUDING 
JIG AND 
SCOPE 

A2 
2550 

A2 
255!2 

*For the L7C165, CE refers to the logical 
AND of CE1 and CE2. 

-- ----
=DE=V=IC=ES=IN=c=o=R=PO=RA=T=E=D=================================================Mernory Products 
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16 K x 4 Static RAM L7C164/165/166 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
8ns 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
8 ns 

35ns 
25ns 
20ns 
15 ns 
1.:::11::; 

10 ns 
8 ns 

35 ns 
25 ns 
20 ns 
15 ns 
12 ns 
10 ns 
8ns 

22-pln 

(0.3" wide) 

vee 
A1 
A2 A12 
A3 A11 
A4 A10 

A9 
A6 1/03 
A7 1/02 

1/01 
1/00 

WE 

L7C164PC35 L7C164DC35 L7C164CC35 
• "25 • "25 • "25 

"20 "20 "20 
• 15 • 15 • 15 
• 12 • 12 • 12 
• 10 • 10 • 10 

8 8 8 

:f.$$.f¢:1ij\f:j:2$<iQt::'\c&Wfi9d~W$Cl~e~NINo/???>> 
L7C164DM35 L7C164CM35 

• 25 • 25 
• 20 • 20 
• 15 • 15 
• 12 • 12 
• 10 • 10 

L7C164DME35 L7C164CME35 
• 25 • 25 
"20 "20 
• 15 • 15 . ~ ... 

1.::: 

• 10 

L7C164DMB35 
• 25 
• 20 
• 15 
• 12 
• 10 

. ~,.. 

1.::: 

• 10 

L7C164CMB35 
• 25 
• 20 
• 15 
• 12 
• 10 

- ~ .....-..-~ - ...,_, .-.-.-- - _ _, ___ -- ------- --~-------

24-pln 

Ao 1 

A1 2 

A2 3 

A3 4 

A4 5 

As 
A6 7 

A7 
AB 

CE 10 

NC 11 

GND 12 

L7C164UC35 
• • 25 

• 20 
• 15 
• 12 
• 10 

8 

24 vee 
23 A13 
22 A12 
21 A11 
20 A10 
19 A9 
18 NC 
17 1/03 
16 1/02 
15 1/01 
14 1/00 
13 WE. 

L7C164WC35 
• • 25 

• 20 
• 15 
• 12 
• 10 

8 

22-pln 

(290 x 490) 
0 

<O ""(.) ..q 
<(<(><( 

A7 A3 
As A2 
Ag 

A11 
A12 
A13 1/01 

0 
Ceramic Leadless 
Chip Carrier (K4) 

L7C164KC35 
• • 25 

• 20 
• 15 
• 12 
• 10 

8 

L7C164KM35 
• 25 
• 20 
• 15 
• 12 
• 10 

L7C164KME35 
• 25 
• 20 
• 15 . ~--1.::: 
• 10 

L7C164KMB35 
• 25 
• 20 
• 15 
• 12 
• 10 

=-==-==-===-=-=======================================Memory Products 
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16K x 4 Static RAM 

24-pin 

(0.3" wide) 

L7C165PC 25 

t
35 

or 20 
L7C166PC 15 

35 ns 
25 ns 
20 ns 
15 ns 
12 ns 
10 ns 
8 ns 

35ns 
25 ns 
20 ns 
15 ns 
12 ns 
10 ns 
8 ns 

35 ns 
25 ns 
20 ns 
15 ns 
12 ns 
10 ns 
8 ns 

- ...-... .....-.. -....-... - ------ - -~--- -- - ----- -------

12 
10 
8 

Vee 
A1 A13 

A2 A12 

A3 

A4 A10 
Ag 

A6 (CE2) (NC for 166) 

A7 1/03 

1/02 
1/01 

1/00 

GND WE 

35 

L7C165DC t 25 or 20 
L7C166DC 15 

12 
10 
8 

1
35 

L7C165DM 25 
or 20 

L7C166DM 15 
12 
10 1

35 
L7C165CM 25 

or 20 
L7C166CM 15 

12 
10 

1

35 135 L7C165DME 25 L7C165CME 25 
or 20 or 20 

L7C166DME 15 L7C166CME 15 
12 12 
10 10 

1

35 135 L7C165DMB 25 L7C165CMB 25 
or 20 or 20 

L7C166DMB 15 L7C166CMB 15 
12 12 
10 10 

L 7C164/165/166 

24-pln 
Ao 24 Vee 
A1 23 A13 

A2 22 A12 

A3 4 21 A11 
A4 5 20 A10 

As 19 Ag 

A6 18 (CE2) (NC for 166) 

A7 17 1/03 

As 16 1/02 

CE:1 10 15 1/01 

OE 11 14 1/00 

GND 12 13 WE 

=-==-==-==-=-======================================Memory Products 
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16K x 4 Static RAM 

28-pin 

(350 x 550) 

0 
Ceramic Leadless 

Speed Chip Carrier (KS) 

35 ns t 35 25 ns L7C165KC 25 
20 ns or 20 
15 ns L7C166KC 15 
12 ns 12 
10 ns 10 
ans a 

~~ ~: L7C165KM t ~~ 
20 ns or 20 
15 ns L7C166KM 15 
12 ns 12 
10 ns 10 
ans 

00080 
<t: z z > z 
~ 

'"''''''''''''''''''"' :.: .. '.~ .. ''.'.·'.s· ... · ... ·s·.··.·.0.··.·•.·~.·.:,· ... : .. ~o'." .. ':'.,+.''.:.·1.'·.···2.:·.··s··.··. 0.·•.•.~.· ... :.·.:.'.:.'.•.·'.·'.'.·.".: .. ':.:.:e·.·• ... xr•·.·.·.· .. •·.'•.·e··.".ii...'.·.'o·.'.'r:.·."." .... ' .. '.:.• .. :C!! .. · ...... ,·;;;;·.".·'.·~".".;;,.'e,.".'u..''.' .. 'N·.'.·.'~."'.'.'.: .. : ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''"""·.·.· ·.· ·.· ·.· · · Lilllliill ~ :'-' ~ ,..., ~ ~ ~~•-.ii• """ ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::-:-:······ .. 

35ns f35 25 ns L7C165KME 25 
20 ns or 20 
15 ns L7C166KME 15 

~~ ~: [ ~~ 
ans 

~~ ~: L7C165KMBt ~~ 
20 ns or 20 
15 ns L7C166KMB 15 
12 ns 12 
10 ns 10 
ans 

- ....... ...-.. -...-... - .--.....-.--- -_ .. ___ -- ------ -------

L 7C164/165/166 

=-===-===-===-=-======================================================== Memory Products 
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16K x 4 Static RAM l 7C161 /162 

0 16K x 4 Static RAM with Separate 
1/0, Transparent Write (L7C161), 
or High Impedance Write (L7C162) 

The L7C161 and L7C162 are high
performance, low-power CMOS static 
RAMs. The storage cells are organ
ized as 16,384 words by 4 bits per 
word. Data In and Data Out are sep
arate. These devices are available in 
seven speeds with maximum access 
times from 8 ns to 35 ns. 

0 Auto-Powerdown'™ Design 

0 Advanced CMOS Technology 

0 High Speed- to 8 ns maximum 

0 Low Power Operation 
Active: 210 mW typical at 35 ns 
Standby: 500 µ W typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT 71981/ 
71982, Cypress CY7C161/162 

0 Package Styles Available: 
• 28-pin Plastic DIP 
• 28-pin Sidebraze, Hermetic DIP 
• 28-pin CerDIP 
• 28-pin Plastic SOIC 
• 28-pin Plastic SOJ 
• 28-pin Ceramic LCC 

Vee GND 

8 

ROW 
ADDRESS 

1-
(.) 
LU 
..J 
LU 
en 
;: 
0 
a: 

Inputs and output are TTL compat
ible. Operation is from a single +5 V 
power supply. Power consumption 
is 210 mW (typical) at 35 ns. Dis
sipation drops to 75 mW (typical) 
when the memory is deselected 
(Enable is high). 

Two standby modes are available. 
Proprietary Auto-Powerdown'™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 

256 x 64 x 4 
MEMORY 
ARRAY 

CONTROL 
COLUMN SELECT 
& COLUMN SENSE DO 

DI 
4 COLUMN ADDRESS 

- ~ ....-..-...-... - .---. ~ ----- - ------ -- ------ -
_......., _____ __ 

memory is deselected. In addition, 
data may be retained in inactive stor
age with a supply voltage as low as 
2 V. The L7C161 and L7C162 con
sume only 30 µW (typical) at 3 V, 
allowing effective battery backup 
operation. 

The L7C161 and L7C162 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
Two active-low Chip Enables and a 
three-state bus output with a separate 
Output Enable control simplify the 
connection of several chips for 
increased storage capacity. 

Memory locations are specified on 
address pins Ao through A13. Read
ing from a designated location is 
accomplished by presenting an ad
dress and driving CE1 and CE2 low 
while WE remains high. The data in 
the addressed memory location will 
then appear on the Data Out pins 
within one access time. The output 
pins stay in a high-impedance state 
when WE is low (L7C162 only) or 
CE1, CE2, or OE is high. 

Writing to an addressed location is 
accomplished when the active-low 
CE1 and CE2 and WE inputs are all 
low. Any of these signals may be 
used to terminate the write operation. 
The Data In and Data Out signals 
have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7C161 and L7C162 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 

=-==-==~=-=-======================================Memory Products 
DEVICES INCORPORATED 
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16K x 4 Static RAM L7C161/162 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 
Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to + 7.0 V 

Output current into low outputs .............................................................................................................. 25 mA 
Latchup current ................................................................................................................................ > 200 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 
Data Retention, Commercial 
Data Retention, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 
0°c to +70°C 

-55°C to + 125°C 

Supply Voltage 

4.5 vs Vee s 5.5 V 

4.5 Vs Vee s 5.5 V 
2.0 vs Vee s 5.5 v 
2.0 V s Vee s 5.5 V 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage IOH = -4.0 mA, Vee = 4.5 v 2.4 v 
VOL Output Low Voltage IOL = 8.0 mA 0.4 v 
VIH Input High Voltage 2.0 Vee v 

+ 0.3 

VIL Input Low Voltage (Note3) -3.0 0.8 v 
llX Input Current GND s VIN s Vee -10 +10 µA 

loz Output Leakage Current GND s VOUT s Vee, CE =Vee -10 +10 µA 

los Output Short Current Vour = GND, Vee = Max (Note 4) -350 mA 

lce2 Vee Current, TTL Inactive (Note?) 15 30 mA 

lee3 Vee Current, CMOS Standby (Note 8) 100 500 µA 

1Ce4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 10 250 µA 

CIN Input Capacitance Ambient Temp= 25°C, Vee = 5.0 V 5 pF 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 7 pF 

L 1C16111 62-

Symbol Parameter Test Condition 35 ] 25 20 15 ] 12 10 8 Unit 

lee1 J Vee Current, Active 1 (Note6) 75 1 100 125 160] 190 205 225 mA 

- ...-.. ~-...-..... - ....... ...._ _____ - - ------ -- - ------ ------------=oE=v=,c=Es=,=Nc=o=RP=o=RA=T=Eo================================================Mernory Products 
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16K x 4 Static RAM L7C161/162 

L 7C161 /162-
35 25 20 15 12 10 8 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Read Cycle Time 35 25 20 15 12 10 8 

tAvav Address Valid to Output Valid (13, 14) 35 25 20 15 12 10 8 

tAXOX Address Change to Output Change 3 3 3 3 3 3 3 

tCLQV Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12 10 8 

tcLOZ Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3 3 

tCHOZ Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 4 4 
tOLQV Output Enable Low to Output Valid 15 12 10 8 6 5 4 
toLOZ Output Enable Low to Output Low Z (20, 21) 0 0 0 0 0 0 0 
tOHOZ Output Enable High to Output High Z (20, 21) 12 10 8 5 5 4 4 

tPU Input Trans it ion to Power Up (1 o, 19) 0 0 0 0 0 0 0 

tPD Power Up to Power Down (1 o, 19) 35 25 20 20 20 18 15 

tcHVL Chip Enable High to Data Retention (1 O) 0 0 0 0 0 0 0 

'---------------- tAvAv----------------'l 

- -
ADDRESS ____}"""~>------- ~ 

tAVOV l 
DATAOUT~----~P~RE~V~IO~US~D~~~A~V~AL~ID;..... ___ ~~)('~)~()(~)~()(~11(~~-----------------D~A~TA~V~A=LID:..,_ ____________ ___ 

1-tPU tAXOX ., tpo ·1 

Ice ---* 

tpu --+------
Ice ------~ 50% 

DATA RETB<TION MODE J 
.4.5V 

J::::tcHVL 
CE 777777777 ;rVlH ' 

Vee 

- ...-... ~-~ - ~-------- ------- -- - ------ ------

tAVAV 

~"--------

tcHOz 

f0ttoz 

DATA VALID 

HIGH 
IMPEDANCE 

50%i..._ _______________________ __ 

•svf 
1AVAV --12

V 

V1Hl\ s s SS s s SS s s SS 

-~~-~ 

=0E=v=1c=Es=1N=c=o=RP=o=RA=r=Eo================================================ Memory Products 
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16K x 4 Static RAM L7C161/162 

L 7C161 /162-
35 25 20 15 12 10 8 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 25 20 20 15 12 10 8 

tcLEW Chip Enable Low to End of Write Cycle 25 15 15 12 10 8 8 

tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 25 15 15 12 10 8 8 

tEWAX End of Write Cycle to Address Change 0 0 0 0 0 0 0 
twLEW Write Enable Low to End of Write Cycle 20 15 15 12 10 8 6.5 
tDVEW Data Valid to End of Write Cycle 15 10 10 7 6 5 4 

tEWDX End of Write Cycle to Data Change 0 0 0 0 0 0 0 

twHQZ Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 0 0 
twLQZ Write Enable Low to Output High Z(20,21) 10 7 7 5 4 4 3 

twLOV Write Enable Low to Output Valid 30 20 15 15 12 10 8 

tovav Data Valid to Output Valid 30 20 15 15 12 10 8 

:J¥.ii.r~tP.t~4#.]£::ws:c9;ffr9U:~#tt&Q.t.~¥t~t:titMn#iJ.J>>t::> 
:-:-:-:-:-;.:-:-:·:-:-:-;.·.·.·.··· ···········.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.··· 
.·.·.·.·.·-:-:·:·:·:-:-:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::-::::::;:::;::::::::::::::::::::::::::;:·:·:···:····-·.·.··· 

ADDRESS 

DATA IN 

DATA OUT 
(L7C162 Only) 

-~ 
~ ~~ 

1---1 1-tAVBW~ 

~~ 

I 

'-

tAVAV 

tCLEW 

tAvew 
tWLEW 

J, tDVEW 

DATA-IN VALID 
.L "-
T tWLQZ HIGH IMPEDANCE """-_,;or-

tWLOV 
)k 

tpu . : tpu 

DATA OUT 
(L7C161 Only) 

Ice ~~~~~~~~~~~~~~~~~~---"~ 
f PD 

~ 
tAVAV 

ADDRESS 
fAVBW tcLEW 

CE 
tAVEW 

WE 

DATA IN 

DATA OUT 
(L7C162 Only) 

DATA OUT 
(L7C161 Only) 

Ice 

- ...-... ...-..-~ - ~.-.-.-- - _ .. ___ -- ------- --~------

x 

.f LL.LZ.L :LL.LLL.L.LL 
tEWAX--

¥ 
tEWOX 

"-.3.. .3.. .3.. 
-1L.L. LI 

f---twHOZ 
JJr 
"1'. 

DATA VALID 

9 __ _ 

HIGH IMPEDANCE 

DATA VALID 

_.._.... .._._._ ~ 
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16K x 4 Static RAM 

!NOTES 
1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8through2-l1 of this data book supply the 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CEX ::;; VIL, WE ::;; VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CT1 or CE2 ::=: VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CT1 or CT2 = Vee. 
lnputlevelsarewithin0.2 VofVeeorGND. 

9. Data retention operation r~ires that 
Vee never drop below 2.0 V. CEI or CE2 
must be::=: Vee - 0.2 V. For all other inputs 
VIN <!:Vee - 0.2 V or VIN::;; 0.2 V is re
quired to ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ..-... ~-~ - ------- - ------ -- ------ --~------

L7C161/162 

IOH plus 30 pF (Fig. la), and input pulse 21. Transition is measured ±200 mV from 
levels of 0 to 3.0 V (Fig. 2). steady state voltage with specified loading 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CTI 
and CE2 low). 

15. All address lines are valid prior-to or 
coincident-with the later of CE1 and CE.2 
transition to low. 

16. The internal write cycle of the memory 
is defined by the overlap of CE1, CE2 low 
and WE low. All three signals must be low to 
initiate a write. Any signal can terminate a 
write by going high. The address, data, and 
control input setup and hold times should 
be referenced to the signal that falls last or 
rises first. 

17. If WE goes low before or concurrent 
with the later ofCE1 and CE2 going low, the 
output remains in a high impedance state. 

18. If CEI oiCE2 goes high before or con
current with WE going high, the output 
remains in a high impedance state. 

19. Powerup from 1ee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CEx (other CT active). 

b. Falling edge of~ (CE1, CE2 active). 

c. Transition on any address line (CE1, Clli 
active). 

d. Transitiononanydataline(CE1, CE2,and 
WB active). 

The device automatically powers down 
from 1ee2to1ee1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

in Fig. 1 b. This parameter is sampled and not 
100% tested. 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CEI, CE2, or WE must be high during 
address transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

FIGURE 18. 

R1 4800 

OUTPUT L>----1-----· 

INCLUDING 
JIG AND 
SCOPE 

FIGURE 1b. 

+5V 

I 30pF 

R1 4800 

OUTPUT u------41-------
INCLUDING 
JIG AND 
SCOPE 

FIGURE 2. 

I 
5pF 

R2 
2550 

R2 
255il 

-- ----
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16K x 4 Static RAM L7C161/162 
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28-pln 

(0.3" wide) Vee 
A1 A13 
A2 A12 
A3 A11 
A4 A10 

A9 
A6 
A7 

02 
11 11 01 

CE1 Oo 
OE WE 

GND CE:2 

~; ~= L7C161 PC t ~; L7C161 DC t ~; 
20 ns or 20 or 20 
15 ns L7C162PC 15 L7C162DC 15 
12ns 12 12 
10 ns 10 10 
ans a a 

L7C161CC t ~; or 20 
L7C162CC 15 

12 
10 
a 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 

35ns 
25 ns 
20ns 
15ns 
1211s 
10ns 
ans 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
ans 

- ..-... ...-...-...-... - ~------- ------- -- ------ -----------_. 

L7C161 OM 1 ~~ 
or 20 

L7C162DM 15 
12 
10 1

35 
L7C161CM 25 

or 20 
L7C162CM 15 

12 
10 

1

35 135 L7C161DME 25 L7C161CME 25 
or 20 or 20 

L7C162DME 15 L7C162CME 15 
1? 1~ 

L 10 L 10 

1

35 135 L7C161DMB 25 L7C161CMB 25 
or 20 or 20 

L7C162DMB 15 L7C162CMB 15 
12 12 
10 10 

28-pln 

Ao 
A1 
A2 
A3 4 
A4 5 
A5 
A6 
A7 
AB 9 
lo 10 
11 11 

CE1 12 
OE 13 

GND 14 

L7C161UC 25 

t
35 

or 20 
L7C162UC 15 

12 
10 
a 

28 

27 

26 
25 

24 

23 

22 

21 

20 
19 

18 

17 

16 

15 

vee 
A13 
A12 
A11 
A10 
A9 
13 
12 
03 
02 
01 
Oo 
WE 
CE2 

Plastic SOJ 
(.300"-W2) 

L7C161WC 25 

t
35 

or 20 
L7C162WC 15 

12 
10 
a 

28-pln 

(350 x 550) 

C\J ..-- 0 8 ~ 
<C<C<C><C 

Ceramic Leadless 
Chip Carrier (KS) 

t 
35 

L7C161KC 25 
or 20 

L7C162KC 15 
12 
10 
a 

1
35 

L7C161KM 25 
or 20 

L7C162KM 15 
12 
10 

f 
35 

L7C161 KME 25 

L7C1~KME ~~ 
[ i2 

10 

35 
L7C161KMB1 25 

or 20 
L7C162KMB 15 

12 
10 
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8K x 8 Static RAM (Low Power) L 7C185/L 7CL 185 

0 SK x 8 Static RAM with Chip Select The L7C185 and L7CL185 are high
performance, low-power CMOS static 
RAMs. The storage circuitry is organ
ized as 8,192 words by 8 bits per 
word. The 8 Data In and Data Out 
signals share I/O pins. These devices 
are available in six speeds with max
imum access times from 10 ns to 35 ns. 

Powerdown, Output Enable 

0 Auto-Powerdown™ Design 

0 Advanced CMOS Technology 

0 High Speed - to 10 ns maximum 
0 Low Power Operation 

Active: 
320 mW (L7C185) typical at 35 ns 

Inputs and output are TTL compat
ible. Operation is from a single +5 V 
power supply. Power consumption 
for the L7C185 is 320 mW (typical) at 
35 ns. Dissipation drops to 75 mW 
(typical) for the L7C185 and 60 mW 
(typical) for the L7CL185 when the 
memory is deselected (Enable is high). 

Standby (typical): . 
500 µW (L7C185) 
250 µW (L7CL185) 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT7164, 
Cypress CY7C185/186 

0 Package Styles Available: 
• 28-pin Plastic DIP 
• 28-pin Side braze, Hermetic DIP 

Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 

• 28-pin Cer DIP 
• 28-pin Plastic SOIC 
• 28-pin Plastic SOJ 
• 28-pin Ceramic LCC 
• 32-pin Ceramic LCC 

Vee GND 

l l 

ROW 
ADDRESS 

I
(.) 
w 
_J 

w 
Cl) 

3: 
0 
a: 

CONTROL 

- ~ ~-....-... - ------ - ------ -- ------ -------

256 x 32 x 8 
MEMORY 

ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

DATA 
1/0 

data may be retained in inactive stor
age with a supply voltage as low as 
2 V. The L7C185 and L7CL185 
consume only 30 µWand 15 µW 
(typical) respectively at 3 V, allowing 
effective battery backup operation. 

The L7C185 and L7CL185 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
Two Chip Enables (one active-low) 
and a three-state 1/0 bus with a 
separate Output Enable control 
simplify the connection of several 
chips for increased storage capacity. 

Memory locations are specified on 
address pins Ao through A12. 
Reading from a designated location is 
accomplished by presenting an ad
dress and driving CE1 low and CE2 
high while WE remains high. The 
data in the addressed memory 
location will then appear on the Data 
I/O pins within one access time. The 
I/O pins stay in a high-impedance 
state when CE1 is high or CE2 or WE 
is low. 

Writing to an addressed location is 
accomplished when the active-low 
CE1 and WE inputs are both low, and 
CE2 is high. Any of these signals may 
be used to terminate the write 
operation. Data In and Data Out 
signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7C185 and L7CL185 can withstand 
an injection current of up to 200 mA 
on any pin without damage. 
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2-61 LDS.185-A 

I 



SK x 8 Static RAM (Low Power) L7C185/L7CL 185 

Storage temperature ............................................................................................................ -65°C to + 150°C 
Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 
Output current into low outputs .............................................................................................................. 25 mA 
Latchup current ................................................................................................................................ > 200 mA 

Symbol 

VOH 

VOL 

VIH 

VIL 

llX 

loz 

los 

lee2 

Mode 

Active Operation, Commercial 
Active Operation, Military 
Data Retention, Commercial 

Data Retention, Military 

Parameter 

Output High Voltage 

Output Low Voltage 

Input High Voltage 

Input Low Voltage 

Input Leakage Current 

Output Leakage Current 

Output Short Current 

Vee Current, TTL Inactive 

Temperature Range (Ambient) 

0°c to +70°C 
-55°C to + 125°C 

0°c to +70°C 

-55°C to + 125°C 

Test Condition 

IOH = -4.0 mA, Vee = 4.5 v 
IOL= 8.0 mA 

(Note3) 

GND s VIN s Vee 

GND s VOUT s Vee, CE = Vee 

VOUT = GND, Vee = Max (Note 4) 

(Note 7) 

lee3 Vee Current, CMOS Standby (Note8) 

lee4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 

CIN Input Capacitance Ambient Temp= 25°C, Vee = 5.0 V 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 

Symbol Parameter Test Condition 35 25 

lee1 Vee Current, Active l (Note6) 110 150 

- ..-... ....-..-~ - ------ - _ .. ___ -- ------ -_......_.._,_ _ ___. 

Supply Voltage 

4.5 Vs Vee s 5.5 V 
4.5 V :5 Vee s 5.5 V 
2.0 V s Vee :5 5.5 V 

2.0 V s Vee s 5.5 V 

L7C185 L7CL185 

Min Typ Max Min Typ Max 

2.4 2.4 

0.4 0.4 

2.0 Vee 2.0 Vee 
+0.3 +0.3 

-3.0 0.8 t-3.0 0.8 

-10 +10 -10 +10 

-10 +10 -10 +10 

-350 -350 

15 30 12 20 

100 500 50 150 

10 250 5 50 

5 5 

7 7 

I "71' .. 0~ 
&.I""' IU..,J• 

20 1 15 12 10 

105 l 240 275 300 

Unit 

v 
v 
v 

v 
µA 

µA 

mA 

mA 

µA 

µA 

pF 

pF 

Unit 

mA 
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SK x 8 Static RAM {Low Power) L7C185/L7CL 185 

. ·····················/••••·•<••••>•:•> •> >I 
~ - tfil2 lli8 1Lliliili ;:;:; 2d_ij 

L 7C185/L 7CL 185-
35 25 20 15 12 10 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min 

tAVAV Read Cycle Time 35 25 20 15 12 10 
tAVQV Address Valid to Output Valid (13, 14) 35 25 20 15 12 10 
tAXQX Address Change to Output Change 3 3 3 3 3 3 

tCLQV Chip Enable Active to Output Valid (13, 15) 35 25 20 15 12 10 
tCLQZ Chip Enable Active to Output Low Z (20, 21) 3 3 3 3 3 3 
tCHQZ Chip Enable Inactive to Output High Z (20, 21) 15 10 8 8 5 4 

tOLQV Output Enable Low to Output Valid 15 12 10 8 6 5 
tOLQZ Output Enable Low to Output Low Z (20, 21) 0 0 0 0 0 0 
tOHQZ Output Enable High to Output High Z (20, 21) 12 10 8 5 5 4 

tPU Input Transition to Power Up (10, 19) 0 0 0 0 0 0 
tPD Power Up to Power Down (1 o, 19) 35 25 20 20 20 18 
tCHVL Chip Enable Inactive to Data Retention (1 O) 0 0 0 0 0 0 

Ice ~------

-------------- IAVAV 

tCLQV --------

DATA VALID 

Vee 
DATA RETENTION MODE 3 1= 

.4.SV 4.5 V V 

tcHOZ 

toHOZ 

HIGH 
IMPEDANCE 

1---tcHVL IAVAV --12 

cE zzz 22 222 2 ~ v1H '""-------~--\'.vi::1H~l\llli,;~si:""'\\:""\~s~s~s:""'\~s::"""\:s~s~s~si:"' 

- ...-.. ~ -~ - ....-. ~ _._._. - - ----- -- ------- -------

Max 
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SK x 8 Static RAM (Low Power) 

~ 
;:::;::: ::::::: 

Symbol Parameter 

tAVAV Write Cycle Time 

tCLEW Chip Enable Active to End of Write Cycle 

tAVBW Address Valid to Beginning of Write Cycle 

tAVEW Address Valid to End of Write Cycle 

tEWAX End of Write Cycle to Address Change 

twLEW Write Enable Low to End of Write Cycle 

tDVEW Data Valid to End of Write Cycle 

tEWDX End of Write Cycle to Data Change 

twHOZ Write Enable High to Output Low Z (20, 21) 

twLOZ Write Enable Low to Output High Z (20, 21) 

ADDRESS 

CE2 

)le -z V_D' 

~ ~"\§.. 

t---1 t- tAVBW _.::!:I._ 

~ 
DATA IN 

_, 
' 

DATA OUT 

L7C185/L7CL 185 

< ::::: ::::::;:u IT<< 
L 7C185/L 7CL 185-

35 25 20 15 12 10 
Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

25 20 20 15 12 10 
25 15 15 12 10 8 

0 0 0 0 0 0 
25 15 15 12 10 8 

0 0 0 0 0 0 
20 15 15 12 10 8 

15 10 10 7 6 5 
0 0 0 0 0 0 
0 0 0 0 0 0 

10 7 7 5 4 4 

tAVAV 

x 
~' ~ 

tCLEW 

fZZZZL ZZTZZZ/L 
tAVEW 

tWLEW 
tEwAX-1 

y 
tDVEW tEwDx J, 
DATA-IN VALID ~~~ 

.l_" 
..J.t:LLI 

T tWLQZ HIGH IMPEDANCE I--- t WHOZ 
"'- Jr 
fi 1'. 

tPt.J I tPD 
~ tpu Ice ~ 

-----~~ 
=====-{ ___ _ 

~ 
tAVAV 

t~~; 
ADDRESS 

CE2 

~ tAVBW tcLEW 

CE1 

tAVEW 

WE 
twLEW 

tDVEW 

DATA IN DATA-IN VALID 

DATA OUT 
HIGH IMPEDANCE 

tPU jL tPD==t 

Ice 

- ...-... ~-...-... 
- ......_. ____ __ - -_ .. ___ -- ------- --~-----... _.._...~-~ 
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BK x 8 Static RAM (Low Power) L7C185/L7CL 185 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8through2-11 of this data booksupplythe 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuous~nabled for writing, 
i.e., CE1, CE2 :-:;; VIL, WE ~ VIL. Input pulse 
levels are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE1 ~ VIH, CE2 :-:;; VIL. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CEl = Vee, CE2 = 
GND. Input levels are within 0.2 V of Vee 
or ground. 

9. Data retention operation requires that 
Vee never drop below 2.0 V. CE1 must be 
;::: Vee - 0.2 V. For the L7C185, all other in
puts meet VIN:-:;; 0.2 V or VIN~ Vee -0.2 V 
to ensure full powerdown. For the L7CL185, 
this requirementappliesonlytoCEand WE; 
there are no restrictions on data and ad
dress. 

- ~ ;...-....-~ - -------- ------- -- ------ ---------

10. These parameters are guaranteed but 20. At any given temperature and voltage 
not 100% tested. condition, output disable time is less than 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
viewofthedevice.Accesstime,forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CEl 
low, CE2 high). 

15. All address lines are valid prior-to or 
coincident-with the later of Clh and CE2 
transition to active. 

16. The internal write cycle of the memory 
is defined by the overlap of CE1 and CE2 
active and WE low. All three signals must be 
active to initiate a write. Any signal can 
terminate a write by going inactive. The 
address, data, and control input setup and 
hold timesshould bereferenced to the signal 
that becomes active last or becomes inactive 
first. 

17. If WE goes low before or concurrent 
with later of CE1 and CE2 going active, the 
output remains in a high impedance state. 

18. If CEl and CE2 goes inactive before or 
concurrent with WE going high, the output 
remains in a high impedance state. 

19. Powerup from 1ee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Rising edge of CE2. 

b. Falling edge of WE (CEl, CE2 active). 

c. Transition on any address line (CE1, CE2 
active). 

d. Transition on any data line (CEl, CE2, and 
WE active). 

The device automatically powers down 
from 1ee2 to Iee1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. lb. Thisparameterissampledand not 
100% tested. 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE1,CE2,orWEmustbeinactiveduring 
address transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
d ures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

R1 4800 
+5 V 0------'l.NV--, 

OUTPUT 0----11-----e 

INCLUDING I 30 pF 
JIG AND 
SCOPE 

Ri 4800 
+5V 

OUTPUT o----e-----

INCLUDING 
JIG AND 
SCOPE 

I SpF 
R2 
255'1 
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SK x 8 Static RAM (Low Power) 

28-pin 
Vee 

(0.3" wide) WE 
CE2 
As 
Ag 

A4 A11 
A3 OE 
A2 A10 

CE=1 
1/07 
1/06 

1/01 1/05 

1/02 1/04 
GND 1/03 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 

L7C185PC 1 ~~ L7C185DC 1 ~~ L7C185CC 1~~ or 20 or 20 or 20 
L7CL1a5PC 15 L7CL1a5DC 15 L7CL1a5CC 15 

12 12 12 
10 10 10 

ans 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10ns 
ans 

35ns 
25ns 
20ns 
15 ns 
12ns 
10 ns 
ans 

35 ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
ans 

- ...-... ...-...-~ - ...._,~-~ - - ------ -- ------- -------

1

35 135 L7C185DM 25 L7C185CM 25 
or 20 or 20 

L7CL1a5DM 15 L7CL1a5CM 15 
12 12 

35 35 
L7C185DME125 L7C185CME125 

or 20 or 20 
L7CL1a5DME 15 L7CL1a5CME 15 

12 12 

1

35 135 L7C185DMB 25 L7C185CMB 25 
or 20 or 20 

L7CL1a5DMB 15 l7Cl 1a5CMB 15 
12 12 

28-pln NC 

(0.6" wide) A12 

A7 
A6 
A5 

A4 
A3 
A2 
A1 
Ao 

1/00 
1/01 
1/02 

GND 

1
35 

L7C185NC 25 
or 20 

L7CL1a5NC 15 
12 
10 

L7C185/L7CL185 

28 Vee 

2 27 WE 
3 26 CE2 

4 25 AB 

5 24 A9 

23 A11 

7 22 OE 

8 21 A10 

9 20 CE=1 

10 19 1/07 

11 18 1/06 

12 17 1/05 

13 16 1/04 

14 15 1/03 

SI deb raze 
Hermetic DIP (09) 

1
35 

L7C185HC 25 
or 20 

L7CL 1a5HC 15 
12 
10 

1
35 

L7C185HM 25 
or 20 

L7CL 1a5HM 15 
12 

CerDIP 
(C6) 

L7C185IC 25 

1
35 

or 20 
L7CL1a5IC 15 

12 
10 

1
35 

L7C185IM 25 
or 20 

L7CL1a5IM 15 
12 

or 20 or 20 
L7C185HME1 ~~ L7C185IME1 ~~ 

L7CL1a5HME 15 L7CL1a5IME 15 
12 12 

1

35 135 L7C185HMB 25 L7C185IMB 25 
or 20 or 20 

l7CL1a5HMB 15 L7CL1a5IMB 15 
12 12 
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SK x a Static RAM (Low Power) 

28-pin 

Plastic SOIC 
(.300"- U2) 

NC 

A12 

A7 
A6 
As 

A4 
A3 

A2 

A1 

Ao 
1/00 

1/01 

1/02 

GND 

3 

4 

10 

11 

12 

13 

14 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

Plastic SOIC 
(.340"-V2) 

Vee 
WE 
CE2 

AB 
A9 

A11 

OE 
A10 
CE:1 
1/07 

1/06 

1/05 
1/04 

1/03 

Plastic SOJ 
(.300"-W2) 

~~ ~: L7C185UC 1 ~~ L7C185VC 1 ~~ L7C185WC 1~~ 
20 ns or 20 or 20 or 20 
15 ns L7CL185UC 15 L7CL185VC 15 L7CL185WC 15 
12ns 12 12 12 
10 ns 10 10 10 
Sns 

35 ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
ans 

35 ns 
25 ns 
20 ns 
15 ns 
12 ns 
10 ns 
8 ns 

35 ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
8 ns 

- ...-... ..-.. _......._ ------ ------ -- ------ ------

28-pln 

(350 x 550) 

~ ;c ~~I~ 

NC CE2 

A10 
CE1 

l/Oo 1/07 
1/01 1/06 

Q~QQQ - ('.) - - -

I 

0 
Ceramic Leadless 
Chip Carrier (KS) 

r L7C185KC 25 
or 20 

L7CL 185KC 15 
12 
10 

r L7C185KM 25 
or 20 

L7CL 185KM 15 
12 

35 
L7C185KME 125 

or 20 
L7CL185KME 15 

12 

35 
L7C185KMB 125 

or 20 
L7CL185KMB 15 

12 

L7C185/L7CL185 

32-pin 

(450x 550) 

;c ~~~~I~~ 
A6 

l/Oo 

...-- C\J 0 (.)('I) ""'1' \0 

QQzzQQQ 
- - ('.) - - -

I 

0 
Ceramic Leadless 
Chip Carrier (K7) 

r L7C185TC 25 
or 20 

L7CL185TC 15 
12 
10 

r L7C185TM 25 
or 20 

L7CL 185TM 15 
12 

or 20 

35 
L7C185TME 125 

L7CL 185TME 15 
12 

1
35 

L7C185TMB 25 
or 20 

L7CL185TMB 15 
12 

As 
Ag 

OE 

1/06 
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256K x 1 Static RAM L 7C1 97 

0 256K x 1 Static RAM with Separate 
1/0, Chip Select Powerdown 

0 Auto-Powerdown™ Design 

0 Advanced CMOS Technology 

0 High Speed - to 12 ns maximum 

0 Low Power Operation 
Active: 210 mW typical at 45 ns 
Standby: 500 µW typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug.Compatible with IDT 71257, 
Cypress CY7Cl 97 

0 Package Styles Available: 
• 24-pin Plastic DIP 
• 24-pin Sidebraze, Hermetic DIP 
• 24-pin Cer DIP 
• 24-pin Plastic SOIC 
• 24-pin Plastic SOJ 

DI 

ROW 
ADDRESS 

CE _ __,,,.---

WE.,-~"--"' 

- ...-.. ......__...-,.. - ~...._. __ - - _ .. ___ -- - ~---- ------_...._.... ..,._.._...._.,.. 

l
o 
w 
_J 
w 
en 
~ 
0 
a: 

The L7C197 is a high-performance, 
low-power CMOS static RAM. The 
storage circuitry is organized as 
262,144 words by 1 bit per word. This 
device is available in six speeds with 
maximum access times from 12 ns to 
45ns. 

Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 210 mW (typical) at45 ns. Dissipa
tion drops to 35 mW (typical) when 
the memory is deselected (CE is high). 

Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 

1024 x 256 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

8 

Vee GND 

1 1 

DO 

COLUMN ADDRESS 

memory is deselected. In addition, 
data may be retained in inactive stor
age with a supply voltage as low as 
2 V. The L7C197 consumes only 
1.5 mW (typical) at 3 V, allowing 
effective battery backup operation. 

The L7C197 provide asynchronous 
(unclocked) operation with matching 
access and cycle times. An active-low 
Chip Enable and a three-state output 
simplify the connection of several 
chips for increased capacity. 

Memory locations are specified on ad
dress pins Ao through A17. Reading 
from a designated location is accom
plished by presenting an address and 
driving CE low while WE remains 
high. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin stays in a high
impedance state when CE is high or 
WE is low. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7Cl 97 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 
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256K x 1 Static RAM L7C197 

Storage temperature ............................................................................................................ -65°C to + 150°C 
Operating ambient temperature ............................................................................................ -55°C to + 125°C 
Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 
Output current into low outputs .............................................................................................................. 25 mA 
Latchup current ................................................................................................................................ > 200 mA 

Mode 

Active Operation, Commercial 
Active Operation, Military 
Data Retention, Commercial 
Data Retention, Military 

Symbol Parameter 

VOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

l1x Input Current 

loz Output Leakage Current 

los Output Short Current 

lee2 Vee Current, TIL Inactive 

Temperature Range (Ambient) 

0°c to +70°C 
-55°C to + 125°C 

0°c to +70°C 
-55°C to + 125°C 

Test Condition 

IOH = -4.0 mA, Vee = 4.5 v 
IOL = 8.0 mA 

(Note3) 

GND :5 VIN :5 Vee 

GND:::;; VOUT :5 Vee, CE =Vee 

Vour = GND, Vee = Max (Note 4) 

(Note?) 

lee3 Vee Current, CMOS Standby (Note 8) 

lee4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 

CIN Input Capacitance Ambient Temp= 25°C, Vee = 5.0 V 
t--~~-r--~~~~~~~~~~~ 

Cour Output Capacitance Test Frequency= 1 MHz (Note 10) 

Symbol Parameter Test Condition 45 

lee1 l Vee Current, Active I (Note6) 55 

- ...-.. ....-... -..-.... ------ - _,,_, ___ -- - ----- -------

Supply Voltage 

4.5 v::;; Vee ::;; 5.5 V 
4.5 V :5 Vee :5 5.5 V 
2.0 V::;; Vee :5 5.5 V 
2.0 V::;; Vee ::;; 5.5 v 

Min Typ Max Unit 

2.4 

2.0 

-3.0 

-10 

-10 

L7Ci97-

35 25 20 

75 100 125 

20 

v 
0.4 v 
Vee v 

+ 0.3 

0.8 v 
+10 µA 

+10 µA 

-350 mA 

40 mA 

2 10 mA 

500 5000 µA 

5 pF 

7 pF 

15 12 Unit 

160 190 mA 

-~~-.__.... 
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256K x 1 Static RAM L7C197 

2o'. ::: ::;: 22 ~ 1±1-·filt•···•·<•··· ····~ 
L7C197-

45 35 25 20 15 12 
Symbol Parameter Min Max Mn Max Min Max Min Max Min Max Min Max 
tAVAV Read Cycle Time 45 35 25 20 15 12 

tAVOV Address Valid to Output Valid (13, 14) 45 35 25 20 15 12 

tAXOX Address Change to Output Change 3 3 3 3 3 3 

tCLOV Chip Enable Low to Output Valid (13, 15) 45 35 25 20 15 12 

tCLOZ Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 3 

tCHOZ Chip Enable High to Output High Z (20, 21) 15 15 10 8 8 5 

tPU Input Transition to Power Up (10, 19) 0 0 0 0 0 0 

tPD Power Up to Power Down (1 o, 19) 45 35 25 20 20 20 
tCHVL Chip Enable High to Data Retention (1 O) 0 0 0 0 0 0 

i--------------- tAvAv------------

Ice ~------

tAVAV 
CE 

tcLOV tcHOZ 
tcLOZ HIGH 

DATA OUT HIGH IMPEDANCE IMPEDANCE 
DATA VALID 

tPU 

:1£50% SOo/oi Ice 

DATA RETENTION MODE::::J: 
4

.
5 

V 
4

.

5 

V '<1-
1---tcHVL __ f' '[ tAvAV ~2 

v 
cE 222 22 222 2 ~ v1H '""-------r---\vi:1H~l\~~si:""'\s:""s~s~s"'s:'.""s"'s~s~s~s~s~ 

Vee 

- ~ ....-i.-~ - .--.-..---- - ------ -- - ----- -------_..._....~-~ 
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256K x 1 Static RAM L7C197 

~:::::::::::::::;::; 

~ ~ .. ,.,- :,:::::,:: :·:W'FHl:f·~ 2:/''' 0: ,,~ ::::::::::::::::::::::::::::::::::::::::: 

·~ L7C197· 

45 35 25 20 15 12 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 40 25 20 20 15 12 

tcLEW Chip Enable Low to End of Write Cycle 30 25 15 15 12 10 

tAVBW Address Valid to B~nnil!9_ of Write Cycle 0 0 0 0 0 0 

tAVEW Address Valid to End of Write Cycle 30 25 15 15 12 10 

tEWAX End of Write Cycle to Address Change 0 0 0 0 0 0 

twLEW Write Enable Low to End of Write Cycle 20 20 15 15 12 10 

tDVEW Data Valid to End of Write Cycle 15 15 10 10 7 6 

tEWDX End of Write Cycle to Data Change 0 0 0 0 0 0 

twHOZ Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 0 

twLOZ Write Enable Low to Output High Z (20, 21) 15 10 7 7 5 4 

tAVAV 

tCLEW 

tAVEW 
tWLEW 

t: 
.. ~ 
"'1'. 

tovcw tEWDX 

DATA IN DATA-IN VALID ..ILL ..LJ t twLOZ 
~ 
A 

1----tWHOZ HIGH IMPEDANCE 
DATA OUT 

tPU 

tPU 

- ...-... ...-... -...-.... - ~------- - -~--- -- ------ --------~~-..._.... 
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256K x 1 Static RAM 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8 through2-11 of this data booksupplythe 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE =::; VIL, WE =::; VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rat~ The device is continuously 
disabled, i.e., CE ~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE= Vee. Input 
levels are within 0.2 V of Vee or ground. 

9. Data retention operation requires that 
Vee never drop below 2.0 V. CE must be 
~Vee - 0.2 V. For all other inputs VIN 
~ Vee - 0.2 V or VIN =::; 0.2 V is required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ...-... ....-.. -...-... - ~.-..-~ - - ----- -- - ------ -
_ _... _____ _ _ .._.. ...__,_ ~ 

L7C197 

IOH plus 30 pF (Fig. la), and input pulse 22. Alladdresstimingsarereferencedfrom 
levels of 0 to 3.0 V (Fig. 2). the last valid address line to the first transi-

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the cr transition to low. 

16. The internal write cycle of the memory 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

17. If WE goes low before or concurrent 
with CT going low, the output remains in a 
high impedance state. 

18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Iee2 to Iec1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 

b. Falling edge of WE (CE active). 

c. Transitiononanyaddressline (CE active). 

d. Transition on any data line (CE and WE 
active). 

The device automatically powers down 
from Iee2to1ee1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. lb. Thisparameterissampledand not 
100% tested. 

tioning address line. 

23. CE or WE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
durescancauseagood part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

R1 4800 
+5 v 

OUTPUT o----...._ ___ _ 

INCLUDING 
JIG AND 
SCOPE 

+5 v 

I 30pF 

R1 480 n 

OUTPUT o----e-----

INCLUDING 
JIG AND 
SCOPE 

R2 
2550 

R2 
2550 
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256K x 1 Static RAM L7C197 
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45 ns 
35ns 
25ns 
20ns 
15 ns 
12 ns 

45 ns 
35ns 
25ns 
20 ns 
15 ns 
12 ns 

45ns 
35ns 
25ns 
20ns 
i5 ns 
12 ns 

45 ns 
35 ns 
25 ns 
20ns 
15 ns 
12 ns 

24-pln 24-pln 

(0.3" wide) Vee 
A17 

A1S 

A4 A14 

A13 

As A12 

A7 A11 

A10 

DOUT A9 

WE 11 DIN 

GND CE 

Plastic DIP Sldebraze CerDIP Plastic SOIC 
(P2) Hermetic DIP (D2) (C1) (.340"-V1) 

L7C197PC45 L7C197DC45 L7C197CC45 L7C197VC45 
• "35 • "35 • "35 • "35 

• 25 • 25 • 25 • 25 
"20 "20 ·20 "20 
• 15 • 15 • 15 • 15 
• 12 • 12 • 12 • 12 

L7C197DM45 L7C197CM45 
• 35 • 35 
• 25 • 25 
• 20 • 20 
• 15 • 15 

L7C197DME45 
• 35 
• 25 
"20 

i5 

L7C197DMB45 
• 35 
• 25 
• 20 
• 15 

L7C197CME45 
• 35 
• 25 
·20 

i5 

L7C197CMB45 
• 35 
• 25 
• 20 
• 15 

- ..-... ....-.. -..-.. - .-......------. - - _ _. ___ -- ------- --~~--

Ao 
A1 

A2 

A3 4 

A4 5 
As 

As 

A7 

AB 
DOUT 10 

WE 11 
GND 12 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 

Vee 
A17 

A1S 

A15 

A14 

A13 

A12 

A11 

A10 

A9 

DIN 
CE 

PlastlcSOJ 
(.300"-W1) 

-:-:-:-:-:-:-:-:-:-:-....... ... . .. 

L7C197WC45 
• • 35 

• 25 
• 20 
• 15 
• 12 

"'.·''' ·.·.·.·.-.·.·=·.:-;.:-:;:: ...... :-:.;-:-:-:-:.;-:-:.:-:-:-:-:-:-:-:-· 

-~ .._.._ -...r 
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64K x 4 Static RAM l 7C194/195/196 

0 64K x 4 Static RAM with Common The L7C194, L7C195, iµtd L7C196 are 
high-performance, low-power CMOS 
static RAMs. The storage cells are 
organized as 65,536 words by 4 bits 
per word. Data In and Data Out 
signals share I/ 0 pins. The L7Cl 94 
has a single active-low Chip Enable. 
The L7C195 has a single Chip Enable 
and an Output Enable. The L7Cl 96 
has two Chip Enables and a separate 
Output Enable. These devices are 
available in five speeds with max
imum access times from 15 ns to 45 ns. 

I/O 
0 Auto-PowerdownTM Design 
0 Advanced CMOS Technology 
0 High Speed- to 15 ns maximum 
0 Low Power Operation 

Active: 265 mW typical at 45 ns 
Standby: 10 mW typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT 71258/ 
61298, Cypress CY7C194/196 

0 Package Styles Available: 
• 24/28-pin Plastic DIP 
• 24/28-pin Sidebraze, 

Hermetic DIP 
• 24/28-pin CerDIP 
• 24/28-pin Plastic SOIC 
• 24/28-pin Plastic SOJ 

Inputs and output are TIL compat
ible. Operation is from a single +5 V 
power supply. Power consumption is 
265 mW (typical) at 45 ns. Dissipation 
drops to 100 mW (typical) when the 
memory is deselected (Enable is high). 

: 
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Vee GND 

ROW 
ADDRESS 

.... 
0 
w 
...J 
w 
en 
~ 
0 
a: 

CONTROL 

- ...-... ~-...-... - ~----.-. 
- -_ .. ___ -- ------ -_ ___.. ------

256 x 256 x 4 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

DATA 
1/0 

Two standby modes are available. 
Proprietary Auto-PowerdownTM 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive stor
age with a supply voltage as low as 
2 V. The L7C194, L7C195, and L7C196 
consume only 1.5 mW (typical) at 
3 V, allowing effective battery backup 
operation. 

The L7C194, L7C195, and L7C196 
provides asynchronous (unclocked) 
operation with matching access and 
cycle times. An active-low Orip 
Enable and a three-state I/O bus 
simplify the connection of several 
chips for increased capacity. 

Memory locations are specified on 
address pins Ao through Ats. For the 
L7C194 and L7C195, reading from a 
designated location is accomplished 
by presenting an address and driving 
CE1 low while WE remains high. For 
the L7C196, both CE1 and CE2 must 
be low. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin st~s in a high
impedance state when CE1, CE2, or 
OE is high, or WE is low. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are low. Either signal 
may be used to terminate the write 
operation. Data In and Data Out 
signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7C194, L7C195, and L7C196 can 
withstand an injection current of up to 
200 mA on any pin without damage. 

=-=-=-=-=-====================Memory Products 
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64 K x 4 Static RAM L 7C194/195/196 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ ...,..55°c to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 
Signal applied to high impedance output.. ............................................................................. -3.0 V to + 7.0 V 

Output current into low outputs .............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 200 mA 

Mode 

Active Operation, Commercial 
Active Operation, Military 

Data Retention, Commercial 

Data Retention, Military 

Symbol Parameter 

VOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lee2 Vee Current, TTL Inactive 

lee3 Vee Current, CMOS Standby 

lee4 Vee Current, Data Retention 

CIN Input Capacitance 

COUT Output Capacitance 

Temperature Range (Ambient) 

0°c to +70°C 
-55°C to + 125°C 

0°c to +70°C 

-55°C to + 125°C 

Test Condition 

IOH = -4.0 mA, Vee = 4.5 v 
IOL= 8.0 mA 

(Note3) 

GND ::;; VIN::;; Vee 

GND ::;; VOUT::;; Vee, CE = Vee 

Vour = GND, Vee = Max (Note 4) 

(Note7) 

(Note8) 

Vee = 3.0 V (Note 9) 

Ambient Temp= 25°C, Vee = 5.0 V 

Test Frequency= 1 MHz (Note 10) 

Symbol Parameter Test Condition 

lee1 J Vee Current, Active J (Note6) 

- ...-.. ...-.. -...-... ------ - -~--- -- - ------ ---.....-------

Supply Voltage 

4.5 Vs Vee s 5.5 v 
4.5 V::;; Vee ::;; 5.5 V 

2.0 V s Vee s 5.5 v 
2.0 V ::;; Vee ::;; 5.5 V 

Min Typ 

2.4 

2.0 

-3.0 

-10 

-10 

20 

2 

500 

I '7f"i 0.11 /i QS:::/i QC:: --· - •-""""Tl·--,·--
45 35 25 20 

55 75 100 125 

Max 

0.4 

Vee 
+0.3 

0.8 

+10 

+10 

-350 

40 

10 

5000 

5 

7 

15 

160 

Unit 

v 
v 
v 

v 
µA 

µA 

mA 

mA 

mA 

µA 

pF 

pF 

Unit 

mA 
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64K x 4 Static RAM L 7C194/195/196 

,:,..;:;:::~::.:: ::.;;.;;:;o~: <9fr1z: CC::::z:::::.:z ±TIITEilllliiillillillilli ::: ? -~:1 z ~ 

L 7C194/1951196-
45 35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 

tAVAV Read Cycle Time 45 35 25 20 15 

tAVQV Address Valid to Output Valid (13, 14) 45 35 25 20 

tAXOX Address Change to Output Change 3 3 3 3 3 

tcLOV Chip Enable Low to Output Valid (13, 15) 45 35 25 20 

tCLOZ Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 

tCHOZ Chip Enable High to Output High Z (20, 21) 15 15 10 8 

tOLOV Output Enable Low to Output Valid 20 15 12 10 

tOLOZ Output Enable Low to Output Low Z (20, 21) 0 0 0 0 0 

toHOZ Output Enable High to Output High Z (20, 21) 15 12 10 8 

tPU Input Transhion to Power Up (10, 19) 0 0 0 0 0 

tPD Power Up to Power Down (1 o, 19) 45 35 25 20 

tcHVL Chip Enable High to Data Retention (1 O) 0 0 0 0 0 

-------------- tAvAv------------

~~ * ~ 
------'l'------------------------------------------·11'-----~ tAvav I 

DATAOUT~----~PR~E~Vl~O~US~D~AT~A~V~AL~ID;.._ __ ~71E:X.,7~'}<~7M'X:~)(~)(~•,lE'l'------------D~A~TA~V~A~LID;;,_ _________ ___ 

1.-..___ tAXOX tpD I 

Ice ---r---t-Pu ___ ;j;'. -----~~---------------------------------~ 

i-------------- tAVAV 

OE----• 
(l7C195 and 

L7C1960nly) 

tcHOZ 

tOHQZ 

tpu --+-----
Ice --------'* 50% 

50% ~...._ ___________________ _ 

DATA RETENTION MODE :::J: 
4

.
5 

V 
4

.
5 

V ~ 

1---tcHVL _j' t hVAV --12 
V 

cE 222 22 222 2 ~ v1H '""----------r-----.:v;:-:1H~l\~~s~s'."""s~s ... s~s'.""s~s~s~s~s~s~ 
Vee 

- ...-.. ~-...-... - ------ - ------ -- - ------ ------

15 

15 

8 

8 

5 

20 
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64K x 4 Static RAM L 7C194/195/196 

L 7C194/195/196· 
45 35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tAVAV Write Cycle Time 40 25 20 20 15 

tcLEW Chip Enable Low to End of Write Cycle 30 25 15 15 12 
tAVBW Address Valid to B~innil}g of Write Cycle 0 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 30 25 15 15 12 

tEWAX End of Write Cycle to Address Change 0 0 0 0 0 

twLEW Write Enable Low to End of Write Cycle 20 20 15 15 12 

tDVEW Data Valid to End of Write Cycle 15 15 10 10 7 

tEWDX End of Write Cycle to Data Change 0 0 0 0 0 

twHOZ Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 
twLQZ Write Enable Low to Output High Z (20, 21) 15 10 7 7 5 

tAVAV 

ADDRESS -x )I( - tCLEW 

:s.~ ~ VZZZZZZL ~/~ 
tAVEW tEwlV<.-i 

t-tAVBW~ I--- twLEW 

):"-"~ ¥ 
tovew tEWDX [, 
DATA-IN VALID ~::'S:::'S:~ 

•""""" 
.JL..L .LJ 

T twLaz 
HIGH IMPEDANCE 1---tWHOZ ,, "'-I _1' 

' A " 

DATA IN 

DATA OUT 
tPU . tPO 

tPU ~ ~ -----" 
------------- tAvAv-------------l 

ADDRESS 

DATA!N r'\ATA ... l\/Allr'\ ..,,.,.,.," .... ,., ... ,.., 
HIGH IMPEDANCE DATA OUT ~~~~~~~~~~~-+-~~~~~...-~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~--1';k:: tPD~'--~~~~~~~~~~ Ice 
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64K x 4 Static RAM 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8 through2-11 of this data booksupplythe 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE* :5: VIL, WE :;;; VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rat~ The device is continuously 
disabled, i.e., CE*~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., TI* = Vee. Input 
levels are within 0.2 V of Vee or ground. 

9. Data retention operation requires that 
Vee never drop below 2.0 V. "CE* must be 
~ Vee-0.2 V. For all other inputs VIN 
~Vee - 0.2 V or VIN:;;; 0.2 Vis required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ....-... ....-.. -...-... - -------- - -~--- -- - ------ -
_ _.. ____ _ 

IOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE* 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE* transition to low. 

16. The internal write cycle of the mem<>_ry 
is defined by the overlap of CE* low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

17. If WE goes low before or concurrent 
with CE* going low, the output remains in a 
high impedance state. 

18. If CT* goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from ICC2 to ICCl occurs as a 
result of any of the following conditions: 

a. Falling edge of CE*. 

b. Falling edge of WE (CE* active). 

c. Transition on any address line (CT* ac
tive). 

d. Transition on any data line (CE* and WE 
active). 

The device automatically powers down 
from Iee2 to Iec1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. lb. Thisparameterissampledand not 
1003 tested. 

L7C194/195/196 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE* or-wE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 

R1 4800 
+5 v 

OUTPUT o-~~-t11--~~~• 

INCLUDING 
JIG AND 
SCOPE 

+5V 

I 30pF 

R1 480 n 

OUTPUT n-~~--1--~~~--

INCLUDING 
JIG AND 
SCOPE 

R2 
2550 

R2 
2550 

*For the L7C196, CE refers to the logical 
AND of CE1 and CE2. 

-- ----
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64K x 4 Static RAM 

24-pln 

(0.3" wide) Vee 
A15 
A14 

A13 

A12 
A11 

A10 

1/03 

1/02 
1/01 

1/00 

WE 

Plastic DIP Sldebraze CerDIP 
(P2) Hermetic DIP (D2) (C1) 

45ns L7C194PC45 L7C194DC45 L7C194CC45 
35ns . . 35 . 35 . 35 
25ns . 25 . 25 . 25 
20ns . 20 . 20 . 20 
15 ns . 15 . 15 . 15 
12 ns 

45 ns L7C194DM45 L7C194CM45 
35ns • • 35 • • 35 
25ns • 25 • 25 
20 ns • 20 • 20 
15 ns 
12 ns 

45 ns L7C194DME45 L7C194CME45 
35 ns • • 35 • • 35 
25 ns • 25 • 25 
20ns • 20 • 20 
15 !"!S 
12 ns 

45ns 
35ns 
25ns 
20ns 
15 ns 
12 ns 

- ...-.. ...-...-...-... - ......... ,__...._. - -_ .. ___ ---1----- --~-------

L7C194DMB45 L7C194CMB45 
• • 35 • 35 

• 25 • 25 
• 20 • 20 

24-pln 

Plastic SOIC 
(.340"-V1) 

L7C194VC45 . 35 . 25 . 20 . 15 

Ao 
A1 

A2 

A3 

A4 

As 

As 
A7 
As 

A9 

CE 
GND 

L 7C194/195/196 

4 

5 

10 

11 

12 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

Plastic SOJ 
(.300"-W1) 

L7C194WC45 
• 35 
• 25 
• 20 
• 15 

vee 
A15 
A14 

A13 

A12 

A11 
A10 

1/03 

1/02 
1101 

1/00 

WE 

=-===-==-===-==-=================================================== Memory Products 
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64K x 4 Static RAM L7C194/195/196 

······~70.195!1$~·· >•o6t>etdt.A§••INFQRMATIQN•• • .. },t••·••:••·························:·.··· 

28-pin 

(0.3" wide) 

45 ns 
35 ns 
25 ns 
20ns 
15 ns 
12 ns 

1
45 

L7C195PC 35 
or 25 

L7C196PC 20 
15 

45 ns 
35 ns 
25 ns 
20 ns 
15 ns 
12 ns 

45 ns 
35 ns 
25 ns 
20ns 
15 ns 
12 ns 

45ns 
35 ns 
25 ns 
20 ns 
15 ns 
12 ns 

- ...-... ~-~ - ~ ....... -.-. - - ------ -- ------ -------------

NC 
Ao 

EE1 

OE 
GND 

Vee 
A15 
A14 

A13 

A12 
A11 

A10 

NC 

(NC) (CE2 for 196) 
1/03 

1/02 

1/01 

1/00 
WE 

45 
L7C195DC 135 

or 25 
L7C196DC 20 

15 1
45 

L7C195CC 35 
or 25 

L7C196CC 20 
15 

i 

45 i45 L7C195DM 35 L7C195CM 35 
or 25 or 25 

L7C196DM 20 L7C196CM 20 

i 

45 i45 L7C195DME 35 L7C195CME 35 
or 25 or 25 

L7C196DME 20 L7C196CME 20 

i 

45 i45 L7C195DMB 35 L7C195CMB 35 

L7C1~DMB ~~ L7C1~CMB ~~ 

28-pln 
NC 28 Vee 
Ao 27 A15 
A1 26 A14 
A2 4 25 A13 

A3 5 24 A12 

A4 23 A11 

As 22 A10 
As 21 NC 

A7 9 20 (NC) (CE2 for 196) 

AS 10 19 1/03 

A9 11 18 1/02 
EE1 12 17 1/01 

OE 13 16 1/00 
GND 14 15 WE 

L7C195VC 1 ~~ L7C195WC 1 ~~ 
or 25 or 25 

L7C196VC 20 L7C196WC 20 
15 15 

=-==-==-==-=-===================================== Memory Products 
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64K x 4 Static RAM l 7C191 /192 

0 64K x 4 Static RAM with Separate 
I/O, Transparent Write (L7C191), 

or High Impedance Write (L7C192) 

The L7C191 and L7C1~2 are high
performance, low-power CMOS static 
RAMs. The storage cells are organ
ized as 65,536 words by 4 bits per 
word. Data In and Data Out are sep
arate. These devices are available in 
five speeds with maximum access 
times from 15 ns to 45 ns. 

0 Auto-Powerdown™ Design 

Q Advanced CMOS Technology 

0 High Speed - to 15 ns maximum 

0 Low Power Operation 
Active: 265 mW typical at 45 ns 
Standby: 10 mW typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT 71281 I 
71282, Cypress CY7Cl 91 /192 

0 Package Styles Available: 
• 28-pin Plastic DIP 
• 28-pin Sidebraze, Hermetic DIP 
• 28-pin Cer DIP 
• 28-pin Plastic SOIC 
• 28-pin Plastic SOJ 

Vee GND 

l l 

ROW 
ADDRESS 

1-
(.) 
w 
....J 
w 
C/J 

3: 
0 
a: 

CONTROL 

DI 
4 

- ...-... ....-i. -....-... - ------ - _ _. ___ -- ------ ---......-------

Inputs and output are TIL compat
ible. Operation is from a single +5 V 
power supply. Power consumption 
is 265 mW (typical) at 45 ns. Dis
sipation drops to 100 mW (typical) 
when the memory is deselected 
(Enable is high). 

Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 

256 x 256 x 4 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

COLUMN ADDRESS 

DO 

minimum access time, or when the 
memory is deselected. In addition, 
data may be retained in inactive stor
age with a supply voltage as low as 
2 V. The L7C191 and L7C192 con
sume only 1.5 mW (typical) at 3 V, 
allowing effective battery backup 
operation. 

The L7Cl 91 and L7Cl 92 provide 
asynchronous (unclocked) operation 
with matching access and cycle times. 
An active-low Chip Enable and a 
three-state bus output simplify the 
connection of several chips for 
increased storage capacity. 

Memory locations are specified on 
address pins Ao through Ais. Read
ing from a designated location is 
accomplished by presenting an ad
dress and driving CE low while WE 
remains high. The data in the 
addressed memory location will then 
appear on the Data Out pins within 
one access time. The output pins stay 
in a high-impedance state when WE is 
low (L7C192 only) or CE is high. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. The Data In and Data 
Out signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7Cl 91 and L7Cl 92 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 

-- ---::::0E::::v==1c::::Es=,N=c==o:::RP::::o=RA=T=Eo================================================ Memory Products 
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64K x 4 Static RAM L7C191/192 

Storage temperature ............................................................................................................ -65°C to + 150°C 
Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 
Output current into low outputs .............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 200 mA 

Mode 

Active Operation, Commercial 
Active Operation, Military 
Data Retention, Commercial 

Data Retention, Military 

Symbol Parameter 

VOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lee2 Vee Current, TTL Inactive 

lee3 Vee Current, CMOS Standby 

lee4 Vee Current, Data Retention 

CIN Input Capacitance 

COUT Output Capacitance 

Temperature Range (Ambient) 

0°c to +70°C 
-55°C to + 125°C 

0°c to +70°C 
-55°C to + 125°C 

Test Condition 

IOH = -4.0 mA, Vee = 4.5 v 
IOL = 8.0 mA 

(Note3) 

GND s VIN s Vee 

GND s VOUT s Vee, CE= Vee 

VOUT = GND, Vee = Max (Note 4) 

(Note7) 

(Note8) 

Vee = 3.0 V (Note 9) 

Ambient Temp= 25°C, Vee = 5.0 V 

Test Frequency= 1 MHz (Note 10) 

Symbol Parameter Test Condition 

lee1 ] Vee Current, Active ] (Note 6) 

- ...-.. ....-..-~ - ~------ ------- -- ------ -------

Supply Voltage 

4.5 V s Vee s 5.5 v 
4.5 V s Vee s 5.5 V 
2.0 v s Vee s 5.5 v 
2.0 Vs Vee s 5.5 V 

Min Typ 

2.4 

2.0 

-3.0 

-10 

-10 

20 

2 

500 

I _,.. .. ft,., .. ,,...,. 
L. I\, I :I I/ I :I.::• 

45 35 25 20 

55 75 100 125 

Max 

0.4 

Vee 
+ 0.3 

0.8 

+10 

+10 

-350 

40 

10 

5000 

5 

7 

15 

160 

Unit 

v 
v 
v 

v 
µA 

µA 

mA 

mA 

mA 

µA 

pF 

pF 

Unit 

mA 

=-=-=-=-=-===================Memory Products 
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64K x 4 Static RAM L7C191/192 

I>~::;;:;;:;::: ::::::: /?:: :: :> >77/ E~ '1!!/'#.'J';>> 't.::::::: 2 
L 7C191 /192-

45 35 25 20 15 
Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tAVAV Read Cycle Time 45 35 25 20 15 
tAVQV Address Valid to Output Valid (13, 14) 45 35 25 20 15 fl 
tAXOX Address Change to Output Change 3 3 3 3 3 
tcLQV Chip Enable Low to Output Valid (13, 15) 45 35 25 20 15 
tCLQZ Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 

tCHQZ Chip Enable High to Output High Z (20, 21) 15 15 10 8 5 
tPU Input Transition to Power Up (10, 19) 0 0 0 0 0 
tPD Power Up to Power Down (10, 19) 45 35 25 20 20 
tCHVL Chip Enable High to Data Retention (1 O) 0 0 0 0 0 

--------------- tAvAv------------

Ice ~------

CE 
IAVAV 

tcLOV tcHOZ 
tcLOZ HIGH 

DATA OUT HIGH IMPEDANCE IMPEDANCE 
DATA VALID 

tpu 

:;J;50% 50%~ Ice 

DATA RETENTION MOOE J 
.4.5 v 

1---tcHVL 

Vee 

CE 777777777 ~VIH ' V1Hl(S S\\ \\\\\\\\ 

- ~ ..-..-~ - ------ - ------ -- - ----- --------~ -----~ 
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64K x 4 Static RAM 

Symbol Parameter 
tAVAV Write Cycle Time 

tCLEW Chip Enable Low to End of Write Cycle 

tAVBW Address Valid to Beginning of Write Cycle 

tAVEW Address Valid to End of Write Cycle 

tEWAX End of Write Cycle to Address Change 

twLEW Write Enable Low to End of Write Cycle 

tDVEW Data Valid to End of Write Cycle 

tEWDX End of Write Cycle to Data Change 

twHOZ Write Enable High to Output Low Z (20, 21) 

twLOZ Write Enable Low to Output High Z (20, 21) 

twLQV Write Enable Low to Output Valid 

tovav Data Valid to Output Valid 

-ADDRESS _)I(. 

DATA IN 

DATA OUT 
(L7C192 Only) 

~ ~ 
1-tAVBW~ I---

~~ 

J 

' 

45 

Min Max 
40 
30 
0 

30 
0 

20 
15 
0 
0 

15 
35 
35 

tAVAV 

tcLEW 

tAVEW 
twLEW 

r tDVEW 
.Y DATA-IN VALID ~ 

t tWLOZ 
~ 

HIGH IMPEDANCE 
A 

tWLOV • 

L7C191/192 

35 25 20 15 

Min Max Min Max Min Max Min Max 
25 20 20 15 
25 15 15 12 

0 0 0 0 
25 15 15 12 
0 0 0 0 

20 15 15 12 

15 10 10 7 

0 0 0 0 
0 0 0 0 

10 7 7 5 
30 20 15 15 
30 20 15 15 

) 

.fZZZ7.LJ "ZZZZZZZZ 
tEWAX~ 

y 
tewDx 

J'll..~~~ 
~LL/ 

1---tWHQZ _,, 
1'. 

DATA VALID 

tPU I : 
DATA OUT 
(L7C191 Only) 

Ice ~ tPD 
tPU 

------~ 

ADDRESS 

DATA IN 

DATA OUT 
(L7C192 Only) 

DATA OUT 
(L7C191 Only) 

Ice 

- ~ ....... _...-... - ..-...- .-.-.-- -_ .. ___ -- - ----- ------

HIGH IMPEDANCE 

DATA VALID 
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64K x 4 Static RAM 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning a t-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8through2-l l ofthisdata book supply the 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE :;;; VIL, WE:;;; VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CT~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CT= Vee. Input 
levels are within 0.2 V of Vee or ground. 

9. Data retention operation requires that 
Vee never drop below 2.0V. CE must be 
~Vee - 0.2 V. For all other inputs VIN 
~Vee - 0.2 V or VIN :;;; 0.2 V is required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ...-.... ~-...-... - ~------- - ----- -- ------ --------

L7C191/192 

IOH plus 30 pF (Fig. la), and input pulse 22. All address timings are referenced from 
levels of 0 to 3.0 V (Fig. 2). the last valid address line to the first transi-

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 

16. The internal write cycle of the mem~ 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 

18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Iee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of Ch. 

b. Falling edge of WE (CE active). 

c. Transitiononanyaddressline (Ch active). 

d. Transition on any data line (CE and WE 
active). 

The device automatically powers down 
from Iee2 to 1ee1 after tro has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. 1 b. This parameter is sampled and not 
100% tested. 

tioning address line. 

23. Ch or WE must be high during address 
transitions. 

24. This product isa very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
d ures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

R1 4800 

INCLUDING 30 pF 

JIG AND I_ 
SCOPE 

R1 4800 
+5V 

OUTPUT u--------

INCLUDING 5 pF 

JIG AND I_ 
SCOPE 

R2 
2550 

R2 
2550 

-- ----
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64K x 4 Static RAM 

28-pln 

(0.3" wide) 
A1 
A2 

A3 

A4 

A9 

vee 
A15 
A14 

A13 

A12 
A11 
A10 

02 

01 

oo 

28-pln 
Ao 

A1 

A2 

A3 
A4 

As 

A6 

A7 
As 
Ag 

lo 
11 

CE 

vee 
A15 
A14 

A13 

A12 

A11 

A10 

13 

11 

CE 
GND WE GND 

12 
03 

02 
01 

Oo 
WE 

Sldebraze CerDIP Plastic SOIC 
(P10) Hermetic DIP (010) (CS) (.340"-·V2) 

45ns 
35ns 
25ns 
20ns 
15 ns 
12 ns 

L7C191PC 35 1
45 

or 25 
L7C192PC 20 

45ns 
35ns 
25ns 
20ns 
15 ns 
12 ns 

45ns 
35ns 
25ns 
20ns 
i5 ns 
12 ns 

45ns 
35ns 
25ns 
20'ns 
15 ns 
12ns 

-...-...~-....-.. - ~-------- ------ -- - ~---- --~------

15 1
45 

L7C191DC 35 
or 25 

L7C192DC 20 
15 1

45 
L7C191CC 35 

or 25 
L7C192CC 20 

15 1
45 

L7C191VC 35 
or 25 

L7C192VC 20 
15 

L7C191DM 1 :~ L7C191CM 1 ~ 
a' 25 a' 25 

L7C192DM 20 L7C192CM 20 

1

45 145 L7C191DME 35 L7C191CME 35 

L7C1~DME : L7C1~ME : 

1

45 145 L7C191DMB 35 L7C191CMB 35 

L7C1~DMB : L7C1~MB : 

PlastlcSOJ 
(.300"-W2) 

1
45 

L7C191WC 35 
or 25 

L7C192WC 20 
15 

L7C191/192 
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32K x 8 Static RAM (Low Power) L7C199/L7CL 199 

0 32K x 8 Static RAM with Chip 
Select Powerdown, Output Enable 

The L7C199 and L7CU99 are high
performance, low-power CMOS static 
RAMs. The storage circuitry is organ
ized as 32,768 words by 8 bits per 
word. The 8 Data In and Data Out 
signals share 1/0 pins. These devices 
are available in five speeds with max
imum access ti.mes from 15 ns to 45 ns. 

0 Auto-Powerdown™ Design 

0 Advanced CMOS Technology 

0 High Speed - to 15 ns maximum 

0 Low Power Operation 
Active: 

380 mW (typical) at 45 ns 
Standby (typical): 

lOmW (L7C199) 
1.25 mW (L7CL199) 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT71256, 
Cypress CY7C198/199 

0 Package Styles Available: 
• 28-pin Plastic DIP 

Inputs and output are TTL compat
ible. Operation is from a single +5 V 
power supply. Power consumption 
for the L7C199 is 380 mW (typical) at 
45 ns. Dissipation drops to 100 mW 
(typical) for the L7C199 and 60 mW 
(typical) for the L7CL199 when the 
memory is deselected (Enable is high). 

• 28-pin Side braze, Hermetic DIP 

Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read or write 
accesses which are longer than the 
minimum access ti.me, or when the 
memory is deselected. In addition, 

• 28-pin Cer DIP 
• 28-pin Plastic SOIC 
• 28-pin Plastic SOJ 
• 32-pin Ceramic LCC 

Vee GND 

! ! 

ROW 
ADDRESS 

1-
(.) 
w 
...J 
w 
en 
~ 
0 a: 

CONTROL 

- ~ ~-...-... - ._.._.~--
- -_ _,, ___ -- ------ ------

1024 x 32 x 8 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE DATA 

1/0 

data may be retained in inactive stor
age with a supply voltage as low as 
2 V. The L7C199 and L7CL199 con
sume only 1.5 mW (typical) at 3 V, 
allowing effective battery backup 
operation. 

The L7C199 and L7CL199 provide 
asynchronous (unclocked) operation 
with matching access and cycle ti.mes. 
An active-low Chip Enable and a 
three-state 1/0 bus with a separate 
Output Enable control simplify the 
connection of several chips for 
increased storage capacity. 

Memory locations are specified on 
address pins Ao through A14. Reading 
from a designated location is accom
plished by presenting an address and 
driving CE low while WE remains 
high. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin st~s in a high
impedance state when CE or OE is 
high, or WE is low. 

Writing to an addressed location is 
acco~lished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 

Latchup and static discharge pro
tection are provided on-chip. The 
L7C199 and L7CL 199 can withstand 
an injection current of up to 200 mA 
on any pin without damage. 

=-==-==-==-=-====================================Memory Products 
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32K x 8 Static RAM (Low Power) L7C199/L7CL 199 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to + 7.0 V 
Signal applied to high impedance output ............................................................................... -3.0 V to + 7.0 V 

Output current into low outputs .............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 200 mA 

Symbol 

VOH 

VOL 

VIH 

VIL 

llX 

loz 

los 

Mode 

Active Operation, Commercial 
Active Operation, Military 
Data Retention, Commercial 

Data Retention, Military 

Parameter 

Output High Voltage 

Output Low Voltage 

Input High Voltage 

Input Low Voltage 

Input Leakage Current 

Output Leakage Current 

Output Short Current 

Vee Current, TIL Inactive 

Temperature Range (Ambient) 

0°c to +70°C 
-55°C to + 125°C 

0°c to +70°C 

-55°C to + 125°C 

Test Condition 

IOH = -4.0 mA, Vee = 4.5 v 

IOL = 8.0 mA 

(Note 3) 

GND $VIN s; Vee 

GND s; VOUT s; Vee, CE = Vee 

VOUT = GND, Vee = Max (Note 4) 

(Note 7) 

lee3 Vee Current, CMOS Standby (Note 8) 

lee4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 

CIN Input Capacitance Ambient Temp= 25°C, Vee = 5.0 V 
t--~---j~~~~~~~~~~---l 

CouT Output Capacitance Test Frequency= 1 MHz (Note 10) 

Symbol Parameter Test Condition 45 

lee1 J Vee Current, Active I (Note 6) 85 

- ~ ....-...-~ ------ - ------ -- - ----- -------

Supply Voltage 

4.5 V s Vee s 5.5 V 
4.5 V ~ Vee s 5.5 V 
2.0 Vs Vee s 5.5 V 

2.0 vs Vee s 5.5 v 

L7C199 L7CL199 
Min Typ Max Min Typ Max Unit 

2.4 

2.0 

-3.0 

-10 

2.4 

0.4 

Vee 2.0 
+0.3 

0.8 t-3.0 

+10 -10 

v 
0.4 v 
Vee V 
+0.3 

0.8 v 
+10 µA 

-10 +10 -10 +10 µA 

-350 -350 mA 

20 40 12 20 mA 

2 10 0.25 0.75 mA 

500 5000 20 200 µA 

5 5 pF 

7 7 pF 

I .,,...., nn11 """' .. nn 
I.IV I VV/1..1 '-'I.. I vv• 

35 25 20 15 Unit 

110 150 185 240 mA 

=DE=v=1c=:=1=NC~O~RP=~=RA=T=ED==============================================~ Memory Products 
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32K x 8 Static RAM (Low Power) 

: ";;,i;C'•?/:_ ~~:'.;;:/ %1[f'J ::::;;>~ 

2="•0••:;;::;:: •'·~ 

Symbol Parameter 

tAVAV Read Cycle Time 

tAVQV Address Valid to Output Valid (13, 14) 

tAXOX Address Change to Output Change 

tcLQV Chip Enable Low to Output Valid (13, 15) 

tcLOZ Chip Enable Low to Output Low Z (20, 21) 

tCHQZ Chip Enable High to Output High Z (20, 21) 

tOLQV Output Enable Low to Output Valid 

toLOZ Output Enable Low to Output Low Z (20, 21) 

toHQZ Output Enable High to Output High Z (20, 21) 

tPU Input Transition to Power Up (10, 19) 

tPD Power Up to Power Down (1 o, 19) 

tCHVL Chip Enable High to Data Retention (1 O) 

Ice 

i-------------- tAVAV 

L7C199/L7CL 199 

···.·.·.· ............ ·.·····························•>>><<<>>••.•! 

L 7C199/L 7CL 199-
45 35 25 20 15 

Min Max Min Max Min Max Min Max Min Max 

45 35 25 20 15 
45 35 25 20 15 

3 3 3 3 3 
45 35 25 20 15 

3 3 3 3 3 
15 15 10 8 8 

20 15 12 10 8 

0 0 0 0 0 
15 10 10 8 5 

0 0 0 0 0 
45 35 25 20 20 

0 0 0 0 0 

DATA VALID 

i _____ _ 

tcHOZ 

tOHaz 

DATA VALID 

HIGH 
IMPEDANCE 

tpu --+..------
Ice -------* SOo/o SO'Yo t.-------------------

Vee 
DATA RETENTION MODE 3 

.4.SV 

!---tcHVL 

CE 777777777 ~VIH ' 

- ~ ....-..-~ - ------ - -~--- -- - ----- -
_ __. __ _ 

••vf= 
lAVAV ~V 

v7SSSSS\SSSSSS 
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32K x 8 Static RAM (Low Power) L7C199/L7CL 199 

L 7C199/L7CL 199-
45 35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Mn Max Min Max 
tAVAV Write Cycle Time 40 25 20 20 15 
tcLEW Chip Enable Low to End of Write Cycle 30 25 15 15 12 
tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 30 25 15 15 12 
tEWAX End of Write Cycle to Address Change 0 0 0 0 0 

twLEW Write Enable Low to End of Write Cycle 20 20 15 15 12 
tDVEW Data Valid to End of Write Cycle 15 15 10 10 7 

tEWDX End of Write Cycle to Data Change 0 0 0 0 0 
twHQZ Write Enable High to Output Low Z (20, 21) 0 0 0 0 0 
twLQZ Write Enable Low to Output High Z (20, 21) 15 10 7 7 5 

tAVAV -ADDRESS )I( JI( - tCLEW 

~~ ~"\.. ILLLL V-LLLLLLL 
tAVEW tEWAX--

1---1-tAVBW~ twLEW 

~ .T 
L tove11 tEWDX 
J, 

DATA-IN VALID 1'..X..X~ 

..l ~WLOZ 
_ILL LI 

J HIGH IMPEDANCE 1---tWHOZ 
I ~ 

' A 1'. 

DATA IN 

DATA OUT 

tPU . 
~ ~ tPO 9 __ _ tPU 

-----~ 

------------ tAvAv-----------

ADDRESS 

DATA IN 

Ice 

- ~ ~-....-... - ~~------ ------ -- ------- ------------=-===-==-===-=-===================================================Memory Products 
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32K x 8 Static RAM (Low Power) 

1. Maximum Ratings indicate stres.s specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8 through2-11 of this data book supply the 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE s; VIL, WE s; VIL. Input pulse levels 
are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ;;::: VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE= Vee. Input 
levels are within 0.2 V of Vee or ground. 

9. Data retention operation r~uires that 
Vee never drop below 2.0 V. CEl must be 
;::: Vee - 0.2 V. For the L7C199, all other in
puts meet VIN s; 0.2 V or VIN;::: Vee -0.2 V 
to ensure full powerdown. For the L7CL199, 
this requirement applies only to CE and WE; 
there are no restrictions on data and ad
dress. 

10. These parameters are guaranteed but 
not 100% tested. 

- ~ ....-...-....-... - ------- - ------ -- - ----- ----------

11. Test conditions assume inputtransition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CE transition to low. 

16. The internal write cycle of the mem~ 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 

18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from Iee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 
b. Falling edge of WE (CE active). 

c. Transitiononanyaddressline (CE active). 

d. Transition on any data line (CE and WE 
active). 

The device automatically powers down 
from Iee2 to Iee1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

L7C199/L7CL 199 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. lb. Thisparameterissampledand not 
100% tested. 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE or WE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

R1 480.Q 

OUTPUT u-~~-t111--~~~e 

INCLUDING I 30 pF 
JIG AND 
SCOPE 

R1 480 .Q 
+5V 

OUTPUT u-~~---.--~~~-e 

INCLUDING 
JIG AND 
SCOPE 

R2 
255 .Q 
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32K x 8 Static RAM (Low Power) 

45 ns 
35 ns 
25ns 
20ns 
15 ns 
12 ns 

45ns 
35ns 
25ns 
20 ns 
15 ns 
12 ns 

45ns 
35ns 
25ns 
20 ns 
i5 ns 
12 ns 

28-pln 

(0.3" wide) 
A14 

A12 

Ao 

1/00 

1/01 
1/02 

GND 

vee 
WE 
A13 

As 
A9 

A11 

OE 

1/07 

1/06 

1/05 
1/04 

1/03 

L7C199PC 1 ~~ L7C199DC 1 :~ L7C199CC 1 ~~ 
or 25 or 25 or 25 

L7CL199PC 20 L7CL199DC 20 L7CL199CC 20 
15 15 15 

1

45 145 L7C199DM 35 L7C199CM 35 
or 25 or 25 

L7CL199DM 20 L7CL199CM 20 

45 145 L7C199DME 35 L7C199CME 35 
or 25 or 25 

L7CL 199DME 120 L7CL 199CME 20 

28-pln 

(0.6" wide) 

L7C199/L7CL 199 

A14 28 Vee 
A12 27 WE 

A7 26 A13 

A6 25 As 

As 24 Ag 

A4 23 A11 

A3 7 22 OE 
A2 8 21 A10 

A1 9 20 Cf: 
Ao 10 19 1/07 

1/00 11 18 1/06 

1/01 12 17 1/05 

1/02 13 16 1/04 

GND 14 15 1/03 

SI deb raze 
Hermetic DIP (09) 

CerDIP 
(C6) 

L7C199NC 1 ~~ L7C199HC 1 ~~ L7C199IC 1 ~~ 
or 25 or 25 or 25 

L7Cl199NC 20 L7CL 199HC 20 L7CL 199IC 20 
15 15 15 

1
45 

L7C199IM 35 
or 25 

L7CL 199IM 20 1
45 

L7C199HM 35 
or 25 

L7CL199HM 20 

1

45 45 
L7C199HME 35 L7C199IME 35 

or 25 or 25 
L7CL199HME 20 L7CL 199IME 120 

i~'.4$$~~jj(j~~412S~c:~~:~:~:~:~:~;M:lt~Stb~-3:~¢.d.M~ci~i~rii i!~~i~~:~~:]iii~ii~~i~~~~j~~iiii~~~i~~~~~~:~::~~:~:::::::::::::::::.·.·.· .·.·.·.·.· .. ·. -:·:·:·:·:·:·:·:·:·:·:·:·.·:·:·.·:·:·.·:·.;:;:: . .:::::;.;:;:;:;:;::::.:-:··:::::::·.·.· .·.· .. ·. 
45 ns 
35ns 
25ns 
20ns 
15 ns 
12 ns 

- ...-... .....-.. -....-.. - ......_,~----
- -_ .. ___ -- - ----- -------

45 45 
L7C199DMB 135 L7C199CMB135 

or 25 or 25 
L7CL 199DMB 20 L7CL 199CMB 20 

L7C199HMB1 ~~ L7C199IMB1 ~~ 
or 25 or 25 

L7CL199HMB 20 L7CL199IMB 20 
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32K x 8 Static RAM (Low Power) 

28-pin 
A14 28 Vee 
A12 27 WE 
A? 26 A13 

A6 25 As 

As 24 Ag 

A4 23 A11 

A3 22 OE 
A2 21 A10 

A1 20 CE 
Ao 10 19 1/07 

1/00 11 18 1/06 

1/01 12 17 1/05 

1/02 13 16 1/04 

GND 14 15 1/03 

45 ns 
35 ns 
25 ns 
20 ns 
15 ns 
12 ns 

L7C199VCt ~~ L7C199WC t ~~ 
or 25 or 25 

L7CL199VC 20 L7CL199WC 20 
15 15 

45 ns 
35 ns 
25 ns 
20 ns 
15 ns 
12 ns 

45 ns 
35ns 
25 ns 
20 ns 
15 ns 
12 ns 

45 ns 
35 ns 
25 ns 
20 ns 
15 ns 
12 ns 

- ..-.. ~-...-.... - ------ - ------ -- - ... ____ -_ ___.........., _ _. 

32-pln 

(450 x 550) 

Ao 
NC 

l/Oo 

I 

~ 
~ 

t
45 

L7C199TC 35 
or 25 

L7CL 199TC 20 
15 

i 
45 

L7C199TM 35 
or 25 

L7CL 199TM 20 

45 
L7C199TME135 

or 25 
L7CL199TME 20 

45 
L7C199TMB135 

or 25 
L7CL 199TMB 20 

L7C199/L7CL 199 

...-- N 0 () C"'l "'<t L.l'1 

QQzzQQQ 
--(.'.) ---

As 
Ag 

A11 
NC 

1/06 
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4K x 4 CMOS Cache-Tag Static RAM l 7C1 80/181 

0 4K x 4 CMOS Static RAM with 4-bit 
Tag Comparison Logic 

0 High Speed Address-to-MATCH 
- 10 ns maximum 

0 Totem Pole (L7C180) or Open 
Drain (L7C181) MATCH Output 

0 High Speed Flash Oear 
0 Auto-PowerdownTM Design 

0 Low Power Operation 
Active: 225 mW typical at 25 ns 
Standby: 100 µW typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT 6178, 
SSL4180, SSL4181, MK41H80, 
MCM4180 

0 Package Styles Available: 
22-pin Plastic DIP 
22-pin Sidebraze Hermetic DIP 
22-pin CerDIP 
24-pin SOJ 

DATA 
1/0 

Vee GND 

i ! 

- ...-... .....-...-~ - ~ ......_, -.-. - -_ .. ___ -- ------- --------

4 

The L7C180 and L7C181 are high 
performance, low power CMOS static 
RAMs optimized for use as the 
address tag comparator in high speed 
cache memory systems. The storage 
circuitry is organized as 4096 words 
by 4-bits per word and includes a 4-bit 
data comparator with MATCH output. 
The 4-bit data is input/output on 
shared 1/0 pins and comparison per
formed between 4-bit incoming data 
and accessed memory locations. Wide 
tag addresses are easily accommo
dated by paralleling devices and 
ANDing or Wire-ORing the MATCH 
outputs when working with L7C180's 
or L7C181 's respectively. For either 
device, a low on the MATCH output 
indicates a data mismatch. 

Also provided is a high speed CLEAR 
control which clears all memory 
locations to zero when activated. This 

5 COLUMN 
ADDRESS 

MATCH 

4 

(OPEN DRAIN-L7C181) 
OR 
(TOTEM POLE-L7C180) 

allows all address tag bits to be 
cleared when powering on or flushing 
the cache. 

These devices are available in five 
speed grades with maximum address
to-MA TCH times of 10 ns to 25 ns. 
Operation is from a single +5 V power 
supply with power consumption only 
255 mW (typical) at 25 ns. Dissipation 
drops to 75 mW (typical) when the 
memory powers down. 

Two power saving standby 
modes are available. Proprietary 
Auto-PowerdownTM circuitry reduces 
power consumption automatically 
whenever the inputs are stable for 
longer than the minimum access time. 
For minimal power consumption, data 
may be retained in inactive storage 
with a supply voltage as low as 2 V. 
The L7C180 and L7C181 consume 
only 15 µW (typical) at 3 V allowing 
effective battery backup operation. 

The L7C180 and L7C181 provide fully 
asynchronous (unclocked) operation 
with matching access and cycle times. 
Memory locations are specified on 
address pins Ao through A11 with 
functions defined in the Truth Table 
on the next page. Data In has the 
same polarity as Data Out. 

Latchup and static discharge protec
tion are provided on-chip. The 
L7C180 and L7C181 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 

-~ ._--~ 

=DE=V=IC=ES=IN=c=o=RPO==AA=TE=D==============================================MernoryProducts 

2-97 LDS.18011-8 

I 



4K x 4 CMOS Cache-Tag Static RAM L7C180/181 

•·MAXIMuM•·•RAtlNas 

WE OE CLR MATCH 1/0 FUNCTION 

................................. 

~1>py~ Wl1@1 &~~turiir~ m~Y.t# iifik~1reAffioct9~ t.?J 
x x L H High Z Clear all bits to low 

H H H L DIN No MATCH 

Storage temperature ........................ -65°C to + 150°C 

Operating ambient temperature ....... -55°C to + 125°C 

Vee supply voltage with 

H H H H DIN MATCH respect to ground .......................... -0.5 V to +7.0 V 

H L H H DOUT Memory Read 
Input signal with respect to ground .... -3.0 V to +7.0 V 

Signal applied to high 

L x H H DIN Memory Write impedance output .......................... -3.0 V to +7.0 V 

Output current into low outputs ......................... 25 mA 
x = Don't Care; L = VIL; H = VIH Latch up current ............................................ > 200 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Data Retention, Commercial 

Data Retention, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

0°c to +70°C 
-55°C to + 125°C 

Supply Voltage 

4.5 Vs Vee s 5.5 V 

4.5 Vs Vee s 5.5 V 

2.0 V s Vee s 5.5 V 

2.0 Vs Vee s 5.5 V 

·e@¢f~1¢At. C.~itR.6.<:f~ij1st1cs @~rQp~tiltirfg.Qqt@iti¢1'J$•lNi:Jfo$) 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage loH = -4.0 mA, Vee = 4.5 V (all except MATCH pin) 2.4 v 
(Note 11) IOH = -12.0 mA, Vee= 4.5 V (MATCH pin-L7C180) 2.4 v 

VOL Output Low Voltage IOL = 8.0 mA (all except MATCH pin) 0.4 v 
(Note 11) IOL = 10.0 mA (all except MATCH pin) 0.5 v 

IOL= 24.0 mA (MATCH pin) 0.4 v 
IOL = 30.0 mA (MATCH pin) 0.5 v 

VIH Input High Voltage 2.0 Vee v 
+ 0.3 

VIL Input Low Voltage (Note3) -3.0 0.8 v 
llX Input Current GND $VIN$ Vee -10 +10 µA 

loz Output Leakage Current GND s VouT s Vee, OE = Vee (except MATCH pin) -10 +10 µA 

los Output Short Current VOUT = GND, Vee = Max (Note4) -350 mA 

lee2 Vee Current, TIL Inactive (Note7) 15 30 mA 

lee3 Vee Current, CMOS Standby (Note8) 5 12 mA 

lee4 Vee Current, Data Retention Vee= 3.0 v (Note9) 1.5 5 mA 

CIN Input Capacitance Ambient Temp= 25°C, Vee = 5.0 V 5 pF 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 7 pF 

L 7C180/181-

Symbol Parameter Test Condition 25 20 1 15 12 10 l Unit 

lee1 ] Vee Current, Active 1 (Note6) 65 85 1 110 135 150 J mA 

- ....-.. ....-.. -....-.... - ------ - -~--- -- - ~---- -------------0E-v-1c-Es_1_Nc_o_R_Po_RA_r_E_o _________________________ Memory Products 
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4K x 4 CMOS Cache-Tag Static RAM L7C180/181 

MAtcH"ANo ct EAR crcLE rlAf1N<i 1f.lbtes s, 11, 12, 20, 21. 22r _ ~ > · ... i > 
····· 

· .. ... .... ... · . ·.· 

.::..~ -'. ... -'. 

········~ L 7C180/181-
25 20 15 12 10 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV MATCH Cycle Time 25 20 15 12 10 

tAVMV Address Valid to MATCH Valid 22 20 15 12 10 
tAXMX Address Change to MATCH Change 3 3 3 3 3 
tOHMV Output Enable High to MATCH Valid 15 15 13 10 a 
tOLMH Output Enable Low to MATCH High 3 3 3 3 3 
twHMV Write Enable High to MATCH Valid 15 15 13 10 a 
twLMH Write Enable Low to MATCH High 3 3 3 3 3 
tCLMH CCEJrn Low to MATCH High 0 20 0 15 0 12 0 10 0 a 
tOVMV Data Valid to MATCH Valid 15 15 13 10 a 
tOXMX Data Change to MATCH Change 0 0 0 0 0 
tCLCL CCTAR Cycle Time (23) 55 45 35 30 25 
tCLCH CLEAR Pulse Width (23) 15 15 12 12 10 
tcux CCTAR Low to Inputs Don't Care (23) 0 0 0 0 0 
tcLOZ CLEAR Low to Output High Z (18, 19) 15 15 10 10 a 
tCLIR CCEAR Low to Inputs Recognized (23) 55 45 35 30 25 

..__ _______ tAvAv-------i---- tAXMX ---

DATA VALID READ DATA-OUT 

----------------------------------------' 
MATCH 

CLEAR ------------------------.... 

DATA OUT 
-------------------------+-----'1 

Ice 

- ~ .....-..-~ - ------ - ------ -- - ----- --------"-""' ..._.._ ~ 
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4K x 4 CMOS Cache-Tag Static RAM L7C180/181 

F:.,;.;g ~ ~:::::::: ::::::::: ::::::::::: :::::: 

22~2i{' ::;;: ~ 2 

L 7C180/181-
25 20 15 12 10 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Read Cycle Time 25 20 15 12 10 
tAVQV Address Valid to Output Valid (13, 14) 25 20 15 12 10 
tAXOX Address Change to Output Change 3 3 3 3 3 

toLOV Output Enable Low to Output Valid 12 10 8 6 4 

toLOZ Output Enable Low to Output Low Z (18, 19) 0 0 0 0 0 
toHOZ Output Enable High to Output High Z (18, 19) 10 8 8 5 4 

tPU Input Change to Power Up (1 o, 17) 0 0 0 0 0 
tPD Power Up to Power Down (1 o, 17) 25 20 20 20 18 
tcHVL Control Input High to Data Retention (1 O) 0 0 0 0 0 

_------------- tAvAv-------------

1 
ADDRESS * * 

-------tAVOV l I 

Ice ~------

----------~tAVAv--------------

-----toLov-----~ 
t0Loz---

DATAOUT---t---H1G_H_1M_PE_DAN_c_E ___ _.."4--,._4-+-< 
l'-~......,._.~...._-----....;;,;DA~TA~V~A~LID;...... ___ _,.1'-__,.1 

HIGH 
IMPDEANCE 

t~--~------

lcc -------* 50% 
50%:{.....___ ___ _ 

Vee 
DATA RETENTION MODE3 

.4.SV 

1--tcHVL 

WE %%%%%%%%% ~VIH ' 

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

4.SV1= V 
lAv•v-1' 

VrHl\s s SS SS SS SS \S 

-----=oEV==IC=ES=IN=c=oR=P=ORA==TE=o==============================================MernoryProducts 
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4K x 4 CMOS Cache-Tag Static RAM L7C180/181 

(:'::: :,::::;:::;: L ;;:~ 
::: 

~ ~ 
•;>::?{} :::.:;.:1:2. 

L 7C180/181 • 

25 20 15 12 10 
Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 20 20 15 12 10 
tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 15 15 12 10 8 

tEWAX End of Write Cycle to Address Change 0 0 0 0 0 
twLEW Write Enable Low to End of Write Cycle 15 15 12 10 8 

tDVEW Data Valid to End of Write Cycle 10 10 7 6 5 
tEWDX End of Write Cycle to Data Change 1 1 1 1 1 
twHOZ Write Enable High to Output Low Z (18, 19) 0 0 0 0 0 
twLOZ Write Enable Low to Output High Z (18, 19) 7 7 5 4 4 

ADDRESS 

tAVBW 

DATA IN DATA-IN VALID 

DATA OUT 
HIGH IMPEDANCE 

MATCH 

Ice ___ _ 

- ...-.. ~-~ - ------ - ------ -- - ----- -------_,,,,.._.........__._.._.,.. 
=oE=v=,c=Es=,=Nc=o=RP=o=RA=T=Eo================================================ Memory Products 
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4K x 4 CMOS Cache-Tag Static RAM 

1. Maximum Ratings indicate stress speci
fications only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating 
conditions for extended periods may affect 
reliability of the tested device. 

2. The products described by this 
specification include internal circuitry 
designed to protect the chip from damaging 
substrate injection currents and accu
mulations of static charge. Nevertheless, 
conventional precautions should be 
observed during storage, handling, and use 
of thesecircuitsin order to avoid exposure to 
excessive electrical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach -2 V. The device can withstand inde
finite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8 through2-11 of this data booksupplythe 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., OE, WE & CLEAR::;; VIL. Input pulse 
levels are 0 to 3.0 V. 

7. Tested with outputs open and all address 
and data inputs ~ VIH. The device is con
tinuously disabled, i.e., WE, OE, & CLEAR~ 
VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., WE, OE, and 
CLEAR =Vee. Input levels are within 0.2 V 
ofVecorGND. 

9. Data retention ooeration reauires that 
Vee never drop bel~w 2.0 V. WE, OE, and 
CLEAR must be~ Vee-0.2 V. For all other 
inputs VIN ~ Vee - 0.2 or VIN ::;; 0.2 V is 
required to ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume inputtransition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Figs. la, le, and ld), and 
input pulse levels of 0 to 3.0 V (Fig. 2). - ...-... ...-...-~ - -------- - ------ -- - ----- -
_ _.. _____ _ 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the 
external system driving the chip. For 
example, tAVEW is specified as a minimum 
since the external system must supply at 
least that much time to meet the worst-case 
requirements of all parts. Responses from 
the internal circuitry are specified from the 
point of view of the device. Access time, for 
example, is specified as a maximum since 
worst-case operation of any device always 
provides data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (WE 
high and OE low). 

15. All address lines are valid tAVQV to toLQv 
prior to the OE transition to low. 

16. The internal write cycle of the memory 
is defined by WE low. The address and data 
set..!:!£_ and hold times should be referenced 
to WE falling and rising edges. 

17. Powerup from ICC2 to ICCl occurs as a 
result of any of the following conditions: 

a. Falling edge of WE. 
b. Transition on any address line. 
c. Transition on any data line 

(WE active). 
d. Falling edge of CLEAR. 
The device automatically powers down 
from Iee1 t0Iee2 aftertPDhas elapsed from 
any of the power up triggers. The exception 
is CLEAR where the device remains 
powered up for the duration of the Clear 
cycle. This means that power dissipation is 
dependent on only cycle rate, and not on 
Write Enable pulse width. 

18. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

19. Transition is measured ±200 mV from 
steady state voltage with specified loading 
in Fig. lb. This para-meter is sampled and 
not 100% tested. 

20. All address timings are referenced from 
the last valid address line to the first 
transitioning address line. 

21. WE must be high during address 
transittons. 

22. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. 
Inadequate attention to setups and 
procedures can cause a good part to be 
rejected as faulty. Long high-inductance 
leads that cause supply bounce must be 
avoided by bringing the Vee and ground 
planes directly up to the contactor fingers. A 

L7C180/181 

0.01 µF high frequency capacitor is also 
required between Vee and ground. To 
avoid signal reflections, proper termin
ations must be used. 

23. The Clear cycle is edge-triggered on the 
falling edge of CUAR. While the internal 
Clear cycle is in progress, all inputs, 
including multiple CLEAR pulses, are 
ignored. lnpu ts are recognized after ta.IR 
has elapsed from the falling edge of CLEAR. 
For proper operation, V cc must be within its 
specified normal operating voltage prior to 
assertion of CLEAR. 

Ai 4son 
+5 v o-----'V'J....---, 

OUTPUT 0-----<----a 

INCLUDING 
JIG AND 
SCOPE 

R1 480n 
+5V o-----'VIJ....---, 

OUTPUT o-----<-----e 

INCLUDING 
JIG AND 
SCOPE 

ISpF 
R2 
2ssn 

FtGlJRE 1c/MATCHOl1Tf>lir Tote.. Pcil.e 

R1 1son 
+5 v C>n-----"\AIV-~ 

MATCH C> I 
OUT 

INCLUDING I 30 
pF <' ~~n 

JIG AND 
SCOPE =- ~ 

F1ol1Fle td.> MATCH OurPllT OPEN DRAIN 

Ri 200'2 

+SV==3 
MATCH 

OUT 

INCLUDING T 30 pF 
.JIG ANn 
SCOPE l. 

-- ----=DE=V=IC=ES=IN=C=O=RP=O=RA=T=ED================================================IVlernory Products 
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4K x 4 CMOS Cache-Tag Static RAM 

22-pin 

(0.3" wide) 

25ns 
20ns 
15 ns 
12 ns 
10 ns 1

25 
L7C180PC 20 

or 15 
L7C181PC 12 

10 
8 ns 

25ns 
20ns 
15 ns 
12 ns 
10 ns 
8 ns 

25ns 
20ns 
15 ns 
12 ns 
10 ns 
8 ns 

25 ns 
20 ns 
15 ns 
12 ns 
10 ns 
8 ns 

- ..-... ...-.. -..-.. - ------ - _ _, ___ -- ------- -------

Vee 
A3 
A2 
A1 

Ao 

CLEAR 
1/03 

1/02 

1/01 

l/Oo 
MATCH 

1
25 

L7C180CC 20 
or 15 

L7C181CC 12 
10 1

25 
L7C180DC 20 

or 15 
L7C181 DC 12 

10 

1
25 

L7C180DM 20 
or 15 

L7C181DM 12 1
25 

L7C180CM 20 
or 15 

L7C181CM 12 

1

25 125 L7C180DME 20 L7C180CME 20 
or 15 or 15 

L7C181 DME 12 L7C180CME 12 

1

25 125 L7C180DMB 20 L7C180CMB 20 
or 15 or 15 

L7C181 DMB 12 L7C181CMB 12 

24-pin A4 
A5 

A6 
A7 

AB 
Ag 

NC 
A10 

A11 

OE 
WE 

GND 

L7C180WC 20 · 125 
or 15 

L7C181WC 12 
10 
8 

2 

3 
4 

5 

10 
11 

12 

L7C180/181 

24 Vee 
23 A3 
22 A2 
21 A1 

20 Ao 
19 NC 
18 CLEAR 
17 1103 
16 1/02 
15 1/01 
14 l/Oo 
13 MATCH 

-~~-~ =DE=V=IC=ES=IN=C=O=RP=O=RA=T=ED================================================MernoryProducts 
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SK x 8 CMOS Cache-Tag Static RAM l7C174 

0 SK x 8 CMOS Static RAM with 8-bit 
Tag Comparison Logic 

0 High Speed Address-to-MATCH 
- 12 ns maximum 

0 High Speed Flash Clear 
0 High Speed Read Access Time 

- to 12 ns maximum 
0 Auto-PowerdownTM Design 

0 Low Power Operation 
Active: 320 mW typical at 35 ns 
Standby: 500 µW typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with IDT 7174, 
MK48H74 

0 Package Styles Available: 
• 28-pin Plastic DIP 
• 28-pin Sidebraze Hermetic DIP 
• 28-pin Cer DIP 
• 28-pinSOJ 
• 32-pin Ceramic LCC 

DATA 
1/0 

WE 
OE -t>--++-a 

CE 

- ..-... ..-...-...-... - ~------- ------- -- ------- ----------~ 

8 

The L7C174 is a high ~rformance, 
low power CMOS static RAM opti
mized for use as the address tag com-:
para tor in high speed cache memory 
systems. One L7C174 can be used to 
map BK cache lines into a 1 megabyte 
address space by comparing 20 
address bits organized as 13-line 
address bits and 7-page address bits. 

This device is available in five speed 
grades with maximum address-to
MA TCH times of 12 ns to 35 ns. 
Operation is from a single +5 V power 
supply with power consumption only 
320 mW (typical) at 35 ns. Dissipation 
drops to 75 mW (typical) when the 

is deselected (Enable is high). 

T o o er saving standby 
The storage circuitry is organized as mo available. Proprietary 
8192 words by 8 bits per word and o-Pow down TM circuitry reduces 
includes an 8-bit data comparator · onsumption automatically 
MATCH output. The 8-bit data~· henever the inputs are stable for 
input/ output on shared 1/0 pin 1 er than the minimum access time, 
comparison performed~n · when the memory is deselected. 
incoming data and acce ed o For minimal power consumption, data 
locations. Also pro~e may be retained in inactive storage 
speed CLEAR con o · ears all with a supply voltage as low as 2 V. 
memory locations r H The L7C174 consumes only 30 µW 
activated. · allo a Clress tag (typical) at 3 V allowing effective 
bits to be~ p wering on battery backup operation. 
or when flu · e che. Th · e L7C174 provides fully asynchro-

nous (unclocked) operation with 
matching access and cycle times. An 
active low Chip Enable and Output 
Enable along with a three state I/ 0 
bus simplify the connection of several 
chips for increased storage capacity. 
Wide tag addresses are easily accom
modated by paralleling devices and 
wire-ORing the MATCH outputs. 

256 x 32 x 8 
MEMORY 
ARRAY 

5 COLUMN 
ADDRESS 

MATCH 
(OPEN DRAIN) 

8 

Memory locations are specified on 
address pins Ao through Ai2 with 
functions defined in the Truth Table 
on the next page. 

During CLEAR the state of the 1/0 
pins remain completely defined by the 
WE, CE, and OE control inputs. Data 
In has the same polarity as Data Out. 

Latchup and static discharge protec
tion are provided on-chip. The 
L7C174 can withstand an injection 
current of up to 200 mA an any pin 
without damage. 

-~ ~-._.. 

=oe=v=1c=es=1N=c=o=RP=o=RA=r=eo========================= Memory Products 
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SK x 8 CMOS Cache-Tag Static RAM L7C174 

<MAi1AAhNi 8At1N~$ > .. ·.·.·.·.·.·.. . . . . .... · .. · ... ·.·.·.·.·.·.·.· ·.·.·.·.·.· ·.·.·.·.·.·.· ·.·.·.· ·.·.·.· 

WE CE OE CLEAR MATCH 110 Function ·· ·awv6'Jt1J@@e@Jir~·m#r••t>e••1ifrp~i,.~Wrfyo;1~s• 1. ?J 
x x x 
X H X 

H L H 

H L H 

H L L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

Reset all bits to low 

High Z Deselect chip 

DIN No MATCH 

DIN MATCH 

Dour Read 

Storage temperature ........................ -65°C to + 150°C 
Operating ambient temperature ....... -55°C to + 125°C 

Vee supply voltage with 
respect to ground .......................... -0.5 V to +7.0 V 

Input signal with respect to ground .... -3.0 V to +7.0 V 

Signal applied to high 
impedance output .......................... -3.0 V to +7.0 V 

L L X DIN Write Output current into low outputs ......................... 25 mA 
Latch up current ............................................ > 200 mA 

x = Don't Care; L =VIL; H = VIH 

Mode Temperature Range (Ambient~)S~ Voltage 

Active Operation, Commercial 0°c to +70°C ~ . s Vee s 5.5 V 
Active Operation, Military -55°C to + 125°C 4.5 s Vee s 5.5 V 

Data Retention, Commercial 0°C to +70°C ~ .0 Vs Vee s 5.5 V 

Data Retention, Military -55°C to + ~5~ 2.0 Vs Vee s 5.5 V 

Symbol Parameter Test Conditi~ ~~ Min Typ Max Unit 

VoH Output High Voltage IOH = ~~=""4.5 V (except MATCH pin) 2.4 V 

VOL Output Low Voltage I~= 8.0~~except MATCH pin) 0.4 V 

~~O.O~(all except MATCH pin) 0.5 V 

/(1 ~=~A (MATCH pin) 0.4 V 

~~.OmA (MATCHpin) 0.5 V 

VIH Input High Vol~ <z: <} "7 2.0 +v: v 

VIL Input Low Vo~ "0 (Note 3) -3.0 0.8 V 

llX Input Current ~ GND s VIN s Vee -10 +10 µA 

OutputLeakageCurrent GNDsVoursVee,CE=Vee -10 +10 µA loz 

los Output Short Current Vour = GND, Vee = Max (Note 4) -350 mA 

lcc2 Vee Current, TIL Inactive (Note?) 15 30 mA 

!CC3 Vr.r. r.11rr'3nt r.Mn~ ~t~nrlhv (No!e8) 100 500 ~LA . -- --··-··-, -···-- ---··--J 

lec4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 10 250 µA 
CIN Input Capacitance Ambient Temp= 25°C, Vee= 5.0 V 5 pF 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 7 pF 

L7C174-

Symbol Parameter Test Condition 35 25 20 15 12 Unit 

lee1 J Vee Current, Active l (Note6) 110 150 185 240 275 mA 

- ...-.. ....-.. -...-... ------ - ------ -- - ----- -------=-==-==-==-=-====================================~Memory Products 
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SK x 8 CMOS Cache-Tag Static RAM L7C174 

L7C174· 

35 25 20 15 12 
Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV MATCH Cycle Time 35 25 20 15 12 
tAVMV Address Valid to MATCH Valid 30 22 20 15 12 
tAXMX Address Change to MATCH Change 3 3 3 3 3 

tCLMV Chip Enable Low to MATCH Valid 20 15 10 10 8 

tCHMH Chip Enable High to MATCH High 20 15 10 10 8 

tOHMV Output Enable High to MATCH Valid 20 15 15 13 10 
tOLMH Output Enable Low to MATCH High 25 20 15 12 10 
twHMV Write Enable High to MATCH Valid 20 15 15 ld3 10 
twLMH Write Enable Low to MATCH High 10 25 20 15 [ll2 
tCLMH CCEAR Low to MATCH High 0 25 0 20 0 15 ~ 0 10 

15 ~ ~2 12 

20 15 ~ ~ 10 tDVMV Data Valid to MATCH Valid 

tDXMX Data Change to MATCH Change 

tCLCL CCEAR Cycle Time 

tCLCH CCEAR Pulse Width 

0 0 ~ )~ 0 
65 55 45 ~~ 35'{) 30 
20 

tcLIX co=Jrn Low to Inputs Don't Care 0 

tCLIR CCEAR Low to Inputs Recognized 

~~v 
·:~·~.:::~-&~·'••···············:c:·· .. 7· .......................... 7 •.......• 7 .. ·.·.·7 •.••••••.•••.•.•••.••••.•••.• _ 

tcHMH-

-{ 
!=tOL.MH --

WEl'~I-
~~ v twHMV--i 

~ 
i;:=- twLMH ---1 

CLEAR ~ ~ 

DATA ~VALID READ DATA-OUT 
1,_,.v_A_uo_M_~_c_HD_A_~_-1N __ ,Jl-,-----~:~~~----f--

---------~~~~----------------------
MATCH 

- I t I-- ·~ toXMx---i 

..:::::!_ DVMV~ MATCHVALID xi----

- ~ ....-....-~ - ------ - _..,, ___ -- - ----- -------=-==-==-==-=-===========================================Memory Products 
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SK x 8 CMOS Cache-Tag Static RAM L7C174 

L7C174· 
35 25 20 15 12 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Read Cycle Time 35 25 20 15 12 
tAvav Address Valid to Output Valid (13, 14) 35 25 20 15 12 
tAXOX Address Change to Output Change 3 3 3 3 3 

tcLOV Chip Enable Low to Output Valid (13, 15) 35 25 20 15 12 
tcLOZ Chip Enable Low to Output Low Z (20, 21) 3 3 3 3 3 

tcHOZ Chip Enable High to Output High Z (20, 21) 15 10 8 8 5 

6 toLOV Output Enable Low to Output Valid 

0 toLOZ Output Enable Low to Output Low Z (20, 21) 

15 12 10 .LI.. 8 

0 ll 0 0 0 

toHOZ Output Enable High to Output High Z (20, 21) 12 10 5 

tPU CE or WE Low to Power Up (1 o, 19) 0 0 oj~o ~o 
tPD Power Up to Power Down (10, 19) 35 20 
tcHVL Chip Enable High to Data Retention (1 O) 0 0 0 

ADDRESS~ ~~~ 
- tAVOV ..o. ~~ I 

DATA OUT PREVIOUS DATA VALID *X~~ DATA VALID 

t-t tAXOX ~~ 
r-- PU -1 .,:..~ 

____ :F. ~ ~ 'V Ice 

CE~ ~VL~ tAVAV 
J 

~ -ft:tR ~v 
OE--+----.~·~ 

L ~ toLov --+----- toHaz -

i:===' toLOZ ~ HIGH 

tcHOz--

DATA OUT--+---H1G_H_1_MDE_DAN_c_E ___ 41.t::~"" .... .L~°4.L~~z.:-...ojzi.~,----------------"-I IMPEDANCE 
1~~-~--~ ........ ~ ........ ~~~..._-~-----0A-T-AV-A-Ll_D ______ 1~1 

I--- tpu --+------ tPO 50% ~-----------------Ice ------~ 50% ~ 

Vee 
DATA REi>NTION MOOE J 

V1Hl(S SS\ \S\\\S\\ 

- ~ ....-i..-...-... - ~---...... - -_ _. ___ -- - ----- ---.......~----~~- ........ =oe=v=,c=es=,N=c=oR=P=oRA==:re=o============================================= Memory Products 
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SK x 8 CMOS Cache-Tag Static RAM L7C174 I 
kSW11¢HING.::Q.AABACTERi$"0<!$'bveFb~r~Hh.9W~~h.96i6~M·:>? : :: :: •<••• ?:){ ::: >:J?:}:·><t··:.u 

·::fJJ_}: -····::::••··· •:•:•: illZfil2 ~ 
L7C174-

35 25 20 15 12 
Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 25 20 20 15 12 
tCLEW Chip Enable Low to End of Write Cycle 25 15 15 12 10 
tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 25 15 15 12 10 
tEWAX End of Write Cycle to Address Change 0 0 0 0 0 
twLEW Write Enable Low to End of Write Cycle 20 15 15 12 10 
tDVEW Data Valid to End of Write Cycle 15 10 10 7 Li 6 

tEWDX End of Write Cycle to Data Change 0 0 0 

twHQZ Write Enable High to Output Low Z (20, 21) 0 0 0 

twLOZ Write Enable Low to Output High Z (20, 21) 10 7 4 

----------tAVAV __ __,...6........,,..___~..,_,~...,...§____...;'--_'7 __ _ 
::SS: TI l 

ADDRESS ---X ~ ~~ )I( 
--'l'-:..:.:_:_:_:_:_:_:_:_:_:_:_:_:_:__-tC-LE-W--...o.....i.~"""~~--?'-~~2:~--:--tEW-AX-~-J'-------

CE-s-.....-""'--s-'t. ~ ~LZZZZZ/LLZZZ 
----1--------- tA"_!W ~~ -v 

~ ~~~ 
~ LS::S..~7 tDVEW---~--.LI1-- tEwoX "-."!:: .s..:s 

t--- tAVBW 

DATA IN 

~ 
-..... "- v DATA-IN VALID "-1 >-l··'-to-·'-+·+-'------

,~ ·~ JL:ZZ:T 
OZ...;., I A '7 I---tWHOZ fl ...o.~~ HIGH IMPEDANCE -K1-----DATA OUT 

~~ l4i'LMH ~tWHMV 
MATCH ~:SJS:: H ~ 

----~-/..,!' /~l~~~:_~~"""''L~---tpu1---~-tPD---' ·--------
Ice ~ -----~,,-._'V" tpu .} ~ 

LZ:::JJ_ ~ ·-----

------------- IAvAv-----------.i 

ADDRESS __ ,.)~l'--------------------------')~~\.-------
CE 

----------- tAVEW--------..i.-tEWAX -

wE ~-s-s-s~~-~....,s-~-~-~-~-~-~-~ ..... ~~~J..---twLEW ____ 1-il'".-z-z-z-z-z~z-L..,.z-z-L-z..,.z-z-
ri---+------ t DVEW . I t EWDX 

DATA IN ---------J~i ...... -t----DA_TA_-1111_v_A_uD ________ ,~111'-------~ 
HIGH IMPEDANCE 

DATA OUT 

-------------1-----lt~-~~-=-~'jl:*-_-:_-_-_t_PD-===t-.__ _________ _ 
Ice 

- ..-... ~-~ - .....--..--~ - - ------ -- ------- --------- ---
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SK x 8 CMOS Cache-Tag Static RAM 

INoma;s·•·.·•·•·>·· .. ···· 
1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 
2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 
13. WE is high for the read cycle. 
14. The chip is continuously selected (CE 
low). 
15. All address line~re valid prior-to or 
coincident-with the CE transition to active. 

L7C174 

order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good partto be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 
25. The Clear cycle is edge-triggered on the 
falling edge of CLEAR. While the internal 
Clear cycle is in progress, all inputs, includ
ing multiple CLEAR pluses, are ignored. 
Inputs re recognized after ta,IR has elapsed 
from falling edge of CLEAR. For proper 
o erati , Vee must be within its specified 
Ifol'llltitbRerating voltage prior to assertion 

3. This product provides hard damping of 
transient undershoot. Input levels below 
ground will be damped beginning at 0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

16. The internal write cycle of the memory 
is defined by the overlap of CE active and 
WE low. Both signals must be active to initi
ate a write. Either signal can terminate a 
write by going inactive. The address, dat , 
and control input setup and hold ti 
should be referenced to the signal that fa~~:!]~~~[J.:2§22-222-22.2.J 

4. Duration of the output short circuit 
should not exceed 30 seconds. 
5. A series of normalized curves on pages 
2-8 through 2-11 of this data book supply the 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

last or rises first. 
17. If WE goes low before o 
with~ going active, the outp 
a high impedance state. 

18. If CE goes inactive~ 
with WE going hig t u remains in 
a high impedance t . 
19. Powerup rom 1 occurs as a 
result of an f. o · g conditions: 

a. Falling~ 
b. Falling f (CE active). 
c. ition on y address line 

( iv 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE, WE, and OE :s; VIL. Input pulse leve d. ns1 on any data line 
are 0 to 3.0 V. CE d WE active). 

7. Tested with outputs open and all~e. · g edge of crn:AR. 
and data inputs changing at them · e device automatically powers down 
read cycle rate. The device~·s · y mlee1 tolee2aftertPDhaselapsedfrom 
disabled, i.e., CE ~ VIH. ant o~t power up triggers. The exception 
8. Tested with outputs open address is L where the device remains pow-
a.nd data in~uts stable. The d is con- er~ up for the duration o~ t~e C!ear ~yde. 
tmuously d1Sabled, i.e., CE= V Input This means that power d1ss1pation is de-
levels are within 02 V of Vee or GND. pendentononlycyderate,and not on Write 
9. Data retention operation requires that Enable pulse width. 
Vee never drop below 2.0 V. CE must be~ 20. At any given temperature and voltage 
Vee- 0.2 V. For all other inputs VIN~ Vee condition, output disable time is less than 
- 0.2 V or VIN :s; 0.2 V is required to ensure output enable time for any given device. 
fuii powerdown. :li. Transition is measured ±200 mV from 
10. These parameters are guaranteed but steady state voltage with specified loading 
not 100% tested. in Fig. lb. Thisparameterissampledandnot 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOHplus30pF(Figs. la, le), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 
12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter-

-....-..~-..-... - -------- - ----- -- - ----- ----------

100% tested. 
22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 
23. CE or WE must be high during address 
transitions. 
24. This product is a very high speed device 
and care must be taken during testing in 

OUTPUT o---------

INCLUDING 
JIG AND 
SCOPE 

+5V 
R14800 

OUTPUT o--------

INCLUDING 
JIG AND 
SCOPE 

R1 2000 

+5V :====i 
MATCH ,.,~, "n'"'"' 1 

INCLUDING I 30 pf 
JIG AND 
SCOPE 
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SK x 8 CMOS Cache-Tag Static RAM 

oeoe·Ft1NG INFORMATION.: .: : <:: >> ,,, <·> 
. . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

28-pin 

(0.3" wide) 

A6 

A5 

Ao 

1/00 

1/01 

1/02 
GND 

Vee 
WE 
MATCH 

AB 
Ag 

A11 

OE 
A10 

CE 
1/07 

1/06 

1/05 

1/04 

1/03 

28-pln 

(0.6" wide) 
CLEAR 28 Vee 

A12 27 WE 
A7 26 MATCH 
A6 25 As 

A5 24 A9 

A4 23 A11 

A3 22 OE 
A2 21 A10 

A1 20 CE 
Ao 10 19 1/07 

1/00 11 18 1/06 

1/01 12 17 1/05 

1/02 13 16 1/04 

GND 14 15 1/03 

SI deb raze 
Hermetic DIP (09) 

35 ns L7C174PC35 L7C174DC35 L7C174CC35 
25 ns • 25 • 25 • 25 
20 ns • 20 • 20 • 20 
15 ns " 15 " 15 " 15 
12 ns " 12 " 12 " 12 
10 ns 
8 ns 

35 ns L7C174DM35 L7C174CM35 
25 ns " 25 " 25 
20 ns " 20 " 20 
15 ns " 15 • 15 
12 ns 
10 ns 
8 ns 

35 ns L7C174HME35 
25 ns • 25 
20 ns • 20 
15 ns • 15 
12 ns 
10 ns 
ans 

35 ns 
25 ns 
20 ns 
15ns 
12 ns 
10 ns 
8 ns 

- ...-.. ...-...-....-.... - ~.--.--- ------ -- ------- --~-------

L7C174 
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SK x 8 CMOS Cache-Tag Static RAM 

28-pln 32-pln 
(450 x 550) 

CLEAR 28 vee 
I~ I A12 2 27 WE <( (.) 

"' LJ.J (_) LJ.J I-
A7 3 26 MATCH t- - __, (.) (_)I:!: <( 

<(<((.)Z> ::? 
A6 4 25 AB 

A5 5 24 A9 As 
A4 23 A11 

A3 22 OE A4 
A2 21 A10 A3 
A1 20 CE 
Ao 10 19 1/07 

1/00 11 18 1/06 

1/01 12 17 1/05 

1/02 13 16 1/04 l/Oo 
GND 14 15 1/03 

...- C\I 0 () M '<:f" lO 

QQzzQQQ 

~ 
--0 ---

I 

0 
Plastic SOJ Ceramic Leadless 

Speed (.300"- W2) Chip Carrier (K7) 

35 ns L7C174WC35 
25 ns " • 25 
20ns • 20 
15ns • 15 
12ns • 12 
10ns 
8ns 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10ns 
ans 

35ns 
25ns 
20 ns 
15 ns 

- ...-.. ....-...-~ - .-........-.---. - - ------ -- ------- -------

L7C174TMB35 
• • 25 

• 20 
• 15 

L7C174 

As 
Ag 

A11 
NC 
OE 

1/06 
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SK x 8 Static RAM L7C186/l7Cl 186 
with Flash Clear (Low Power) 

IF:§lit..IRi§i!i: ·! :::::::::::::! l!P:§§P:fl•Rt•P:~:::. > <:<:::·<·.::: .. rn·.u-··.-.u-·:.:·O\ii:-·· :.:.:: ... :::.·:::::.: !!.!iii 

0 SK x 8 CMOS Static RAM with 
High Speed Flash Clear 

O Auto-PowerdownTM Design 

O High Speed Read Access Time 
- 12 ns maximum 

O Industry Standard Pinout 

O Low Power Operation 
Active: 

320 mW (typical) at 35 ns 
Standby (typical): 

500 µW (L7C186) 
250 µW (L7CL186) 

O Data Retention at 2 V for Battery 
Backup Operation 

O Plug Compatible with IDT7165 

O Package Styles Available: 
28-pin Plastic DIP 
28-pin Sidebraze Hermetic DIP 
28-pin CerDIP 
28-pin SOJ 
32-pin Ceramic LCC 

Vee GND 

l l 

ROW 
ADDRESS 

1-
(.) 
w 
_J 

w 
fl) 

~ 
0 
a: 

The L7C186 and L7CL186 are high to limit VoH swings, while still main-
performance, low power CMOS static taining full TIL compatibility. 

RAM with a high speed Flash Gear Two standby modes are available. 
feature. The storage circuitry is organ- Proprietary Auto-PowerdownTM 
ized as 8192 words by 8 bits per word circuitry reduces power consumption 
with the 8-bit data input/output on automatically during read or write 
shared I/O pins. The device is accesses that are longer than the 
offered in the industry standard BK x B access time, or when the 
SRAM pinout with the Flas~ Gear. mem is is put into powerdown 
function implemented on Pin 1 which deselecting CE2. In addition, 
is normally a no-connect. ~a ma retained in inactive 
These devices are available in five e with a supply voltage as low 
speed grades with maximum access s 2 . The L7C186 and L7CL186.con-
times of 12 ns to 35 ns. Opera~· e only 30 µWand 15 ~W (typ1~al) 
from a single +5 V power pl);~ espectively at 3 V, all?wmg effective 
Power cons~ption ~or th~ C is battery backup operation. 

320mW (typical). 1 The L7C186and L7CL186provide 
to 75 mW (typical) ~7 and fully asynchronous (unclocked) 
60 mW f~r ~e I..; 1 th.! operation with matching access and 
memory 1s Au own cycle times. Two Chip Enables and a 

ground . o. .ro?rietary Output Enable control simplify the 
mode. ~ g and reduce three-state I/0 bus with a separate 

3-V!M outp try IS mcorporated connection of several chips for in-

256 x 32 x 8 
MEMORY 
ARRAY 

creased storage capacity. 

Memory locations are specified on 
address pins Ao through A12 with 
functions defined in the Truth Table 
on the next page. 

During CLEAR, the state of the I/O 
pins remain completely defined by the 
WE, CE1, CE2, and OE control inputs. 
Data In has the same polarity as Data 
Out. 

CLEAR.--------

Latchup and static discharge protec
tion are provided on-chip. The 
L7C186 and L7CL186 can withstand 
an injection current of up to 200 mA 
an any pin without damage. 

CONTROL 

- ...-... ....-.... -..-.. - ......._ .-. --.-. 

COLUMN SELECT 
& COLUMN SENSE DATA 

110 

~=-;;=~-~=~=~--=~==~==================Memory Products 
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SK x 8 CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL 186 

WE CE1 CE2 
- --

1/0 Function OE CLEAR 

l\ilAilr-'ofJI: Rir1Nd~ t > << ... 

1/#v~ wt¢.# v.#~@lir~ m~i' P9 1o/P,£1,,J~t!J~t#$ !•?1 < 
x x x x L Reset Memory to O 

H L H L H Dour Memory Read 

Storage temperature ........................ -65°C to + 150°C 
Operating ambient temperature ....... -55°C to + 125°C 
Vee supply voltage with 

L L H x H DIN Memory Write respect to ground .......................... -0.5 V to +7.0 V 

H L H H H High Z Output Disable 
Input signal with respect to ground .... -3.0 V to + 7.0 V 
Signal applied to high 

x H x x H High Z Chip Deselect impedance output .......................... -3.0 V to +7.0 V 

x x L x H High Z Chip Deselect & 
Powerdown 

Output current into low outputs ......................... 25 mA 
Latch up current ............................................ > 200 mA 

x =Don't Care; L =VIL; H = VIH /'I 

Mode Temperature Range (Ambient}~~ Voltage 
Active Operation, Commercial 0°C to +70°C ~ ~Vs.Vee s 5.5 V 
Active Operation, Military -55°C to + 125°C ~ 4. s Vee s 5.5 V 
Data Retention, Commercial 0°C to +70°C .0 Vs Vee s 5.5 V 
Data Retention, Military -55°C to + 125~ 0 2.0 Vs Vee s 5.5 V 

~\\ 
~// >\{~ 7: / ~~>~ ~<7 _illill_________I _~ ( _______ • 

22 cc<::'c'.7cc:>'>7::::z~ c:>r::c::7c: LI ~b= 2 '-'s~~>-:.i::;:.::.9 J2 ·~·· 
~ ~ L7C186 L7CL186 

Symbol Parameter Test Cond~on ~ "'\) Min Typ Max Min Typ Max Unit 

VOH Output High Voltage IOH = ~~\~.5 v 2.4 2.4 v 
VOL Output Low Voltage lo~= 8.~ 0.4 0.4 V 

VIH Input High Voltage ~ ~ 2.0 +v~~ 2.0 ::a v 

VIL Input Low Voltage ~ ~ -3.0 0.8 1-3.0 0.8 V 

lrx Input Leakage Cur~/~ 1lW5 s VIN s Vee -1 O + 1 O -1 O + 10 µA 

loz OutputLeakag~~ ......,.GNDsVoursVee,GE=Vee -10 +10 -10 +10 µA 

los Output Short~ v Vour = GND, Vee = Max (Note 4) -350 -350 mA 

lee2 Vee Current.TTL ~tive (Note 7) 15 30 12 20 mA 

lee3 Vee Current, CMOS Standby (Note 8) 100 500 50 150 µA 

lee4 Vee Current, Data Retention Vee = 3.0 V (Note 9) 10 250 5 50 µA 

CIN Input Capacitance Ambient Temp= 25°C, Vee = 5.0 V 5 5 pF 

COUT Output Capacitance Test Frequency= 1 MHz (Note 10) 7 7 pF 

L7C186-
Symbol Parameter Test Condition 35 1 25 1 20 l 15 12 ] ] ] Unit 
lee1 Vee Current, Active ] (Note6) 110 1 150 1 185 ] 240 2751 J j mA 

- ............ _..-... ------ - _..,, ___ -- - ----- -------_...._.,. ...._,__ ...._... 
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BK x 8 CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL 186 

:::::::::-

L 7C186/L 7CL 186-
35 25 20 15 12 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max Min Max 

tAVAV Read Cycle Time 35 25 20 15 12 

tAvav Address Valid to Output Valid (13, 14) 35 25 20 15 12 

tAXOX Address Change to Output Change 3 3 3 3 3 

tcLOV1 CE1 Low to Output Valid (13, 15) 15 12 10 8 6 

tcLOV2 CE2 High to Output Valid (13, 15) 35 25 20 15 12 

tcLQZ Chip Enable Active to Output Low Z (20, 21) 3 3 3 3 3 

tcHQZ Chip Enable Inactive to Output High Z (20, 21) 15 10 8 8 5 

toLQV Output Enable Low to Output Valid 15 12 10 ll 8 6 

tOLQZ Output Enable Low to Output Low Z (20, 21) 0 0 0 

toHQZ Output Enable High to Output High Z (20, 21) 12 5 5 

tPU Input Transition to Power Up (10, 19) 0 0 0 

tPD Power Up to Power Down (10, 19) 35 20 20 

tcHVL Chip Enable Inactive to Data Retention (1 O) 0 0 0 

DATA VALID 

Ice 

?Z L2_~ 
•·•B.fAb cY&i••: :• cSl:<:fEC.o'Nii¥6tk~~tifitfe r~;~ :: <: @/: :( ••:::::• > 

i-----...s.."'41~1LOZ~ ...., _____ 1- tcHOZ 
CE2 :i(C1 _,---~-~::S:~-:V~L':.,...,..~'Y....,.. __ ..._ ______________ --...~1"~---i-~~ 

ZL :::--..:I _.s:s.: tcLov2 --r----- .J , -
--4--.31~~~~))_)_/"°"'0~---;-----r-- !AVAV -------,,,,,...._ _ __,.. __ _ 

~1 rl 
~_{ tcLOV1--+------i -+----- tCHoz 

OE ---+---~-~ .... ~~./ tcLOZ ----i r 

~ 4 
I 

toLOV r toHOZ 

I--- toLOZ - HIGH 

DATA OUT ---t----H-1GH_1_MPE_DA_N_ce ____ --111L:~z~z_z~z~7 ~ IMPEDANCE 
il'-~~~..._"""'!O:..._:""iiO:.a...;~a.+"~-----....-.DA-JA-V-A-LID.._ ___ -+---'~I 

t----tpu~ 

Ice ------~ 50% 

-- t PD :::::1 
5Q%~ 

DATA RETENTION MOOEJ 

Vee 4.5V 

~tCHVL 
~ 777777777~ ' 

ACTIVE 

··l ;AVAV ~·V 
V1Hl\S SSS \\\SSSSS 

- ....-.. .....-...-...-.... - ------ - ------ -- - ------ --~------
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SK x 8 CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL 186 

L 7C186/L 7CL 186-

35 25 20 15 12 
Symbol Parameter Min Max Mn Max Min Max Min Max Min Max Min 

tAVAV Write Cycle Time 25 20 20 15 12 
tcLEW Chip Enable Active to End of Write Cycle 25 15 15 12 10 
tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 25 15 15 12 10 
tEWAX End of Write Cycle to Address Change 0 0 0 0 0 
twLEW Write Enable Low to End of Write Cycle 20 15 15 12 10 
tDVEW Data Valid to End of Write Cycle 15 10 10 11_ 7 6 

tEWDX End of Write Cycle to Data Change 0 0 0 Li 0 0 
twHOZ Write Enable High to Output Low Z (20, 21) 0 0 o ~::::-A_lo 0 

twLOZ Write Enable Low to Output High Z (20, 21) 10 7 ~7 ~ 5 4 

CE27_'17ZF ~ ~~ 
t CLEW ( :-.. "-. "-. "-. "-. 

CE1~~ ~ .. ~ f LL.LLL LL.LLLLLL 
---------- tAVFW· 33S::::S: ..'..~ t :---
!--+-tAVBW~~ ~Jlilo~~...,,.------..i11;" ,,_E_W_AX--------------

"' "!;: :S::S t DVEW t EWDX 

~ .l_ ~ V' DATA-IN VALID ~~ ~ ~ 

'.:!: .s:..s :i~az HIGH IMPEDANCE t--- t WHOZ __ __..,_-<< .il ..o.~ "'-

t PU-t---1 .~ LL Vi" 
Ice _ _..¥~ 

DATA OUT 

DATA IN 

ADDRESS ~ V X 
---1-----------------------------------'I'----------~ 

CE2 ~ ~ 
--- tAVBW -------- tcLEw-----

~ .~I~~-.---...... ----------
---------- tAvEW---------+-..... tEwAX:-

~~~~~~r--r---~~-----~~---r-o.i---~tWLEw------L-.....,....,.~....,.-...--....-.i ...... -..-
WE ~'\.._ 1'L/_LLLLLLLLLLL 

DATA IN 

DATA OUT 

r--+---- tDVEW -------i-.i.-tEWDX 

----------}f DATA-IN VALID Jjf 
HIGH IMPEDANCE 

Ice 

- ...-.. ...-..-..-... - ....,._, ~ _....._. --_ _. ___ -- ------- -------

Max 
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SK x 8 CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL 186 

35 15 12 

Symbol Parameter Min Max Min Max 

tcLCL CLEAR Cycle Time 65 30 

tcLCH CLEAR Pulse Width 12 

tcLIX CLEAR Low to Inputs Don't Care 0 0 
tcLIR CLEAR Low to Inputs Recognized 35 30 

- ...-... ....-....-...-... - ......_...._. __ - - ------ -- ------- --......-. ------
=-==-=-=-=-============================Memory Products 
DEVICES INCORPORATED 

2-117 4/20/90 



SK x 8 CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL 186 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach -2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8through2-l1 of this data book supply the 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data inpu 
changing at the maximum cycle rate. Th 
device is continuously enabled for · · 
i.e., CE1 ~VIL, CE2 and WE ~ VI . 
pulse levels are 0 to 3.0 V. 

7. Testedwithoutputsope~d 
and data inputs changing a e imu 
read cycle rat~ The device is · nuously 
disabled, i.e., CEl ;;:: VIH, CE2 ~ 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CEl = Vee, CE2 = 
GND. Input levels are within 0.2 V of Vee 
or ground. 

9. Data retention operation r~uires that 
Vee never drop below 2.0 V. CE1 must be 
<!:Vee - 0.2 V. For the L7C185, all other in
puts meet VIN~ 0.2 V or VIN;;:: Vee -0.2 V 
to ensure full powerdown. For the L7CL185, 
this requirement applies only to CE and WE; 
there are no restrictions on data and ad
dress. 

- ~ ....-..-~ - ------ ------- -
- - .. ____ --------

10. These parameters are guaranteed but 20. At any given temperature and voltage 
not 100% tested. condition, output disable time is less than 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEw is specified as a minimum since the 
external system must supply at least that 

output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
inFig. lb. Thisparameterissampledandnot 
100% tested. 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE1,CE2,orWEmustbeinactiveduring 
address transitions. 

much time to meet the worst-case require- 24. This product is a very high speed device 
ments of all parts. Responses from the inter- and must be taken during testing in 
nal circuitry are specified from the point of realize valid test information. ln-
viewof the device. Access time, forexample, attention to setups and proce-
is specified as a maximum since worst-cas res ca use a good part to be rejected as 
operation of any device always provi ~ . Lo g high inductance leads that 
data within that time. ~ u pply bounce must be avoided by 

13. WE is high for the read cycle. ~bringing the Vee and gr~und planes di-
ly up to the contactor fmgers. A 0.01 µF 

14. The chip is continu~usly lect igh frequency capacitor is also required 
low, CE2 high). between Vee and ground. To avoid signal 
15. All address lines a · · _ or reflections, proper terminations must be 

transition to activ . 
coincident-with the ~ CE2 used. 

16. The internal w · d the memory l£lffi~fili@Ll_lli:Ll_lli:fil.fu@.fil@.fillli.J 
is defined a f CE1 and CE2 

rl'll'V l<"ln".,....._,,~tl! reesignals must be 
write. Any signal can 
y going inactive. The 

data, n control input setup and 
l,tiI~S$l*Hd be referenced to the signal 

active last or becomes inactive 

1 . goes low before or concurrent 
· h later of CE1 and CE2 going active, the 

output remains in a high impedance state. 

18. If CEl and CE2 goes inactive before or 
concurrent with WE going high, the output 
remains in a high impedance state. 

19. Powerup from Iee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Rising edge of CE2. 

b. Faiiing edge ofm (Ch1, CE2 active). 

c. Transition on any address line (CEl, CE2 
active). 

d. Transitiononanydataline(CE1,CE2,and 
WE active). 

The device automatically powers down 
from Iee2 to Iee1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

R1 480.Q 

INCLUDING 
JIG AND 
SCOPE 

I 30pF 

R1 480.Q 
+5V 

OUTPUT o---------e 

INCLUDING T 5 pF 
.JIGAND 

SCOPE -:!:.. -!-

R2 
255.Q 

R2 
255.Q 
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BK x a CMOS Static RAM w/Flash Clear (Low Power) L7C186/L7CL 186 

28-pin 

(0.3" wide) 

1/00 

1/01 

1/02 

GND 

Vee 
WE 
CE2 

AB 

A9 
A11 

OE 
A10 

CE:1 
1/07 

1/06 

1/05 

1/04 
1/03 

L7C186PC 1 ~~ L7C186DC 1~~ L7C186CC 1~~ 
or 20 or 20 or 20 

L7CL186PC 15 L7CL186DC 15 L7CL186CC 15 
12 12 12 

35 ns 
25 ns 
20 ns 
15 ns 
12 ns 
10 ns 
8 ns 

35ns 
25ns 
20ns 
15 ns 
12 ns 
10 ns 
8 ns 

35ns 
25 ns 
20ns 
15 ns 
12 ns 
10 ns 
8 ns 

- ~ ~-~ - ...,.._ .-. -.-. - - _ ... ___ -- ------- -------

1

35 135 L7C186DM 25 L7C186CM 25 
or 20 or 20 

L7CL 186DM 15 L7CL 186CM 15 

1
35 

L7C186DME 25 
or 20 

L7CL 186DME 15 

28-pln 

(0.6" wide) 
CLEAR 28 Vee 

A12 2 27 WE 
A7 3 26 CE2 

A6 25 AB 

A5 24 A9 

A4 23 A11 

A3 22 OE 
A2 21 A10 

A1 20 CE1 

Ao 10 19 1/07 

1/00 11 18 1/06 

1/01 12 17 1/05 

1/02 13 16 1/04 

GND 14 15 1/03 

1
35 

L7C186HME 25 
or 20 

L7CL186HME 15 

1
35 

L7C186HMB 25 
or 20 

L7CL186HMB 15 
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SK x 8 CMOS Static RAM w/Flash Clear (Low Power) 

28-pln 

CLEAR 28 Vee 
A12 2 27 iiVE 
A7 3 26 CE2 
As 4 25 AB 
As 5 24 A9 
A4 23 A11 
A3 7 22 OE 
A2 8 21 A10 
A1 9 20 CE:1 
Ao 10 19 1/07 

l/Oo 11 18 1/06 
1/01 12 17 1/05 
1/02 13 16 1/04 

GND 14 15 1/03 

~ 

Plastic SOJ 
Spead (.300"- W2) 

~~ ~~ L7C186VC 1 ~~ L7C186WC 1 ~~ 
20 ns or 20 or 20 
15 ns L7CL 186VC 15 L7CL 186WC 15 
12 ns 12 12 
10 ns 
ans 

35ns 
25ns 
20ns 
15 ns 
12ns 
10 ns 
8 

35ns 
25ns 
20ns 
15ns 
12 ns 

- ~ ...,_..,.-.. - ....... ~-~ - - _,,,,, ___ -- ------ -------

32-pln 

(450 x 550) 

I~ < 
UJ (.) UJ "' < ~ d ~ ;;13: ~ 

As 
3 2 i 1 i 32 31 30 

:_~ 29 As 
28 Ag 

A11 

Top NC 

View 

l/Oo 1/06 

....- C\.I Q () M .q- U'> 

QQzzQQQ 
- - C) - - -

I 

0 
Ceramic Leadless 
Chip Carrier (K7) 

f 
35 

L7C186TME 25 
or 20 

L7CL 186TME 15 

f 
35 

L7C186TMB 25 
or 20 

L7CL 186TMB 15 

L7C186/L7CL 186 

-~ ..._._._....,.. 
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2 x 4K x 16 Cache-Data Static RAM l 7C1 83/184 

0 2 x 4K x 16 or BK x 16 Cache-Data 
Static RAM with Direct Map or 
Two-Way Set Associative 

0 Auto-Powerdown'™ Design 

0 Advanced CMOS Technology 

0 High Speed - to 20 ns worst-case 

0 Low Power Operation 
Active: 700 mW typical at 45 ns 
Standby: 75 mW typical 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 Plug Compatible with Cypress 
CY7C183/184 

0 Package Styles Available: 
• 4B-pin Plastic DIP 
• 4B-pin Sidebraze, Hermetic DIP 
• 48-pin Ceramic LCC 
• 52-pin Plastic LCC 

Ao . 
• 

A11 

ALE-----' 
4K x 8 

OEe--------t MEMORY 

ARRAY 

WAYB 

- ~ ....-..-~ - ~.....-.--- - ------ -- ------- --~------

The L7C183 and L7C1~4 are high- circuits are placed in the two-way 
performance, low-power CMOS static mode. In the two-way mode, the 
RAMs which contain 12BK bits organ- upper address bit, A12 is a "don't 
ized into either two, two-way set care", and should be externally wired 
associative blocks of 4K x 16 RAM, or to ground. When mode is LOW, 
one directly mapped BK x 16-bit RAM. the circuits are placed in the direct 

The L7C183 and L7C184 are designed mapped mode. 
specifically for use with the Intel Writing is accomplished in the two-
82385 Cache Controller. Addresses way mode by taking CE LOW and by 
are latched on the falling edge of the the respective BEx and WEx 
Address Latch Enable (ALE) signal. OW. BEL enables bits Do-D7 
When ALE is HIGH, the latch is enables bits Ds-Dls. WEA 
transparent. The L7Cl 83 has all e bank A, and WEB 
address bits latched by the ALE si s cache bank B to receive 
except A12, which is unlatched~.2, hatever data resides on the data bus. 
which bypasses the latch, has a and OEB similarly enable cache 
access time. All address b' are anks A and B, respectively, to drive 
latched by the ALE sigJ!al in the data bus. Writing is accomplished 
L7C184. The mode · in the direct mode by tying WEA and 
whether the L7C 184 are WEB together externally, and using 

4K x 8 

MEMORY 
ARRAY 

K x 16 A12 to determine which 4K x 16 
memory bank is selected. 

OEA 
OEe--.._-----t 

WEA--P-----~ 

WEB 

A12- ___ l!:?_CJ!~l------1 

(L7C184) I 
I 
I 

A11 I 
ADDRESS I 

LATCH t--e-----
Ao 

Do-D1s 

-~ ....__-~ 
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2 x 4K x 16 Cache-Data Static RAM L7C183/184 

Reading is accomplished in the two
way mode by taking CE LOW, 
inserting the respective OEx and BEX 
signals LOW, and the respective WEx 
signal HIGH. The contents of the 
memory location specified on the 
address pins which appear on the 16 
outputs. Activation of OEA and OEB 
simultaneously will cause both banks 
to be deselected. Reading is 
accomplished in the direct mode by 
tying OEA and OEe together 
externally. A12 will determine which 
4K x 16 memory bank is enabled. 

Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 700 mW (typical) at 45 ns. 

·,:':.[~W@'lltl~~':H:t--'tW:91:~!~%MS>P~:::tMP:P:§i''~·:HJ@:ff,)-·,·\:/]:·WY<>>>>::::::::::::::: 
CE BEL BEH OEA OEB WEA WEB Operation 

H X X X X X X Outputs Hi-Z, Write Disabled 

L . H H X X X X Outputs Hi-Z, Write Disabled 

X X X H H X X Outputs Hi-Z 

X X X L L X X Outputs Hi-Z 

L L H L H H ~ead l/Oo-1/07 Way A 
L L H H L H ead l/Oo-1/07 Way B 

L H L L H ~ l/Os-1/015 Way A 
L H L H L ead l/Os-1/015 Way B 

L L L L H ~ Read l/Oo-1/015 Way A 

L L L ~ H Read l/Oo-1/015 Way B 
L L H H Write l/Oo-1/07 Way A 

L L H ~~ H L Write l/Oo-1/07 Way B 

L H ~~~ L H Write l/Os-1/015 Way A 
L H X H L Write l/Os-1/015 Way B 

L L~ ~ X L H Write l/Oo-1/015 Way A 

L ~L ~L X X H L Write l/Oo-1/015 Way B 

t/ w~ X X L L Write l/Oo-1/07 Way A & B 

X X L L Write l/Os-1/015 Way A & B 

L L X X L L Write l/Oo-1/015 Way A & B 

Two standby modes are available. 
Proprietary Auto-Powerdown™ 
circuitry reduces power consumption 
automatically during read accesses 
which are longer than the minimum 
access time, or when the memory is 
deselected and addresses do not 
change (stable). In addition, data may 
be retained in inactive storage with a 
supply voltage as low as 2 V. The~ 
memory typically consumes onl ~ ......,....,__ ________________________ ___. 

9 mW at 3 V, allowing effe~~ 
battery backup operation. ~ 

Latchup and static discharge -
tection are provided on-chip. 
L7C183 and L7C184 can withstand an 
injection current of up to 200 mA on 
any pin without damage. 

- ~ .........,_~ - ~....._. _____ - - _,_, ___ -- ------ -
___ _,_, _ _. 

CE 

H 

L 

x 
L 

L 

L 

L 

L 

L 

BEL BEH 

x x 
H H 

x x 
L H 

H L 

L L 

L H 

H L 

L L 

OEA OEB WEA WEB Operation 

x x x x Outputs Hi-Z, Write Disabled 

x x x x Outputs Hi-Z, Write Disabled 

H H x x Outputs Hi-Z 

L L H H Read l/Oo-1/07 

L L H H Read l/Os-1/015 

L L H H Read l/Oo-l/015 

x x L L Write l/Oo-1/07 

x x L L Write l/Os-1/015 

x x L L Write l/Oo-1/015 

-----=DE=V=IC=ES=IN=C=O=RP=O=RA=T=ED========================= Memory Products 
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2 x 4K x 16 Cache-Data Static RAM L7C183/184 

Storage temperature ............................................................................................................ -65°C to + 150°C 
Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 
Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -0.5 V to +7.0 V 

Output current into low outputs .............................................................................................................. 25 mA 
Latch up current ................................................................................................................................ > 200 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 
Data Retention, Commercial 

Data Retention, Military 

VoH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX 

loz 

los 

lee2 

lee3 

CIN Input Capacitance 

COUT Output Capacitance 

Symbol Parameter 

lee1 l Vee Current, Active I 

- ~ ..-...-~ - ------ - _ ... ___ -- - ----- -------

2.4 

0.4 

2.2 Vee 
+ 0.3 

-3.0 0.8 

-10 +10 

ND s Vour s Vee, Output Disabled -10 +10 

Vour = GND, Vee = Max (Note 4) -350 

(Notes) 50 250 

Vee = 3.0 V (Note 9) 3.0 50 

Ambient Temp= 25°C, Vee = 5.0 V 5 

Test Frequency= 1 MHz (Note 10) 7 

L 7C183/184-

Test Condition 45 35 25 20 

(Note6) 170 220 300 370 

v 
v 
v 

v 
µA 

µA 

mA 

µA 

µA 

pF 

pF 

Unit 

mA 

_..._......_._._..._,... 
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2 x 4K x 16 Cache-Data Static RAM L7C183/184 

L 7C183/184-
45 35 25 20 

Symbol Parameter Min Max Min Max Min Max Min Max 

tAVAV Read Cycle Time 45 35 25 20 
tAVOV Address Valid to Output Valid, Ao-A11 (13, 14) 45 35 25 20 
tAVOV Address Valid to Output Valid, A12 (13, 14) 35 25 17 12 
tAXOX Address Change to Output Change 3 3 3 3 
tLHOV ALE High to Output Valid 45 35 25 20 
tCLOV Chip Enable Low to Output Valid (13, 15) 20 15 12 10 

tBLOV Byte Enable Low to Output Valid (13, 15) 20 15 12 10 

3 J3 
16 h tOLOV 10 Output Enable Low to Output Valid (13, 15, 20) 14 10 

tCLOZ Chip Enable Low to Output Low Z (20, 21) 3 3 
tBLOZ Byte Enable Low to Output Low Z (20, 21 ) 3 3 

tOLOZ Output Enable Low to Output Low Z (20, 21) 0 0 
tCHQZ Chip Enable High to Output High Z (20, 21) 8 8 
tBHQZ Byte Enable High to Output High Z (20, 21) 8 8 

tOHOZ Output Enable High to Output High Z (20, 21) 8 8 

tLHLL ALE Pulse Width 8 8 
tAVLL Address Valid to ALE Low 4 4 
tLLAX ALE Low to Address Change -~ 4 4 4 4 
tOLOH OEA, OEB Overlap Time (20) ~ ----...../ 0 0 0 0 

tCHVL 

20 
tPU CE,BExLowtoPowerUp (10,19) ~ 0 0 0 0 

0 

tPD Power Up to Power Down (1o,19) ~ 45 
Chip Enable High to Output Retention (1 O) ~\~ 0 0 

35 
0 

25 

tLLAX---------1 

ALE 

ADDRESS 

DATA 

ALE 

ADDRESS A12 
(L7C183) 

ADDRESS 
Ao-A11 (L7C183) 
Ao-A12 (L7C184) 

DATA 

- ...-... .....-... -...-... - ------ - ----- -
- -.. ____ -------

--~~-+-~~~~~-

ll ~OUS~AVALID~)I( 
~tAXOX~ I 

DATA VALID 

,. tAVLL .J 

t LHLL l tLL~X i ~ ;. ~ I 
tAVAV -1 

* * l-- tAVOV 

~ ~ * - tLHOV 

PREVIOUS DATA VALID :*XXXXXX: DATA VALID 

tAXOX J -, 

;;:-===-===-==-=-========================================================= Memory Products 
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2 x 4K x 16 Cache-Data Static RAM L7C183/184 

READ>Cvctt ··.·• >CE; B~ collrRdtt£6 (NoieSt3. }!5) 

------tAVLL-----
---tLHLL---------

ALE 

ADDRESS 

CE,BEx 

DATA 
HIGH IMPEDANCE 

Ice 

ALE 

ADDRESS 

OEe 

DATA HIGH IMPEDANCE 

DATA RETENTION 

- ...-.. ....-.. -...-... - ------ - ------ -- - ----- -----------=0E=v=1c=Es=1=Nc=o=R=Po=RA=T=E=o=================================================Mernory Products 
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2 x 4K x 16 Cache-Data Static RAM L7C183/184 

1::::swtre.B1:NG.mca.1:e1e.mee·is11cs.JJWi:f:oti~wd:e~o.w.,:'i6.$)Y><<<<:<<::><>>>>:Y>t>:<::<< ::+<<<<<<t <l<H 
.:!]f.~if.€iPr#.#Mt&~M~::~F1iMi'1?.A??/?i'.f/?#J.it 2:+<+::::<><t:::tnt:t::xt:<t<<<><<:<Y>t>:.r /:{):/(:<>>'" / < :·· 

L 7C183/184-

45 35 25 20 
Symbol Parameter Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 45 35 25 20 
tcLEW Chip Enable Low to End of Write Cycle 30 20 15 12 
tBLEW Byte Enable Low to End of Write Cycle 30 20 15 12 
tAVBW Address Valid to Beginning of Write Cycle 0 0 0 0 
tAVEW Address Valid to End of Write Cycle 30 20 15 12 
tEWAX End of Write Cycle to Address Change 2 2 2 2 
twLEW Write Enable Low to End of Write Cycle 30 20 15 12 

o~ 

10 8 
0 0 
0 0 

tDVEW Data Valid to End of Write Cycle 15 n.:10 
tEWDX End of Write Cycle to Data Change o Jo 
twHOZ Write Enable High to Output Low Z (20, 21) 

twLOZ Write Enable Low to Output High Z (20, 21) ~2~10 8 8 
tLHLL ALE Pulse Width 8 8 
tAVLL Address Valid to ALE Low 4 4 
tLLAX ALE Low Address Change 4 4 

ALE 

-----tAVLL-------.~-~ v 

tLHLL ~ "'> tLLAX 

_{_~ ~~Vi?i----------t 
ADDRESS 1S.:~ ~ *-----·-------L-tA~~~~ :::::!: 

ct,Btx XXXXXXKXXXX~ ~ew,tBLEW £>(XKXXXXXXX 

DATAl/O 

-J' t WHOZ-----! 

T~DX 
DATA-IN VALID )I{ )---1( ·-- ,._. _______ _ 

.::j t OLOZ t--

~ 

t---tAVB~ ::s:s:: .L .L":._ tWLEW---<~---tEWAX--i LL ~-J7' 

~\~,a~ tovew-L _L~"\~ zz T -T 
~OU~ ~)I{ 

~F·o~- -· 
-"-~LL I 

ALE 
----+-1--:~ -;--tAVLL=tLHLL-===-~--tLLAX-:1 / 

-----*-~------------------tA-~V-------------------------------i~J~~---------
ADDRESS 

•--------tAvew·------~ 
_ _ ~t"7'1:~7"t":l""""..,..~~""""~""'~·r-----tcLew,t BLEW---4--~..i xx""7x"V'xlV"xx'}('X'}('X'}( 
CE,BEx "2(..XX~~ ~, A.. .A. ~ 

t---tAVBW--T---t---tWLEW---<----tEWAX---j 

3k. I I 

DATAl/O 
t ~t -, :!_WDX 

-----------------<'-..,)!( DATA-INVALID JI\.._)>----------

- ...-... ...-..-....-.... - ......._._.__ ...... - ------ -- ------ -_...__.~---
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2 x 4K x 16 Cache-Data Static RAM L7C183/184 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to a void exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. A series of normalized curves on pages 
2-8 through2-11 of this data book supply the 
designer with typical DC and AC paramet
ric information for Logic Devices Static 
RAMs. These curves may be used to deter
mine device characteristics at various tem
peratures and voltage levels. 

6. Tested with all address and data input 
changing at the maximum cycle rate. e 
device is continuo~ enabled for w~· 
i.e., CE,CS:::;; VIL, WE :::;; VIL. Inp t ul 
levels are 0 to 3.0 V. 

7. Tested with outputs ope 
and data inputs changing at 
read cycle rate. The device is c 
disabled, i.e., CE,CS ~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CT,C5 =Vee. Input 
levels are within 0.2 V of Vee or ground. 

9. Data retention operation n~q~res that 
Vecneverdropbelow2.0 V. CE,CSmustbe 
~Vee- 0.2 V. For all other inputs VIN 
~ Vee - 0.2 V or VIN :::;; 0.2 V is required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ..-.. ....-.. -.....-... - -------- - _..,, ___ -- ------ ---------

IOH plus 100 pF (Fig. la), and input pulse in Fig. lb. Thisparameterissampledand not 
levels of 0 to 3.0 V (Fig. 2). 100% tested. 

12. Each parameter is shown as a minimum 22. All address timings are referenced from 
or maximum value. Input requirements are the last valid address line to the first transi
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 

tioning address line. 

23. CE,CS or WE must be high during ad
dress transitions. 

much time to meet the worst-case require- 24. Thisproductisa very high speed device 
ments of all parts. Responses from the inter- and care must be taken during testing in 
nal circuitry are specified from the point of order to realize valid test information. In
view of the device. Access time, forexample, adequate attention to setups and proce
is specified as a maximum since worst-case <lures can cause a good partto be rejected as 
operation of any device always provides faulty. Long high inductance leads that 
data within that time. pply bounce must be avoided by 

. . the Vee and ground planes di-
13· WE is high for the read cycle. r to the contactor fingers. A 0.01 µF 

14. The chip is continuously selected ~ ncy capacitor is also required 
(CT,CS low). a ween and ground. To avoid signal 

15 All dd l. I'd · t · ons, proper terminations must be . a ress mes are va 1 pnor- o d 
CE,CS transition to low. se · 

16. The internal write cycle of the 
is defined by the overlap of C - lo 
WE low. Both signals mu be L to · iti-
ate a write. Either si~ 1 e a 
write by going HIGH. inpu setup 
and hold timings u fe ced to the 
rising edge of the si ha rminates the 
write. 

high before or concurrent 
g high, the output remains in 

edance state. 

erup from 1ce2 to ICCl occurs as a 
t of any of the following conditions: 

a. Falling edge of CE,CS. 

b. Falling edge of WE (CE,CS active). 

c. Transition on any address line (CE,CS 
active). 

d. Transition on any data line (CE,C5 and 
WE active). 

The device automatically powers down 
from Iec2 to IC Cl after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 

Ri 10000 

OUTPUT ., ___ _.,,__ ___ ,. 

INCLUDING 
JIG AND 
SCOPE 

I 100 pF 

Ri 10000 
+5 v 0------Vl/lr--, 

INCLUDING 5 pF 

JIG AND I_ 
SCOPE 

R2 
6670 
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2 x 4K x 16 Cache-Data Static RAM 

48-pln vee ALE 

As A7 

As As 

A4 A9 

A3 A10 

A2 A11 

A1 A12 

Ao CE 
GND GND 

1/00 11015 

1/01 11014 

1/02 1/013 

1/03 1/012 

GND GND 

1/04 1/011 

1/05 1/010 

1/06 1/09 

1/07 1/08 

Vee Vee 
BEL Vee 
WEB MODE 

WEA BEH 
GND OEB 

GND OEA 

L7C183PC-f 45 L7C183DC -f 45 
or 35 or 35 

L7C184PC 25 L7C184DC 25 

45ns 
35ns 

-~~-..-... - ~~----. - ------ -- ------ --~-------

48-pln 

(550 x 550) 

A1 

1/07 

C'\IM""1'1.0C.08~ ....... c:om~~ 
<( <( <( <( <( > <( <( <( <( <( <( 

u....Jcc<oo<cc:::x:wuo ulwlwlw z zlwlwlw 0 u u 
>ai~~<!l<!looai 0 >> 

:2 

Ceramic Leadless 
Chip Carrler(K9) 

L7C183KC -f 45 
or 35 

L7C184KC 25 

L7C183/184 

A12 
CE 
GND 
1/015 

1/013 

11011 

I/OB 

:-:·:·:·:·:·:·:·:·:-:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:-:-:-:-:-:-:-:.:-:-:-·::::::::::::::::·: 

L7C183KM { ~; 
or 

L7C184KM 

L7C183KME { ~; 
or 

L7C184KME 

L7C183KMB { ~ 
or 

L7C184KMB 

_....._....~-~ 
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2 x 4K x 16 Cache-Data Static RAM 

Speed 

ORDERING INFORMATION 

52-pin 

Ao 
GND 
GND 
l/Oo 
1/01 
1/02 
1/03 

GND 
1/04 
I/Os 
1/06 
1107 
NC 

3 2 1 52 51 50 49 48 47 
• 46 

45 
44 
43 
42 

Top 
View 

41 
40 
39 
38 
37 
36 
35 

20 34 
21 22 23 24 25 26 27 28 29 30 31 32 33 

oo-'aJ<oo<aJ::cwoo 
0 OIUJIUJIUJZZIUJIUJIUJCl 0 0 >> c:os:s:00ooc:oo>> 

Plastic J-Lead 
Chip Carrier (JS) 

:2 

L7C183JC 145 
or 35 

L7C184JC 25 
20 

A 12 
CE 
GND 
1/015 
1/014 
1/013 
1/012 
GND 
1/011 
1/010 
1/09 
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64K x 1 Radiation-Hard Static RAM l 7CX187 

D 64K x 1 Radiation-Hard Static 
RAM with Separate 1/0, 
Chip Select Powerdown 

D Address Access Time: 
:::;;; 50 ns at 80°C 

D Total Dose: ~106 Rads (Si02) 

D Dose Rate Upset: ~109 Rads (Si)/s 

D Dose Rate Survivability: 
>1012 Rads (Si)/s 

D Neutron Hardness: >1014 N/cm 2 

0 SEU Immunity: 
<10-7 errors/bit-day at 90°C, 4.5 V 

0 SEU Immunity: 
<10-10 errors/bit-day at 25°C, 5.0V 

D Latchup-Free Operation within 
Maximum Ratings 

D Package Styles Available: 
• 24-pin Sidebraze, Hermetic DIP 

DI 

ROW 
ADDRESS 

CE --l'llr---.. 

WE-r-T""'-1"---' 

- ...-... ~-...-... - ------ ------ -- ------ ---.-.-~---
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The L7CX187 Radiation-Hard CMOS 
static RAM is a high-performance, low 
power device fabricated in a 1.25 µm. 
bulk-CMOS radiation-hard process. 
The storage circuitry is organized as 
65,536 words by 1 bit per word. 

The L7CX187 performs at specification 
after exposure to 1x106 Rads (Si02) 
and retains data during exposure to 
transient radiation of up to 1 x 109 

Rads (Si)/s. The single-event suscep
tibility is less than 10-10errors/bit-day. 

Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 225 mW (typical) at 50 ns. Dissipa
tion drops to 3 mW (typical) when the 
memory is deselected (CE is high). 

256 x 256 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

8 

Vee GND 

l l 

DO 

COLUMN ADDRESS 

The L7CX187 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. An active-low 
Chip Enable and a three-state output 
simplify the connection of several 
chips for increased capacity. 

Memory locations are specified on ad
dress pins Ao through A15. Reading 
from a designated location is accom
plished by presenting an address and 
driving CE low while WE remains 
high. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin stays in a high
impedance state when CE is high or 
WE is low. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 

=-===-===-===-=-=====================Memory Products 
DEVICES INCORPORATED 

2-131 LDS.X187-A 



64K x 1 Radiation-Hard Static RAM L7CX187 

Parameter Symbol Mn Typ Max Unit Storage temperature ..................................... -65°C to + 150°C 

Power Supply Vee 4.5 5.0 5.5 V Operating ambient temperature .................... -55°C to + 125°C 
Vee supply voltage with respect to ground .... -0.3 V to +6.5 V 

Ambient Temp. TA O 25 80 °C Voltage on any pin .................................. -3.0 V to Vee +0.3 V 

Output current into low outputs ...................................... 25 mA 

Parameter 

Total Dose 

Dose Rate Upset 

Dose Rate Survivability 

Soft Error Rate (1) 

Neutron 

(1) Refer to Figs. 3 and 4. 

Limits 

2:106 Rads (Si02) 

2:109 Rads (Si)/s 

>1012 Rads (Si)/s 

<10-7 errors/bit-day 

<10-10 errors/bit-day 

>1014 N!cm2 

Test Conditions 

TA= 25°C, Vee = 5.5V; Co60 gamma cell 

Pulse Width < 1 µ.s; TA= 25°C, Vee = 4.5 V 

Pulse Width < 50 ns; TA = 25°C, Vee = 5.0 V 

TA= 90°C, Vee= 4.5 V 

TA= 25°C, Vee= 5.0 V 

TA= 25°C, Unbiased 

0°c to +80°C -55°C to + 12s0 c 

Symbol Parameter Test Condition Min Max Min Max 

VOH Output High Voltage IOH =-4.0 mA 2.4 2.4 

VOL Output Low Voltage IOL = 16.0 mA 0.4 0.4 

VIH Input High Voltage 2.4 Vee 2.4 Vee 
+0.3 +0.3 

VIL Input Low Voltage -3.0 0.8 -0.3 0.8 

llX Input Leakage Current ±10 ±20 

loz Output Leakage Current ±10 ±20 

los Output Short Current (Note 3) 25 25 

lee1 Vee Current, Active Write Operation @ 20 MHz 60 70 

lee2 Vee Current, TTL Inactive CE > 2.4 V (Note 4) 5.0 8.0 

lee3 Vee Current, CMOS Standby CE > Vee - 0.3 V (Note 5) 1.0 1.0 

CIN Input Capacitance GND S VIN s; Vee (Note 6) 6 6 

COUT Output Capacitance GND s; Vour s Vee (Note 6) 8 8 

- .-... ......... -..-... - ..--.. .-. -...-. - ------- -- ------- --~------

Unit 

v 
v 
v 

v 
µ.A 

µ.A 

mA 

mA 

mA 

mA 

pF 

pF 

-~ ....__.-~ 
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64K x 1 Radiation-Hard Static RAM L7CX187 

~ 

~ 
~::;;;;:: 7:C:' fIBTiill ~ - 7 .lliill.illJ :::; Jii2 ill 

L7CX187-50 
0°c to +80°C -5S°C to + 125°C 

Symbol Parameter Min Max Min Max 
tRVAV Read Cycle Time (Address) 50 60 
tAVQV Address Valid to Output Valid (Notes 9, 1 O) 50 60 
tAXQX Address Change to Data Hold (Notes 9, 1 O) 10 12 
tCLCX Read Cycle Time (Chip Enable) 60 70 
tCLQV Chip Enable Low to Output Valid (Notes 9, 11) 60 70 
tCHQZ Chip Enable High to Output High Z 10 12 
tCLQZ Chip Enable Low to Output Low Z 10 12 

- ...-... ...-... -...-. - ..-..... ,,_._, -.-. - - _..,, ___ -- - ----- -------
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64K x 1 Radiation-Hard Static RAM L7CX187 

L7CX187-50 
0°c to +80°C -55°C to +125°C 

Symbol Parameter Min Max Min Max 
twVAV Write Cycle Time (Address) 50 (1) 

tAVBW Address Valid to Beginning of Wr~e Cycle 0 0 
twLEW Write Enable Low to End of Write Cycle 45 (1) 

tEWAX End of Write Cycle to Address Change 5 6 
tDVEW Data Valid to End of Write Cycle 40 (1) 

tEWDX End of Write Cycle to Data Change 5 6 
tEWQV End of Write Cycle to Data Valid 15 17 
twLOZ Write Enable Low to Output High Z (Notes 15, 16) 15 17 
twHOZ Write Enable High to Output Low Z (Notes 15, 16) 15 17 
tAVCL Address Valid to Chip Enable Low 0 0 
tcLCX Write Time Cycle (Chip Enable) 60 (1) 

tcLWL Chip Enable Low to Wr~e Enable Low 0 0 
twHCH Write Enable High to Chip Enable Low 5 6 
tcLWX Chip Enable Low to Wr~e Enable High 45 (1) 

( 1) Refer to Figs. 3 and 4. 

tWVAV 

ADDRESS *" ~ 
tAVBW tWLEW tEWAX--i 

~ ~ 
tDVEW T tEWOX 

~ DATA IN VALID * 1--tWLOZ.::j I 1---tEWO~ 
"- HIGH IMPEDANCE _y~ 

DATA VALID J'1 
twHaz-t---J 

DATA IN 

DATA OUT 

ADDRESS * tAVCL ± tCLCX 

~ y 
tCLWL IWHCX 

~ ; 
tCLWX tEWDX 

DATA IN DATAIN VALID * tWLOZ J_ HIGH IMPEDANCE 
]<~ 

HIGH IMPEDANCE 

tCLOX 
I 

DATA OUT 

- ~ .....__~ - ~--------- - -~--- -- ------- --~-------
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64K x 1 Radiation-Hard Static RAM 

1. MaximumRatingsindicatestressspecifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry destgned to 
protect the chip from damaging s~bstrate 
injection currents and accumulatio~s of 
static charge. Nevertheless, conventio~al 
precautions should be observed ~un~g 
storage, handling, and use of these arcmts 
in order to avoid exposure to excessive elec
trical stress values. 

3. Duration of the output short circuit 
should not exceed 30 seconds. 

4. Tested with outputs open and all address 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ~ VIH. 

5. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE = Vee. Input 
levels are within 0.5 V of Vee or ground. 

6. These parameters are guaranteed but not 
100% tested. 

7. Test conditions assume input transition 
times of less than 5 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 50 pF (Fig. la), and input pulse 
levels of 0.8 to 2.40 V (Fig. 2). 

8. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tA VEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
viewofthedevice.Accesstime,forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

- ~ .....-...-..-... 
_...._ ___ _ 

9. WE is high for the read cycle. 

10. The chip is continuously selected (CE 
low). 

11. All address lines are valid prior-to or 
coincident-with the cr transition to low. 

12. The internal write cycle of the mem()J"Y 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

13. H WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 

14. H CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

15. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

16. Transition is measured ±200 mV from 
steady state voltage with specified loading 
in Fig. lb. This parameterissampled and not 
100% tested. 

17. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

18. CE or WE must be high during address 
transitions. 

19. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

INCLUDING 
JIG AND 
SCOPE 

+5V 

L7CX187 

I SOpF 

R1 480'2 

R2 
6670 

OUTPUT o----.----""""1 

INCLUDING 
JIG AND 
SCOPE 

I SpF 
R2 
2550 
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64K x 1 Radiation-Hard Static RAM 

NORMALIZED MEAN CELL RESISTANCE 
(measured at temperature • 25°C 

and Vee • 5.0 V) 
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64 K x 1 Radiation-Hard Static RAM 

Speed 

50 ns 

24-pin 

(0.6" wide) 

- ...-... ....-..-...-... - ......... .-.-.-. - -_ _. ___ -- ------ -_ _. ........ _ _.... 

Ao 24 Vee 
NC 23 A15 

A1 22 A14 

A2 21 A13 

A3 20 A12 

A4 19 A11 

As 18 A10 

A6 17 A9 

NC 16 Aa 

DOUT 10 15 A7 

WE 11 14 DIN 

GND 12 13 CE 

SI deb raze 
Hermetic DIP (01) 

L7CX187HC50 

L7CX187HM50 

L7CX187HME50 

L7CX187HMB50 

L7CX187 

- ...... ~-~ 
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256K x 1 Radiation-Hard Static RAM l 7CX197 
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0 256K x 1 Radiation-Hard Static 
RAM with Separate 1/0, 
Chip Select Powerdown 

0 Address Access Time: 
S 50 ns at 80°C 

0 Total Dose: ~106 Rads (Si02) 

0 Dose Rate Upset: ~109 Rads (Si)/s 

0 Dose Rate Survivability: 
> 1012 Rads (Si) Is 

0 Neutron Hardness: >1014 N/cm2 

0 SEU Immunity: 
<10-7 errors/bit-day at 90°C, 4.5 V 

0 SEU Immunity: 
<10-10 errors/bit-day at 25°C, 5.0V 

0 Latchup-Free Operation within 
Maximum Ratings 

0 Package Styles Available: 

• 24-pin Sidebraze, Hermetic DIP 

DI 

ROW 
ADDRESS 

CE--,....., 

WE .,.-r-ui....-, 

- ~ ~-...-... - ........ .-.--- ------ -- - -- .... -- ------
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The L7CX197 Radiation-Hard CMOS 
static RAM is a high-performance, low 
power device fabricated in a 1.25 µm. 
bulk-CMOS radiation-hard process. 
The storage circuitry is organized as 
262,144 words by 1 bit per word. 

The L7CX197 performs at specification 
after exposure to 1x106 Rads (Si02) 
and retains data during exposure to 
transient radiation of up to 1 x 109 

Rads (Si)/s. The single-event suscep
tibility is less than 10-10errors/bit-day. 

Operation is from a single +5 V power 
supply and all interface signals are 
TTL compatible. Power consumption 
is 260 mW (typical) at 50 ns. Dissipa
tion drops to 3 mW (typical) when the 
memory is deselected (CE is high). 

1024x256 
MEMORY 
ARRAY 

COLUMN SELECT 
& COLUMN SENSE 

8 

Vee GND 

l l 

DO 

COLUMN ADDRESS 

The L7CX197 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. An active-low 
Chip Enable and a three-state output 
simplify the connection of several 
chips for increased capacity. 

Memory locations are specified on ad
dress pins Ao through Ais. Reading 
from a designated location is accom
plished by presenting an address and 
driving CE low while WE remains 
high. The data in the addressed 
memory location will then appear on 
the Data Out pin within one access 
time. The output pin stays in a high
impedance state when CE is high or 
WE is low. 

Writing to an addressed location is 
accomplished when the active-low CE 
and WE inputs are both low. Either 
signal may be used to terminate the 
write operation. Data In and Data 
Out signals have the same polarity. 

=-=-=-=-=-===================Memory Products 
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256K x 1 Radiation-Hard Static RAM L7CX197 

Parameter Symbol Min Typ Max Unit Storage temperature .................................•... -65°C to + 150°C 

Power Supply Vee 4.5 5.0 5.5 V Operating ambient temperature .................... -55°C to + 125°C 
Vee supply voltage with respect to ground .... -0.3 V to +6.5 V 

Ambient Temp. TA O 25 80 °C Voltage on any pin .................................. -3.0 V to Vee +0.3 V 
Output current into low outputs ...................................... 25 mA 

Parameter 

Total Dose 

Dose Rate Upset 

Dose Rate Survivability 

Soft Error Rate (1) 

Neutron 

(1) Refer to Figs. 3 and 4. 

Limits 

2!106 Rads (Si02) 

2!109 Rads (Si)/s 

>1012 Rads (Si)/s 

<10-7 errors/bit-day 

<10-10 errors/bit-day 

>1014 N/cm2 

Test Conditions 

TA= 25°C, Vee= 5.5V; Co60 gamma cell 

Pulse Width < 1 µs; TA= 25°C, Vee = 4.5 V 

Pulse Width < 50 ns; TA = 25°C, Vee = 5.0 V 

TA= 90°C, Vee= 4.5 V 

TA= 25°C, Vee= 5.0 V 

TA= 25°C, Unbiased 

0°Cto +80°C -5S°C to + 12s0 c 
Symbol Parameter Test Condition Min Max Min Max 

VOH Output High Voltage IOH =-4.0 mA 2.4 2.4 

VOL Output Low Voltage IOL = 16.0 mA 0.4 0.4 

VIH Input High Voltage 2.4 Vee 2.4 Vee 
+0.3 +0.3 

VIL Input Low Voltage -3.0 0.8 -0.3 0.8 

llX Input Leakage Current ±10 ±20 

loz Output Leakage Current ±10 ±20 

los Output Short Current (Note 3) 25 25 

lee1 Vee Current, Active Write Operation @ 20 MHz 60 70 

lee2 Vee Current, TTL Inactive CE > 2.4 V (Note 4) 5.0 8.0 

lee3 Vee Current, CMOS Standby CE > Vee - 0.3 V (Note 5) 1.0 1.0 

CIN Input Capacitance GND S VIN S Vee (Note 6) 6 6 

Cour Output Capacitance GND s Vour s Vee (Note 6) 8 8 

Unit 

v 
v 
v 

v 
µA 

µA 

mA 

mA 

mA 

mA 

pF 

pF 
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=DE=V=IC=ES=IN=C=OR=P=ORA==TE=D==============================================MernoryProducts 

2-140 LDS.X197-A 



256K x 1 Radiation-Hard Static RAM L7CX197 

·.··.·.·.···················••>><<>· (·j 

0°C to +80°C 
Symbol Parameter Min Max Min 
tRVAV Read Cycle Time (Address) 50 60 
tAVQV Address Valid to Output Valid (Notes 9, 1 O) 50 60 
tAXQX Address Change to Data Hold (Notes 9, 1 O) 10 12 
tcLCX Read Cycle Time (Chip Enable) 60 70 
tcLQV Chip Enable Low to Output Valid (Notes 9, 11) 60 70 
tcHQZ Chip Enable High to Output High Z 10 12 
tcLQZ Chip Enable Low to Output Low Z 10 12 

ADDRESS 

DATA OUT 

- ~ ~-..-... - ...... ~--- ------ -- - ----- -------_..._... ,..___~ 
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256K x 1 Radiation-Hard Static RAM L7CX197 

,,:;;::::: 

~ 
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::::;:: 

L7CX197-50 
0°c to +80°C --55°C to + 125°C 

Symbol Parameter Min Max Min Max 
WIVAV Write Cycle Time (Address) 50 (1) 

tAVBW Address Valid to Beginning of Write Cycle 0 0 
twLEW Write Enable Low to End of Write Cycle 45 (1) 

tEWAX End of Write Cycle to Address Change 5 6 
tDVEW Data Valid to End Of Write Cycle 40 (1) 

tEWDX End of Write Cycle to Data Change 5 6 
tEWQV End of Write Cycle to Data Valid 15 17 
twLOZ Write Enable Low to Output High Z (Notes 15, 16) 15 17 
twHOZ Write Enable High to Output Low Z (Notes 15, 16) 15 17 
tAVCL Address Valid to Chip Enable Low 0 0 

tcLCX Write Time Cycle (Chip Enable) 60 (1) 

tcLWL Chip Enable Low to Write Enable Low 0 0 
twHCH Write Enable High to Chip Enable Low 5 6 
tcLWX Chip Enable Low to Write Enable High 45 (1) 

(1) Refer to Figs. 3 and 4. 

tWVAV 

ADDRESS * l(: 
tAVBW tWLEW tEWAX---i 

~ .T 
L tovEW t tEWDX 

-* DATAIN VALID * 1--tWLOZ~ 'I 1--- t EWO'!;;::::i 
~ HIGH IMPEDANCE '(XXXX: DATA VALID ./( 

tWHoz-t--J ·i 

DATA IN 

DATA OUT 

ADDRESS * tAVCL l tCLCX 

~ ~ 
tCLWL tWHCX 

~ .T 
tCLWX tEWDX 

DATA IN DATAIN VALID * tWLOZ J 
HIGH IMPEDANCE 1'XXXJ HIGH IMPEDANCE 

tCLOX 
1 

DATA OUT 
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256K x 1 Radiation-Hard Static RAM 

1. MaximumRatingsindicatestressspecifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

9. WE is high for the read cycle. 

10. The chip is continuously selected (CE 
low). 

11. All address lines are valid prior-to or 
coincident-with the CE transition to low. 

12. The internal write cycle of the mem~ 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

13. H WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 

3. Duration of the output short circuit l4. H CE goes high before or concurrent 
should not exceed 30 seconds. with WE going high, the output remains in 
4. Tested with outputs open and all address a high impedance state. 

and data inputs changing at the maximum l5. At any given temperature and voltage 
read cycle rate. The device is continuously condition, output disable time is less than 
disabled, i.e., CE ::!: VIH. output enable time for any given device. 

5. Testedwithoutputsopenandalladdress 16. Transition is measured ±200 mV from 
and data inputs stable. The device is con- steady state voltage with specified loading 
tinuously disabled, i.e., CE = Vee. Input in Fig. lb. This parameteris sampled and not 
levels are within 0.5 V of Vee or ground. l00% tested. 

6. These parameters are guaranteed but not 
100% tested. 

7. Test conditions assume input transition 
times of less than 5 ns, reference levels of 
1.5 V, output loading for specified IOL and 
IOH plus 50 pF (Fig. la), and input pulse 
levels of 0.8 to 2.40 V (Fig. 2). 

8. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEw is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

- ...-... .....-...-~ - .....-. .-..-. -~ - ------ -- - .., ____ --------

17. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

18. CE or WE must be high during address 
transitions. 

19. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A O.Ql µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

INCLUDING I_ 50 pF 
JIG AND 
SCOPE 

L7CX197 

R2 
6670 

R1 4800 
+5V 

OUTPUT 0-----.------i 

INCLUDING 5 pF 
JIG AND I_ 
SCOPE 

R2 
255.Cl 

_._...~- .......... 
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256K x 1 Radiation-Hard Static RAM L7CX197 
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0.5 1.0 1.5 2.0 
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§ -0.01 I

~ -0.02 I-
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10 
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256K x 1 Radiation-Hard Static RAM 

Speed 

50 ns 

24-pin 

(0.6" wide) 

- ...-.... ....-...-..-... - ~ .-.-.-.-. - ------ -- ------- -_.......,.___. _ _. 

Ao 24 vee 
A1 23 A17 

A2 22 A16 

A3 21 A15 

A4 20 A14 

A5 6 19 A13 

A6 7 18 A12 

A? 17 A11 

As 16 A10 

Dour 10 15 A9 

WE. 11 14 DIN 

GND 12 13 CE 

Si deb raze 
Hermetic DIP (01) 

L7CX197HC50 

L7CX197HM50 

L7CX197HME50 

L7CX197HMB50 

L7CX197 

-~~-...._.. 
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FIFO Memory Products Package Availability Guide 

Package Availability Code(2) 

No. SOIC 
PartNoJ1l Pins Plastic DIP CerDIP (Gull-Wing) 

lfu::•~ Si J]JIJGBJ?• ~ t@Llifill 
L8C200 28/32 P9,P10 C6 

L8C201 28/32 P9,P10 C6 

L8C202 28/32 P9, P10 C6 

L8C203 28/32 P9, P10 C6 

L8C204 28/32 P9,P10 C6 

L8C2011 32 P14 

L8C2021 32 P14 

L8C2031 32 P14 

L8C2041 32 P14 

L8C401 16/20 P12 C7 U3 

L8C402 18120 P12 cs U3 

L8C403 16120 P12 C7 U3 

L8C404 18120 P12 ca U3 

L8C413 20 P13 C2 U3 

L8C408 28/32 P9,P10 C6 

L8C409 28/32 P9,P10 C6 

(1) See Section 1 - Ordering Information for assistance In constructing a valid part number. 
(2) See Section 1 O - Packaging for package dimensions. 

- ~ ...-..-...-.. - ~--------- ------- -- ------ -_ _,,,,_, ---_. - ....... ~-.._.. 

SOJ 
(J-Lead) 

::<: 

Plastic Ceramic 
LCC LCC 

~ ::::•':::::::•::::: ::::::::::1 
J6 K7 

J6 K7 

JG K7 

J6 K7 

JG K7 

J6 K7 

JG K7 

JG K7 

JG K7 

J7 KB 

J7 KB 

J7 KB 

J7 KB 

J7 KB 

J4 K7 

J4 K7 

~oEV===ICE~S=IN=CO=R=PO=RA=T=E=D===============================================FIFOProducts 
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FIFO Memory Product Selection/Cross Reference 

Speed (ns) Power (mW) 

Part No.<1> Description Com. Mil. Opr. Standby Pins 

L8C200 256 x 9-bit 15 20 495 200 28/32 

L8C201 512 x 9-bit 15 20 495 200 28/32 

L8C202 1K x 9-bit 15 20 495 200 28/32 

L8C203 2K x 9-bit 15 20 495 200 28/32 

L8C204 4K x 9-bit 15 20 495 200 28/32 

L8C2011 512 x 9-bit 15 20 495 200 32 
with Flags + OE 

LBC2021 1K x 9-bit 15 20 495 200 32 
with Flags + OE 

L8C2031 2K x 9-bit 15 20 495 200 32 
with Flags + OE 

L8C2041 4K x 9-bit 15 20 495 200 32 
with Flags + OE 

L8C401 64 x 4-bit 35MHz 25MHz 385 100 16/20 
without OE 

L8C402 64 x 5-bit 35MHz 25MHz 385 100 18/20 
without OE 

L8C403 64 x 4-bit 35MHz 25MHz 385 100 16/20 
with OE 

L8C404 64 x 5-bit 35MHz 25MHz 385 100 18/20 
with OE 

L8C413 64 x 5-bit 35MHz 25MHz 385 100 20 
with Flags + OE 

L8C408 64 x 8-bit 35MHz 25MHz 695 125 28 
with Flags + OE 

L8C409 64 x 9-bit 35MHz 25MHz 695 125 28 
with Flags + OE 

LOGIC DEVICES PART NUMBER 

L8C200 L8C201 L8C202 L8C203 L8C204 L8C2011 
Competitor (256 x 9) (512 x9) (1K x 9) (2K x 9) (4K x 9) (512 x9) 

IDT IDT7200S IDT7201S IDT7202S IDT7203S IDT7204S IDT72011S 

Cypress NA CY7C412 CY7C424 CY7C429 NA NA 

Samsung NA KM75C01A KM75C02A KM75C03A NA NA 

LOGIC DEVICES PART NUMBER 

L8C2041 LBC401 L8C402 L8C403 L8C404 L8C413 
Competitor (4Kx9) (64x4) (64 x 5) (64x4) (64 x 5) (64x5) 

IDT IDT72041S IDT72401 IDT72402 IDT72403 IDT72404 IDT72413 

Cypress NA CY7C401A CY7C402A CY7C403A CY7C404A NA 

Samsung NA NA NA NA NA NA 

(1) See Section 1 - Ordering Information for assistance in constructing a valid part number. 
(2) See Section 1 o - Packaging for package dimensions. 

~ ~-...-.... - ------ - _ .. ___ -- ------ --~-.-----~ ...__~ 

Packages Availab1e<2> 

DIP, PLCC, LCC 

DIP I PLCC, LCC 
DIP, PLCC, LCC 

DIP, PLCC, LCC 

DIP, PLCC, LCC 

DIP, PLCC, LCC 

DIP, PLCC, LCC 

DIP, PLCC, LCC 

DIP, PLCC, LCC 

DIP I PLCC, LCC 
SOIC (Gull-Wing) 

DIP, PLCC, LCC 
SOIC (Gull-Wing) 

DIP I PLCC, LCC 
SOIC (Gull-Wing) 
DIP, PLCC, LCC 
SOIC (Gull-Wing) 

DIP, PLCC, LCC 
SOIC (Gull-Wing) 

DIP, PLCC, LCC 

DIP, PLCC, LCC 

L8C2021 L8C2031 
(1Kx 9) (2Kx9) 

IDT72021S IDT72031S 

NA NA 

NA NA 

L8C408 L8C409 
(64 x 8) (64x 9) 

NA NA 

CY7C408A CY7C409A 

NA NA 

=0E=v=1c=Es=1N=c=o=RP=o=RA=r=Eo===================================================FIFC> Products 
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256/512/1 K/2K/4K x 9-bit L8C200/201 
First-In/First-Out (FIFO) L8C202/203/204 

0 First-In/First Out (FIFO) using 
Dual-Port Memory 

0 High Speed- to15 ns Access Time 
0 Asychronous and Simultaneous 

Read and Write 
0 Fully Expandable by both Word 

Depth and/ or Bit Width 
0 Empty and Full Warning Flags 
0 Auto Retransmit Capability 
0 Plug Compatible with ID1720x, 

Cypress CY7C4x, and Samsung 
KM75COx 

0 Package Styles Available: 
• 28-pin Plastic DIP 
• 28-pin Cer DIP 
• 32-pin Plastic LCC 
• 32-pin Ceramic LCC 

The L8C200, L8C201, L8C202, L8C203, parallel. The active device is deter
and L8C204 are dual-port First-In/ mined by the Expansion In (XI) and 
First-Out (FIFO) memories. The FIFO Expansion Out (XO) signals which are 
memory products are organized as: daisy chained from device to device. 

L8C200 - 256 x 9-bit The read and write operations are 
L8C201 - 512 x 9-bi~ internally sequential through the use 
L8C202 - 1024 x 9-b~t of ring pointers. No address informa-
L8C203 - 2048 x 9-b~t tion is required to load and unload 
L8C204 - 4096 x 9-bit data. e write operation occurs 

Each memory utilizes a special when e Write (W) signal is LOW. 
algorithm that loads and empties data s when Read (R) goes 
on a first-in/first-out basis. Full an~o . nine data outputs go to the 
Empty flags are provided to prevent · im ance state when R is 
data overflow and underflow. Thr A Retransmit (RT) capability 
additional p~s ~e also pr~vid~o ows for reset of the read pointer 
allow for unlimited expansion en RT is pulsed LOW, allowing for 
word size and depth. ~x retransmission of data from the 
sion does not result in ow o h beginning. Read Enable (R) and Write 
penalty. The parts e Enable (W) must both be HIGH 
with the data an o als in during a retransmit cycle, and then R 

is used to access the data. A Half Full 

~ijQ:gijQ.tgoi/go~/.go3.i~o4.: ~~P.P.~:iP•A«RA''.::<<: <> ,_,, .,. · :--ii:~~;:en~;~~::1:;!s~:: 

w WRITE 
CONTROL 

READ 
CONTROL 

DATA OUTPUTS 
Clo-Qa 

i----4----EF 
1-----+----.rF 

~---1 EXPANSION ____ _, 

XI ------.___Lo_G_1c__,1-------· XO/RF 

- ..-... ....-..-...-.. - ~------ - ----- -- ------ -- ........ ~-----

modes. In the depth expansion 
configuration, this pin provides the 
Expansion Out (XO) information 
which is used to tell the next FIFO that 
it will be activated. 

The FIFOs are designed to have the 
fastest data access possible. Even in 
lower cycle time applications, faster 
access time can eliminate timing 
bottlenecks as well as leave enough 
margin to allow the use of the devices 
without external bus drivers. 

The FIFOs are designed for those ap
plications requiring asychronous and 
simultaneous read/writes in multi
processing and rate buffer applica
tions. 

Latchup and static discharge protec
tion is provided on-chip. The FIFOs 
can withstand an injection current of 
up to 200 mA on any pin without 
damage. 

_.._.. ~-~ 
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256/512/1 K/2K/4K x 9-bit FIFO L8C200/201 /202/203/204 

.:-.=:Mi!1MP:'i::,fli!1.~9,:::::~w¥9::::11,9#,::£¥:#:r9:t::l:lf:'::t##x:1::1mitfl:::::r1~#:#::::1=:i!:f.J:::::::::::::::=::::::::::::::::=::::::]::::::.::>::::::::::::::,::::::::::::::::::::rnrn::::::::::::=:::,::lt,·::.:,::,f 
Storage temperature ....................................................................................................................... -65°C to + 150°C 

Operating ambient temperature ...................................................................................................... -55°C to + 125°C 
Vee supply voltage with respect to ground ..................................................................................... -0.5 V to +7.0 V 
DC voltage applied to outputs in High Z state .................................................................................. -0.5 V to +7.0 V 
DC input voltage ............................................................................................................................... -3.0 V to +7.0 V 
Power Dissipation ............................................................................................................................................. 1.0 W 
Output current into low outputs ...................................................................................................................... 20 mA 
Latch up current...................................................................................................... . ........................... > 200 mA 

Mode 

Active Operation, Commercial 
Active Operation, Military 

Symbol Parameter 

VoH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL 

llX Input Leakage Cur11 

loz Output Leaka 

los Output Short C 

lee2 

lee3 Vee Current, Powerdown 

CIN Input Capacitance 

COUT Output Capacitance 

Symbol Parameter 

lee1 Vee Current, Active 

Fs Shift Frequency 

- ....-... ~-~ - ~--------
- -_ ... ___ -- ------ --~-----~~-~ 

VOUT = GND, Vee = Max (Note 4) 

All Inputs = VIH MIN (Note 7) 

All Inputs = Vee (Note 13) 

Ambient Temp = 25°C, Vee = 4.5 V 

Test Frequency= 1 MHz (Note 8) 

Test Condition (MHz)• 

Vee= Max., lour= 0 mA (Notes 5, 6) 

2.4 v 
0.4 v 

2.2 Vee v 
+0.3 

-3.0 0.8 v 
-10 +10 µA 

-10 +10 µA 

-150 mA 

35 mA 

20 mA 

5 pF 

7 pF 

L8C200/201 /202/203/204· 

15 20 25 35 50 Unit 

100 100 90 90 80 mA 

40 33 25 20 15 MHz 
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3-6 5/15/90 



256/512/1K/2K/4Kx9-bit FIFO 

INPUTS 
RESET (RS) 

L8C200/201 /202/203/204 

Read enable (R) and Write enable (W) must be in the high 
state during retransmit. This feature is useful when less 
than the full memory has been written between resets. 
Retransmit will affect the Half-Full Flag (HF), depending 
on the relative locations of the read and write pointers. 
The retransmit feature is not compatible with the Depth 
Expansion Mode. 

EXPANSION IN (XI) 

Reset is accomplished whenever the Reset (RS) input is 
taken to a low state. During reset, both internal read and 
write pointers are set to the first location. A reset is 
required after power up befo~ a write operation c~ take 
place. Both the Read enable (R) and Write enable (W) 
inputs must be in the high state durin_g_ the window shown 
(i.e., tWHSH before the rising edge of RS) and should not This input is a dual-purpose pin. Expansion In (Xl) is 
chan~ until tsHWL after the rising edge of ~S. Hall-Full grounded to indicate ~ operation in the single device 
Flag (HF) will be reset to high after Reset (RS). mode. Expansion In (XI) is connected to Expansion Out 
WRITE ENABLE (W) (XO) of the previous device in the Depth Expansion or 

Daisy Chain Mode. a A write cycle ~initiated on the falling edge of this input if 
the Full Flag (FF) is not set. Data setup and hold time DATA INPUTS (Do- 8 
must be adher~d to with respect to the rising edge of the Data input signal~£ -bi · data. Data has setup 
Write enable (W). Data is stored in the RAM array se- and hold time re · e ts wi respect to the rising 
quentially and independently of any on-going read edge of W. 

operation. OUTPUT~ 
To prevent data overflow, the Full Flag (FF) will go low, 
inhibiting further write operations. Upon the completion FULL A 
of a valid read operation, the Full Flag (FF) will go high Th ( will go low, inhibiting further write 
after tRHFH, allowing a valid write to begin. When the_ ating that the device is full. If the read 
FIFO is full, the internal write pointer is blocked from W, not moved after Reset (RS), the Full Flag (FF) 
so external changes in W will not affect the FIFO when it · I after 256 writes for the L8C200, 512 writes for 
full. 01, 1024 wites for the L8C202, 2048 wites for the 
READ ENABLE (R) 3, and 4096 writes for the L8C204. 

A read cycle is initiated on the falling~dge of the~ PTY FLAG (EF} 
enable (R) provided the Empty Flag (EF) is ~et. TR The Empty Flag (EF) will go low, inhibiting further read 
data is accessed on a First-In/First-Ou~b · , epen t operations, when the read pointer is equal to the write 
of any .ongoing write operation. After d a . pointer, indicating that the device is empty. 
?oes high, the D~t~ Outp~ts (Qo-Qs) 0 a high EXPANSION OUT/HALF-FULL FLAG (XO/HF) 
rmpedance condition until the ne er n. When 
all the data has been read from FI , pty Flag This is a dual-purpose output. In the Single Device Mode, 
(EF) will go low, allowinlth " ea de but when Expansion In (XI) is grounded, this output acts as an 
inhibiting further read op the data outputs indication of a half-full memory. 
rem~g in a high imp . tate. ce a valid ~te. After half of the memory is filled and at the falling edge of 
oper~ting has been accomp ed, the Empty Flag ~EF) will the next write operation, the Half-Full Flag (HF) will be set 
go high after tWHEH and a v ead can then begm. to low and will remain set until the difference between the 
When the FIFQ is empty, the intern~ r~ad pointer is write pointer and read pointer is less than or equal to one 
blocked fro~~ so external changes m R will not affect the half of the total memory of the device. The Half-Full Flag 
FIFO when It Is empty. (HF) is then deasserted by the rising edge of the read op-
FIRST LOAD/RETRANSMIT (FURT) eration. 

This is a dual-purpose input. In the Depth Expansion In the Depth Expansion Mode, Expansion In (XI) is 
Mode, this pin is grounded to indicate that it is the first connected to Expansion Out (XO) of the previous device. 
loaded (see Operating Modes). In the Single Device Mode, This output acts as a signal to the next device in the Daisy 
this pin acts as the retransmit input. The Single De~ce Chain by providing a pulse to the next device when the 
Mode is initiated by grounding the Expansion In (XI). previous device reaches the last location of memory. 

The FIFOs can be made to retransmit data when the Re- DATA OUTPUTS (Qo-Qa) 
transmit enable control (RT) input is pulsed low. A Data outputs for 9-bit wide data. This data is .!!1 a high 
retransmit operation will set the internal read pointer to impedance condition whenever Read enable (R) is in a 
the first location and will not affect the write pointer. high state or the device is empty. 

- ...-... ..-.. -...-... - ~.-.---
- - _ _. ___ -- - ----- -_.___. ------
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256/512/1 K/2K/4K x 9-bit FIFO 

SINGLE DEVICE MODE 

A single FIFO may be used when the application require
ments are for the number of words in a single device. The 
FIFOs are in a Single Device Configuration when the Ex
pansion In (XI) control input is grounded. In this mode 
the Half-Full Flag (HF), which is an active low output, is 
the active function of the combination pin XO/HF. 

WIDTH EXPANSION MODE 

L8C200/201 /202/203/204 

BIDIRECTIONAL MODE 

Applications which require data buffering between two 
systems (each system capable of Read and Write opera
tions) can be achieved by pairing FIFOs. Care must be 
taken to assure that the a opriate flag is monitored by 
each system, i.e., FF is mo · red on the device when W is 
used; EF is monitor e evice when R is used). Both 

this mode. 
Depth Expansi~idth ansion may be used in 

Word widthmaybeincreasedsimplybyconnectingthe DATA F~OUGH MODES 
corresponding input control signals of multiple devices. ~ . 
Status flags (EF FF and HF) can be detected from any on Two es ~ - ough modes are pernutted: a read 
device. Any V:ord' width can be attained by adding e flow- d write flow-throu~ mode. ~or the read 
additional FIFOs. Flag detection is accomplished by moni- ~ - ode, .~e FIFO permits th~ reading of a 
toring the FF EF and HF signals on either (any) device ~wor ter writing one word data into an empty 
used in the ~dth expansion configuration. Do not ~ . e d~t~ is enabled on the bus in ~tWH~ + tRLQV) 
connect any output signals together. the nsmg edge of W, called_ the first wnte edge, 

it remains on the bus until the R line is raised from 
DEPTH EXPANSION (DAISY CHAIN) MOD w-to-high, after which the bus would go into a three-
The FIFOs can easily be adapted to applicati wher e state mode after tAHQZ ns. The EF line would have a 
requirements are for greater than the fjword · pulse showing temporary de-assertio_!' and then would be 
a single device. Any depth can be att · b · d- asserted. In the interval of time that R is low, more words 
ditional FIFOs. The FIFOs operates in an- can be written to the FIFO (the subsequent writes after the 
sion configuration when the foR:o o · · are met: first write edge will be de-assert the Empty Flag). How-
l Th first d · t b d . din th ever, the same word (written on the first write edge) 
· F' et Lo de(viFL_ c)e mustr 1 ~ oun g e presented to the outp~ bus as the read pointer, would not 

rrs a con o . be' d h · 1 -. . . mcremente w en R is ow. On toggling R, the other 
2. All other devices m m e high state. words that are written to the FIFO will appear on the 
3. The Expansion Out (XO · of each device must be output bus as in the read cycle timings. 

ti~d to the Exp~sion In (X . pin of the next ~evice In the write flow-through mode, the FIFO permits the 
with the last device connecting back to the first. writing of a single word of data immediately after reading 

4. Exter~ logic is needed to .s._enerate a composite Full one word of data from a full FIFO. The R line causes the 
Flag (FF) an<!_ Empty Flag (EF). This requires the FF to be de-asserted but the W line, being low, causes it to 
ORing of all EFs and ORing of all FFs (i.e., all must be be asserted again in anticipation of a new data word. On 
set to generate the correct composite FF or EF). the rising edge of W, the new word is loaded in the FIFO. 

5. The Retransmit <Rn function and Half-Full Flag (HF) Th~ W line mus~ be toggled when ~is not asserted to 
are not available in the De th Ex ansion Mode. ~te new data m the FIFO and to mcrement the write 

P P pointer. The user must be aware that there is no minimum 
value for tRLEL and tWLFL. These pulses may be slight 
during some operating conditions and lot variations. 

=oE~Vl~CE=S~IN=co=RPO==RA~T=Eo==================================================FIFOProducts 
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256/512/1 K/2K/4K x 9-bit FIFO L8C200/201 /202/203/204 

I SWJTCHlNG CHARACTS.RISTICS aWiBo~~tirl.ua~h~::(h.~P>: :: ):> : :::::: >::::::<::;: :::;:::}:::;:::)\/: : ':j:_}:::Y/I 
:::/:::: ··::::::::.:::··.:.:%!:· -

::::::: 

~ illl:;e;:;:;i;i:~1:::::::::::::: 2Ll 

L8C200/201 /202/203/204-
50 35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tRLRL Read Cycle Time 65 45 35 30 25 
tRLQV Read Low to Output Valid (Access Time) 50 35 25 20 15 
tRHRL Read High to Read Low (Notes 9, 1 O) 15 10 10 10 8 
tRLRH Read Low to End of Read Cycle (Notes 9, 1 O) 50 35 25 20 15 
tRLQZ Read Low to Output Low Z (Note 2) 10 5 5 5 3 
tRHQV Read High to Output Valid 5 5 5 5 5 
tRHQZ Read High to Output High Z (Note 15) 30 20 10 10 10 
twLWL Write Cycle Time (Note 1 O) 65 45 Id_ 35 30 25 
twLWH Write Low to Write High (Notes 9, 1 O) 50 35 j_25 20 15 
twHWL Write High to End of Write Cycle (Notes 9, 1 O) 15 10 8 
tDVWH Data Valid to Write High (Notes 9, 1 O) 30 15 10 
twHDX Write High to Data Change (Notes 9, 1 O) 5 0 0 
tSLSH Reset Cycle Time (Notes 1 o, 11) 50 ~~25 20 15 
tSLWL Reset Low to Write Low (Notes 1 o, 11) 651~~ 35 30 25 
twHSH Write High to Reset High (Notes 10, 11) 25 20 15 
tRHSH Read High to Reset High (Notes 1 o, 11) 25 20 15 
tSHWL Reset High to Write Low (Notes 1 o, 11) ~10 10 10 8 
tSLEL Reset Low to Empty Flag Low 45 35 30 25 
tSLHH Reset Low to Half-Full Flag High ~65 45 35 30 25 
tSLFH Reset Low to Full Flag High 65 45 35 30 25 

i----tR~~ ~'\_;v tRLRH-

R 1--tRLOV~~ tR~~l. Li1 tRLOV---1 

----i~ LL_ L2 ~ ~ -f 
tRLOZ ~--s.~ ~tRHOV.:::::j _ 1-tRHOZ 

_/7...-....~I/ ~ATA-OUTVALID ~~ DATA-OUT VALID 

,__~ .... L-_,.L...,.-=s.._.............,._xwLWL ~ 
W ____ J,~., ll~W~ _} tWHWL.:i 

~ tDWIH J, ! J tWH0D .. X _______ , 

~ 1'. DATA-IN VALID ~ -{ DATA-IN VALID ) 

Qo-Qs 

Do-Da 

- ~ ....-..-~ - ~------ ------- -- ------ -------_...._.... ..._.._~ 
=0E=v=1c=Es=1N=c=o=RP=o=RA=T=Eo===================================================FIFO Products 

3-9 5/15/90 



256/512/1K/2K/4K x 9-bit FIFO 

Symbol Parameter 
tRLQV Read Low to Output Valid 
tRLEL Read Low to Empty Flag Low 
tRHFH Read High to Full Flag High 
twHEH Write High to Empty Flag High 
twLFL Write Low to Full Flag Low 
fTLAL Retransmit Cycle Time 
fTLTH Retransmit Low to End of Retransmit Cycle (Notes 9, 10, 11) 

tAHTH Read/Write High to Retransmit High (Notes 9, 1 o, 11) 

fTHAL Retransmit High to Read/Write Low (Note 1 O) 

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

50 
Mn Max 

50 
45 
45 
45 
45 

65 
50 
50 
15 

L8C200/201/202/203/204 

:/:}: :-:·: ·:·:-:·:·········"'' 
::::::::::::::;:·:-:::::::::·: 

L8C200/201 /202/203/204-
35 25 20 15 

Min Max Min Max Min Max Mn Max 
35 25 20 15 
30 25 20 15 
30 25 25 25 
30 25 25 25 
30 25 20 15 

45 35 30 25 
35 25 20 15 
35 "'25 20 15 
10 }10 10 8 

\\ 

_...._.,.._~-~ 

~DE~v=rc=es~rN~C~OR=P~ORA:::==TE=o=================================================FIFOProducts 
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256/512/1 K/2K/4K x 9-bit FIFO L8C200/201 /202/203/204 

... 
.............. >······ .. ···.:::. > . > ... >·I 

•:•.~2m:·•·•:•••:•~2 - ::::.:zm:21- >>••········· .. ··· .. ·••x+·uun:. .• 2 ............... :;:;:;: 

L8C200/201 /202/203/204· 
50 35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tRHFH Read High to Full Flag High 45 30 25 25 25 
tEHRH Read Pulse Width After Empty Flag High 50 35 25 20 15 
tRHHH Read High to Half-Full Flag High 65 45 35 30 25 
twHEH Write High to Empty Flag High 45 30 25 25 25 
twLHL Write Low to Half-Full Flag Low 65 45 11 35 30 25 
tFHWH Write Pulse Width After Full Flag High (Note 1 O) 50 35 _!5 20 15 

~ 
......... ~.;;;;~ - -I.~ w 

tWH~ 
~1v~ EF 

::S:S:: TI 1--tEHRH 

R ~ ~~"~ '~"'-~"\..____~~~~~~~~ -1 
,6._ ~""~ 

.._, 

~v 

:·~·:~······· / ...... ( :: • ><·. :) ...... ... .. •···••+c··•·••·•··· .. •·• .. ····· ··~~· ;::•;z illZ ±± 

~ f R 

_Lj?~ ~'V tRHFHj 

FF :F 
7Z 2Z ::s:z 1--tFHWH 

w~~~ -1 
ff"JL~~ 
~ 

uLi> ···~··· •Luk"' ••••c•• ····· ................. , ..... c:::: , ............. '0'0•••'•····· ~ :s:::::: ·G?I&J 
··········· 

<•·· </••·• 
~~ HALF-FU SS MORE THAN HALF-FULL OR LESS 

HALF-FULL 
w ~ 

R :I 
-tWLH~ 1--tRHHH 

HF "- -1 

- ~ ~-...-.. - .-..-. .--...-. - - _._ ___ -- ------ -
_.......,. _____ __ _ ..._....~-~ 
=oe=v,=ce=s=,N=co=R=Po=RA=T=e=o================================================FIFOProducts 
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256/512/1 K/2K/4K x 9-bit FIFO 

Symbol Parameter 
tALOL Read/Write to Expansion Out Low (Note 12) 

tAHOH Read/Write to Expansion Out High (Note 12) 

txL>CH Expansion In Pulse Width (Notes 1 o, 12) 

txHXL Expansion In High to Expansion In Low (Notes 1 o, 12) 

tAL>CL Read/Write Low to Expansion In Low (Notes 1 o, 12) 

w 

w 

- ...-... ...-..-..-... - ......... ~-~ - ------ -- - ----- -
_....., ___ .__. 
-~~-~ 

WRITE TO 
LAST PHYSICAL 

LOCATION 

tALOL 

50 
t.tn Max 

50 
50 

50 

L8C200/201 /202/203/204 

L8C200/201 /202/203/204-
35 25 

t.tn Max 
35 

READ FROM 
FIRST PHYSICAL 

LOCATION 

Max 
25 
25 

20 
t.tn Max 

20 
20 

20 
10 

10 

tAHOH 

15 
t.tn Max 

15 
15 

15 
10 

10 

~DE~V~ICE~S~IN~C~OR~P~oRA=====TE~o=================================================FIFOProducts 
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256/512/1K/2K/4K x 9-bit FIFO L8C200/201 /202/203/204 

50 35 25 20 15 
Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tRLEL Read Low to Empty Flag Low 45 30 25 20 15 
tEHRH Read Pulse Width After Empty Flag High 50 35 25 20 15 
twHEH Write High to Empty Flag High 45 30 25 25 25 
tRLQV Read Low to Output Valid 50 35 25 20 15 
twHOZ Write High to Output Low Z (Notes 14, 15) 15 10 5 5 3 

tRHFH Read High to Full Flag High 45 30 1 25 25 25 
twLFL Write Low to Full Flag Low 25 20 15 
tFHWH Write Pulse Width After Full Flag High 50 20 15 
tDVWH Data Valid to Write High 30 15 10 
twHDX Write High to Data Change 5 0 0 

~\7( 
e;:::::::::::::::::::<-

DATA IN -----..-----------~-,_.~-~~~y~------------

w 
D <:5,.~ =::::J 

-~~!\.~-
~ ~~ "-'> -tEHRH---¥+1~1------

~f\..;..\ T t. tRLEL 

L}'S ~H t tRLOV1 _________ _ 

DATAOUT --------~-~....,.d"--"'""W"""~-....-.,.__----<~X)j( DATA-OUTVALID } 

::::/)/":/::l ::::::p :>::::::::: 

-tFHWH ----11-------T 
t-- t RHFH ---.--tWLF~ 

7 ~ 

DATA OUT 

t DVWH ----J.+- tWHDX 
DATA IN _________ ...,... ____________ Jrcf"-.......__o_A_:rA_-1N_v_AL_1o __ A,."->-

1
----

~ tRLav -

---------~<){)Ql(~;s,~,~:}o~~~A~-0~~~~-~V~A~L~ID::;~~.~~""""'\_~-------------~ 

- ~ ....-...-..-... - ..--.-----. - ------ -- ------ --------~ ~-~ 
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256/512/1 K/2K/4K x 9-bit FIFO L8C200/201 /202/203/204 

D a 

------Vee 

RS------.1t-----1-

MODE 

Reset 

Retransmit 

Read/Write 0 

----.~'P"o!' 

INTERNAL STATUS OUTUPUTS 

Read Pointer Write Pointer EF FF HF 

Location Zero 

Location Zero 

Increment 

Location Zero 

Unchanged 

Increment 

0 

x 
x 

1 

x 
x 

1 

x 
x 

,.,i~~:.2~\~$e'f~:~#:Fl~$.f':t.d:AW1tijufij'}f~'-4~:[0.k#.fifitkP.~l\@pWQO.M:e6d&il:~*-k~'&#iQ.N:·MQ.l)q}'? 
INPUTS INTERNAL STATUS OUTUPUTS 

MODE RS RT "XI Raad Pointer Write Pointer EF Fl! 

Reset First Device 0 0 (1) Location Zero Location Zero 0 1 

Reset All Others 0 1 (1) Location Zero Disabled Location Zero Disabled 0 1 

Read/Write (2) (1) x x x x 
(1) See Depth Expansion Block Diagram above. 
(2) Unchanged. 

- ~ ~-~ - ...... .-.-----. - ------- -- ------ --~-------
=;;-=v=1c--=ES=IN=;-=0R=;=RA=.._.=TE=D==================================================FIFO Products 
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256/512/1 K/2K/4K x 9-bit FIFO 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

L8C200/201 /202/203/204 

INCLUDING 30 pF 

JIG AND I 
SCOPE 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

10. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
bu.RH is specified as a minimum since the 
external system must supply at least th11t 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
viewofthedevice.Accesstime,forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

11. When cascading devices, the reset pulse J~~iJ~EQLlQdQdfudfuIBU 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

width must be increased to equal tstsH 
tsUIB. 

12. It is not recommended that 
vices and other vendor parts be casic:~~i-..... 1 

together. The parts are desi to 
for-pin compatible but tempe 
voltage compensation n11ilWwil'V'-l~:m. 
dortovendor. Logic 
antee the cascadin o oll*"~"'l"~""" 
other Logic Devic 

4. Duration of the output short circuit 13. Teste;g o and 
should not exceed 30 seconds. RS =FL = . - CC. 

5. 'Typical' supply current values are not 14. ~ny gi e perature and voltage 
shown but may be approximated. At a VCC , ou disable time is less than 
of +5.0 V, an ambient temperature of +25°C u t me for any given device. 

and with nomi~al manufacturing par~m r ·tion is measured ±200 mV from 
ters, the operating supply currents~ 1 'th ·fied l d. · l 3/4 l fth s tate vo tage w1 spec1 oa mg approximate y or ess o em u lb Th' · led d l h . . 1Sparametenssamp an not 
va ues s own. 3 tested. 

6. Tested with outputs ope~d ta · 16 Thi od · h.gh peed d · 
puts changing at the spec d an . s pr uct is a very 1 . s . evi~ 
wrtie cycle rate The de · is n · full and care must be taken dunng testing m 

. vice er or d t r lid t t . nf ti In empty for the test. or er o rea ize va es 1 orma on. -
adequate attention to setups and proce-

7. Tested with outputs open in the worst durescancauseagoodparttoberejectedas 
~t_!_c ~~control signal combination (i.e., faulty. Long high inductance leads that 
W, R, XI, FL, and RS). cause supply bounce must be avoided by 

bringing the VCC and ground planes di-
8. These parameters are guaranteed but not rectly up to the contactor fingers. A 0.01 µF 
100% tested. 

high frequency capacitor is also required 
9. Test conditions assume input transition 
times of 5 ns orless, reference levels of 1.5 V, 
output loading for specified IOL and IOH 
plus30 pF(Fig. la),andinputpulselevelsof 
0 to 3.0 V (Fig. 2). 

- ~ ~- ........ - ------ - ----- -- - ----- -
_........,. _____ __ 

between VCC and ground. To avoid signal 
reflections, proper terminations must be 
used. 

R1 1.1K 

INCLUDING 5 pF 

JIG AND I_ 
SCOPE 

R2 
6800 

-----====================================================================== Fl FO Products 
DEVICES INCORPORATED 
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256/512/1 K/2K/4K x 9-bit FIFO 

sons 
35 ns 
25ns 
20ns 
15 ns 

28-pln 
(0.3" wide) 

w 
DB 

D3 

D2 

D1 

FF 
oo 

03 

OB 
GND 

~ 

L8C200PC 150 L8C201PC 35 
L8C202PC 25 
L8C203PC 20 

or 
L8C204PC 15 

Vee 
D4 

D5 

D6 

D7 

FU ITT 
Rs EF 
xo1RF 
07 

06 

05 

04 

R 

28-pln 
(0.6" wide) 

w 
DB 

D3 

D2 4 

D1 5 
Do 6 

XI 7 FF 
oo 
01 10 

02 11 

03 12 

OB 13 

GND 14 

Plastlc DIP 
(P9) 

L8C200NC 150 L8C201NC 35 
L8C202NC 25 
L8C203NC 20 

LSC~NC 15 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

vee 
D4 

D5 

D6 

D7 

FU ITT 
RS 
EF XO/HF 
07 
06 

05 

04 

R 

CerDIP 
(C6) 

L8C200CC 

1

50 
L8C201CC 35 
L8C202CC 25 
L8C203CC 20 

or 
L8C204CC 

200CME150 C201CME 35 
8C202CME 25 

L8C203CM E 20 
or 

L8C204CME 

L8C200CMB 150 
L8C201CMB 35 
L8C202CMB 25 
L8C203CMB 20 

or 
L8C204CMB 

L8C200/201 /202/203/204 

32-pln 

01 

NC 
02 

"' <X> 0 () 1a: .... "' OOzz 00 
(.'.) 

D6 

XO/HF 
06 

07 

0 
Plastic Leaded Ceramic Leadless 

Chip Carrier (J6) Chip Carrier (K7) 

L8C200KC 150 L8C201KC 35 
L8C202KC 25 
L8C203KC 20 

LSC~KC 15 

L8C200KM 150 
L8C201KM 35 
L8C202KM 25 
L8C203KM 20 

or 
L8C204KM 

L8C200KMB1 50 
L8C201 KMB 35 
L8C202KMB 25 
L8C203KMB 20 

or 
L8C204KMB 

~oE=v~1c=es~1N~C=OR~P=ORA==TE=o==================================================FIFOProducts 
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512/1 K/2K/4K x 9-bit L8C2011 /2021 
First-In/First-Out (FIFO) with Flags+ OE L8C2031/2041 

0 First-In/First Out (FIFO) using 
Dual-Port Memory 

0 High Speed - to15 ns Access Time 
0 Asychronous and Simultaneous 

Read and Write 
0 Fully Expandable by both Word 

Depth and/ or Bit Width 
0 Empty and Full Warning Flags 
0 Independent Output Enable 

Control Pin OE 

0 Almost Full or Empty Flag 
0 Auto Retransmit Capability 
0 Plug Compatible with ID1720xx 
0 Package Styles Available: 

• 32-pin Plastic DIP 
• 32-pin Plastic LCC 
• 32-pin Ceramic LCC 

w WRITE 
CONTROL 

The L8C2011, L8C2021, L8C2031, and 
L8C2041 are dual-port First-In/First
Out (FIFO) memories. The FIFO 
memory products are organized as: 

L8C2011 - 512 x 9-bit 
L8C2021-1024 x 9-bit 
L8C2031 - 2048 x 9-bit 
L8C2041 - 4096 x 9-bit 

parallel. The active device is deter
mined by the Expansion In (XI) and 
Expansion Out (XO) signals which are 
daisy chained from device to device. 

The read and write operations are 
internally sequential through the use 
of ring pointers. No address informa
tion is required to load and unload 

Each memory utilizes a special data. e write operation occurs 
algorithm that loads and empties data e Write (W) signal is LOW. 
on a first-in/first-out basis. Full and s when Read (R) goes LOW 
Empty flags are provided to prevent t Enable (OE) is LOW. The 
data overflow and underflow. Thr data utputs go to the high im-
additional pins are also provided to state when R is HIGH or the 
allow f?r unlimited expansion~oth Eis HIGH. A Retransmit (RT) capa-
word size and depth. Depth E · · ty allows for reset of the read 
sion does not result in a fl thr pointer when RT is pulsed LOW, 
penalty. The parts are oke allowing for retransmission of data 
with the data and c · from the beginning. Read Enable (R) 

and Write Enable (W} must both be 
HIGH during a retransmit cycle, and 
then R is used to access the data. A 
Half Full (HF) output flag is available 
in the single device and width expan
sion modes. In the depth expansion 
configuration, t~in provides the 
Expansion Out (XO) information 
which is used to tell the next FIFO that 
it will be activated. 

The FIFOs are designed to have the 
fastest data access possible. Even in 
lower cycle time applications, faster 
access time can eliminate timing 
bottlenecks as well as leave enough 
margin to allow the use of the devices 
without external bus drivers . 

DATA OUTPUTS 
Oo-0. 

..__ _ __.....----- rLii!fl' The FIFOs are designed for those ap
plications requiring asychronous and 
simultaneous read/writes in multi
processing and rate buffer applica-

READ 
CONTROL 

Ef 
t-----+---.F"F 

A'EF 

'-------1 EXPANSION-----"' 
XI -----.i LOGIC t------- XO/ITT ._ __ _, 

- ~ ....-...-..-.... - ------ ------- -- ------ ------ --------~~-.._.. 

tions. 

Latchup and static discharge protec
tion is provided on-chip. The FIFOs 
can withstand an injection current of 
up to 200 mA on any pin without 
damage. 

=oE=v=1c=ES=IN=c=o=RP=O=M=TE=o==================================================FIFOProducts 
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512/1K/2K/4K x 9-bit FIFO with Flags+ OE L8C2011 /2021 /2031 /2041 

Storage temperature ....................................................................................................................... -65°C to + 150°C 
Operating ambient temperature ...................................................................................................... -55°C to + 125°C 
Vee supply voltage with respect to ground ..................................................................................... -0.5 V to +7.0 V 
DC voltage applied to outputs in High Z state .................................................................................. -0.5 V to +7.0 V 
DC input voltage ............................................................................................................................... -3.0 V to +7.0 V 
Power Dissipation ............................................................................................................................................. 1.0 W 
Output current into low outputs ........................................................................•............................................. 20 mA 
Latchup current...................................................................................................... . .......................... > 200 mA 

Mode 

Active Operation, Commercial 
Active Operation, Military 

Symbol Parameter 

YOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL 

llX 

loz Output Leaka 

los Output Short C 

lee2 

lee3 Vee Current, Powerdown 

CIN Input Capacitance 

Cour Output Capacitance 

Symbol Parameter 

lee1 Vee Current, Active 

Fs Shift Frequency 

-..-....~-...-.... - ~----~ - ------- -- ------- -_ ____.. ------... 
-~ ..__._~ 

Your= GND, Vee= Max (Note 4) 

All Inputs= VIH MIN (Notes 7, 17) 

All Inputs = Vee (Note 13) 

Ambient Temp= 25°C, Vee= 4.5 V 

Test Frequency= 1 MHz (Note 8) 

Test Condition 

Vee = Max., lour = O mA (Notes 5, 6, 17) 

50 

80 

15 

5.0 V±10% 
5.0 V±10% 

Min 

2.4 

2.2 

-3.0 

-10 

-10 

Typ Max 

0.4 

Vee 
+0.3 

0.8 

+10 

+10 

-150 

35 

20 

5 

7 

L8C2011 /2021 /2031 /2041-

35 25 20 15 

90 90 100 100 

20 25 33 40 

Unit 

v 
v 
v 

v 
µA 

µA 

mA 

mA 

mA 

pF 

pF 

Unit 

mA 

MHz 
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512/1 K/2K/4K x 9-bit FIFO with Flags + OE L8C2011 /2021 /2031 /2041 

··········································•••? .•.. , 
INPUTS loaded (see operating Modes). In the Single Device Mode, 
RESET (RS) this pin acts as the retransmit input. The Single Device 
Reset is accomplished whenever the Reset (RS) input is Mode is initiated by grounding the Expansion In (XI). 
taken to a low state. During reset, both internal read and The FIFOs can be made to retransmit data when the Re-
write pointers are set to the first location. A reset is tra~smit enable control (RT) input is pulsed low. A 
required after power up befo~ a write operation c'!!! take retransmit operation will set the internal read pointer to 
place. Both the Read enable (R) and Write enable (W) the first locat~n and will not affect_!!te write pointer. 
inputs must be in the high state durin_g_the window shown Read enable (R) and Write enable (W) must be in the high 
(i.e., tWHSH before the rising edge of RS) and should not state during retransmit. This feature is useful when less 
change until tsHWL after the rising edge of RS. Hall-Full than the full memory has been written between resets. 
Flag (HF) will be reset to high after Reset (RS). Retransmit will affect the Half-Full Flag (HF), depending 
WRITE ENABLE (W) on the relative locations of the read and write pointers. 

The retransmit feature is not compatible with the Depth 
A write cycle is initiated on the falling edge of this input if Expansion Mode. 
the Full Flag (FF) is not set. Data setup and hold time 
must be adher~d to with respect to the rising edge of the EXPANSION IN (XI) 
Write enable (W). Data is stored in the RAM array se- Tlds input is a dual-purpose pin. Expansion In (XI) is 
quentially and independently of any on-going read grounded to indicate ~ operation in the single device 
operation. mode. Expansion In (XI) is connected to Expansion Out 
To prevent data overflow, the Full Flag (FF) will go low, (XO) of the previous device in the Depth Expansion or 
inhibiting further write operations. Up~_!! the completion Daisy Chain Mode. 
of a valid read operation, the Full Flag (FF) will go high DATA INPUTS (Do-Os) 
after tRHFH, allowing a valid write to begin. When the Data input signals for 9-bit wide data. Data has setup 
FIFO is full, the internal write pointer is blocked from W, and hold time requirements with respect to the rising 
so external changes in W will not affect the FIFO when it edge of W. 
is full. 
OUTPUT ENABLE (OE) OUTPUTS 
The data outputs Qo-Qs are enabled when OE is low. FULL FLAG (FF) 
Once e~abled, the outputs behave according to the condi- The Full Flag (FF) will go low, inhibiting further write 
tion of Rand EF. When the OE is high, the outputs Qo-Qs operation, indicating that the device is full. If the read 
go to the high impedance state regardless of the value of R pointer is not moved after Reset (RS), the Full Flag (FF) 
and EF. The OE pin only inhibits the output buffers. It will go low after 512 writes for the L8C2011, 1024 wites for 
does not inhibit incrementing of the read pointer, there- the L8C2021, 2048 wites for the L8C2031, and 4096 writes 
fore, it is possible to move the read pointer and have the for the L8C2041. 
Qo-Qs bus remain tristated. EMPTY FLAG (EF} 
READ ENABLE (R) The Empty Flag (EF) will go low, inhibiting further read 
A read gcle is initiated on the falling edge of the Read operations, when the read pointer is equal to the write 
enable (R) provided the Empty Flag (EF) is not set. The pointer, indicating that the device is empty. 
data is accessed on a First-In/First-Out basis, indep~ndent EXPANSION OUT/HALF-FULL FLAG (XO/HF) 
of any ongoing write operation. After Read enable (R) 
goes high, the Data Outputs (Qo-Qs) will return to a high This is a dual-purpose output. In the Single Device Mode, 
impedance condition until the next Read operation. When when Expansion In (XI) is grounded, this output acts as an 
all the data has been read from the FIFO, the Empty Flag indication of a half-full memory. 
(EF) will go low, allowing the "final" read cycle but After half of the memory is filled and at the falling edge of 
inhibiting further read operations with the data outputs the next write operation, the Half-Full Flag (HF) will be set 
remaining in a high impedance state. Once a valid write to low and will remain set until the difference between the 
operating has been accomplished, the Empty Flag (EF) will write pointer and read pointer is less than or equal to one 
go high after tWHEH and a valid read can then begin. half of the total memory of the device. The Half-Full Flag 
When the FIFQ is empty, the internal r~d pointer is (HF) is then deasserted by the rising edge of the read op-
blocked from R so external changes in R will not affect the eration. 
FIFO when it is empty. In the Depth Expansion Mode, Expansion In (XI) is 
FIRST LOAD/RETRANSMIT (FLIRT) connected to Expansion Out (XO) of the previous device. 
This is a dual-purpose input. In the Depth Expansion This output acts as a signal to the next device in the Daisy 
Mode, this pin is grounded to indicate that it is the first Chain by providing a pulse to the next device when the 

previous device reaches the last location of memory. - ...-..... ~-~ - ~ .-...-. -.-. - - _..,,. ___ -- - ----- -
_.____.. ____ _ 
-~ ...._,_ _ __... 
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ALMOST-EMPTY/ALMOST-FULL FLAG (lEF) 
The AEF signal indicates that the FIFO is between Empty 
and 1 /8 Full or between 7 /8 Full and Full. The distinsta- NUMBER OF WORDS IN FIFO 

ti.on between Almost-Empty and Almost-Full can be made 512 1K 2K 4K FF AEF HF EF 
by using AEF in conjunction with HF. The AEF signal is 0 0 0 0 H L H L 
primarily designed for use in standalone applications. 1-63 1-127 1-255 1-511 H L H H 
DATA OUTPUTS (Qo-Qs) 64-128 128-512 256-1024 512-2048 H H H H 
Data outputs for 9-bit wide data. This data is !!' a high 129-448 513-896 1025-1792 2049-3584 H H L H 
~edance condition whenever Read enable (R) is high, 449-511 897-1023 1793-2047 3585-4095 H L L H 

is high, or the device is empty. 512 1024 2048 4096 L L L H 

SINGLE DEVICE MODE 

A single FIFO may be used when the application require- Applications whi 
ments are for the number of words in a single device. The systems (each s 
FIFOs are in a Single Device Configuration when the Ex- tions) can be a v · · g FIFOs. Care must be 
pansion In (Xi) control input is grounded. In this mode taken to a e th:_ e appropriate flag is monitored by 
the Half-Full Flag (HF), which is an active low output, is onitored on the device when Wis 
the active function of the combination pin XO/HF. to a on the device when R is used). Both 

:::::::'::~~~~~ply by connecling~e ~h LOW-::::: :::maybe ~d m 
correspondin~put control s~als of multiple devices. . 
Status flags (AEF, EF, FF, and HF) can be detected fr es of flow-~ough modes are permitted: a read 
any one device. Any word width can be attained~ o -through and write flow-through mode. For the read 
adding additional FIFOs. Flag detection is accompli ow-through mode, the FIFO permits the reading of a 
by monitoring the AEF, FF, EF, and HF siS!l on eithe single word after writing one word data into an empty 
(any) device used in the width expans~· 0 nft ati . FIFO. The data is enabled on the bus in (tWHEH + tRLQV) 
Do not connect any output signals to . ns after the rising edge of W, called the first write edge, 

and it remains on the bus until the R line is raised from 
DEPTH EXPANSION (DAISml low-to-high, after which the bus would go into a three-
The FIFOs can easily be adapte · · ns where the state mode after tRHQZ ns. The EF line would have a pulse 
requirements are for greate num r of words in showing temporary de-assertion and then would be 
a single device. Any de c at ed by adding ad- asserted. In the interval of time that R is low, more words 
ditional FIFOs. The FIFOs ates in the Depth Expan- can be written to the FIFO (the subsequent writes after the 
sion configuration when the wing conditions are met: first write edge will be de-assert the Empty Flag). How-
l. The first de~ce must be designated by grounding the ever, the same word (written on the first write edge) 

First Load (FL) control input. presented to the outp~ bus as the read pointer, would not 

2. All other devices must have FL in the high state. 

3. The Expansion Out (XO) £_in of each device must be 
tied to the Expansion In (XI) pin of the next device 
with the last device connecting back to the first. 

4. Exter~ logic is needed to generate a composite Full 
Flag (FF) anc!_ Empty Flag (EF). This requires the 
ORing of all EFs and ORing of all FFs (i.e., all must be 
set to generate the correct composite FF or EF). 

5. The Retransmit (RT) function and Half-Full Flag (HF) 
are not available in the Depth Expansion Mode. 

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

be incremented when R is low. On toggling R, the other 
words that are written to the FIFO will appear on the 
output bus as in the read cycle timings. 

In the write flow-through mode, the FIFO permits the 
writing of a single word of data immedi~tely after reading 
one word of data from a full FIFO. The R line causes the 
FF to be de-asserted but the W line, being low, causes it to 
be asserted again in anticipation of a new data word. On 
the rising edge of W, the new word is loaded in the FIFO. 
The W line must be toggled when FF is not asserted to 
write new data in the FIFO and to increment the write 
pointer. The user must be aware that there is no minimum 
value for tRLEL and tWLFL. These pulses may be slight 
during some operating conditions and lot variations. 
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50 35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tRLRL Read Cycle Time 65 45 35 30 25 

tRLOV Read Low to Output Valid (Access Time) 50 35 25 20 15 

tRHRL Read High to Read Low (Notes 9, 1 O) 15 · 10 10 10 8 

tRLRH Read Low to End of Read Cycle (Notes 9, 1 O) 50 35 25 20 15 

tRLOZ Read Low to Output Low Z (Note 2) 10 5 5 5 3 

tRHQV Read High to Output Valid 5 5 5 5 5 

tRHQZ Read High to Output High Z (Note 15) 30 20 10 10 10 

twLWL Write Cycle Time (Note 1 O) 65 45 35 30 25 

twLWH Write Low to Write High (Notes 9, 1 O) 50 35 k 25 20 15 

Write High to End of Write Cycle (Notes 9, 1 O) 15 10 110 10 8 twHWL 

Data Valid to Write High (Notes 9, 1 O) 30 18 1~15 15 10 tDVWH 

twHDX Write High to Data Change (Notes 9, 1 O) 5 ~ ~ 0 0 
tSLSH Reset Cycle Time (Notes 1 o, 11) 50 <17(35 ~ 25 20 15 

tSLWL Reset Low to Write Low (Notes 1 o, 11) 65 ~ ~ 35 30 25 

Write High to Reset High (Notes 1 o, 11) 50 ~ ~ 25 20 15 twHSH 

Read High to Reset High (Notes 1 o, 11) I <5Q ~ 25 20 15 tRHSH 

tSHWL Reset High to Write Low (Notes 1 o, 11) ~~ \\ 10 10 10 8 

tSLEL Reset Low to Empty Flag Low ~ ~~ 45 35 30 25 

Reset Low to Hatt-Full Flag High ~ !~ 45 35 30 25 tSLHH 

Reset Low to Full Flag High 45 35 30 25 tSLFH 

tSLAL Reset Low to Almost Empty/Full Flag Low L:::,,,. ~ 65 45 35 30 25 

~::;:: ~::::: :::: ::::X;.::;:::::::::: 

i-----tR~~ 'SS" t RLRH-

R 1----tRLOV#~ tRLOV-

~-------·-·~~I ~~ ~ ~~!~----~----------------~ 
tRLOZ ~ ~ '\_~< ~tRHO~- 1-tRHOZ 

Qo-Os------....:.~<{~f.~~~~~~~~IE\S'7~'23'.~~~A-~OU~T~V~AL~IDC::)k~~~~~~~*~c:~D~A~TA~-O~U~TV~A~Ll!D:::::: 
"-"-~~ ·1~ 

[t-----= /::::::,.,_.....,.".....,.,,.• ~+-__,.,~""'1· • WLWL -=:=J 
W --~IJ] '~H ~ tWHWL~ 

I :;::< t DVWH • 1 twH"Dx.__ ______ .,. 

~ 1 -:! ~ Do-Os ______ ...,v...,_--=i(< DATA-IN VALID ~"ll.1-----..c-< DATA-IN VALID )>-------

- ....-... ..-...-...-.. - ~.-.----. - - ----- -- ------ --....-..~----~ .._,_ .._... 
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1:.::$.wll'dHINGllOHi.dJACTEAIS"ti.CS.:O.V.6.t:Q.~jfilihu·B.~n~-lh~P: < :> :u:tt:t::'.>>@>>.::. : ... :.!·::-:'-::{ .. ::: .. rn:.:-::·:.· .. ].:·::o.: :::.:· 1 

&ml:~ ~:·::I - IT7TI _______Bill 

Symbol Parameter 
tRLOV Read Low to Output Valid 

tRLEL Read Low to Empty Flag Low 

tRHFH Read High to Full Flag High 
twHEH Write High to Empty Flag High 

twLFL Write Low to Full Flag Low 

tTLAL Retransmit Cycle Time 

tTLTH Retransmit Low to End of Retransmit Cycle (Notes 1 o, 11) 

tAHTH 
tTHAL 

Read/Write High to Retransmit High (Notes 9, 10, 11) 

Retransmit High to Read/Write Low (Note 10) 

LAST WRITE 

w ~ /I ________ s __ .... 
1 

tWLFL 

FF 

IGNORED 
WRITE 

50 
Min Max 

50 
45 
45 
45 
45 

65 
50 
50 
15 

L8C2011 /2021 /2031 /2041-
35 25 20 

Min Max Min Max Min 
35 25 
30 25 
30 25 
30 25 
30 25 

45 35 30 
35 25 20 
35 11. 25 20 
10 l10 10 

IT 

LAST READ ~ORE~~RST WRITE ADDITIONAL FIRST READ 

15 
Max Min Max 
20 15 
20 15 
25 25 
25 25 
20 15 

25 
15 
15 
8 

d~LJ> WRITES 

:----~+--~-~~~~~~-~~~~~~' ~~~~~~---

--------+-""""to~~'~~ l-----t1~t_w_HE_H-+--------+--------------------
DA: ~~ ~ 
OUT ~~VALID VALID 

- ~ ...-..-...-... - ....... .-.-.-~ - - _.., ___ -- - ._ ____ -_....._.. ____ __ 
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L8C2011 /2021 /203112041-
50 35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tRHFH Read High to Full Flag High 45 30 25 25 25 
tEHRH Read Pulse Width After Empty Flag High 50 35 25 20 15 
twHEH Write High to Empty Flag High 45 30 25 25 25 
twLHL Write Low to Hatt-Full Flag Low 65 35 30 25 
tRHHH Read High to Hatt-Full Flag High 65 35 30 25 
tFHWH Write Pulse Width After Full Flag High (Note 1 o) 50 20 15 
tRHTA Read High to Transitioning AEF 30 25 
twLTA Write Low to Transitioning AEF 30 25 

w 

HALF-FULL (112) i-----i-- tWLHL HALF-FULL (112) 

HALF-FULL+ 1 

(718 FULL) (718 FULL) 

ALMOST-FULL (718 FULL+ 1) 

tWLTA 

AEF ALMOST-EMPTY(1/8FULL-1) (1/8 FULL) 

ALMOST-EMPTY (1/8 FULL-1) 

- ..-... ~-~ ------ - ----- -- ------ -------- ..._... .._,__ .._,... 
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2 :::>>:::::. :::::: ~~ 

Symbol Parameter 
tALOL ReadhVrite to Expansion Out Low (Note 12) 

tAHOH ReadhVrite to Expansion Out High (Note 12) 

txLXH Expansion In Pulse Width (Notes 1 o, 12) 

txHXL Expansion In High to Expansion In Low (Notes 1 o, 12) 

tALXL ReadhVrite Low to Expansion In Low (Notes 1 o, 12) 

toHOZ Output Enable High to Output High Z (Disable) 

toLOZ Output Enable Low to Output Low Z (Enable) 

toLOV Output Enable Low to Output Valid (Oo-Os) 

tALXL-1 ) 

w 
I 

OE f 
ao-as ----------i.-----tOLXXX>I< 

tOLOZ- • ~ 

LBC2011/2021/2031/2041· 
50 35 25 20 15 

Min Max Min Max i....Mln Max Min Max Min Max 

50 35 :\" 25 20 15 

50 ~lil 25 20 15 
50 20 15 

10 10 10 
15 ~~10 10 10 

o~ ~17 o 12 0 10 0 10 
12 0 10 0 10 
15 10 10 

:::::: :;>>:: 

~ 

) tALXL

( 

I 

READ FROM 
FIRST PHYSICAL 

LOCATION 
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.······.·····························••·>.?).•f••.••······•·l 

fi":~m::: =rrz~··•···~77 
~ ::::::.:::.: ............ ~....... •:•:g 

L8C2011 /2021 /2031 /2041-
50 35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tRLEL Read Low to Empty Flag Low 45 30 25 20 15 
tEHRH Read Pulse Width After Empty Flag High 50 . 35 25 20 15 
twHEH Write High to Empty Flag High 45 30 25 25 25 
tRLQV Read Low to Output Valid 50 35 25 20 15 
twHQZ Write High to Output Low Z (Notes 14, 15) 15 10 5 5 3 
tRHFH Read High to Full Flag High 45 30 l 25 25 25 
twLFL Write Low to Full Flag Low 45 ~ & 25 20 15 
tFHWH Write Pulse Width After Full Flag High 50 3i::: !'-,.--- 20 15 
tDVWH Data Valid to Write High 30 ~ D_L 15> 15 10 
twHDX Write High to Data Change 5 ·~ ~ t2. 0 0 0 

~ ::s3.: 
;z. ;•··~~~j•• ............... ::;.,.,. ·••:•:c:;•:::;::;:::: -<•· ., ... _ 
~ 22 

DATA IN ~ ~~ 
,-.. ~~ 
~~ 

w A} ~· 
R~ ~j -tEHRH~ 

~ 
~ "7 

'I 

EF ~ p J tRLEL 

f 3k_ 

~Fi-. J tRLOV 
DATA OUT ~ ' 

~y 
X)< X)j( DATA-OUT VALID _, 

C5E 
_...... .::::,..£_ LL 

~~~ 
W~tf~Jj~fAf~cNAtM()oqij~ ,.,::x: :•:•: 7:0 J.I&:•:•:•:• 777 >> J.Jf t .. • (.•t:•.__ili__j_filfil ::• .:i:l ~ 

~~ 
R 

~ 
v ~ f 

-tFHWH~ 
w~ 

1--tRHFH tWLF':::::J 
FF f ~ 

t:=:.tovwH i tWHDX 
DATA IN i{. DATA-IN VALID ~ 

.I tRLOV 
~ 

DATA OUT ~ DATA-OUT VALID XXZ> _, 
C5E 
~ r-

- ~ ...-..-~ - ------ ------- -- ------ ------------
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D Q 

i--+--+--+----Vcc 

INTERNAL STATUS OUTUPUTS 

MODE 

Reset 

Retransm~ 

Read!Write 

0 

0 

Location Zero 

Location Zero 

Increment 

Write Pointer EF FF HF AEF 

Location Zero 

Unchanged 

Increment 

0 

x 
x 

1 

x 
x 

1 

x 
x 

0 

x 
x 

"l"~~rn :~r-:a~$~+:~#P.·>0ij$f U>~a :1~&fij:j"gjc~toE:eT.HE.x#A.&$1P.&106.Uk&a&6 akl.W$16.&M6"Pefl. · <<>< '' : 
INPUTS INTERNAL STATUS OUTUPUTS 

MODE RS RT XI Read Pointer Write Pointer EF FF AEF 

Reset First Device 0 0 (1) Location Zero Location Zero 0 0 

Reset All Others 0 1 (1) Location Zero Disabled Location Zero Disabled 0 1 0 

Read!Write (2) (1) x x x x x 
(1) See Depth Expansion Block Diagram above. 
(2) Unchanged. 
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1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

10. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tRLRH is specified as a minimum since the 
external system must supply at least th!).t 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provide 
data within that time. 

OUTPUT o----41~---• 

I 30pF 

3. This product provides hard damping of 12. It is not recommend 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. Typical' supply current values are not 
shown but may be approximated. At 
of +5.0 V, an ambient temperature 5° 
and with nominal manufa~ctu·n 
ters, the operating supply i 
approximately 3/4 orless o e imu 
values shown. 

6. Tested with outputs open and ata in
puts changing at the specified read and 
wrtie cycle rate. The device is neither full or 
empty for the test. 

7. Tested with outputs open in the worst 
static ~~ control signal combination (i.e., 
W, R, XI, FL, RS, and OE). 

8. These parameters are guaranteed but not 
100% tested. 

9. Test conditions assume input transition 
times of 5 ns or less, reference levels ofl .5 V, 
output loading for specified IOL and IOH 
plus30 pF (Fig. la),and input pulse levels of 
0 to 3.0 V (Fig. 2). 

- ...-... ~-~ - ......._ .....-.. ----. - -_ .. ___ -- - ----- -
_ _... _____ _ _ ..._.... ..._,__ ...._.... 

1 . Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. lb. This parameter is sampled and not 
100% tested. 

INCLUDING 5 pF 

JIG AND I_ SCOPE 

R2 
6800 

16. Thisproductisaveryhighspeeddevice 17. Both power and ground pins must be 
and care must be taken during testing in hooked up externally. The pads are not 
order to realize valid test information. In- connected together on the die or package. If 
adequate attention to setups and proce- only one is connected, the device will not 
dures can cause a good part to be rejected as work! Pins 17 and 32 are the 1/0 GND and 
faulty. Long high inductance leads that internal ground respectively. 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di-
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

~oE~v~1c~Es=1N~c=oR=P=oRA==TE=o==================================================FIFO Products 
3-27 5/15/90 



512/1K/2K/4K x 9-bit FIFO with Flags+ OE 

32-pln 

(0.6" wide) Vee 
w 
D8 
D3 

D2 

D1 
Do 

XI 
AEF 
ff 
Oo 
01 

02 

03 
08 

GND 

L8C2011 PC 150 
L8C2021 PC 35 
L8C2031 PC 25 

or 20 
L8C2041 PC 15 

sons 
35ns 
25ns 
20ns 
15 ns 

- ..-... ..-.. -~ 
-~~--- - -~--- -- ------ -_.......,._,,_, _ _. 

32 vee 
2 31 D4 

3 30 D5 
4 29 D6 

5 28 D7 

6 27 FURT 
7 26 RS 
8 25 OE 
9 24 EF 
10 23 xo;RF 
11 22 07 
12 21 06 
13 20 05 
14 19 04 
15 18 R 
16 17 GND 

32-pln 

D2 

D1 

Oo 
01 

02 

L8C2011 /2021 /2031 /2041 

0 0 o 0'1s: ~~Ci c; 

De 

D7 

FURT 

Top RS 

View 
EF 

07 

a a~ ~1a: 0 0 
CJ Cl 

~ 
~ 

Plastic Leaded 
Chip Carrier (J6) 

Ceramic Leadless 
Chip Carrier (K7) 

L8C2011KC 150 
L8C2021 KC 35 
L8C2031 KC 25 

or 20 
L8C2041 KC 15 

L8C2011 KM 150 
L8C2021 KM 35 
L8C2031 KM 25 

or 20 
L8C2041KM 

L8C2011KME150 
L8C2021 KME 35 
L8C2031KME 25 

or 20 
L8C2041KME 

L8C2011 KMB 150 
L8C2021 KMB 35 
L8C2031KMB 25 

or 20 
L8C2041KMB 

-~ ...__._ .......... 
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64 x 4-bit FIFO L8C401/403 
64 x 5-bit FIFO L8C402/404 

0 First-In/First Out (FIFO) using 
Dual-Port Memory 

0 Maximum Shift Rate - 50 MHz 
0 Asychronous and Simultaneous 

Read and Write 
0 Fully Expandable by both Word 

Depth and/ or Bit Width 
0 Fast Bubble-Through Time-16 ns 
0 Output Enable Available on 

L8C403 and L8C404 

0 Plug Compatible with ID17240x, 
Cypress CY7C40x 

0 Package Styles Available: 
• 16/18-pin Plastic DIP 
• 16/18-pin CerDIP 
• 16/18-pin Plastic SOIC 
• 20-pin Plastic LCC 
• 20-pin Ceramic LCC 

SI 

IR 

Do-Da 
DATA-IN 

D4 
(L8C402 and 
L8C404 only) 

MR 
MASTER 
RESET 

- .......... ....-... -....-... - ....._, .-. -.-. - ------- -- ------- --~--------_..._.... -----~ 
DEVICES INCORPORATED 

The L8C401, L8C402, L8C403, and 
L8C404 are dual-port First-In/First
Out (FIFO) memories. The FIFO 
memory products are organized as: 

L8C401 - 64 x 4-bit 
L8C402 - 64 x 5-bit 
L8C403 - 64 x 4-bit with OE 
L8C404 - 64 x 5-bit with OE 

Width expansion is accomplished by 
logically ANDing the Input Ready 
(IR) and the Output Ready (OR) 
signals to form composite signals. 

Depth expansion is accomplished by 
tying the data inputs of one device to 
the data outputs of the previous 
device. The Input Ready (IR) pin of 

Data is shifted into the FIFO through the receiving device is connected to 
4-bit or 5-bit Data Input (Do-D3, D4) t~h~ · t Out (SO) pin of the sending 
pins on the rising edge of the Shift In d ce d the Output Ready (OR) 
(SI) signal. The stored data stack up at in sending device to the Shift 
the Data Output ('?o-Q3, Q4) pins · ~ SI) pin f the receiving device. 

the s~e order as it. enter.ed. When ~ e Os are designed with com-
the Shift Out (SO) signal i~ LO~ta etely asychronous read and write 
at the next to last word shifts to ~~ perations allowing the FIFO to be 
output while all other data · t 0 used as da;a buffers between two 
one location in the sta · e digital systems of differing operating 
~e~dy (IR) signal a . a speeds. The 50 MHz data rate is ideal 
indicate whethe e u eady to for high-speed communication and 

WRITE POINTER 

MEMORY 
ARRAY 

READ POINTER 

3-29 

controller applications. 

Latchup and static discharge protec
tion is provided on-chip. The FIFOs 
can withstand an injection current of 
up to 200 mA on any pin without 
damage. 

OE 
(L8C402 and 
L8C404 only) 

Oo-03 

DATA-OUT 

04 
(L8C402 and 
L8C404 only) 

OUTPUT ... so 
CONTROL 

LOGIC OR 
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64 x 4- and 5-bit FIFO with and without OE L8C401 /402/403/404 

Storage temperature ....................................................................................................................... -65°C to + 150°C 
Operating ambient temperature ...................................................................................................... -55°C to + 125°C 

Vee supply voltage with respect to ground .......................................................... ~ ........................ -0.5 V to +7.0 V 
DC voltage applied to outputs in High Z state ................................................................................ -0.5 V to +7.0 V 
DC input voltage .................................................................................................... .... . .............. -3.0 V to + 7.0 V 
Power Dissipation .......................................................................................... 7). .......... . . ......................... 1.0 W 
Output current into low outputs .................................................................... ·~ .................................... 20 mA 
Latch up current..................................................................................... . ................................................ > 200 mA 

VOH 

VOL 

VIH 

VIL 

llX 

los 

loz 

Ice 

CIN 

COUT 

Mode 

Active Operation, Commercial 
Active Operation, Military 

Output High Voltage 

Output Leakage Current 

Vee Current 

Input Capacitance 

Output Capacitance 

- ...-... ....-.. _......, - ~.-.-.--- - ------ -- - ----- -------- ......... ~-..,,._,.. 

Your= GND, Vee = Max. (Note 4) 

GND ~ VOUT ~Vee, Vee = 5.5 v 
Output Disabled (L8C403 and L8C404) 

Vee= Max., f = 10 MHz (Notes 5, 6, 13, 14) 

Ambient Temp= 25°C, Vee= 4.5 V 

Test Frequency= 1 MHz (Note 8) 

2.4 v 
0.4 v 

2.0 6.0 v 
-3.0 0.8 v 
-10 +10 µA 

-20 -90 mA 

-50 +50 µA 

35 mA 

5 pF 

7 pF 
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64 x 4- and 5-bit FIFO with and without OE L8C401 /402/403/404 

l•••oe~HATJN§••t?~$.CRIRTJQN••••··············· .. ····· 
CONCEPT 
Unlike traditional FIFOs, these devices are designed using 
a dual-port memory, read and write pointer, and control 
logic. The read and write pointers are incremented by the 
Shift Out (SO) and Shift In (SI) respectively. The availabil
ity of an empty space to shift data into is indicated by the 
Input Ready (IR) signal, while the presence of data at the 
output is indicated by the Output Ready (OR) signal. The 
conventional concept of bubble through is absent. Instead 
the delay for input data to appear at the output is the time 
required to move a pointer and propagate an Output 
Ready (OR) signal. The Output Enable (OE) signal 
provides the capacity to OR tie multiple FIFOs together on 
a common bus. 

RESETTING THE FIFO 
Upon ~er up, the FIFO must be reset with a Master 
Reset (MR) signal. This causes the FIFO to enter an empty 
condition signified by the Output Ready (OR) signal being 
LOW at the same time the Input Ready (IR) signal is 
HIGH. In this condition, the data outputs (Qo- Q3, Q4) 
will be in a LOW state. 

SHIFT IN (SI) DATA 
Data is shifted in on the rising edge of the Shift In (SI) 
signal. This loads input data into the first word location of 
the FIFO. On the falling edge of the Shift In (SI) signal, t 
write pointer is moved to the next word position and the 
Input Ready (IR) signal goes HIGH indicating the re ·
ness to accept new data. If the FIFO is full, the In~ 
Ready (IR) will remain LOW until a word of data i 
shifted out. 

SHIFT OUT (SO) DATA ~~ ~ 
Data is shifted out of the FIFO on the n ~~ 
Shift Out (SO) signal. This causes the · 1 r pointer 
to be advanced to the next word n. is 
present, valid data will appear th u and the 
Output Ready (OR) sign~· H. data is not 
present, the Output Read i will stay LOW 
indicating the FIFO is e . on t e rising edge of 
Shift Out (SO), the Output dy (OR) signal goes LOW. 
Previous data remains on the tput until the falling edge 
of Shift Out (SO). 

BUBBLE THROUGH 
Two bubble through conditions exists. The first is when 
the device is empty. After a word is shifted into an empty 
device, the data propagates to the output. After a delay, 
the Output Ready (OR) flag goes HIGH indicating valid 
data at the output. 

The second bubble through condition occurs when the 
device is full. Shifting data out creates an empty location 
which propagates to the input. After a delay, the Input 
Ready (IR) flag goes HIGH. If the Shift In (SI) signal is 
HIGH at this time, data on the input will be shifted in. 

- ...-... .....-...-~ - ~------ - ------ -- ------- -_.......,.._,,_, _ _. 

APPLICATION OF THE 25-50 MHz FIFOs 
Application of the FIFO requires attention to characteris
tics not easily specified in a data sheet, but necessary for 
reliable operation under all conditions. 

When an empty FIFO is filled with initial information, at 
maximum "shift.in" (SI) frequency, followed by immedi
ate shifting out of the data also at maximum "shift out" 
(SO) frequency, the designer must be aware of a window 
of time which follows the initial rising edge of the "output 
ready" (OR) signal during which the SO signal is not 
recognized. This condition exists only at high speed 
operation where more than one SO may be generated 
inside the prohibited window. This condition does not 
inhibit the operation of th FO at full frequency opera-
tion, but rather delays the 1125-50 MHz operation until 
after the window ha.S"l;l~~\ 

ment n techniques to manage 
signals are recognized: 

1. elayin the SO operation such that it does 
l window. This can be accomplished 

' itiated by the SI signal only when the 
' to inhibit or gate the 50 activity. This, 

owe ires that the SO operation at least temporarily 
~~iclb:()q:tfed with the input SI operation. In synchronous 

icatio s, this may well be possible and a valid solution. 

o r solution not uncommon in synchronous applications 
only begin shifting data out of the FIFO when it is 
ter than half full. This is a common method of FIFO 

application, as earlier FIFOs could not be operated at maxi
mum frequency when near full or empty. Although Logic 
Devices FIFOs do not have this limitation, any system design 
in this manner will not encounter the window condition 
described above. 

3. The window may also be managed by not allowing the first 
50 signal to occur until the window in question has passed. 
This can be accomplished by delaying the SO from the rising 
edge of the initial "output ready" (OR) signal. This, however, 
involves the requirement that this only occurs on the first 
occurrence of data being loaded into the FIFO from any 
empty condition and therefore requires the knowledge of 
"input ready'' (IR) and (SD conditions as well as (50). 

4. Handshaking with the OR signal can be a third method of 
avoiding the window in question. With this technique, the 
rising edge of SO, or the fact that the 50 signal is HIGH, will 
cause the OR signal to go LOW. The 50 signal is not taken 
LOW again, advancing the internal pointer to the next data, 
until the OR signal goes LOW. This assures that the SO pulse 
that is initiated in the window will be automatically extended 
sufficient time to be recognized. 

5. There remains the decision as to what signal will be used to 
latch the data from the output of the FIFO into the receiving 
source. The leading edge of the OR signal is most appropri
ate because data is guaranteed to be stable prior to and after 
the OR leading edge for each FIFO. This is a solution for any 
number of FIFOs in parallel. 

Any of the above solutions will provide a solution for 
correct operation of a Logic Devices' FIFO at 25-50 MHz. 
The specific implementation is left to the designer and 
dependent on the specific application needs. 

=-==-==~=-=-========================================FIFO Products 
DEVICES INCORPORATED 
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64 x 4- and 5-bit FIFO with and without OE L8C401 /402/403/404 

Symbol 

fo 
twHWL 

twLWH 

twLFH 

twHFL 

twHDV 

tDVWH 

tRHRL 

tRLRH 

tALEH 

tRHEL 

tRLQV 

tALQX 

taVEH 

20 (MHz)_ 251MHz) 35 iMHz) 
Parameter Min Max Min Max Min Max Min Max 

0..J?_erati~ F~uen~n MHzl (Note 17) 15 20 25 35 
Shift In High to Shift In Low (Note 1 O) 11 11 11 9 
Shift In Low to Shift In High (Note 1 O) 25 24 24 17 
Shift In Low to lneut Ready High 40 35 28 20 
Shift In High to Input Ready Low 35 28 21 18 
Shift In High to Data Valid (Note 10) 30 25 20 15 
Data Valid to Shift In High (Note 1 O) 0 0 0 0 

11 11 14. 11 9 

25 24 }24 17 
Shift Out High to Shift Out Low (Note 1 O) 

40 j~_\j 34 20 
Shift Out Low to Shift Out High 
Shift Out Low to Output Ready High 

35 L::b.. 2~ 19 
55 ~ ::§ "7 35 

Shift Out Hjg_h to Ou!e_ut Ready Low 18 
25 Shift Out Low to Output Valid (Next Word) 

5 Shift Out Low to Output Change _iPrevious Word) (Note 1 O) 

o IC::>J ~ o Ou!E_ut Valid to Ou!E_ut Ready H!gh (Note 1 O) 

-6~ 
://: :::::::::tt::/2~<'' c ,,,)J 7 
::~:::::: 

~~v 

0 

J 

SHIFT IN 
~·ll'-----~-----'1/f o--...., \~,...__.2§..,...._~_,1-...-.;;;::~-------'1/fo _} 

I 
---

1

--tWHWL ~l--0,_-~ "-~-....~~~,~~ ~l~H 
INPUT READY ~ 1'.. 

t---tWHFL 

501MHq 
Min Max 

50 
9 

11 
18 
18 

13 
0 
9 

11 
18 
18 
17 

5 
0 

tovwH _-1.__....,.__tWHDV~ y 
DATA IN ---...J*'l'---..... z~z;,..._~~~X.~."X':~X~X~X~X~.~"-------'~"------
~ y 

g;~g 

~ 1/fo 1/fo ' 
SHIFT OUT I ~ 7 ~ } 1

---

-tRHRL tRLRH - 1-tRLEH ____.., I ---

OUTPUT READY 
__ / ~ f 

1-.L t RLOVI t--- t RHEL 
tRLOX -..I 

DATA OUT ----------J*·~l'"'x~x~x~: ... *., ____ __, 
-l---tOVEH 

xxxl: 
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64 x 4- and 5-bit FIFO with and without OE L8C401 /402/403/404 

l••·sWl"tdHiNG CHARACTERISTICS1?.JMO~ffil)J~8JH9J.(h~ ~kb®rn1i'ldtkJ)•·• (f.JJM9)••··>>•········· ·······················•.•• .. n•••·········•·•·HI 

Symbol Parameter 
tMLMH Master Reset Low to Master Reset High (Notes 1 o, 11) 

tMLFH Master Reset Low to Input Ready High 

tMLEL Master Reset Low to Output Ready Low 

tMHWH Master Reset High to Shift In High (Note 10) 

tMLQL Master Reset Low to Output Low or Zero 

tOHQZ Output Enable High to Output High Z (Notes 15, 16) 

toLQV Output Enable Low to Output Valid (Notes 15, 16) 

MASTER RESET 

INPUT READY 

OUTPUT READY 

SHIFT IN 

DATA OUT 

···~ ~ 

L8C401 /402/403/404-
15 (MHz) 20 (MHz) 25 (MHz) 35 (MHz) 50 (MHz) 
Min Max Min Max Min Max Min Max Min Max 
25 25 25 25 20 

35 35 h 35 28 

35 35~ 35 28 

25 10 

12 
35 ::&30 ~ 25 20 

25!( ~ 15 

20 15 

tMHWH------i 
}'-1--~~~~~~-

25 
25 

20 
12 
12 

OE ~ * ~ ----------_... _______ tOH--OZ--'~! J j.:=l'--t-OL_OV __________________________ ___ 

DATAOUT ::::::::::::::::::::::::::~_1f-------------~-;(...__ ______________________ __ 

- ....... ....-...-~ - ~~---- ------- -- ------ -------~...._,_._..._.,.. 
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64 x 4- and 5-bit FIFO with and without OE L8C401/402/403/404 

LBC401 /402/403/404· 
15(MHz) 20 (MHz) 25(MHz) 35 (MHz) SO(MHz) 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tBT Bubble Through Time 65 55 40 28 16 
tEHEL Output Ready High to Output Ready Low (Note 18) 9 9 9 
taVEH Output Valid to Output Ready High 0 0 0 
tFHFL Input Ready High to Input Ready Low (Note 18) 9 9 9 
tDVFH Data Valid to Input Ready High (Note 1 O) 5 3 3 
tFHDV Input Ready High to Data Valid (Note 1 O) 30 15 13 

SHIFT IN ------
SHIFT OUT 

OUTPUT READY 

SHIFT IN 

-~...-..-..-... - ......... ,_, ____ - -_ .. ___ -- ------ -
_....._.. ____ __ -----~DE~V~IC~ES~IN~C~OR=P~ORA::::::::TE=o==================================================FIFOProducts 
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64 x 4- and 5-bit FIFO with and without OE 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginning at-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

tRHRL is specified as a minimum since the ex
ternal system must supply at least thatmuch 
time to meet the worst-case requirements of 
all parts. Responses from the internal cir
cuitry are specified from the point of view of 
the device. Access time, for example, .is 
specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

11. When cascading devices, the reset pulse 
width must be increased to equal lMLMH + 
lMLEL. 

12. It is not recommended that Logic De
vices and other vendor parts be cascaded 
together. The parts are designed to be pin
for-pin compatible but temperature and 
voltage compensation may vary from v 
dor to vendor. Logic Devices can only 
antee the cascading of Logic Device arts 
other Logic Devices parts. 

13. Tested with output open 
mum capacitance. OE is · h fo 
and L8C404. 

equation: 
5. 'Typical' supply current values are not Commerc~ 
shown but may be approximated. Ata Vee 
of +5.0 V, an ambient temperature of +25°C ~c1_c = 3:5 m ( . Ax [f -10 MHz] 
and with nominal manufacturing parame- ~ 
ters, the operating supply currents will be le _ + (1.5 mA x [f -10 MHz] 
approximately 3/4 or less of the maximu 
values shown. At given temperature and voltage 

. ~ · · n, output disable time is less than 
6. Teschted ~ith outpthuts opeifn. adnd i t tenable time for any given device. 
puts angmg at e spec 1e re 
wrtiecyclerate. The device~· · r 16. Transition is measured ±200 mV from 
empty for the test. steady state voltage with specified loading 

7 T d 
"th . in Fig. lb. Thisparameterissampled and not 

. este w1 outputs open e worst 1003 tested. 
static input control signal combin on. 

8. These parameters are guaranteed but not 
1003 tested. 

9. Test conditions assume input transition 
times of 5 ns or less, reference levels ofl .5 V, 
output loading for specified IOL and IOH 
plus30 pF(Fig. la),andinputpulselevelsof 
0 to 3.0 V (Fig. 2). 

10. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 

- ~ .....-....-~ - ...--. ......_, ------ - ------ -- - .,. ____ -
-.-...-. ----_._. -~ ...._.._...._.,. 

17. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
d ures can ca use a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

L8C401 /402/403/404 

INCLUDING 30 pF 

JIG AND I SCOPE 

R2 
6800 

18. The user must be aware that there is no 
true minimum value for lEHEL and tmFL. 
These pulses maybeslightduring high load 
under certain operating conditions and lot 
variations. 
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64 x 4- and 5-bit FIFO with and without OE 

16-pln 

(0.3" wide) 

(L8C403 = OE) NC 1 vee 

Speed 
(MHz) 

Plastic DIP 
(P12) 

IR 

SI 

Do 

D1 

D3 

GND 

so 
OR 

oo 

01 

03 
MR 

CerDIP 
(C7) 

15MHz 
20MHz 
25MHz 
35MHz 
50MHz 

L8C401 PC t ~~ L8C401 CC t ~~ 
or 25 or 25 

L8C403PC 35 L8C403CC 35 
50 50 

15MHz 
20MHz 
25MHz 
35MHz 
50MHz 

15MHz 
20MHz 
25MHz 
35MHz 
50MHz 

15MHz 
20MHz 
25MHz 
35MHz 
50MHz 

- ...-... ....-..-~ - ._......~--- - _.., ___ -- - ------- ------- -------

1
15 

L8C401CM 20 
or 25 

L8C403CM 35 

16-pln 

(L8C403 

=OE) NC 
IR 

SI 

Do 

D1 
D2 
D3 

GND 

Plastic SOIC 
(0.300" - U4) 

15 
L8C401 UC t 20 

or 25 
L8C403UC 35 

50 

L8C401 /402/403/404 

20-pln 

t (L8C403 = OE) 

vee ~ g; ~ ~ g 
so 
OR NC 
oo Do OR 
01 Oo 
02 01 
03 02 
MR 

o ~I~ o ~ 
(.!) 

0 
Plastic Leaded Ceramic Leadless 

Chip Carrier (J7) Chip Carrier (KB) 

t 
15 

L8C401KC 20 
or 25 

L8C403KC 35 
50 

1
15 

L8C401KM 20 
or 25 

L8C403KM 35 

1
15 

L8C401KME 20 
or 25 

L8C403KME 35 

1
15 

L8C401 KMB 20 
or 25 

L8C403KMB 35 
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64 x 4- and 5-bit FIFO with and without OE 

18-pin 

(0.3" wide) 
(L8C404 = 

15MHz 
20MHz 
25MHz 
35MHz 
50MHz 

- ~ ~-....-... - ~-----~ - ------- -- - ----- -

OE)NC 

Do 

D3 

D4 

GND 

18-pln 

(L8C404 = 
Vee OE)NC 
so IR 2 

OR SI 3 
Oo Do 
01 D1 
02 D2 
03 D3 
04 D4 
MR GND 

1
15 

L8C402CC 20 
or 25 

L8C404CC 35 
50 

1
15 

L8C402CM 20 
or 25 

L8C404CM 35 

L8C401 /402/403/404 

20-pin 

' (L8C404 = OE) 

18 vee ~g;;~~Sl 
17 so 
16 OR OR 
15 Oo Do Oo 
14 01 
13 02 02 
12 03 D3 03 
11 04 
10 MR o ~I~ a~ 

(!J 

0 . 
. 

_ _. -------_ ..._... .._.._...._.. 
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64 x 5-bit FIFO with Flags L8C413 

0 First-In/First Out (FIFO) using 
Dual-Port Memory 

0 Maximum Shift Rate - 45 MHz 
0 Asychronous and Simultaneous 

Read and Write 
0 Fully Expandable by both Word 

Depth and/ or Bit Width 
0 Fast Bubble-Through Time - 16 ns 
0 Cascadable by Word Depth at 

25 MHz and 35 MHz 
0 Half Full and Almost Full/Empty 

Status Flags 
0 Plug Compatible with IDT72413 
0 Package Styles Available: 

• 20-pin Plastic DIP 
• 20-pin Cer DIP 
• 20-pin Plastic SOIC 
• 20-pin Plastic LCC 
• 20-pin Ceramic LCC 

Do-04 

MR 
MASTER 
RESET 

- ..-... ~-~ - ~------- ------- -- - ----- -------_..._...~-...._.... 

WRITE POINTER 

MEMORY 
ARRAY 

READ POINTER 

wider words is done by logically 
ANDing the IR and OR outputs 
respectively of individual FIFOs 
together. This ensures that all FIFOs 
are either ready to accept more data 
(IR =HIGH) or ready to output data 
(OR = HIGH) and thus compensate 
for variations in propagation delay 
times between devices. Serial expan
sion f deeper FIFO words is possible 

r the 45 MHz standalone 

ALMOST AF/E 
FULUEMPTY 

HALF FULL HF 

Qo-04 

OE 

OUTPUT OR 
CONTROL 

LOGIC so 
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64 x 5-bit FIFO with Flags L8C413 

Storage temperature ....................................................................................................................... -65°C to + 150°C 
Operating ambient temperature ...................................................................................................... -55°C to + 125°C 
Vee supply voltage with respect to ground ..................................................................................... -0.5 V to +7.0 V 
DC voltage applied to outputs in High Z state .................................................................................. -0.5 V to +7.0 V 
DC input voltage .................................................................................................... ~ ........................ -3.0 V to +7.0 V 
Power Dissipation ........................................................................................................................................... 1.0 W 

Output current into low outputs ...................................................................... ~........ .. ............................ 50 mA 
Latchup current .......................................................................................... ~ ............................ > 200 mA 

Active Operation, Commercial 0°C to ~ \) 5.0 V ±10% 

Mode Temperature R~nge bi~~ -....y Supply Voltage (Vee) 

Active Operation, Military -55°~ C 5.0 V ±10% 

Symbol Parameter Test Con~-v- Min Typ Max Unit 

VoH Output High Voltage IOH _Ss._4.0 m~CC = Min. 2.4 V 

VOL Output Low Voltage ~Vee = Min. (Qo-04) 0.5 V 

~8~, Vee= Min. (IR, OR, HF, AF/E) 0.4 V 

VIH Input High Voltage£~ W 2.0 6.0 V 

VIL Input Low Volt~ ~e 3) -3.0 0.8 V 

llX Input Leakag~t ".J> GND ~ VIN ~Vee (Note 3) -20 +20 µA 

los Output Short Cu~ Your= GND, Vee= Max. (Note 4) -20 -90 mA 

loz Output Leakage Current GND ~Your~ Vee, Vee = 5.5 V 

Ice Vee Current 

CIN Input Capacitance 

Cour Output Capacitance 

- ~ ~-...-.. - ~------
- -_ _. ___ -- ------ -_ ___.. ------_ ...._... ..__ ........ 

Output Disabled -50 +50 µA 

Vee= Max., f = 25 MHz (Notes 5, 6, 12, 13) 

Ambient Temp= 25°C, Vee= 4.5 V 

Test Frequency = 1 MHz (Note 7) 

70 mA 

5 pF 

7 pF 

=oE=V=ICE=s=,N=c=oR=P=ORA==TE=o=================================================FIFOProducts 
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64 x 5-bit FIFO with Flags 

L8C413 ARCHITECTURE 

The L8C413 FIFO consists of an array of 64 words of 5 bits 
each (which are implemented using a dual port RAM cell), 
a write pointer, a read pointer, and the control logic 
necessary to generate the handshaking (SI/IR, SO/OR) 
signals as well as the Almost Full/ Almost Empty (AF /E) 
and the Half Full (HF) flags. The handshaking signals 
operate in a manner identical to those of the industry 
standard L8C401/402/403/404 FIFOs. 

DUAL PORT RAM 

L8C413 

.·· ............. •·········<•••·••<·•·· 
.··.··.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·· 1 

RESETTING THE FIFO 

Upon power up, the FIFO must be reset with a Master 
Reset (MR) signal. This causes the device to enter the 
empty condition, which is signified by the OR signal 
being LOW at the same time that the IR signal is HIGH. 
In this condition, the data outputs (Qo-Q4) will be LOW. 
The AF /E flag will be HIGH and the HF flag will be 
LOW. 

SHIFTING DATA INTO THE FIFO 

The availability of an empty location is indicated by the 
The dual port RAM architecture refers to the basic mem- HIGH state of the Input R dy (IR) signal. When IR is 
ory cell used in the RAM. The cell itself enables the read HIGH, a LOW-to-HIGH tr sition on the Shift In (SI) pin 
and write operations to be independent of each other, will load the data on D4 inputs into the FIFO. 

which is necessary to achieve truly asychronous operation The IR output ~o L / indicating that the data 
of the inputs and outputs. A second benefit is that the has been samp H-to-LOW transition of the SI 
time required to increment the read and write pointers is signal ini~s the W-to-HIGH transition of the IR 
much less than the time that would be required for data to signal, as e F /E flag and the HF flag if the FIFO 
propagate through the memory, which would be the case condi s an . 
if the memory were implemented using the conventional 
shift register architecture. TA OUT OF THE FIFO 

BUBBLE-THROUGH AND FALL-THROUGH ~~ ~ · ability of data at the outputs of the FIFO is 
. . . ~~e by the HIGH state of the Output Ready (OR) 

The time required for data to propagate from the mp to Aft th FIFO · t all d t tp t (Q Q ) 
h f · · "all FIFO · d fi d ~ . er e is rese , a a ou u s o- 4 t eoutputo anrmti yempty is e ne as . b . th LOW t t A 1 th FIFO · 

Thr h . ( ) em e s a e. s ong as e remams 
oug time tBT · empty the OR signal will be LOW and all Shift Out (SO) 

The time required for an empty location to agate pulses applied to it will be ignored. After data is shifted 
the output to the input of an initially fu1 · into the FIFO, the OR signal will go HIGH. The external 
as the Bubble-Through time (tBT). control logic (designed by the user) should use the HIGH 

The maximum rate at which data 
the FIFO (called the throughpu s 
through time when it is em 
the bubble-through time 

The conventional definitio 
through do not apply to the L 

!Jiii~~:.vir uough 
B the fall-

ly pty) and by 
(or near full). 

is not physically propagated through memory. The read 
and write pointers are incremented instead of moving the 
data. However, the parameter is specified because it does 
represent the worst case propagation delay for the control 
signals. That is, the time required to increment the write 
pointer and propagate a signal from the SI input to the OR 
output of an empty FIFO or the time required to increment 
the read pointer and propagate a signal from the SO input 
to the IR output of a full FIFO. 

- ~ ~-~ - ~------ - ------ -- - ----- -_ _,,,._. _,.... _ _. 

state of the OR signal to generate the SO pulse. 

AF/E AND HF FLAGS 

Two flags, Almost Full/ Almost Empty (AF /E) and Half 
Full (HF), describe how may words are stored in the FIFO, 
AF IE is HIGH when there are eight or less, or 56 or more, 
words stored in the FIFO. Otherwise the AF IE flag is 
LOW. HF is HIGH where there are 32 or more words 
stored in the FIFO, otherwise the HF flag is LOW. Flag 
transitions occur relative to the falling edges of SI and SO. 

·· $fA+Y:§••p~.i(q§•••P~fl~1'f"19~• 'l"~~l.~ >•.••·t••·• 
HF AF/E WORDS STORED 
L H 0-8 

L 
H 

H 

L 

L 

H 

9-31 

32-55 
56-64 
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64 x 5-bit FIFO with Flags L8C413 

Symbol Parameter 
15 {MHz) 20 {MHz) 25 (MHz) 35 {MHz) 45 {MHz) 
Min Max Min Max Min Max Min Max Min Max 

fo Oj>_eralin_g_ F~uen9'Jin MHzl (Note 1 ~ 15 20 25 35 45 
twHWL Shift In High to Shift In Low (Note 9) 11 11 11 9 9 
twLWH Shift In Low to Shift In High (Note 9) 25 20 20 17 11 
twLFH Shift In Low to ln_e_ut Ready H!g_h 35 28 25 20 18 
twHFL Shift In High to Input Ready Low 35 28 21 18 18 
twHDV Shift In High to Data Valid (Note 9) 30 25 20 15 13 
tDVWH Data Valid to Shift In High (Note 9) 0 0 0 0 0 
twLAH Shift In Low to AF/E High 45 40 35 28 25 
twLAL Shift In Low to AF/E Low 45 35 28 25 
twLHH Shift In Low to Half Flag High 45 40 l 35 28 25 

SHIFT IN 

INPUT READY 

DATA IN 

AFJE 

HF (LOW) 

1 _.....-.7~~z .. ~ ""-.~ 
SHIFT IN _____ J,,

1
1C ~(FIF9£~AINS31 WORDS) .f 
~.~K 7Z -_L'"IAA.lilwl ~ tWLWH ~tWLFH 

tovwH J_ ~~ f.--tWHFL~1 _____ I,, 
.Y:::::: ~~1 L_-Jfl:'"1_~~""""~""",...-----

DATA IN ---""~~· 11'/ ..... "'/..;.1.;-:S_~i...'7 ...... _ _,-*1"'X~)<:~x~x;.¥.x~x~.,..._ x~ 

AFJE J_L~ ~-

INPUT READY 

1/fo------i1 

-71' 

~-

HF 
J.-tWLHH;jc 

SHIFT IN 

----tWLWH---i 
INPUT READY -----+-------- i--t-----+-- 1 

tovwH ----

, _____ , 
HF (HIGH) 

AFJE 

- ...-... ~-~ - ....... ...__..._ - - ------ -- - ----- -- ......... -.-_ _. 
_..._..~-~ 
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64 x 5-bit FIFO with Flags L8C413 

15 (MHz) 20 (MHz) 25 (MHz) 35 (MHz) 45 (MHz) 
Symbol Parameter Min Max Min Max Min Max Min Max Min Max 

fo Operating Frequency (in MHz) (Note 16) 15 20 25 35 45 
tRHRL Shift Out High to Shift Out Low (Note 9) 11 11 11 9 9 
tRLRH Shift Out Low to Shift Out High 25 . 24 24 17 11 
tRLEH Shift Out Low to Output Ready High 38 34 25 20 18 
tRHEL Shift Out High to Output Ready Low 35 28 19 18 18 
tRLQV Shift Out Low to Output Valid (Next Word) 25 25 20 20 17 
tRLOX Shift Out Low to Output Change (Previous Word) (Note 9) 5 5 5 5 5 
tOVEH Output Valid to Output Ready High (Note 9) 0 0 0 0 0 
tRLAH Shift Out Low to AF/E High 45 40 11.. 35 28 25 
tRLAL Shift Out Low to AF/E Low 45 40 35 28 25 
tRLHL Shift Out Low to Half Flag Low 

L 1/fo ~.7~ J 

-1 ~ (FIFO CONTAINS LF ~ "../ -1L1----
SHIFT OUT -----~ .... , ""1', 9WORDS) ..:;r .,:~ ~ .JI ._ __ _ 

.,_tRHRL tRLRH- _..,.. ~~EH- I __ / ~ I~ J'll'-----
1- t RLOV.:::::i 1-::::::!R~~ -l ::i: tOVEH 

OUTPUT READY 

DATAOUT -------~-,,.*11 xx~~ x .... x"-¥.x~x~~·--------
tRLOX------- ~ 

HF (LOW) 

AF/E ________ ..6..~,~-~~-~~~-'7 ___ i-·t-RLA_H_, 

:::s::::s:::::s::::s::~ 

~::::::: 

l.~: 

.SS~ 
n? ~:, :····•>••::•: 221 .. >•: .. ::·:· ·>Tu2222:22lliill>~rngu ::s::: ::::.:~ 22 .:::::.:;::::::: :::::::::.::: 

SHIFT OUT 

?Z ~ ---zz 1/fo J ZI._ 77'' ~CONTAINS -,, ___ _ 

_____ '71,..l~,,.-.---....~L2.32WORDS) .:)' ~ Z 
~H~~~·-:J.¥ tRLRH- -tRLEH- I ----

~~~tRLOdf--tRHEL "}. T tOVEH 

OUTPUT READY 

DATA OUT LL 11 ~ ~XXX* x_x~x~x~*·----------------
~ tRLOX 1-tRLH~ 

HF ~ ~·------------
AF/E (LOW) 

SHIFT OUT 

OUTPUT READY 

AF/E 

HF (HIGH) 

- ~ ~-~ - .._.._, ----~ - - _.., ___ -- -.. ---- -_ _,,,,_, -......-_. _..._.... ..._..._~ 
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64 x 5-bit FIFO with Flags L8C413 

... .......... ····.·.·.·.·.·.·· 

L2Z - ::::: it ful±B~ /l/l:<:<:>> 
h2 :;;:::;. ::;;; 

L8C413· 
15 (MHz) 20 (MHz) 25 (MHz) 35 (MHz) 45 (MHz) 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tMLMH Master Reset Low to Master Reset High (Notes 9, 1 O) 25 25 25 25 20 
tMLFH Master Reset Low to Input Ready High 35 35 35 28 25 
tMLEL Master Reset Low to Output Ready Low 35 35 35 28 25 
tMHWH Master Reset High to Shift In High (Note 9) 25 20 10 10 10 
tMLO Master Reset Low to Output Low or Zero 35 30 25 20 20 

tMLHL Master Reset Low to Half Flag Low 48 45 40 28 25 

tMLAH Master Reset Low to AF/E High 48 45 40 28 25 

toHOZ Output Enable High to Output High Z (Notes 14, 15) 25 20 ~ 15 12 12 

toLOV Output Enable Low to Output Valid (Notes 14, 15) 30 25 l 20 15 12 

I 
~1 

::::: >< :::::::: ::~:'.';;.'.;:;:;::::::::;::: 

:::.:.::::.::::::·.::1:.::::.:::.:::;::::::: L.= ::}::::::::::;;_ ;;;;;;::::::::: << 2 

!---tMLMH- ~~ 
MASTER RESET ~ :T ~~ tMLFH 

~N INPUT READY 
tMLEL ~ "S ::s:-.;;: z 

::s:~s --:l 
OUTPUT READY ~HWH ~ J 

~~~· SHIFT IN ~ 

DATA OUT 
tMLOL ,,...~~~ 
~~ 

=~ :5Y~ HF zz 
AF/E [P' 

~~<LL 

P!lI~ill~~'~P~x1~1~=."ix. n51r~ :::::::-
::::::::::-

OE ~ ~ r .1 

;;;;: ~ 

~ tOHOZ 

DATA OUT 

- ...-... ~-...-... - ..-...~------ ------- -- ------ --~_,_ _ _. 
-~~-.._... 

T 1 
., 

31 32 '33 

tOLOV 

55 56 57 
FULL 

64 
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64 x 5-bit FIFO with Flags L8C413 

!I 
I 

15 (MHz) 35 (MHz) 45 (MHz) 
Symbol Parameter Min Max Min Max Min Max 
tBT Bubble Through Time 65 28 16 

tEHEL Output Ready High to Output Ready Low (Note 17) 9 9 9 
taVEH Output Valid to Output Ready High 0 0 0 

tFHFL Input Ready High to Input Ready Low (Note 17) 9 9 9 
tDVFH Data Valid to Input Ready High (Note 9) 5 3 3 

tFHDV Input Ready High to Data Valid (Note 9) 30 15 13 

SHIFT IN 

SHIFT OUT 

OUTPUT READY 

SHIFT OUT 

SHIFT IN 

FULL EMPTY 
64 63 56 55 54 32 31 30 9 8 7 1 

sHn~: J1JL .. ScL~· .. ns; .. .Jl 

- ~ ~- ......... - ~----.-. - - ------ -- ------ -------~....__._...._.... 
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64 x 5-bit FIFO with Flags 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. For example, tWLFH is 
specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

10. When cascading devices, the reset pulse 
width must be increased to equal tMLMH + 
tMLEL. 

11. It is not recommended that Logic De
vices and other vendor parts be cascaded 
together. The parts are designed to be pin
for-pin compatible but temperature and 
voltage compensation may vary from ven-

3. This product provides hard clamping of dor to vendor. Logic Devices can only gu 
transient undershoot. Input levels below anteethecascadingofLogicDevicespa 
ground will be clamped beginning at-0.6 V. other Logic Devices parts. 
A current in excess of 100 mA is required to ~ 
reach-2 V. The device can withstand indefi- 12· Tested with output open and ·\~ 
nite operation with inputs as low as -3 V mum capacitance. OE is.igh. 
subject only to power dissipation and bond 13. Ice of devices runni · n-
wire fusing constraints. cies c~n be calculated~n e o mg 

should not exceed 30 seconds. Commercial: 
4. Duration of the output short circuit equation: ~ 

5. Typical' supply current values are not Ice= 70~. f - 25 MHz]) 
shown butmaybeapproximated. Ata Vee Military: 
of +5.0 V, an ambient temperature of +25°C 1~80 mA . mA x [f _ 25 MHz]) 
and with nominal manufacturing parame-
ters, the operating supply currents will be . At · temperature and voltage 
approximately 3/4 orless of the maximu co · 'on, tput disable time is less than 
values shown. put hie time for any given device. 

6. Tested with outputs open and~' 5. ansition is measured ±200 mV from 
puts changing at the spec~· ie dy state voltage with specified loading 
wrtie cycle rate. The device is · in Fig. 1 b. This parameter is sampled and not 
empty for the test. 1003 tested. 

7. These parameters are guaran but not 16. This product is a very high speed device 
100% tested. and care must be taken during testing in 

8. Test conditions assume input transition 
times of 5 ns or less, reference levels of 1.5 V, 
output loading for specified IOL and IOH 
plus30 pF(Fig. la),andinputpulselevelsof 
0 to 3.0 V (Fig. 2). 

9. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tWLWH is specified as a minimum since the 

- ~ ....-..-...-.. - ~.-..-~ - - _.., ___ -- ------- ---...-..~---_.,...... ...._._~ 

order to realize valid test information. In
adequate attention to setups and proce
d ures can ca use a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

L8C413 

R1 1.1K 

+5 v o------'11'1"----i 

OUTPUT o---_...,_ ___ _ 

INCLUDING 30 pF 

JIG AND I 
SCOPE 

A2 
6800 

R2 
6800 

17. The user must be aware that there is no 
true minimum value for tEHEL and tFHFL. 

These pulses may be slight during high load 
under certain operating conditions and lot 
variations. 
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64 x 5-bit FIFO with Flags 

Speed 
(MHz) 

20-pin 

(0.3" wide) 

HF 

03 
04 

GND 

Plastic DIP 
(PG) 

Vee 
AF/E 

so 
OR 

Oo 
01 

02 
03 

04 

MR 

CerDIP 
(C2) 

20-pin 

OE 20 

HF 19 

IR 18 

SI 4 17 

Do 5 16 

01 15 

02 14 

03 13 

04 12 

GND 10 11 

Plastic SOIC 
(0.300" - U3) 

··········•···•·•·••••••••·••• ·•··;ssoc. t0 +12sro>>•ex+£Nr>ea·sc~IN<i<·•>••<···· ···· · 
15 MHz L8C413CME15 
20 MHz • 20 
25 MHz • 25 
35MHz 
45MHz 

15MHz 
20MHz 
25MHz 
35MHz 
45MHz 

- ...-... ....-... -..-... - ~----- - ----- -- ------ ------

L8C413 

20-pin 

0 k!:l 
Vee If ~I~~~ 
AF/E 

so so 
OR OR 
Oo Oo 
01 01 
02 03 02 
03 

04 Ci ~l§i 0 a 
MR (.'.) 

0 . . 
. 

Plastic Leaded Ceramic Leadless 
Chip Carrier (J7) Chip Carrier (KB) 

L8C413KME15 
• 20 
• 25 
• 35 

_....._.... ...._.__ ....._... 
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64 x 8- and 9-bit FIFO with Flags + OE L8C408/409 

0 First-In/First Out (FIFO) using 
Dual-Port Memory 

0 Maximum Shift Rate - 45 MHz 
0 Asychronous and Simultaneous 

Read and Write 
0 Fully Expandable by both Word 

Depth and/ or Bit Width 
0 Fast Bubble-Through Time-16 ns 
0 Cascadable by Word Depth at 

25 MHz and 35 MHz 
0 Half Full and Almost Full/Empty 

Status Flags 

0 Plug Compatible withCypress 
CY7C408/409 

0 Package Styles Available: 
• 28-pin Plastic DIP 
• 28-pin Cer DIP 
• 28-pin Plastic SOIC 
• 28-pin Plastic LCC 
• 28-pin Ceramic LCC 

SI 

IR 

Do-D7 
(L8C408) 

DATA-IN 

Do-De 
(L8C409) 

MASTER 
RESET 

- ..-.. ....-... -....-.. - ~~------ - ----- -- -~---- --~~---_..._....~-.._... 

DEVICES INCORPORATED 

ALMOST AF/E 
WRITE POINTER FULUEMPTY 

HALF FULL HF 

Qo-07 
MEMORY (L8C408) 

ARRAY DATA-OUT 

Oo-Qa 
(L8C409) 

OE 
(L8C408) 

OUTPUT OR 
READ POINTER CONTROL 

LOGIC ... so 

FIFO Products 
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64 x 8- and 9-bit FIFO with Flags+ OE L8C408/409 

Storage temperature ....................................................................................................................... -65°C to + 150°C 
Operating ambient temperature ...................................................................................................... -55°C to + 125°C 
Vee supply voltage with respect to ground ..................................................................................... -0.5 V to +7.0 V 
DC voltage applied to outputs in High Z state .................................................................................. -0.5 V to +7.0 V 
DC input voltage .................................................................................................... ~ ........................ -3.0 V to +7.0 V 
Power Dissipation ........................................................................................................................................... 1.0 W 
Output current into low outputs ...................................................................... :.0......... .. ............................ 20 mA 
Latchup current .......................................................................................... ~_. ........................... > 200 mA 

·::::§~~9r!IP:i.~···q~~~APT~~f~Tf9i'!·i!9k~f:!9~t~tlh·h~m·< .. ::.w·Y·(.Yf>:>:: ::::<::::<::<:::::::::>::::::::·::::::::::::::/'.'/////)/::::::·.··· .. 
Symbol Parameter Test Con~-v Min Typ Max Unit 

VoH Output High Voltage IOH _S:s.4.0 m~C6 = Min. 2.4 v 
VOL Output Low Voltage ~cc= Min. 0.4 V 

VIH Input High Voltage ~~.L2_ 'V 2.0 6.0 V 

VIL Input Low Voltage ~~ -3.0 0.8 V 

llX Input Leakage~ ~D ~VIN~ Vee (Note 3) -1 O + 10 µA 

los Output Short~ ~ Vour = GND, Vee = Max. (Note 4) -90 mA 

loz Output Leakage b1m-ent GND ~ Vour ~Vee, Vee = 5.5 V 
- "V- Output Disabled -50 +50 µA 

Ice Vee Current 

CIN Input Capacitance 

Cour Output Capacitance 

- ..-... _......_..-.,. - ......_..__ __ - -_ _,, ___ -- - ----- ----......--------- ---

Vee= Max., f = 25 MHz (Notes 5, 6, 12, 13, 18) 

Ambient Temp= 25°C, Vee= 4.5 V 

Test Frequency= 1 MHz (Note 7) 

90 mA 

5 pF 

7 pF 

~DE~v=rc~ES=IN=c=oR=P=ORA==TE=o==================================================FIFOProducts 
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64 x 8- and 9-bit FIFO with Flags+ OE 

L8C408 and L8C409 ARCHITECTURE 

The L8C408 and L8C409 FIFOs consists of an array of 64 
words of 8 and 9 bits each (which are implemented using a 
dual port RAM cell), a write pointer, a read pointer, and 
the control logic necessary to generate the handshaking 
(SI/IR, SO /OR) signals as well as the Almost Full/ Almost 
Empty (AF /E) and the Half Full (HF) flags. The hand
shaking signals operate in a manner identical to those of 
the industry standard L8C401I402/ 403 I 404 FIFOs. 

DUAL PORT RAM 

L8C408/409 

·.··.·.·.·················· .. ···············>·•·•·····•·•••·<.•··············•<•·····>· U•••I 

RESETTING THE FIFO 

Upon power up, the FIFO must be reset with a Master 
Reset (MR) signal. This causes the device to enter the 
empty condition, which is signified by the OR signal 
being LOW at the same time that the IR signal is HIGH. 
In this condition, the data outputs (Qo-Q7, Qs) will be 
LOW. The AF /E flag will be HIGH and the HF flag will 
be LOW. 

SHIFTING DATA INTO THE FIFO 

The availability of an empty location is indicated by the 
The dual port RAM architecture refers to the basic mem- HIGH state of the Input R dy (IR) signal. When IR is 
ory cell used in the RAM. The cell itself enables the read HIGH, a LOW-to-HIGH tr sition on the Shift In (SI) pin 
and write operations to be independent of each other, will load the data on D7,D8 inputs into the FIFO. 

which is necessary to achieve truly asychronous operation The IR output ~o L , indicating that the data 
of the inputs and outputs. A second benefit is that the has been samp H-to-LOW transition of the SI 
time required to increment the read and write pointers is 

much less than the time that would be required for data to :!~~,:!~s the e ~f~-~~G~:::~~nfl~~ t~~~: FIFO 
propagate through the memory, which would be the case condi w ts. 
if the memory were implemented using the conventional 
shift register architecture. TA OUT OF THE FIFO 

BUBBLE-THROUGH AND FALL-THROUGH ~~~·ability of dataattheoutputsoftheFIFOis 
. . . ~~e by the HIGH state of the Output Ready (OR) 

The time reqwred for data to propagate from the mp to Aft th FIFO · t all d t tp ts 
th f · · ·all FIFO · d fin d ~ . er e is rese , a a ou u e output o anm1ti y empty is e e as Q Q ) will be· th LOW t t A 1 th 
Thr h . ( o- 7, 8 m e s a e. s ong as e 

oug time tBT). FIFO remains empty the OR signal will be LOW and all 
The time required for an empty location to agate Shift Out (SO) pulses applied to it will be ignored. After 
the output to the input of an initially · data is shifted into the FIFO, the OR signal will go HIGH. 
as the Bubble-Through time (tBT). The external control logic (designed by the user) should 
The maximum rate at which data ough use the HIGH state of the OR signal to generate the SO 

the FIFO (called the throughpu s · the fall- pulse. 

through time when it is em ly pty) and by AF/E AND HF FLAGS 
the bubble-through time (or near full). 

The conventional definitio fall-through and bubble-
through do not apply to the L 8 and L8C409 FIFOs be-
cause the data is not physically propagated through 
memory. The read and write pointers are incremented 
instead of moving the data. However, the parameter is 
specified because it does represent the worst case propa
gation delay for the control signals. That is, the time 
required to increment the write pointer and propagate a 
signal from the SI input to the OR output of an empty 
FIFO or the time required to increment the read pointer 
and propagate a signal from the SO input to the IR output 
of a full FIFO. 

- ~ ~-...-.. - ~------- ------- -- ------- ----.....-------~ ._._._ .._.... 

Two flags, Almost Full/ Almost Empty (AF /E) and Half 
Full (HF), describe how may words are stored in the FIFO, 
AF IE is HIGH when there are eight or less, or 56 or more, 
words stored in the FIFO. Otherwise the AF IE flag is 
LOW. HF is HIGH where there are 32 or more words 
stored in the FIFO, otherwise the HF flag is LOW. Flag 
transitions occur relative to the falling ec!g_es of SI and SO. 

$!Ari>:$ F~.6.d:$ P~i=:t~1f1p~ J)(~l.~ . · t 
HF AF/E WORDS STORED 
L 

L 

H 

H 

H 

L 

L 
H 

0-8 
9-31 

32-55 

56-64 
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64 x 8- and 9-bit FIFO with Flags+ OE L8C408/409 

F:swltC.HJ.NG'CHA'RACTERIS'tiC.s•:o~f'b~MtM9"J:?kbgJ:·r.h~:~j6dpt.~$.·H.6'iMJBl.N9i~':~f::·•:: ... · •. :·:,:·:,.·:_:,·:-:.: .•. •::-:: .. ::.::::/··:-: .:<:':!:] 

-~&-
•::::::::-

L8C408/409-
15 (MHz) 20 (MHz) 25 JMHtj_ 35 JMHtj_ 45 (MHz) 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 

fo 0...2_erati~ F~uen~n MH&_{Note 16) 15 20 25 35 45 
twHWL Shift In High to Shift In Low (Note 9) 11 11 11 9 9 

twLWH Shift In Low to Shift In High (Note 9) 25 20 20 17 11 
twLFH Shift In Low to Input Ready High 35 28 25 20 18 
twHFL Shift In High to Input Ready Low 35 28 21 18 18 
twHDV Shift In High to Data Valid (Note 9) 30 25 20 15 13 
tDVWH Data Valid to Shift In High (Note 9) 0 0 0 0 0 
twLAH Shift In Low to AF/E High 45 40 35 28 25 
twLAL Shift In Low to AF/E Low 45 35 28 25 
twLHH Shift In Low to Half Flag High 45 35 28 25 

DATA IN 
., A~~ 1--twl..AI: 

1----::z~~,,L--...,..~-1~~)1fh..--r:Z-r~----i .... ,___---1/fo1------i.J 
1-...-~'""' '"-VV/' I SHIFT IN _7 ~ (FIFC:W~AINS31 WORDS) ~ ~ _fi----... -----1 -~,"\..I< ~ 'I ""'2 ~ twLWH 1---twLFH 

tovwH -'- ~~ 1---twHFL-H~r----$_, 
Y.--- "'\,'~' 

INPUT READY 

~ _U ~ *XXXXXXX ~x~x7":~:"'7'x~x7":x:"'7':x ... ~----DATA IN 

"'-. v/ v 

AF/E (LOW) _ "'-. <._, 
"\'> 

HF 
1-tWLHH* 

HF (HIGH) 

AFIE 
tWLAH},,----------
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64 x 8- and 9-bit FIFO with Flags+ OE L8C408/409 

.. 

l•••fi-·~·;:::;:::;:;:~~·····-·~ ~ -:;.:: ::::: c7 ................... •:•:•: ............ <§ ............... 
L8C408/409-

15 (MHz) 20 (MHz) 25 (MHtj_ 35 (MHz) 45 (MHtj_ 
Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
fo Operating Frequency (in MHz) (Note 16) 15 20 25 35 45 
tRHRL Shift Out High to Shift Out Low (Note 9) 11 11 11 9 9 
tRLRH Shift Out Low to Shift Out High 25 24 24 17 11 
tRLEH Shift Out Low to Output Ready High 38 34 25 20 18 
tRHEL Shift Out High to Output Ready Low 35 28 19 18 18 
tRLQV Shift Out Low to Output Valid (Next Word) 25 25 20 20 17 
tRLQX Shift Out Low to Output Change (Previous Word) (Note 9) 5 5 5 5 5 
taVEH Output Valid to Output Ready High (Note 9) 0 0 0 0 0 
tRLAH Shift Out Low to AF/E High 45 40"' 35 28 25 
tRLAL Shift Out Low to AF/E Low 45 40 \ 35 28 25 
tRLHL Shift Out Low to Half Flag Low 45 13![ [\ 35 28 25 

-=:::::::::' 
k'l ~~'.J~Z ~TI-[ilfilill1rnrnili2122J~N <xs -~ :;_;;: .::::: .::::: ~ •:\: ~··· 2 

I. 1/fO '0:7~""'; .I 

} ~ (FIFOCONTAINS ~ ~~~ } SHIFT OUT "' 9WORDS) :;;i k°' 
-tRHRL 

7~ ·1 
tRLRH- _6 \ 77 y RLEH-

OUTPUT READY ,/ ~ ~~ .; 
1-tRLOv.=J i,.., f\' J tOVEH -- ~ y 

DATA OUT ~ ~ =:::::vx~ 
tRLOX ~~ HF (LOW) 

~~ 1--IRLAH 

AFIE ¥ 

5 
:SS ~ ·-?:L ····~ »rn~·::ww :•L ·i:.:1:· 

~ z :>•' ~.7.~ 

ff 077 1/fo .r 
Z7._ 77 ~CONTAINS } SHIFT OUT y ~32WOROS) _ _-¥ ~ 
~ IL/ -tRLEH-

·1 
H~"V7 IRLRH-

OUTPUT READY 

~ .-./ ~ ~ 
j.- t RLO~ f4-- t RHEL tOVEH 

~ DATA OUT ZZ TI :-SS rxxx~ 
~~ tRLOX 1--tRLH~ 

HF ~ ~ 

AFIE (LOW) 

SHIFT OUT ____ ..._,I 

OUTPUT READY 

AFIE 

HF (HIGH) 

- ~ ....-..-...-.. - ~.--.-- - -~--- -- - ------- --~_,... _ _. 
-~~-..._.. 
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64 x 8- and 9-bit FIFO with Flags+ OE 

Symbol Parameter 
tMLMH Master Reset Low to Master Reset High (Notes 9, 1 O) 

tMLFH Master Reset Low to Input Ready High 

tMLEL Master Reset Low to Output Ready Low 

tMHWH Master Reset High to Shift In High (Note 9) 

tMLCL Master Reset Low to Output Low or Zero 

tMLHL Master Reset Low to Half Flag Low 

tMLAH Master Reset Low to AF/E High 

toHCZ Output Enable High to Output High Z (Notes 14, 15) 

toLCV Output Enable Low to Output Valid (Notes 14, 15) 

MASTER RESET 

INPUT READY 

OUTPUT READY 

SHIFT IN 

DATA OUT 

HF 

AF/E 

OE __ §3~~--V-t-OHOZ=:_1_ 
I .I 

DATA OUT -

EMPTY 
1 2 8 9 10 31 

L8C408/409 

-:::::::::::::::::::::: ':0:':::::1 

ld 

15(MHz) 
Min Max 
25 

35 
35 

25 
35 
48 
48 
25 
30 

~ 
i=tOLOV 

32 33 55 

UC' 

20 (MHz) 25 (MHz) 
Min 
25 

20 

56 

Max Min Max 
25 

35 35 
35 35 

10 
30 25 
45 40 
45 40 

15 20 11. 
25 l 20 

57 
FULL 

64 

35 (MHz) 45 (MHz) 
Min Max Min Max 
25 20 

28 25 
28 25 

10 10 
20 20 
28 25 
28 25 
12 12 
15 12 

SHI~;~ nn ... ~ ... ~ ... nzn ... n 

- ~ ~-...-... - ..--... ..._. ----- ------- -- ------ -------~~-..._.. 
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64 x 8- and 9-bit FIFO with Flags+ OE L8C408/409 
I 

LBC408/409-
15 (MHz) 20 (MHz) 25 (MHz) 35 (MHz) 45 (MHz) 

Symbol Parameter Min Max Min Max Max Min Max Min Max 
tBT Bubble Through Time 65 55 40 28 16 
tEHEL Output Ready High to Output Ready Low (Note 17) 9 9 9 

taVEH Output Valid to Output Ready High 0 0 0 
tFHFL Input Ready High to Input Ready Low (Note 17) 9 9 9 

tDVFH Data Valid to Input Ready High (Note 9) 5 3 3 
tFHDV Input Ready High to Data Valid (Note 9) 30 15 13 

SHIFT IN 

SHIFT OUT 

OUTPUT READY 

SHIFT OUT 

1-IM f trn~l.....____ SHIFT IN 

FULL EMPTY 
64 63 56 55 54 32 31 30 9 8 7 1 

SHIFT~F: nn ... z .. ·ne· .. r ... fl 
- ~ ~-...-.... - ------ - ------ -- - ~---- ------------=oE=v=,c=Es=,N=c=o=RP=o=RA=T=Eo===================================================FIFO Products 
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64 x 8- and 9-bit FIFO with Flags+ OE 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A currentin excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. Typical' supply current values are not 
shown but may be approximated. At a Vee 
of +5.0 V, an ambient temperature of +25°C 
and with nominal manufacturing parame
ters, the operating supply currents will be 

external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. For example, twLFH is 
specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

10. When cascading devices, the reset pulse 
width must be increased to equal lMLMH + 
MEL. 

11. It is not recommended that Logic De
vices and other vendor parts be cascaded 
together. The parts are designed to be pin
for-pin compatible but temperature and 
voltage compensation may vary from ven
dor to vendor. Logic Devices can only gu 
anteethecascadingofLogicDevicespa 
other Logic Devices parts. 

12. Tested with output open and ·~ 
mum capacitance. OE is high the 
L8CA08. 

approximately 3 I 4 or less of the maximu an ven temperature and voltage 
values shown. aiti output disable time is less than 

6 T d "th d~o nabletimeforanygivendevice. . este w1 outputs open an 1 
puts changing at the specified Transition is measured ±200 mV from 
wrtiecyclerate. The device~· · r steady state voltage with specified loading 
empty for the test. in Fig. lb. This parameterissampled and not 

7. These parameters are guaran but not 
100% tested. 

100% tested. 16. This product is a very high speed device 

8. Test conditions assume input transition 
times of 5 ns or less, reference levels ofl.5 V, 
output loading for specified IOL and IOH 
plus30 pF(Fig. la),andinputpulselevelsof 
0 to 3.0 V (Fig. 2). 

9. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
twLWH is specified as a minimum since the 

- ~ ........ -...-... 
_....._. ___ _ - - _.., ___ -- ------ -
_.....__.. _____ __ -----

and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
d ures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A 0.01 µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 
used. 

L8C408/409 

R1 1.1K 
+5 v 

OUTPUT 

I 30pF INCLUDING 
JIG AND 
SCOPE 

INCLUDING 5 pF 

JIG AND I_ SCOPE 

R2 
680'2 

R2 
6800 

17. The user must be aware that there is no 
true minimum value for lEHEL and mrn.. 
These pulses may be slight during high load 
under certain operating conditions and lot 
variations. 

18. Both power and ground pins must be 
hooked up externally. The pads are not 
connected together on the die or package. H 
only one is connected, the device will not 
work! Pins 9 and 22 are the I/O GND and 
internal ground respectively. 

=oE=V=ICE=S=IN=c=oR=P=ORA==TE=o====================================================FIFOProducts 
3-56 5/15/90 



64 x 8- and 9-bit FIFO with Flags+ OE L8C408/409 I 
28-pin 28-pin 28-pin 

(0.3" wide) (0.6" wide) 

AF/E 1 Vee AF/E 28 Vee en Q; ~~~I~~ 
HF MR HF 27 MR 

IR so IR 3 26 so OR 

SI OR SI 4 25 OR Oo 

Oo Do 5 24 Oo 

01 01 6 23 01 02 

GND GND GND 22 GND 02 

02 02 02 21 02 03 

03 03 9 20 03 04 

04 04 10 19 04 

05 05 11 18 05 ~ ; ;; 0 0 0 0 
06 06 06 12 17 06 ~I~ 
07 07 07 13 16 07 

LL (L8C408) L8C408 =NC OE= L8C408 L8C408 =NC 14 15 OE= L8C408 
L8C409 =Os 08 = L8e409 L8C409 = 08 08 = L8e409 

0 

- ...-... .....-... -...-... - ------ - _,_,, ___ -- ------ -
_ __. __ _ 
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Product Selection Guide 

::::::::::11.1J.q,::n.11:::11.m.11:::191.9~11::1:::111i.i.t11$.l.@W.9.hiiiiii:I::::::I:::I::::::lI:I:t:::::::::i::ii:::rtrn:::::::::::::::rnI:l:liliI!l1iiililillli1! 
Maximum Speed (ns) Typical Power (mW) 

Part No.<1> Description Com. Mii. Opr. Standby 

LMM456 

LMM624 

LMM824 

LMM4016 

Competitor 

IDT 

Cypress 

256K Module 
(64K x 4-bit) 

1 Megabit Module 
(256K x 4-bit) 
(128K x 8-bit) 
(64K x 16-bit) 

15 

20 

5400 

1440 
1680 
2160 

300 

1200 
1200 
1200 

1 Megabit Module 
(Monolithic Pinout) 
(128K x 8-bit) 
Output Enable 

25 [ADVANCED IN FORMATION] 

4 Megabit Module 
(256K x 16-bit) 

LMM456 LMM624 
(256K) (1 Megabit) 

IDT7MP456 IDT7M624S 

NA 1621HD 

LOGIC DEVICES PART NUMBER 

LMM824 LMM4016 
(1 Megabit) (4 Megabit) 

IDT8M824S IDT7M4016 

1421HD 1641HD 

(1) See Section 1 - Ordering Information for assistance in constructing a valid part number. 
(2) See Section 1 O - Packaging for package dimension. 

- ...-... ~-~ - ._.... ___ ~ - - -~--- -- - ----- -
_ ___.. _,_ _ _. 

Pins Packages Avallab1e<2> 

28 SIP 

40 DIP 

32 DIP 

40 DIP 

_...._.,....__~ 
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256K (64K x 4-bit) Static RAM Module LMM456 

0 256K (64K x 4-bit) Static RAM 
Module 

0 Advanced CMOS Technology 

0 High Speed - to 15 ns worst-case 

0 Low Power Operation 
Active: 900 mW 
Standby: 30 mW typical 

0 Single 5 V (±10%) Power Supply 

0 TTL-Compatible Inputs and 
Outputs 

0 Plug Compatible with IDT7MP456 

0 Package Styles Available: 
• 28-pin SIP Module 

4 
L 

/ DATA IN 

16 
ADDRESS 

OE 

WE 

- ....-.. .....-.... -...-.... - .....--..-.--- - ------ -- - ------ -_ ____..~---

.L 
/ 

The LMM456 is a 256K high speed 
CMOS static RAM module organized 
as 64K x 4-bits. This module is 
constructed using four L7C187 
64K x 1 static RAMs in plastic surface 
mount packages assembled on an 
epoxy laminate SIP substrate. 

Memory locations are specified on 
Address pin Ao through A 15. Writing 
to the memory module is accom
plished when the active-low Chip 
Enable (CE) and Write Enable (WE) 
inputs are both low. Either signal 
may be used to terminate the Write 
operation. 

Reading from a designated location is 
accomplished by presenting an 
address and then taking CE low while 

_..._ 

l 
r--- r---

_,, L7C187 _,.., ...., -
64K x 1 _,., _,., ...., ...., 

l 

_.. 

l .____ ..___ 

~ L7C187 _,.. 
...., 

64K x 1 
~ 

_,.., _,.. 
.... ...., 

l 

·················>! 

WE remains high. The data in the 
addressed memory location will then 
appear on the Data In/Data Out pins. 
The input/output pins stay in a high 
impedance state when CE is high or 
WE is low. 

The LMM456 provides asynchronous 
(unclocked) operation with matching 
access and cycle times. All inputs and 
outputs are TTL compatible and 
operate from a single 5 V power 
supply. 

Latchup and static discharge pro
tection are provided on-chip. The 
LMM456 can withstand an injection 
current of up to 200 mA on any pin 
without damage. 

l 

L7C187 

64K x 1 

l ---

1 

L7C187 

64K x 1 

I 4 
L - ~ DATA OUT 

=-==-==-==-=-=============================================Memory Modules 
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256K (64K x 4-bit) Static RAM Module LMM456 

Storage temperature ...................................................................................................................... -55°C to + 125°C 
Operating ambient temperature ........................................................................................................... 0°C to + 70°C 

Temperature under bias ................................................................................................................... -10°C to +85°C 
Vee supply voltage with respect to ground ..................................................................................... -0.5 V to +7.0 V 
DC output current ........................................................................................................................................... 50 mA 
Latch up current .......................................................................................................................................... > 200 mA 

Mode Temperature Range (Ambient) Supply Voltage (Vee) 

Active Operation, Commercial 5.0 V±10% 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage IOH = -4.0 mA, Vee = 4.5 v 2.4 v 
VOL Output Low Voltage IOL = 8.0 mA, Vee = 4.5 v 0.4 v 
VIH Input High Voltage 2.2 6.0 v 
VIL Input Low Voltage (Note3) -0.5 0.8 v 
llX Input Leakage Current Vee= 5.5 V, VIN= GND to Vee 15 µA 

loz Output Leakage Current Vee= 5.5 V, CE= VIH, VOUT = GND to Vee 15 µA 

lce2 Vee Current, TTL Inactive (Note7) 60 170 mA 

lee3 Vee Current, CMOS Standby (Notes) 0.4 2.0 mA 

CIN Input Capacitance Amb. Temp. = 25°C, f = 1.0 MHz, VIN= o.o V 35 pF 

Cour Output Capacitance Amb. Temp. = 25°C, f = 1.0 MHz, Your = 0.0 V 40 pF 

LMM456-
Symbol Parameter Test Condition 45 35 25 20 15 Unit 

lee1 J Vee Current, Active I (Note 5, 6) 220 300 400 500 640 mA 

- ...-... ~-....-... - ~------- - ----- -- ------ -------
=:-=v=IC-=ES=IN=;-=o=RP=:=:=T=ED========================= Memory Modules 

4-6 LDS.M456-C 



256K (64K x 4-bit) Static RAM Module LMM456 

. ··.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· .. · I 
> .. : : < . 

:~=:~·=~~:~=z::::jri:::~:::::z;>:::: ::·T;;;•:•::;;:::: '.::··~;;;::-?~1m"2rn:•illillI•·Lllli-::•::: 
~ ·>\ ,,,.. •<:::>: iliE ~ 

LMM456-
45 35 25 20 15 

Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tRVAV Read Cycle Time 45 35 25 20 15 

tAVOV Address Valid to Output Valid (13, 14) 45 35 25 20 15 

tAXOX Address Change to Output Hold 5 5 5 5 5 

tCLOV Chip Enable Low to Output Valid (13, 15) 45 35 25 20 15 

tCLOZ Chip Enable Low to Output in Low Z (20, 21) 5 5 5 5 5 

tCHOZ Chip Enable to Output in High Z (20, 21) 35 30 20 15 10 

tPU Chip Enable Low to Power Up (1 o, 19) 0 0 0 0 0 

tPD Power Up to Power Down (1 o, 19) 45 35 25 20 20 

ADDRESS 

DATA OUT 

----tcLoz----i 

--------- tRVAV--------

- ...-.. ~-~ - ~.-----. - -_ _. ___ -- ------ -------_..._.. ..._.._....._.... 
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256K (64K x 4-bit) Static RAM Module LMM456 

::;;::;;;:::. -::::::::: ::::::::::>::> -c 
LMM456-

45 35 25 20 15 
Symbol Parameter Min Max Min Max Min Max Min Max Min Max 
tNVAV Write Cycle Time 45 35 25 20 15 

tcLEW Chip Enable Low to End of Write Cycle 40 30 25 25 15 

tAVBW Address Valid to Beginning of Write Cycle 5 5 5 5 5 

tAVEW Address Valid to End of Write Cycle 40 30 25 25 15 

tEWAX End of Write Cycle to Address Change 0 0 0 0 0 

twLEW Write Enable Low to End of Write Cycle 35 25 20 20 15 

tDVEW Data to End of Write Cycle 25 20 15 15 10 

tEWDH End of Write Cycle to Data Hold 5 5 5 5 5 
twHQZ Write Enable High to Output in High Z (20, 21) 30 25 20 20 15 

twLQA Write Enable Low to Output Active (20, 21) 0 0 0 0 0 

--------tAVEW----------i 
CE -----.... ~~' _Jr~..----------

-------1ol--_1t_A_vFm_-:..~,------twLew-------~:.===-•-ew_AX _______ _ 

WE ~ F 
DAT A OUT t---t WHOZ_:::::1 I t WLOA 

-----'{c:·:t::=::::::::} :::=:::::::=:::::t::::::}::(1:1::t:=::::::t:tf::t::::::::::::::~:.31'· --------t-----K;-c:-::::::::::=::::t::=:::::::::i1)::::::::::::::::t:::t:· 
·-----toHOZ ~ ~tovew----<~--t'\l.~~1-tEWOH 

DATAIN----------------~=~,-------+-_,_...,,,..i--,---------

(1) During this period, 1/0 pins are In the output state, and input signals must not be applied. 

---------twvAv----------i 

ADDRESS -:l~ ~ 
tAVEW 

~ CE _f-
1-tAVBW l tCLEW tEWAX I 

WE ~ .I 
DATA IN I<. tOVEW ~ 

tEWOH 

- ...-... ....-...-..-... 
-~~-~ - - -~--- -- ------ --~------~ ~-~ 
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256K (64K x 4-bit) Static RAM Module LMM456 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess oflOO mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. 'Typical' supply current values are not 
shown but may be approximated. At a Vee 
of +5.0 V, an ambient temperature of +25°C 
and with nominal manufacturing parame
ters, the operating supply currents will be 
approximately 3/4 or less of the maximum 
values shown. 

6. Tested with all address and data inputs 
changing at the maximum cycle rate. The 
device is continuously enabled for writing, 
i.e., CE::;; VIL, WE::;; VIL. 

7. Tested withoutputsopenandalladdress 
and data inputs changing at the maximum 
read cycle rate. The device is continuously 
disabled, i.e., CE ~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE =Vee. Input 
levels are within 0.5 V of Vee or ground. 

9. Data retention operation requires that 
vee never drop below 2.0 V. CE must be 
~Vee - 0.3 V. For all other inputs VIN 
~Vee - 0.3 V or VIN ::;; 0.3 V is required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume inputtransition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ~ ...-..-..-.... - ~------ - ----- -- ------ -_._..... ___.. _ _. 

IOH plus 30 pF (Fig. la), and input pulse 22. All address timings are referenced from 
levels of 0 to 3.0 V (Fig. 2). the last valid address line to the first transi-

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
view of the device. Access time, for example, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

15. All address lines are valid prior-to or 
coincident-with the CT transition to low. 

16. The internal write cycle of the memory 
is defined by the overlap of CE low and WE 
low. Both signals must be low to initiate a 
write. Either signal can terminate a write by 
going high. The address, data, and control 
input setup and hold times should be refer
enced to the signal that falls last or rises first. 

17. If WE goes low before or concurrent 
with CE going low, the output remains in a 
high impedance state. 

18. If CE goes high before or concurrent 
with WE going high, the output remains in 
a high impedance state. 

19. Powerup from 1ee2 to Iee1 occurs as a 
result of any of the following conditions: 

a. Falling edge of CE. 

b. Falling edge of WE (CE active). 

c. Transitiononanyaddressline (CEactive). 

d. Transition on any data line (CE and WE 
active). 

The device automatically powers down 
from Iee2 to Iee1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 mV from 
steady state voltage with specified loading 
in Fig. 1 b. This parameter is sampled and not 
100% tested. 

tioning address line. 

23. CE or WE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
d ures can cause a good partto be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the Vee and ground planes di
rectly up to the contactor fingers. A O.ot µF 
high frequency capacitor is also required 
between Vee and ground. To avoid signal 
reflections, proper terminations must be 

R1 4800 
+5 v 

INCLUDING 30 pF 

JIG AND I SCOPE 

R1 480 n 
+5V 

INCLUDING 5pF 

JIG AND I_ SCOPE 

R2 
2550 

R2 
2550 

_._.... -----~ 
=DE=v=,c=Es=,N=c=o=RP=o=RA=r=ED================================================= Memory Modules 

4-9 LDS.M456-C 



256K (64K x 4-bit) Static RAM Module LMM456 

28-pin Vee 
A4 
A1 
A7 4 
Oo 5 

lo 6 
As 7 
A2 8 

A12 9 
AB 10 

A10 11 
01 12 

11 13 
Ao 14 

A13 15 
A9 16 
A6 17 
02 18 

12 19 WE 20 
CE 21 
A3 22 

A11 23 
03 24 

13 25 
GND 26 

A14 27 
A15 28 

Plastic DIP 
Speed Surface Mount (S1) 

45 ns LMM456SC45 
35 ns • 35 
25 ns • 25 
20 ns • 20 
15 ns • 15 

- ...-... ~-....-... 
-~~--- ------- -- - ------- --------~~-..._... 
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1 Megabit {64K x 16-bit) Static RAM Module LMM624 

0 lMegabit (64K x 16-bit) Static RAM 
Module 

0 Utilizes 16 L7C18764Kx1 Static 
RAMs 

0 Advanced CMOS Technology 

0 High Speed, Low Power 
Consumption 

0 TTL Compatible Inputs and 
Outputs 

0 Plug Compatible with ID17M624S 

0 Package Styles Available: 
• 40-pin DIP Module 

The LMM624 is a 1 megabit high accomplished when the Chip Enable 
performance static RAM module (CEXX) and the Write Enable (WE) 
organized as 64K x 16 bits. The inputs are both low. Reading from a 
module is constructed using 16 designated location is accomplished 
L7C187, 64K x 1 static RAMs in plastic by taking CExx low, while WE 
surface mount packages assembled on remains high. The data in the 
an epoxy laminate DIP substrate. addressed memory location will 
Four separate Chip Enable (CE) pins appear on the Data pins. The Data 
are available (one for each group of Out is in the high impedance state 
four RAMs). This allows the user to when EXX is high, or WE is low. 
configure the memory as either . . 
256K x 4

1 
128K x 8, or 64K x l6 and static discharge pro-

or anization. ~tio rovided on-chip. The 
g . . . 624 an withstand an injection 

Memory locations are speofied on of up to 200 mA on any pin 
Address pins Ao through Ais · h d 
Writing to the memory mod~l~ 

t out amage. 

-6. ~ 
t .••.•.•.. ::::'::·;;;~~~4;:.::;::::::::··~;;32;7?·········· •••....•• 
~== 2:::::: ~ 2-___J ••·••· ·•••••· ········---··•·c:·•······· ·······~ ···············>··· ·•···••··••••···•·•·····••·••·····•· 

16 
~v 

Ao-A1s .L 
/ 

~~ ~v WE 

CEo-a ~~ ~ 
~~~. 

H ~ ~~ 
.__ 

~ 
L7C187 L7C L7C187 L7C187 

~ 
64KX1 J<f ~~ ~ ~ k 

'--t--i r-q H ~ '-1 r-t-o 64K x 1 
L.....t-~ 

64Kx 1 

l~ lj ~ I I 
CE4-7 ~"'~ ~ 

~~~~1 tv1 
~ 

..,_., +--

~ ~~~ ~ L7C187 
~ 

L7C187 
P-+-c: 

L7C187 

64Kx 1 64K x 1 64Kx 1 
"'-+--. ~ L-H re '-1t-1 re 

"0L l l I 
~ 

CES-11 

jl.- .__ 
~ ~ 

1-C 
L7C187 

~ 
L7C187 

~ 
L7C187 

~ 
L7C187 ..... 

i-+-, ~ 
64Kx 1 

'-+-~ 
64Kx 1 i--q 64Kx 1 re 64Kx 1 

L.....t- ............, 

L l l I 
~ ~ 

CE12-1s 

........., ......, ...__ ......., 

L--c: 
L7C187 

L--c: 
L7C187 y L7C187 

~ 
L7C187 

l...-.(J 
64Kx 1 

L...-<:l 
64Kx 1 

i--q 
64K x 1 

L--c 
64Kx 1 

1 l l I 16 
--r Do-D1s 

- ...-... ~-...-... - ...... ~-~ - - -~--- -- ------- --------~ -.---- ..._... 
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1 Megabit (64K x 16-bit) Static RAM Module LMM624 

MODE 

Standby 

Read 

Write 

CE WE OUTPUT POWER 

H X High Z Standby 

L H DA TAour Active 

L L High Z Active 

Mode 

·<Ukt1"10M41AtiN&$••t•<·················· 
: ~#OJ~· Wf,@Lls~(~f.i;(~ m~>'·~ !wk~i~~ tf'.te>tJ~ 1. 2)! .·/<. > • 

Storage temperature ......................................... -55°C to + 125°C 

Operating ambient temperature .............................• 0°C to +70°C 

Temperature under bias ...............•...................... -10°C to +85°C 

Vee supply voltage with respect to round ........ -0.5 V to +7.0 V 

DC output current ..........................................•.................. 50 mA 

Latch up current ..•......... ... .. ... ... . .........•..................... > 200 mA 

Active Operation, Commercial 

VOH Output High Voltage 2.4 v 
VOL Output Low Voltage 0.4 v 

0.5 v 
VIH Input High Voltage 2.2 6.0 v 
VIL -0.5 0.8 v 
llX 20 µA 

loz Vee= 5.5 V, CExx = VIH, VOUT = GND to Vee 20 µA 

lee2 240 480 mA 

lee3 (Note8) 2 16 mA 

CIN Input Capacitance Amb. Temp. = 25°C, f = 1.0 MHz, VIN= 0.0 V 130 pF 

COUT Output Capacitance Amb. Temp. = 25°C, f = 1.0 MHz, VOUT = 0.0 V 35 pF 

LMM624· 
Symbol Parameter Test Condition 45 35 25 20 Unit 

lee1(16) Vee Current, Active (x16) (Notes 5, 6) 880 1200 1600 2000 mA 

lee1(8) Vee Current, Active (x8) (Notes 5, 6) 680 840 1040 1240 mA 

ICC1(4) Vee Current, Active (x4) (Notes 5, 6) 580 660 760 860 mA 

!. ~=-=-~=-= 
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1 Megabit (64K x 16-bit) Static RAM Module LMM624 

!sWttCHING C.f1A8Actea1st1cs o~M offe,f~t;hg#~b® th~)> ... : .. <I 
........ ~;,:;:~ .. ~ ~;;+ .. iii i::.::: ..... 22 

LMM624-
45 35 25 20 

Symbol Parameter Min Max Min Max Min Max Min Max 

tRVAV Read Cycle Time 45 [\ 35 25 20 
tAVQV Address Valid to Output Valid (13, 14) 35 25 20 

~~5 
35 

5 
25 

5 
20 

tAXOX Address Change to Output Hold 

tCLQV Chip Enable Low to Output Valid (13, 15) 

tCLQZ Chip Enable Low to Output in Low Z (20, 21) 5 5 
tCHQZ Chip Enable to Output in High Z (20, 21) 30 20 15 
tPU Chip Enable Low to Power Up (1 o, 19) 0 0 0 

tPD Power Up to Power Down (1 o, 19) 45 35 25 20 

ADDRESS ---~~.l'~"'--------~~0.~~ ... ~~2',)!""'"""~-----"*°lil'-----------
tAvov n~ l 

·····-~~'V 
\ V/-~ I--- tcLav ,

1
,.,---.l·i-------_T--t-cH_a_z --...1. HIGH IMPEDANCE ~ -"' )I{ DATA VALID ""->--------

V -tcLa1 ~z __ " ___ 1 _____ ,.
11 

-"r. 

tpu -t---t_i(-*J_,.__ ___ tPD-----
·1 

DATA OUT 

Ice 

- ..-.. ~-..-... - ~.....-.----. - - ------ -- ------ --------~ ..._,_.-~ 
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1 Megabit (64K x 16-bit) Static RAM Module LMM624 

45 35 25 20 
Symbol Parameter Min Max Min Max Min Max Min Max 

twvAV Write Cycle Time 45 35 25 20 
tcLEW Chip Enable Low to End of Write Cycle 40 30 25 15 
tAVBW Address Setup Time 5 5 5 0 
tAVEW Address Valid to End of Write Cycle 40 30 25 15 
tEWAX End of Write Cycle to Address Change 0 0 0 0 

twLEW Write Enable Low to End of Write Cycle 35 25 20 15 
tDVEW Data to End of Write Cycle 25 Ll. 20 15 10 
tEWDH End of Write Cycle to Data Hold 5 ll 5 5 5 
twHQZ Write Enable High to Output in High Z (20, 21) 25 20 15 
twLQA Write Enable Low to Output Active (20, 21) ~o ~o 0 0 

tWVAV -6 ~ "» ----- ~TI 

(1) During this period, 110 pins are In the o ~t signals must not be applied. 

ADDRESS 

w--------tCLEW ----~--t- t EWAX 

WE 
,..,....~~~~~~~~~-

DATAIN~~~~~~~~~~~~~~~-<i<==~~-t-~-EW~~~~~-~~t-Ew_o_H~~~~-

- ...-.. ~- ...... - ......_.....__...._ - -_ _, ___ -- - .. ____ -
==~'==='=' 
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1 Megabit (64K x 16-bit) Static RAM Module 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

IOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEw is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
viewofthedevice.Accesstime,forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

LMM624 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE or WE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di
rectly u to the contactor fingers. A 0.01 µF 
high f uency capacitor is also required 
betwee Vee and ground. To avoid signal 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground will be clamped beginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

14. The chip is continuously selected (CE rMI<BC.fl!t11~, proper terminations must be 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. 'Typical' supply current values are not 
shown but may be approximated. At a Vee 
of +5.0 V, an ambient temperature of +25°C 
and with nominal manufacturing parame
ters, the operating supply currents will be 
approximately 3 I 4 or less of the maximum 
values shown. 

6. Tested with all address and data inpu 
changing at the maximum cycle rate. 
device is continuously enabled for w · 
i.e., CE :;;; VIL, WE:;;; VIL. 

7. Testedwithoutputsopen~ s 
and data inputs changing a e im 
read cycle rat~ The device i · uously 
disabled, i.e., CE ~ VIH. 

8. Tested with outputs open and all address 
and data inputs stable. The device is con
tinuously disabled, i.e., CE= Vee. Input 
levels are within 0.5 V of Vee or ground. 

low). 

rup from 1ec2 to Iee1 occurs as a 
f any of the following conditions: 

ailing edge of CE. 
b. Falling edge of WE (CE active). 

c. Transitiononanyaddressline (CE active). 

d. Transition on any data line (CE and WE 
active). 

The device automatically powers down 
from ICC2 to Iec1 after tPD has elapsed from 
any of the prior conditions. This means that 
power dissipation is dependent on only 
cycle rate, and is not on Chip Select pulse 
width. 

9. Data retention operation requires that 
vec never drop below 2.0 v. cr must be 
~Vee - 0.3 V. For all other inputs VIN 
~Vee - 0.3 V or VIN :;;; 0.3 V is required to 
ensure full powerdown. 20. At any given temperature and voltage 

condition, output disable time is less than 
10. These parameters are guaranteed but output enable time for any gt"ven device. 
not 100% tested. 

21. Transition is measured ±200 mV from 
11. Testconditionsassumeinputtransition steady state voltage with specified loading 
times of less than 5 ns, reference levels of in Fig. 1 b. This parameter is sampled and not 
1.5 V, output loading for specified IOL and 100% tested. 

- ~ .....-...-....-.. - ........._ ___ __ 
- - ------ -- ------ ----------

INCLUDING 
JIG AND 
SCOPE 

I 30pF 

R1 3290 
+5 v o------Ao/'W-----, 

OUTPUT u-----------

INCLUDING 
JIG AND 
SCOPE 

_..._.,.. ...._,__ ...._... 
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1 Megabit {64K x 16-bit) Static RAM Module LMM624 

40-pin 
GND 1 Vee 
1/015 2 11011 

CE(12-1s} CE(B-11) 
1/04 4 1/00 

WE 5 Ao 

35 A13 
1/014 7 34 1/010 

A2 8 33 A12 

32 1101 
A3 10 31 A1 
A4 11 30 A10 

1/013 12 29 1/09 

As 13 28 Ag 

1/06 14 27 1/02 
As 15 26 AB 

A14 16 25 A7 
1/012 17 24 1/08 

CE(4-7) 18 23 CE(0-3) 
1107 19 22 1/03 
A15 20 21 GND 

Plastic DIP 
Speed Module (P1 
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1 Megabit (128K x 8-bit) Static RAM Module LMM824 

0 1024K (128K x 8-bit) Static RAM 
Module 

0 Advanced CMOS Technology 

0 High Speed - to 25 ns worst-case 

0 Low Power Operation 
Active: 550 mW 
Standby: 20 mW typical 

0 Single 5 V (±10%) Power Supply 

0 Data Retention at 2 V for Battery 
Backup Operation 

0 TTL Compatible Inputs and 
Outputs 

0 Plug Compatible with IDT8M824S 

0 Package Styles Available: 
• 32-pin DIP Module 

Enable (OE) low, while WE remains 
high. The data in the addressed 
memory location will then appear on 
the Data In/Data Out pins. The 
input/ output pins stay in a high 
impedance state unless the module is 
selected, the outputs are enabled, and 
WE is high. 

The LMM824 is a 1 Megabit high 
performance static RAM module 
organized as 128K x 8 bits. The 
module is constructed using four 
L7C199 32K x 8 static RAMs in plastic 
surface mount packages assembled on 
an epoxy laminate DIP substrate. A 
decoder intreprets the higher order 
addresses, A15 and A16, and selects 
one of the four static RAMS. The LMM824 provides asychronous 

. . . (uncl ed) operation with matching 
Memory !~cations are speofied on a s d cycle times. All inputs and 
Ad~ess pms Ao through A16. . utp e TTL compatible and 
Wnting to the memory module is 'l'O'P rate fr a single 5 V power 
accomplished when the active-low ~p 
Chip Enable (CE) and the Write 

Either of these signals may us ection are provided on-chip. The 
Enable (WE) inputs are both lo~ tchup and static discharge pro-

terminate the Write operatio e - LMM824 can withstand an injecti?n 
ing from a designat~ ~rent of up to 200 mA on any pm 
accomplished by r an without damage. 
address then tak utput 

L7C199 

32K x8 

M4-Ao -~----.---+.....+-e--t---------+--+---e 

A1s 

A16 

OE 

WE 

- ~ ....-..-...-.. - ------ - -~--- -- - ~---- -------

1 OF4 

DECODER 

L7C199 

32K x 8 

L7C199 

32K x8 

8 

--------------------- 1/01-1/0o 

- ...... ~-...._.... 
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1 Megabit (128K x 8-bit) Static RAM Module LMM824 

MODE CE OE WE OUTPUT POWER 

Standby H x x HighZ Standby Storage temperature ......................................... -55°C to + 125°C 

Read L L H DATAoUT Active Operating ambient tempera~·················· o•c to + 70°C 

Read L H H HighZ Active 
Temperature under bias .................................... -10°c to +85°C 
Vee supply voltage with res und ........ -0.5 V to +7.0 V 

Write L x L DATAIN Active DC output current.. ........ M ......................................... 50 mA 
Latch up current .. ..... ... .. .. .. . .. . . . ............................. > 200 mA 

Mode 

Active Operation, Commercial 5 .0 V±10% 

Symbol Parameter 

VOH Output High Voltage 2.4 v 
VOL Output Low Voltage 0.4 v 
VIH Input High Voltage 2.2 6.0 v 
VIL ote 3) -0.5 0.8 v 
llX Input Leakage Vee= 5.5 V, VIN= GND to Vee 15 µA 

loz Vee= 5.5 V, CE= VIH, VOUT = GND to Vee 15 µA 

lee2 Vee Current, TTL I (Note 7) 80 160 mA 

lee3 Vee Current, CMOS Standby (Note8) 8 40 mA 

CIN Input Capacitance Amb. Temp. = 25°C, f = 1.0 MHz, VIN= 0.0 V 35 pF 

COUT Output Capacitance Amb. Temp. = 25°C, f = 1.0 MHz, VOUT = 0.0 v 40 pF 

LMM824· 

Symbol Parameter Test Condition 45 I 35 I 25 I Unit 

lee1 J Vee Current, Active I (Note 5, 6) 205 l 230 l 270 l mA 

- ...-... ...-... -...-... - __..... .-. ------ ------- -- - ------ --------- ---=0E=v=1c=Es=1N=c=o=RP=o=RA=r=Eo================================================ Memory Modules 
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1 Megabit (128K x 8-bit) Static RAM Module LMM824 

- •n:.ir•·•.•.•. •••··.··------··•·•·•••••··~ 

Symbol 

tRVAV 

tAVQV 

tAXQX 

tCLQV 

tCLQZ 

toHQZ 

tCHQZ 

tOLQZ 

tOLQV 

tPU 

tPD 

45 35 
Parameter Min Max Min Max 

Read Cycle Time 

Address Valid to Output Valid (13, 14) 

Address Change to Output Hold 

Chip Enable Low to Output Valid (13, 15) 

Chip Enable Low to Output in Low Z (20, 21) 

Output Disable to Output in High Z (20, 21) 

Chip Enable to Output in High Z (20, 21) 

Output Enable to Output in Low Z (20, 21) 

Output Enable to Output Valid 

Chip Enable Low to Power Up (1 o, 19) 

Power Up to Power Down (1 o, 19) 

45 35 

45 

5 3 

45 

5 5 

20 

20 

5 u 5 

o~ o 
~4512.. 

i------- tRVAV --~.........,,.-~_.,,v;:_,,_~-'-...7--i 
~H J 

35 

35 

20 

20 

25 

35 

DATA OUT x 

25 
Min Max Min Max 

25 

25 

3 

25 

5 

20 

20 

5 

25 

0 

25 

ADDRESS ----!~f):r-~_,1_....,.} _ _s_;s;:~y~------------·-'·~·T l'---t-AX-o-x· --.-1--------
'SZZ tAVOV J r-- ~ 

DATAOUT ________ ~.....;i~~cou_s_oA_r_Av_A_L1o _____ "'?i~·X~X~~~.2<~~,X~X~lE'T'-.----=o~AT~A~VA~L~1o ______ ~~:P.....------------~ 
~tAXox---~ 

DATA OUT 

Ice 

- ~ ....-..-~ 
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1 Megabit (128K x 8-bit) Static RAM Module LMM824 

LMM824-
45 35 25 

Symbol Parameter Min Max Min Max Min Max Min Max 

WIVAV Write Cycle Time 45 35 25 
tcLEW Chip Enable Low to End of Write Cycle 40 30 20 
tAVBW Address Valid to Beginning of Write Cycle 5 5 5 
tAVEW Address Valid to End of Write Cycle 40 30 20 
tEWAX End of Write Cycle to Address Change 5 5 5 

WILEW Write Enable Low to End of Write Cycle 35 25 15 
tDVEW Data to End of Write Cycle 20 15 15 
tEWDH End of Write Cycle to Data Hold 3 

W/HOZ Write Enable High to Output in High Z (20, 21) 15 15 

W/LQA Write Enable Low to Output Active (20, 21) 5 
toHQZ Output Disable to Output in High Z 20 20 

-----tWVA~~ ,.., 

(1 ) ounng this period, l/O pins M ~tat:'.' and Input signals must not be applied. 

tWVAV 

ADDRESS * :* 
tAVEW 

r- _f 
1-tAVB tCLEW tEWAX T 

I I 
tDVEW tEWDH 

WE 

DATAIN~~~~~~~~~~~~~~~--c:i<===...._~~~~~~~-~>~~~~~~~ 
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1 Megabit (128K x 8-bit) Static RAM Module 

1. Maximum Ratings indicate stress specifi
cations only. Functional operation of these 
products at values beyond those indicated 
in the Operating Conditions table is not 
implied. Exposure to maximum rating con
ditions for extended periods may affect re
liability of the tested device. 

2. The products described by this specifica
tion include internal circuitry designed to 
protect the chip from damaging substrate 
injection currents and accumulations of 
static charge. Nevertheless, conventional 
precautions should be observed during 
storage, handling, and use of these circuits 
in order to avoid exposure to excessive elec
trical stress values. 

3. This product provides hard clamping of 
transient undershoot. Input levels below 
ground willbeclampedbeginningat-0.6 V. 
A current in excess of 100 mA is required to 
reach-2 V. The device can withstand indefi
nite operation with inputs as low as -3 V 
subject only to power dissipation and bond 
wire fusing constraints. 

9. Data retention operation requires that 
Vee never drop below 2.0 V. CE must be 
;;:: Vee- 0.3 V. For all other inputs VIN 
;;:: Vee - 0.3 V or VIN s; 0.3 V is required to 
ensure full powerdown. 

10. These parameters are guaranteed but 
not 100% tested. 

11. Test conditions assume input transition 
times of less than 3 ns, reference levels of 
1.5 V, output loading for specified IOL and 

- ...-.. ~-..-... - ........ .---- ------- -- - ----- -----------__. 

JOH plus 30 pF (Fig. la), and input pulse 
levels of 0 to 3.0 V (Fig. 2). 

12. Each parameter is shown as a minimum 
or maximum value. Input requirements are 
specified from the point of view of the exter
nal system driving the chip. For example, 
tAVEW is specified as a minimum since the 
external system must supply at least that 
much time to meet the worst-case require
ments of all parts. Responses from the inter
nal circuitry are specified from the point of 
viewofthedevice.Accesstime,forexample, 
is specified as a maximum since worst-case 
operation of any device always provides 
data within that time. 

13. WE is high for the read cycle. 

14. The chip is continuously selected (CE 
low). 

20. At any given temperature and voltage 
condition, output disable time is less than 
output enable time for any given device. 

21. Transition is measured ±200 m V from 
steady state voltage with specified loading 
in Fig. 1 b. This parameter is sampled and not 
100% tested. 

LMM824 

22. All address timings are referenced from 
the last valid address line to the first transi
tioning address line. 

23. CE or WE must be high during address 
transitions. 

24. This product is a very high speed device 
and care must be taken during testing in 
order to realize valid test information. In
adequate attention to setups and proce
dures can cause a good part to be rejected as 
faulty. Long high inductance leads that 
cause supply bounce must be avoided by 
bringing the VCC and ground planes di
rectly u to the contactor fingers. A 0.01 µF 
high f uency capacitor is also required 
betwee Vee and ground. To avoid signal 
rt?tiec:ll!;~~' proper terminations must be 

OUTPUT o-----.-------4 

INCLUDING I 30 pF 
JIG AND 
SCOPE 

INCLUDING 
JIG AND 
SCOPE 

I 5pF 

R2 
2550 

R2 
2550 

-~ ...._..._..._.. 
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1 Megabit (128K x 8-bit) Static RAM Module LMM824 

:gaP.:ia:1:t:1@]N'.F:f P.iRMi'f1·9·~:.:=:ur::r> 
32-pin 

NC 1 32 Vee 
A16 31 A15 
A14 30 NC 
A12 4 29 WE 
A7 5 28 A13 
A6 6 27 AB 
As 7 26 A9 
A4 8 25 A11 
A3 9 24 OE 
A2 10 23 A10 
A1 11 22 CE 
Ao 12 21 1/07 

1/00 13 20 1/06 
1/01 14 19 1/05 
1/02 15 18 1/04 

GND 16 17 1/03 

Speed 

45 ns LMM82.4l 
35 ns • ~~ 
25ns ~v" 

~~~ 
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4 Megabit (256K x 16-bit) Static RAM Module LMM4016 

0 4 Megabit (256K x 16-bit) Static 
RAM Module 

0 Utilizes 16 L7C197256Kx1 Static 
RAMs 

0 Advanced CMOS Technology 

0 High Speed, Low Power 
Consumption 

0 TTL Compatible Inputs and 
Outputs . 

0 Plug Compatible with IDT7M4016 

0 Package Styles Available: 
• 48-pin DIP Module 

The LMM4016 is a 4 megabit high 
performance static RAM module 
organized as 256K x 16 bits. The 
module is constructed using 16 
L7C197, 256Kx 1 static RAMs in 
plastic surface mount packages 
assembled on an epoxy laminate DIP 
substrate. Four separate Chip Enable 
(CE) pins are available (one for each 
group of 4 RAMs). This ws the 
user to configure the o as 

either1Mx4,5~18, 6 16 
organization. 

Memory loc · o esp, · · ed on 
Address ins A17. 

Writing ry mod 

accomplished when the Chip Enable 
(CE:xx) and the Write Enable (WEU,L) 
inputs are both low. Reading from a 
designated location is accomplished 
by taking CExx: low, while WEu,L 
remains high. The data in the 
addressed memory location will 
appear on the Data pins. The Data 
Out is in the high impedance state 
when - is high, or WEU,L is low. 

Ao-A17 ~~~-+-~~--.~~~+-~~~~.......,.-41~.,,_--~~~ ..... 
WEL 

Cl:o-3 

CE4-1 

WEu 
CEs-11 

CE12-1s 

- ~ ....-...-~ - ....,._, ..._ _____ - ------ -- - ._ ____ -- ....... -.--_. 

L7C197 

256Kx 1 

L7C197 L7C197 

256K x 1 256Kx 1 

L7C197 

256K x 1 

L7C197 

256K x 1 

L7C197 

256K x 1 

L7C197 L7C197 

256K x 1 256K x 1 

16 
Do-D1s 

-~~-~ 
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4 Megabit (256K x 16) Static RAM Module 

48-pln Plastic DIP Module 

(0.9" wide) 
GND 1 Vee 

NC 2 1100 
Ao 3 1/01 

A1 4 1/02 

A2 5 1/03 

WEL 6 43 CE(0-3) 

CE(4-7) 7 42 A3 

1/04 8 41 A4 

1/05 9 40 A5 

1/06 10 39 As 

1/07 11 38 A7 

GND 12 37 As 
Ag 13 36 Vee 

A10 14 35 1/08 

A11 15 34 1/09 

A12 16 33 1/010 

A13 17 32 1/011 

WEU 18 31 CE(S-11) 

CE(12-15) 19 30 A14 

1/012 20 29 A15 

1/013 21 28 A16 

1/014 22 27 A17 

1/015 23 26 NC 
Vee 25 GND 

LMM4016 

!..!::~j=-= 
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Logic Products Package Availability Guide 

Package Availability Code<2l 
Part Sidebraze Plastic Ceramic Pin Flat 

No.<1> No. Pins Plastic DIP Hermetic DIP CerDIP LCC LCC Grid Pack 

... ] _T:s <_2_ ..•. =· ·>SJG.77 ;7~~ <·····• ... SG ....... / .. 7 ..•. •c·····~ 
LMU08 40/44 P3 03 J1 K2 

LMU8U 40/44 P3 03 J1 K2 

LMUSS7 40 P3 03 

LMUSS8 40 P3 03 

LMU12 64/68 P4 06 G2 

LMU112 48/S2 PS OS JS 

LMU16 64/68 P4 06 G2 

LMU216 68 J2 K3 

LMU17 64/68 P4 06 G2 

LMU217 68 J2 K3 

LMU18 84 J3 G3 

fJll)ltiplier-Ac:cumulatol's ···· .. ··· <.·. > - ··.·· 
cc ~cc' 

········_2:.··········~·· LMA 1009 64/68 P4 06 G2 

LMA2009 68 J2 K3 

LMA1010 64/68 P4 06 G2 

LMA2010 68 J2 K3 

~-- ;:;_:,;c 2 .•• =~··. ( . . . . J ... z ) > < < • .. ) ( >--.> >---. ·/-- -----------------------m 
LMS12 84 J3 G3 

1?} ~~~~= / ~ 27 s r<-00> ..... >.= ··<·- ------·>c · .> ........ · . ---sr±_----ill 
L29CS20 24/28 P2 02 C1 J4 K1 F1 

L29CS21 24/28 P2 02 C1 J4 K1 F1 

LPRS20 40/44 P3 03 J1 K2 

LPRS21 40/44 P3 03 J1 K2 

L29CS24 28 P10 010, 011 J4 

L29CS2S 28 P10 010, 011 J4 

L 10C11 24 P2 02 C1 

L29C818 24/28 P2 02 C1 K1 

~ •. ] •• ••••••••••••••••• ········•·.·················--······················ •.••••••• • .•• ?. ~---------------······· .••••••••.•• £··································· LRF07 40/44 P3 03 K2 

Arithmetic Logic Unit$ 

L4C381 68 J2 K3 G1 

L29C101 64/68 ~ 06 G1 

LSH32 68 J2 K3 G 1 

LSH33 68 

L10C23 24/28 P1, P2 01, 02 

(1) See Section 1 - Ordering Information for assistance in constructing a valid part number. 
(2) See Section 1 o - Packaging for package dimensions. 

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

J2 K3 G1 

K1 
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Product Selection Guide 

Maximum Speed (ns) 

Part No.(1l Description Commercial 

LMU08 8 x 8 Signed 
LMU8U 8 x 8 Unsigned 

LMU557 8 x 8 Latched Output 
LMU558 8 x 8 Unregistered 

LMU12 12 x 12 
LMU112 12 x 12 Reduced Pinout 

LMU16 16 x 16 
LMU216 16 x 16 Surf ace Mount 

LMU17 16 x 16 Microprogrammable 
LMU217 16 x 16 Surface Mount 

LMU18 16 x 16/32 Outputs 
...... ., ................. 

>Multiplier Accurnt11ators 
LMA1009 
LMA2009 

L29C520 
L29C521 

LPR520 
LPR521 

L29C524 
L29C525 

L 10C11 

L29C818 

LSH32 

LSH33 

L10C23 

12 x 12 
12 x 12 Surface Mount 

4 x 8-bit, Var. Delay, 1-4 Stages 
4 x 8-bit, Var. Delay, 1-4 Stages 

4 x 16-bit, Var. Delay, 1-4 Stages 
4 x 16-bit, Var. Delay, 1-4 Stages 

14 x 8-bit, Var. Delay, 0-14 Stages 
16 x 8-bit, Var. Delay, 0-16 Stages 

18 x 8-bit, Var. Delay, 3-18 Stages 

8-bit Serial Scan Shadow Register 

32-bit Barrel Shifter 

32-bit Barrel Shifter with Registers 

64 x 1 Digital Correlator 

35 

60 

35 
50 

45 
45 

45 
45 

35 

22 

22 

20 

25 

25 

32 

30 

20 

Military 

45 

70 

45 
60 

55 
55 

55 
55 

45 

24 

24 

25 

30 

30 

40 

40 

20 

Power 

(mW) 

40 

85 

60 
50 

60 
60 

60 
60 

150 

50 

50 

50 

50 

50 

60 

60 

125 

(1) See Section 1 -Ordering Information for assistance in constructing a valid part number. 
(2) See Section 1 o - Packaging for package dimensions. 

- ~ ~-..-.... - ........_, ___ _ - - ----- -- ------- -
_.__,,_, __ -----

Pins Packages Availab1e<2> 

40/44 DIP, LCC, PLCC 

40 DIP 

64/68 DIP, Pin Grid Array 
48/52 DIP, LCC 

64/68 DIP, Pin Grid Array 
68 LCC, PLCC 

64/68 DIP, Pin Grid Array 
68 LCC, PLCC 

84 Pin Grid Array, PLCC 

24/28 DIP, LCC, PLCC 
Flat Pack 

40/44 DIP, LCC, PLCC 

28 DIP, PLCC 
28 

24 DIP 

24128 DIP, LCC 

68 Pin Grid Array, LCC, PLCC 

68 Pin Grid Array, LCC, PLCC 

24128 DIP, LCC 

=oE=v=,c=Es=,N=c=oR=P=o=RA=T=Eo==================================================Logic Products 
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Product Cross Reference Guide 

LMU08 

LMUSU 

LMU557 

LMU558 

LMU12 

LMU112 

LMU16/ 
LMU216 

LMU17/ 
LMU217 

BXBMULT MPYOOB 

BXBMULT MPYOBU 

8X8MULT 

8X8MULT 

12X12 MUL T MPY012 

12X12 MULT MPY112 

16X16 MUL T MPY016 
TMC216 

16X16 MULT 

LMA1009/ 12X12 MAC TDC1009 
TMC2009 
TMC2109 

LMA2009 

LMA1010/ 16 X 16 MAC 
LMA2010 

L29C520 

L29C521 

PIPELINE 
REGISTER 

PIPELINE 
REGISTER 

16-BIT ALU 

TDC1010 
TMC2010 
TMC2110 
TMC2210 

AM29520A 
29C520CNS 

AM29521A 

L29C101 

L10C23 CORRELATOR TDC1023J 

- ~ ....-...-....-.... - ~----.....-. - ------ -- - ----- ------

AOSP1080 

AOSP1081 

AOSP1012 

AOSP1016 

AOSP1017 

AOSP1009 

ADSP1010 
ADSP1110 

P29PCT520 

P29PCT521 

IDT49C401 

1017212 

IOT7216 CY7C516 

IOT7217 CY7C517 

IOT7209 

1017210 CY7C510 
1017243 

WS59520 

WS59521 

CY7C9101 AM29C101 

AM25S557 
SN54557 
SN74557 

AM25S558 
SN54558 
SN74558 

AM29516 WTL1016 
AM29C516 WTL1516/2517 

AM29517 
AM29C517 

AM29C509 

AM29510 WTL1010 
AM29C510 WTL2010 

ISP9520 IDT29FCT520A 

ISP9521 IDT29FCT521 A 

_..._.....__.._.,.. 
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8 x 8-bit Parallel Multiplier LMU08/LMU8U 

0 35 ns Worst-Case Multiply Time 

0 Low Power CMOS Technology 

0 LMU08 Replaces TRW MPY008H 

0 LMU8U Replaces TRW MPY08HU 

0 Two's Complement (LMU08), or 
Unsigned Operands (LMU8U) 

0 Three-State Outputs 

0 Available Screened to MIL-STD-
883, Oass B 

0 Package Styles Available: 
• 40-pin Plastic DIP 
• 40-pin Sidebraze, Hermetic DIP 
• 44-pin Plastic LCC, J-Lead 

(LMU08 only) 
• 44-pin Ceramic LCC (Type C) 

CLK A 

CLK 8 

RND 

CLK R 

- ~ ....-....-..-... - ~.-.-.-. - ------ -- ------ --~-.----

The LMUOS and LMUSU are 8-bit 
parallel multipliers which feature high 
speed with low power consumption .. 
They are pin-for-pin equivalents with 
TRW MPY08H and MPY008HU type 
multipliers. Full military ambient 
temperature range operation is 
attained by the use of advanced 
CMOS technology. 

Both the LMU08 and the LMU8U 
produce the 16-bit product of two 
8-bit numbers. The LMU08 accepts 
operands in two's complement 
format, and produces a two's comple
ment result. The product is provided 
in two halves with the sign bit repli
cated as the most significant bit of 

A7-Ao 81-80 

R1s-Re R1-Ro 

..... ·.·.·.· .......................................... ····•·•••·•···•··••t•••••·•<<>•••••·••••••l 

both halves. This facilitates use of the 
LMU08 product as a double precision 
operand in 8-bit systems. The 
LMU8U operates on unsigned data, 
producing an unsigned magnitude 
result. 

Both the LMU08 and the LMU8U 
feature independently controlled 
registers for both inputs and the 
product, which along with three-state 
outputs allows easy interfacing with 
microprocessor busses. Provision is 
made in the LMU08 and LMUBU for 
proper rounding of the product to 
8-bit precision. The round input is 
loaded at the rising edge of the logical 
OR of CLK A and CLK B for the 
LMU08. The LMUBU latches RND on 
the rising edge of CLK A only. In 
either case, a '1' is added in the most 
significant position of the lower 
product byte when RND is asserted. 
Subsequent truncation of the least sig
nificant product byte results in a 
correctly rounded 8-bit result. 

=--===._..===._..===-=~==========================================================Logic Products 
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8 x 8-bit Parallel Multiplier 

- ...-... ...-..-..-... - .-..-.----- ------- -- - ----- -------_.._......_,_._..._.,.. 

AIN BIN 

LUMOS Fractional Two's Complement------

l 765*21 ol 1765*21 o 
-20 2-1 2-2 2-s 2-6 2-1 -20 2-1 2-2 2-s 2-6 2-1 
(Sign) (Sign) 

------LMUOS Integer Two's Complement-------

l 765*2 ol 1765*2 o 
-27 26 2s 
(Sign) 

22 21 20 -27 26 2s 
(Sign) 

LMUSU Unsigned Fractional 

22 21 20 

17 6 5 ~ 2 o I 17 6 5 ~ 2 0 
2-1 2-2 2-3 2-6 2-7 2-a 2-1 2-2 2-3 2-5 2-7 2-a 

LMUSU Unsigned Integer 

17 6 5 ~ 2 o I 17 6 5 ~ 2 0 
21 26 2s 22 21 20 27 26 2s 22 21 20 

MSP LSP 

LMUOS Fractional Two's Complement 
..... I 1_5_1_4_1_3_*..--10_9_a__,I I 7 6 5 * 2 1 o 
-20 2-1 2-2 
(Sign) 

-20 2-a 2-9 2-12 2-13 2-14 
(Sign) 

LMUOS Integer Two's Complement-------

115 14 13 * 10 9 a I I 7 6 5 ~ 2 o 
-214 213 212 
(Sign) 

29 2s 21 -214 26 2s 22 21 20 

-------LMUSU Unsigned Fractional--------

I 15 14 13 * 10 9 a I 1765*210 
2-9 2-10 2-11 2-14 2-1s 2-16 

--------LMUSU Unsigned Integer--------

115 14 13 * 10 9 a I I 7 6 5 * 2 o 
21s 214 213 210 29 2s 21 26 2s 

LMU08/8U 

=oE=v=,c=Es=,N=c=o=RP=o=RA=:r=Eo============================== Logic Products 
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8 x 8-bit Parallel Multiplier LMU08/8U 

Storage temperature ............................................................................................................ -65°C to +150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 400 mA 

Mode Temperature Range (Ambient) Supply Voltage 

Active Operation, Commercial 

Active Operation, Military 

Symbol Parameter 

VoH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

l1x Input Current 

loz Output Leakage Current 

los Output Short Current 

lee1 Vee Current, Dynamic 

lee2 Vee Current, Quiescent 

- ~ ~-...-.. - ........ .-.--- ------- -- - ----- ------_...._...~-...._.... 

0°c to +70°C 

-55°C to + 125°C 

Test Condition 

IOH =-2.0 mA 

IOL= 8.0 mA 

(Note3) 

Ground s VIN s Vee 

Ground s Vour s Vee 

Vour = Ground, Vee = Max (Notes 4, 8) 

(Notes 5, 6) 

(Note7) 

4.75 Vs Vee s 5.25 v 
4.50 V s Vee s 5.50 V 

Min Typ 

3.5 

2.0 

0.0 

8 

Max 

0.5 

Vee 

0.8 

±20 

±20 

-250 

24 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

=0E=v=1c=Es=1N=c=o=RP=o=RA=T=Eo=================================== Logic Products 
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8 x 8-bit Parallel Multiplier LMU08/8U 

LMU08/LMU8U· 

70 50 
Symbol Parameter Min Max Min Max 

tMC Multiply Time (Clocked) 70 50 

to Output Delay 25 20 

tENA Output Enable Time (Note 11) 20 18 

tDIS Output Disable Time (Note 11) 18 17 

tPW Clock Pulse Width 20 20 

tH Input Register Hold Time 4 0 

ts Input Register Setup Time 14 14 

LMUOS/LM USU· 

90 60 
Symbol Parameter Min Max Min Max 

tMC Multiply Time (Clocked) 90 60 

to Output Delay 35 20 

tENA Output Enable Time (Note 11) 35 20 

tOIS Output Disable Time (Note 11) 35 18 

tPW Clock Pulse Width 25 20 

tH Input Register Hold Time 5 0 

ts Input Register Setup Time 20 15 

INPUT 

CLKA 
CLK B ------1

1 

1------~tMc--------j~.------. 

CLKR ------------~---------------------------"! 

35 
Min 

10 

0 

14 

45 
Min 

15 

0 

15 

1~-- to---~. -----.;;.__---* OUTPUT 

rn: ------"I 
R1s-Ro 

Max 

35 

18 

18 

17 

Max 

45 

20 

20 

18 

!~~E§ 
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a x 8-bit Parallel Multiplier 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chipfrom dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of-3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ...-.. ..-...-~ - ..,.... ---. ------ -_ .. ___ -- ------- -

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N = total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tms test) and input levels of nominally 
O to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/tum-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

LMU08/8U 

.. ·····················•·>·•·•·•·•···<<•··<rn•••••••••·••••••••••I 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUTI as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vet supply planes 
must be brought directly to the OUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required OUT 
input levels relative to the OUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 m V 
from steady-state voltage with speci
fied loading. 

~-~~-~~~--=========================================== Logic Products 
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8 x 8-bit Parallel Multiplier 

40-pln R10 
R9 
Ra 

CLKR 
OEM 
OEL 

(RSL) R7 
RG 
R5 
R4 
R3 
R2 
R1 
Ro 
Ao 
A1 
A2 
A3 
A4 
A5 

LMU08PC70 

90ns 
60ns 
45ns 

- ~ ...-..-...-... - .---. .------- - ----- -- ------ -- ......... ~---

• 50 
• 35 

4 

7 

8 
9 

10 
11 

12 

13 

14 

15 
16 

17 
18 

19 

20 

40 

39 

38 
37 

36 
35 

21 

R11 
R12 
R13 
R14 
R15(RSM) 
B7(BS) 
BG 
B5 
GND 
B4 
Vee 
B3 
B2 
B1 
Bo 
RND 
CLKB 
CLKA 
A7(AS) 
AG 

LMU08DC70 
• 50 
• 35 

LMU08DM90 
• 60 
• 45 

LMU08DME90 
• 60 
• 45 

LMU08DMB90 
• 60 
• 45 

LMUOS 

44-pln ~ 
Cf) 

a: a: 
1:2 ~ C> ~ N N ..,. :;-

~~dcI:O:rir:Er:EcEcEcE 

OEL NC 
(RSL) R7 B7 (BS) 

Rs 

B5 
GND 

R3 84 

R2 Vee 

B2 
B1 
Bo 

~ N M ~ ~ ~ ~ < 00 0 0 
<( <( <( <( <( <( ~:J :J ~ z 

~(.) (.) 

Plastic J-Lead 
Chip Carrier (J1) 

Ceramic Leadless 
Chip Carrier (K2) 

LMUOSJC70 LMU08KC70 
• 50 • 50 
• 35 • 35 

LMU08KM90 
• 60 
• 45 

LMU08KME90 
• 60 
• 45 

LMU08KMB90 
• 60 
• 45 

-~~-..._... 
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8 x 8-bit Parallel Multiplier 

40-pln R10 1 R11 
R9 2 

Rs 3 
CLK R 4 

OEM 
OEL 

(ASL) R7 7 

R12 
R13 
A14 

R1s(RSM) 
B7 (BS) 
B6 

R6 8 Bs 
R5 9 GND 

R4 10 31 B4 
Rs 11 30 Vee 

R2 12 29 B3 
R1 13 28 B2 
Ro 14 27 B1 
Ao· 15 26 Bo 

A1 16 25 AND 

A2 17 24 CLK B 
A3 18 23 CLK A 
A4 19 22 A7 (AS) 
As 20 21 As ....__ __ __, 

LMU8UPC70 LMU8UDC70 

90ns 
60 ns 
45ns 

- ~ ~-~ - ~-----~ - ------- -- ------ -_.___. -----~ 

"50 • "50 
"35 "35 

LMU8UDM90 
• 60 
• 45 

LMUBUDME90 
• 60 
• 45 

LMU8UDMB90 
• 60 
• 45 

LMUSU 

44-pln i' 
CJ) 

~1~ ~CE Ci :i cE ~ ~ ~ ~ 
OEL NC 

(R$L) R7 B7 (BS) 

Plastic J-Lead 
Chip Carrier (J1) 

LMUSUJC70 
• 50 
• 35 

B6 

B2 

Bo 

Ceramic Leadless 
Chip carrier (K2) 

LMU8UKC70 
• 50 
• 35 

LMU8UKM90 
• 60 
• 45 

LMUBUKME90 
• 60 
• 45 

LMU8UKMB90 
• 60 
• 45 

- ......... ~-~ 
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8 x 8-bit Parallel Multiplier LMU557/558 

Frt~TYR~§•••····•>•>·• ······•·>••>•·••<•l I Q§$.PRlf>:'tlp~Y•H••···········•>•·············· .. ···········.····· .............. <·······•><••>··> ··••:•••••••! 
0 60 ns Worst-Case Multiply Time 

0 Low Power CMOS Technology 

0 ReplacesAm25S557 /558, 
54S557/558 

0 Fully Combinatorial, No Clocks 
Required 

0 Two's Complement, Unsigned, or 
Mixed Operands 

0 Three-State Outputs 

0 Available Screened to MIL-STD-
883, Oass B 

0 Package Styles Available: 
• 40-pin Plastic DIP 
• 40-pin Sidebraze, Hermetic DIP 

The LMU557 and LMU558 are 8-bit 
parallel multipliers with high speed 
and low power operation. They are 
pin for pin equivalents with 54S557 
and 54S558 type multipliers. Full 
military ambient temperature range 
operation is attained by the use of 
advanced CMOS technology. 

Both the LMU557 and LMU558 
produce the 16-bit product of two 
8-bit signed or unsigned numbers in 
a single unclocked operation. Asser
tion of control inputs TCA and TCB 
indicate that the corresponding 
input value is in two's complement 
notation. 

A1-Ao 81-Bo 

R (LMU557) 
RS, RU (LMU558) 

G (LMU557) 

- ~ ~-.....-... - ~.-..-.-.-- ------- -- ------ --------_..._.. .._.._ .._.. 

8 8 

TCA, TCB 

----------- .. I 
I 

RESULT LATCH l 
I I 
L~~-uy~~.?!~t- ___________ J 

16 

R15-Ro 

Provision is made for proper round
ing for any combination of signed or 
unsigned inputs. The RU input to the 
LMU557 causes the product to be 
rounded to 8 bits of precision for 
unsigned or mixed mode multiplica
tion. For multiplication of two signed 
operands, the RS input is used for 
rounding, and the most significant bit 
of the product is discarded. [It will be 
identical to the sign bit for all except 
the (-28)•(-28) case, which will cause 
overflow if the result MSB is not 
considered.] 

The LMU558 internally produces the 
RU and RS controls from a single 
round input, denoted R. With R 
asserted, RS rounding occurs if either 
TCA or TCB is asserted, while RU 
rounding is implemented for TCA 
and TCB not asserted. This implem
entation frees a pin for control of the 
transparent output latch in the 
LMU557 via the G input. 

Both the LMU557 and LMU558 offer 
three-state output buffers controlled 
by the OE input. The LMU557 has a 
16-bit transparent latch between the 
multiplier array and the output 
drivers for flexibility in implementing 
pipelined systems. This latch is 
transparent when G is high, and holds 
its state when G is low. In addition, 
both polarities of the result MSB (R1s) 
are available as separate output pins 
to allow simple expansion to longer 
word lengths in signed multiplication. 

=oe=v~1ce=s~1N~c~oR=PO~RA===Te=o================================================LogicProducts 
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8 x 8-bit Parallel Multiplier 

- ~ ....-..-~ - ~----~ - - _ _. ___ -- ------ --~------

AIN BIN 

Fractional Two's Complement-------

11 s 51%t2 1 ol 11 s 51%t2 1 o 
-20 2-1 2-2 
(Sign) 

-20 2-1 2-2 
(Sign) 

Integer Two's Complement 

-27 26 25 
(Sign) 

o I 
22 21 20 

11 s 51%t2 0 
-27 26 25 
(Sign) 

22 21 20 

--------- Unsigned Fractional---------

I 1 s 5 1%t 2 1 o 

---------Unsigned lnteger---------

..... 1 1 __ s _5 _~ ... "_2 __ 0__.I I 1 s 5 1%t 2 0 
21 26 25 22 21 20 21 26 25 22 21 20 

MSP LSP 

Fractional Two's Complement-------

I 15 14 131%t 10 9 a I 
-21 20 2-1 
(Sign) 

I 1 s 5 1%t 2 1 o 
2-1 2-a 2-9 2-12 2-13 2-14 

-------Integer Two's Complement'--------

I 15 14 13 1%t 10 9 a I 
-215 214 213 
(Sign) 

210 29 2s 
0 

21 26 25 

--------- Unsigned Fractional---------

I 15 14 131%t 10 9 a I l1s51%t21 o 
2-9 2-10 2-11 2-14 2-15 2-16 

Unsigned Integer---------
-11_5_1_4_1_3-~·--10_9_8_1 I 1 s 5 1%t 2 o 
215 214 213 210 29 2s 21 26 2s 22 21 20 

LMU557/558 

_._.... ~- ...._... 
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8 x 8-bit Parallel Multiplier LMU557/558 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

Supply Voltage 

4.75 vs Vee s 5.25 v 

4.50 v s Vee s 5.50 V 

l•·r:<~• .. JiJL;·~ .;~~· .•:•::;.•·;·~·::;.:•;••'.···~·········:·•·'7:7~·········-- -L2:;>• :;:;: ·~ ;:;:;:;:;: ,. .. >'2 ""'>•YI ·~" :.'. .. '•' ...... 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage IOH =-2.0 mA 3.5 v 

VOL Output Low Voltage IOL = 8.0 mA 0.5 v 

VIH Input High Voltage 2.0 Vee v 

VIL Input Low Voltage (Note3) 0.0 0.8 v 

llX Input Current Ground s V1N s Vee ±20 µA 

loz Output Leakage Current Grounds Vour s Vee ±20 µA 

los Output Short Current Vour = Ground, Vee = Max (Notes 4, 8) -250 mA 

lee1 Vee Current, Dynamic (Notes 5, 6) 17 35 mA 

lee2 Vee Current, Quiescent (Note?) 1.0 mA 

- ...-... ...-... -...-... - ~~----- - _.., ___ -- - ----- ------_..._......._._._~ 
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8 x 8-bit Parallel Multiplier LMU557/558 

["§V(1[QHJN~·::cH.A.8l¢'te.td§'t1·Q$:,.,:.:-:.:r:n>>>><tt>t<:t:<<:><::t+>> <<<:<<><YF1-\::}i_f<H<<.:-Y·:-H::-:-::::·:::.:.}!:.:;.: .. :::,:.:··:.:::H 

:::~:MM~filpi~~:::9e~~i.!1N~:-BA~:~~::t9~<Jm)·::f:JQ~Q):)v~i~~:.~~:·:19·($):!::-:<::::-::: ::::+:::::::::tt<:t:{./Htt:::::::::::::::::: :}:\{:?\{:) /: /:-

Symbol Parameter 

tPD A, B, TC, A Inputs to R1s-Rs, "R1s 
tPD A, B, TC, A Inputs to R7-Ro 

tENG G Enable to Result 

tENA Output Enable Time (Note 11) 

tDIS Output Disable Time (Note 11) 

tPW G Pulse Width 

tH G to A, B, TC, A Hold Time 

ts A, B, TC, A Inputs to G Setup Time 

Symbol Parameter 

tPD A, B, TC, A Inputs to R1s-Rs, 1115 
tPD A, B, TC, A Inputs to A7-Ro 

tENG G Enable to Result 

tENA Output Enable Time (Note 11) 

tDIS Output Disable Time (Note 11) 

tPW G Pulse Width 

tH G to A, 8, TC, R Hold Time 

ts A, B, TC, R Inputs to G Setup Time 

ts 
A, B, TC, A 

INPUTS )I( 

1---tPW-
GINPUT Jf ~ 

A15-Ro 

1--- t ENG.:::1. 

f t PD 

LM U557/558-

60 
Min Max 

60 

55 

30 

25 

20 

15 

0 

45 

LMU557/558· 

70 
Min Max 

70 

60 

35 

30 

25 

20 

0 

55 

tH J 

* 
R .. : _______ c __ ,_01_s=1-"" HIGHMPEDANCE~''""=ii.-------------

- ~ ....-...-~ - ~~------ --~--- -- ------ -_ ......... ___. _ _. 
-~ ..__~ 
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8 x 8-bit Parallel Multiplier 

IN9m§S:•>•···•-•>••············· .. ···· 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chip from dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ~ ~-~ -----

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N = total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Testedwithallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tms test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast tum-on/turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

LMU557/558 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 m V 
from steady-state voltage with speci
fied loading. 

=-:....====~ ~-~-==-=============================================Logic Products 
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8 x 8-bit Parallel Multiplier 

40-pln Ao 40 TCA 
A1 2 39 Ro 
A2 3 38 R1 
A3 4 37 R2 
A4 5 36 R3 
As 35 R4 
As 7 34 Rs 
A7 8 33 Rs 

RS/R 9 32 R7 
Vee 10 31 Rs 

RU/G 11 30 GND 
Bo 12 29 R9 
81 13 28 R1o 
82 14 27 R11 
83 15 26 R12 
84 ~6 R13 
BS 17 R14 
86 18 23 R15 
87 19 22 R15 

TCB 20 21 OE 

LMU557PC60 LMU557DC60 
or 

LMU558PC60 
or 

LMU558DC60 

LMU557DM70 
or 

LMU558DM70 

LMU557DME70 
or 

LMU558DME70 

70 ns LMU557DMB70 

- ~ ...-...-...-... - .-..-.~-~ - - -~--- -- ------- ---.... ___. _ _.. 

or 
LMU558DMB70 

LMU557/558 

-~ ._..._~ 
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12 x 12-bit Parallel Multiplier LM U 12 

0 35 ns Worst-Case Multiply Time 

0 Low Power CMOS Technology 

0 Replaces TRW MPY12HJ 

0 Two's Complement, Unsigned, or 
Mixed Operands 

0 Three-State Outputs 

0 Available Screened toMIL-STD-
883, Oass B 

0 Package Styles Available: 
• 64-pin Plastic DIP 
• 64-pin Sidebraze, Hermetic DIP 
• 68-pin Pin Grid Array 

The LMU12 is a 12-bit parallel 
multiplier with high speed and low 
power consumption. It is pin and 
functionally compatible with TRW 
MPY12HJ devices. Full military 
ambient temperature range operation 
is attained by the use of advanced 
CMOS technology. 

The LMU12 produces the 24-bit 
product of two 12-bit numbers. Data 
present at the A inputs, along with 
the TCA control bit, is loaded into 
the A register on the rising edge of 
CLK A. B data and the TCB control 
are similarly loaded by CLK B. The 

TCA A11-Ao TCB 811-Bo 

CLK A 

CLK B 

RND 

RS 

FT 

- ~ ...-...-...-... - ........ ~--- ------- -- ------ -------

FORMAT ADJUST 

CLK M CLK L 

R2a-R12 R11-Ro 

mode controls TCA and TCB specify 
the operands as two's complement 
when high, or unsigned magnitude 
when low. 

RND is loaded on the rising edge of 
the logical OR of CLK A and CLK B. 
RND, when high, adds '1' to the most 
significant bit position of the least 
significant half of the product. Subse
quent truncation of the 12 least signifi
cant bits produces a result correctly 
rounded to 12-bit precision. 

At the output, the right shift control 
RS selects either of two output for
mats: RS low produces a 31-bit 
product with a copy of the sign bit 
inserted in the MSB postion of the 
least significant half. Rs high gives a 
full 32-bit product. Two 12-bit output 
registers are provided to hold the 
most and least significant halves of 
the result (MSP and LSP) as defined 
by RS. These registers are loaded on 
the rising edge of CLK M and CLK L 
respectively. For asynchronous 
output these registers may be made 
transparent by taking the feed 
through control (FI) high. 

-~ ..__._~ 
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12 x 12-bit Parallel Multiplier 

- ..-... ...-...-..-... - ~---------
- -_ .. ___ -- ------ -
------ ----- .......r 

~N ~N 

Fractional Two's Complement (TCA, TCB = 1) 
I 11 1 o 9 '!\+ 2 1 o I l ..... 1_1 _1_0_9 ........ 1!\t""..,.._2 _1_0....., 

-20 2-1 2-2 
(Sign) 

-20 2-1 2-2 
(Sign) 

Integer Two's Complement (TCA, TCB = 1) 

111 10 9 lit 2 o I I 11 10 9 '!\+ 2 o 
-211 210 29 
(Sign) 

22 21 20 -211 210 29 
(Sign) 

Unsigned Fractional (TCA, TCB = O) 

22 21 20 

I 11 10 9 ~ 2 1 o I I 11 10 9 ~ 2 1 0 
2-1 2-2 2-3 2-10 2-112-12 2-1 2-2 2-3 2-10 2-112-12 

Unsigned Integer (TCA, TCB = 0) 

I 11 10 9 ~ 2 1 o I I 11 10 9 ~ 2 0 
211 210 29 22 21 20 211 210 29 22 21 20 

MSP LSP 

Fractional Two's Complement (RS = O)------

l..-2_3 _2_2_2_1 "'"""1!\t'~-14-13-12 ...... I I 11 10 9 '!\+ 2 1 o 
-20 2-1 2-2 2-9 2-10 2-11 -20 2-12 2-13 2-20 2-21 2-22 
(Sign) (Sign) 

----Fractional Two's Complement-Shifted (RS= 1 )----

123 22 21 * 14 13 12 I I 11 10 9 * 2 1 0 
-21 20 2-1 
(Sign) 

Integer Two's Complement (RS= 1 )------

123 22 21 '!\+ 14 13 12 I I 11 1 o 9 '!\+ 2 o 
-223 222 221 
(Sign) 

214 213 212 211 210 29 

-------Unsigned Fractional (RS= 1)-------

123 22 21 * 14 13 12 I I 11 10 9 * 2 1 0 
2-1 2-2 2-3 2-10 2-11 2-12 2-13 2-14 2-15 2-22 2-23 2-24 

--------Unsigned Integer (RS= 1)--------

123 22 21 '!\+ 14 13 12 I I 11 1 o 9 '!\+ 2 o 
223 222 221 214 213 212 211 210 29 22 21 20 

LMU12 

-~ .._._ ._... 
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12 x 12-bit Parallel Multiplier LMU12 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Symbol Parameter 

VOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lee1 Vee Current, Dynamic 

lee2 Vee Current, Quiescent 

- ~ ....-...-~ - ....._....._ ____ - ------- -- ------ --~_,_ _ _. 

Temperature Range (Ambient) 

0°C to +70°C 

-55°C to + 125°C 

Test Condition 

IOH =-2.0 mA 

IOL= 8.0 mA 

(Note3) 

Ground ~VIN s Vee 

Grounds VouT s Vee 

VouT = Ground, Vee = Max (Notes 4, 8) 

(Notes 5, 6) 

(Note7) 

Supply Voltage 

4.75 V ~Vee s 5.25 V 

4.50 V ~ Vee s 5.50 V 

Min Typ 

3.5 

2.0 

0.0 

12 

Max 

0.5 

Vee 

0.8 

±20 

±20 

-250 

25 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

_..._...~_..._... 
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12 x 12-bit Parallel Multiplier 

Symbol Parameter 

tMC Multiply Time (Clocked) 

tMUC Unclocked Multiply Time 

to Output Delay 

tENA Output Enable Time (Note 11) 

tors Output Disable Time 

tPW Clock Pulse Width 

tH Input Register Hold Time 

ts Input Register Setup Time 

Symbol Parameter 

tMC Multiply Time (Clocked) 

tMUC Unclocked Multiply Time 

to Output Delay 

tENA Output Enable Time (Note 11) 

tDIS Output Disable Time 

tPW Clock Pulse Width 

tH Input Register Hold Time 

ts Input Register Setup Time 

INPUT 

CLKA 
CLKB 

CLKL 
CLKM 

R23-Ro 

- ...-... ....... -..-... - ~~----- - -~--- -- ------ -
_._ ____ __ 

Min 

25 

2 

18 

25 

2 

18 

LMU12 

LMU12· 
65 45 35 

Max Min Max Min Max 

65 45 35 

95 65 55 

26 25 25 

22 22 20 

20 20 18 

15 15 

2 2 

15 12 

LMU12· 
75 55 45 

Min Max 

75 55 45 

110 75 65 

30 30 25 

26 26 24 

24 24 22 

20 15 

2 2 

15 12 

OUTPLIT 

_ ..._... .___......,. 
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12 x 12-bit Parallel Multiplier 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chip from dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of-3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- .-.... ~-~ - .---..-.--- -_ .. ___ -- ------- -

5. Supply current for a given applica
tion can beaccuratelyapproximated by: 

NCV2F 

where 
-4-

N = total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Testedwithallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tms test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast tum-on/turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

LMU12 

.···············><······•·<><<<! 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(OUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 m V 
from steady-state voltage with speci
fied loading. 

~-~-~~~--~======================================================== Logic Products 
DEVICES INCORPORATED 
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12 x 12-bit Parallel Multiplier 

OROERINGJNFORMATIO,.f> 

64-pin A7 1 

A4 
A3 
A2 6 
A1 
Ao 
Ro 9 
R1 10 
R2 11 
R3 12 
R4 13 
RS 14 
R6 15 
R7 16 
RB 17 
R9 18 

R10 19 
R11 20 

OEL 21 
OEIV1 22 
GND 23 
GND 24 

FT 25 
RS 26 

CLK L 27 
CLKM 28 

R12 29 
R13 30 
R14 31 
R15 32 

64 AB 
63 A9 
62 A10 
61 A11 
60 CLKA 
59 CLK B 
SB AND 
57 TCA 
56 Bo 
55 B1 
54 B2 
53 B3 
52 B4 
51 Bs 
50 Vee 
49 Vee 
48 vee 
47 B6 
46 B7 
45 BB 
44 B9 
43 Bio 
42 Bi1 
41 TCB 

R23 
R22 
R21 
R20 
R19 
R18 
R17 
R16 

Sidebraze 
Hermetic DIP (06) 

LMU12PC65 LMU12DC65 
• 45 • 45 
• 35 • 35 

LMU12DM75 
• 55 
• 45 

--ss0c• to••+"f 2s0c••········•.•ErieNDEo· ScREENINa 

75 ns 
55 ns 
45 ns 

- ...-... ~-...-... - .-..- ------- -_ _, ___ -- ------ --.-.-.~---

LMU12DME75 
• 55 
• 45 

LMU12DMB75 
• 55 
• 45 

68-pin 
2 

A C' -" NC 
B 

.... , 
• .... ) 

_. .. 
·-· Ri Ro 

c .... , 
1_, 

.... , 
1_, 

Rs R2 

D 
.... , 
I,,) 

.... , 
1_, 

Rs R4 

E 
.... , ._, .... , 

1_, 

R7 Rs 

F 
.... , 
•.._1 

.... , 
1_, 

R9 Rs 

G 
.... , 
1.._/ 

.... , . __ , 
R11 R10 

H 
.... , ........ 
1_, I.._/ 

OEM OEL ........ . __ , ........ 
I.._/ 

GND GND 

K 
.... , 
........ , _. .. 

·-· NC FT 

L 
,-, 
-" RS 

LMU12 

3 4 5 6 7 8 9 10 

,-, ,-, ,-, ,-, ,-, C' ,-, .... , 
•. J -" -" -" -" -" _,, • ... ..I 
Ao A2 A4 As As Aio CLKA AND ,-, 
-" 

,-, 
-" 

,-, 
-" 

(-, 
•. J 

,-, _,, C' -" 
,-, _,, _. .. 

·-· Ai As As A7 A9 Aii CLKB TCA 

'=..\ 
~-------------------, 

Top View 
Through Package 

(i.e., Component Side Pinout) 

L-------------------
,-, 
-" 

,-, 
-" 

,-, _,, (-, 
-" 

,-, 
-" CLK L R12 Ri4 R16 R1s ,-, 

-" 
,-, 
-" 

,-, _,, (-, 
-" 

,-, 
-" CLK M Ris R1s Ri7 Rig 

Pin Grid Array 
(G2) 

LMU12GC65 
• 45 
• 35 

LMU12GM75 
• 55 
• 45 

LMU12GMB75 
• 55 
• 45 

,-, _,, 
R20 

C' -" R21 

.... , ._, 
Bi .... , 
1.._I 

Bs 
.... , 
1.._/ 

Bs 
.... , 
1.._J 

Vee .... , 
1.._J 

Ba 

() 
Be 
.... , 
........ , 
B10 ,-, _. .. 

-" ·-· R22 TCB ,-, 
-" C' -" R2s NC 

11 

...., 
1._/ 

NC 
.... , 
1._/ 
Bo 
.... , 
1_, 

B2 .... , 
•.._1 
B4 
.... , 
1.._/ 

Vee .... , 
1._/ 

Vee .... , 
I._/ 

B7 ...., 
1.._/ 
Bg 
.... , . __ , 
Bi1 

-- -- -=DE=V=IC=ES=IN=C=O=RPO==RA=TE=D=================================================LogicProducts 
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12 x 12-bit Parallel Multiplier LM U 112 

0 50 ns Worst-Case Multiply Time 

0 Low Power CMOS Technology 

0 Replaces TRW MPY112K 

0 Two's Complement or Unsigned 
Operands 

0 Three-State Outputs 

0 Available Screened to·MIL-STD-
883, Gass B 

0 Package Styles Available: 
• 48-pin Plastic DIP 
• 48-pin Sidebraze, Hermetic DIP 
• 52-pin Plastic LCC, J-lead 

The LMU112 is a high-speed, low 
power, 12-bit parallel multiplier built 
using advanced CMOS technology. 
The LMUl 12 is pin and functionally 
compatible with TRW's MPY112K. 

The A and B input operands are 
loaded into their respective registers 
on the rising edge of the separate 
clock inputs (CLK A and CLK B). 
Two's complement or unsigned 
magnitude operands are accommo
dated via the operand control bit, TC, 
which is loaded along with the B 
operands. The operands are specified 

A11-Ao TC 811-Bo 

CLK A 

CLK B 

-~..-..-...-... - ~.-.-.-. - .. ------ -- -.. ____ -

12 

FORMAT ADJUST 

REGISTER 

16 

R23-Rs 

to be in two's complement format 
when TC is asserted and unsigned 
magnitude when TC is de-asserted. 
Mixed mode operation is not allowed. 

For two's complement operands, the 
17 most significant bits at the output 
of the asynchronous multiplier array 
are shifted one bit position to the left. 
This is done to discard the redundant 
copy of the sign-bit, which is in the 
most significant bit position, and 
extend the bit precision by one bit. 
The result is then truncated to the 16 
MSB's and loaded into the output 
register on the rising edge of CLK B. 

The contents of the output register are 
made available via three-state buffers 
by asserting OE. When OE is de
asserted, the outputs (R.23-Rs) are in 
the high impedance state. 

_ ___.. -----
-~...._...-~ 
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12 x 12-bit Parallel Multiplier 

- ....-... .....---.-~ - ~.-.-.------ ------- -- - ----- -------

AIN BIN 

----- Fractional Two's Complement (TC = 1) ------

111 10 9 • 2 1 o I I 11 10 9 • 2 1 o 
-20 2-1 2-2 
(Sign) 

-20 2-1 2-2 
(Sign) 

2-9 2-10 2-11 

Integer Two's Complement (TC = 1) 

111 10 9 • 2 o I 111 10 9 • 2 o 
-211 210 29 
(Sign) 

-211 210 29 
(Sign) 

-------Unsigned Fractional (TC= O) -------

111 10 9 • 2 o I I 11 10 9 • 2 1 o 
2-10 2-112-12 2-1 2-2 2-3 2-10 2-112-12 

-------- Unsigned Integer (TC= 0)--------

l._1_1 _1_0_9 ___ ~ .. ""-2 __ 0_.I 111 10 9 ~ 2 
211 210 29 22 21 20 211 210 29 

MSP LSP 

-----Fractional Two's Complement-----

123 22 21 • 14 13 12 I I 11 1 o 9 a 
-20 2-1 2-2 
(Sign) 

-2-122-132-142-15 
(Sign) 

Integer Two's Complement'------

123 22 21 * 14 13 12 I 
-222 221 220 
(Sign) 

212 212 211 
I 11 10 9 8 
210 29 2a 21 

------- Unsigned Fractional-------

123 22 21 * 14 13 12 I 
2-1 2-2 2-3 2-10 2-11 2-12 

I 11 10 9 8 
2-13 2-142-1s2-1s 

--------Unsigned Integer-------

123 22 21 * 14 13 12 I 
223 222 221 214 213 212 

111 10 9 8 
211 210 29 2a 

0 

LMU112 

_...._... ..._..._.._... 
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12 x 12-bit Parallel Multiplier LMU112 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

~ ~::'./;j;i;.; ~ 
::;::: v: li: '"~ ~: 

Symbol Parameter 

VOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lee1 Vee Current, Dynamic 

1ee2 Vee Current, Quiescent 

- ...-.. ....-... -...-.. - ------ - -~--- -- - ------ -------

Temperature Range (Ambient} 

0°c to -r 70°C 

-55°C to + 125°C 

Test Condition 

IOH =-2.0 mA 

IOL= 8.0 mA 

(Note3) 

Ground s VIN s Vee 

Ground s Vour s Vee 

VouT = Ground, Vee = Max (Notes 4, 8) 

(Notes 5, 6) 

(Note7) 

Supply Voltage 
4.75 Vs Vee s 5.25 v 
4.50 Vs Vee s 5.50 V 

Min Typ 

3.5 

2.0 

0.0 

10 

Max 

0.5 

Vee 

0.8 

±20 

±20 

-250 

20 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

_.._..,.. ..._,__ .._... 
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12 x 12-bit Parallel Multiplier LMU112 

k§V(1[gijlN.§!iiPHARA§l§·a1§m1·e§.:·,J:.:·:YY/!t:+>><< ::::::::::r:: :><t<t:t:t>t::u+:::<>YYI:W:.::Y?Y::y:· :l::Hii:.)·:.:::.):·:;.· .. :.::::::.ii:=-i.:?::.::·:,::.:.J 

:'i9P:MM~RPl~~:::gp~~~TlN~::a·~~:~~::(q4g ~9:·.~g7q~g)jj~i~~::~n19·:r6~Yi'ii::,YU>/:<<?::>::\ : :: : :<··:" :: >> 

LMU112· 
60 50 

Symbol Parameter Min Max Min Max 

tMC Multiply Time (Clocked) 60 50 

to Output Delay 25 25 

tENA Output Enable Time (Note 11) 25 25 

tDIS Output Disable Time (Note 11) 25 25 

tPW Clock Pulse Width 15 15 

tH Input Register Hold Time 0 0 

ts Input Register Setup Time 15 15 

LMU112· 
65 55 

Symbol Parameter Min Max Min Max 

tMC Multiply Time (Clocked) 65 55 

ID Output Delay 30 30 

tENA Output Enable Time (Note 11) 30 30 

IDIS Output Disable Time (Note 11) 30 30 

IPW Clock Pulse Width 20 20 

tH Input Register Hold Time 0 0 

ts Input Register Setup Time 15 15 

CLKA 
CLKB -------1 

1------- IMC --------i ,, ___ _ 
CLKR 

R23-Ra 

- ...-.... ~-..-... - ......_,~----- ------ -- ------ -------

1--- to---~, ___ .;_ __ }!(: OUTPUT 

t~A::<~---------------------

_.._... ..___ ...._... 
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12 x 12-bit Parallel Multiplier 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affectreliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chip from dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of-3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ....... ~-~ - ....... ....-.-~ - -_ .. ___ -- ------ -

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N =total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested with all inputs within0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN I 
tDIS test) and input levels of nominally 
Oto 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/tum-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

LMU112 

··.·····················>••••><••·.••>•••· 1 
a. A 0.1 µ.F ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 m V 
from steady-state voltage with speci
fied loading. 

~-~-~~=~-~==================Logic Products 
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5-31 LDS.112-A 



12 x 12-bit Parallel Multiplier 

ORDERING INFOFIMAtlON 

48-pin 
A10 

A11 

Bo 

B1 
B2 
B3 

B4 

BS 
B6 
B7 10 

Bs 11 

Vee 12 
Vee 13 

B9 14 
B10 15 
B11 16 
TC 17 

CLK B 18 
TIE 19 
R23 20 
R22 21 
R21 22 
R20 23 
R19 24 

48 A9 
47 AB 
46 A7 

45 A6 

44 As 

43 A4 

42 A3 

41 A2 

40 A1 

39 Ao 

38 CLKA 

37 GND 

36 GND 

35 Rs 

34 R9 

33 R10 

32 R11 

31 R12 

30 R12 

29 R14 

28 R15 

27 R16 

26 R17 

25 R18 

Si deb raze 
Hermetic DIP (05) 

0°c· to• +70°C••···········coMMERCIAi..• SCREENING 
LMU112PC60 LMU112DC60 

65 ns 
55 ns 

- ...-.. ~- ....... - ~~------ - -~--- -- ------ -------

50 50 

LMU112DM65 
55 

LMU112DMB65 
• 55 

52-pin 

(.)C")C'\.1..-0::::~0'IC:Ol'"-<Dl.l)'llll:f" 
ZCJJCJJCJJCJJ<(<(<(<(<(<(<(<( 

2 1 52 51 50 49 48 47 
B4 • 46 
Bs 45 
Bs 44 
B7 43 
Ba 42 

Vee Top Vee 
B9 View 

B10 
B11 
TC 

CLK B 
NC 

IUJ C') C\J ~ o °' .., ..... .., .,, .... C') 0 or;_rr_;r.rr.rr.rr.rr.rr.rr.rr.rr.z 

Plastic J-Lead 
Chip Carrier(JS) 

LMU112JC60 
• 50 

LMU112 

NC 
A3 
A2 
A1 
Ao 
CLKA 
GND 
GND 
Rs 
Rg 
R1o 
R11 
R12 

-~~-.._... 
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16 x 16-bit Parallel Multiplier LM U16/216 
. . ............................................ . 

I f:=g#.f-QF:Jij§}••••••••••••• ·······•••••·•••••••••••••••·•·••••/••••··············••••! =I b=: ~~§C~\S~IP ........ ffl"'"""'"~g~··~~})~•<••"'"""'"·.·· ... ~~=~~~··"'"'-"-······ .. ~••••••·••~<"'"""'">~ ·>~>"'"""'"{~f"'"'-"-(~ll 
0 45 ns Worst-Case Multiply Time 

0 Low Power CMOS Technology 

0 Replaces TRW MPY016HJ and 
AMDAm29516 

0 Two's Complement, Unsigned, or 
Mixed Operands 

0 Three-State Outputs 

0 Available Screened to MIL-STD-
883, Gass B 

0 Package Styles Available: 
• 64-pin Plastic DIP 
• 64-pin Side braze, Hermetic DIP 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Pin Grid Array 
• 68-pin Ceramic LCC (Type C) 

The LMU16 and LMU216are16-bit 
parallel multipliers with high speed 
and low power consumption. They 
are pin and functionally compatible 
with TRW MPY016HJ and AMD 
Am29516 devices. The LMU16 and 
LMU216 are functionally identical; 
they differ only in packaging. Full 
military ambient temperature range 
operation is attained by the use of 
advanced CMOS technology. 

The LMU16 and LMU216 produce the 
32-bit product of two 16-bit numbers. 
Data present at the A inputs, along 
with the TCA control bit, is loaded 
into the A register on the rising edge 
of CLK A. B data and the TCB control 

TCA A1s-Ao 
815-80/ 

TC8 R15-Ro 

CLK A 

CLK 8 

RND 

RS 

FT 

-~..-...-...-.. - .---..--~ - - -~--- -- - ------ ------_._.. ~-..._... 

FORMAT ADJUST 

CLK M CLK L 

R31-R1s 

are similarly loaded by CLK B. The 
mode controls TCA and TCB specify 
the operands as two's complement 
when high, or unsigned magnitude 
when low. 

RND is loaded on the rising edge of 
the logical OR of CLK A and CLK B. 
RND, when high, adds '1' to the most 
significant bit position of the least 
significant half of the product. Subse
quent truncation of the 16 least signifi
cant bits produces a result correctly 
rounded to 16-bit precision. 

At the output, the right shift control 
RS selects either of two output for
mats: RS low produces a 31-bit 
product with a copy of the sign bit 
inserted in the MSB postion of the 
least significant half. RS high gives a 
full 32-bit product. Two 16-bit output 
registers are provided to hold the 
most and least significant halves of 
the result (MSP and LSP) as defined 
by RS. These registers are loaded on 
the rising edge of CLK M and CLK L 
respectively. For asynchronous 
output these registers may be made 
transparent by taking the feed 
through control (FT) high. 

The two halves of the product may be 
routed to a single 16-bit three-state 
output port (MSP) via a multiplexer. 
MSPSEL low causes the MSP outputs 
to be driven by the most significant 
half of the result. M5P5EL high routes 
the least significant half of the result 
to the MSP pins. In addition, the LSP 
is available via the B input port 
through a separate three-state buffer. 

The output multiplexer control 
MSPSEL uses a pin which is a supply 
ground in the TRW MPY16HJ. When 
this control is LOW (GND) the 
function is that of the MPY16HJ, thus 
allowing full compatibility. 
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16 x 16-bit Parallel Multiplier 

~N ~N 

----Fractional Two's Complement (TCA, TCB = 1) 

I 1s 14 13 jf 2 1 o I I 1s 14 13 jf 2 1 o 
-20 2-1 2-2 
(Sign) 

-20 2-1 2-2 
(Sign) 

Integer Two's Complement (TCA, TCB = 1) -----

11 s 14 13 jf 2 o I I 1s 14 13 jf 2 o 
-215 214 213 22 21 20 -215 214 213 22 21 20 
~~ ~~ 

------ Unsigned Fractional (TCA, TCB = 0)------

11 s 14 13 * 2 1 o I I 1s 14 13 jf 2 1 o 

------ Unsigned Integer (TCA, TCB = 0)-------

l 15 14 13 jf 2 1 o I I 1s 14 13 ijt 2 o 
215 214 213 22 21 20 215 214 213 22 21 20 

MSP LSP 

-----Fractional Two's Complement (RS = O)------

l 31 30 29 jf 18 11 16 I I 1 s 14 13 * 2 1 o 
-20 2-1 2-2 2-13 2-14 2-15 -20 2-16 2-17 2-28 2-29 2-30 
(Sign) (Sign) 

Fractional Two's Complement-Shifted (RS = 1 )----

I 31 30 29 jf 18 11 16 I I 1 s 14 13 jf 2 1 o 
-21 20 2-1 
(Sign) 

Integer Two's Complement (RS = 1) 

l 31 3o 29 jf 18 11 16 I ..... I 1_s_1_4-13-...... ..,...-2---o ..... 

-231 230 229 
(Sign) 

218 211 216 215 214 213 

-------Unsigned Fractional (RS= 1)-------

l 31 30 29 jf 18 11 16 I I 1 s 14 13 jf 2 1 o 
2-1 2-2 2-3 2-14 2-1s2-16 2-112-18 2-19 2-30 2-31 2-32 

--------Unsigned Integer (RS= 1)--------

l 31 30 29 lit 18 11 16 I I 1 s 14 13 lit 2 o 
231 230 229 21e 211 216 215 214 213 

LMU16/216 

!..~~:=-= 
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16 x 16-bit Parallel Multiplier LMU16/216 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

Supply Voltage 
4.75 V:::;; Vee:::;; 5.25 V 

4.50 V:::;; Vee :::;; 5.50 V 

~ KIT IT ·•···~·JLLi~TI 77
@r ······· ~ ~ ~ 2 22.2'.:Z ~ 222 22 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage IOH =-2.0 mA 3.5 v 

VOL Output Low Voltage IOL= 8.0 mA 0.5 v 

VIH Input High Voltage 2.0 Vee v 

VIL Input Low Voltage (Note3) 0.0 0.8 v 

llX Input Current Ground :::;; VIN :::;; Vee ±20 µA 

loz Output Leakage Current Ground s Vour:::;; Vee ±20 µA 

los Output Short Current Vour = Ground, Vee = Max (Notes 4, 8) -250 mA 

lee1 Vee Current, Dynamic (Notes 5, 6) 12 25 mA 

lee2 Vee Current, Quiescent (Note 7) 1.0 mA 

-~...-.-~ 
- ......._ ____ _ - -_ ... ___ -- - ----- -------_...._.,..~_..._.. 
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16 x 16-bit Parallel Multiplier 

Symbol Parameter 

IMC Multiply Time (Clocked) 

tMUC Unclocked Multiply Time 

to Output Delay 

tSEL Output Select Delay 

tENA Output Enable Time (Note 11) 

tOIS Output Disable Time (Note 11) 

tPW Clock Pulse Width 

tH Input Register Hold Time 

ts Input Register Setup Time 

Symbol Parameter 

IMC Multiply Time (Clocked) 

tMUC Unclocked Multiply Time 

to Output Delay 

tSEL Output Select Delay 

tENA Output Enable Time (Note 11) 

tDIS Output Disable Time (Note 11) 

tPW Clock Pulse Width 

tH Input Register Hold Time 

ts Input Register Setup Time 

INPUT 

CLKA 
CLKB 

t:=,ts---1 i-ttt.:j 

~ )IE 

CLKL 
CLKM 

MSPSEL 

R31-Ro 

- ...-... ....-..-....-.. - ......._, .-.-.-.-- ------- -- ------ -------

I- tPW 

x 

7 
1+--to1s 

65 
Min Max 

65 

85 

30 

25 

25 

25 

15 

15 

75 
Min Max 

75 

95 

35 

30 

25 

25 

20 

2 

15 

J_ 
tPW { 

tMC 

tMUC 

~ 
l='tENA HIGH IMPEDANCE 

LMU16/216 

LMU16/216-
55 45 

Min Max Min Max 

55 45 

75 65 

30 30 

25 25 

25 25 

25 25 

15 15 

15 15 

LMU16/216· 
65 55 

Min Max Min Max 

65 55 

85 75 

30 30 

30 30 

25 25 

25 25 

15 15 

2 2 

15 15 

to 

f 
tPW 

_y ~ 
tsEL---1 

* 
lE: OUTPUT 

_..._.... ~-..._.. 
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16 x 16-bit Parallel Multiplier 

[flpt~§•.t<<••<·•········ .. ···············. 
1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chipfrom dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

-.-...~-~ -----

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N = total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
trns test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast tum-on/turn-off times. 
Asa result, caremustbeexercisedin the 
testing of this device. The following 
measures are recommended: 

LMU16/216 

...................... / •<<<••·•·•·•·••! 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 m V 
from steady-state voltage with speci
fied loading. 

DEVICES INCORPORATED 

:JL:..=:.==~ 
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16 x 16-bit Parallel Multiplier 

Speed 

75 ns 
65 ns 
55 ns 

LMl.Jis•••••·······••oRbERING• INFORMAi"ION 
64-pin 

A3 
A2 
A1 4 
Ao 

OEL 
CLK L 7 
CLK B 
Ro, Bo 
R1,B1 10 
R2,B2 11 
R3,B3 12 
R4,84 13 
R5,85 14 
R6,B6 15 
R7,87 16 
RB,88 17 
R9,B9 18 

R10,B10 19 
R11,B11 20 
R12,812 21 
R13,813 22 
R14,B14 23 
R15,815 24 

R16 25 
R17 26 
R18 27 
R19 28 
R20 29 
R21 30 
R22 
R23 

A5 
A6 
A7 

61 AB 
A9 
A10 
A11 
A12 
A13 
A14 

54 A15 
53 CLK A 
52 RND 
51 TCA 
50 TCB 
49 Vee 
48 Vee 
47 GND 
46 GND 
45 MSPSEL 
44 FT 
43 RS 
42 OEM 
41 CLK M 
40 R31 
39 R30 
38 R29 
37 R28 
36 R21 
35 R26 
34 R25 
33 R24 .__ ____ .J 

Plastic DIP 
(P4) 

Si deb raze 
Hermetic DIP (D6) 

0°0• fo. +.'70°c•·•••••·•·••coMr.iii:flciAl.•SC::RE:eN1Na 
LMU16PC65 LMU16DC65 

"55 "55 
• 45 • 45 

-ss"c••t0>+12s0 c•·••••••·••c<>P.1,..eF1C.AI.• Sd:iEENINa 
LMU16DM75 

• 65 
• 55 

LMU16DMB75 
• 65 
• 55 

LMU16 

68-pin 

A 

B 

c 

D 

E 

F 

G 

H 

K 

L 

2 3 4 5 6 7 8 9 10 11 

() () () () () 0 0 () () 
NC CLKB OEL Ai A3 As A7 As Aii 

(:,, C• {:.> () () 0 () ()00() 
R,B i R,Bo CLK L Ao A2 A4 As As Aio Ai2 NC 

() () (.\ 
R,B3 R,B2 '.'--------------------, 

('• ('1 
M4 Ai's ,.... , .... 

l I \.,.) 

R,Bs R,B4 ,.... ,. .... 
\,.,) \,.,) 

R,B7 R,Bs ,..... ,. .... 
\I \ I 

R,Bs R:Be 

r:,t () 
R,Bii R,Bio 
('1 ('1 

R,Bi3 R:Bi2 ,...... , .... 
\I \I 

A.Bis ~Bi4 
0 tj 0 
NC R1s Ria 

() C> 
R11 Rig 

Top View 
Through Package 

(i.e., Component Side Pinout) 

,...... , .... 
l_...1 l_...1 

CLK A Ais ,.... , ...... 
\_...I \_...I 

TCA RND ,..... , ..... 
l_...1 \_...I 

Vee TCB ,...... , ..... 
\_,I \_,I 

GND Vee 
(-, ('1 
~GND 

() () 
RS FT 

0 () 0 () 0 C> 0 () 
R20 R22 R24 R2s R28 R30 CLK M OEM 

() 0 () () () C> () 
R21 R23. R2s R21 R29 R3i NC 

Pin Grid Array 
(G2) 

LMU16GC65 
• 55 
• 45 

LMU16GM75 
• 65 
• 55 

LMU16GMB75 
• 65 
• 55 
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16 x 16-bit Parallel Multiplier 

68-pln 

R31 

R25 

R24 

R18 
R17 

Top 
View 

NC 

A12 

R16 25 45 CLK L 

NC 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 
44 

CLK B 

Speed 
Plastic J-Lead 

Chip Carrier (J2) 

LMU216JC65 
55 
45 

Ceramic Leadless 
Chip Carrier (K3) 

LMU216KC65 
55 
45 

LMU216KM75 
65 
55 

LMU216KME75 
65 
55 

• 4$.~c::1ct+.12s<i0:: .. MtWsto~saacoM~uANt:t••• ><'>'::·: ... ,.,.·.··· 
75ns 
65ns 
55ns 

- ~ .-..-..-.. - ~....-.------ ------ -- - _. ____ -------

LMU216KMB75 
65 
55 

LMU216 

-~~-...._.... 
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16 x 16-bit Parallel Multiplier LMU17/217 

0 45 ns Worst-Case Multiply Time 

0 Low Power CMOS Technology 

0 Replaces AMD Am29517 

0 Single Oock Architecture with 
Register Enables 

0 Two's Complement, Unsigned, or 
Mixed Operands 

0 Three-State Outputs 

0 Available Screened to MIL-STD-
883, Gass B 

0 Package Styles Available: 
• 64-pin Plastic DIP 
• 64-pin Sidebraze, Hermetic DIP 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Pin Grid Array 
• 68-pin Ceramic LCC (Type C) 

The LMU17 and LMU217 are 16-bit 
parallel multipliers with high speed 
and low power consumption. They 
are pin and functionally compatible 
with AMD Am29517 devices. The 
LMU17 and LMU217 are functionally 
identical; they differ only in packag
ing. Full military ambient tempera
ture range operation is attained by the 
use of advanced CMOS technology. 

The LMUl 7 and LMU217 produce the 
32-bit product of two 16-bit numbers. 
Data present at the A inputs, along 
with the TCA control bit, is loaded 
into the A register on the rising edge 
of CLK A. B data and the TCB control 
are similarly loaded. Loading of the 
A and B registers is controlled by the 

815-80/ 

TCA A1s-Ao TCB R15-Ro 

CLK 

ENA 

EN8 

RND 

RS 

FT 

ENR 

- ~ ...-...-...-... - ~.-.--- - -~--- -- ------ ------~---

R31-R1s 

ENA and ENB controls. When high, 
these prevent application of the 
clock to the respective register. The 
mode controls TCA and TCB specify 
the operands as two's complement 
when high, or unsigned magnitude 
when low. 

RND is loaded on the rising edge of 
CLK, providing either ENA or ENB 
are low. RND, when high, adds '1' to 
the most significant bit position of the 
least significant half of the product. 
Subsequent truncation of the 16 least 
significant bits produces a result 
correctly rounded to 16-bit precision. 

At the output, the right shift control 
RS selects either of two output for
mats: RS low produces a 31-bit 
product with a copy of the sign bit 
inserted in the MSB postion of the 
least significant half. RS high gives a 
full 32-bit product. Two 16-bit output 
registers are provided to hold the 
most and least significant halves.of 
the result (MSP and LSP) as defined 
by RS. These registers are loaded on 
the rising edge of CLK, subject to the 
ENR control. When ENR is high, 
clocking of the result registers is 
prevented. For asynchronous output 
these registers may be made transpar
ent by taking the feed through control 
(FT) high. 

The two halves of the product may be 
routed to a single 16-bit three-state 
output port (MSP) via a multiplexer. 
MSPSEL low causes the MSP outputs 
to be driven by the most significant 
half of the result. MSPSEL high routes 
the least significant half of the result 
to the MSP pins. In addition, the LSP 
is available via the B input port 
through a separate three-state buffer. 

-..._.,..~_...._.. 
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16 x 16-bit Parallel Multiplier 

-~...-..-..-.. - ~,-,-.-. - ------- -- - ----- -_ ____.. ------

~N ~N 

----Fractional Two's Complement (TCA, TCB = 1) 

I 1s 14 13 * 2 1 o I l,....1_s_1_4_1_3_~, ..... .,..-2--1-o ..... 

-20 2-1 2-2 2-13 2-14 2-15 -20 2-1 2-2 2-13 2-14 2-15 
(Sign) (Sign) 

Integer Two's Complement (TCA, TCB = 1) 

I 1s 14 13 ljf 2 o I I 1s 14 13 * 2 o 
-215 214 213 
(Sign) 

-215 214 213 
(Sign) 

------ Unsigned Fractional (TCA, TCB = 0)------

11 s 14 13 * 2 1 o I I 1s 14 13 * 2 1 o 

------ Unsigned Integer (TCA, TCB = 0)-------

l 15 14 13 * 2 1 o I I 1s 14 13 * 2 o 
215 214 213 22 21 20 215 214 213 

MSP LSP 

Fractional Two's Complement (RS = O) 

I 31 30 29 * 18 11 16 I I 1 s 14 13 * 2 1 o 
-20 2-1 2-2 
(Sign) 

2-13 2-14 ~-15 -20 2-16 2-17 2-28 2-29 2-30 
(Sign) 

Fractional Two's Complement-Shifted (RS = 1 )----

I s 1 3o 29 * 18 11 16 I I 1 s 14 13 * 2 1 o 
-21 20 2-1 
(Sign) 

------ Integer Two's Complement (RS= 1)------

l 31 30 29 * 18 11 16 I I 1 s 14 13 * 2 o 
-231 230 229 
(Sign) 

21a 211 216 215 214 213 22 21 20 

-------Unsigned Fractional (RS= 1)-------

l s1 30 29 lif 18 11 16 I I 1s 14 13 lif 2 1 o I 
2-1 2-2 2-3 2-14 2-15 2-16 2-17 2-18 2-19 2-30 2-31 2-32 

--------Unsigned Integer (RS= 1)--------

l 31 30 29 * 18 11 16 I I 1 s 14 13 lif 2 o 
2a1 2ao 229 21a 211 216 215 214 213 

LMU17/217 

-~~-..._... 
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16 x 16-bit Parallel Multiplier LMU17/217 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ................................................ : .............................. -3.0 V to + 7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 400 mA 

Mode Temperature Range (Ambient} Supply Voltage 

Active Operation, Commercial 

Active Operation, Military 

i•LCu•lft 

Symbol Parameter 

VOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lee1 Vee Current, Dynamic 

lee2 Vee Current, Quiescent 

- ..-... ..... -..-.. 
-......-.--~ - - ------ -- - ------ ------

0°c to +70°C 

-55°C to + 125°C 

4.75 vs Vee s 5.25 v 
4.50 v s Vee s 5.50 V 

:::;cc - fil2_____IT ~ 
Test Condition Min Typ Max 

IOH =-2.0 mA 3.5 

IOL= 8.0 mA 0.5 

2.0 Vee 

(Note3) 0.0 0.8 

Ground s VrN s Vee ±20 

Ground s Vour s Vee ±20 

VOUT = Ground, Vee = Max (Notes 4, 8) -250 

(Notes 5, 6) 12 25 

(Note7) 1.0 

rn ; 
Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

-~ ..__..._,.. 
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16 x 16-bit Parallel Multiplier LMU17/217 

k$W'l]QHJNQ"]QHAR#.eJ"gRJ$]"1'.C,$l').:.I.m.Y<>> <><:t:/:::<<> :rt:++<>::n::.u:m:::m:trn<:':. ::)(_ .. yy :)).(.?l::::?:·:·/,.,'.:::'.:::'.::.:_:'::·%.%·: .. :: .. :::rn 

::C9.:MMgl.il9~A~:·:gegJ:lA!l'-~"·flA~~~m>:~e··t9::::+7«>:4¢.):t~~t~~::~;:-.1qMt~Y·::: .. ::.:-::U .. ?:t:: <<<Y<t :::+:<< tHH<>t>:t<:::<:> :/: :/ 
LMU17/217-

65 55 45 
Symbol Parameter Min Max Min Max Min Max 

IMC Multiply Time (Clocked) 65 55 45 
tMUC Unclocked Multiply Time 85 75 65 
to Output Delay 30 30 30 
tSEL Output Select Delay 25 25 25 
tENA Output Enable Time (Note 11) 25 25 25 
tOIS Output Disable Time (Note 11) 25 25 25 
tPW Clock Pulse Width 15 15 15 
tH Input Register Hold Time 3 3 3 
ts Input Register Setup Time 15 15 15 

LMU17/217-
75 65 55 

Symbol Parameter Min Max Min Max Min Max 

IMC Multiply Time (Clocked) 75 65 55 
tMUC Unclocked Multiply Time 95 85 75 
to Output Delay 35 30 30 
tSEL Output Select Delay 30 30 30 
tENA Output Enable Time (Note 11) 25 25 25 
tDIS Output Disable Time (Note 11) 25 25 25 
tPW Clock Pulse Width 20 15 15 
tH Input Register Hold Time 3 3 3 
ts Input Register Setup Time 15 15 15 

t----ts-t--tH-

INPUT __ __,)l(l'----1---')~I'----------------------

ts--1-tH 

I-- tPN --11
---- tPN -----i- tPN -===:i 

CLOCK --~~~~~~,V1 ~•------------i~ ~·-------
•------- tMc ------......i~o---- to ----

OUTPUT 

1---------~tMuc------------i 

MSPSEL ·)( 
---------------~--t~-A-~--'1·1~-====--=--t-SE-L---4----~ 

-------~---to_is_-=;---.l~H-IG_H_IM_PE_o~_c_E __ --<.r~~===============::::::::::: R31-Ro 

- ...-. ........ -...-... - ......_.,_, ___ - - -~--- -- ------ -------------- ~~-~ 
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16 x 16-bit Parallel Multiplier 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designedtoprotect the chipfrom dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ....... ~-~ - ~....-.-.--. =-a=:=:;..; 

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N =total number of device outputs 
C =capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tms test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/tum-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

LMU17/217 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(Dun as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 mV 
from steady-state voltage with speci
fied loading. 

~-~-~~-~=================================================== Logic Products 
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16 x 16-bit Parallel Multiplier 

75ns 
65ns 
55 ns 

64-pln A4 
A3 
A2 
A1 
Ao 

OEL 
CLK 
ENB 

Ro.Bo 
R1,B1 
R2,B2 
R3,B3 
R4,B4 
R5,B5 
R6,B6 
R7,B7 
Ra, Ba 
R9,B9 

R10,B10 
R11,B11 
R12,B12 
R13,B13 
R14,B14 
R15,B15 

R16 
R17 
R1a 
R19 
R20 
R21 
R22 
R23 

- ~ ~-~ 
-~~--- ------ -- ------ -_ ___.. -------

1 
2 
3 
4 
5 
6 

9 
10 
11 
12 
13 
14 
15 
16 
17 
1a 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2a 
29 
30 
31 
32 

64 A5 
63 As 
62 A7 
61 Aa 
60 As 
59 A10 
5a A11 
57 A12 

56 A13 
55 A14 
54 A15 

53 UJA 
52 RND 
51 TCA 

50 TCB 
49 Vee 
4a Vee 
47 GND 
46 GND 
45 ~ 
44 FT 
43 RS 

42 OEM 
41 ENfi 
40 R31 

39 R30 

3a R29 

37 R28 

36 R27 
35 R26 

34 R2s 

33 R24 

LMU17DMB75 
• 65 
• 55 

LMU17 

68-pln 
2 3 4 5 6 7 8 9 10 11 

A 
, ... 
l,,,) 0 0 0 0 0 0 0 0 
NC ENB OEL A1 A3 As A1 Ag A11 

B 
, ... 
l,.) 

, .. ,_, 0 0 0 0 0 0 0 , .. ,_, , ... 
l ... ) 

R,81 R,80 CLK Ao A2 A4 As Aa A10 A12 NC 
c , ... , ... , ... , ... 

l,,) l.,.) 

t~-------------------, 
l,,) l.,.) 

R,83 R,82 A14 A13 
D 

, ... 
l.,,) 

, ... 
l •. ) 

, ... 
l •. ) 

, ... 
l,,) 

R,8s R,84 ENA A15 
E 

, ... 
0 

, ... , ... 
l ... ) l •• ) l,,.) 

R,87 R,86 Top View TCA AND 

F 
, ... 
l •• ) 

, ... 
' ........ ' Through Package 

, .... 
l ..... • 

, .... 
l ..... • 

R,89 R,8a (i.e., Component Side Pinout) Vee TCB , ... , .... , .... , .... 
G l ..... • ' ........ ' l ..... ' ' ........ ' 

R,811 R,810 GND Vee 
H 

, ... 
' ........ ' 

, .... 
' ........ ' () , .... 

l ..... • 
R,813 R,812 ~GND , .... , .... -------------------- , ... , .... ' ... ) l ..... • l ..... • l ..... • 
R,815 R,814 RS FT 

K ooo 0 () 0 c) 0 0 
,.. , ... 
~ l,.) 

NC R1e R1a R20 R22 R24 R2s R28 R3o ENA OEM 

L 0 0 0 0 0 0 0 0 0 
R11 R19 R21 R23. R25 R27 R29 R31 NC 

LMU17GMB75 
• 65 
• 55 
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16 x 16-bit Parallel Multiplier 

68-pin w 
Cf) 

1

.....1 

a::::!E a..oo co<(O<( 
0!z)w CfJ r CfJ z z 8 8 0-0 zlz ~ ~ ~ 
zwoa:~:::2:00>>rra:W<(<(<( 

R31 

R30 

R29 

R22 

R21 

R1a 

R17 

Top 
View 

NC 
A12 

Ao 
OEL 

R16 25 45 CLK 

NC 
26 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
44 

ENB 

Plastic J-Lead 
Speed Chip Carrier (J2) 

75ns 
65ns 
55ns 

LMU217JC65 
55 
45 

- ...... ...-... _......._ - ~~-.-- - -~--- -- - ------ ----------

LMU217KC65 
55 
45 

LMU217KM75 
• • 65 

55 

LMU217KMB75 
• • 65 

55 

LMU217 
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16 x 16-bit Parallel Multiplier LMU18 

0 35 ns Worst-Case Multiply Time 

0 Low Power CMOS Technology 

0 Full 32-bit Output Port -
No Multiplexing Required 

0 Two's Complement, Unsigned, or 
Mixed Operands 

0 Three-State Outputs 

0 Available Screened to MIL-STD-
883, Oass B 

0 Package Styles Available: 
• 84-pin Plastic LCC, }-Lead 
• 84-pin Pin Grid Array 

The LMU18 is a 16-bit parallel multi
plier featuring high speed and low 
power consumption. The LMU18 is 
an 84-pin device which provides 
simultaneous access to all outputs. 
Full military ambient temperature 
range operation is attained by the use 
of advanced CMOS technology. 

The LMU18 produces the 32-bit 
product of two 16-bit numbers. Data 
present at the A inputs, along with the 
TCA control bit, is loaded into the A 
register on the rising edge of CLK A. 
B data and the TCB control are simi
larly loaded. Loading of the A and B 

TCA A1s-Ao TCB 

CLK 

ENA 

ENB 

RND 

RS 

FT 

ENR 

MSPSEL 

- ~ ....-...-...-.... - ~.-.-~ - ------ -- - ----- ----.....~--

FORMAT ADJUST 

R31 R31-R1s R1s-Ro 

registers is controlled by the ENA and 
ENB controls. When high, these 
prevent application of the clock to the 
respective register. The mode controls 
TCA and TCB specify the operands as 
two's complement when high, or 
unsigned magnitude when low. 

RND is loaded on the rising edge of 
CLK, providing either ENA or ENB 
are low. RND, when high, adds 1 to 
the most significant bit position of the 
least significant half of the product. 
Subsequent truncation of the 16 least 
significant bits produces a result 
correctly rounded to 16-bit precision. 

At the output, the right shift control 
RS selects either of two output for
mats: RS low produces a 31-bit 
product with a copy of the sign bit 
inserted in the MSB postion of the 
least significant half. RS high gives a 
full 32-bit product. Two 16-bit output 
registers are provided to hold the 
most and least significant halves of 
the result (MSP and LSP) as defined 
by RS. These registers are loaded on 
the rising edge of CLK, subject to the 
ENR control. When ENR is high, 
clocking of the result registers is 
prevented. For asynchronous output 
these registers may be made transpar
ent by taking the feed through control 
(FT) high. 

The two halves of the product may be 
routed to a single 16-bit three-state 
output port (MSP) via a multiplexer. 
MSPSEL low causes the MSP outputs 
to be driven by the most significant 
half of the result. MSPSEL high routes 
the least significant half of the result 
to the MSP pins. The MSB of the 
result is available in both true and 
complemented form to aid implemen
tation of higher precision multipliers. 

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

=oE=v=,c=Es=,N=c=o=RP=o=RA=T=Eo==================================================Logic Products 
5-49 LDS.18-A 



16 x 16-bit Parallel Multiplier 

- .-... ~-...-... - ~------ --~--- -- ------ --~-----~ _.._.. ~-..._..,.. 

AIN BIN 

----Fractional Two's Complement (TCA, TCB = 1) 

I 1s 14 13 'if 2 1 o I I 1s 14 13 'if 2 1 o 
-20 2-1 2-2 2-13 2-14 2-1s -20 2-1 2-2 2-13 2-14 2-1s 
~~ ~~ 

Integer Two's Complement (TCA, TCB = 1) -----

I 1s 14 13 'if 2 o I I 1s 14 13 'if 2 o 
-21s 214 213 
(Sign) 

-21s 214 213 
(Sign) 

22 21 20 

------ Unsigned Fractional (TCA, TCB = 0)------

11 s 14 13 'if 2 1 o I I 1s 14 13 lif 2 1 o 

------ Unsigned Integer (TCA, TCB = O)-------

l 1s 14 13 'if 2 1 o I I 15 14 13 lif 2 o 
21s 214 213 22 21 20 21s 214 213 22 21 20 

MSP LSP 

Fractional Two's Complement (RS= O)------

.-l 3_1_3_0_29--..lif .. ,..,..-1-8-17-16......,I I 1 s 14 13 'if 2 1 o 

-20 2-1 2-2 2-13 2-14 2-1s -20 2-16 2-17 2-28 2-29 2-30 
(Sign) (Sign) 

----Fractional Two's Complement-Shifted (RS= 1)----

j 3130291if10 11161 l1s 14 131if 2 1 o 
-21 20 2-1 
(Sign) 

------ Integer Two's Complement (RS= 1)------

l 31 30 29 lif 10 11 16 I I 1 s 14 13 lif 2 o 
-231 230 229 
(Sign) 

218 211 216 21s 214 213 22 21 20 

-------Unsigned Fractional (RS= 1)-------

l 31 30 29 'if 10 11 16 I 11 s 14 13 'if 2 1 o I 
2-1 2-2 2-3 2-14 2-1s2-16 2-112-182-19 2-30 2-31 2-32 

--------Unsigned Integer (RS= 1)--------

l 31 30 29 lif 10 11 16 I I 1 s 14 13 lif 2 1 o 
218 211 216 21s 214 213 

LMU18 
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16 x 16-bit Parallel Multiplier LMU18 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 400 mA 

Mode Temperature Range (Ambient) Supply Voltage 
Active Operation, Commercial 

Active Operation, Military 

0°c to +70°C 

-55°C to + 125°C 

l::-7·:::::::-:-:::::7:"" 

viz 2 ::::.::::::::: ~:::z::; 

Symbol Parameter Test Condition 

VOH Output High Voltage IOH =-2.0 mA 

VOL Output Low Voltage IOL= 8.0 mA 

VlH Input High Voltage 

VIL Input Low Voltage (Note3) 

llX Input Current Ground s VIN s Vee 

loz Output Leakage Current Ground s Vour s Vee 

los Output Short Current Vour = Ground, Vee = Max (Notes 4, 8) 

lee1 Vee Current, Dynamic (Notes 5, 6) 

lee2 Vee Current, Quiescent (Note7) 

- ~ _....._~ - ._..._. .--. ------ - _ ... ___ -- - ----- ----....-. ----_. 

4.75 Vs Vee s 5.25 V 

4.50 V s Vee s 5.50 V 

Min Typ 

3.5 

2.0 

0.0 

25 

Max 

0.5 

Vee 

0.8 

±20 

±20 

-250 

45 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 
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16 x 16-bit Parallel Multiplier LMU18 

rn·$.w1!¢Hlrl~·-·c.aA.aA~m§Rf:$m1:0§::::."/.::::y+ux < :::::::::::;:;::::::-: :-:-:-:,,,,,,,, ,,,,,,,,:,:;::::;:::::::::=:::::=::::::::::=::::::::::: <::<<><<<:r>::::>r:<:t:r:+:::::::,,,'Y.=:::·::-..1 

::.~MM~fflG'~~'::oR:~#!"l"1~~J~~N:~g::<9.R~::nf:+t9~P:>··&~m¥:~i:re:<~x-,:::::.>:>·< >x+u:< :::=:::::.::rn<>>><><::::,:::.:::::::.::.-:::.::·:.:.::::.:u.::u+ 
LMU18· 

65 45 35 
Symbol Parameter Min Max Min Max Min Max 

IMC Multiply Time (Clocked) 65 45 35 
tMUC Unclocked Multiply Time 85 65 55 
to Output Delay 30 30 25 
tSEL Output Select Delay 25 25 25 
tENA Output Enable Time (Note 11) 25 20 20 
tDIS Output Disable Time (Note 11) 24 20 20 
tPW Clock Pulse Width 15 15 15 
tH Input Register Hold Time 5 5 5 
ts Input Register Setup Time 15 15 12 

LMU18· 
75 55 45 

Symbol Parameter Min Max Min Max Min Max 

IMC Multiply Time (Clocked) 75 55 45 
tMUC Unclocked Multiply Time 95 85 65 
to Output Delay 35 35 30 
tSEL Output Select Delay 30 30 30 
tENA Output Enable Time (Note 11) 25 20 20 
tDIS Output Disable Time (Note 11) 24 20 20 
tPW Clock Pulse Width 20 15 15 
tH Input Register Hold Time 5 5 5 
ts Input Register Setup Time 15 15 12 

I--- ts-t-- t H --1 

INPUT 
------......_1i---ts--t--tH--

1
_,... __________________________________________ _ 

~ _r 
ts--t--tH 

CLOCK 

OUTPUT 

1---------tMuc----------

* 
R31-Ro 

{"'~'? l~~.----tSEL---

-------------------~------to_rs_=-1--'~--Hl_GH_IM_P_ED_~_c_E ____ -{-l'"~~========================== 
- ...-... .....-.. -...-... - ........ .------ ------- -- ------- ---....--------- ---=0E=v=1c=Es=1N=c=o=RP=o=RA=T=Eo============================== Logic Products 
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16 x 16-bit Parallel Multiplier 

IN&J-1$$·.: :: .. ::<•::•••<>•••/ :<:::::·>.·· 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chipfrom dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ..-... ...-.. -...-... - ..-....~-~ = = ====== = 

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N =total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIS test) and input levels of nominally 
Oto 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast tum-on/turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

LMU18 

:·•··:::::::::::•::•.•········:••:•:•·······-·l 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(Dun as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 m V 
from steady-state voltage with speci
fied loading. 
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16 x 16-bit Parallel Multiplier 

Speed 

75ns 
55ns 
45ns 

84-pin 

810 
811 
812 14 
813 
814 
815 17 

EN8 
CLK 
OEL 20 
GND 

Vee 
Ro 
RI 
R2 
R3 
R4 
Rs 
R6 
R7 
Rs 
Rg 

- ...-.. ....-...-....-.... - ~-------. - - ------ -- ------ --~-------

Plastic J-Lead 
Chip Carrier (J3) 

A11 
A12 
A13 
A14 
A1s 
ENA 
AND 
TCA 
TCB 
Vee 
GND 
GND 
MSPSEL 
FT 
RS 
OEM 

58 ENA 
R3i 
R31 
R30 
R29 

LMU18 

84-pin 

2 3 4 5 6 8 9 10 11 

C-•O 0 0 () 0 ,-, 0 () ,-, , .. 
...... ...... ·-· A 

BS B7 BB B4 B1 B3 A2 A5 A7 As A11 , ... 
C• () () 0 0 0 ,-, 0 , .... , .... 

\..,,) ...... \_.I \_.I B 
B12 B10 Ba Bs B2 A1 A3 AB As A10 A13 

c , ... 
\_,I 

, ... 
\..,,) () 0 0 

, ... 
\,) 

, ... 
\,) 

B13 B11 Bo Ao A4 A12 A14 , ... , ... , ... , ... 
\....,I ' ...... ' ' ... ) I I 

~ 
D 

B15 B14 A15 ENA 

E , ... 
\..,) 

, ... 
\....,I 

, ... 
\_,I 

, ... 
1....,1 

, ... 
\_.I 

, ... 
\_.I 

OEL CLK GND Top Vif1N Vee TCA TCB , ... 
C• 

, ... , ... , ... , ... 
\..._..I \....,I Through Package \,..) \....,1 1....,1 F 
RO ENB Vee Q.e., Corrponent Side Pinout) 

GND GND AND , ... , ... , ... , ... , ... , ... 
\_,I ' ...... ' \_,I u 1....,1 l_.1 G 
R1 R2 R3 

H 
, ... 
\....,1 () 
R4 Rs , ... 
\..._..I 

, ... 
\_,I 

RB Ra 

K 
, ... 
\....,1 

, ... 
\....,1 () 

R7 R1o R11 

L Ce C> () 
RS R12 R13 

Cl 0 0 
R17 R18 R22 

0 0 () 0 
R14 GND vee R21 
() 0 0 ci 
R15 Ria R19 R20 

Pin Grid Array 
(G3) 

LMU18GMB75 
55 
45 

RS Fr MSPSEL , .... , ... 
\,.) \I 

ENR o'E'M , ... 
\....,I 

, ... 
\....,I 

R30 R31 

0 0 , ... 
1....,1 

, ... 
\....,I 

R24 R27 R29 R31 

0 0 () , .. ·-· R23 R25 R26 R2e 
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12 x 12-bit Multiplier-Accumulator LMA 1009/2009 

0 45 ns Worst-Case Multiply-
Accumulate Time 

0 Low Power CMOS Technology 
0 ReplacesTRWTDC1009 
0 Two's Complement, Unsigned, or 

Mixed Operands 
0 Accumulator Performs Load, 

Accumulate, Subtract 
0 Three-State Outputs 
0 Available Screened to MIL-STD-

883, Gass B 
0 Package Styles Available: 

• 64-pin Plastic DIP 
• 64-pin Sidebraze, Hermetic DIP 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Pin Grid Array 
• 68-pin Ceramic LCC (Type C) 

CLK A 

CLK B 

RND,TC 

ACC, SUB 

OEX, OEL 
~ 

PREL 

CLK R 

PRE LOAD 
CONTROL 

LOGIC 

LE OE 

The LMA1009 and LMA2009 are 
12-bit CMOS multiplier-accumulators. 
They are pin-for-pin equivalent to the 
TRW TDC1009 bipolar multiplier
accumulator. Full ambient tempera
ture range operation is achieved by 
the use of advanced CMOS technology. 

The LMA1009 and LMA2009 produce 
the 24-bit product of two 12-bit 
numbers. The results of a series of 
multiplications may be accumulated 
to form the sum of products. Accu
mulation is performed to 27-bit preci
sion with the multiplier product sign 
extended as appropriate. 

Data present at the A and B input 
registers (12 bits) is latched in on the 

A11-Ao 911-Bo 

12 

R11-Ro 

rising edges of CLK A and CLK B 
respectively. RND, TC, ACC, and 
SUB controls are latched on the rising 
edge of the logical OR of CLK A and 
CLK B. The TC control specifies the 
input as two's complement (TC high) 
or as unsigned magnitude (TC low). 
RND, when high, adds '1' to the most 
significant bit position of the least sig
nificant half of the product. Subse
quent truncation of the 12 least 
significant bits produces a result 
correctly rounded to 12-bit precision. 

The ACC and SUB inputs control 
accumulator operation Assertion of 
ACC results in addition of the multi
plier result and the accumulator 
contents, with the result stored in the 
accumulator register at the rising edge 
of CLK R. ACC and SUB high results 
in subtraction of the accumulator 
contents from the multiplier product, 
with the result again stored in the 
accumulator. With ACC low, no 
accumulation occurs and the next 
product is loaded directly into the 
output register. 

The LMA1009 and LMA2009 output 
(accumulator) register is divided into 
three independently controlled 
sections. The least significant result 
(LSR) and most significant result 
(MSR) registers are 12 bits in length. 
The extended result register (XTR) is 
3 bits long. 

Each output register has an independ
ent output enable control. In addition 
to providing control of the three-state 
output buffers, when OEX, OEM, or 
OEL are high and PREL is high, data 
can be preloaded via the bidirectional 
output pins into the respective out
put registers. Data present on the 
output pins is loaded in on the rising 
edge of CLK R. The interrelation of 
PREL and the enable controls is sum
marized in the preload truth table. 
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12 x 12-bit Multiplier-Accumulator LMA 1009/2009 

::-t?Ri:~9~p:.m~v!ti.:mr~~;.~<t<>2>:::::::::::;::::;:::: 
PREL OEX OEM OEL XTR MSR 

L L L L OUT OUT 

L L L H OUT OUT 

L L H L OUT z 
L L H H OUT z 
L H L L z OUT 

L H L H z OUT 

L H H L z z 
L H H H z z 
H L L L z z 
H L L H z z 
H L H L z PREL 

H L H H z PREL 

H H L L PREL z 
H H L H PREL z 
H H H L PREL PREL 

H H H H PREL PREL 

OUT = Register available on output pins 
Z = High impedance state 

LSR 

OUT 

z 
OUT 

z 
OUT 

z 
OUT 

z 
z 

PREL 

z 
PREL 

z 
PREL 

z 
PREL 

AIN BIN 

---Fractional Two's Complement (TC= 1 )---

111 10 9 - 2 1 o I I 11 10 9 - 2 o 
-20 2-1 2-2 
(Sign) 

-20 2-1 2-2 
(Sign) 

----- Unsigned Fractional (TC= 0)-----

111 10 9 * 2 1 o I 111 10 9 lit 2 o 

Integer Two's Complement (TC = 1) 

I 11 10 9 ~2 1 o I I 11 10 9 lit 2 0 

-211 210 29 22 21 20 -211 210 29 22 21 
(Sign) (Sign) 

Unsigned Integer (TC = O) 

I 11 10 9~ 2 1 o I I 11 10 9 lit 2 0 
PREL = Data can be preloaded to appropriate 
register 

211 210 29 22 21 20 211 210 29 22 21 

XTR MSR LSR 

Fractional Two's Complement 

l2s 25 24 I I 23 22 21 ~ 14 13 12 I I 11 10 9 ~ 2 0 
-24 23 22 21 20 2-1 2-a 2-9 2-10 2-11 2-12 2-13 2-20 2-21 2-22 
(Sign) 

Unsigned Fractional 

l2s 25 24 I 123 22 21 ~ 14 13 12 I I 11 10 9 ~ 2 0 
22 21 20 2-1 2-2 2-3 2-10 2-112-12 2-13 2-14 2-15 2-22 2-23 2-24 

Integer Two's Complement 

l2s 25 24 I I 23 22 21 ~ 14 13 12 I I 11 10 9 ~ 2 0 
-226 225 224 223 222 221 214 213 212 211 210 29 22 21 20 
(Sign) 

Unsigned Integer 

l2s 25 24 I I 23 22 21 ~ 14 13 12 I I 11 10 9 ~ 2 0 
226 225 224 223 222 221 214 213 212 211 210 29 22 21 20 
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12 x 12-bit Multiplier-Accumulator LMA 1009/2009 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs .............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range {Ambient) 

0°C to +70°C 

-55°C to + 125°C 

Supply Voltage 
4.75 V $Vee $ 5.25 V 

4.50 V $Vee ~ 5.50 V 

~ I 
:::TLi32••·••..::Z::i?:JIIIJJJ 28•···•-I?J-Z'2: 2 ::u Jl 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage IOH =-2.0 mA 3.5 v 

VOL Output Low Voltage IOL= 8.0 mA 0.5 v 

VIH Input High Voltage 2.0 Vee v 

VIL Input Low Voltage (Note 3) 0.0 0.8 v 

llX Input Current Ground ~VIN ~Vee ±20 µA 

loz Output Leakage Current Ground~ Vour $Vee ±20 µA 

los Output Short Current Vour = Ground, Vee = Max (Notes 4, 8) -250 mA 

lee1 Vee Current, Dynamic (Notes 5, 6) 12 25 mA 

lce2 Vee Current, Quiescent (Note 7) 1.0 mA 

- ...-... ...-..-~ - ....--.~-.-. - -_ _. ___ -- - ----- -
_ ___.. _____ __ 
-~ ..._.._.._. 
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12 x 12-bit Multiplier-Accumulator LMA 1009/2009 
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::q<:>:t4M:~ffl9:'A~i"oi?~'-~*'N~:'a~~~~::t0,:e9:t9·:·if.tQ.f q1::·N,~,~~::~~:::1a·r.@Y::-:.t>>:<<>>:;::::::::'"'' ·.·.·.·.·.·.· · · 

Symbol 

tMC 

to 

tENA 

tDIS 

tH 

tHP 

ts 

tSP 

tPW 

Symbol 

tMC 

to 

tENA 

tDIS 

tH 

tHP 

ts 

tsp 

tPW 

Parameter 

Multiply Time (Clocked) 

Output Delay 

Output Enable Time (Note 11) 

Output Disable Time (Note 11) 

Input Register Hold Time 

Preload Hold Time 

Input Register Setup Time 

Preload Setup Time 

Clock Pulse Width 

Parameter 

Multiply Time (Clocked) 

Output Delay 

Output Enable Time (Note 11) 

Output Disable Time (Note 11) 

Input Register Hold Time 

Preload Hold Time 

Input Register Setup Time 

Preload Setup Time 

Clock Pulse Width 

INPUTS 
A,B 

CLKA 
CLKB 

CLKR 

75 
Min 

2 

2 

15 

15 

15 

95 
Min 

2 

2 

20 

20 

20 

LMA 1009/2009-

55 45 
Max Min Max Min Max 

75 55 45 

30 25 25 

30 30 25 

25 25 25 

2 2 

2 2 

15 12 

15 12 

15 15 

LMA 1009/2009· 

65 55 
Max Min Max Min Max 

95 65 55 

35 30 25 

35 35 30 

30 30 30 

2 2 

2 2 

20 15 

20 15 

20 15 

OATAOUT --------------t--------~1,,...-------------.1~-----~--_:--__ tH_P __ ...,.,1. ______ ___ 
PRELOAD DATA 

PREL,OEX 
OEM,OEL 

rn: 

OUT 

to1s:3 ~ENA~r----------------------R OUTPUTS -----------------------.,11>·· ___ H1G_H_1M_PE_DA_N_c_E ---------

-----------------------'! !'---------------------- ...-.. ....-..- ......... - ......._ ____ ~ - - ------ -- ------ ---.....--------- ---=0E=v=1c=ES=,N=c=o=RP=o=RA=T=Eo==================================================Logic Products 
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12 x 12-bit Multiplier-Accumulator 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chip from dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be. clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N =total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN I 
tDIS test) and input levels of nominally 
Oto 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 p F capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/tum-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

LMA 1009/2009 

·· 1 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUT) as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 m V 
from steady-state voltage with speci
fied loading. 

s =-=;;.~= = 
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12 x 12-bit Multiplier-Accumulator 

95 ns 
65 ns 
55 ns 

64-pin 

- ...-.. ........ -..-.... - ....._. ___ ___ 
- - -~--- -- - ------ -------

A4 
A3 
A2 
A1 
Ao 

ACC 
SUB 
RND 
OEL 

Ro 
R1 
R2 
R3 
R4 
R5 

GND 
R6 
R7 
RB 
R9 

R10 
R11 

CLKR 
PREL 

OEM 
R12 
R13 
R14 
R15 
R16 
R17 
R1a 

1 
2 
3 

6 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

64 A5 
63 A6 
62 A7 
61 AB 
60 A9 

59 A10 
58 A11 
57 CLKA 

56 CLK B 

55 Bo 
54 B1 

53 B2 
52 B3 
51 84 

50 85 

49 Vee 
48 86 
47 87 
46 Ba 
45 89 
44 810 

43 811 

42 TC 
41 OEX 

40 R26 

39 R25 

38 R24 

37 R23 

36 R22 

35 R21 

34 R20 

33 R19 

LMA 1009DMB95 
65 
55 

68-pln 

2 

A 
, ... 
\,.) 

NC 
B 

, ... 
\..,,) 0 
Ro OEL 

c , ... 
\..,) 

, ... 
\..,) 

R2 R1 

D 
, ... 
\..,) 

, ... 
\..,) 

R4 R3 

E 
, ... 
\....,.1 

, ... 
\....,.1 

GND Rs 

F 
, ... 
\....,.1 

, ... 
\....,.1 

R7 Rs 

G 
, ... 
\....,.1 

, ... 
\..,) 

R9 Rs 

H 
, ... 
\....,.1 

, ... 
\....,.1 

R11 R10 , ... 
\....,.1 

, ... 
\....,.1 

PREL CLK R 
K 

, ... 
\....,.1 0 
NC OEM 

0 
R12 

3 4 5 6 7 8 9 

() () t) ,-) 

"- 0 0 0 
RND ACC A1 A3 AS A7 A9 

0 0 () () () 0 () 
SUB Ao A2 A4 A& As A10 

(\_ 
~-------------------, 

Top View 
Through Package 

(i.e., Component Side Pinout) 

L-------------------

0 
R13 
,-} 

"-R14 

0 0 ,-) 
....... () 

R15 R17 R19 R21 

0 0 ,-} 
" ... 0 

R16 R1s R20 R22 

LMA1009GMB95 
65 
55 

C> 
R23 

0 
R24 

,-) ....... 
R25 

0 
R26 

LMA1009 

10 11 

() 
A11 , ... ,_. , ... 

\,_) 
CLKA NC , ... 
\-1 

, ... 
\..,) 

Bo CLKB , ... 
1..,) 

, ... 
\ ... } 

82 81 , ... 
1....,.1 

, ... 
\....,.1 

84 83 , ... 
1_1 

, ... 
\..,,) 

Vee 85 , ... 
\.,,) 

, ... 
\..,) 

87 86 , .... , ... 
\-1 \....,.1 
Bg 88 , ... 

1....,.1 
, ... 
\....,.1 

811 810 , ... ,_. , ... 
\..,) 

OEX TC 

0 
NC 
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12 x 12-bit Multiplier-Accumulator 

68-pin 

OEX 

R23 
R22 

CD 

0 ~ ~ m oo ~ m 8 0 8 ~ ~ M N ~ o ~ 
~CDCDCDCDCDCD>Z>CDCDCDCDCDCDO 

Top 
View 

CLKA 

A11 

AB 
A7 
A6 
A5 

A3 
A2 

46 SUB 
R12 25 45 RND 

OEM 
26 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
44 

OEL 

Speed 
Plastic J-Lead 

Chip Carrier (J2) 
Ceramic Leadless 
Chip Carrier (K3) 

LMA2009JC75 LMA2009KC75 

95ns 
65ns 
55ns 

- ...-... ....... _....-.. - ......._. ---. -....._. - ------ -- - ----- -------

55 55 
45 45 

LMA2009KM95 
• • 65 

55 

LMA2009KM E95 
65 
55 

LMA2009KMB95 
65 
55 

LMA2009 

-~...._...-~ 
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16 x 16-bit Multiplier-Accumulator LMA 1010/2010 

0 45 ns Worst-Case Multiply
Accumulate Time 

0 Low Power CMOS Technology 

0 Replaces TRW TOC1010 and AMD 
Am29510 

0 Two's Complement, Unsigned, or 
Mixed Operands 

0 Accumulator Performs Load, 
Accumulate, Subtract 

0 Three-State Outputs 
0 Available Screened to MIL-STD-

883, Class B 

0 Package Styles Available: 
• 64-pin Plastic DIP 
• 64-pin Sidebraze, HermeticDIP 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Pin Grid Array 
• 68-pin Ceramic LCC (Type C) 

CLK B 

AND, TC 

ACC,SUB 

~.m 
~ 

PREL 
CLK R 

- ~ ........ _...-... - .-.....-----. - - -~--- -- - --- ... -- -
_ ___.. ____ __ 

ACC,CLK 

LE OE 

The LMA1010 and LMA2010 are 
high speed, low power multiplier
accumulators (MACs). They are 
pin-for-pin equivalent to the TRW 
TOC1010 and the AMD AM29510 
bipolar multiplier accumulators. The 
LMA1010 and LMA2010 are function
ally identical; they differ only in pack
aging. Full military ambient tempera
ture range operation is achieved with 
advanced CMOS technology. 

The LMA 1010 produces the 32-bit 
product of two 16-bit numbers. The 
results of a series of multiplications 
may be accumulated to form the sum 
of products. Accumulation is per
formed to 35-bit precision with the 
multiplier product sign extended as 
appropriate. 

R34-R32 R31-R1& 

Data present at the A and B inputs is 
loaded into the input registers on the 
rising edges of CLK A and CLK B re
spectively. RND, TC, ACC, and SUB 
controls are loaded on the rising edge 
of the logical OR of CLK A and 
CLK B. The TC control specifies the 
input as two's complement (TC high) 
or unsigned magnitude (TC low). 
RND, when high, adds '1' to the most 
significant bit position of the least 
significant half of the product. Subse
quent truncation of the 16 least signifi
cant bits produces a result correctly 
rounded to 16-bit precision. 

The ACC and SUB inputs control 
accumulator operation. Assertion 
of ACC results in addition of the 
multiplier result and the accumulator 
contents, with the result stored in the 
accumulator register at the rising edge 
of CLK R. ACC and SUB high results 
in subtraction of the accumulator 
contents from the multiplier product, 
with the result again stored in the 
accumulator. With ACC low, no 
accumulation occurs and the next 
product is loaded directly into the 
output register. 

The LMA1010 output (accumulator) 
register is divided into three inde
pendently controlled sections. The 
least significant result (LSR) and most 
significant result (MSR) registers are 
16 bits in length. The extended result 
register (XTR) is 3 bits long. The LSR 
output pins are multiplexed with the 
B input pins. 

Each output register has an independ
ent output enable control. In addition 
to providing three-state control of the 
output buffers, when OEX, OEM, or 
OEL are high and PREL is high, data 
can be preloaded via the bidirectional 
output pins into the respective output 
registers. Data present on the output 
pins is loaded in on the rising edge of 
CLK R. The interrelation of PREL and 
enable controls is summarized in the 
preload truth table. 

-~ ..._..._..._.,. 
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16 x 16-bit Multiplier-Accumulator LMA 1010/2010 

'.J?a:ltoicMta-Uft:Mtie'tiY+:rn:>::::::>>:::::::/:' 
·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.··· 

PREL OEX OEM OEL XTR MSR LSR AIN BIN 

L L L L OUT OUT OUT 
Fractional Two's Complement (TC = 1) 

L L L H OUT OUT z I 1s 14 13 ~ 2 1 o I I 1s 14 13 ~ 2 0 
L L H L OUT z OUT -20 2-1 2-2 2-13 2-14 2-15 -20 2-1 2-2 
L L H H OUT z z (Sign) (Sign) 
L H L L z OUT OUT 

L H L H z OUT z Unsigned Fractional (TC = 0) 
L H H L z z OUT I 1s 13~ 2 o I I 1s L H H H z z z 14 1 14 13 ~ 
H L L L z z z 2-1 2-2 2-3 2-14 2-152-1& 2-1 2-2 2-3 

H L L H z z PREL 

H L H L z PREL z 
Integer Two's Complement (TC = 1) 

H L H H z PREL PREL 

H H L L PREL z z l 15 14 13~ 2 o I I 1s 14 13 ~ 
H H L H PREL z PREL -215 214 213 22 21 20 -215 214 213 
H H H L PREL PREL z (Sign) (Sign) 
H H H H PREL PREL PREL 

Unsigned Integer (TC = 0) 
OUT = Register available on output pins I 1s 13~ o I I 1s 14 13 ~ Z = High impedance state 14 2 1 
PREL = Data can be preloaded to appropriate 215 214 213 22 21 20 215 214 213 
register 

XTR MSR LSR 

--------Fractional Two's Complement--------

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

134 33 32 I 
-24 23 22 
(Sign) 

131 30 29 ~ 10 11 16 I I 1 s 14 13 ~ 2 1 o 

---------- Unsigned Fractlonal----------

134 33 32 I 131 30 29 ~ 10 11 16 I I 1 s 14 13 ~ 2 0 
22 21 20 

Integer Two's Complement 

134 33 321 I 31 30 29 ~ 10 11 16 I I 1s 14 13~ 2 0 
-234 233 232 231 230 229 21e 211 21e 215 214 213 22 21 20 
(Sign) 

Unsigned Integer 

134 33 321 I 31 30 29 ~ 10 11 16 I I 1s 14 13~ 2 0 
234 233 232 231 230 229 21a 211 21& 215 214 213 22 21 20 

2-13 2-14 2-15 

2 0 

2-14 2-152-1& 

2 0 

22 21 20 

2 0 
22 21 20 

_..._... ...._._ ..._.... 
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16 x 16-bit Multiplier-Accumulator LMA 1010/2010 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

Supply Voltage 
4.75 Vs Vee s 5.25 V 

4.50 V s Vee s 5.50 V 

i ~?i:LL. ~-; s;;;;r=:r211c;:r:rc c:0:;:T' - <·)~ co:c:~::c:::'.:~ :::::: ~ 
'::Li 

2 ~ 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage IOH =-2.0 mA 3.5 v 

VOL Output Low Voltage IOL= 8.0 mA 0.5 v 

VIH Input High Voltage 2.0 Vee v 

VIL Input Low Voltage (Note 3) 0.0 0.8 v 

llX Input Current Ground s VIN s Vee ±20 µA 

loz Output Leakage Current Grounds Vour s Vee ±20 µA 

los Output Short Current VouT = Ground, Vee = Max (Notes 4, 8) -250 mA 

lee1 Vee Current, Dynamic (Notes 5, 6) 12 25 mA 

lee2 Vee Current, Quiescent (Note 7) 1.0 mA 

- ..-.... ....-... _,..... - ~----- ------ -- - ------ --------~ ----- ...._... 
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16 x 16-bit Multiplier-Accumulator LMA 1010/2010 
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Symbol 

tMC 

to 

tENA 

tDIS 

tH 

tHP 

ts 

tSP 

tPW 

Symbol 

tMC 

to 

tENA 

tDIS 

tH 

tHP 

ts 

ISP 

tPW 

Parameter 

Multiply Time (Clocked) 

Output Delay 

Output Enable Time (Note 11) 

Output Disable Time (Note 11) 

Input Register Hold Time 

Preload Hold Time 

Input Register Setup Time 

Preload Setup Time 

Clock Pulse Width 

Parameter 

Multiply Time (Clocked) 

Output Delay 

Output Enable Time (Note 11) 

Output Disable Time (Note 11) 

Input Register Hold Time 

Preload Hold Time 

Input Register Setup Time 

Preload Setup Time 

Clock Pulse Width 

INPUTS 
A,B 

CLKA 
CLKB 

CLKR 

65 
Min 

0 

0 

15 

15 

15 

75 
Min 

0 

0 

20 

20 

20 

LMA 1010/201 O· 

55 45 
Max Min Max Min Max 

65 55 45 

30 25 25 

30 30 30 

30 25 25 

0 0 

0 0 

15 12 

15 12 

15 15 

LMA 1010/2010-

65 55 
Max Min Max Min Max 

75 65 55 

35 30 30 

35 30 30 

35 25 25 

0 0 

0 0 

15 12 

15 12 

15 15 

OATAOUT ---------------1--------~l.r-------------~1,------~.,t-_-_-__ tH~P---.1---------
PRELOAO OATA --------------1---------'''-----o~u~T------~'-----....::.;;.._ ____ -'T'--------

PREL, OEX OEM,OEL ------------_..,. ________________________ _,, 

rn: 
t DIS::) t ENA~;----------------------R OUTPUTS ---------------------ii>o~ ___ H1G_H_1M_P_EDA_N_c_e ________ ---t1 

----------------------" ~----------------------

LO~i~ 
=DE=V=IC=ES=IN=CO=R=PO=RA==TE=D================================================LogicProducts 

5-66 LDS.1012010-A 



16 x 16-bit Multiplier-Accumulator 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chipfrom dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ~ ....-..-~ - ------ - ------ -- - ----- -

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N =total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Testedwithallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN I 
trns test) and input levels of nominally 
O to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/tum-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

LMA 1010/2010 

.· .. ·.····•<·•·················•<•········ ... •············•! 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUU as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 mV 
from steady-state voltage with speci
fied loading. 

~-~~---~~=~~=====================================================Logic Products 
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16 x 16-bit Multiplier-Accumulator 

l..MA1olo ORDERING· 1NFORMATION ? 

64-pin 64 A7 68-pin 

75ns 
65 ns 
55 ns 

- ~ ....-...-..-... - ~-------- ------ -- ------ --~-------

A2 
A1 
Ao 

Ro,Bo 
R1,B1 
R2,B2 
R3,B3 
R4,B4 
R5,B5 
R6,B6 
R7,B7 
GND 

RB,BB 
R9,B9 

R10,B10 
R11,B11 
R12,B12 
R13,B13 
R14,B14 
R15,B15 

R16 
R17 
R18 
R19 
R20 
R21 
R22 
R23 

7 
8 
9 

12 
13 
14 
15 
16 
17 
18 
19 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

63 AB 
62 A9 
61 A10 
60 A11 
59 A12 
58 A13 
57 A14 
56 A15 
55 OEL 
54 RND 
53 SUB 
52 ACC 
51 CLKA 
50 CLK B 
49 Vee 
48 TC 
47 OEX 
46 PREL 
45 OEM 

CLK R 
R34 
R33 
R32 
R31 

39 R3o 
R29 

37 R2a 

R24 

LMA1010DM75 
65 
55 

LMA1010DMB75 
65 
55 

A 

B 

c 

D 

E 

F 

G 

H 

K 

L 

2 3 4 5 6 7 8 9 
, .... 
1 ... ) () () 0 0 0 0 0 
NC R,Bo A1 A3 As A7 Ag A11 , ... , __ , , .. ,_, 0 () 0 0 () Cl 0 

R,82 R,81 Ao A2 A4 A6 AB A10 A12 , .... 0 , __ , 
!..\, 

R,84 R,83 't-------------------1 , ... , .... , __ , ' ... ) 
R,Be R,Bs , ... , .... 

\_,I ' ... ) 
GND R,87 Top View , ... 
\_,I 

, ... ' .. ) Through Package 
R,89 A.Be Q.e., Component Side Pinout) , ... , ... 

\_,I ' .. ) 
R,811 R,810 , ... 

\_,I 
, .... ,_, 

R,813 R,812 , ... , .... --------------------\_,I ' ... ) 
R,815 1)814 
C) ,_:, () () 0 0 0 0 0 
NC R16 R1e 

0 0 
R11 R1s 

R20 R22 R24 R26 

0 0 0 0 
R21 R23. R2s R21 

LMA 101 OGM75 
65 
55 

LMA1010GMB75 
65 
55 

R2e R30 

0 0 
R2s Rs1 

LMA1010 

10 11 

0 
A13 , .. ,_. , ... , __ , 
A14 NC , .... , __ , , ... ,_, 

OEL A15 , .... 
\_,I () 

SUB RND , .... , __ , 
1_,1 

CLKA ACC , .... , __ , 0 
Vee CLK B , .... 
,_1 0 

OEX TC , .... 
\_,I 

, ... 
' ... ) 

OEM PREL , .... 
1_,1 

, ... 
' ... ) 

R34 CLK R 

C• , ... 
\_..I 

R32 R33 

() 
NC 

-- -- -
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16 x 16-bit Multiplier-Accumulator 

68-pln 

CLK B 

PREL 
OEM 

<VMN..-o CD~CD~ 
<<<<<<~<~~~<~<<~~ 

R2,B2 
R3,B3 

58 R4,B4 

Top 
View 

Rs,Bs 
R6,86 

R10,B10 

CLK R 45 

R34 26 44 R1s 
nmm~~~~M~~~~~~~~~ 

Plastic J-Lead Ceramic Leadless 
Speed Chip Carrier (J2) Chip Carrier (K3) 

LMA201 OJC65 LMA201 OKC65 
• • 55 • 55 

75ns 
65ns 
55ns 

- ~ ~-...-... - .-..-~---- - ------ -- ------- ------

45 45 

LMA201 OKM75 
65 
55 

LMA201 OKME75 
65 
55 

LMA201 OKMB75 
65 
55 

LMA2010 

- ...._... ....__._-.mp' 

=oE=v=,c=Es=,N=co==RP=o=RA=T=Eo================================================== Logic Products 
5-69 LDS.1012010-A 



- ...-... ...-.. -...-r.. - ...--.~-~ - - -~--- -- ------ ----------- ----
DEVICES INCORPORATED 



12-bit Cascadable Multiplier-Accumulator LMS 12 

0 12 x 12-bit Multiplier with Pipe
lined 26-bit Output Summer 

0 Summer has 26-bit Input Port Fully 
Independent from Multiplier 
Inputs 

0 Cascadable to Form Video Rate FIR 
Filter with 3-bit Headroom 

0 A, B, and C Input Registers Sepa
rately Enabled for Maximum 
Flexibility 

0 25 MHz Data Rate for FIR Filtering 
Applications 

0 High Speed, Low Power CMOS 
Technology 

0 Package Styles Available: 
• 84-pin Plastic LCC J-Lead 
• 84-pin Grid Array 

Att-Ao 

C2s-Co 

- ...-... ...-.. -...-.... - ...... .-.-~ - ------- -- ------ --~-------_..._...~-~ 

The LMS12 is a high speed 12 x 12-bit 
combinatorial multiplier integrated 
with a 26-bit adder in a single 84-pin 
package. It is an ideal building block 
for the implementation of very high 
speed FIR filters for video, RADAR, 
and other similar applications. The 
LMS12 implements the general form 
(A• B) + C. As a result, it is also useful 
in implementing polynomial approxi
mations to transcendental functions. 

Architecture 

A block diagram of the LMS12 is 
shown below. Its major features are 
discussed individually in the follow
ing paragraphs. 

Multiplier 

The Au-Ao and Bu-Bo inputs to the 
LMS12 are captured at the rising edge 

811-B o 

12 

S2s-So 

of the clock in the 12-bit A and B input 
register, respectively. These registers 
are independently enabled by the 
ENA and ENB inputs. The registered 
input data are then applied to a 
12 x 12-bit multiplier array, which 
produces a 24-bit result. Both the 
inputs and outputs of the multiplier 
are in 2's complement format. The 
multiplication result forms the input 
to the 24-bit product register. 

Summer 

The C2s-Co inputs to the LMS12 form 
a 26-bit 2's complement number 
which is captured in the C register at 
the rising edge of the clock. The C 
register is enabled by assertion of the 
ENC input. The summer is a 26-bit 
adder which operates on the C 
register data and the (sign extended) 
contents of the product register to pro
duce a 26-bit sum. This sum is 
applied to the 26-bit S register. 

Output Multiplexer 

The FTS input controls a multiplexer 
which selects the data to be output on 
the S2s-So lines. When FTS is as
serted, the summer result is applied 
directly to the S output port. When 
FTS is deasserted, the multiplexer 
selects the S register for output on the 
S port, effecting a one-cycle delay of 
the summer result. The S output port 
can be forced to a high impedance 
state by driving the OE control line 
high. FTS would be asserted for con
ventional FIR filter applications, how
ever the insertion of zero-coefficient 
filter taps may be accomplished by ne
gating FTS. Negating FTS also allows 
application of the same filter transfer 
function to two interleaved datas
treams with successive input and 
output sample points occurring on 
alternate clock cycles. 

==0E==v=1c=Es=1=Nc=o=RP=o=RA=T=Eo========================= Logic Products 
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12-bit Cascadable Multiplier-Summer LMS12 

x(n) ----r------..------,.-----,....------, 

h4 

Applications 

The LMS12 is designed specifically for 
high speed FIR filtering applications 
requiring a throughput rate of one 
output sample per clock period. By 
cascading LMS12 units, the transpose 
form of the FIR transfer function is 
implemented directly, with each of 
the LMS12 units supplying one of the 
filter weights, and the cascaded 
summers accumulating the results. 
The signal flow graph for a 5-tap FIR 
filter and the equivalent implementa
tion using LMS12's is shown in Fig. 1. 

- ~ ....... -....-.. - .-.....---.-....... - - _.., ___ -- ------ -_..._...._,_ _ _. -----

h3 h2 h1 

The operation of the 5-tap FIR filter 
implementation of Fig. 1 is depicted in 
Table 1. The filter weights h4-ho are 
assumed to be latched in the B input 
registers of the LMS12 units. The x(n) 
data is applied in parallel to the A 
input registers of all devices. For 
descriptive purposes in the table, the 
A-register contents and Sum output 
data of each device is labelled accord
ing to the index of the weight applied 
by that device; i.e., So is produced by 
the rightmost device, which has ho as 

hO 

y(n) 

y(n) 

its filter weight and Ao as its input 
register contents. Each column 
represents one clock cycle, with the 
data passing a particular point in the 
system illustrated across each row. 

=DE=V=ICE=S=IN=CO=R=P=ORA==TE=D================================================LogicProducts 
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12-bit Cascadable Multiplier-Summer LMS12 

]"~-~~ 1.: :-r1M.tN~ ~~*ij~4~ '9~ $2,i"'A~ N9t-IP:~¢1M..\r1N~ FIR ~1¢¥~~- : : > : >> 

CLKCycle 1 2 3 4 5 6 7 8 9 

X(n) Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+5 Xn+s Xn+7 Xn+B 

A4 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+5 Xn+s Xn+7 

Sum 4 h4Xn h4Xn+1 h4Xn+2 h4Xn+3 h4Xn+4 h4Xn+5 h4Xn+6 

A3 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+s Xn+s Xn+7 

Sum3 h3Xn h3Xn+1 h3Xn+2 h3Xn+3 h3Xn+4 h3Xn+5 h3Xn+6 

+ h4Xn-1 + h4Xn + h4Xn+1 + h4Xn+2 + h4Xn+3 + h4Xn+4 + h4Xn+s 

A2 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+s Xn+s Xn+7 

Sum 2 h2Xn h2Xn+1 h2Xn+2 h2Xn+3 h2Xn+4 h2Xn+5 h2Xn+6 
+ h3Xn-1 + h3Xn + h3Xn+1 + h3Xn+2 + h3Xn+3 + h3Xn+4 + h3Xn+5 
+ h4Xn-2 + h4Xn-1 + h4Xn + h4Xn+1 + h4Xn+2 + h4Xn+3 + h4Xn+4 

A1 Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+s Xn+s Xn+7 

Sum 1 h1Xn h1Xn+1 h1Xn+2 h1Xn+3 h1Xn+4 h1Xn+5 h1Xn+6 

+ h2Xn-1 + h2Xn + h2Xn+1 + h2Xn+2 + h2Xn+3 + h2Xn+4 + h2Xn+5 

+ h3Xn-2 + h3Xn-1 + h3Xn + h3Xn+1 + h3Xn+2 + h3Xn+3 + h3Xn+4 

+ h4Xn-3 + h4Xn-2 + h4Xn-1 + h4Xn + h4Xn+1 + h4Xn+2 + h4Xn+3 

Ao Register Xn Xn+1 Xn+2 Xn+3 Xn+4 Xn+s Xn+6 Xn+7 

Sum 0 hoXn hoXn+1 hoXn+2 hoXn+3 hoXn+4 hoXn+5 hoXn+6 
+ h1Xn-1 + h1Xn + h1Xn+1 + h1Xn+2 + h1Xn+3 + h1Xn+4 + h1Xn+s 
+ h2Xn-2 + h2Xn-1 + h2Xn + h2Xn+1 + h2Xn+2 + h2Xn+3 + h2Xn+4 
+ h3Xn-3 + h3Xn-2 + h3Xn-1 + h3Xn + h3Xn+1 + h3Xn+2 + h3Xn+3 
+ h4Xn-4 + h4Xn-3 + h4Xn-2 + h4Xn-1 + h4Xn + h4Xn+1 + h4Xn+2 

- ~ ...-..-....-... - ------ -_ ... ___ -- ------ ------_..._.,.. ...___ .__... 
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12-bit Cascadable Multiplier-Summer LMS12 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

Supply Voltage 

4.75 Vs; Vee s; 5.25 V 

4.50 V s; Vee s; 5.50 V 

.

••.·_:.e:· .. ·.·.•.·.·.··'··.:.:•_."''.·.'.e.:::····.: .. ~.:.: .. :····.:····.::_·.·.:_.R_:_·.· .• :·.·.:.i.·_:.c.·.:····.·.···· .. :·:~.:.·.·.:.:•.~.·.· .. :::_.:•.· ... •.~.·.·.·.·.•.·.·.·· .. ~.:.:·· .. · .. ···.A:.:_·_:··:··::··_n_··.·.· .. :_:·:··.··:···· .. :•.:_,,.,_:_:.··.•_:;..._·_:_:.·_: .. :_:_:e_·_:·:·:·:··_:R· .. ···.:····.:_·,·.: .. :s:_·.·.:····.T:_:·.·.:····.:.·.·,:.:c·.:.·:.:.··.· .• :c.,_·_:.:·:·::_·_:.::::.•.·.: .. ""··.:·:······.: .. :_~.-·:•,,:_·.·_; ... _:·· .. :·:··.: ..... ·.::_::.·_ .• ~:-::····.···.··::;~_: .. :·· ... "'.·.·::···::·· ... :·:::,,.·•.:.•.:.~.:.:_,;·::"·::_·_.:i_n:•.:•.:.•.·.·.•n:.·_:.:.• .. ··· .. · ... P·_:···· ... ::_·_i:_.•_.::_·_:.·:;.i:··.:_:_·_.··,·.·.·,·.:··"°··;····.·::··.:·:··.n .• "'.·.:.::_··.·s:_·_.::··.:·:':···:::··.···.::· "': · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · • · · • · • · · • • · • · • • · • • • '99: ~:~: ~~ V.n. ~~~:n• ~ Y: .. ·1;n· v~':i':~-~~11·•o: ~! f}Uj ::;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:::;:;:;:;:;:::;:;:;:;:;:;:::;:;:;:;:;:;:;:;:;::;::;:;:::/;:::;::::::;:;:};:\}~{:}~'.}'.{;}~{{:}~{;}:;::;:;:::::>:<:>>>····· · 

Symbol Parameter Test Condition Min Typ Max Unit 

VOH Output High Voltage IOH =-2.0 mA 3.5 v 

VOL Output Low Voltage IOL= 4.0 mA 0.5 v 

VIH Input High Voltage 2.0 Vee v 

VIL Input Low Voltage (Note 3) 0.0 0.8 v 

llX Input Current Ground s; VIN s; Vee ±20 µA 

loz Output Leakage Current Ground s; Vour s; Vee ±20 µA 

los Output Short Current VouT = Ground, Vee = Max (Notes 4, 8) -250 mA 

lee1 Vee Current, Dynamic (Notes 5, 6) 15 25 mA 

lee2 Vee Current, Quiescent (Note 7) 1.0 mA 

-...-..~-..-.. -~---~ - -_ _, ___ -- - ----- -
_ ....... __ __ - ....... ...__~ 
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12-bit Cascadable Multiplier-Summer LMS12 
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Symbol Parameter 

tCP Clock Period 

to Clock to S-FT = 1 
Clock to S-FT = O 

tsc C Data Setup Time 

tSAB A, B Data Setup Time 
tSEN ENA, ENB, ENC Setup Time 
tHC C Data Hold Time 

tHAB A, B Data Hold Time 
tHEN ENA, ENB, ENC Hold Time 
tPW Clock Pulse Width 
tENA Output Enable Time (Note 11) 

tDIS Output Disable Time (Note 11) 

Symbol Parameter 

tCP Clock Period 
to Clock to S-FT = 1 

Clock to S-FT = 0 
tsc C Data Setup Time 
tSAB A, B Data Setup Time 

tSEN ENA, ENB, ENC Setup Time 
tHC C Data Hold Time 
tHAB A, B Data Hold Time 
tHEN ENA, ENS, ENC Hold Time 

tPW Clock Pulse Width 
tENA Output Enable Time (Note 11) 
tots Output Disable Time (Note 11) 

INPUTS 
A,8,C JI( 

ENA 
ENB,ENC 

tSAB, tsc 

JI( 
ts..,.-

CLOCK 

S OUTPUTS 

65 
Min Max 
40 

50 
25 

15 

15 
15 
5 

5 

5 
15 

25 
22 

65 
Min Max 
40 

50 
25 

15 
15 

15 
5 
5 

5 

15 

25 

22 

x 
tSAe, tsc 

JI( 
tHEN 

f 
tPW 

LMS12-
50 40 

Min Max Min Max 
35 30 

40 35 
25 25 

10 7 
12 12 

12 12 

5 5 
5 5 

5 5 
15 12 

25 25 
22 22 

LMS12· 
50 

Min Max Min Max 
35 

40 
25 

12 
12 

12 
5 
5 
5 

15 

25 

22 

~ 
tPW 

.} 
I 

* J to l 

ROUTPUTS 
_______ c __ t_oi_s=j--.1 OIGHIMPED•NC;E i=.""=ii.------------

- ....... ~-~ - ..-...-.-.--- ------ -- ------- -_ ......... _,_, _ _. 
-~ .._.._..._... 
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12-bit Cascadable Multiplier-Summer 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chipfrom dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ...... ~-...-... - ....--..--.-= = ==-== = 

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N = total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested with all inputs within0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIS test) and input levels of nominally 
O to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast tum-on/tum-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

LMS12 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(Dun as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured· ±200 m V 
from steady-state voltage with speci
fied loading. 
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12-bit Cascadable Multiplier-Summer 

Speed 

ORDERING INFORMATION 

84-pin 

B2 
B3 
B4 14 

CLK 
BS 
BB 
B7 18 
Ba 
B9 

B10 

825 24 
824 
823 
822 
821 
820 
6E 30 

FT8 
Vee 

Plastic J-Lead 
Chip Carrier (J3) 

o~c to .... 10°c<...;.. COMMERCIAL SCREENING 

LMS12JC65 
• 50 
• 40 

C12 
C13 
C14 
C1s 
C1s 

61 Cl? 
C1a 
Cl9 
C20 
C21 
C22 

55 C23 
C24 

;.,-ss°C•t<>••+1.25°C ••;;;;....• CC>MMERc11\L•ScREEN1Nci 

65 ns 
50 ns 

.... 55°c•to +12s~e··········· EXTENDEO>SCREENING 

- ....-... ..-...-~ - ~.-.----. - - ----- -- ------- -------

84-pin 

A 0•() 
B1 ENA 

B 
,,. ... 
\,.) 

,,. .. 
\,.) 

B4 B2 
c ,,. ... 

\ ... ) 
,,. .... 
\.,,) 

CLK B3 
D 

,,. ... 
\ ... ) 

,,. .... 
\.,,) 

B6 BS 

E 
,,. ..... 
\.,,) 

,,. .. 
\.,,) 

B9 Ba 

F 
, .... 
\ ... ) 

, .... 
\ ... ) 

ENB B7 

G 
,,. .... 
l...-1 

,,. .... 
\.-I 

S2S S24 

H 
,,. ... 
\.._) 

,,. .... 
\.,,) 

S22 S21 , .. 
\--' 

, .. 
\.-I 

S20 FTS 
K 

, .. 
\...-' 

, ..... 
\.-I 

5E S19 

L 0 () 
vee S17 

3 4 5 6 7 

,-) 

"-A11 

() 
Bo 

,,. ... 
\.,,) 
B10 ,,. ... 
\,.) 
B11 ,,. ... 
\.-I 

S23 

0 
S1a 

() 
S16 

() () 0 0 () 
A9 A6 AB A2 ENC 
,-) () 0 0 0 "-A10 A7 A3 A1 co 

0 0 0 
AS A4 AO 

Top View 
Through Package 

(i.e., Component Side Pinout) 

() 
S1s 
() 
S14 

0 0 0 
S10 S9 SS 

() 0 0 
S12 S13 S6 

0 0 ,-) ... _ 
S11 Sa S7 

Pin Grid Array 
(G3) 

LMS12GC65 
• 50 
• 40 

0 
S3 
,-) ,_ 
S4 

LMS12GM65 
• 50 

LMS12GMB65 
50 

LMS12 

9 10 11 

() 0 0 
C1 C2 GND 

() ,,. .. 
\,.) 

,,. .. 
\,.) 

C3 C4 C6 ,,. ... 
\.,,) 

,,. ... 
\ ... ) 

Cs C7 ,,. ... 
\,.) 

,,. .... 
\,.) 

Ca Cg ,,. .. 
\.,,) 

,,. ... 
\.-I 

, ..... 
\,.) 

C13 C11 C12 ,,. ..... 
\.,,) 

,,. ... 
\.,,) 

, .... 
\.-I 

C14 C1s C10 ,,. .... 
\.-I 

, ... \ __ , ,,. ..... 
\,.) 

C18 C17 C16 , ... , .... 
\--' \,.) 
C20 C19 ,,. ... 
\.-I 

, .. 
\.-I 

C23 C21 

0 
, .... 
l...-1 

, .. 
\.,,) 

So C24 C22 

0 0 ( ... , 
C2s S2 S1 

-~....._.-..._.... 
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4 x 8-bit Multilevel Pipeline Register L29C520/521 

0 Four 8-bit Registers 

0 Implements Double 2-Stage Pipe
line or Single 4-Stage Pipeline 
Register 

0 Hold, Shift, Load Instructions 

The Logic Devices L29C520 and 
L29C521 are pin-for-pin compatible 
with the Advanced Micro Devices 
AM29520 and AM29521, implemented 
in low power CMOS. 

The L29C520 and L29C521 contain 
0 Separate Data In and Data Out Pins four registers which can be configured 

as two independent, 2-level pipelines 
0 High Speed, Low Power CMOS or as one 4-level pipeline. 

Technology 

0 Three-State Outputs 

0Available100% Screened to MIL
STD-883, Oass B 

0 Plug Compatible with AMD 
AM29520 and AM29521 

0 Package Styles Available: 
• 24-pin Plastic DIP 
• 24-pin CerDIP 
• 24-pin Sidebraze, Hermetic DIP 
• 24-pin Ceramic Flatpack 
• 28-pin Plastic LCC, J-Lead 
• 28-pin Ceramic LCC (Type C) 

D1-Do _..____,.,. REG. 1 
8 

11,lo ____. 

6LOCK___. 

-~..-...-...-.. - ....--..-.-.-- - ------ -- - ----- -_....__.. ------.-. 

The Instruction pins, Io and 11, control 
the loading of the registers. For either 
device, the registers may be config
ured as a four-stage delay line, with 
data loaded into Rl and shifted 
sequentially through R2, R3, and R4. 
Also, for the L29C520, data may be 
loaded from the inputs into either Ri 
or R3 with only R2 or R4 shifting. The 
L29C521 devices differ from the 
L29C520 in that R2 and R4 remain 
unchanged during this type of data 
load, as shown in Tables 1 and 2 
Finally, Io and h may be set to prevent 
any register from changing. 

The SO and S1 select lines control a 
4 to 1 multiplexer which routes the 
contents of any of the registers to the 
Y output pins. The independence of 

REG. 2 REG. 3 

the I and S controls allows simultane
ous write and read operations on 
different registers. 

11 lo 

L L 

L H 

H L 

H H 

1:::::":: ::.::::~::: 

11 lo 

L L 

L H 

H L 

H H 

S1 

L 

L 

H 

H 

REG.4 

L29C520 Instruction 

D-R1 R1-R2 R2-R3R3-R4 

HOLD HOLD D-R3 R3-R4 

D-R1 R1-R2 HOLD HOLD 

ALL REGISTERS ON HOLD 

:::::::::::: ~ 2 
::::::::::::::;::: :;:::; :;:::::::: 

L29C521 Instruction 

D-R1 R1-R2 R2-R3 R3-R4 

HOLD HOLD D-R3 HOLD 

D-R1 HOLD HOLD HOLD 

ALL REGISTERS ON HOLD 

R1 

R2 

R3 

R4 

So 

L 

H 

L 

H 

Reg. Selected 

Reg4 

Reg3 

Reg2 

Reg 1 
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4 x 8-bit Multilevel Pipeline Register L29C520/521 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ........................................................................................•... -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Symbol Parameter 

VoH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lee1 Vee Current, Dynamic 

lee2 Vee Current, Quiescent 

- ...-.. ...-..-..-... - ~.-.--~ - - _.., ___ -- ------- -_ _,,... -----_. 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

Test Condition 

IOH =-6.5 mA 

IOL = 20.0 mA 

(Note 3) 

Ground:$; VIN s Vee 

Grounds Vour s Vee 

Vour = Ground, Vee = Max (Notes 4, 8) 

(Notes 5, 6) 

(Note 7) 

Supply Voltage 

4.75 vs Vee s 5.25 v 

4.50 v :$; Vee s 5.50 v 

Min Typ 

3.5 

2.0 

0.0 

10 

Max 

0.5 

Vee 

0.8 

±20 

±20 

-250 

15 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

-----=DE=V=IC=ES=IN=CO=R=PO=RA==TE=D=================================================LogicProducts 
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4 x 8-bit Multilevel Pipeline Register 

Symbol Parameter 

tPD CLK to Y1-Yo 

tSEL S1,So to Y1-Yo 

tso D1-Do to CLK Setup 

tHD CLK to D1-Do Hold 

tSI 11,lo to CLK Setup 

IHI CLK to 11,lo Hold 

trns OE to Output Disable (Note 11) 

tENA OE to Output Enable (Note 11) 

tPW Clock Pulse Width 

Symbol Parameter 

tPD 

tSEL 

tso 

tHD 

tSI 

tHt 

tots 

tENA 

tPW 

CLKto Y1-Yo 

S1,So to Y1-Yo 

D1-Do to CLK Setup 

CLK to D1-Do Hold 

11,lo to CLK Setup 

CLK to 11,lo Hold 

OE to Output Disable (Note 11) 

OE to Output Enable (Note 11) 

Clock Pulse Width 

INST 
(11, lo) 

07-DO 

x 
JIE. 

CLOCK 

MUXSEL 
(S1,SO) )IE: 

Y7-YO 

)IE' 
ts1 tHI 

)IE' 

tso .... tHD 

; 
tFW 

f--tPo..::1 

J tSEL 

L29C520/521 

L29C520/521-

25 22 
Min Max Min Max 

25 22 

25 20 

13 10 

3 3 

13 10 

3 3 

25 15 

25 21 

10 10 

L29C520/521-
30 24 

Min Max Min Max 

30 24 

30 22 

15 10 

5 3 

15 10 

5 3 

20 16 

25 22 

15 10 

{ tPW 

}" 
1 

'7-: _______ c __ t_oi_s~--w HIGH IMfEDANCE i-:.'".=ii.-----------
- ~ ...-...-...-... - ~,--~ - ------- -- ------- --~_,_, _ _. 
-~~-~ 
=oE=v=,c=Es=,N=c=oR=P=o=RA=TE=o================================================= Logic Products 
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4 x 8-bit Multilevel Pipeline Register 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designedtoprotect the chipfrom dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ~ ....... _...-... 
-~~-~ = = ==-== = 

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 
where 

-4-

N = total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIS test) and input levels of nominally 
Oto 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/tum-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

L29C520/521 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(Dun as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 mV 
from steady-state voltage with speci
fied loading. 

~-~~~-~=-~===================Logic Products 
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4 x 8-bit Multilevel Pipeline Register 

30ns 
24ns 

24-pin 

(0.3" wide) 

- ~ ~-~ - ~----- - _ ... ___ -- ------ -------------

Vee 
So 

Do 81 

Yo 
Y1 
Y2 

Y3 
Y4 

06 Ys 
D7 Ys 

CLK Y7 

GND 0E 

L29C520DC-[ 25 L29C520CC-[ 25 
or 22 or 22 

L29C521DC L29C521CC 

L29C520DM -[ 30 L29C520CM -[ 30 
or 24 or 24 

L29C521 OM L29C521 CM 

L29C520DME -[ 30 L29C520CME-[ 30 
or 24 or 24 

L29C521 DME L29C521 CME 

L29C520DMB -[ 30 L29C520CMB-[ 30 
or 24 or 24 

L29C521 DMB L29C521 CMB 

L29C520/521 

28-pln 

() C> ..-- C> 8 C> ..-
zo-->(f)C/) 

D1 NC 
Yo 

Y5 

;; :J ~I~;:::;. ~ 
(.) (.!) 

0 

L29C520JC -[ 25 
or 22 

L29C520KC -[ 25 
or 22 

L29C521JC L29C521KC 

L29C520KM -[ 30 
or 24 

L29C521KM 

L29C520KME -[ 30 
or 24 

L29C521KME 

L29C520KMB -[ 30 
or 24 

L29C521KMB 

-- ---=0E=v=1c=Es=1N=c=o=RP=o=RA=T=Eo=========================== Logic Products 
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4 x 8-bit Multilevel Pipeline Register 

24-pln 

lo= 1 • 24 =Vee 11= 2 23 = So Do= 3 22 = 81 01 = 4 21 =Yo D2 = 5 20 = Y1 03 = 6 19 = Y2 04 = 7 18 = Y3 05 = 8 17 = Y4 06 = 9 16 = Ys 07 = 10 15 = Ys 
CLK = 11 14 = Y7 GND = 12 13 = OE 

Flatpack 
Speed (F1) 

L29C520FC -[ 25 
or 22 

L29C521FC 

L29C520FM -[ 30 
or 24 

L29C521FM 

:::4$.s~e.m:t+.1:as~:4re.xti~~rf:setilii~>>>>t'::::>:'"'"'·"'······· 

l29C520FME -[ 30 
or 24 

L29C521FME 

30 ns l29C520FMB -[ 30 
24 ns or 24 

L29C521FMB 

- .-.... ~ -~ - ~~----- - -~--- -- ------ -_.......,___. _ _. 

L29C520/521 

=;;-=V=IC~=S=IN=C=OR=;=ORA==TE=o================================================LogicProducts 
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4 x 16-bit Multilevel Pipeline Register LP R520/521 

Cl Four 16-bit Registers The Logic Devices LPR520 and Y output pins. The independence of 

Cl Implements Double 2-Stage Pipe
line or Single 4-Stage Pipeline 
Register 

LPR521 are functionally compatible the I and S controls allows simultane-
with the Advanced Micro Devices ous write and read operations on 
AM29520 and AM29521 but are 16 bits different registers. 

Cl Hold, Shift, Load Instructions 
wide. They are implemented in low 
power CMOS. 

Cl Separate Data In and Data Out Pins The LPR520 and LPR521 contain four 
registers which can be configured as 

Cl High Speed, Low Power CMOS two independent, 2-level pipelines or 
Technology as one 4-level pipeline. 

Cl Three-State Outputs 

Cl Available 100% Screened to MIL
STD-883, Oass B 

Cl Package Styles Available: 
• 40-pin Plastic DIP 
• 40-pin Sidebraze, Hermetic DIP 
• 44-pin Plastic LCC, J-Lead 
• 44-pin Ceramic LCC (Type C) 

The Instruction pins, Io and h, control 
the loading of the registers. For either 
device, the registers may be config
ured as a four-stage delay line, with 
data loaded into Rl and shifted 
sequentially through R2, R3, and R4. 
Also, for the LPR520, data may be 
loaded from the inputs into either Ri 
or R3 with only R2 or R4 shifting. The 
LPR521 devices differ from the 
LPR520 in that R2 and R4 remain 
unchanged during this type of data 
load, as shown in Tables 1 and 2. 
Finally, Io and h may be set to prevent 
any register from changing. 

The So and S1 select lines control a 
4 to 1 multiplexer which routes the 
contents of any of the registers to the 

L H HOLD HOLD D-R3 R3-R4 

H L D-R1 R1-R2 HOLD HOLD 

H H ALL REGISTERS ON HOLD 

t:S': :: ':''.\_,/·:/:.g}.§):} ::::::::: L 
11 lo L29C521 Instruction 

L L D-R1 R1-R2 R2-R3 R3-R4 

L H HOLD HOLD D-R3 HOLD 

H L D-R1 HOLD HOLD HOLD 

H H ALL REGISTERS ON HOLD 

S1 So Reg. Selected 

L L Reg4 

L H Reg3 

H L Reg2 

H H Reg 1 

D1s-Do -,f---6 1-1 REG. 1 H REG. 2 t?-1 REG. 3 H REG.41 ~: 

11,lo~ 

CLOCK~ 

- ~ _....._..-..,. - ....._....._._ __ - - ------ -- - ----- -
_...._..-.-. __ _ .._....~-~ 
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4 x 16-bit Multilevel Pipeline Register LPR520/521 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Symbol Parameter 

YOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lee1 Vee Current, Dynamic 

lee2 Vee Current, Quiescent 

- ............... _ ........ - ......_ ____ ..._. - - _..,, ___ -- ------ ------- _,,.... _ _. 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

Test Condition 

IOH =-2.0 mA 

IOL = 8.0 mA 

(Note 3) 

Ground s VIN s Vee 

Grounds Yours Vee 

Vour = Ground, Vee = Max (Notes 4, 8) 

(Notes 5, 6) 

(Note 7) 

Supply Voltage 

4.75 Vs Vee s 5.25 V 

4.50 V s Vee s 5.50 V 

Min Typ 

3.5 

2.0 

0.0 

10 

Max 

0.5 

Vee 

0.8 

±20 

±20 

-250 

25 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

-----=DE=V=IC=ES=IN=C=O=RP=O=RA=:r=ED========================= Logic Products 
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4 x 16-bit Multilevel Pipeline Register LPR520/521 
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Symbol Parameter 

tPD CLK to Y1s-Yo 

ts EL S1 ,So to Y15-Yo 

tso 01 s-Do to CLK Setup 

IHD CLK to D1 s-Do Hold 

ts1 11,lo to CLK Setup 

IHI CLK to 11,lo Hold 

tDIS OE to Output Disable {Note 11) 

tENA OE to Output Enable {Note 11) 

tPW Clock Pulse Width 

Symbol Parameter 

lPD 

tSEL 

tso 

IHD 

tsl 

IHI 

tDIS 

tENA 

tPW 

CLK to Y1s-Yo 

S1,So to Y1s-Yo 

D1 s-Do to CLK Setup 

CLK to D1 s-Do Hold 

11,lo to CLK Setup 

CLK to 11,lo Hold 

OE to Output Disable {Note 11) 

OE to Output Enable {Note 11) 

Clock Pulse Width 

INST 
(11, lo) 

)I( 

015-00 )IE 

CLOCK 

MUXSEL 
(S1,So) 

Y15-YO 

)I( 

tSI 

tso 

)( 

tHI 

)IE 
...... tHD 

7 
tPN 

1--tPD.=l 

J tSEL 

LPR520/521· 
25 22 

Min Max Min Max 

25 22 

25 20 

13 10 

3 3 

13 10 

3 3 

25 15 

25 21 

10 10 

LPR520/521· 
30 24 

Min Max Min Max 

30 24 

30 22 

15 10 

5 3 

15 10 

5 3 

20 16 

25 22 

15 10 

tPW 

-{ _} 
J 
I 

"''_: _______ C __ toi_s_~-i ~""'"'""'"CE l:=.'".=ii....----------
- .-.... ~ -~ - ...... .-.----. - - ------ -- ------ -
_..__. __ __ 
-~~-.._.... 
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4 x 16-bit Multilevel Pipeline Register LPR520/521 
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1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chip from dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ...-... ....-... -..-.. - ~-----= = ==-== = 

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N =total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested with all inputs within0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tDIS test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast tum-on/turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUU as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 mV 
from steady-state voltage with speci
fied loading. 
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4 x 16-bit Multilevel Pipeline Register 

Speed 

25ns 
22ns 

30ns 
24 ns 

40-pin 

Plastic DIP 
(P3) 

LPR520PC -[ 25 
or 22 

LPR521PC 

- ~ ~ -..-... - ....-...-.-.-. - - ------ -- ------ -_.___.. -------

Sldebraze 
Hermetic DIP (D3) 

LPR520DC -[ 25 
or 22 

LPR521DC 

LPR520DM -[ 30 
or 24 

LPR521DM 

LPR520DME -[ 30 
or 24 

LPR521DME 

LPR520DMB-[ 30 
or 24 

LPR521DMB 

LPR520/521 

44-pin 

0 N ~ o ~ 0 8 0 ~ 0 ~ 
z 0 0 0 - - > (/) (/) >- >-

03 
04 

010 

011 

LPR520JC -[ 25 
or 22 

LPR521JC 

NC 
Y2 
Y3 
Y4 

YB 

Y7 

Y11 

LPR520KC -[ 25 
or 22 

LPR521KC 

LPR520KM -[ 30 
or 24 

LPR521KM 

LPR520KME -[ 30 
or 24 

LPR521KME 

LPR520KMB -[ 30 
or 24 

LPR521KMB 

- ~ ...____~ 
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Dual Pipeline Register L29C524/525 

0 Pipeline Registers -
Dual 7-Deep (L29C524) or 
Dual 8-Deep (L29C525) 

0 Configurable to Single 14-Deep and 
Single 16-Deep 

0 Hold, Shift, Load Instructions 

0 Separate Data In and Data Out Pins 

0 High Speed, Low Power CMOS 
Technology 

0 Three-State Outputs 

0Available100% Screened to MIL
STD-883, Oass B 

0 Plug Compatible with AMD 
AM29524 and AM29525 

0 Package Styles Available: 
• 28-pin Plastic DIP 
• 28-pin Side braze, Hermetic DIP 
• 28-pin Plastic LCC 

8 

11,lo~ 
2 

CLOCK--+ 

- ..-... _....._~ - ~--------- ------- -- ------ -_ ........ _,,_ _ _. 
_..._...~-~ 

The Logic Devices L29C524 and Instruction h,Io = 01 (Push B) acts 
L29C525 are high performance, low similarly to the Push A & B instruc-
power CMOS pipeline registers. They tion, except that only the B side reg-
are pin-for-pin compatible with the isters are shifted. The input data 
Advanced Micro Devices Am29524 is applied to register Bo, and the 
and Am29525. The products can contents of the last register on the 
be configured as two independent, B side (B6 for the L29C524, B7 for the 
7-level (or 8-level) pipelines or as L29C525) are lost. The contents of 
single 14-level (or 16-level) pipelines. the A side registers are unaffected. 
The configuration implemented is de- Instru ·on h,Io = 10 (Push A) is 
termined by the instruction code (h,Io) identi to the Push B instruction, 
as shown in Table 2. e t at A side registers are shifted 

The 11,Io instruction code controls~ th. registers are unaffected. 

internal routing of data and loadin ction h Io = 11 (Hold) causes no 
each register. For ins~ction h,Io = . te data ~ovement. It is equiva-
(Push ~ & B), ?ata app~ed at t~ t to preventing the application of a 
D7-DO inputs is loaded mt re e ock edge to any internal register. 
Ao at the rising edge of the ck. e 
contents of Ao simult The contents of any of the registers is 
to register Al, A1 so selectable at the output through the 
on. The content gister on use of the 5.3-So control inputs. On the 
the "A" side (A6 24, A7 L29C524, the input pins D7-DO may 
for the U9 peel back to also be selected to drive the output, 
register ~ ers on the B side and all output pins may be forced to 
are similai d, with the contents zero. The independence of the I and S 
of t last re · r on the B side (B6 for control lines allows simultaneous 

I: 524 7 for the L29C525) lost. reading and writing. Encoding for the 
53-So controls is given in Table 3. 

*Applies to 
L29C525 only. 

4 ....____,,.._____ 83-S o 
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Dual Pipeline Register L29C524/525 

Single 14/16 Level Dual 7/8 Level 

Push A & B 

~ 
Ao Bo 

A1 B1 

A2 82 

A3 B3 

A4 84 

As 8s 

As Bs 

A7* B7* 
i== 

Push B 

Hold l 
Ao Bo 

A1 81 

A2 82 

A3 83 

A4 

As 

As 

84 

Bs 

8s 

B7* 

Push A 

i Hold 

Ao Bo 

A1 B1 

A2 B2 

A3 B3 

A4 B4 

No-Op 

Hold Hold 

Ao Bo 

A1 B1 

A2 82 

A3 B3 

A4 

As 

As 

A7* 

84 

Bs 

Bs 

B7* 

* A7 and B7 registers apply only to L29C525 

LOB 0 Pus~ B ~~I"' 0 0 0 A2 
1----L-D-A~~-+-~~+--O~-+-~Bos-.,c~l~~~_'V~ 0 0 A3 

.___H_L_o ____ ...__ __ __,_ __ __,,......~~~~~"-p-~~:"7,~_LL.--~ ~ ~ 0 ~: 
h~~ 0

0 
1 O As 

~ /"0 1 0 (L29C524) <OJ O O O :: (L29C525) 

~ 0 0 81 

0 0 82 

0 B3 

1 0 0 84 

0 1 8s 

0 Bs 

07-Do (L29C524) 
87 (L29C525) 

- ..-.. ...-.. _ ..... - .-.-. .-_....__ - -_ .. ___ -- ------ --------~ .._._~ 
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Dual Pipeline Register L29C524/525 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground·································································~······· ............. -3.0 V to +7.0 V 

Signal applied to high impedance output......................................................... . ................ -3.0 V to +7.0 V 

Output current into low outputs ......................................... ......................... ... .......... . . ..................... 25 mA 

Latchup current ...................................................................................... ~ .............................. > 400 mA 

VoH 

VOL 

VIH 

VIL 

llX 

loz 

los 

lee1 

1ee2 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Input High 

Input Current 

Output Leakage Current 

Output Short Current 

Vee Current, Dynamic 

Vee Current, Quiescent 

- ~ ...-..-..-... - _,_..._, .---- ------ -- - ----- -

(Note3) 

Ground s VIN s Vee 

Ground s Vour s Vee 

Vour = Ground, Vee = Max (Notes 4, 8) 

(Notes 5, 6) 

(Note7) 

4.75 Vs Vee s 5.25 V 

4.50 v s Vee s 5.50 v 

2.4 

2.0 

10 

0.5 

Vee 

0.8 

±20 

±20 

-250 

20 

1.0 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

_ ___. -----_ .._...~-~ 
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Dual Pipeline Register L29C524/525 

·······················! 

L29C524/525-
20 

Symbol Parameter Min Max Min Max 

tPD CLK to Y7-Yo 20 

tSEL S3-SO to Y7-YO 20 

tPDDO D7-DO to Y7-Yo (L29C524) 20 

tSD D7-DO to CLK Setup 7 

tHD CLK to D7-DO Hold 0 

ts1 11 ,lo to CLK Setup 7 

tHI CLK to 11,lo Hold 2 (\ 

tDIS OE to Output Disable Times (Note 11) ~ ~ 13 

tENA OE to Output Enable Times (Note 11) ~ 15 

tPW Clock Pulse Width 2_ ~ v 

Symbol Parameter 

~ r L29C524/525-

-6 ~ \) . Min 
25 

Max Min Max 

tPD CLK to Y7-Yo 25 

tSEL 83-So to Y7-Yo 25 

tPDDO 07-Do to Y7-YO (L29C524) 25 

tso D7-Do to CLK Setup 7 

tHD CLK to D7-DO Hold 2 

15 

7 

2 

13 

12 

11,loto CLKSetup Z ~d tSI 

tHI CLK to 11,lo Hold -~ ;::::;7 
tDIS OE to Output Disable~ 
tENA OE to Output Enabl~~) 
tPW Clock Pulse W~ 

CLOCK 

MUXSEL 
83-SO 

---tso -------- tHo 
1
i---tpw---~1~------'{ ~1---~-

J tPW------o~l,.__ ______ ~" 
f-tPo-

.,, ___ tSEL----i 

Y7-VO 

i------tPODO-----i 

Y7-YO 
_______ c ___ to_is_=-1--.J HIGHIMPEDANCE i--.""=i1r----------

- ...-... ....-..-..-... - .-........--.-.-. - - _.., ___ -- - ----- ----....-------- -- -=DE=V=IC=ES=,N=CO==RP=O=RA=TE=D=================================================LogicProducts 
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Dual Pipeline Register 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

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

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

L29C524/525 

·.··.··.···· .. ·······•··········•<•••·•••·•·<<DI 

11. Transition is measured ±200 m V 
from steady-state voltage with speci
fied loading. 

= = ==-== = 
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Dual Pipeline Register 

28-pin 

(0.3" wide) 

Do 

D1 
D2 

D4 

Ds 

D7 
lo 

CLK 

Plastic DIP 
(P10) 

82 

83 
Yo 

Y1 
Y2 

Y3 
Vee 
GND 
OE 
Y4 

Ys 

Y6 
Y7 
11 

Si deb raze 
Hermetic DIP (D10) 

o~c••tc:> .f70?c· ·······•·CofJIMl:Flci,\L•ScfiEENING 

25 ns 

L29C524PC20 
or 

L29C525PC20 

- ...-... ...-..-~ - ...--.~----- - -~--- -- - ----- -

L29C524DC20 
or 

L29C525DC20 

L29C524DM25 
or 

L29C525DM25 

28-pin 

(0.4" wide) 

81 28 82 

So 2 27 83 

Do 3 26 Yo 

D1 4 25 Y1 

D2 5 24 Y2 

D3 6 23 Y3 

vee 7 22 Vee 
GND 8 21 GND 

D4 9 20 OE 
Ds 10 Y4 

D6 11 vs 

D7 12 Y6 

10 13 Y7 

CLK 14 11 

Si deb raze 
Hermetic DIP (D11) 

L29C524HC20 
or 

L29C525HC20 

or 
L29C525HMB25 

L29C524/525 

28-pin 

(0.4" wide) 

Vee 
GND 

Ds 

ooc/lcl)cl)U)>: 

........ 0 ~ ~ ......... (() U") 

0 - d - >- >- >-

Plastic Leaded 
Chip Carrier (J4) 

or 
L29C525JC20 

Y1 

Y2 

C5E 
Y4 

_.___. ----- __..... _..._..,.~_...._.... 
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Variable Length Shift Register L 1 OC11 

0 Variable Length 4 or 8-bit Wide 
Shift Register 

0 Selectable Length from 3to18 
Stages 

0 Hold, Shift, Load Instructions 

0 Separate Data In and Data Out Pins 

0 High Speed, Low Power CMOS 
Technology 

0 Plug Compatible with TRW 
TDC1011 

0 Package Styles Available: 
• 24-pin Plastic DIP 
• 24-pin Cer DIP 
• 24-pin Sidebraze, Hermetic DIP 

4 
Oa-Oo 

CLOCK_. 

MODE 

a: C\J a: 
4 

07-04 

- ~ ....-..- ...... - ~------- - _,_, ___ -- ------- -------

The LlOCll consists of two 4-bit wide, 
adjustable length shift registers. These 
registers share control signals and a 
common clock. Both shift registers 
can be programmed together to any 
length from 3 to 18 stages inclusive, or 
one register can be fixed at 18 stages 
of delay while the other is variable. 
The configuration implemented is de
termined by the Length code (L3-LO) 
and MODE line as shown in Table 1. 

Each input is applied to a chain of re
gisters which are clocked on the rising 
edge of the common CLK input. Tues 
registers are numbered Rl through 
RI7 and RI' to RI7', corresponding to 
the D3-DO and D7-D4 data fiel ~ 
respectively. A multiplexer ser \~ 
route the contents of any o 's 
R.2 through RI7 to the t 's , 
denoted RIB. A sim~· 
operates on the c t ' 
through RI7' to 1 1 ' that 
the minim -len tH om data 
inputs to I R.2 to RIB, 
consistin es of delay. 

Lt) (D " a: a: a: 
a: a: a: 
UJ UJ UJ 
I- I- I-
~ en ~ 
C!l C!l C!l 
UJ UJ UJ 
a: a: a: 

..J 

<o 
a: 

• • • 

The MODE control input is registered, 
and determines whether one or both 
of the internal shift registers have 
variable length. When MODE = 0, 
both D3-Do and D7-D4 are delayed 
by an amount which is controlled by 
the Length inputs. When MODE = 1, 
the D7-D4 field is delayed by 18 
stages independent of the Length 
setting. 

The L gth code controls the number 
of sta of delay applied to the D 
im~.ff~::i~ shown in Table 1 on the 

owin age. When the Length 
er contains 0, the inputs are 

ela by 3 clock periods. When the 
ngth register contains 1, the delay is 
ock periods, and so forth. The 

Length control field (L3-LO) and the 
MODE input are registered at the 
rising edge of the Oock. Both the 
length and MODE values may be 
changed at any time without affecting 
the contents of registers RI7-RI. 

co 
a: 

ix> a: 

-----=oe=v=1c=es=1N=c=o=RPO=RA=T=eo===================================== Logic Products 
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Variable Length Shift Register L10C11 

::.J.~~~~::1:~::2~~~:':§~®~: :::::::/:Jr ........... , 
Input Code Mode:O Mode=1 

Delay Delay 

L3 L2 L 1 Lo Y3-o Y7-4 Y3-o Y7-4 

0 0 0 0 3 3 3 18 
0 0 0 1 4 4 4 18 
0 0 0 5 5 5 18 
0 0 6 6 6 18 
0 
0 
0 
0 

0 0 
0 

0 

0 0 0 
0 0 1 
0 0 
0 1 

0 0 
0 

0 

7 
8 
9 

7 
8 
9 

10 10 
11 11 
12 12 
13 13 
14 14 
15 15 
16 16 
17 17 
18 18 

7 18 
8 18 
9 18 

10 18 
11 18 
12 18 
13 18 
14 18 
15 18 
16 18 
17 18 
18 18 

<Miili'Ui'Jiii~Nb$Y <:<§><<>>>: ::::::::::::::::::::::::::::::::::::::::::::::::: ....... . 
::·:::,:··d1~~::11#,#.:if #~!41::~if~'lm~i'·™·if@m.!tl·r1~~~-·11:::r.~::~~::~,::::::-:·::::·:,.:::-.. :,1::::uu:?Y>?' 

Storage temperature ...................................................... -65°C to +150°C 

Operating ambient temperature ..................................... -55°C to + 125°C 

Vee supply voltage with respect to ground ..................... -0.5 V to +7.0 V 

Input signal with respect to ground·······~······ ................. -3.0 V to +7.0 V 

Signal applied to high impedance output. ...................... -3.0 V to +7.0 V 

Output current into low outputs .......... ......... . ............................ 25 mA 

Latchup current ........................... D~··························· > 400 mA 

A~ 
llili!wP\~ ........... =:-ilili re".: 

Mode~~emperature Range Supply Voltage 

Active':~ ~":0 0°c to +70°C 4.75 Vs Vee s 5.25 V 

Active'"'" · ~ · lAil -55°C to + 125°C 4.50 Vs Vee s 5.50 V 
~~~·· 

Symbol Parameter o~ ondltlon Min Typ Max Unit 

YOH Output High~~ IOH=-12.0mA 2.4 v 

VOL Output Low V~ IOL = 24.0 mA 0.5 v 

YIH Input High Voltage 2.0 Vee v 

VIL Input Low Voltage (Note 3) 0.8 v 

llX Input Current Ground s VIN s Vee ±20 µA 

loz Output Leakage Current Ground s Your s Vee ±20 µA 

los Output Short Current Your= Ground, Vee = Max (Notes 4, 8) -250 mA 

lee1 Vee Current, Dynamic (Notes 5, 6) 10 15 mA 

lee2 Vee Current, Quiescent (Note 7) 1.0 mA 

- ...-... ....-...-...-.. - ~ ...... ----. - ------- -- ------ -------------_ ..._... -.--.-~ 
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Variable Length Shift Register 

Symbol Parameter 

tPD CLK to Y7-Yo 

tso D7-Do to CLK Setup 

tHD CLK to D7-Do Hold 

tSL L3-Lo, MODE to CLK Setup 

tHL CLK to L3-LO, MODE Hold 

tPW Clock Pulse Width 

Symbol Parameter 

tPD CLK to Y7-Yo 

tso D7-Do to CLK Setup 

tHD CLK to D7-Do Hold ~..........,.. 

tSL 

tHL 

L3-Lo, MODE to CLK Setup ~ ~ 
CLK to L3-LO, MODE Hold L:(__L2_""W_ 

L3-LO 
MODE 

07-DO 

CLOCK 

x 
tSL 

tso 
)( 

* 
tHL 

tHO 

tPW 

Y7-YO * 1--tPo-::::.i 

- ..-.. ...-... -....-.. - ------ -_ ... ___ -- - ----- --------- ---

L10C11 

.. ·.·.·.·.· .................................... ••••<••·••••<<•.·•••.>••· >•·•·•>•••·•••••••••• <·•• <<<••••H•••••••• ••••••••I 

L 10C11· 

25 
Min Max Min Max 

25 

20 

0 J'.l 

Max 

30 

25 

2 

25 

2 

15 

{ 
tPW 

,} 
I 
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Variable Length Shift Register L10C11 

. ·.·.·.·.·.·.;.; . . ......... ··:-:·:·· ·.·.. ·.· ... ;.;.:·:·:-:.;-;.;.:·:·:-:·:·;.:-: :-:.:-:.:.:.:<<·>:<<<·:-:.:-:;:;:;:;:;:::;:;:;:::::;;;::::: :::::::::::::::::::::::::::::::::::::\(:~ )/~.(.~.~; }}~:>~=>~:}~\:/~{(( 

. . . . . . . . . . . . . . . . . :-:-: . ;. :-: . ;. :-: .; : : : : : : : : : : ;::: : : : ; : : : : : :-. . . . . . :~:~···::~:~:~:·,~.'.· .,:,',~ ,•,~:·:~:·:~:::~:·:~:•.'.·,·,~ ·,',~:··~:'.~ ·,:.~.'.~··.~.: .......... '................................................................................................ .• :.-:.· :.·::::::::::::::::::;::::::::::::: ~:::::::::::: ~: ~: ~ : : : : : : : . ;. : . . :-: . : .; . : . :. : . : . : . : .; . : . : . : . ;. ;. : . : . : . : . : . : . : . ;. : . : . : . : . : : ... : . : . : . : . : . : . : : : . : : : . : : : . : : ;. : : :-: : : : : : : : : : : : : : : : : : : : : : : : .: . : . : : : : : : : : : : : : : : : : : : : : : : : : '.::::: '.::::::: '.::: . : . : . : .; . : . '..:.:.:.:. 

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chip from dam

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads close to the Device Under Test 
( un s possible. Similar capacitors 

4 ~ · stalled between device Vee where d d · 
the ter common, an ev1ce 

N = total number of device outpu and tester common. 
c = capacitive load per outpu d d Vi 1 1 

It Groun an cc supp y p anes 
VF = sclupckpyf vo age \'-..:::::: ust be brought directly to the DUT = o requency \\/,:: . 

socket or contactor fingers. 
aging substrate injection currents and 6. Tested with all 01llt;J~&::!;~~:n 
accumulations of static charge. Never- every cycl~and o~~ 
theless, conventional precautions clock rate. ~ ~ 
should be observed during storage, 

7 
T d . 'thinO 

1 
Vof 

handling, and use of these circuits in · este~t u d · 
order to avoid exposure to excessive Vee or · 

electrical stress values. 8. ~se p e ers are guaranteed 

. d . 'd h dcl . ~003 sted. 3. This evice provi es ar amping 
of transient undershoot and overshoo . s ·cations tested with input 
Input levels below ground or a s· times less than 3 ns, output 
Vee will be clamped be · · a e nee levels of 1.5 V (except tEN I 
-0.6 V and Vee+ 0.6 V. The de · test) and input levels of nominally 
withstand indefinite o~p O to 3.0 V. Output loading is a resistive 
inputs in the range of -3. t 7.0 · divider which provides for specified 
Device operation will not 1:i versely IOL and JOH plus 30 pF capacitance. 
affected, however, input curre levels 
will be well in excess of 100 mA. This device has high speed outputs 

capable of large instantaneous current 
4. Duration of the output short circuit pulses and fast turn-on/tum-off times. 
should not exceed 30 seconds. As a result, care must be exercised in the 

testing of this device. The following 
measures are recommended: 

- ...-... ...-i.. -...-... - ~----.-. - - ------ -- - ----- -

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 mV 
from steady-state voltage with speci
fied loading. 
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Variable Length Shift Register 

24-pln 

(0.3" wide) Yo 
D1 Y1 
D2 

D3 

Lo L2 

L3 
GND 

WODE 

Y4 

Y5 
D6 Ys 
D7 Y7 

L 10C11 DC25 

L10C11DM30 

L10C11DME30 

30ns L10C11DMB3 

-...-...~-..-... - ......... .------- ------- -- - ----- --~-------

CerDIP 
(C1) 

L 10C11CC25 

L10C11CM30 

L10C11 

24-pln 

(0.6" wide) Do 24 Yo 
D1 2 23 Y1 

D2 3 22 Y2 
D3 4 21 Y3 
LO 5 20 L2 
L1 19 L3 

vee 18 GND 
CLK 17 MODE 

04 16 Y4 

D5 10 15 Y5 
D6 11 14 Y6 
D7 12 13 Y7 

L 10C11IM30 

L10C11HMB30 L10C11IMB30 

==-=V=IC=;=,N=C=O=RP=:=RA=T=ED========================= Logic Products 
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Serial Scan Shadow Register L29C818 
1::e§4.11 . .-1t1~§:::::·:.)<•• ............. • : · +I ..... I P ..... e ..... so ..... fl ..... Jl? ..... m ..... •P ..... N ....... t ..... m•~·> ...... •> ..... > .... "·"':::· ..... ·.· · ~~""'""··· ...... ·.·.·.·.· ....... ·.·.·.·.· ..... :::::::-: ..... :::::•:•: ....... ··--=>• ..... >• ..... > ..... < ..... < ..... > .... >I 
0 Octal Register with Additional 8-bit 

Shiftable Shadow Register 

0 Serial Load/Verify of Writable 
Control Store RAM 

0 Serial Stimulus/Observation of 
Sequential Logic 

0 High Speed, Low Power CMOS 
Technology 

0 Available 100% Screened to MIL
STD-883, Oass B 

0 Plug Compatible with AMD 
Am29818 

0 Package Styles Available: 
• 24-pin Plastic DIP 
• 24-pin Sidebraze, Hermetic DIP 
• 28-pin Ceramic LCC 

The L29C818 is a high-speed octal 
register designed especially for appli
cations using serial-scan diagnostics 
or writable control store. It is pin and 
functionally compatible with the 
AMD Am29818 bipolar device. 

Also, data present on the SDI pin is 
loaded into the least significant 
position of the S register on the rising 
edge of CLK S. In this mode, the S 
register performs a right shift opera
tion, with the contents of each bit 
position replaced by the value in the 

The L29C818 consists of an octal regi- next least significant location. The 
ster (the "P" register), internally con- value in S7is shifted out on the serial 
nected to an 8-bit shift register (the data 0 tput (SOO) pin. The SDI and 
"S" re~ster). Each has its own corre- SOO · s allow serial connection of 
sponding clock pin, and the P register L29CBl8 devices into a 
has a three-state output control. ~a loop. When MODE is low, 

An input control signal MODE, in opera · n of the P and S registers 
combination with the S register seri . . plet~ly in~e~dent and no 
data input (SDI) pin controls~ mg relationship is enforced 
routing within the L29C818. ~ een CLK P and CLK S. 

the MODE input is low~in · tin When MODE is hi h, the internal 
normal operation, dat e . g 
D Do . . 1 d~ multiplexers route data between the S 

7- pins is oa d p · d th y Th . th . CLK p an registers, an e port. e register on e n e . . 
Th f 

. contents of the S register are loaded 
e contents o e r are . t th p · t th · · d 

visible on e . Y1-Yo when mf CoLKeP rlnegisdier on . e nsmlig e. ge 
the OE c o . agnostic app cations, 

P REGISTER 
CLK P --------+-~ 

OE --------+----o. S REGISTER 

Y1-Yo 

- ~ ...-..-~ - ~------ ------ -- ------ --~--------~ ~-~ =DE=V=ICE=S=IN=C=OR=PO=RA==TE=D================================================LogicProducts 
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Serial Scan Shadow Register L29C818 

this allows a data value input via 
serial scan to be loaded into the active 
data path of the machine. 

When the MODE pin is high, CLK S 
causes a parallel rather than serial 
load of the S register. In this mode, 
the S register is loaded from the Y7-Yo 
pins at the rising edge of CLK S. This 
is useful in writable control store 
applications for readback of the 
control store via the serial path. 

When MODE is high, the SDI pin is 
used as a control input to enable or 
disable the loading of the S register, 
and it also affects routing of the S 
register contents onto the D7-Do 
outputs. When SDI is low, the S 
register is enabled for loading as 
above. When SDI is high however, 
CLK S is prevented from reaching the 

MODE SDI 

0 x t x 
0 x x t 

0 t x 
t x 

x x t 

required. When MODE is high, the enables the D port output buffer. The 
SDI input drives the SDO output D output remains enabled until the 
directly, bypassing the S register. This first rising edge of CLK S during 
means that the SDI value will apply which either SDI or MODE is low. 
simultaneously to all L29C818s in a Thus to load a control store RAM, 
serial loop. However, to ensure data would be shifted in with MODE 
proper operation of a given device, low. When an entire control store 
the user must ensure that the SDI word was present in the serial S 
setup time to CLK Sis extended by regist , the SDI and MODE pins are 
the sum of the SDI to SDO delays of b oug high for one or more cycles, 
all previous devices in the serial path. r · further shifting of the S 

NIA SHIFT 

LOADD NIA 

NIA LOADY 

NIA HOLD 

LOADS NIA 

~ 'sters d enabling the contents 
~ e D port for writing into the 

M. 

o verify the contents of a control 
store RAM, the RAM is read into the 
D register in the normal fashion. 
Then, the D contents are transferred in 
parallel to the S register by driving 
MODE high with SDI low. Then, the 
S register contents are scanned out 
serially by returning MODE to low 
and applying CLK S pulses. 

Normal Hi-Z S7 

Normal Input S7 

Input* Hi-Z SDI 

Normal Output SDI 

Normal Hi-Z SDI 

* If OE is 0, the P register value will be loaded into the S register. If OE is 1, a value may be applied 
externally to the Y1-Yo pins. 

- ....-... ~-....-... - ....... -..----. - ------ -- ------ -_.___. -----_. 
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Serial Scan Shadow Register L29C818 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to + 7 .0 V 

Signal applied to high impedance output ........................................................ ~ .................... -3.0 V to +7.0 V 

Output current into low outputs........................................................................ .. ............................. 25 mA 

Latch up current ............................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Symbol Parameter 

VOL 

VlH 

VIL Input Low Vo 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lee1 Vee Current, Dynamic 

lee2 Vee Current, Quiescent 

- ~ ~-~ - ~.-.-.--- ------- -- ------ -----------

Supply Voltage 

0.5 

2.0 Vee 

(Note3) 0.8 

Ground ~ V1N ~ Vee ±20 

Ground ~Your ~Vee ±20 

VouT = Ground, Vee = Max (Notes 4, 8) -250 

(Notes 5, 6) 10 15 

(Note 7) 1.0 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

_..._..,.~_...._.... 
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Serial Scan Shadow Register L29C818 

L29C818-

25 
Symbol Parameter Min Max Min Max 

tPDY CLK p to Y1-Yo 13 

tSDP 01-Do to CLK P Setup 8 

tHDP CLK P to D1-Do Hold 2 

tSMP MODE to CLK P Setup 15 

tHMP CLK P to MODE Hold 0 

tPWP CLK P Pulse Width 

tENAY OE to Y1-Yo Enable (Note 11) ~ 25 

tDISY OE to Y1-Yo Disable (Note 11) ~ ~15 

= wM~tLglTA~R21YLl0.~P2S:2Rt1ATlllN~G;tRgA~N~G~Ei1~2-5:!:5z0~C.:lt~Og:+212t:5~0~C[;)gNEoteEsLl9z:r.!110Ll~Qf&~ili-~8122 
~~'7 30 L29C818-

Symbol Parameter ...... ~ Min Max Min Max 

~~ 
tPDY CLK P to Y1-Yo 

tSDP 01-Do to CLK P Setup 

tHDP CLK P to D1-Do Hold 

10 

18 

2 

tSMP MODE to CLK P Setup 15 

tHMP CLK P to MODE Hold 0 

tPWP CLK P Pulse Width --_;z__~ 15 

tENAY OE to Y7-Yo Enable (~..d_ 

tDISY OE to Y1-Yo Disab~~ v 20 

30 

- ~ ...-..-...-... - ~~------ - -~--- -- ------ --~-------~ ...... -~ 
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Serial Scan Shadow Register L29C818 

L29C818-
25 

Symbol Parameter Min Max Min 

tosso CLKS toSDO 25 

tSSIS SDI to CLK S Setup 10 

tHSSI CLK S to SDI Hold 0 

ISMS MODE to CLK S Setup 12 

tHSM CLK S to MODE Hold 2 

tPWS CLK S Pulse Width 25 \\ 
toMSO MODE to SDO 

tDSISO SDI to SDO 

~7~~ 
Mi~•!~iv:·oe~-ij~1i·~~ :R~ti~g:<t-~~ee::j9.±i:g§4c>::t¥~t~$.:~;:::1'it•m., .. /:• ~:,:::: s TIIB:r >: ... ,. 

~ \);::t> v 30 L29C818-

Symbol Parameter ~ \.\:) 
1 

Min Max Min 

tosso CLKS toSDO 30 

tSSIS SDI to CLK S Setup 12 

tHSSI CLK S to SDI Hold 0 

ISMS MODE to CLK S Setup 12 

tHSM CLK S to MODE Hold 5 

tPWS CLK S Pulse Width 25 

tDMSO MODE to SDO 18 

tDSISO SDI to SDO 18 

MODE ---"'I ~ ~ 1--------------------1 f---tSMs- ~ - -ixl--+-~-t-HSM--~11.,....--
SDI ---)1(1 ~ ~•• • - )I( 

f---tss1s f tHSSI ,_ 

CLKS --------F ~ _f •• • __)l 
f-- t PWs-1- t PW~ .!::::"t t OMSO 1---f-- t OSISO 

JXXX ----x- ••• ~ 
~tosso "''---. _,.,~,-..J~I"'---

SDO 

- .-... ~ -~ - ....--..--~ - ------ -- ------ -_...,...._... _ _. 

Max 

----

Max 

-~~-..._... 
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Serial Scan Shadow Register L29C818 

L29C818· 

Symbol Parameter Min Max 

tSMP MODE to CLK P 

tHPM CLK P to MODE Hold 

tssP CLK S to CLK P 

L29C818· 
30 

Symbol Parameter Min Max Min Max 

tSMP MODE to CLK P 15 

tHPM CLK P to MODE Hold 0 

tSSP CLK S to CLK P 15 

MODE 

'l----tsMP------tHPM---
CLKP 

1.--~~~~~~~~~~~~~-

CLKS 

- ......... ....-... -..-.. - ....--..--....._. - - -~--- -- - ~----- -------~ ~-.._... 
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Serial Scan Shadow Register L29C818 

L29C818-

25 
Symbol Parameter Min Max Min Max 

tsvs Y1-Yo to CLK S Setup 5 

tHSY CLK s to Y1-Yo Hold 5 

tSMS 

tHSM 

tSSIS 

MODE to CLK S Setup 

CLK S to MODE Hold 

SDI to CLK S Setup I~ 

12 /\ 

2 }\ 

tHSSI CLK S to SDI Hold 

Symbol Parameter Max 

ts vs Y1-Yo to CLK S Setup 5 

tHSY CLK S to Y1-Yo Hold 5 

ISMS MODE to CLK S Setup 12 

tHSM CLK S to MODE Hold 5 

tSSIS SDI to CLK S Setup 12 

tHSSI CLK S to SDI Hold 0 

<<)) ~ 
Y1-Yo----~~~~,~~t.2~~---~,_ __ E_xr_ER_NA-LL_v_oR_1v_EN __ __,(•l'---------

'V,.... ____ -+----------~-------------OE ----- tsvs-'---w--- tHsY -

CLKS 

MODE __________ _,._)L
1 

~ 

-tSMS-l--tHSM_l-----------------------1 ~ ~ SDI 

- tss1s-t--t Hss1-

- ...-... ~-~ - .---. .--. --- - -~--- -- ------ --~------~ ..._-~ 
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Serial Scan Shadow Register L29C818 

L29C818· 
25 

Symbol Parameter Min Max Min Max 

ISMS MODE to CLK S Setup 12 

tHSM CLK S to MODE Hold 2 

tSSIS SDI to CLK S Setup 

tHSSI CLK S to SDI Hold 

tENAD CLK S TO D1-Do Enable (Note 11) 

tDISD CLK S TO D1-Do Disable (Note 11) 

L29C818· 
30 

Symbol Parameter Min Max Min Max 

ISMS MODE to CLK S Setup 12 

tHSM CLK S to MODE Hold 5 

tss1s SDI to CLK S Setup /\. ~ 12 

tHSSI CLK S to SDI Hold L2._ ~ ..LL -v 
tENAD CLK S TO D1-Do Enable~~ 
tDISD CLK S TO D1-Do Dis~~ 

0 

90 

35 

tsslS -t-----i·--+- tHSSI t-- tssts-i----i-- t HSS1 

CLKS 

1---+-L t ENAD t t DISD 
07-Do---~H~IG~Hl~M~~DANC~~E--~~'~··,~.l:::::::::::::::::::::::::::::::t~~~~~~HIG~H~M~PE~D~~~ .,, inzz;z. 

- .............. _~ - .-..-._...__.....__ - - _,_, ___ -- ------ --~-----~ -----=DEV=l=CE=S=IN=CO=R=PO=RA=T=ED======================= Logic Products 
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Serial Scan Shadow Register L29C818 

1~9!1$~ :::• >·••·•·················································· ·.· ·.·. 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chip from dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ~ ~- ....... - ~.....-.----. = = ==--== = 

...................... <>•<•>······•·••>! 

5. Supply current for a given applica- a. A 0.1 µF ceramic capacitor should be 
tioncanbeaccuratelyapproximatedby: installed between Vee and Ground 

2 l~eds close to the Device Under Test 
NCV F (DU s possible. Similar capacitors 

4 s einstalled between device Vee 
where ester common, and device 

N = total number of device output~~ d tester common. 
c =capacitive load per output ~ d d ,, 1 1 

1 . Gr un an vee supp y panes 
V = sclupckpyfvo tage 0> t be brought directly to the DUT 
F = o requency f' 

• ocket or contactor mgers. 

8. These rs are guaranteed 

but~100% ed. 

. · 'cations tested with input 
siti · es less than 3 ns, output 
r e levels of 1.5 V (except tEN I 

1 est) and input levels of nominally 
o 3.0 V. Output loading is a resistive 

divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast tum-on/turn-off times. 
As a result, caremustbeexercisedin the 
testing of this device. The following 
measures are recommended: 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 mV 
from steady-state voltage with speci
fied loading. 

~-~-~~=~===================Logic Products 
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Serial Scan Shadow Register L29C818 

24·pin 28-pin 

(0.3" wide) Vee 
CLKS MODE 

Do 
D1 

Y1 

D2 Y2 
Y2 

Ys 
Y3 
NC 

Y4 
Y4 

Ys 
Ys 

Y6 
Ds Ys 

Y7 

SDO ~~~~~g; 
GND CLK P C!J ...J Cl) 

(.) 

0 

L29C818DM30 

30 ns L29C818CMB30 L29C818KM 830 

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

-~ ..__._.. 
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8 x 8-bit Three Port Register File LRF07 

0 8-word x 8-bit Three Port Memory 

0 Independently Addressable Ports: 
1 Input, 1 Output, 1 Bidirectional 

0 High Speed, Low Power CMOS 
Technology 

0 Internally Latched Control Bits 

0 High Speed Scratchpad Memory 
with Overlapped Data Fetch/Store 

0 Fully TTL Compatible 

0 60 mW Typical Power Dissipation 

0 Package Styles Available: 
• 40-pin Plastic DIP 
• 40-pin Sidebraze, Hermetic DIP 
• 44-pin Ceramic LCC (Type C) 

CLOCK 

A ADDRESS 

B ADDRESS 3 

A PORT ENABLE 3 
A,B WRITE ENABLE 

C ADDRESS 

C OUTPUT 
ENABLE 

- ~ ~- ....... - ~----- - _.., ___ -- ------ ------

DO 

The LRF07 is an 8-word x 8-bit 
expandable register file with three 
independently addressable ports, 
designated A, B, and C. Each port has 
eight data lines, three address lines, 
and a port enable control. All address 
and control lines are registered to 
facilitate instruction pipelining in 
microprogrammed systems. All ports 
may be used simultaneously in any 
dockcyde. 

The C port is a read only port. C port 
address lines (CA2-CA0) are latched 
at the rising edge of the dock. The 
data indicated by the respective port 
address will be presented on the 
output lines one tAcc following the 
dock edge on which the address is 
latched. If the same register is 

simultaneously addressed for writing 
from a different port, the data pre
sented to the outputs is the contents 
of the register prior to the write 
operation. 

The B port is a write port. B port 
address lines (BA2-BA0) are latched at 
the rising edge of the dock. The 
contents of the B address register are 
decoded to control data routing 
multiplexers. These supply data from 
the input pins to the desired register. 
Data meeting the setup time is latched 
into the addressed register on the 
dock edge following the one which 
latched the address. 

The A port is a bidirectional port. 
The A Read/Write (AR/W) control is 
latched along with the address lines 

~-+--+-+-i-+--1 R1 

a..+-..=t::::i:-tllM R2 

~-----R3 
--+-+---R4 
~~--r-...,R5 

R6 

R7 

=-===-===-===-=-============================================== Logic Products 
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8 x 8-bit Three Port Register File 

(AA2-AA0) and determines whether 
the A port acts as an input or an out
put during any clock period. When 
AR/Wis a '1' at the clock edge, the A 
port presents the addressed data on 
the A1-Ao data lines. A port read 
operations are thus performed iden
tically to C port reads. When AR/W 
is a 'O' at the clock edge, A port writes 
are executed in the same manner as 
B port writes, with the data latched on 

the clock edge following application 
of the corresponding address. 
All ports have associated port enable 
inputs. These inputs are internally 
registered and are applied simultane
ously with the corresponding port 
address. In the case of the C port, 
the COE input is a three state output 
control. A '1' at these inputs places 
the corresponding data lines in a high 
impedance state beginning one tms 

LRF07 

following the clock edge. The B 
port enable BWE serves as a regis
tered write enable input. A '1' latched 
on these inputs disables write opera
tions from the port on the following 
clock edge. The A port enable APE, 
serves the dual function of write 
enable or three state enable depending 
on the direction of the A port. 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs .............................................................................................................. 25 mA 

Latch up current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Symbol Parameter 

YOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

IOZ Output Leakage Current 

los Output Short Current 

lee1 Vee Current, Dynamic 

lee2 Vee Current, Quiescent 

- ...-... .....-..-..-... 
_....,... __ _ 
- ------- -- ------ -_......, _____ ~ 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

Test Condition 

IOH =-2.0 mA 

IOL= 8.0 mA 

(Note 3) 

Ground s VIN s Vee 

Ground s Your s Vee 

Your= Ground, Vee = Max (Notes 4, 8) 

(Notes 5, 6) 

(Note 7) 

Supply Voltage 

4.75 Vs Vee s 5.25 V 

4.50 Vs Vee s 5.50 v 

Min Typ 

2.4 

2.0 

10 

Max 

0.5 

Vee 

0.8 

±20 

±20 

-250 

30 

2.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

- ......... ~-~ =DE=V=ICE=S=IN=C=OR=PO=RA==TE=D=================================================LogicProducts 
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8 x 8-bit Three Port Register File LRF07 
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Symbol Parameter 

tACC CLK to Output 

tDIS OE to Output Disable (Note 11) 

tENA OE to Output Enable (Note 11) 

tPW Clock Pulse Width 

ts Input Setup Time 

tH Input Hold Time 

Symbol Parameter 

tACC CLK to Output 

tDIS OE to Output Disable (Note 11) 

tENA OE to Output Enable (Note 11) 

tPW 

ts 

tH 

Clock Pulse Width 

Input Setup Time 

Input Hold Time 

CLOCK 

WRITE ADDRESS 
AND CONTROL 

READ ADDRESS 
AND CONTROL 

DATA IN 

ts tH 

M+1 

LRF07-
35 

Mn Max 

35 

25 

35 

25 

15 

5 

LRF07· 
40 

Mn Max 

40 

30 

35 

25 

15 

5 

---.'1-I t ENA,t DIS i----t- t ACC 

DATAOUT ---------------------~)l(~ri'----------__;M~----------J~l'-~M~+~1--------

- ~ ~- ........ - ....._ _____ __ - - _ .. ___ -- - ------ --~-------......r' ...._-~ 
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a x 8-bit Three Port Register File LRF07 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chip from dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- .............. _...-.. - .....-~-----= = ==--== = 

........ ·.·.·.·.·.·.·.· .·.·.·.· :-:-:-:-:-:-: :-:-::::;:: :·:-:-:-:·:-:-:;:;:;:;:;:::: ;:::::::: ::::::::::,:;:::::::::] 

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N = total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN I 
tDIS test) and input levels of nominally 
Oto 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast tum-on/turn-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUn as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 m V 
from steady-state voltage with speci
fied loading. 

~=~~~-;;;;=~-===================Logic Products 
DEVICES INCORPORATED 

5-116 LDS.07-B 



0 O 0 - ~ M ~ ~ m ~ 0 
Z<IDIOIOIOa'.llOIOCOZ 

BAO 
BA1 

A3 BA2 
BWE 
AAo 

As AA1 
AA2 
CLK 

Vee 
APE CA1 

ARiiiJ CA2 

(.)IW C> ~ N.., "'"'"' .... (.) z 0 (.) (.) (.) (.) (.) (.) (.) (.) z 
(.) 

LRF07DME40 LRF07KME40 

40 ns LRF07DMB40 LRF07KMB40 

= ===:~=~ - -.. ____ ------ -------_ ..._.... .._..,_ ~ 
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16-bit Cascadable ALU L4C381 

0 High Speed (26 ns), Low Power 
16-bit Cascadable ALU 

0 Implements Add, Subtract, Accu
mulate, Two's Complement, Pass, 
and Logic Operations 

0 All Registers Have a Bypass Path 
for Complete Flexibility 

0 Available 100% Screened to MIL
STD-883, Cass B 

0 Package Styles Available: 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Pin Grid Array 
• 68-pin Ceramic LCC (Type C) 

AO-A1s 

CLOCK 

Fo-F1s 

- ~ ~-...-.. - ......-. .-. ------ - _._ ___ -- -.. ____ -
-~~-,_. 

The L4C381 is a flexible, high speed, 
cascadable 16-bit Arithmetic and 
Logic Unit implemented in CMOS 
technology. It combines four 381-type 
4-bit AL Us, a look-ahead carry 
generator, and miscellaneous interface 
logic - all in a single 68-pin package. 
While containing new features to 
support high speed pipelined archi
tectures and single 16-bit bus 
configurations, the 1AC381 retains full 
performance and functional compat
ibility with the bipolar '381 designs. 

Bo-B1s 

2 
ENA 
tNB 

FTAB 

2 
OSA 
OSB 

4 
So-SzCo 
P", G, C1s 
OVF,Z 

ENF 

Architecture 

The IAC381 operates on two 16-bit 
operands (A and B) and produces a 
16-bit result (F). Three select lines 
control the ALU and provide 3 
arithmetic, 3 logical, and 2 initializa
tion functions. Full ALU status is 
provided to support cascading to 
longer word lengths. Registers are 
provided on both the ALU inputs and 
the output, but these may be bypassed 
under user control. An internal 
feedback path allows the registered 
ALU output to be routed to one of the 
ALU inputs, accommodating chain 
operations and accumulation. Fur
thermore, the A or B input can be 
forced to Zero allowing unary func
tions on either operand. 

ALU Operations 

The S0-52 lines specify the operation 
to be performed. The ALU functions 
and their select codes are shown 
below. 

S2 S1 So Function 

0 0 0 CLEAR (F=OO ... 0) 
0 0 1 NOT (A)+ B 
0 1 0 A+ NOT (8) 
0 1 1 A+B 
1 0 0 AXORB 
1 0 1 AORB 
1 1 0 AANDB 
1 1 1 PRESET (F=11 ... 1) 

The functions B minus A and A 
minus B can be achieved by setting 
the carry input of the least significant 
slice and selecting codes 001 and 010 
respectively. 

=-==-==-===-=-======================================= Logic Products 
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16-bit Cascadable ALU 

ALU Status 

The ALU provides Overflow and Zero 
status bits. Carry, Propagate, and 
Generate outputs are also provided 
for cascading. These outputs are 
defined for the three arithmetic func
tions only. The ALU sets the Zero 
output when all 16 output bits are 
zero. The Generate, Propagate, C16, 

and OVF flags for the A + B operation 
are defined in Table 1. The status 
flags produced for NOT(A) + B and 
A + NOT(B) can be found by comple
menting Ai and Bi respectively in 
Table 1. 

Operand Registers 

The L4C381 has two 16-bit wide in
put registers for operands A and B. 
These registers are rising edge trig
gered by a common clock. Each 
register is independently enabled by 
control signals ENA and ENB. 

This architecture allows the L4C381 to 
accept arguments from a single 16-bit 
data bus. For those applications that 
do not require registered inputs, both 
the A and B operand registers can be 
bypassed with the FTAB control line. 
When the FTAB control is asserted, 
data is routed around the A and B 
input registers; however, they con
tinue to function normally via the 
ENA and ENB controls. The contents 
of the input registers will again be 
available to the ALU if the FTAB 
control is released. 

Output Register 

The output of the ALU drives the in
put of a 16-bit register. This rising
edge-triggered register is clocked by 
the same clock as the input registers. 
The output register is enabled by the 
ENF control signal. By disabling the 
output register, intermediate results 
can be held while loading new input 
operands. Three-state drivers con
trolled by the OE input allow the 
L4C381 to be configured in a single 
bidirectional bus system. 

- ~ ....-..-~ - ..-..-..--.-

L4C381 

Bit Carry Generate = gl = AIBI, for i = O ... 15 
Bit Carry Propagate = pl = Al + Bl, for i = O ... 15 

Po= po 
Pl = pt (Pi-1) 

and 

Go= go 
GI = QI+ pl (Gl-1) 
Cl = Gl-1 + Pl-1 (Co) 

then 

G = NOT (G1s) 
P = NOT (P1s) 
C1s = G15 + P1sCo 
OVF = C1s XOR C1a 

The output register can be bypassed 
by asserting the FTF control signal. 
When the FTF control is asserted, out
put data is routed around the output 
register, however, it continues to func
tion normally via the ENF control. 
The contents of the output register 
will again be available on the output 
pins if FTF is released. With both 
FTAB and FTF true (high) the L4C381 
is functionally identical to four cas
caded 545381-type devices. 

Operand Selection 

The two operand select lines OSA and 
OSB control multiplexers that precede 
the ALU inputs. These multiplexers 
provide an operand force-to-zero 
function as well as F register feedback 
to the B input. Table 2 shows the 
inputs to the ALU as a function of the 
operand select inputs. Either the A or 
B operands may be forced to zero. 

When both operand select lines are 
low, the 1AC381 is configured as a 
chain calculation ALU. The registered 
ALU output is passed back to the B 

for i = 1 ... 15 

for i = 1 ... 15 
for i = 1 ... 15 

:i!'M~i~H?~~,~~::~~~~~-!99':#@P 
OSB, OSA Operand B Operand A 

0 0 F A 

0 1 O A 

O B O 

B A 

input to the ALU. This allows accu
mulation operations to be performed 
by providing new operands via the A 
input port. The accumulator can be 
preloaded from the A input by setting 
OSA true. By forcing the function 
select lines to the CLEAR state (000), 
the accumulator may be cleared. 
Note that this feedback operation 
is not affected by the state of the 
FTF control. That is, the F outputs 
of the L4C381 may be driven directly 
by the ALU (FTF =true). The out
put register continues to function, 
however, and provides the ALU B 
operand source. 

= = ==-== = ==~-==~ 
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16-bit Cascadable ALU L4C381 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Symbol Parameter 

YOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lec1 Vee Current, Dynamic 

lec2 Vee Current, Quiescent 

- ~ ....-...-~ 
-~~-~ - - -~--- -- - ----- --~-------

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

Test Condition 

IOH =-2.0mA 

IOL= 8.0 mA 

(Note3) 

Ground s; VIN s; Vee 

Ground s; Yours; Vee 

VouT =Ground, Vee= Max (Notes 4, 8) 

(Notes 5, 6) 

(Note7) 

Supply Voltage 

4.75 vs; Vee s; 5.25 v 

4.50 vs; Vee s; 5.50 v 

Min Typ 

2.4 

2.0 

15 

Max 

0.5 

Vee 

0.8 

±20 

±20 

-250 

30 

1.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

-~~-,,,.._.,.. 
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~ 
L4C381·55 L4C381·40 L4C381·26 

Fo-F1s P,G OVF,Z C1& Fo-F1s P,G OVF,Z C1& Fo-F1s P,G OVF,Z C1& t 

FTAB = o, FTF = 0 

Clock 32 38 53 36 26 30 44 32 22 22 26 22 

Co 34 22 28 20 18 18 

So-S2, OSA, 088 42 42 42 32 34 35 22 22 22 

FTAB = o, FTF = 1 

Clock 56 38 53 36 46 30 44 32 28 22 26 22 

Co 37 34 22 30 28 20 22 18 18 

So-S2, OSA, 088 55 42 42 42 40 32 34 35 26 22 22 22 

FTAB = 1, FTF = 0 

Ao-A1s, 80-815 36 46 37 30 40 32 22 22 22 

Clock 32 26 22 

Co 34 22 28 20 18 18 

So-S2, OSA, 088 42 42 42 32 34 35 22 22 22 

FTAB = 1, FTF = 1 

Ao-A1s, 80-815 55 36 46 37 40 30 40 32 26 22 22 22 
Clock (OSA,8=0) 56 38 53 36 46 30 44 32 28 22 26 22 

Co 37 34 22 30 28 20 22 18 18 
So-S2, OSA, 088 55 42 42 42 40 32 34 35 26 22 22 22 

L4C381·55 L4C381·40 L4C381·26 

Input FTAB:O FTAB = 1 FTAB:O FTAB = 1 FTAB:O FTAB = 1 

Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold 

Ao-A1s, Bo-81s 8 2 35 2 8 2 28 2 8 2 16 2 

Co 21 0 21 0 16 0 16 0 8 0 8 0 

So-S2, OSA, 088 44 0 44 0 32 0 32 0 18 0 18 0 

~. ENB, ENF 10 2 10 2 10 2 10 2 8 2 8 2 

•:r~~*~·:$r~:r.t::_g~~~~:w."''~~-~t.~:·:nii.k.~:.::t&.4.~~-:=1::;J.·•.::=:: 
L4C381 ·55 L4C381 ·40 L4C381 ·26 L4C381 ·55 L4C381 ·40 L4C381 ·26 

tEN 20 18 16 Minimum Cycle Time 43 34 20 

tots 20 18 16 Highgoing Pulse 15 10 10 

Lowgoing Pulse 15 10 10 

- ...-.. ....-..-~ - ....._.....__...._ - -_ .. ___ -- ------- --~--------- -- -=oE=v=1cE=s=,N=co=R=Po=RA=T=E=o======================= Logic Products 
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~ 
L4C381·65 L4C381·45 L4C381-30 

Fo-F1s P,G OVF,Z C1s Fo-F1s P,G OVF,Z C1s Fo-F1s P,G OVF,Z C1& t 

FTAB = 0, FTF:O 

Clock 37 44 63 45 28 34 50 34 26 28 34 28 

Co 42 25 32 23 22 22 

So-S2, OSA, OS8 48 48 48 38 38 38 28 28 28 

FTAB = 0, FTF = 1 

Clock 68 44 63 45 56 34 50 34 34 28 34 28 

Co 42 42 25 32 32 23 26 22 22 

So-S2, OSA, OS8 66 48 48 48 46 38 38 38 30 28 28 28 

FTAB = 1, FTF = 0 

Ao-A15, 80-815 44 56 44 32 46 36 28 28 28 

Clock 37 28 26 

Co 42 25 32 23 22 22 

So-S2, OSA, OS8 48 48 48 38 38 38 28 28 28 

FTAB = 1, FTF = 1 

Ao-A15, 80-815 65 44 56 44 45 32 46 36 30 28 28 28 
Clock (OSA,8=0) 68 44 63 45 56 34 50 34 34 28 34 28 
Co 42 42 25 32 32 23 26 22 22 
So-S2, OSA, OS8 66 48 48 48 46 38 38 38 30 28 28 28 

L4C381·65 L4C381·45 L4C381-30 

Input FTAB:O FTAB = 1 FTAB:O FTAB = 1 FTAB = 0 FTAB = 1 

Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold Setup Hold 

Ao-A15, 80-815 10 3 43 3 8 3 33 3 8 3 20 3 

Co 25 0 25 0 20 0 20 0 12 0 12 0 

So-S2, OSA, OS8 50 0 50 0 36 0 36 0 20 0 20 0 

ENA,ENB.~ 12 2 12 2 10 2 10 2 10 2 10 2 

• 'f ~~~~·i§f~t.~.i.f.~~~~tli!r~~if~~-•nM.~~ •t.&'1r~ rii):·u :. eJ.6t;k cr#.J..tYnai~i1'~i P.6t$~ wW#i••· .. >><•>•••:::::•:• .......... · · 
L4C381 ·65 L4C381-45 L4C381 ·30 L4C381-65 L4C381 ·45 L4C381-30 

tEN 22 20 18 Minimum Cycle Time 52 38 26 

tDIS 22 20 18 Highgoing Pulse 20 15 12 

Lowgoing Pulse 20 15 12 

-~~-..-.. - ..-.-.--.-- ------ -- ------ ---------- ,_. - .._.. ..._..._ ..._... 
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16-bit Cascadable ALU 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chipfrom dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ...-... ~-...-.... - ,...._, .--.-. 

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N = total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested withallinputs within0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tms test) and input levels of nominally 
Oto 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/tum-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

L4C381 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUTI as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 mV 
from steady-state voltage with speci
fied loading. 

= = ==-== = 
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16-bit Cascadable ALU 

Cascading the L4C381 to 32 bits is 
accomplished simply by connecting 
the C16 output of the least significant 
slice to the Co input of the most sig
nificant slice. The So-52, OSA, OSB, 
ENA, ENB, and ENF lines are 
common to both devices. The Zero 
output flags should be logically 
ANDed to produce the Zero flag for 
the 32-bit result. The OVF and C16 
outputs of the most significant slice 
are valid for the 32-bit result. 

Propagation delay calculations for this 
configuration require two steps: First 
determine the propagation delay from 
the input of interest to the C16 output 
of the lower slice. Add this number 
to the delay from the Co input of the 
upper slice to the output of interest 

-..-....~-..-.. - ~.-..-----. - ------ -- - ----- --.....-.-.-.-_. 

(of the CO setup time, if the F register 
is used). The sum gives the overall 
input-to-output delay (or setup time) 
for the 32-bit configuration. This 
method gives a conservative result, 
since the C16 output is very lightly 
loaded. Formulas for calculation of 
all critical delays for a 32-bit system 
are shown in Figures la through ld. 

Cascading to greater than 32 bits can 
be accomplished in two ways: The 
simplest (but slowest) method is to 
simply connect the Cl6 output of each 
slice to the Co input of the next more 
significant slice. Propagation delays 
are calculated as for the 32-bit case, 
except that the Co to C16 delays for all 
intermediate slices must be added to 
the overall delay for each path. A 

L4C381 

... ·.·.······························<•·····•·<<.••<) 

faster method is to use an external 
carry-lookahead generator. The P and 
G outputs of each slice are connected 
as inputs to the CLA generator, which 
in turn produces the Co inputs for 
each slice except the least significant. 
The C16 outputs are not used in this 
case, except for the most significant 
one, which is the carry out of the 
overall system. The carry in to the 
system is connected to the CO input of 
the least significant slice, and also to 
the carry lookahead generator. 
Propagation delays for this configura
tion are the sum of the time to P, G, 
for the least significant slice, the 
propagation delay of the carry look
ahead generator, and the Co to output 
time of the most significant slice. 

_..._... -.__-~ 
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16-bit Cascadable ALU 

MOST 
SIGNIFICANT 

SLICE 

MOST 
SIGNIFICANT 

SLICE 

- ...-... ...... -~ - .....-..-.--- ------- -- ------ -------

From 
Clock 
Clock 
Co 
So-82, OSA, OSB 
A,B 
Co 
So-82, OSA, OSB 
~."ENB,El\J"F 
Minimum cycle time 

To 
- F 
- Other 
- Other 
- Other 
Setup time 
Setup time 
Setup time 
Setup time 

A16-A31 816-831 

F16-F31 

-----------------------• 

From 
Clock 
Clock 
Co 
Co 
So-82, OSA, OSB 
So-82, OSA, OSB 
A,B 
Co 
So-82, OSA, OSB 
ENA, ENB, ENF 
Minimum cycle time 

To 
-F 
- Other 
-F 
- Other 
-F 
- Other 
Setup time 
Setup time 
Setup time 
Setup time 

A16-A31 816-831 

F16-F31 

Calculated Specification Limit 
Same as 16-bit case 
(Clock- C16) +(Co- Out) 
(Co- C16) +(Co- Out) 
(So-82, OSA, OSB - C16) +(Co - Out) 
Same as 16-bit case 
(Co - C16) +(Co Setup time) 
(So-82, OSA, OSB - C16) +Co Setup 
Same as 16-bit case 
(Clock - C16) + (Co Setup time) 

Ao-A15 80-815 

CLOCK 

Co,So-S2 
OSA,088 

L4C381 

Fo-F15 

LEAST 
SIGNIFICANT 
SLICE 

Calculated Specification Limit 
(Clock- C16) +(Co- F) 
(Clock - C16) + (Co - Out) 
(Co - C1s) + (Co - F) 
(Co - C16) + (Co - Out) 
(So-82, OSA, OSB - C16) + (Co - F) 
(So-82, OSA, OSB - C16) + (Co - Out) 
Same as 16-bit case 
(Co - C16) +(Co Setup time) 
(So-82, OSA, OSB - C16) + (Co Setup time) 
Same as 16-bit case 
(Clock- C16) +(Co Setup time) 

,----------------------------
Ao-A15 80-815 

Fo-F15 

CLOCK 

Co,So-S2 
OSA,088 

~----------------------------J 

LEAST 
SIGNIFICANT 
SLICE 

- ....... ~-..._... 
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MOST 
SIGNIFICANT 

SLICE 

MOST 
SIGNIFICANT 

SLICE 

- ~ ,......_,..-.. - ,........._. _ _._ - - _.., ___ -- ------ --~_.... _ _. 

From 

Clock 
A,B 
Co 
So-S2, OSA, OSB 
A,B 
Co 
So-S2, OSA, OSB 
ENA,ENB,ENF 
Minimum cycle time 

To 

-F 
-other 
-other 
-other 
Setup time 
Setup time 
Setup time 
Setup time 

(F register accumulate loop) 

A16-A31 81&-831 

CLOCK 1 
I 
I 
I 
I 
I 
I 

Calculated Specification Limit 

Same as 16-bit case 
(A, B - C16) + (Co - Out) 
(Co - C1s) + (Co - Out) 
(So-S2, OSA, OSB- C1s) +(Co - Out) 
(A, s- C1s) +(Co Setup time) 
(Co - C1s) +(Co Setup time) 
(So-S2, OSA, OSB- C16) +(Co Setup time) 
Same as 16-bit case 
(Clock - C16) + (Co Setup time) 

Ao-A15 80-815 

Co,So-82 
OSA,088 

F16-F31 1 Fo-F15 
I 

LEAST 
SIGNIFICANT 
SLICE 

----------------------~ ·-----------------------------

From 

A,B 
A,B 
Co 
Co 
So-S2, OSA, OSB 
So-S2, OSA, OSB 
A,B 
Co 
So-S2, OSA, OSB 
~.ENB,ENF 
Minimum cycle time 

To 

-F 
-other 
-F 
-other 
-F 
-other 
Setup time 
Setup time 
Setup time 
Setup time 

(F register accumulate loop) 

A16-A31 81&-831 

F16-F31 

L---------------------J 

Calculated Specification Limit 

(A, B - C16) + (Co - F) 
(A, B- C1s) +(Co- Out) 
(Co - C1s) + (Co - F) 
(Co - C1s) + (Co - Out) 
(So-S2, OSA, OSB - C16) + (Co - F) 
(So-S2, OSA, OSB - C16) + (Co - Out) 
( A, B - C16) + (Co Setup time) 
(Co - C1s) + (Co Setup time 
(So-S2, OSA, OSB - C16) +(Co Setup time) 
Same as 16-bit case 
(Clock- C1s) +(Co Setup time) 

Ao-A15 80-815 

Fo-F15 

Co,So-82 
OSA, OSB 

----------------------------• 

LEAST 
SIGNI Fl CANT 
SLICE 

-~~-..._... 
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16-bit Cascadable ALU 

68-pin 68-pin 
1 2 

A9 B7 A ... , ... 
I~) 

A10 Bs 
A11 B5 
A12 B4 
A13 B3 
A14 B2 
A15 Top B1 

As ,,. ... 0 1 ... ) 

A10 As , ... , ... 
1_.1 l_.1 

A12 A11 ,,. ... ,,. ... 
1_.1 l_.1 
A14 A13 

B 

c 

D 

CLK View Bo 
vcc ENA 

, ... , ... 
l_.1 \_.I 

CLK A15 
E 

GND 
FTAB 

, ... , ... 
1_.1 l_.1 

GND vcc 
F 

OSB G , ... 
\_.I 

, ... 
l_.1 

OSA 

ZERO s2 
OVF S1 
ENF 25 45 So 

FTF 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
44 

Co 

Speed 

65ns 
45 ns 
30 ns 

Plastic J-Lead 
Chip Carrier (J2) 

- ...-... ....-.. _ ...... - ....._ .-. ------ ------ -- ------ -
_ _. ___ _ 

Ceramic Leadless 
Chip Carrier (K3) 

L4C381 KMB65 
45 
30 

H 

K 

L 

p C16 ,,. ... 
\_.I 

,,. ... 
1 ... ) 

ZERO G , ... 
\_.I 

,,. ... 
1 .. ) 

ENF OVF ,,. ... 
1 ... ) 0 
FTF O'E 

0 
F15 

() 
A7 

0 
AB 

0 
F14 

0 
F13 

L4C381 

4 5 6 7 8 9 10 11 

C> 0 0 0 0 
A5 A3 A1 B15 B13 

0 0 0 0 0 
A4 A2 Ao B14 B12 

Top View 

Through Package 
O.e., Component Side Pinout) 

~ 
0 0 0 0 
F12 F10 Fa F6 

C> 0 0 C> 
F11 Fs F7 F5 

Pin Grid Array 
(G1) 

L4C381 GMB65 
45 
30 

0 
F4 

0 
F3 

C> 0 
B11 Be 

0 0 , ... 
1 ... ) 

B10 Ba B7 , ... 
l_.1 

, ... 
l_.1 

B5 B6 , ... 
l_.1 

, ... 
l_.I 

B3 B4 , ... 
1 ..... 1 

, ... 
1 ..... 1 

B1 B2 , ... 
l_.1 

, ... 
l_.1 

ENA Bo , ... 
1_..1 

, ... 
1_..1 

FTAB ENB ,,. ... , ... 
1_..I I .... ) 
OSA OSB , ... 
l_..1 

, ... 
1_..1 

S1 S2 

0 0 , ... 
1_..1 

F2 Co So 

0 0 
F1 Fo 
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16-bit ALU Slice L29C101 

0 Four-Wide 2910 ALU Plus Carry 
Look-ahead Logic and Full 16-bit 
Data Paths 

0 High Speed, Low Power CMOS 
Technology 

0 Fast Oock Period: 
35 ns Commercial, 45 ns Military 

0 Available 100% Screened to MIL
STD-883, Gass B 

0 Functionally Equivalent to AMD 
AM29Cl 01 and Cypress CY7C9101 

0 Package Styles Available: 
• 64-pin Plastic DIP 
• 64-pin Sidebraze, Hermetic DIP 
• 68-pin Pin Grid Array 

Bo-63 

l 

The L29C101 is a high- performance, 
expandable, 16-bit Arithmetic Logic 
Unit slice manufactured using CMOS 
technology. Completely code compat
ible with its 4-bit predecessors, the 
part can be used to implement the 
arithmetic section of central proces
sors or many types of programmable 
controllers. 

The microinstruction set of the 
L29C101 is straightforward, yet 
versatile enough so that the part can 
be used to emulate the ALU opera
tions of most digital computers. 

The L29C101 is comprised of func
tions equivalent to four 2901 bit-slice 
ALU's plus the 2902 carry look-ahead 
logic, all in a single 64-pin device. 

16 

BREAD ADDA 

Ao-A3 --A READ ADDA 

Do-D1s -------.+------.. 

Vee---• 
GND ___ _., 

CLOCK----

CARRY IN -------~ 

16 x 16 
REGISTER FILE 

16-BIT 
8-FUNCTION 

ALU 

CARRY-LOOK-AHEAD 

OE(Y) ------------' 

RAM1s 

Yo-Y1s 

- ~ ....-..-~ - ....... .-.--- - ----- -- ------ ----.----

2 

RA Mo 

Included are a 16-word by 16-bit dual
port register file, a 16-bit 8-function 
ALU, 16-bit shifters, and all the 
necessary decoding and control logic. 

All status, shift linkage, and carry 
functions are cascadable to allow con
struction of architectures wider than 

DESTINATION 
CONTROL 

lo-11 

16 

Q REGISTER 

16 

LOGIC 0 

F1s 
z 
OVA 
C(n+16) 

a,P 

Qo 

_.._... ...._,__..._... 
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16-bit ALU Slice 

16-bits if desired. Expanded designs 
can take advantage of full carry-look
ahead for improved performance. 

The L29Cl01 is fully pin and function 
compatible with the Am29C101. The 
L29C101 is available in High-Rel 
versions that are fully compliant with 
MIL-STD-883C, class B. 

L29C101 Architecture 

A typical execution cycle for the 
L29C101 consists of reading two oper
ands simultaneously from the two
port register file, performing an ALU 
operation on these operands, and 
returning the result to the file. This 
entire operation can be completed in a 
single clock cycle, providing high 

ALU 
DESTINATION 

DECODE t----~ 

performance and simple microcode. 
Optionally, the ALU operands may be 
sourced by the external data port, an 
auxiliary register denoted the Quo
tient or "Q" register, or forced to zero 
under instruction control. Also, the 
data returned to the register file and 
the Q register may be shifted one bit 
in either direction to aid multiplica
tion and division operations. 

Register Fiie 
The two-port register file has a ca
pacity of 16 words of 16 bits each. The 
A-port address (AO-A3) specifies the 
register to be read from the A-port, 
and the B-port address (Bo-B3) speci
fies the register to the read from the 
B-port. Both A and B addresses may 

L29C101 

be the same, in which case identical 
data will appear at both A and B 
ports. In addition, the B-port address 
can specify a register location for 
writing. Data from the locations 
indicated by the A and B addresses 
are read from the register file during 
the low period of the clock. The data 
is applied to two latches which are 
transparent during the clock low 
period, and hold their state during the 
clock high period. The purpose of 
these latches is to hold the A and B 
ALU operands constant while a 
computation result is written back to 
the register file at the B address. This 
allows for a read-modify-write cycle, 
which is useful in applications such as 
accumulation. Under control of the 

Fo 

RAM SHIFTER 
(16 x 3-IN MUX) 

[ 

A3 
D1s 014 Du ••• D2 D1 Do 

831 A2 
A ADDRESS A

1 

Ao 

CP 

- ..-.. ....... -~ - ...-.....-.-.-- -_ .. ___ -

Ao-A1s 

Ao-A1s 

16-WORD x 16-BIT 
DUAL PORT RAM 

82 

81 
B ADDRESS 

Bo-B1s Bo 

Bo-B1s 

=-~-===;:r-=DE=V=ICE=S=IN=C=OR=PO=RA==TE=D================================================LogicProducts 
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16-bit ALU Slice 

Result Destination Field (16, Is), data to 
be written to the register file is stored 
into the register addressed by the B 
field on the rising edge of the clock. 

ALU Control 

The ALU is capable of performing 
eight operations. These functions are 
described in Table 2. The control 
inputs 13-15 select one of three arith
metic or five logical operations to be 
performed on the input operands. 
The integral carry-lookahead circuitry 
across all 16 ALU bits is functionally 
equivalent to the 2902 carry-look
ahead unit and provides significant 
speed advantages. 

In the arithmetic mode, the ALU 
result is also a function of the Carry In 
input. When executing ALU Add or 
Subtract instructions, setting the C(n) 

DH5 Du ••• D1 

input to '1' causes the addition of '1' to 
the result. Thus for 2's complement 
operations, C(n) of the least significant 
slice would be set to zero for addition, 
and to '1' for subtraction. This is be
cause the L29C101 ALU naturally im
plements l's complement subtraction, 
that is, a bitwise complement of one 
of the operands. In order to achieve a 
2's complement result, a '1' must be 
added in the least significant position. 
This is accomplished using C(n). PASS 
and Negate operations are also 
available by combining arithmetic 
instructions (Add, Subtract) with any 
of the operand source options which 
set one operand to zero. Tables 5 and 
6 show the detailed ALU logic and 
arithmetic functions and the operands 
selected. Table 5 includes ALU 
function selection. 

L29C101 

Operand Source Control 
As shown in the figure below, each of 
the ALU operands is supplied by a 
multiplexer, which allows significant 
flexibility in the selection of the 
operand source. The two 16-bit ALU 
inputs are denoted R and S. The R 
operand may be sourced by the A 
read port of the register file, from the 
D input pins, or may be forced to zero. 
The S operand may be sourced by the 
B read port of the register file, the A 
read port, (when the R operand is D 
or zero), the Q register, or forced to 
zero. Control of the operand selection 
multiplexers is encoded into control 
field 12-Io, as described in Table 1. 

Result Destination Control 
The instruction field 16-18 is encoded 
to control the routing of the ALU 

Do 815 814 ••• 81 Bo 

.---~-----+---t-------015 
.-----+---+-------014 

A15---+---1----.J..-~~---+---+---oir-----t-i---t-t-----r--, 
Au~-....i---1-~--.J..---~--+~.,_-+---lf-----t-i---t-t-~~--, • • 

• • • 
--+--+-------01 A1•:_--.J.-..1.--1----+--t-----+-+--t-~t----~t-1r--i 

Ao-.-+-+-+---+~....--f-~+-----t-+--t--t---1 

R1s 

C(n) 

s ;-;=-=-~= = 

R14 ••• R1 Ro 

...------Oo 

ALU 
SOURCE 

L--1...--..L-~~~~-L-~~_.__~-,OPERAND 

DECODE 

S15 S14 ••• 

16-BIT ARITHMETIC LOGIC UNIT (ALU) C(n+16) 
OVR 

F1s F14 ••• 

Y1s Yu ••• Y1 

F1 Fo 

Yo 

F1s (SIGN) 
F=O 

ALU 
DESTINATION 

DECODE 

la 

17 

Is 

~-~-~~-~=======================Logic Products 
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16-bit ALU Slice 

result field, denoted F, and the Q 
register contents. The encoding is 
defined in Table 3. Under instruction 
control, the ALU result can be stored 
in the register file, the Q register, or 
both. A No Operation capability is 
also provided during which the result 
is not stored in either location. This 
field also controls the value presented 
at the Yo-Y1s outputs. These outputs 
generally reflect the ALU result F, but 
for one of the instruction decodes are 
driven by the A port value read from 
the register file. This provides the cap
ability to read data from the register 
file while simultaneously performing 
an ALU operation. This is useful in 
applications such as postincrement 
address generation, for example. 

In addition to destination control, up 
or down shifting of both the register 
file and Q register load values are 
controlled by the 16-18 field. Each can 
be up or down shifted one position 

F15 

015 

L6>-

prior to storing in the destination 
register. The RAMo or Qo pins output 
the least significant bit of the value 
being stored for downshifts, and 
accept the bit to be stored in the least 
signficant position for upshifts. 
Similarly, the RAM1s or Qls pins 
output the most significant bit for 
upshifts, and accept the bit to be 
stored in the most significant position 
for downshifts. Table 3 gives the 
various shift actions and data destina
tions controlled by the 16-18 inputs. 

Q-Reglster 
The Q-register is intended primarily 
for use as a separate working register 
for multiplication and division rou
tines but it also serves as an accumula
tor or for temporary storage. The 
Q register is loaded via a multiplexer, 
which allows either up or downshift 
of the Q register contents, or an un
shifted load of the Q register with the 
ALU result. 

F14 F13 ••• F2 F1 

. .. 

.. 
..,,,,,_ 
.:_ 

Q SHIFTER 

L29C101 

Status Outputs 
The G and P outputs are low-true 
Carry Generate and Carry Propagate 
signals. They are used in conjunction 
with an external carry-lookahead 
generator when cascading L29Cl 01 
slices beyond 32 bits. The C(n+ 16) is 
the Carry Out signal, which can be 
directly connected to the C(n) input 
of another 129C101 to implement a 
32-bit system. The OVR output 
indicates 2's complement overflow for 
addition and subl!_ac;!ion. The logical 
definitions of the G, P, C(n+16), and 
OVR signals are given in Table 7. 

The MSB of the ALU result (F1s) is 
provided so that the sign bit may be 
examined easily. The Z output is used 
for zero detection and is high when all 
of the F output bits are low. It is an 
open drain output which may be wire 
OR'ed across multiple slices. 

Fo 

Qo 

ALU r---::.:.i--- =----..:_:r---------:..:.""--.::. ---~:..! 

~~-
J 

DE~~~N;;~oN ~----~u~---~u~---~u~---~~~---~u: ___ ~u_x ____ ~u:_~ l (18 x 3-IN MUX) 

015 014 013 ••• D2 D1 Do 

cP)-[>OEN Q REGISTER 

015 014 013 012 ••• 03 02 01 Oo 

015 014 013 012 ••• 03 02 01 Qo 

- ~ ..-...-...-.... - ~...._-.-- ------ -- ------ -------=-==-==-=-=-====================Logic Products 
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16-bit ALU Slice L29C101 

Micro Code ALU Source Micro Code 

Mnemonic Octal Operands Mnemonic Octal ALU 
12 11 IO Code R s Is 14 13 Code Function Symbol 

AO L L L 0 A a ADD L L L 0 R PlusS R+S 

AB L L H A B SUBR L L H 1 S Minus R S-R 

za L H L 2 0 a SUBS L H L 2 R MinusS R-S 

ZB L H H 3 0 B OR L H H 3 RORS 

ZA H L L 4 0 A AND H L L 4 RANDS 

DA H L H 5 D A NOTRS H L H 5 RANDS 

DO H H L 6 D a EXOR H H L 6 REX-ORS 

DZ H H H 7 D 0 EX NOR H H H 7 R EX-NORS 

ram 7 I ?·•>······ : .rn:. :: <<><•• <·:•:>> ......... :):'. 

2 :•:•: :>:::Q 

Micro Code RAM Function Q-Reg.Function RAM Shifter Q Shifter 

Octal y 

Mnemonic Is 17 16 Code Shift Load Shift Load Output RA Mo RAM1s QO Q15 

OREG L L L 0 x None None F-O F x x x x 
NOP L L H 1 x None x None F x x x x 
RAMA L H L 2 None F-B x None A x x x x 
RAMF L H H 3 None F-B x None F x x x x 
RA Moo H L L 4 DOWN F/2-B DOWN 012-a F Fo IN15 Qo IN1s 

RA Mo H L H 5 DOWN F/2-B x None F Fo IN15 Qo x 
RA Mou H H L 6 UP 2F-B UP 20-a F I No F15 I No 015 

RAMU H H H 7 UP 2F-B x None F I No F15 x 015 

1210 - 0 1 2 3 4 5 6 7 

Octal 

1543 

0 

2 

3 

4 

6 

7 

ALU 

Function 

C(n) = L 
R plus S 
C(n) = H 

C(n) = L 
S minus R 
C(n) = H 

C(n) = L 
R minusS 
C(n) = H 

RORS 

RANDS 

RANDS 

REX-ORS 

R EX-NORS 

- ~ ~-~ - ~------- - ------ -- - ~----- --~-------_..._... ...._,_._ ..._.. 

DEVICES INCORPORATED 

A,Q A,B 

A+O A+B 

A+0+1 A+B+1 

Q-A-1 B-A-1 

0-A B-A 

A-Q-1 A-B-1 

A-0 A-B 

Ava AvB 

AAO AAO 

AAO AAB 

AV'Q AV'B 

AV'Q AV'B 

ALU Source 

O,Q O,B O,A D,A D,Q 0,0 

a B A D+A D+O D 

a+ 1 B+1 A+ 1 D +A+ 1 D+0+1 D + 1 

0-1 B-1 A-1 A-D-1 Q-D-1 -D-1 

a B A A-D 0-D -D 

-0-1 -B-1 -A-1 D-A-1 D-0-1 D-1 

-Q -B -A D-A D-0 D 

a B A DvA DvO D 

0 0 0 DAA DAO 0 

a B A DAA DAO 0 

a B A DV'A DV'Q D 

a B A DV'A DV'O o 

Logic Products 
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16-bit ALU Slice 

Octal 1543, 121 o 
40 
41 
45 
46 
30 
31 
35 
36 
60 
61 
65 
66 
70 
71 
75 
76 
72 
73 
74 
77 
62 
63 
64 
67 
32 
33 
34 
37 
42 
43 
44 
47 
50 
51 
55 
56 

1543 

0 

1 

2 

3 
4 

5 

6 
7 

Function 
R+S 
S-R 

R-S 

RvS 
RAS 

RAS 

R'VS 
R'VS 

- ...-.. ....-..-...-.. - ........_.-.-~ - - ----- -- ------- --~------

Group 

AND 

OR 

EX-OR 

EX-NOR 

INVERT 

PASS 

PASS 

ZERO 

MASK 

p 

Po• P1 ··· P1s 

Function 
AAO 

Octal 
1543, 

AAB 1210 
DAA 
DAO 00 

A vO 01 

A vB 05 

DvA 06 
DvA 02 
A'VO 03 
A 'VB 

04 
D'VA 
D'VO 07 

A'VO 12 
A 'VB 13 
D 'VA 14 
D'VO 27 

o 
R 22 

A 23 

15 24 
o 17 
B 10 
A 

11 
D 
o 15 

B 16 

A 20 
D 21 
0 25 
0 26 
0 
0 

AAO 
AAB 
DAA 
DAO 

G 

L29C101 

C(n) = o (Low) C(n) = 1 (High) 

Group Function Group Function 

A+O A+O+ 1 
A + B ADD Plus A + B + 1 

ADD D+A 
D+O 

o 
B 

one D +A+ 1 
D+0+1 

PASS A Increment 

o+ 1 

8+1 
A+ 1 
D + 1 D 

0-1 
B-1 

Decrement A-1 PASS 
D-1 

-0-1 

o 
B 
A 
D 

-o 
- B - 1 2's Comp. - B 

1 's Comp. -A - 1 (Negate) -A 
-D-1 -D 

O-A-1 0-A 
B-A-1 B-A 
A-D-1 A-D 

Subtract 0 - D - 1 Subtract 0 - D 
(1 's Comp.) A - 0 -1 (2's Comp.) A - 0 

A-B-1 A-B 
D-A-1 D-A 
D-0-1 D-0 

C (n+16) OVA 

G15 + P1s G14 + P1s P14 G13 + ... C1s C16 'V C1s 
~ Same as R + S equations, but substitute Ri for Ri in definitions -4 

~ Same as R + S equations, but substitute Si for Si in definitions -4 

HIGH HIGH LOW LOW 

_.._... ....... -~ 
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16-bit ALU Slice L29C101 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Symbol Parameter 

VOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lee1 Vee Current, Dynamic 

lee2 Vee Current, Quiescent 

- ...-... ...-..-~ - ...... .-.-~ - -_ .. ___ -- ------ -
_ ___.. ____ __ 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

Test Condition 

loH =-2.0 mA 

IOL= 8.0 mA 

(Note 3) 

Ground s VIN s Vee 

Ground s Yours Vee 

Your= Ground, Vee = Max (Notes 4, 8) 

(Notes 5, 6) 

(Note7) 

Supply Voltage 

4.75 Vs Vee s 5.25 V 

4.50 Vs Vee s 5.50 V 

Min Typ 

2.4 

2.0 

15 

Max 

0.4 

Vee 

0.8 

±20 

±20 

-250 

30 

5.0 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

_ .._....~-~ 
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16-bit ALU Slice L29C101 

w>~1re~#l'~~,~~P.!:~i~~~::-l!iM,::i.N:Q,i~M·1x:::::::rnn::u::::+J<<< 
. . . . Devl~e . . .. . l 1~~~t 'l o~~~~t .... ~EN I tDIS 

:::cf:~~€ .. fiM~i·A~~::@~·P,~~:p-~~~~4:r~~,~#~¥.:<>: Y>:>·>Y? 
Read - Modify - Write Cycle (from 

L29C101-35 1 OE I y I 20 l 17 selection of A, B registers to end of cycle) 35 ns 

Maximum Clock Frequency to shift Q 

(50% duty cycle, I = 432 or 632) 30 MHz 

Minimum Clock LOW Time 15 ns 

Minimum Clock HIGH Time 20 ns 

~i=· 
:::::: 

;•~·····~::-
~::::: 

llilR ::::: lJLl :;::::;:: 

t y 

A,BAddress 46 

·D 34 

C(n) 27 

lo, 11, 12 40 

13, 14, Is 41 

Is, 17, Is 20 

A bypass ALU 
(I= 2XX) 26 

Clock 38 

Input 

A,B Source Address (Notes 14, 15) 

B Destination Address (Note 13) 

D 

C(n) 

lo, 11, 12 

13, 14, Is 

Is, 17, Is (Note 13) 

RA Mo, RAM15, Qo, 01 s 

- ...-.. ~-...-i.. - ..--.~-...._. - ------ -- ------ -_.___. -.---

F1s C (n16) 

43 35 

34 27 

24 20 

40 33 

38 32 

- -

- -
34 30 

Setup Time 
Before H- L 

24 

24 

10 

RA Mo Qo 
G,P F:O OVR RAM1s Q1s 

37 49 41 40 -
27 40 29 33 -
- 28 23 28 -

30 42 32 35 -
28 40 36 38 -
- - - 26 26 

- - - - -
30 36 32 34 25 

Hold Time Setup Time Hold Time 
AfterH- L Before L- H AfterL-H 

3 35 

+.-Do Not Change~ 0 

26 0 

16 0 

30 0 

31 0 

+.-Do Not Change~ 0 

12 0 

- ~~-~ =DE=V=ICE=S=IN=CO=R=PO=RA==TE=D================================================LogicProducts 
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16-bit ALU Slice L29C101 

···oJff;ilfENAiiiibif sU jjj,••••$(il'·r·•r1)············· ...................................... •n:cic.L. i:TJ ...... 1.il~ . .4.··.N.l,,c, ....... L.···. o.·•·.c .... · •. 1c.••.·•·.c ... H..··.···.~ .• ·.R .... A ........ cr.•·.···.•··. E ........ R.··.i. s.·•·.····Tl······.c .• ·.s.············.<./ ....•.•.....•..•..•.................... ............................ / .......................... · ......... ·"'········· .. ); ............. f: .....••.•...... 9.~/.•·• .. • ......................... ·.· .. 
Device Input Output 

L29C101-45 

A,B Address 

D 

C(n) 

lo, 11, 12 

13, 14, 15 

Is, 17, la 

A bypass ALU 
(I= 2XX) 

Clock 

Input 

OE 

y 

52 

37 

30 

44 

47 

22 

27 

44 

A,B Source Address (Notes 14, 15) 

B Destination Address (Note 13) 

D 

C(n) 

lo, 11, 12 

13, 14, Is 

Is, 17, la (Note 13) 

RA Mo, RAM1 s, Qo, Q1 s 

- ~ ~-...-... - ~--------- - ------ -- ------ ----~--

y 
tEN tDIS 

23 20 

F1s C (n16) 

50 40 

36 30 

28 24 

43 36 

44 35 

39 32 

Setup Time 
Before H- L 

22 

22 

10 

Read - Modify - Write Cycle (from 

selection of A, B registers to end of cycle) 45 ns 

Maximum Clock Frequency to shift Q 

(50% duty cycle, I= 432 or 632) 25 MHz 

Minimum Clock LOW Time 20 ns 

Minimum Clock HIGH Time 20 ns 

RA Mo Qo 
G,P F:O OVR RAM1s Q1s 

38 48 46 43 

32 40 32 35 

29 27 30 

34 46 38 41 

35 45 44 45 

30 30 

32 40 36 34 28 

Hold Time Setup Time Hold Time 
AfterH- L Before L- H After L-H 

3 40 

t-Do Not Change~ 0 

30 0 

20 0 

37 0 

36 0 

t-Do Not Change~ 0 

12 2 

-~ ....__...._... 
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16-bit ALU Slice 

1. Maximum Ratings indicate stress 
specifications only. Functional opera
tion of these products at values beyond 
those indicated in the Operating Condi
tions table is not implied. Exposure to 
maximum rating conditions for extend
ed periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chip from dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with in
puts in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested with all inputs within 0.1 V of 
Vee or GND, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN/ 
tms test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turnon/turnoff times. 
As aresult, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and GND leads 
as close to the Device Under Test (DUT) 
as possible. Similar capacitors should 
be installed be-tween device Vee and 
the tester common, and device ground 

4. Duration of the output short circuit and tester common. 
should not exceed 30 seconds. 

b. GND and Vee supply planes must 
5. Supply current for a given appli- bebroughtdirectlytotheDUTsocketor 
cation can be accurately approximated contactor fingers. 
by: 

where 

N = total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

- ..-.. ...-.. -~ - ~....-.-----. - ------ -- ------ --~-------

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required OUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 

L29C101 

of view of the external system driving 
the chip. Setup time, for example, is 
specified as a minimum since the 
external system must supply at least 
that much time to meet the worst-case 
requirements of all parts. Responses 
from the internal circuitry are specified 
from the point of view of the device. 
Output delay, for example, is specified 
as a maximum since worst-case oper
ation of any device always provides 
data within that time. 

11. Transition for tEN is measured 
±200 m V from steady-state voltage 
with specified loading. 

12. A dash indicates a propagation 
delay or setup time constraint that does 
not exist. 

13. Certain signals must be stable 
during the entire clock LOW time to 
avoid erroneous operation. This is 
indicated by the phrase "do not 
change." 

14. Source addresses must be stable 
prior to the clock H-L transition to 
allow time to access the source data 
before the latches close. The A address 
may then be changed. The B address 
could be changed if it is not a 
destination; i.e., if data is not being 
written back into the RAM. Normally A 
and Bare not changed during the clock 
LOW time. 

15. The setup time prior to the clock 
L-H transition is to allow time for data 
to be accessed, passed through the 
ALU, and returned to the RAM. It 
includes all the time from stable A and 
B addresses to the clock L-H 
transition, regardless of when the clock 
H-L transition occurs. 

_..._...~_...._... 
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16-bit ALU Slice L29C101 

64-pin 14 1 64 13 68-pin 
15 63 015 
p 62 RAM15 

2 3 4 5 6 7 8 9 10 11 

G 4 61 A3 
C(n+16) 5 60 A2 

OVR 6 59 A1 
A T 

, .... ,-) ,-) () () 0 0 0 0 \_..I ,,.. ,,.. 
Do Bo 82 CP ao 17 lo 12 F=O 

F15 7 58 Ao 
Y15 8 57 015 

Y14 9 56 014 

Y13 10 55 013 

, ... 0 () () 0 ,-) () 0 0 
,, , ... 

\_..1 ,,.. ,_. ' ... ) 
02 01 81 83 RAMO 16 18 11 C(n) Yo Y1 , ... , ... , ... , ... 
1_..1 \_..I \_..1 ' ... ) 

B 

c 
Y12 11 54 012 04 03 Y3 Y2 
Y11 12 53 011 

Y10 13 52 010 

Y9 14 51 09 

Ys 15 50 Os 

GND 16 49 vee 
0E 17 48 07 

Y7 18 47 06 

, ... , ... , ... , ... 
1_,1 \_,I \_..I \_,I 

06 05 Y5 Y4 , ... , ... , ... , ... 
1 .. .) 1_..I Top View 1_..I l_..1 

vcc 07 Y7 Ys , ... , ... Through Package , ... , ... 
\_..I \_..I 1_..I ' ... ) 
vcc NC (i.e., Component Side Pinout) GND BE 

D 

E 

F 

Y6 19 46 05 

Y5 20 45 04 
Y4 21 44 03 

Y3 22 43 02 

Y2 23 42 01 

Y1 24 41 Do 

Yo 25 40 Bo 

F=O 26 39 81 

C(n) 27 38 82 

12 28 37 83 

11 29 36 CP 
lo 30 35 RAMO 

, ... , ... , ... , ... 
1_..1 \_..I \_..1 \_..I 

09 08 GND NC , ... , ... , .... (:,, \_..I \_..I \_..I 

011 010 

TI 
Yg Ya , ... , .... , .... , ... 

\_..I \_..I 1_..I \_..I 

013 012 Y11 Y10 , ... ,, 
,-) 0 () rl 0 0 () (J , ... 

\_..I 
,_. ,,.. \,_. \_..I 

014 015 A1 A3 015 14 p C(n+16) F15 Y13 Y12 

0 () 0 0 0 0 0 0 0 
Ao A2 RAM15 13 15 G OVR Y15 Y14 

G 

H 

J 

K 

L 

18 31 34 Oo 

17 32 33 16 

L29C101PC35 L29C101 DC35 L29C101GC35 

..;5~•t0• +ns~c··········· .. CoMMEAClAL.SCAEENlNG 

L29C101 DM45 L29C101GM45 

L29C101 DME45 

45 ns L29C101 DMB45 L29C101GMB45 
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32-bit Cascadable Barrel Shifter LSH32 

0 32-bit Input, 32-bit Output 
Multiplexed to 16 Lines 

0 Full 0-31 Position Barrel Shift 
Capability 

0 Integral Priority Encoder for 32-bit 
Floating Point Normalization 

0 Sign-Magnitude or Two's Comple
ment Mantissa Representation 

0 32-bit Linear Shifts with Sign or 
Zero Fill 

0 Independent Priority Encoder 
Outputs for Block Floating Point 

0 Package Styles Available: 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Ceramic LCC (Type C) 
• 68-pin Pin Grid Array 

32 

The LSH32 is a 32-bit high speed 
shifter designed for use in floating 
point normalization, word pack/ 
unpack, field extraction, and similar 
applications. It has 32 data inputs, 
and 16 output lines. Any shift con
figuration of the 32 inputs, including 
circular (barr~l) shifting, left shifts 
with zero fill, and right shift with sign 
extend are possible. In addition, a 
built-in priority encoder is provided 
to aid floating point normalization. 

The major features of the LSH32 
architecture are discussed in the 
following paragraphs. 

SIGN 131-lo 

32 

RIGHT/LEFT -----------

32-bit 
BARREL 
SHIFT 

ARRAY 
FILL/WRAP -----+----+----.__ ____ ___,,,_.. 

NORM ----+-----' 

5 

S04-S00 Yo-Y1s OE MS/LS 

- ~ ....-...-~ - ...... ..._._..___ - - ------ -- - ~----- -
_.......,. __ __ 

Shift Array 

The 32 inputs to the LSH32 are 
applied to a 32-bit shift array. The 32 
outputs of this array are multiplexed 
down to 16 lines for presentation at 
the device outputs. The array may be 
configuredsuchthatanycontiguous 
16-bit field (including wraparound of 
the 32 inputs) may be presented to the 
output pins under control of the shift 
code field (wrap mode). Alterna
tively, the wrap feature may be 
disabled, resulting in zero or sign bit 
fill, as appropriate (fill mode). The 
shift code control assignments and the 
resulting input to output mapping for 
the wrap mode are shown in Table 1. 

Essentially the LSH32 is configured as 
a left shift device. That is, a shift code 
of ()()()()Oi results in no shift of the 
input field. A code of 000012 provides 
an effective left shift of 1 position, etc. 
When viewed as a right shift, the shift 
code corresponds to the two's comple
ment of the shift distance, i.e., a shift 
code of 111112 (-110) results in a right 
shift of one position, etc. 

When not in the wrap mode, the 
LSH32 fills bit positions for which 
there is no corresponding input bit. 
The fill value and the positions filled 
depend on the Right/Left (R/I.) 
direction pin. This pin is a don't care 
input when in wrap mode. For left 
shifts in fill mode, lower bits are filled 
with zero as shown in Table 2. For 
right shifts, however, the SIGN input 
is used as the fill value. Table 3 
depicts the bits to be filled as a 
function of shift code for the right 
shift case. Note that the R/[ input 
changes only the fill convention, and 
does not affect the definition of the 
shift code. 

- ....... ~-...._... 
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32-bit Cascadable Barrel Shifter 

Shift Code 

00000 
00001 
00010 
00011 

01111 
10000 
10001 
10010 

11100 
11101 
11110 
11111 

Y31 Y3o 

131 130 
130 129 
129 128 
128 127 

116 115 114 
115 114 113 
114 113 112 
113 112 111 

113 112 11 
12 11 lo 
11 lo 131 
lo 131 l3o 

Y1s Y1s 

116 115 
115 114 
114 113 
113 112 

11 lo 
lo 131 

131 130 
130 129 

120 119 
119 118 
118 117 
117 116 

Shift Code Y31 Y3o Y1e Y1s 

00000 
00001 
00010 
00011 

131 130 
130 129 
129 128 
128 127 

01111 
10000 
10001 
10010 

116 115 114 
115 114 113 
114 113 112 
113 112 111 

11100 13 12 11 
11101 12 11 lo 
11110 11 lo 0 
11111 lo 0 0 

- ..-... ....-..-~ - ...._, .------- .. ------ -- ------ ---.....-----.... 

116 115 
115 114 
114 113 
113 112 

11 
lo 
0 

0 

0 
0 
0 
0 

lo 
0 

0 

0 

0 
0 
0 
0 

:-:.:.:.: 

:-:-:-: 

Y1 Yo 

11 lo 
lo 131 

129 130 
130 129 

118 117 
117 116 
116 115 
115 114 

Is 14 
14 13 
13 12 
12 11 

:-:-:·:-:.;.;-:-: :-:.;-:.;·:-:· 

~~~~~!~~~~:~:~;:;:::::::;::;:;::; :;: ·:· :··· ·. 

Y1 

11 
lo 
0 
0 

0 

0 

0 

0 

0 
0 
0 
0 

Yo 

lo 
0 
0 
0 

0 

0 

0 

0 

0 
0 
0 
0 

LSH32 

In fill mode, as in wrap mode, the shift 
code input represents the number of 
shift positions directly for left shifts, 
but the two's complement of the shift 
code results in the equivalent right 
shift. However, for fill mode the R/[ 
input can be viewed as the most 
significant bit of a 6-bit two's comple
ment shift code, comprised of R/[ 
concatenated with the Sl4-Slo lines. 
Thus a positive shift code (R/L = 0) 
results in a left shift of 0-31 positions, 
and a negative code (R/[ = 1) a right 
shift of up to 32 positions. The LSH32 
can thus effectively select any contigu
ous 32-bit field out of a (sign extended 
and zero filled) 96-bit "input." 

Output Multiplexer 

The shift array outputs are applied to 
a 2:1 multiplexer controlled by the 
MS/LS select line. This multiplexer 
makes available at the output pins 
either the most significant or least 
significant 16 outputs of the shift 
array. 

Priority Encoder 

The 32-bit input bus drives a priority 
encoder which is used to determine 
the first significant position for pur
poses of normalization. The priority 
encoder produces a five-bit code 
representing the location of the first 
non-zero bit in the input word. Code 
assignment is such that the priority 
encoder output represents the number 
of shift positions required to left align 
the first non-zero bit of the input 
word. Prior to the priority encoder, 
the input bits are individually exclu
sive OR' ed with the SIGN input. This 
allows normalization in floating point 
systems using two's complement 
mantissa representation. A negative 
value in two's complement represen
tation will cause the exclusive OR 
gates to invert the input data to the 
encoder. As a result the leading 
significant digit will always be "1." 
This affects only the encoder inputs; 

_..._..,.......,__~ 
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32-bit Cascadable Barrel Shifter 

Shift Code Ya1 Yao 

00000 s s 
00001 
00010 
00011 

01111 
10000 
10001 
10010 

11100 
11101 
11110 
11111 

s 
s 
s 

s 
s 
s 
s 

s 
s 
s 
s 

s 
s 
s 

s 
s 
s 
s 

s 
s 
s 
s 

s s 
s s 
s 131 

131 130 

131 130 129 116 

1 x x x 
0 1 x x 
0 0 x 

0 0 0 
0 0 0 0 
0 0 0 0 

0 0 0 0 

0 0 0 0 

- ~ ~-~ - ~...---~ - ------ -- - ------ -_ _,,,_, -----_. 

115 

x 
x 
x 

x 

0 

0 

0 

Y1& Y1s 

s s 
s s 
s s 
s s 

s s 
s 131 

131 130 

130 129 

120 119 

119 118 

118 117 

117 116 

114 

x 
x 
x 

x 
x 

0 

0 

lo 

x 
x 
x 

x 
x 
x 

1 
0 

Y1 Yo 

s s 
s 131 

131 130 

130 129 

118 117 

117 116 

116 115 

115 114 

15 

14 

13 

12 

Shift Code 

00000 
00001 
00010 

01111 
10000 
10001 

11111 
11111 

14 

13 

12 

11 

LSH32 

the shift array always operates on the 
raw input data. The priority encoder 
function table is shown in Table 4. 

Normalize Multiplexer 

The NORM input, when asserted 
results in the priority encoder output 
driving the internal shift code inputs 
directly. It is exactly equivalent to 
routing the 504-500 outputs back to 
the 514-Slo inputs. The NORM input 
provides faster normalization of 32-bit 
data by avoiding the delay associated 
with routing the shift code off chip. 
When using the N'OR:'M function, the 
LSH32 should be placed in fill mode, 
with the R/[ input low. 

Applications Examples 

Normalization of mantissas up to 32 
bits can be accomplished directly by a 
single LSH32. The~ input is 
asserted, and fill mode and left shift 
are selected. The normalized mantissa 
is then available at the device output 
in two 16-bit segments, under the 
control of the output data multiplexer 
select, the MS/IS. 

If it is desirable to avoid the necessity 
of multiplexing output data in 16-bit 
segments, two LSH32 devices can be 
used in parallel. Both devices receive 
the same input word, with the MS/LS 
select line of one wired high, and the 
other low. Each device will then 
independently determine the shift 
distance required for normalization, 
and the full 32 bits of output data will 
be available simultaneously. 

-~~-....._.... 
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32-bit Cascadable Barrel Shifter 

Long-Word Normallzatlon 
(Multiple Cycles) 

Normalization of floating point man
tissas longer than 32 bits can be ac
complished by cascading ISH32 units. 
When cascading for normalization, 
the device inputs are overlapped such 
that each device lower in priority than 
the first shares 16 inputs with its more 
significant neighbor. Fill mode and 
left shift are selected, however, inter
nal normalization (NORM) is not 
used. The most significant result half 
of each device is enabled to the 
output. The shift out (504-SOO) lines 
of the most significant slice are con
nected to the shift in lines of all slices, 

including the first. The exception is 
that all 514 lines are grounded, lim
iting the shift distance to 16 positions. 
The shift distance required for nor
malization is produced by the priority 
encoder in the most significant slice. 
The priority encoder will produce the 
shift code necessary to normalize the 
input word if the leading non-zero 
digit is found in the upper 16 bits. ff 
this is the case, the number of shift 
positions necessary to accomplish nor
malization is placed on the 504-500 
outputs for use by all slices, and the 
appropriate 0-15 bit shift is accom
plished. ff the upper 16 bits are all 
zero, then the maximum shift of 15 
places is executed. Single clock nor-

I 63-148 147-132 131-116 

MSBs 

147-132 131-116 l1s-lo 

V63-Y48 Y47-Y32 

- ...-.. .....-... -...-.. - .-......--.-. - - -~--- -- ------ -_....._....._ _ _. 

LSH32 

malization requiring shifts longer than 
16 bits can be accomplished by a 
bank-select technique described 
below. 

Single Cycle Long-Word 
Normallzatlon 

An extension of the above concept is a 
single clock normalization of long 
words (potentially requiring shifts of 
more than 15 places). The arrange
ment of L5H32s required is shown in 
Figure 1. Cascading of LSH32 units is 
accomplished by connecting the 
513-Slo input lines of each unit to the 
503-SOo outputs of the most signifi
cant device in the row as before. Es
sentially the LSH32s are arranged in 

11s-lo 0 

0 

Y31-Y16 Y1s-Yo 

=-==-==-===-=-======================Logic Products 
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32-bit Cascadable Barrel Shifter 

multiple rows or banks such that the 
inputs to successive rows are left
shifted by 16 positions. The outputs 
of each row are multiplexed onto a 
three-state bus. The normalization 
problem then reduces to selecting 
from among the several banks that 
one which has the first non-zero bit 
of the input value among its 16 most 
significant positions. If the most 
significant one in the input file was 
within the upper 16 locations of a 
given bank, the S04 output of the 
most significant slice in that bank will 
be low. Single clock normalization 
can thus be accomplished simply by 
enabling onto the three-state output 
bus the highest priority bank in which 
this condition is met. In this way the 
input word will be normalized 
regardless of the number of shift 
positions required to accomplish this. 
The number of shift positions can be 
determined simply by concatenation 
of the 503-SOo outputs of the most 

- .-... ...... -~ - ,_.._~-.-- ------- -- - ~---- -------

significant slice in the selected row 
with the encoded Output Enable-bits 
determining the row number. Note 
that lower rows need not be fully 
populated. This is because they 
represent left shifts in multiples of 16 
positions, and the lower bits of the 
output word will be zero filled. In 
order to accomplish this zero fill, the 
least significant device in each row is 
always enabled, and the row select is 
instead connected to the SI4 input. 
This will force' the shift length of the 
least significant device to a value 
greater than 15 whenever the row con
taining that device is not selected. 
This results in zero fill being accom
plished by the equivalently positioned 
slice in a higher bank, as shown in the 
diagram. 

Block Floating Point 

With a small amount of external logic, 
block floating point operations are 
easily accomplished by the LSH32. 

LSH32 

Data resulting from a vector operation 
are applied to the LSH32 with the 
NORM-input deasserted. The 
S04-SOo outputs fill then represent 
the normalization shift distance for 
each vector element in turn. By use of 
an external latch and comparator, the 
maximum shift distance encountered 
across all elements in the vector is 
saved for use in the next block opera
tion (or block normalization). During 
this subsequent pass through the data, 
the shift code saved from the previous 
pass is applied uniformly across all 
elements of the vector. Since the 
LSH32 is not used in the internal nor
malize mode, this operation can be 
pipelined, thereby obtaining the 
desired shift distance for the next pass 
while simultaneously applying the 
normalization required from the 
previous pass. 

_..._... ...__._~ 
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32-bit Cascadable Barrel Shifter LSH32 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latch up current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

Supply Voltage 

4.75 Vs; Vee s; 5.25 V 

4.50 V s; Vee s; 5.50 V 

Symbol Parameter Test Condition Min Typ Max 

YOH Output High Voltage IOH =-2.0 mA 2.4 

VOL Output Low Voltage IOL= 8.0 mA 0.5 

VIH Input High Voltage 2.0 Vee 

VIL Input Low Voltage (Note3) 0.8 

llX Input Current Ground ~VIN~ Vee ±20 

loz Output Leakage Current Ground ~ Your~ Vee ±20 

los Output Short Current Your= Ground, Vee = Max (Notes 4, 8) -250 

lee1 Vee Current, Dynamic (Notes 5, 6) 10 30 

lee2 Vee Current, Quiescent (Note 7) 1.0 

!.~~~~ 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

-~~-~ 
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32-bit Cascadable Barrel Shifter LSH32 
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Symbol 

tlY 

ti SO 

tlYN 

tSIY 

IMSY 

tDIS 

tENA 

Symbol 

tlY 

ti SO 

tlYN 

tSIY 

tMSY 

tots 

tENA 

Parameter 

I, SIGN Inputs to Y Outputs 

I, SIGN Inputs to SO Outputs 

I, SIGN Inputs to Y Outputs, Normalize Mode 

SI, RIGHT/LEFT to Y Outputs 

MS/LS Select to Y Outputs 

OE to Output Disable (Note 11) 

OE to Output Enable (Note 11) 

Parameter 

I, SIGN Inputs to Y Outputs 

I, SIGN Inputs to SO Outputs 

I, SIGN Inputs to Y Outputs, Normalize Mode 

SI, RIGHT/LEFT to Y Outputs 

MS/LS Select to Y Outputs 

OE to Output Disable (Note 11) 

OE to Output Enable (Note 11) 

131-10 
SIGN I( 

Sl4-Slo 
RIGHT/LEFT )!( 

MS/LS 
~tlY,tlYN-

* ~t1so~ 
804-SOO 

Y31-Yo x 
ts1v 

LSH32·· 
42 

Min Max Min 

42 

55 

75 

52 

28 

20 

20 

LSH32·· 
50 

Min Max Min 

50 

65 

85 

62 

32 

22 

22 

~tSIY.::j 
JIE. 

32 
Max 

32 

42 

60 

40 

24 

20 

20 

40 
Max 

40 

52 

75 

52 

26 

20 

20 

V31-Yo 
_______ c ___ to_1s_=1-i ~IGH .. PED'"CE 'r=-·-=:< .... -----------
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32-bit Cascadable Barrel Shifter 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designedtoprotect the chipfrom dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

- ~ ...-...- ........ - ....... .-.----= = ==-== = 

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N = total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested with all inputs within 0.1 V of 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN I 
tms test) and input levels of nominally 
0 to 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/tum-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

LSH32 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(Dun as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the OUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required OUT 
input levels relative to the OUT ground 
pin. 

1 O. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 mV 
from steady-state voltage with speci
fied loading. 
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32-bit Cascadable Barrel Shifter 

50 ns 
40 ns 

68-pin o 

130 
131 

SIGN 

S02 

soo 
NORM 

Sl4 
Sl3 

811 
Slo 

RiL 

~~~~~~~~~~~~~~=~~ 

Top 

View 

GND 
113 
112 

111 
110 
19 

17 
16 

14 
13 

F/W 45 Vee 

Y
31115 26 21 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43

44 
Vee 

~ ~ ~ ~~$~~~~a~~~ ~1~1~ 
grere~~>>>>~>>>>> ~ >>>>> ~ 

LSH32JC42 
32 

LSH32KC42 
32 

LSH32KM50 
• 40 

LSH32KME50 
40 

LSH32KMB50 
40 

- ....-... ~-..-.... - ...... ..._. ____ - - -~--- -- - ----- -
_ ___.. ____ _.... 

68-pin 

A 

B 

c 

D 

E 

F 

G 

H 

K 

L 

2 4 6 7 8 

~ 
, ... 
1 ... ) 0 () 0 () 0 0 
129 128 126 124 122 120 118 , ... 
0 0 () 0 0 0 0 1~• 

131 130 127 125 123 121 119 117 , .... 
1 ... ) 

, ... 
1 ..... ) 

S04 SIGN , .... 
1 .... ) 

, ... 
1 .... ) 

S02 803 , .... , .... 
1 .... ) 1 .... ) Top View 

SOo 801 , .... Through Package 
1 .... )~ 
Sl4 NORM ~.e., Component Side Pinout) , .... 
l~I 

, .... 
1 ... ) 

Sl2 Sl3 , .... 
l~I 

, ... 
1 ... ) 

Slo Sl1 

~ 
, .... , ... 
I I I I 

FlW Rf[ , .... , .. () ,-) () 0 0 0 I..,) ,_, 
'~ 

V31115 Y30/14 Y28112 Y26/10 Y24t8 Y22/6 Y20/4 Y1812 

0 () 0 0 () 0 () 
Y29113 Y21111 Y2519 Y23!7 Y21/5 Y19!J Y17/1 

LSH32GC42 
• 32 

LSH32GM50 
• 40 

LSH32GMB50 
40 

LSH32 

9 10 11 

() 0 
116 114 
() , .. ,_, , ... 

1 ... ) 

115 GND GND , ... 
1 ... ) 

, ... 
1 .... ) 

112 113 , ... 
1 .... ) r::,1 
I 10 111 , ... 

1 ... ) 
, ... 
1 ... ) 

I a 19 , .... 
1 ... ) 

, .... 
1 ... ) 

Is 17 , .... 
1 ... ) 

, ... 
1~' 

I 4 15 , ... 
1~' 

, ... 
1 .... ) 

I 2 13 , ... 
1 ... ) 

, ... 
1 .... ) 

Io 11 

0 
, .. ,_. , .... 

1 ... ) 

Y1610 Vee Vee 
() ,-) 

"~-OE MS/LS 

-~~-..._... 
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32-bit Barrel Shifter with Registers LSH33 

0 32-bit Input, 32-bit Output 
Multiplexed to 16 Lines 

0 Full 0-31 Position Barrel Shift 
Capability 

0 Integral Priority Encoder for 32-bit 
Floating Point Normalization 

0 Sign-Magnitude or Two's Comple
ment Mantissa Representation 

0 32-bit Linear Shifts with Sign or 
Zero Fill 

0 Fully Registered Input/Output 
with Independent Bypass Paths 

0 Package Styles Available: 
• 68-pin Plastic LCC, J-Lead 
• 68-pin Ceramic LCC (Type C) 
• 68-pin Pin Grid Array 

RIGHT/LEFT --f--+---+--M 

Shift Array 

The 32 registered inputs to the LSH33 
are applied to a 32-bit shift array. The 
32 outputs of this array can be regis
tered, then are multiplexed down to 
16 lines for presentation at the device 
outputs. The array may be configured 

that any contiguous 16-bit field 

The LSH33 is a 32-bit high speed 
shifter designed for use in floating 
point normalization, word pack/ 
unpack, field extraction, and similar 
applications. It has 32 data inputs, 
and 16 output lines. Any shift con
figuration of the 32 inputs, including 
circular (barrel) shifting, left shifts 
with zero fill, and right shift with sign 
extend are possible. In addition, a (' uding wraparound of the 32 in-
built-in priority encoder is provided may be presented to the output 
to aid floating point normalizati~P der control of the shift code 

~ ield ( ap mode). Alternatively, the 
Input/Output registers provide ~ p feature may be disabled, result-
complete pipelined operati . o ing in zero or sign bit fill, as appropri-
have independent bypass p ate (fill mode). The shift code control 
complete flexibility. assignments and the resulting input to 

output mapping for the wrap mode 
are shown in Table 1. 

Essentially the l.SH33 is configured as 
a left shift device. That is, a shift code 
of 00000'1 results in no shift of the 
input field. A code of 000012 provides 
an effective left shift of 1 position, etc. 
When viewed as a right shift, the shift 
code corresponds to the two's comple
ment of the shift distance, i.e., a shift 
code of 111112 (-110) results in a right 
shift of one position, etc. 

FILL/WRAP -t--1-i---+1.__,,.....---...._J 

When not in the wrap mode, the 
LSH33 fills bit positions for which 
there is no corresponding input bit. 
The fill value and the positions filled 
depend on the Right/Left (R/L) 
direction pin. This pin is a don't care 
input when in wrap mode. For left 
shifts in fill mode, lower bits are filled 
with zero as shown in Table 2. For 
right shifts, however, the SIGN input 
is used as the fill value. Table 3 
depicts the bits to be filled as a 
function of shift code for the right 
shift case. Note that the R/[ input 
changes only the fill convention, and 
does not affect the definition of the 
shift code. 

Yo-Vis 
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32-bit Barrel Shifter with Registers LSH33 

n::r~~~ij::1~,::::w~~~:.MP:Y·~:-~i#'J'::pP:µ~··g~#~:~rl"tP:®.~·.:-:::::.:::>>>:t<<'''''::::::::::••· ······· · · 
In fill mode, as in wrap mode, the shift 

Shift Code Y31 Y3o Y1& Y1s Y1 Yo code input represents the number of 

00000 131 130 116 115 11 lo 
shift positions directly for left shifts, 
but the two's complement of the shift 

00001 130 129 115 114 lo 131 code results in the equivalent right 
00010 129 128 114 113 129 130 shift. However, for fill mode the R/[ 

00011 128 127 113 112 130 129 input can be viewed as the most 
significant bit of a 6-bit two's comple-
ment shift code, comprised of R/[ 
concatenated with the 514-Slo lines. 
Thus a positive shift code (R/t = O) 

01111 116 115 114 11 lo 118 117 results in a left shift of 0-31 positions, 

10000 115 114 113 lo 131 117 116 and a negative code (R/L = 1) a right 

10001 114 113 112 131 130 116 115 shift up to 32 positions. TheLSH33 

10010 113 112 111 130 129 115 
effectively select any contigu-
· t field out of a (sign extended 

dzero ed) %-bit "input." 

Multiplexer 

11100 113 112 11 120 119 e shift array outputs can be regis-

11101 12 11 lo 119 118 
ered and then applied to a 2:1 multi-

11110 11 lo 131 118 117 
plexer controlled by the MS/LS select 
line. This multiplexer makes available 

11111 lo 131 130 117 116 at the output pins either the most 
significant or least significant 16 

::::rn~~~ij·;~~.ifi~4.iiM9@i:§ijJ~tif P9~~; P~fl~fr19.:~~:: .......... 
outputs of the shift array. 

Priority Encoder 
Shift Code Y31 Y3o Y1 Yo 

The 32-bit input bus drives a priority 
00000 131 130 11 lo encoder which is used to determine 

00001 130 129 lo 0 the first significant position for pur-

00010 129 128 0 0 
poses of normalization. The priority 
encoder produces a five-bit code 

00011 128 127 0 0 representing the location of the first 
non-zero bit in the input word. Code 
assignment is such that the priority 
encoder output represents the number 

01111 116 11 lo 0 0 
of shift positions required to left align 
the first non-zero bit of the input 

10000 115 114 113 lo 0 0 0 word. Prior to the priority encoder, 
10001 114 113 112 0 0 0 0 the input bits are individually exclu-
10010 113 112 111 0 0 0 0 sive OR' ed with the SIGN input. This 

allows normalization in floating point 
systems using two's complement 
mantissa representation. A negative 
value in two's complement represen-

11100 13 12 11 0 0 0 0 tation will cause the exclusive OR 
11101 12 11 lo 0 0 0 0 gates to invert the input data to the 

11110 11 lo 0 0 0 0 0 encoder. As a result the leading 

11111 lo 0 0 0 0 0 0 
significant digit will always be "1." 
This affects only the encoder inputs; 

- ~ ....-...-....-.. - ...... .--.--. - - -~--- -- - ----- -_ ___, ------
-~ .__~ 
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32-bit Barrel Shifter with Registers 

Shift Code Ya1 Yao 

00000 s s 
00001 s s 
00010 
00011 

01111 
10000 
10001 
10010 

s 
s 

s 
s 
s 
s 

s 
s 

s 
s 
s 
s 

s 
s 
s 
s 

s s 
s s 
s 131 

11100 
11101 
11110 
11111 

s 
s 
s 
s 131 130 

131 130 129 

x x 
0 1 x 
0 0 

0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 

- ........ ..-... -~ - ~------ -_ .. ___ -- - ----- -------

116 

x 

0 

0 

0 

1 

0 

0 

0 

Y1s Y1s 

s s 
s s 
s s 
s s 

s s 
s 131 

131 130 

130 129 

120 119 

119 118 

'10 111 

117 116 

x 

0 

0 

x 
x 

x 
x 
x 

0 

Y1 Yo 

s s 
s 131 

131 130 

130 129 

118 117 

117 116 

116 115 

115 114 

00000 
00001 
00010 

01111 
10000 
10001 

11111 
11111 

LSH33 

the shift array always operates on the 
raw input data. The priority encoder 
function table is shown in Table 4. 

Normalize Multiplexer 

The NORM input, when asserted, 
results in the priority encoder output 
driving the internal shift code inputs 
directly. When using the NORM 
function, the LSH33 should be placed 
in fill mode, with the R/[ input low. 

When OOIDVI is high (not asserted), 
the SI 4-Sl/Oo port acts as the shift 

ut to the shifter. 

·ons Examples 

Nomt;aliz' ation of mantissas up to 32 
its can be accomplished directly by a 
. gle LSH33. The NORM input is 

asserted, and fill mode and left shift 
are selected. The normalized mantissa 
is then available at the device output 
in two 16-bit segments, under the 
control of the output data multiplexer 
select, the MS/LS. 

If it is desirable to avoid the necessity 
of multiplexing output data in 16-bit 
segments, two LSH33 devices can be 
used in parallel. Both devices receive 
the same input word, with the MS/LS 
select line of one wired high, and the 
other low. Each device will then 
independently determine the shift 
distance required for normalization, 
and the full 32 bits of output data will 
be available simultaneously. 

_..._......_,_._...._.... 
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32-bit Barrel Shifter with Registers LSH33 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ........................................................ ~ .................... -3.0 V to +7.0 V 

Output current into low outputs .......................................................................................................... 25 mA 

Latch up current ....... ..................... ... ......................................... ........ ... ....... . .......... . .................. > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Symbol Parameter 

YOH Output High Voltage 

VOL 

VIH 

VIL Input Low Vo 

llX 

loz Output Leakage Current 

los Output Short Current 

lee1 Vee Current, Dynamic 

lee2 Vee Current, Quiescent 

- ~ ...-..-~ - ~~-----
- -_ .. ___ -- ------ -----------_. 

2.4 

0.5 

2.0 Vee 

(Note 3) 0.8 

Ground~ VIN~ Vee ±20 

Ground ~ Your ~ Vee ±20 

Your = Ground, Vee = Max (Notes 4, 8) -250 

(Notes 5, 6) 10 30 

(Note 7) 1.0 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 
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32-bit Barrel Shifter with Registers LSH33 

~-;-1--~~L_S_H_3_3-_4_0~~~+--~~-LS_H_3_3_-3_0~~~-+-~~~~~~~~~ 
~ Y1s-Yo S04-SOo Y1s-Yo S04-SOo 

FTI = O, FTC = 0 
CLK 

MS/LS 

FTI = O, FTO = 1 
CLK 

514-Slo 

RII, F/W 

MS/LS 

FTI = 1, FTC = 0 
CLK 

MS/LS 

FTI = 1, FTO = 1 
131-lo, SIGN 

Sl4-Slo 

AIL, F/W 

MS/LS 

•:•g¥1~~·~r~~#••M:,#:,~##·§>w##•:~#:#·tti:l&;;~R~r~#r•·r:~l9.;•9sk:n,~r'Af •H.49.~ t#~>.:.:-< · > <>> .. •······· · .......... · · · 
L~ LL 'v' LSH33-30 

Input FT1~J_~1 FTl:O FTl:1 

Se~ Setop Hold Setup Hold Setup Hold 

131-lo, SIGN 

Sl4-Slo 

AIL, F/W 

ENI, ENO 

·•r~#.i.€•·.?r4•r~••€~~,i•wor~~:ii•~-••nMi.~•·••rh~i•&~,~•·1•1•• •e+•9R:l((#f:£t,!••-n!'•'~~-,@.,'f mP:!tt •m~>· •·•• :•< .. >••> >>•< 

LSH33-40 LSH33-30 LSH33-40 LSH33-30 

tEN Minimum Cycle Time 

tDIS Highgoing Pulse 

Lowgoing Pulse 

- .-.... ~ -~ - .-.- .-. -....-. - -_ .. ___ -- ------ ---.......---------~~-~ 
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32-bit Barrel Shifter with Registers LSH33 

~T0Cutput1--~~-LS_H_3_3_·5_0~~~-1--~~-L_SH_3_3_·4_0~~~+-~~~~~~~~~~ 
From lnp~ Y1s-Yo SC4-SCo Y1s-Yo SC4-SCo 

FTI = 0, FTC = O 

CLK 

MS/LS 

FTI = O, FTC = 1 

CLK 

Sl4-Slo 

RII, FM 
MS/LS 

FTI = 1, FTC = 0 

CLK 

MS/LS 

FTI = 1, FTO = 1 

131-lo, SIGN 

Sl4-Slo 

AIL, FiW 
MS/LS 

Input 

131-lo, SIGN 

Sl4-Slo 

R/L, F/W 

ENI, ENO 

L~ /) -v LSH33·40 

FTl~~1 FTl=O FTl=1 

Set~ ~p Hold Setup Hold Setup Hold 

'r#~~~·:~r~t.i·'i~~~fWP'i~i.t, g•·:n¥€~:· .. :(R:,,:•&~t.~•:1·:1:·• ,:•:•i#.t,9£~::er#¥~••.n¥:#·~:i'¥'e¥+~~,-:t\i/P:r~••,·rn#J.::::<•}+::::::::: >:>'""""' ,,,,, 
LSH33·50 LSH33·40 LSH33·50 LSH33·40 

tEN Minimum Cycle Time 

tDIS Highgoing Pulse 

Lowgoing Pulse 

- ...-... ....-..-...-.. - .....,_,....._._~ - ------- -- ------ -------_..._..,.~_..._.... 
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32-bit Barrel Shifter with Registers LSH33 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

s. Supply current for a given applica- a. A 0.1 µF ceramic capacitor should be 
tioncanbeaccuratelyapproximatedby: installed between Vee and Ground 

leads close to the Device Under Test 
NCV

2
F ( UT) s possible. Similar capacitors 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chip from dam
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

4 ~ installed between device Vee 
where the ster common, and device 

N =total number of device outpu and tester common. 
C = capacitive load per outpu 1 

1 Ground and Vee supply panes 
V = suppyf vo tage \'--..::::: ust be brought directly to the DUT 
F = clock requency \ 0 . 

· socket or contactor fingers. 

are guaranteed 

3. This device provides hard clamping 
of transient undershoot and overshoo 9. s ·cations tested with input 
Input levels below groun~dr ab s· n times less than 3 ns, output 
Vee will be clamped be · · e nee levels of 1.5 V (except tEN/ 
-0.6 V and Vee+ 0.6 V. The de · s test) and input levels of nominally 
withstand indefinite op¥i Q to 3.0 V. Output loading is a resistive 
inputs in the range of -3. t 7.0 · divider which provides for specified 
Device operation will not B versely IOL and IOH plus 30 pF capacitance. 
affected however, input curre levels 
will be ~ell in excess of 100 mA. This device has high speed outputs 

capable of large instantaneous current 
4. Duration of the output short circuit pulses and fast tum-on/turn-off times. 
should not exceed 30 seconds. As aresult, care must be exercised in the 

testing of this device. The following 
measures are recommended: 

- ~ ....-...-....-.... - ~---....... = = ==~== = 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground · 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 m V 
from steady-state voltage with speci
fied loading. 
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32-bit Barrel Shifter with Registers 

ORDERING INFORMATION 
68-pin 

130 
131 

SIGN 

CLK 
ENI 
FTI 

ENO 
FTO 

Top 
View 

~ ~ 
FiW 25 45 

y
31115 26 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
44 

GND 
113 
112 

111 
110 
19 

18 
17 
16 

14 
13 

10 
Vee 
Vee 

Speed 
Plastic J-Lead 

Chip Carrier (J2) 
Ceramic Leadless 
Chip Carrier (K3) 

O"C to +10°c ~ COMMERCIAL SCREENING 

LSH33JC40 
30 

LSH33KC40 
30 

--ss°CJ() + 125°C -- CoMMERCIAL SCREENING 

50 ns 
40ns 

-55°C to +125°C ...;..;.; EXTENDED SCREENING 

- ..... .....-...-~ - ~.-.-.-~ - ------- -- ------ --~-------

LSH33 

68-pin 
2 5 8 9 10 11 

A ... , ... 
\,.,) () 0 () 0 0 0 () 0 
129 128 126 124 122 120 118 116 114 , ... 
0 0 0 0 0 0 () () 0 

, ... 
1 .... ) 1_1 

131 130 IZ7 125 123 121 119 I 17 115 GND GND 

B 

c , ... 
1 •• ) 

, ... 
1 .. ) 

, .... 
1_1 

, .... 
1_1 

Sl/04 SIGN I 12 113 
D 

, ... 
\ ... ) 

, .... 
\_I 

, .... 
1_1 

, ... 
1_1 

Sl/02 Sl/03 I 10 111 , ... , ... , .... , ... 
1 ... ) \_I Top View 1_1 1_1 

Sl/Oo Sl/01 I e I e 
() ('• Through Package , ... , ... 

1_1 1_1 

CLK NO'°'RM (i.e., Component Side Pinout) 16 17 

E 

G 
, .... 
1_1 

, .... 
\_I 

, ... 
1_1 

, ... 
1_1 

FTI ENI I 4 Is , .... , .... , ... , .... 
\ ... ) I I \-1 ,_1 

FTO ~ 

~ 
I 2 13 , ... , ... , .... , ... 

'...l \.,2 1_1 1_1 

FNJ AIL Io 11 

H 

K 
, .... 
,_1 

, .. ,_. 0 () () () 0 () () , .. ,_. , .... ' ... ) 
Y31/15 Y30/14 V28112 Y26/10 Y24/8 Y2216 Y2()14 Y1812 V1610 Vee Vee 

0 0 () 0 0 0 0 
Y29113 Y21111 Y2519 Y23l7 Y211s Y1913 Y1111 

Pin Grid Array 
(G1) 

LSH33GME50 
40 

LSH33GMB50 
40 

,-) ()_ 
5E MS/LS 

-.._.,.~_..._.... 
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64-bit Digital Correlator L 1 OC23 

0 High Speed (50 MHz), Low Power 
(125 mW), CMOS 64-bit Digital 
Correlator 

0 Functionally and Pin Compatible 
with TRW TDC1023J 

0 Bits Can be Selectively Masked 
0 Three-State Outputs 
0Available100% Screended to MIL-

STD-883, Class B 
0 Package Styles Available: 

• 24-pin Plastic DIP 
• 24-pin Sidebraze, Hermetic DIP 
• 28-pin Ceramic LCC (Type C) 

A1N __.,,.---,.--r---r----i 
CLKA~~A_i_,__A2,.....a.----'~A~&_.4 

... 

The L10C23 is a high speed CMOS 
64-bit digital correlator. It is pin-for
pin equivalent to the TDC1023 bi
polar correlator. The L10C23 operates 
over the full military ambient tem
perature range using advanced CMOS 
technology. 

The L10C23 produces the 7-bit corre
lation score of two input words of up 
to 64 bits, denoted A and B. The A and 
B inputs are serially shifted into two 
independently clocked 64-bit regis-

r---r----r--r-.......,~ BIN 

CLK B 

LCL 

x-------~ 

CLK S 

INV 

CLK S 

- ~ ...-...-...-... - ~---------- ------ -- -__ ..., __ --......-.------

CLK S 

Ro-Ra 

.-----------Mour 

..------.-....----,~ MIN 

CLK M 

7 

CLK C 

CFL 

ters. The A register is clocked on the 
rising edge of CLK A, and the B regis
ter is clocked on the rising edge of 
CLKB. 

The outputs of the B register drive a 
64-bit transparent latch, denoted the 
C latch. The C latch is controlled by 
the LCL (Load C Latch) input. A high 
level on the LCL input causes the 
C latch to be transparent, allowing the 
contents of the B register to be applied 
directly to the correlator array. When 
the LCL input is low, the data in the 
C latch is held, so that the B input may 
be loaded with a new correlation ref
erence without affecting the current 
reference value stored in C 

Each bit in the A register is exclusive 
NOR' ed with the corresponding bit in 
the C latch, implementing a single bit 
multiplication at each bit position. 

The mask register, denoted by M, is a 
third 64-bit register, which is serially 
loaded from the M input on the rising 
edge of CLK M. Bit positions in the 
M register which are set to zero mask 
the corresponding bits in the A and C 
registers from participating in the 
correlation score. This can be used to 
reduce the effective length of the cor
relation, or to correlate against only 
one channel of a bit-multiplexed data
stream without deinterleaving the 
data. 

The output of the masking process is a 
64-bit vector which contains ones in 
the locations in which A and B data 
match, and which are unmasked 
(M register contains a '1 ').This 64-bit 
vector is applied to a pipelined digital 
summer which calculates the total 
number of ones in the vector (the cor
relation score). The summer network 
contains three pipeline stages, which 
are clocked on the rising edge of 
CLK S. Calculation of a correlation 

_.._...~-~ 
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64-bit Digital Correlator 

score therefore requires three clock 
cycles, but a new result can be ob
tained on each cycle once the pipeline 
is filled. 

Because a portion of the summer logic 
is located between the input registers 
and the first pipeline register, some 
timing restrictions exist between 
CLK Sand CLK A, CLK B, or CLK M. 
CLK S may be tied to an input clock 
(usually CLK A) to obtain a continu
ously updated correlation score, 
delayed by three cycles from the data. 
Under this condition, CLK Smay be 
skewed later than CLK A by no more 
than tSK to assure that the A register 
outputs have not changed before the 
S clock occurs. 

Alternatively, CLK Smay be asyncro
nous to the input clocks, as long as 
data is stable at the pipeline register 
inputs prior to the CLK S rising edge. 
This condition can be met by assuring 
that CLK S occurs at least tPS after the 
input clock. 

The summer output represents a 
count of the number of matching 
positions in the input data streams. 
This 7-bit result can be inverted 
(one's-complemented) by loading 
a '1' into the INV register. 

Correlation values which exceed a 
predetermined threshold can be 
detected via the Threshold register 

- ~ ~-...-... - -----

and Comparator. The Threshold reg
ister is loaded with a 7-bit value via 
the R6-RO pins at the rising edge of 
CLK C and while OE is logic high. To 
achieve synchronization with the dig
ital summer, the Threshold register 
contents are fed into pipeline registers 
clocked by CLK S. The compare flag 
output (CFL) goes high when the 
summer output is equal to or greater 
than the contents of the Threshold 
register. 

Cascading the L10C23 devices for 
longer correlation lengths and more 
bits of reference or data precision is 
easily accomplished. The A, B, and M 
registers have serial outputs to dir
ectly drive the corresponding inputs 
of succeeding devices. The correlation 
scores of multiple devices in such a 
system should be added together to 
obtain the overall correlation score. 

Correlation on data exceeding one bit 
of precision can be accomplished by 
first calculating single-bit correlation 
scores at each bit position, then 
adding the results after weighting 
them appropriately. Thus, one L10C23 
would be used for each bit of preci
sion in the data. 

Logic Devices' L4C38116-bit ALU can 
be used to assist in adding the outputs 
of several L10C23 correlators. When 
adding several 7-bit correlation scores, 

L10C23 

advantage can be taken of the fact that 
the sum of two 7-bit numbers will not 
exceed 8 bits. Thus the IAC381 can 
simultaneously perform two 7-bit 
additions. The first two operands are 
applied to A6-Ao and B6-BO, with the 
result appearing on F7-FO. The second 
pair of operands are applied to 
A14-A8 and B14-B8, with the result 
appearing in F1s-Fs. The unused 
inputs are tied to ground. If it can be 
guaranteed that at least one of the 
input scores will not reach its maxi
mum value of 64, then this technique 
can also be applied in the second tier 
of adders. In this case, while the in
puts have 8 bits of precision, the max
imum value their sum can assume is 
255, which is expressable in 8 bits. 

Alternatively, when performing long 
correlations on relatively slow data
streams, one L4C381 can be config
ured using its feedback mode to accu
mulate the correlation scores of a 
number of L10C23s. To accomplish 
this, the outputs of all the correlators 
are tied together on a three-state bus. 
Each one is sequentially enabled and 
clocked into the L4C381, which 
accumulates the total resulting score. 

=-~===~ 
~-~-~~-~===================Logic Products 
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64-bit Digital Correlator L10C23 

Storage temperature ............................................................................................................ -65°C to + 150°C 

Operating ambient temperature ............................................................................................ -55°C to + 125°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Input signal with respect to ground ........................................................................................ -3.0 V to +7.0 V 

Signal applied to high impedance output ............................................................................... -3.0 V to +7.0 V 

Output current into low outputs ............................................................................................................. 25 mA 

Latchup current ................................................................................................................................ > 400 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Symbol Parameter 

VOH Output High Voltage 

VOL Output Low Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

llX Input Current 

loz Output Leakage Current 

los Output Short Current 

lee1 Vee Current, Dynamic 

lee2 Vee Current, Quiescent 

- ...-... ~-..-... - ...--..--.-- ------ -- - ----- -------

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

Test Condition 

IOH =-2.0 mA 

IOL= 4.0 mA 

(Note3) 

Ground s VIN s Vee 

Ground s Vour s Vee 

VouT = Ground, Vee = Max (Notes 4, 8) 

(Notes 5, 6) 

(Note7) 

Supply Voltage 

4.75 Vs Vee s 5.25 V 

4.50 V s Vee s 5.50 V 

Min Typ 

3.5 

2.0 

25 

Max 

0.5 

Vee 

0.8 

±20 

±20 

-250 

100 

0.5 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

-- ---=oE=v=,c=Es=,N=c=o=RP=o=RA=T=Eo========================= Logic Products 
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64-bit Digital Correlator L10C23 

L10C23-
50 30 20 

Symbol Parameter Min Max Min Max Min Max 

tPABM A, B, M Clock Period 50 28 20 
ts Input Data Setup Time 20 10 10 
tH Input Data Hold Time 0 0 0 
tPW A, B, M, S, C Clock Pulse Width 20 12 8 
tDABM A, B, M Clock to A, B, M Out 25 20 18 
tPS S Clock Period, A, B, M Clock to S Clock Delay 50 28 20 
tSK A, B, M Clock to S Clock Skew (Note 8) 3 3 3 
tDR S Clock to Rs-Ro 35 30 22 
toe S Clock to CFL 25 20 18 
tDIS Output Disable Time (Note 11) 35 16 14 
tENA Output Enable Time (Note 11) 30 18 16 
tes Clock C to Clock S 50 28 20 
tBLeL Clock B to LCL Hold 20 12 8 

L10C23-
60 35 20 

Symbol Parameter Min Max Min Max Min Max 

IPABM A, B, M Clock Period 58 33 20 
ts Input Data Setup Time 22 12 12 
tH Input Data Hold Time 0 0 0 
IPW A, 8, M, S, C Clock Pulse Width 20 14 8 
IDABM A, 8, M Clock to A, B, M Out 30 23 18 
IPS S Clock Period, A, B, M Clock to S Clock Delay 58 33 20 
tsK A, B, M Clock to S Clock Skew (Note 8) 3 3 3 
tDR S Clock to Rs-Ro 40 35 25 
toe S Clock to CFL 30 23 18 
tDIS Output Disable Time (Note 11) 40 18 16 
tENA Output Enable Time (Note 11) 35 20 18 
tes Clock C to Clock S 58 33 20 
tBLeL Clock B to LCL Hold 20 14 8 

- ~ ..-...-...-... - .-.....------ ------ -- ------ -- ..... -.-_ _. 
-~ ..._..._..._... 
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64-bit Digital Correlator 

A,B,M 
DATA 

CLK 
A, B, M 

A,B,M 
OUT 

LCL 

CLKS 

CLKC 

R&-Ro 

CFL 

ts ..i. 

* I 

tSK 

tPS 
tPN 

_
1 

ts 

~ 
I-- tPN T - tPW 

.,ji'" ~ 

~~ to~BM 
~ 

-tBLCL..:=j 

; ~ I 
tPS 

tPW d tPN 

~ y 

~ 
tOR :I to1s ·1 J 

* OUT ' I t oc-t:::I . , 

~ 

L10C23 

f 

/ 
f4-tcs--i f--

I ~ 
1--tPN-

x 
ts I I tH i--=:..+_ t ENA 
~ -{ OUT 
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64-bit Digital Correlator 

1. Maximum Ratings indicate stress 
specifications only. Functional oper
ation of these products at values be
yond those indicated in the Operating 
Conditions table is not implied. Expo
sure to maximum rating conditions for 
extended periods may affect reliability. 

2. The products described by this spec
ification include internal circuitry 
designed to protect the chip from dam-' 
aging substrate injection currents and 
accumulations of static charge. Never
theless, conventional precautions 
should be observed during storage, 
handling, and use of these circuits in 
order to avoid exposure to excessive 
electrical stress values. 

3. This device provides hard clamping 
of transient undershoot and overshoot. 
Input levels below ground or above 
Vee will be clamped beginning at 
-0.6 V and Vee+ 0.6 V. The device can 
withstand indefinite operation with 
inputs in the range of -3.0 V to +7.0 V. 
Device operation will not be adversely 
affected, however, input current levels 
will be well in excess of 100 mA. 

4. Duration of the output short circuit 
should not exceed 30 seconds. 

E=~~g~ 

5. Supply current for a given applica
tion can be accurately approximated by: 

NCV2F 

where 
-4-

N =total number of device outputs 
C = capacitive load per output 
V = suppy voltage 
F = clock frequency 

6. Tested with all outputs changing 
every cycle and no load, at a 5 MHz 
clock rate. 

7. Tested withallinputswithin0.1 Vof 
Vee or Ground, no load. 

8. These parameters are guaranteed 
but not 100% tested. 

9. AC specifications tested with input 
transition times less than 3 ns, output 
reference levels of 1.5 V (except tEN I 
tDIS test) and input levels of nominally 
Oto 3.0 V. Output loading is a resistive 
divider which provides for specified 
IOL and IOH plus 30 pF capacitance. 

This device has high speed outputs 
capable of large instantaneous current 
pulses and fast turn-on/tum-off times. 
As a result, care must be exercised in the 
testing of this device. The following 
measures are recommended: 

L10C23 

a. A 0.1 µF ceramic capacitor should be 
installed between Vee and Ground 
leads as close to the Device Under Test 
(DUTI as possible. Similar capacitors 
should be installed between device Vee 
and the tester common, and device 
ground and tester common. 

b. Ground and Vee supply planes 
must be brought directly to the DUT 
socket or contactor fingers. 

c. Input voltages should be adjusted to 
compensate for inductive ground and 
Vee noise to maintain required DUT 
input levels relative to the DUT ground 
pin. 

10. Each parameter is shown as a min
imum or maximum value. Input re
quirements are specified from the point 
of view of the external system driving 
the chip. Setup time, for example, is spe
cified as a minimum since the external 
system must supply at least that much 
time to meet the worst-case require
ments of all parts. Responses from the 
internal circuitry are specified from the 
point of view of the device. Output 
delay, for example, is specified as a 
maximum since worst-case operation 
of any device always provides data 
within that time. 

11. Transition is measured ±200 m V 
from steady-state voltage with speci
fied loading. 

~==~-~-~-~-~====================Logic Products 
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64-bit Digital Correlator 

24-pln 

(0.3" wide) 

CLK B 

CLKM 

CLKA 

LCL 

MOUT 

AOUT 

BOUT 

CFL 

GND 
Ro 

R1 

R2 

24-pln 

(0.6" wide) 

Vee 

MIN 

AIN 

BIN 

CLKC 

CLKS 

INV 

6E 
Rs 

R5 

R4 

R3 

Plastic DIP Sldebraze Plastic DIP 
(P2) Hermetic DIP (02) (P1) 

60ns 
30ns 
20ns 

L10C23NC50 
• 30 
• 20 

- ~ .....-..-~ - ~------
- - _ _, ___ -- - ----- ---....-.-----.... 

L10C23HC50 L10C23PC50 
• 30 • 30 
• 20 • 20 

L10C23HM60 
• • 35 

• 20 

L 10C23HME60 
• 35 
• 20 

L 10C23HMB60 
• 35 
• 20 

4 

5 

10 

11 

12 

24 CLK B 

23 CLKM 

22 CLKA 

21 LCL 

20 MOUT 

19 AOUT 

18 BOUT 

17 CFL 

16 GND 

15 Ro 

14 R1 

13 R2 

SI deb raze 
Hermetic DIP (01) 

L10C23DC50 
• 30 
• 20 

L10C23DM60 
• 35 
• 20 

L10C23DME60 
• 35 
• 20 

L 10C23DMB60 
• 35 
• 20 

L10C23 

28-pln 

CD :::;; <( 

~~88:J~:J 
<( :::;; > > (.) (.) (.) 

0 
Ceramic Leadless 
Chip Carrier (K1) 

L 10C23KMB60 
• • 35 

• 20 

LCL 
MOUT 

AOUT 

BOUT 

CFL 
GND 

GND 

-~~-~ 
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Product Selection /Cross Reference Guide 

Part No. 

L5380 

L53C80 

Description 

SCSI Controller 
SCSI Controller 

LOGIC DEVICES 

L5380 SCSI 

L53C80 SCSI 

- ...-... ........ -...-.. - ....,..,...._ ___ - - _ _, ___ -- - ----- ---......------

Speed (ns) 

Com. Mii. 

4 Mbytes/s 

4 Mbytes/s 

AMO 

AM5380 

AM53C80 

2 Mbytes/s 

2 Mbytes/s 

NCR 

NCR5380 
NCR5380-40 

NCR53C80 

Power 

(mW) 

50 

50 

National 

DP5380 

Pins 

40/44 

48/44 

Packages Available 

DIP, PLCC 
DIP, PLCC 

- ...... ~-~ 
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CMOS SCSI Bus Controller l5380/l53C80 

0 Asyncronous Transfer Rrate Up to 
4 Mbytes/sec 

0 Pin and Functionally Compatible 
with NCR5380, but 2.Sx Faster 

0 Low Power CMOS Technology 
0 On-Chip SCSI Bus Drivers 
0 Supports Arbitration, Selection/ 

Reselection, Initiator or Target Roles 
0 Programmed or DMA I/O, Hand

shake or Wait State DMA Interlock 
0 Package Styles Available: 

• 40/48-pin Plastic DIP 
• 40/48-pin Sidebraze, Hermetic DIP 
• 44-pin Plastic LCC, J-Lead 
• 44-pin Ceramic LCC 

The L5380/ L53C80 are very high per
formance CMOS controllers which 
support the physical layer of the SCSI 
(Small Computer System Interface) 
bus as defined by the ANSI X3T9.2 
committee. It is pin and functionally 
compatible with the NMOS NCR5380, 
while offering:up to a 2.Sx perform
ance improvement, lOx power reduc
tion, and lower cost. Replacement of 
the NMOS 5380 by the LOGIC De
vices L5380 /L53C80 will result in an 
immediate transfer rate improvement 
due to REQ/ ACK and DRQ/DACK 
handshake response times up to 5 
times faster than previous devices. 

CPU DATA BUS 
07-Do 

A2 
A1 
Ao 

'lrrSEi 
IRO 

ORO 
DACK 
~ 

READY 

- ..-.. ....-...- ......... - ~------- - ------ -- ------ --~------

,,..~-~,, CONTROL 

LOGIC 

ARBITRATION 
LOGIC 

REO/ACK 
HANDSHAKE 

LOGIC 

CONTROL AND STATUS BUS 

While remaining firmware compatible 
with the NCR5380, the L5380/L53C80 
provides bug fixes and state machine 
enhancements allowing even larger 
throughput gains for new designs. 

The L5380 /L53C80 supports asyncro
nous data transfer between initiator 
and target at up to 4 Mbytes/sec. It 
operates in either initiator or target 
roles, and offers a choice of program
med I/O (direct microprocessor mani
pulation of handshake) or any of 
several DMA modes (autonomous 
handshake and data transfer opera
tions). The L5380 /L53C80 has 

RST, BSY ,___ __ --" ~ PCK 

ATN 
..__ __ __..,_ VO, REG 

Cif>,MSG 

-- ---=~=v=~=s=w=c=00=p=0AA~~=0~~~~~~~~~~~~~~~~~~~~~~Peripher~Products 
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CMOS SCSI Bus Controller 

internal hardware to support arbitra
tion, and can monitor and generate 
interrupts for a variety of error condi
tions. It provides extensive bus status 
monitoring features, and includes 
buffers capable of directly driving a 
terminated SCSI bus for a compact 
implementation. 

PIN DEFINITION 

A. SCSI Bus 

SDB1-o - SCSI DATA BUS 7-0: 
Bidirectional/ Active low. The 8-bit 
SCSI data bus is defined by these pins. 
SDB7 is the most significant bit. Dur
ing arbitration phase, these lines con
tain the SCSI ID numbers of all initia
tors arbitrating for the SCSI bus; SDB7 
represents the initiator with the 
highest priority. During the selec
tion/reselection phase, these lines 
contain the ID number of the device 
that won the arbitration along with 
the ID number of the device to be 
selected/ reselected. 

SDBP - SCSI DATA BUS PARITY: 
Bidirectional/ Active low. SDBP is the 
parity bit of the SCSI data bus. Odd 
parity is used, meaning that the total 
number of ones on the bus, including 
the parity bit, is odd. Parity is always 
generated when sending information, 
however checking for parity errors 
when receiving information is a user 
option. Parity is not valid during arbi
tration phase. 

SEL - SELECT: 
Bidirectional/ Active low. SEL is as
serted by the initiator to select a 
target. It is also asserted by the target 
when reselecting it as an initiator. 

BSY - BUSY: 
Bidirectional/ Active low. BSY is as
serted to indicate that the SCSI bus is 
active. 

ACK - ACKNOWLEDGE: 
Bidirectional/ Active low. ACK is as
serted by the mitiator, during any in
formation transfer phase, in response 

- ~ .....-..-~ - ~......_.-.-. - ------ -- - ------ -- ........ ~---

L5380 - 40-pln Plastic DIP (P) 
40-pln Hermetic DIP (D) 

Do 1 01 
SD07 2 D2 
SD06 3 03 
SD~ 4 04 
SD04 5 05 
SD03 6 06 
SD02 7 D7 
SD01 8 A2 
SDBo 9 A1 
SD0P 10 Vee 
GND 11 Ao 
SEL 12 IOW 
l3SY 13 RESET 
ACK 14 EOP 
ATN 15 DACK 
RST 16 READY 

i70 17 TOR 
CID 18 IRQ 

MSG 19 DRQ 
REQ 20 cs 

L5380 - 44-pln J-Lead (J) 
44-pln Ceramic LCC (K) 

'
~,~,~,~ - 0 - .. ~ ...... 
"'"'"'"'czccccc 

SOB3 De 
SDB2 07 

SDB1 9 A2 

SDBo 10 
SfIBP Top 
GND View 
GND 33 Ao 

SEL 32 iOW 
BsY 31 RESET 
ACK 16 30 EOP 

ATN 17 18 19 20 21 22 23 24 25 26 27 2B2.9 'DACR 

l~lg181~1~ ~I~~ ~I~~ a: 

to assertion of REQ by the target. 
Similarly, ACK is deasserted after 
REQ becomes inactive. These two 
signals form the data transfer hand
shake between the initiator and target. 
Data is latched by the target on the 
lowgoing edge of ACK for target re
ceive operations. 

L5380/L53C80 

L53C80 - 48-pln Plastic DIP (P) 
48-pln Hermetic DIP (D) 

SD07 SD06 
RST SD~ 

GND 3 GND 
BSY 4 SDB4 
SEL 5 SD03 
ATN SD02 

NC NC 
RESET 8 SD01 

IRQ 9 SDBo 
DRQ GND 
EOP SD0P 

DACK REQ 
GND ACK 

READY 00 
Ao GND 
A1 CID 
A2 MSG 
NC NC 
~ Do 

row D1 
fOR D2 

D7 03 
06 D4 
05 Vee 

L53C80 - 44-pln J-Lead (J) 
44-pln Ceramic LCC (K) 

'~'~'~ ~'~'~'~~ ~'~~ 

l~,a: ~ - "' U ... R N - o 
QQCCC~CCCCC 

ATN - ATTENTION: 
Bidirectional/ Active low. A TN is as
serted by the initiator after successful 
selection of a target, to indicate an in
tention to send a message to the tar
get. The target responds to A TN by 
entering the MESSAGE OUT phase. 

-~ ..._.__~ 
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CMOS SCSI Bus Controller 

RST - SCSI BUS RESET: 
Bidirectional/ Active low. RST when 
active indicates a SCSI bus reset 
condition. 

110 - INPUT /OUTPUT: 
Bidirectional/ Active low. 1/0 is con
trolled by the target and specifies the 
direction of information transfer. 
When 1/0 is asserted, the direction of 
transfer is to the initiator. 1/0 is also 
asserted by the target during RESE
LECTION phase to distinguish it from 
SELECTION phase. 

CJD - CONTROL/DATA: 
Bidirectional/ Active low. C7D is 
controlled by the target and when 
asserted, indicates CONTROL (com
mand or status) information is on the 
SCSI data bus. DATA is specified 
when C/D is deasserted. 

MSG - MESSAGE: 
Bidirectional/ Active low. MSG is 
controlled by the target, and when 
asserted indicates MESSAGE phase. 

REQ - REQUEST: 
Bidirectional/ Active low. REQ is as
serted by the target to begin the hand
shake associated with transfer of a 
byte over the SCSI data bus. REQ is 
deasserted upon receipt of ACK from 
the initiator. Data is latched by the 
initiator on the lowgoing edge of REQ 
for initiator receive operations. 

B. Microprocessor Bus 

CS - CHIP SELECT: 
Input/ Active low. This signal enables 
reading or writing of the internal regi
sters by the microprocessor, using 
memory mapped 1/0. An alternate 
method for reading selected registers 
is available for DMA. 

DRQ - DMA REQUEST: 
Output/ Active high. This signal is 
used to indicate that the L5380/ 

- ..... ...-. -....-... - ....... .-.--- - _.., ___ -- ------ -
_ _,...._... _ _. 
_..._.... ...__._ ...._.... 

L53C80 is ready to execute the next 
cycle of a DMA transfer on the micro
processor bus. For send operations, it 
indicates that the output data register 
is ready to receive the next byte from 
the DMA controller or CPU. For re
ceive operations, it indicates that the 
input data register contains the next 
byte to be read by the DMA controller 
or CPU. 

IRQ - INTERRUPT REQUEST: 
Output/ Activ~ high. The L5380/ 
L53C80 asserts this signal to indicate 
to the microprocessor that one of the 
several interrupt conditions have been 
met. These include SCSI bus fault 
conditions as well as other events 
requiring microprocessor interven
tion. Most interrupt types are indi
vidually maskable. 

IOR - I/OREAD: 
Input/ Active low. IOR is used in con
junction with CS and A2-o to execute a 
memory mapped read of a L5380 I 
L53C80 internal register. It is also 
used in conjunction with DACK to 
execute a DMA read of the SCSI input 
data register. 

READY - READY: 
Output/ Active high. Ready is used 
rather than DRQ as an alternate 
method for controlling DMA data 
transfer. This DMA type is termed 
blockrnode DMA, and must be specifi
cally enabled by the CPU. In block
mode DMA, data is throttled by treat
ing the L5380 /L53C80 as wait state 
memory. I70 (DMA) cycles are 
initiated at the maximum rate sustain
able by the DMA controller /memory 
subsystem, but all cycles are extended 
(wait-states inserted) until READY is 
asserted by the L5380/L53C80. This is 
generally the fastest DMA method 
since memory subsystem addressing 
can be overlapped with SCSI opera
tions (flyby mode). 

L5380/L53C80 

DACK - DMA ACKNOWLEDGE: 
Input/ Active low. DACK is used in 
conjunction with IOR or IOW to 
enable reading or writing the SCSI 
Input and Output Data Registers 
when in DMA mode. DACK resets 
DRQ and must not occur simultane
ously with CS. 

EOP - END OF PROCESS: 
Input/ Active low. This input is 
used to indicate to the L5380/L53C80 
that a DMA transfer is to be con
cluded. The L5380/L53C80 can auto
matically generate an interrupt in 
response to receiving EOP from the 
DMA controller. 

RESET - CPU BUS RESET: 
Input/ Active low. This input clears 
all internal registers and state ma
chines. It does not result in assertion 
of the RST signal on the SCSI bus and 
therefore affects only the local L5380 I 
L53C80 and not other devices on the 
bus. 

IOW - l/OWRITE: 
Input/ Active low. IOW is used in 
conjunction with CS and A2-0 to 
execute a memory mapped write of a 
L5380/L53C80 internal register. It is 
also used in conjunction with DACK 
to execute a DMA write of the SCSI 
output data register. 

A2, At, Ao - ADDRESS 2,1,0: 
Inputs/ Active high. These signals, in 
conjunction with CS, IDR, and IOW, 
address the 15380 /L53C80 internal 
registers for CPU read/write opera
tions. 

D1-o - DATA 7-0: 
Bidirectional/ Active high. These sig
nals are the microprocessor data bus. 
D7 is the most significant bit. 

=0ev=1c=E5=1N=c=0 R=P=0 =RA=TE=0====================== Peripheral Products 
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CMOS SCSI Bus Controller 

L5380/L53C80 
INTERNAL REGISTERS 
Overview 

The L5380/153C80 contains registers 
that are directly addressed by the 
microprocessor. These registers allow 
for monitoring of SCSI bus activity, 
controlling the operation of the 
L5380/L53C80, and determining the 
cause of interrupts. In many cases, a 
read-only and a write-only register are 
mapped to the same address. Some 
addresses are dummy registers which 
are used to implement a control op
eration but do not correspond to a 
physical register. The state of the 
CPU data bus when writing or 
reading these dummy registers is 
'don't care.' Tables 1 and 3 show the 
address and name of each register as 
well as bit definitions. 

Register Descriptions 
A. WRITE OPERATIONS 

The following paragraphs give 
detailed descriptions of the function 
of each bit in the L5380/L53C80 inter
nal registers for write operations as 
shown in Table 1. 

WRITE ADDRESS 0-
0utput Data Register 

The Output Data Register is a write
only register used for sending infor
mation to the SCSI data bus. During 
arbitration, the arbitrating SCSI device 
asserts its ID via this register. The 
device which wins arbitration also 
asserts the "OR" of its ID and the ID 
of the target/initiator to be selected/ 
reselected. In programmed 1/0, this 
register is written using CS and IOW 
with A2-o = 000. In DMA mode, it is 
written when !OW and DACK are 
simultaneously active, irrespective of 
the state of the address lines. Note 
that a "1" written to the Output Data 
Register becomes a low state when 
asserted on the active-low SCSI bus. 

WRITE ADDRESS I -
Initiator Command Register 

The Initiator Command Register is a 
read/write register which allows CPU 
control of the SCSI signals asserted by 
the initiator. Some bits in this register 
are not readable, and these positions 
are mapped to status bits useful in 
monitoring the progress of arbitration. 
These, along with the initiation of 
systemwide reset and test functions 
may also be of use to the target. 

R1 Bit 7 - Assert RST 

When this bit is set, the L5380/L53C80 
asserts the RST line on the SCSI bus, 
initializing all devices on the bus to 
the reset condition. All logic and 
internal registers of the L5380 /L53C80 
are reset, except for the Assert RST bit 
itself, the Testmode bit (Rl bit 6) and 
the IRQ (interrupt request) latch. The 
IRQ pin becomes active indicating a 
SCSI bus reset interrupt. This inter
rupt is not maskable. 

Rl Bit 6 - Testmode 

When this bit is set, the L5380/L53C80 
places all outputs including both SCSI 
and CPU signals, in a high impedance 
state. This effectively removes the de
vice from the system as an aid to sys
tem diagnostics. Note that internal 
registers may still be written while in 
testmode. The L5380/L53C80 returns 
to normal operation when Testmode 
is reset. The Testmode bit is reset by 
writing a 0 to Rl bit 6, or via the 
RESET (CPU reset) pin. Testmode is 
not affected by the RST (SCSI bus 
reset) signal, or by the Assert RST bit 
in the Initiator Command Register (Rl 
bit 7). 

R1 Bit 5 - Not Used 

R1 Bit 4 - Assert ACK 
When this bit is set, ACK is asserted 
on the SCSI bus. Resetting this bit de
asserts ACK. Note that ACK will be 
asserted only if the TARGETMODE 
bit (R2 bit 6) is reset, indicating that 

L5380/L53C80 

the L5380/L53C80 is acting as an ini
tiator. 

R1 Bit 3 - Assert BSY 

When this bit is set, BSY is asserted on 
the SCSI bus. Resetting this bit deas
serts BSY. BSY is asserted to indicate 
that the device has been selected or 
reselected, and deasserting BSY causes 
a bus free condition. 

R1 Bit 2 - Assert SEL 

When this bit is set, SEL is asserted on 
the SCSI bus. Resetting this bit deas
serts SEL. SEL is normally asserted 
after a successful arbitration. 

R1 Bit 1 - Assert ATN 

When this bit is set, A TN is asserted 
on the SCSI bus. Resetting this bit de
asserts A'I'l\l. Am is asserted by the 
initiator to request message out phase. 
Note that ATN will be asserted only if 
the TARGETMODE bit (R2 bit 6) is 
reset, indicating that the L5380/ 
L53C80 is acting as an initiator. 

R1 Bit 0 - Assert Data Bus 
When this bit is set, the open drain 
SCSI data bus and parity drivers are 
enabled and the contents of the 
Output Data Register are driven onto 
the SCSI data lines. In addition to the 
Assert Data Bus bit, enabling of the 
SCSI bus drivers requires one of the 
following two sets of conditions: 

When the L5380 /L53C80 is operating 
as an initiator, the Targetmode bit (R2 
bit 6) must be reset, the 1/0 pin must 
be negated (initiator to target transfer) 
and no phase mismatch condition 
exist. A phase mismatch occurs when 
the MSG, ClD, and UO bits of the 
Target Command Register (R3) do not 
match the corresponding SCSI control 
lines. 

When the L5380/L53C80 is operat
ing as a target, the Targetmode bit 
will be set, and in this case Assert 
Data Bus will enable the outputs 
unconditionally. 

!Ogfc 
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The Assert Data Bus bit need not be 
set for arbitration to occur; when the 
Arbitrate bit (R2 bit 0) is set, and a bus 
free condition is detected, the data bus 
will be enabled for arbitration inde
pendent of the state of the Assert Data 
Bus bit. 

Finally, note that the Testmode bit 
(Rl bit 6) overrides all other controls 
including Assert Data Bus and 
Arbitrate, and disables all outputs. 

WRITE ADDRESS 2-
Mode Register 

The Mode register is a read/write 
register which provides control over 
several aspects of L5380/L53C80 
operation. Programmed I/O or two 
different types of DMA transfer may 
be selected, initiator or target device 
operation is accommodated, and 
parity checking and interrupts may be 
enabled via this register. The function 
of each individual bit is described as 
follows: 

R2 Bit 7 - Blockmode 

This bit must be used in conjunction 
with DMA Mode (R2bit1). It is used 
to select the type of handshake 
desired between the L5380 /L53C80 
and the external DMA controller. See 
"l..5380 /L53C80 Data Transfers" for a 
complete discussion of the transfer 
types supported. 

R2 Bit 6 - Targetmode 

When this bit is set, the L5380 /L53C80 
will operate as a SCSI target device. 
This enables the SCSI signals VO, 
C/D, MSG, and REQ to be asserted. 
When Targetmode is reset, the device 
will operate as an initiator. This 
enables the SCSI signals A 1N and 
ACK to be asserted. Targetmode also 
affects state machine operation for 
DMA transfers, and the conditions 
necessary for enabling the SCSI Data 
buS drivers. (See Assert Data bus, 
Rl bit 0). 

- ..-.... ....-...-~ - ~.....---
- -_ _, ___ -- - ------ -------

L5380/L53C80 

Address o - Output Data Register 

7 6 5 4 3 2 1 0 

Address 1 - Initiator Command Register 

7 6 5 4 3 2 1 0 

ASSERT TEST 
R"ST MODE 

ASSERT ASSERT ASSERT ASSERT ASSERT 
ACR BSV SEI. ATN DATA 

BUS 

Address 2 - Mode Register 

7 6 5 4 3 2 1 0 
BLOCK TARGET ENABLE ENABLE ENABLE MONI- OMA ARBI-
MODE MODE PARITY PARITY EODMA TOR MODE TRATE 

CHECK INT'RPT INT'RPT BUSY 

Address 3 - Target Command Register 

7 6 5 4 3 2 1 0 

LAST ASSERT ASSERT ASSERT ASSERT 
BYTE REO ~ C70 170 
SENT 

Address 4 - ID Select Register 

7 6 5 4 3 2 1 0 

I sos1 I sos. I soBs I sos. I $083 8082 S081 SOBo 

Address 5 - Start DMA Send 

7 6 5 4 3 2 1 0 

Address 6 - Start OMA Target Receive 

7 6 5 4 3 2 1 0 

Address 7 - Start OMA Initiator Receive 

7 6 5 4 3 2 1 0 

-~~-.._,.. 
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R2 Bit 5 - Enable Parity Check 

When this bit is set, information 
received on the SCSI data bus is 
checked for odd parity. When Enable 
Parity Check is set, the Parity Error 
latch will be set whenever data is re
ceived under DMA control or the 
Current SCSI Data Register (Read 
Register 0) is read by the CPU. The 
state of the parity error latch can be 
determined by reading RS bit 5, and it 
can be reset by a read to Address 7. 
Note that enable parity check must be 
set if parity error interrupts are to be 
generated. This interrupt can be 
separately masked by the Enable 
Parity Interrupt bit (R2 bit 4) while 
retaining the state of the parity error 
latch for later examination by the 
CPU. 

R2 Bit 4 - Enable Parity Interrupt 

When this bit is set, the L5380/L53C80 
will set the interrupt request latch, 
and assert IRQ (interrupt request) if it 
detects a parity error. Enable Parity 
Check (R2 bit 5) must also be set if 
parity error interrupts are desired. 

R2 Bit 3 - Enable End Of DMA Interrupt 

When this bit is set, the L5380/L53C80 
will set the interrupt request latch, 
and assert IRQ (interrupt request) if it 
detects a valid EOP (End of Process) 
signal. EOP is normally generated by 
a DMA controller to indicate the end 
of a DMA transfer. EOPis valid only 
when coincident with IOR or IOW 
and DACK. 

R2 Bit 2 - Monitor Busy 

When this bit is set, the L5380/L53C80 
continuously monitors the state of the 
BSY signal. Absence of BSY for a 
period longer than 400 ns (but less 
than 1200 ns) will cause the L5380 I 
L53C80 to set the BSYERR and IRQ 
(interrupt request) latches. In addi
tion, the 6 least significant bits of the 
Initiator Command Register are reset, 
and all SCSI data and control outputs 
are disabled until the BSYERR latch is 

- ~ ..-..-..-... = ="=~=~ - ------ -_._._.. _.... _ _. 

reset. This effectively disconnects the 
L5380/L53C80 from the SCSI bus in 
response to an unexpected disconnect 
by another device. It also allows the 
CPU to be interrupted when the SCSI 
bus becomes free in systems where 
arbitration is not used and an EOP 
signal is not available. 

R2 Bit 1 - DMA Mode 
When this bit is set, the LS.380 I 
L53C80's internal state machines 
automatically control the SCSI signals 
REQ and ACK (as appropriate for 
initiator or target operation) and the 
CPU signals' DRQ and READY. DMA 
Mode must be set prior to starting a 
DMA transfer in either direction. The 
DMA Mode bit is reset whenever a 
bus free condition is detected (BSY is 
not active). This aborts DMA opera
tions when a loss of BSY occurs, re
gardless of the state of the Monitor 
Busy bit (R2 bit 2.) The DMA Mode 
bit is not reset when EOP is received, 
but must be specifically reset by the 
CPU. EOP does however inhibit addi
tional DMA cycles from occurring. 

R2 Bit 0 - Arbitrate 

This bit is set to indicate a desire to 
arbitrate for use of the SCSI bus. 
Before setting the Arbitrate bit, the 
SCSI Output Data Register (Write 
Register 0) must be written with the 
SCSI ID assigned to the arbitrating 
SCSI device. The bit position of 

L5380/L53C80 

register RO which is set represents the 
priority number of the SCSI device, 
with bit 7 the highest priority. See the 
section on "Arbitration" for a full 
discussion of the L5380/L53C80 arbi
tration procedure. 

WRITE ADDRESS 3-
Target Command Register 

The Target Command Register is a 
read/write register which allows CPU 
control of the SCSI signals asserted by 
the target. In addition, this register 
contains a read-only status flag useful 
in unambiguously determining when 
the last byte of a DMA transfer has 
actually been sent over the SCSI bus. 

When operating as an initiator with 
DMA mode set, the ASSERT MSC, 
ASSERT C]D, and ASSERT I70 bits 
are used as a template to compare 
against the corresponding SCSI 
control signals provided by the target. 
A phase mismatch interrupt will be 
generated on the falling edge of the 
REQ input if the template does not 
match the state of the signals. There
fore the CPU should initialize these 
bits to the phase of the expected data 
transfer. An interrupt then will signal 
an intent by the target to change to a 
new phase. The SCSI information 
transfer phases and their associated 
direction of data transfer are given in 
Table2 

"::[i.!:~.~·:gs:::::$,~J::·l:if9RMi!l9~::wR!~~:f,~ij::jpijA~~~gy =:;::::::::-:-:> .. ·. 

MSG C/D 1/0 Phase Direction 

0 0 0 

0 0 

0 0 

0 1 

0 0 

0 1 

1 0 

Data Out 

Data In 

Command 

Status 

Unused 

Unused 

Message Out 

Message In 

Initiator 

Target 

Initiator 

Target 

Initiator 

Target 

Target 

Initiator 

Target 

Initiator 

Target 

Initiator 

_.._.,......_._~ 
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R3 Bits 7-4 - Not Used 

R3 Bit 3 - Assert REQ 

When this bit is set, REQ is asserted 
on the SCSI bus. Resetting this bit de
asserts REQ. Note that REQ will be 
asserted only if the TARGETMODE 
bit (R2 bit 6) is set, indicating that the 
L5380 /L53C80 is acting as a target. 

R3 Bit 2-Assert MSG 

When this bit is set, MSG is asserted 
on the SCSI bus. Resetting this bit de
asserts MSG. Note that MSG will be 
asserted only if the TARGETMODE 
bit (R2 bit 6) is set, indicating that the 
L5380/L53C80 is acting as a target. 
When operating as an initiator, this bit 
is compared against the MSG input, 
and an interrupt is generated if they 
differ at the falling edge of REQ. 

R3 Bit 1 - Assert C/D 

When this bit is set, C/D is asserted 
on the SCSI bus. Resetting this bit de
asserts C/D. Note that C/D will be 
asserted only if the TARGETMODE 
bit (R2 bit 6) is set, indicating that the 
L5380 /L53C80 is acting as a target. 
When operating as an initiator, this bit 
is compared against the C/D input, 
and an interrupt is generated if they 
differ at the falling edge of REQ. 

- ~ .....-...-..-... - ~--------
- - _ .. ___ -- ------- --~------

R3 Bit 0 - Assert [/O 

When this bit is set, I/ 0 is asserted on 
the SCSI bus. Resetting this bit deas
serts T/O. Note that IJO will be 
asserted only if the TARGETMODE 
bit (R2 bit 6) is set, indicating that the 
L5380/L53C80 is acting as a target. 
When operating as an initiator, this bit 
is compared against the T/O input, 
and an interrupt is generated if they 
differ at the falling edge of REQ. 

WRITE ADDRESS 4-
ID Select Register 

The ID Select Register is a write-only 
register which is used to monitor for 
selection or reselection attempts to 
the L5380/L53C80. In arbitrating 
systems, an ID number is assigned to 
each SCSI device by setting a single 
bit position of the ID select register. 
Each SCSI data pin is inverted and 
compared with the corresponding bit 
in the ID Select Register. If any 
matches are found while a bus free 
condition exists and SEL is active, the 
L5380 /L53C80 will generate an inter
rupt to indicate a selection or reselec
tion. During selection or reselection, 
parity checking may be enabled by 
setting the Enable Parity Check bit (R2 
bit 5). This interrupt may be masked 
by resetting all bits in this register. 

L5380/L53C80 

WRITE ADDRESS 5 -
Start DMA Send 

This is a dummy register. Writes to 
this location are detected and cause 
the L5380 /L53C80 internal state ma
chine to execute a DMA send opera
tion. This location is used for either 
initiator or target DMA send. The 
DMAMODE bit (R2 bit 1) must be set 
prior to writing this location. 

WRITE ADDRESS 6-
Start DMA Target Receive 

This is a dummy register. Writes to 
this location are detected and cause 
the L538/L53C80 internal state ma
chine to execute a target DMA receive 
operation. The DMAMODE bit (R2 
bit 1) and the TARGETMODE bit (R2 
bit 6) must be set prior to writing this 
location. 

WRITE ADDRESS 7 -
Start DMA Initiator Receive 

This is a dummy regist~r. Writes to 
this location are detected and cause 
the L5380/L53C80 internal state ma
chine to execute an initiator DMA 
receive operation. The DMAMODE 
bit (R2 bit 1) must be set and the 
TARGETMODE bit (R2 bit 6) must be 
reset prior to writing this location. 

-~~-....._..... 
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B. READ OPERATIONS 

The following paragraphs give 
detailed descriptions of the function 
of each bit in the L5380/L53C80 inter
nal registers for read operations as 
shown in Table 3. 

READ ADDRESS 0-
Current SCSI Data Bus 

The Current SCSI Data Bus Register 
allows the microprocessor to monitor 
the SCSI data bus at any time, by 
asserting CS and IOR with address 
lines A.2-o = 000. The SCSI data lines 
are not actually registered, but gated 
directly onto the CPU bus whenever 
address 000 is read by the CPU. 
Therefore, reads of this location 
should only be done when the SCSI 
data lines are guaranteed to be stable 
by the SCSI protocol. For systems 
which implement SCSI bus arbitra
tion, this location is read to determine 
whether devices having higher priori
ties are also arbitrating. Programmed 
1/0 data transfer uses this location for 
reading data transferred on the SCSI 
data bus. With parity checking 
enabled, SCSI data bus parity check
ing is done at the beginning of the 
read cycle for fast error detection. 
Note that the SCSI data bus is in
verted to become active high when 
presented to the CPU. 

READ ADDRESS 1-
Initiator Command Register 

Reading bit 7 or bits 4-0 of the Initia
tor Command Register simply reflects 
the status of the corresponding bit in 
the register. Bits 6 and 5 are mapped 
to other signals as discussed below: 

R1 Bit 6 - Arbitration In Progress 

For this bit to be active, the ARBI
TRATE bit (R2 bit 0) must be set. 
When ARBITRATION IN PROGRESS 
is set, it indicates that the L5380/ 
L5.3C80 has detected a bus free 
condition and is currently arbitrating 

- ~ ..-..-~ - ~----.-. - ------- -- ------ -

for control of the bus. See the section 
on "Arbitration" for a complete 
discussion of the L5380 /L5.3C80 
arbitration mechanism. Resetting the 
ARBITRATE bit will reset ARBITRA
TION IN PROGRESS. 

R1 Bit 5 - Lost Arbitration 

For this bit to be active, the ARBI
TRATE bit (R2 bit 0) must be set. 
When LOST ARBITRATION is set, 
it indicates that the L5380/L53C80 
has arbitrated for the SCSI bus (see 
Rl bit 6 above) and has detected the 
assertion of SEL by another (higher 
priority) device. The L5380/L53C80 
responds to loss of arbitration by 
immediately discontinuing the 
arbitration attempt. Resetting the 
ARBITRATE bit will reset LOST 
ARBITRATION. 

READ ADDRESS 2-
Mode Register 

Reading the Mode Register simply 
reflects the status of the bits in that 
register. 

READ ADDRESS 3 -
Target Command Register 

Reading the Target Command Regi
ster simply reflects the status of the 
bits in that register, except for bit 7, 
LAST BYTE SENT. 

R3 bit 7 - Last Byte Sent 
This read only bit indicates that the 
last byte of data loaded into the 
L5380 /L53C80 during a DMA send 
operation has actually been trans
ferred over the SCSI bus. Note that 
the end of process flag and the 
corresponding interrupt occur when 
this byte is loaded into the L5380/ 
L5.3C80, but do not reflect whether it 
has actually been sent. This bit is not 
present in the NCR5380, but is present 
in the NCR53C80. Last Byte Sent is 
reset when the DMAMODE bit (R2 
bit 1) is reset. 

L5380/L53C80 

READ ADDRESS 4 -
Current SCSI Control Register 

The Current SCSI Control Register 
provides a means for the CPU to di
rectly monitor the state of the SCSI 
bus control signals. The SCSI control 
lines are not actually registered, but 
gated directly onto the CPU bus 
whenever Address 100 is read by the 
CPU. The value of each bit position 
represents the complement of the cor
responding (low true) SCSI Signal Pin. 

READ ADDRESS 5-
DMA Status Register 

The DMA Status Register provides a 
means for the CPU to determine the 
status of a DMA transfer and to 
determine the cause of an interrupt. It 
also makes available the final two 
SCSI bus signals which are not in
cluded in the Current SCSI Control 
Register. The function of each indi
vidual bit is defined as follows: 

RS Bit 7 - End of DMA 

When this bit is set, it indicates that a 
valid EOP has been received during a 
DMA transfer. A valid EOP occurs 
when EOP, DACK, and either IOR or 
IOW are simultaneously active for the 
minimum specified time. End of 
DMA is reset when the DMAMODE 
bit (R2bit1) is reset. 

Note that for DMA send operations, 
an END OF DMA status indicates 
only that the last byte of the transfer is 
loaded into the Output Data Register 
of the sending device, not that it has 
actually been transferred over the 
SCSI bus. For this reason, the L5380 I 
L5.3C80 provides an additional status 
bit; LAST BYTE SENT (R3 bit 7) which 
indicates that this final byte has been 
transferred to the receiving end. This 
bit is not present in the NCR5380. 

Also, note that the DMAMODE bit is 
reset automatically whenever a loss of 
busy condition is detected, which in 
turn resets END OF DMA. Therefore 
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the DMA Status Register should be 
read prior to resetting the ASSERT 
BSY bit (Rt bit 3) at the conclusion of a 
DMA transfer. 

RS Bit 6 - DMA Request 

This bit reflects the state of the DRQ 
(DMA Request) signal. In pro
grammed 1/0, this bit can be polled 
by the CPU to determine whether 
there is a pending request for byte 
transfer. For DMA send operations, 
DMA REQUEST is reset when DACK 
and IOW are simultaneously asserted. 
For DMA receive operations, simulta
neous DACK and IOR will reset DMA 
REQUEST. DMA REQUEST is reset 
unconditionally when the 
DMAMODE bit (R2 bit 1) is reset. 

RS Bit 5 - Parity Error 

This bit can only be set if ENABLE 
PARITY CHECK (R2 bit 5) is set. 
When enabled, the PARITY ERROR 
bit is set if incoming SCSI data in 
either initiator or target mode, or 
during selection phase, does not 
correctly reflect odd parity. PARITY 
ERROR can be reset by a read to 
the Reset Error /Interrupt Register 
(Register 7). 

RS Bit 4 - Interrupt Request 
This bit reflects the state of the IRQ 
signal. The L5380 /L53C80 asserts 
IRQ to generate an interrupt to the 
CPU. See the section on "Interrupts" 
for further information on the possible 
sources of interrupts in the L5380/ 
L53C80. INTERRUPT REQUEST can 
be reset by a read to the Reset Error I 
Interrupt Register (Register 7). 

RS Bit 3 - Phase Match 
When this bit is set, it indicates that 
the MSG, ClD, and I70 lines match 
the state of the ASSERT MSG, AS
SERT C/D, and ASSERT I70 bits in 
the Target Command Register. 
PHASEMA TCH is not actually regis
terecL but represents a continuous 
comparison of these three phase bits 
to the corresponding internal register 

- ....-... ....-...- ....... - ..... .-----. - -_ _, ___ -- ------ -_........,_,_ _ _. 

L5380/L53C80 

Address o - Current SCSI Data Bus 

7 6 5 4 3 2 1 0 

I SDB7 I SDB6 I SOBS I SDB4 I ~ I SDB2 SDB1 SDBQ 

Address 1 - Initiator Command Register 

7 6 5 4 3 2 1 0 
ASSERT ARB. IN LOST ASSERT ASSERT ASSERT ASSERT ASSERT 

RST PRO- ARB. 1iCR BS? S"E"L Am DATA 
GRESS BUS 

Address 2 - Mode Register 

7 6 5 4 3 2 1 0 

BLOCK TARGET ENABLE ENABLE ENABLE MONI- OMA ARBI-
MODE MODE PARITY PARITY EODMA TOR MODE TRATE 

CHECK INT'RPT INT'RPT BUSY 
I 

Address 3 - Target Command Register 

7 6 5 4 3 2 1 0 
LAST 
BYTE 
SENT 

ASSERT ASSERT ASSERT ASSERT 
REO MSG C70 l70" 

Address 4 - Current SCSI Control Register 

7 6 5 4 3 2 1 0 

I RST I BSY I REQ I MSG I CID 1/0 SEL I PARITY I 
Address 5 - DMA Status Register 

7 6 5 4 3 2 1 0 
END OMA PARITY INTER- PHASE BUSY 
OF REO. ERROR RUPT MATCH ERROR AT1'I ~ 

OMA REO. 

Address 6 - Input Data Register 

7 6 5 4 3 2 1 0 

Address 7 - Reset Error/Interrupt Register 

7 6 5 4 3 2 1 0 

_..._...~-..._... 
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locations. This bit is intended for use 
by the initiator to detect that the target 
device has changed to a different 
information transfer phase. When the 
L5380/L53C80 detects a phase mis
match, PHASEMA TCH is reset, and 
information transfer to or from the 
SCSI bus is inhibited. 

RS Bit 2 - Busy Error 

This bit can only be set if the MONI
TOR BUSY bit (R2 bit 2) is set. When 
set, BUSY ERROR indicates that the 
BSY pin has been false for a period at 
least equal to a bus settle delay 
(400 ns) When the BUSY ERROR con
dition is detected, all SCSI signal pins 
are disabled, and the DMAMODE 
bit (R2 bit 1) and bits 0-5 of the 
Initiator Command Register are reset. 
BUSY ERROR can be reset by a read 
to the Reset Error /Interrupt Register 
(Register 7). 

RS Bits 1, 0 -ATN, ACK 

Like the Current SCSI Control Regi
ster, these bits provide a means for the 
CPU to directly monitor the state of 
the SCSI bus control signals. The SCSI 
control lines are not actually regis
tered, but gated directly onto the CPU 
bus whenever Address 5 is read by the 
CPU. The value of each bit position 
represents the complement of the cor
responding (low true) SCSI Signal Pin. 

READ ADDRESS 6-
Input Data Register 

This register acts as a temporary 
holding register for information 
received from the SCSI data bus dur
ing DMA transfers (DMAMODE bit, 
R2 bit 1 is set). In the initiator mode, 
the L5380 /L53C80 latches the SCSI 
data when REQ goes active, while in 
the target mode data is latched when 
ACK goes active. The contents of this 
register represent the negation of the 
low-true SCSI data. The contents of 
the SCSI Input Data Register are gated 

- ....... ~-....-... - ........ ---.-~ - ------- -- ------- --~-------

onto the CPU data bus when DACK 
and IOR are simultaneously true, or 
by a CPU read of location 6. Note that 
DACK and CS must never be active si
multaneously, to prevent conflicting 
read operations. Parity may option
ally be checked on the data as it is 
loaded into this register. 

READ ADDRESS 7 _,.. 
Reset Error/Interrupt Register 

This is a dummy register. Reads to 
this location are detected and used to 
reset the Interrupt Request Latch (IRQ 
signal) and the PARITY ERROR, 
INTERRUPT REQUEST, and BUSY 
ERROR latches (visible as bits 5, 4, 
and 2 of Register 5). 

INTERRUPTS 

The L5380/L53C80 generates inter
rupts to the CPU by setting the 
Interrupt Request Latch, which 
directly drives the IRQ (Interrupt 
Request) line. The IRQ output will 
reflect the state of the Interrupt 
Request Latch under all conditions 
except when TESTMODE (Rl bit 6) is 
active, when it is in a high impedance 
state. The Interrupt Request Latch 
may be reset by reading Address 7, 
the Reset Error /Interrupt Register. A 
read of this location also resets several 
error condition latches as discussed in 
the section on ''Internal Registers." 

Interrupts may be caused by any of 
six conditions, most of which may be 
masked by resetting enable bits in the 
appropriate registers. The following 
sections describe each interrupt type, 
its cause, and how it may be reset. 
Upon receiving an interrupt, the CPU 
may read the Current SCSI Control 
Register (R4) and the DMA Status 
Register (RS) to determine the cause of 
the interrupt. While the following 
discussions indicate the expected 

L5380/L53C80 

values of these registers following an 
interrupt, it is recommended that bits 
in these registers which are not 
germane to determining the cause of 
an interrupt be masked off in firm
ware prior to implementing a com
parison. A typical operational se
quence for an interrupt service routine 
is given at the end of this section. 

SCSI Bus Reset Interrupt 
A SCSI Bus Reset Interrupt occurs 
when the SCSI RST signal becomes 
active. This may be due to another 
SCSI device driving the RST line, or 
because the ASSERT RST bit (Rl bit 7) 
has been set, causing the L5380/ 
L53C80 to drive the SCSI RST line. 
The value of the SCSI RST line is 
visible as R4 bit 7; however, this line is 
not latched and therefore may have 
changed state by the time the CPU 
responds to the interrupt and polls 
this location. For this reason a SCSI 
Bus Reset Interrupt should be assum
ed if no other interrupt condition is 
active when reading Registers 4 and 5. 

The SCSI Bus Reset Interrupt is non
maskable. The expected read values 
for the Current SCSI Control Register 
and the DMA Status Register upon 
encountering this interrupt are given 
in Table4. 

Selectlon/Reselectlon Interrupt 

A Selection/Reselection Interrupt 
occurs when the SCSI SEL signal be
comes active, the SCSI bus matches 
the bit set in the ID Select Register, 
and BSY has been false for at least a 
bus settle delay. When the 1/0 pin is 
as-serted, the interrupt should be 
interpreted as a reselection. The 
Selection/Reselection Interrupt may 
be masked by resetting all bits in the 
ID Select Register. The expected read 
values for the Current SCSI Control 
Register and the DMA Status Register 
upon encountering this interrupt are 
given in Table 4. 
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Loss of Busy Interrupt 

A Loss of Busy Interrupt occurs when 
the SCSI BSY signal has been inactive 
for at least a bus settle delay (400 ns). 
The Loss of Busy Interrupt may be 
masked by resetting the MONITOR 
BUSY bit (R2 bit 2). Resetting MONI
TOR BUSY also prevents the BUSY 
ERROR latch (Read RS bit 2) from 
being set. The expected read values 
for the Current SCSI Control Register 
and the DMA Status Register upon 
encountering this interrupt are given 
in Table4. 

Phase Mismatch Interrupt 

A Phase Mismatch Interrupt occurs 
when the DMAMODE bit (R2 bit 1) 
is set, REQ is active on the SCSI bus, 
and the SCSI phase signals MSG, 
C/D, and 1/0 do not match the corre
sponding bits in the Target Com
mand Register. This interrupt is 
intended for use by the initiator to 
detect a change of phase by the target 
during a DMA transfer. When 
operating as a target, the SCSI phase 
lines will normally be asserted via the 
Target Command Register, so no 
phase mismatch will be generated 
unless another SCSI device is errone
ously driving the phase lines to an 
unintended state. 

The result of the continuous compari
son of the SCSI phase lines to the Tar
get Command Register contents is 
visible as the PHASE MATCH bit 
(Read RS bit 3). This flag operates 
irrespective of the state of 
DMAMODE and REQ. As long as a 
phase mismatch condition persists, 
the LS380/L53C80 is prevented from 
recognizing active REQ inputs, and 
SCSI output data drivers are disabled. 

The Phase Mismatch interrupt is 
nonmaskable, however it will only 
occur when operating in 
DMAMODE. The expected read 
values for the Current SCSI Control 
Register and the DMA Status Register 

- ..-.. ...... -....-... - ~ .-...-.----- - ------ -- ------ --~-----~ 

upon encountering this interrupt are 
given in Table 4. 

Parity Error Interrupt 

A Parity Error Interrupt occurs when 
incorrect parity is detected during a 

L5380/L53C80 

read of the SCSI bus. Parity checking 
occurs under the following conditions: 
Parity is checked during a pro
grammed 1/0 read of the Current 
SCSI Data Register (Read RO), when 
CS and IOR are active and the A2--0 

Read Address 4 - Current SCSI Control Register 
7 6 5 4 1 3 1 2 J 1 J 0 

RST BSY REQ MSG 1 CID 1 1/0 J SEL jPARITY 

SCSI Bus Interrupt 

x 0 0 0 1 0 1 0 l 0 l 0 

Selection/Reselection Interrupt 

0 0 0 x ] x ~=RESE] 1 ] x 
Loss of Busy Interrupt 

0 0 0 0 1 0 1 0 l 0 l 0 

Phase Mismatch Interrupt 

0 1 1 x 1 x 1 x I 0 I x 
Parity Error Interrupt 

0 x x x 1 x 1 x l x l x 
End of OMA Interrupt 

0 1 x x 1 x 1 x I 0 I x 

Read Address 5 - OMA Status Register 
7 6 5 4 3 2 1 0 

END OMA PARITY INTER- PHASE BUSY 
OF REQ. ERROR RUPT MATCH ERROR .ATN ACK 

OMA REQ. 

SCSI Bus Interrupt 

0 0 0 1 1 0 0 0 
Selection/Reselection Interrupt 

0 0 0 1 x 0 x 0 
Loss of Busy Interrupt 

0 0 0 1 x 1 0 0 

Phase Mismatch Interrupt 

0 0 0 1 0 x x 0 

Parity Error Interrupt 

x x 1 1 x x x x 
End of OMA Interrupt 

1 0 0 1 x 0 0 x 

_..._........_,_-~ 
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lines are 000. Parity is also checked 
during OMA read operations 
(DMAMODE bit, R2bit1 is set) when 
ACK is active for target receive, or 
REQ is active for initiator receive. 

The PARITY ERROR latch is set when 
parity error checking is enabled and 
one of the above parity error condi
tions is encountered. This latch is 
visible as bit S of the OMA Status 
Register (Read RS). The Parity Error 
Interrupt may be masked and setting 
of the PARITY ERROR latch pre
vented by resetting the ENABLE 
PARITY CHECK bit (Write R2 bit S). 
The PARITY ERROR latch can be reset 
by reading the Reset Error /Interrupt 
Register (Read R7). The expected read 
values for the Current SCSI Control 
Register and the OMA Status Register 
upon encountering this interrupt are 
given in Table 4. 

End of DMA Interrupt 

An End of OMA Interrupt occurs 
when a valid lIDP (End of Process) 
signal is detected during a OMA 
transfer. BOP is valid when EOP, 
DACK, and either IOR or IOW are si
multaneously asserted for the mini
mum specified time. EOP inputs not 
occurring during I/O read or write 
operations are ignored. 

The End of DMA latch is set whenever 
the DMAMODE bit (R2 bit 1) is set 
and a valid EOP is received. This 
latch is visible as bit 7 of the OMA 
Status Register (Read RS). The End of 
OMA Interrupt may be masked by 
resetting the ENABLE EODMA 
INTERRUPT bit (Write R2 bit 3). This 
bit does not affect the END OF OMA 
latch, however. The End of OMA 
latch can be reset by resetting the 
DMAMODE bit in the Mode Register. 
The expected read values for the 
Current SCSI Control Register and the 
OMA Status Register upon encounter
ing this interrupt are given in Table 4. 

- ~ ...-..-...-... - ....._ ____ _ 
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DATA TRANSFERS 

The L5380/L53C80 supports pro
grammed 1/0 under CPU control or 
OMA transfer via a OMA controller 
when transferring information to and 
from the SCSI data bus. Programmed 
I/O can be implemented entirely in 
firmware or using minimum external 
logic for accessing the appropriate 
registers. Under OMA control, the 
L5380/L53C80's OMA interface logic 
and internal state machines provide 
the necessary control of the REQ-ACK 
handshake. Each type of transfer is 
fully described in the following 
sections. 

L5380/L53C80 

Programmed 1/0 
Two forms of programmed 1/0 are 
supported by the L5380/L53C80. For 
normal programmed 1/0, the SCSI 
handshake is accomplished by setting 
bits in the Initiator or Target Com
mand registers to assert SCSI control 
lines, and polling the Current SCSI 
Control and OMA Control registers 
for the appropriate responses. Since 
for this method the control is contain
ed in firmware, the cycle times are 
relatively slow. It is most appropriate 
for transferring small blocks of data 
such as SCSI command blocks or 
messages, where the overhead of 

Read Address 5 > TEMP : Read OMA Status Reg to variable TEMP 

IF TEMP •AND• HEX (10) = 0 
THEN GO TO NEXT DEVICE 

: IRQ not active, so L5380/L53C80 
was not the source of this interrupt 

TEMP •AND• HEX (AC)~ TEMP : Mask off irrevelant bits 

IF TEMP > HEX (7F) THEN 
GOTOEODMA 

IF TEMP> HEX (1F) THEN 
GOTOPARERR 

IF TEMP > HEX (03) THEN 
GOTOBYSERR 

IF TEMP¢ HEX (00) THEN 
GO TO PHASERR 

Read Address 4 ~ TEMP 

: End of OMA Interrupt 

: Parity Error Interrupt 

: Loss of Busy Interrupt 

: Phase Mismatch Interrupt 

: Read Current SCSI Control Reg 
to variable TEMP 

TEMP •AND• HEX (06) ~TEMP : Mask off irrevelant bits 

IF TEMP = HEX (06) THEN 
GOTORESEL 

IF TEMP = HEX (02) THEN 
GOTOSEL , 

IF TEMP = HEX (00) THEN 
GOTO RESET 

6-14 

: Reselection Interrupt 

: Selection Interrupt 

: SCSI Bus Reset Interrupt 
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setting up a DMA controller could 
be significant. 

Pseudo OMA 
An alternate method of programmed 
1/0 allows the state machines of the 
L5380 /L53C80 to handle the SCSI 
handshake, thereby improving per
formance in systems which do not 
employ a hardware DMA controller. 
To implement Pseudo DMA, the 
DMAMODE bit is set. The CPU polls 
the DRQ bit in the DMA Control 
Register to determine when a byte 
should be written to or read from the 
L5380/L53C80. When reading or 
writing, external logic must be used to 
decode the L5380/L53C80 location 
and produce DACK, since it is used 
by the internal state machines. Also, 
CS must be suppressed since it may 
not be asserted simultaneously with 
DACK. 

Normal OMA Mode 
Normal DMA mode is obtained when 
the DMAMODE bit is set but the 
BLOCKMODE bit is reset. The DMA 
process is started by writing to the 
Start DMA Send, Start DMA Initiator 
Receive, or Start DMA Target Receive 
locations as appropriate. Once 
started, the internal state machines of 
the L5380/L53C80 manage the REQ
ACK handshake protocol, as well as 
the DRQ-DACK handshake with the 
DMA controller. 

The L5380/L53C80 will assert DRQ 
whenever it is ready to transfer a byte 
to or from the DMA controller. In re
sponse to DRQ the controller asserts 
DACK and IOR to read the byte, or 
DACK and IOW to write a byte to the 
L5380/L53C80. For write operations, 
the byte is latched at the rising edge of 
the logical AND of DACK and IOW. 
The transfer can be terminated by 
asserting EOP during a read or write 
operation, or by resetting the 
DMAMODE bit. 

- ....-... ~-....-... - ~-------- ------ -- ------- ---.......~----- ---

Block OMA Mode 

When the BLOCKMODE bit is set, the 
DMA handshake is no longer depend
ent on interlocked DRQ-DACK cycles. 
Instead, the DMA controller may be 
allowed to free-run, with data flow 
throttled by inserting "wait-states" in 
the DMA transfer to or from the 
L5380/L53C80. Wait-states, which are 
idle clock cycles inserted during the 
1/0 read or write operation, are in
serted by the DMA controller until the 
READY output of the L5380 /L53C80 
goes true, allowing the bus cycle to 
conclude. 

The READY output will be deasserted 
under the following conditions: For 
send operations, READY will be false 
whenever the Output Data Register 
contains a byte which has not been 
transferred over the SCSI bus. This 
allows the DMA controller to access 
RAM to fetch the next byte, but 
postpones the end of the CPU bus 
cycle until the previous byte has been 
transferred, freeing the Output Data 
Register to receive it. 

For receive operations, READY will be 
false whenever the Input Data Regi
ster is empty. This allows the DMA 
controller to address the RAM for a 
write operation, but postpones the 
end of the CPU bus cycle until the 
incoming byte is stored in the Input 
Data Register and is available on the 
CPU bus. 

Note that when blockmode is em
ployed, DACK may optionally remain 
asserted throughout the DMA trans
fer, since it is not used in an inter
locked DMA handshake. (Its interlock 
function is replaced by IOR or IOW.) 
Also, DRQ will be asserted in the 
normal way when operating in 
blockmode. To gain the abovemen
tioned performance benefits, it should 
be used only to initiate the first byte 
transfer, with READY used to throttle 
succeeding transfers. This methodol-

L5380/L53C80 

ogy is compatible with DMA control
lers such as the Intel 8237 and AMD 
Am9516/9517. 

In summary, blockmode operation 
offers the potential for improved 
transfer rates by overlapping the 
DMA memory access with the SCSI 
transfer. This is of particular value 
when used with DMA controllers 
capable of "flyby'' operation, where 
the data is transferred directly from 
memory to the peripheral, and does 
not pass through the DMA controller 
itself. This transfer rate gain is 
achieved at the expense of locking up 
the CPU bus for a time equal to the 
SCSI transit time of the entire block. 
This may be strongly preferable in 
some systems where net disk access 
time is a crucial performance factor. 
Also, the time required to arbitrate for 
the CPU bus on a byte-by-byte basis 
may well be longer than the cycles 
wasted waiting for SCSI transfers to 
take place, especially with fast periph
erals which operate from a high speed 
sector buffer. 

Terminating OMA Transfers 
DMA transfers, either normal or 
blockmode, may be terminated in a 
number of ways. The following sec
tions describe these methods, along 
with providing information about 
correct sequencing of various signals 
to effect a clean exit from a DMA 
process. 

EOP Signal 

The EOP signal is usually generated 
by a DMA controller to indicate that 
its transfer counter has decremented 
to zero. In order to be recognized by 
the L5380}L53C80, it should be as
serted simultaneously with the DACK 
and IOR or IOW signals correspond
ing to the last byte in the transfer. 
Note that in the case of send opera
tions, asserting EOP indicates to the 
L5380 /L53C80 that SCSI transfers 
should cease after transmission of the 

=oE=v=1c=Es=1N=c=o=RP=o=RA=rE=o================================= Peripheral Products 
6-15 LDS.5380-A 



CMOS SCSI Bus Controller 

byte loaded while EOP is asserted. In 
order to determine when this last byte 
has actually been sent, the LAST BYTE 
SENT flag in the Target Command 
Register may be examined. This flag 
is not present in the NCR implementa
tion of the 5380, but is available in the 
53C80, a non-pin-compatible variant. 
The EOP input does not reset the 
DMAMODE bit, but after transmis
sion of the last byte causes the internal 
state machine to return to an idle 
condition, so that no further SCSI 
handshaking will occur until another 
transmission is explicitly initiated. 
Note that the NCR version of the 5380, 
upon receiving an EOP, will stop 
asserting DRQ but will continue to 
issue ACK in response to additional 
REQ inputs, potentially causing data 
loss if the target initiates another data 
transmission without an intervening 
phase change. The L5380 /L53C80 
prevents this spurious DMA hand
shake from occurring. 

DMAModeBit 

Resetting the DMAMODE bit in the 
Mode Register causes a hard reset of 
the internal DMA state machines, and 
thus an effective termination of a 
DMA transfer. Since unlike the EOP 
case the state machine is not allowed 
to exit gracefully, care must be taken 
in the timing of DMAMODE reset. 

For receive operations, the 
DMAMODE bit should be reset after 
the last DRQ is received, but prior to 
asserting DACK to prevent an addi
tional REQ or ACK from occurring. 
For normal DMA mode, resetting this 
bit will cause DRQ to go inactive. 
However the last byte received 
remains in the SCSI Input Data 
Register and may be read either by the 
normal DACK and IOR DMA read or 
using a CPU read of Address 6, For 
block.mode DMA, READY will remain 
asserted when DMAMODE is reset, 
allowing the DMA controller to 
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retrieve the last byte in the normal 
fashion. The NCR version of the 5380 
fails to keep ready asserted when 
DMAMODE is reset, potentially 
causing deadlock on the CPU bus. 

Bus Phase Mismatch 

When operating in DMAMODE as an 
initiator, a bus phase mismatch can be 
used to terminate a data transfer. If 
the C/D, I/0, and MSG lines fail to 
match the corresponding bits in the 
Target Command Register, it will 
prevent recognition of REQ and will 
disable the SCSI data and parity 
output drivers. Also, when REQ 
becomes active, an interrupt will be 
generated. Because REQ is not 
recognized, the effect is to stop the 
DMA transfer, although the state 
machine does not return to idle until 
either DMAMODE is reset or a valid 
EOP is received. 

One caution should be observed when 
using phase changes to end DMA 
transfers: While this method obviates 
the need for the initiator to keep a 
transfer counter, it depends on the 
target causing a phase change be
tween any two consecutive informa
tion transfer phases. Since this is not 
required by the protocol, it must be 
guaranteed by the target software. 
Otherwise the target may begin a new 
information transfer without the ini
tiator recognizing the boundary 
between the two. 

ARBITRATION 
The L5380/L53C80 contains on-chip 
hardware to assist in arbitrating for 
the SCSI bus. This arbitration logic 
cooperates with the host firmware to 
effect SCSI arbitration, as described in 
the following paragraphs: 

The SCSI arbitration timeline begins 
with detection of a bus free condition 
at time to. Bus free is defined as BSY 
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and SEL inactive for at least a bus 
settle delay (400 ns). Following the 
bus settle delay, the SCSI device must 
wait an additional bus free delay of 
800 ns, for a total of 1200 ns after to, 
prior to driving any signal. Thus a 
minimum of 1200 ns must elapse from 
initial deassertion of BSY to the begin
ning of an arbitration attempt. A final 
constraint is that arbitration may not 
begin if more than a bus set delay 
(1800 ns) has elapsed since BSY 
became active (arbitration began), 
corresponding to 2200 ns after to. 

The CPU indicates a desire to arbitrate 
by setting the ARBITRATE bit (R2 
bit 0.) When ARBITRATE is set, the 
L5380/L53C80 will monitor the state 
of BSY and SEL to detect a bus free 
condition. The actual implementation 
uses an internal delay line to provide 
a time reference for detection of a bus 
free condition. This delay is nomi
nally 800 ns during which BSY and 
SEL must be inactive. This time 
represents the center of the window 
between the Bus Settle Delay (400 ns) 
and the Bus Free Delay (400 + 800 = 
1200 ns). When Bus Free is detected, 
the L5380/L53C80 waits for an 
additional time of nominally 900 ns 
(1700 ns nominal since to) and asserts 
BSY and the contents of the Output 
Data Register. This time represents 
the center of the 1200 ns-2200 ns 
window between the earliest and 
latest legal arbitration attempt. Since 
the actual delays are process and tem
perature dependent, they will vary in 
practice, but will always remain well 
within the specified limits. 

Once arbitration has begun (BSY and 
the Output Data Register asserted,) 
the ARBITRATION IN PROGRESS bit 
(Rt bit 6) will be set, allowing the CPU 
to detect the fact that arbitration has 
begun. The CPU should then wait 
one arbitration delay (2.2 µs) before 
reading the bus to determine whether 

_...._.,.~-~ 
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arbitration has been won or lost. The 
LOST ARBITRATION bit (R2 bit 7) 
will be active if the L5380 /L53C80 has 
detected SEL active on the SCSI bus, 
indicating that another SCSI device 
has declared itself the winner of the 
arbitration. SEL active also disables 
the SCSI output drivers, allowing the 
winning arbitrator to proceed with its 
transfer. 

BUG FIXES/ENHANCMENTS 

The NCR5380 and the Am5380 have 
some architectural bugs, both pub
lished and unpublished. The Logic 
Devices L5380/L53C80 was designed 
to eliminate these bugs while main
taining pin and architectural compati
bility. A list of these errors along with 
solutions implemented in the 15380/ 
L53C80 is itemized below. 

1. When executing blockmode DMA 
send operations, the READY signal is 
intended to insert memory wait states 
as a mechanism to throttle data 
transfer, with the DMA controller in a 
free-running loop. The NCR/ Am5380 
erroneously allows the contents of the 
Output Data Register to be overwrit
ten by subsequent bytes prior to 
acknowledgment of the current byte 
by the SCSI receiver. This causes loss 
of data when operating in blockmode 
if the sender's DMA cycle is faster 
than the receiver's. 

2. Assertion of EOP during 
block.mode DMA transfers fails to 
cause assertion of READY in the 
NCR/ Am5380. This may prevent the 
CPU from becoming bus master and 
can result in lockup of the CPU bus in 
a not-ready state. In block DMA send 
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mode when EOP is received, the 
L5380/L53C80 reasserts READY 
immediately after transmitting the 
final byte. For receive mode, READY 
is asserted immediately. 

3. When a valid mP is detected, the 
NCR/ Am5380 prevents assertion of 
additional DRQ's, but continues to 
respond to SCSI handshakes. This 
means that additional data transmit
ted without phase change may be lost. 
The L5380/L53C80, like the NCR/ 
Am5380 remains in DMAMODE after 
an EOP. However, the internal state 
machine returns to an idle condition 
and does not respond to additional 
SCSI handshake attenpts until another 
data transfer is explicitly initiated. 

4. When operating as an initiator in 
DMAMODE, the NCR/ Am5380 
leaves ACK asserted after receipt of a 
valid EOP, requiring the CPU to 
deassert it. When a valid EOP is 
detected, the L5380 /L53C80 deasserts 
ACK properly. 

5. If the NCR/ Am5380 is not termi
nated on the SCSI side, the floating 
RST pin will cause spurious inter
rupts. The L5380/L53C80 contains 
internal high value pullups to set 
unterminated SCSI pins to the inactive 
state. 

6. During DMA send operations, 
when a valid EOP signal is received 
by the NCR/ Am5380, no convenient 
indication exists to indicate that the 
last byte of data (loaded simultane
ously with EOP) has in fact been 
successfully transmitted The L5380/ 
L53C80 provides LAST BYTE status 
bit mapped to bit 7 of the Target 
Command Register. This bit will be 
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set after a valid EOP has occurred, 
and the final byte has been transmit
ted successfully. · 

7. During the reselection phase, the 
NCR/ AM5380 may reset the reselec
tion interrupt if the contents of the 
Target Command Register do not 
match the current SCSI bus phase. 
The L5380/L53C80 does not spuri
ously reset this interrupt. 

8. In the NCR/ Am5380, the phase 
mismatch interrupt is captured in an 
edge triggered fashion on the active 
edge of REQ. During reselection, this 
interrupt might not be generated even 
though a phase change has occurred. 
The reason for this is as follows: 

• The initiator DMAMODE bit must 
be set in order to receive a phase
match interrupt. 

• However, the DMAMODE bit 
cannot be set unless BSY is active. 

• BSY will be driven active by the 
target only after the relesection 
has occurred. 

• Once BSY has been asserted by 
the target, it may then assert REQ 
before the initiator has set the 
DMAMODE bit, and the initiator 
will then fail to generate an 
interrupt. 

The L5380 /L53C80 interrupt latch will 
be set if a phase mismatch condition 
exists when the later of REQ or 
DMAMODE become active. In this 
way, the mismatch will always be 
detected, even if the target asserts 
request before the initiator sets 
DMAMODE. 

-~ ..._,_~ 
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IOR IOW RESET IOR IOW RESET IRQ 

DRE Ox ORO 
8237 A 

OMA DACKx DACK 

CONTROLLER 
READY READY L5380/ 

L53C80 
EOP EOP SCSI 

CLK 
CONTROLLER 

AEN 

ADSTB A7-4 A3-o DB7-0 07-0 A2--0 cs 

_ 8-BIT STB 
OE LATCH 

Symbol Parameter 

SYSTEM DAT A BUS 

ADDRESS BUS A111-o 

T1 BSY False Duration to Detect Bus Free Condition 

T2 SCSI Bus Clear (High Z) from BSY False 

T3 Arbitrate (BSY and SCSI ID Asserted) 
from BSY False (Bus Free Detected) 

T 4 SCSI Bus Clear (High Z) from SEL True (Lost Arbitration) 

- ...-... ..-...-~ - ....._._._._~ - ------- -- ------ -------------

Commercial 
Mn Max 

0.4µs 1.1 µs 

1.1 µs 

1.2 µs 2.2µs 

60 

L5380/L53C80 

Military 
Mn Max 

0.4µs 1.1 µs 

1.1 µs 

0.8µs 2.4µs 

60 
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Commercial Military 
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec 

Symbol Parameter Min Max Min Max Min Max 

T1 Address Setup to Write Enable 10 5 10 

T2 Address Hold from End of Write Enable 0 0 0 

T3 Width of Write Enable 40 20 40 

T4 Data Setup to End of Write Enable 20 5 20 

TS Data Hold from End of Write Enable 10 5 10 

A2-/VJ zzzzzzzzz~-r1 ---1 ~T2 3zzzzzvzzzzz/ 
cs '-~~---'---~ . l---T3 

IOW -----------~------/ 
... l:;-T4 TS ::j~ 

07-00 ?/ZZZZZZZZZZZZZVZ¥ ~zzvzzzzzvzzzz 

Commercial Military 
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec 

Symbol Parameter Min Max Min Max Min Max 

T1 Address Setup to Read Enable 10 5 10 

T2 Address Hold from End of Read Enable 0 0 0 

T3 Data Access Time from Read Enable 50 20 50 

A
2

-/VJ zzzvzzv~--T~------¥==--T-2 3zzzzzzzzzzzv 

o11: ~--/-*-:r_3-------~~:_/_,XZZ2'/'Z.ZZZZZZZ 

- ~ ~-~ - ........ .-.----. - -_ ... ___ -- - ----- -------_.._.,......._.._~ 
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Commercial Military 
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec 

Symbol Parameter Min Max Min Max Min Max 

The following apply for all OMA Modes 

T1 ORO False from Write Enable 
(concurrence of IOW and DACK) 60 30 60 

T2 Width of Write Enable 
(concurrence of IOW and DACK) 60 20 60 

T4 Data Setup to End of Write Enable 20 5 20 

TS Data Hold from End of Write Enable 15 5 15 

T6 Concurrent Width of EOP, IOW, and DACK 50 20 50 

T9 REO False to ACK False 90 45 90 

T13 End of Write Enable to Valid SCSI Data 65 45 65 

T14 SCSI Data Setup Time to ACK True 60 65 60 

The following apply for Normal OMA Mode only 

T7 REO False to ORO True 60 30 60 

TB DACK False to ACK True (REO True) 140 140 140 

T10 REO True to ACK True (DACK False) 70 35 70 

The following apply for BLOCKMOOE OMA only 

T3 IOW Recovery Time 40 20 40 

TB IOW False to ACK True (REO True) 140 140 140 

T10 REO True to ACK True (IOW False) 70 35 70 

T11 REO False to READY True 60 30 60 

T12 IOW False to Ready False 70 35 70 

ORO 

-----------~---------~~~ /.'. _________________ ;;----------------------

----------+---~ CT4 ? T•:::::::::J. l 
zzzzz22p22222 BYTE N ~22222222222222/ 07-00 

I 

07-DO ! BYTE N (BLOCKMODE) xv222222222222/ 
I 

READY 

- ...-... ~-...-... - .--- .-.-. --- ------ -- ------ -_ ___.. -------
-~~-...._.,.. 
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Commercial Military 
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec 

Symbol Parameter Min Max Min Max Min Max 

The following apply for all OMA Modes 

T1 DRQ False from Concurrence of IOR and DACK 60 30 60 

T3 Data Access Time from Concurrence of 
IORand DACK 60 20 60 

T4 Concurrent Width of EOP, IOR, and DACK 50 20 50 

T7 REQ True to ACK True 70 35 70 

T12 SCSI Data Setup Time to REQ True 20 5 20 

T13 SCSI Data Hold Time from REQ True 15 5 15 

The following apply for Normal OMA Mode only 

TS REQ True to DRQ True 60 30 60 

T6 DACK False to ACK False (REQ False) 90 45 90 

TS REQ False to ACK False (DACK False) so 45 so 
The following apply for BLOCKMOOE OMA only 

T2 IOR Recovery Time 40 20 40 

T6 IOR False to ACK False (REQ False) 90 45 90 

TS REQ False to ACK False (IOR False) so 45 so 
T9 REQ True to READY True 60 30 60 

T10 READY True to CPU Data Valid 15 15 15 

T11 IOR False to Ready False 70 35 70 

07-00 

---------------~1!~---~-tr1--=:r ~---------------T;---------------------------------~-----· ~ ~ ~ 
I T3-k 
I --B-YT_E_N __ )>-------------
1 

DRQ 

I I 

07-DO zzzvvzzzvz*---B-Y-TE-N-(B-LO_C_K-MO_D_E_) --)>------------
1 14---T4 

READY 

- ..-... .....-....-~ - ......_ .-------- - _..., ___ -- ------ --~-----~ ,..__...._.,. 
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Commercial Mlltary 
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec 

Symbol Parameter Mn Max Min Max Mn Max 

The following apply for all OMA Modes 

T1 ORO False from Write Enable 
(concurrence of IOW and DACK) 60 30 60 

T2 Width of Write Enable 
(concurrence of IOW and DACK) 60 20 60 

T4 Data Setup to End of Write Enable 20 5 20 

T5 Data Hold from End of Write Enable 15 5 15 

T6 Concurrent Width of EOP, IOW, and DACK 50 20 50 

T9 ACK True to REQ False 90 45 90 

T13 End of Write Enable to Valid SCSI Data 60 45 60 

T14 SCSI Data Setup Time to REQ True 60 65 60 

The following apply for Normal OMA Mode only 

T7 ACK True to DRQ True 60 30 60 

T8 DACK False to REQ True (ACK False) 130 130 140 

T10 ACK False to REQ True (DACK False) 70 35 70 

The following apply for BLOCKMOOE OMA only 

T3 IOW Recovery Time 40 20 40 

T8 IOW False to REQ True (ACK False) 130 130 140 

T10 ACK False to REQ True (IOW False) 70 35 70 

T11 ACK True to READY True 60 30 60 

T12 IOW False to Ready False 70 35 70 

DRQ 

-----------~---------~~~ /'.'. _________________ T;------------------~-
-----------+---~ T4 ? TS 

vzzzzzpzzzzz>C BYTE N =-=*zzzzzzzzzzzzzz/ 07-DO 
I 

07-DO ! BYTE N (BLOCKMODE> xzzzzzzzzzzzzzz/ 
I 

I 

T7--J 

---T13 ----..*-t-----T14 
SDB1--0-----------------B-Y_T_E-N--1-------------------- ---------B-YT_E_N------~ 

SDBP · · 

- ..-... ...-... -....-.. - ~---.--. - ------ -- ------ --~-.-----~ ~-._.. 
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Commercial Military 
2 Mbytes/sec 4 /Mbytes/sec 2 Mbytes/sec 

Symbol Parameter Min Max Min Max Mn Max 

The following apply for all OMA Modes 

T1 DRQ False from Concurrence of IOR and DACK 60 30 60 

T3 Data Access Time from Concurrence of 
IORand DACK 60 20 60 

T4 Concurrent Width of EOP, IOR, and DACK 50 20 50 

T7 ACK True to REQ False 70 35 70 

T12 SCSI Data Setup Time to ACK True 20 5 20 

T13 SCSI Data Hold Time from ACK True 15 5 15 

The following apply for Normal OMA Mode only 

TS ACK True to DRQ True 60 30 60 

T6 DACK False to REQ True (ACK False) 90 45 90 

TB ACK False to REQ True (DACK False) BO 45 BO 
The following apply for BLOCKMOOE OMA only 

T2 IOR Recovery Time 40 20 40 

T6 IOR False to REQ True (ACK False) 90 45 90 

TB ACK False to REQ True (IOR False) BO 45 BO 
T9 ACK True to READY True 60 30 60 

T10 READY True to CPU Data Valid 15 15 15 

T11 IOR False to Ready False 70 35 70 

07-DO 

~------~-----~---~---~~n==-:::r ~---------------T;--------------~-
--------------------- ~'~k-----B-V-TE-N---~)~------------------------

ORQ 

I 

07-DO /-""Z""Z--Z""Z""'Z-z""'z-z""z--z""z--z-)(,. ___ B_V_T_E -N -(B-LO_C_K-MO_D_E_) -->~---------------------------
1 

-----------------------..
1i-----r4 

rs---l 

READY 

- ~ ....-....-...-... - .-.....~---- ------- -- ------ --~------_..._....~-~ 
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Storage temperature ............................................................................................................ -65°C to + 150°C 

Vee supply voltage with respect to ground ............................................................................ -0.5 V to +7.0 V 

Output voltage .................................................................................................................................. 0.0 to Vee 

Input voltage ................................................................................................................................... 0.0 to 5.5 V 

loL Low Level Output Current (SCSI Bus) ............................................................................................. .48 mA 

loL Low.Level Output Current (other pins) ............................................................................................... 8 mA 

IOH High Level Output Current (other pins) ............................................................................................ -4 mA 

Mode 

Active Operation, Commercial 

Active Operation, Military 

Symbol Parameter 

VIL Low Level Input Voltage 

VIH High Level Input Voltage 

VOL Low Level Output Voltage 
(SCSI bus) 

VOL Low Level Output Voltage 
(other pins) 

YOH High Level Output Voltage 

(other pins) 

llN Input Current* 

llN Input Current* 

Ice Supply Current 

Ice Supply Current 
Quiescent 

*Not tested at low temperature extreme. 

- ~ ..-...-~ - ...... ---.-.-. - - _,_, ___ -- ------ ------

Temperature Range (Ambient) 

0°c to +70°C 

-55°C to + 125°C 

Test Condition 

Vee = Min, IOL = 48 mA 

Vee = Min, IOL = 8 mA 

Vee = Min, IOH = -4 mA 

Vee = Max, YIN = 0 - Vee (SCSI bus) 

Vee= Max, VIN= 0-Vcc (other pins) 

Vee = Max, VIH = 2.4, 
VIL= 0.4, 4 MHz cycle, 
No Load, No Termination 

As above, inputs stable 

Supply Voltage 
4.75 V ~Vee~ 5.25 V 

4.50 V ~ Vee ~ 5.50 v 

Min Typ 

0.0 

2.0 

3.5 

10 

Max 

0.8 

Vee 

0.5 

0.5 

65 

20 

20 

1.0 

Unit 

v 
v 

v 

v 

v 
µA 

µA 

mA 

mA 

_..._... ..__ _ __... 
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40-pin Do 

SDB7 

SDBs 

SDBs 

SDB4 

SDB3 

SDB2 

SDB1 

SDBO 

SDBP 

GND 

SEL 

BSY 

ACK 

ATN 

RST 

1/0 

CID 

MSG 

REQ 

L5380PC4 

" " PC2 

2 

- ...-... ...-...-~ ------ - ----- -- - ------ ------ _._. _ _. 

40 

39 

3 38 

4 37 

5 36 

35 

34 

33 

32 

10 31 

11 30 

12 29 

13 28 

14 27 

15 26 

16 25 

17 24 

18 23 

19 22 

20 21 

D1 

D2 

D3 

D4 

Ds 

D6 

D7 

A2 

A1 

Vee 

Ao 

IOW 

RESET 

EOP 

DACK 

READY 

IOR 

IRQ 

DRQ 

cs 

L5380DC4 

" " DC2 

L5380DM2 

L5380DME2 

L5380DMB2 

L5380 

44-pln 

l~l~l~l~ 0 0 ~NM~~ 
C/JC/JC/JC/JOZOOOOO 

SDB3 06 

SDB2 

Ai 

Vee 
GND NC 

GND 

ATN DACK 

1~10101~10 o I(/) o ol~ ~ ~ ::;, 0 ~ ~ z 0 ~ g; Q ~ 
~ 

Plastic J-Lead 
Chip Carrier (J1) 

Ceramic Leadless 
Chip Carrier (K2) 

L5380JC4 

" " JC2 

L5380KC4 

" " KC2 

L5380KM2 

L5380KME2 

L5380KMB2 
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Mbytes/ 
sec 

2 

48-pin SDB7 
AST 

GND 
BSY 
SEL 
ATN 

NC 
RESET 

IRQ 
DRQ 
EOP 

DACK 
GND 

READY 
Ao 
A1 
A2 

NC 
cs 

IOW 
IOR 

D7 
D6 
D5 

Plastic DIP 
(PS) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

48 SDB6 
47 SDB5 
46 GND 
45 SDB4 
44 SDB3 
43 SDB2 
42 NC 
41 SDB1 
40 SD Bo 
39 GND 
38 SDBP 
37 REQ 
36 ACK 
35 110 

34 GND 
33 CID 

32 MSG 
31 NC 
30 Do 
29 D1 
28 02 
27 D3 
26 D4 
25 vee 

SI deb raze 
Hermetic DIP (DS) 

L53C80PC4 L53C80DC4 

" PC2 " DC2 

L53C80DM2 

L53C80DME2 

L53C80DMB2 

L53C80 

44-pln 

6-26 

lzl~I~ 0 lrl~l 00 I~ 0 1~1~ r w C/J z C/J o o o z o o 
<(C/JCOCJO:C/JC/JC/JCDC/JC/J 

RESET SDB2 
IRQ SDB1 

SDBo 
EOP GND 

DACK Top SDBP 
View REQ 

A1 GND 
A2 CID 

cs MSG 

is: 10: r-- <D "' (.) .,. "' "' ~ 0 QQooogooooo 

Plastic J-Lead 
Chip Carrier (J1) 

Ceramic Leadless 
Chip Carrier (K2) 

L53C80JC4 

" JC2 

L53C80KC4 

" KC2 

L53C80KM2 

L53C80KME2 

L53C80KMB2 
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Quality and Reliability 

Overview - Commitment to Quality 

Management Commitment 
Statement 

A successful quality program requires 
that every employee act as a member 
of the quality organization. This 
applies particularly to the manage
ment team who establish acceptable 
behavior by their actions. Bill Volz, 
President/CEO of Logic Devices 
Incorporated encourages active 
participation of all departments in a 
quality oriented operation. 

At Logic Devices, the quality depart
ment strives to maintain a proactive 
relationship with Manufacturing, 
Design, Marketing, and Sales em
phasizing training and procedural 
controls. Training and good commu
nication allow employees to under
stand which practices lead to good 
quality and reliability and make them 
willing participants in the quality 
program. This attitude has allowed 
Logic Devices to continually improve 
the quality of its product line. 

Organization 

The Quality /Reliability Department 
reports directly to the President/CEO. 
The quality operation is divided into 
two functions: 

1. Quality Administration 

2. Reliability Engineering 

Quality Administration performs all 
inspections/Q.A. monitors in 

- ~ ...-..-...-.... - ------ ------ -- ------ --.......--------

assembly /test operations including 
incoming inspection of all direct 
materials. Q.A. Administration also 
includes the document control 
function. 

The Reliability Engineering function 
is responsible for assuring that all 
products manufactured by Logic 
Devices meet our rigid standards for 
reliability. Activities that support this 
function include qualifications of new 
products, reliability monitor testing, 
failure analysis, and corrective action. 

Documentation 

All manufacturing and Q.A. proce
dures are controlled in the document 
control area and are available in 
controlled binders located in the 
appropriate manufacturing areas. In 
addition, the program plans for the 
quality and reliability functions are 
described in individual manuals: 

Quality Manual. The quality function 
is described in the quality program 
plan as outlined in the Quality Man
ual. The program plan has been 
designed to the requirements of 
Appendix A of Mil-M-38510. 

Reliability Manual. The reliability of 
Logic Devices' products is among the 
best in the industry and will continue 
to be. The Reliability Manual has been 
created to insure that we maintain 
high visibility of reliability data. This 

manual also describes the reliability 
function and goals at Logic Devices. 

Mil-Std-883C. All products to be sold 
as 883C compliant are manufactured 
to this specification. As new revisions 
are released, they are evaluated and 
changes implemented as required. 

Mil-M-38510. This document is 
referenced continuously by Mil-Std-
883C and specifically defines program 
requirements for compliance to 883C 
programs. 

Available Processing Flows 

Logic Devices offers many processing 
flows to provide the best combination 
of reliability assurance and cost. 
Available flows are: 

1. Commercial Plastic Flow. 

2. Commercial Plastic Flow with 
48 hr burn-in. 

3. Commercial Hermetic flow -
0° to + 7D°C. \ 

4. Commercial Hermetic Flow -
-55°C to + 125°C. 

5. Hi Rel Hermetic Flow - 0°C to 
+70°C with 48 hr burn-in. 

6. Hi Rel Extended Flow -
Per Logic Devices Flow. 

7. Hi Rel 883C Flow - Per Mil-Std-
883C, Methods 5004 and 5005. 

-~ ..._.__ ...._... 
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Samples 

Logic Devices on occasion provides samples of its products to customers for the purpose of 
assessing their suitability for the end application. Samples fall into two categories, depending on 
the maturity of the device in question. For devices already in production, the devices provided as 
samples will be pulled from inventory, and will have undergone the assembly flows and 
qualifications detailed elsewhere in this section. 

In the case of new products however, it is often desirable to provide samples to a customer before 
a complete assessment of the performance and reliability of the new product has been made. Logic 
Devices' procedure is to label such devices with the words "ENGINEERING SAMPLE" or a 
contraction thereof. It is important for the customer who accepts engineering samples for 
evaluation to understand the limitations of the screening which these devices undergo. 

In general, devices marked with ''Engineering Sample" will not have undergone a reliability 
assessment. In addition, the characterization of the device, and therefore the electrical specifica
tions to which it will ultimately be guaranteed, may still be evolving. The testing of engineering 
samples is at the sole discretion of Logic Devices product engineering, but generally will include 
elevated temperature AC testing with a limited class of patterns. A data sheet prominently marked 
''PRELIMINARY" will be provided with the samples as a means for the customer to understand 
the electrical limits to which the samples have been tested. However, the data sheet and test 

- ~ ~-...-... - ~-------- ------- -- - ------ -_ ___... -------
-~~-...._.... 
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Reliability Manual 

Introduction 

Logic Devices Incorporated is committed to a reliability program plan that insures the highest 
reliability possible on it's CMOS technology. At Logic we realize that reliability is the product of 
designs carefully matched to well characterized and controlled processes with all manufacturing 
materials tightly controlled. Logic is committed to long term relationships with our customers and 
believe that reliability is one of their highest priorities. 

This manual contains the reliability program plan for Logic Devices and data that is gathered 
through new product qualifications and ongoing reliability monitors. Device qualifications reference 
MIL-STD-883C, Method 5005, and JEDEC-STD-22B. These standards establish the criteria for qualifying 
product in military and commercial applications. This publication is updated quarterly. 

Reliability Methods 

Definition of Reliability 
Reliability of an integrated circuit is 
the probability that it will perform it's 
deffued functions in the operating 
environment for a reasonable period 
of time. This definition becomes more 
useful when broken into its compo
nent parts: 

Defined Functions 
Typically established by the 
manufacturer's data sheet or customer 
specification. 

Operating Environment 
Consisting of temperature, humidity, 
voltage, pressure, etc. 

Reasonable Period of Time 
Devices are expected to provide long 
term operation without failure. 
Evaluation of time to failure is an 
indication of reliability. 

Probability 

Statistical evaluation of time to failure 
data allow prediction of a device's 
long term reliability to a certain 
confidence level. 

Reliability Indicators 

Semiconductor reliability is typically 
expressed in terms of failure rate. 
Common methods of expressing 
failure rates in this industry are: 

1. Mean Time to Failure (MTTF). 

2. Mean Time Between Failures 
(MTBF). 

3. Percent failures/1000 hours. 

4. FIT rate - Failures in 109 hours. 

- ~ ....-..-~ ------ - -~--- -- ------ -_........,___. _ _. 

Failure rate is the ratio of device 
failures to the total number of device 
hours. The reciprocal of failure rate is 
MTBF. The probability that a device 
will operate beyond the MTRF is 
expressed as: 

Assuming a linear reaction in time, 
the product of reaction rate and fail 
time at one temperature will equal the 
product of reaction rate and fail time 
at a second temperature: 

(3) 
R = e-t/M or 1/et/M ; 

(1) This allows the calculation of an 
where 

R = reliability, 

t = operating time, 

M= MTBF. 

Acceleration Factors 
Under normal operating conditions an 
integrated circuit may operate well 
beyond our lifetime without failure, 
making data collection impractical. 
Placing devices in environments of 
increased temperature along with 
other stress conditions is known to 
accelerate failure mechanisms allow
ing for collection of data that will 
approximate the longer term failure 
time. Extended temperature exposure 
accelerates the physiochemical 
reactions associated with device 
failure. A mathematical expression 
known as the Arrhenius Equation 
makes it possible to calculate a 
reaction rate and therefore an accel
eration factor. 

R(reaction rate)= R0 exp (Ea/KT), (2) 

where 

R0 = a constant, 

Ea = the activation energy, 

K = Boltzmans Constant, 

T = temperature in degrees 
Kelvin (°C + 273°C). 

acceleration factor: 

AF= t2/t1 = e<Ea/K)(1/t2 -1/tl) (4) 

By knowing the time to failure for the 
accelerated temperature it is now 
possible to calculate the time to failure 
under normal operating conditions. 

FIT Calculation 

Once the Acceleration Factor is known 
it is relatively simple to calculate the 
FIT rate (failures in ten-to-the-ninth 
hours). 

The total device hours at normal 
conditions equal total accelerated 
hours times the acceleration factor. 
The failure rate is then calculated 
from the Chi Squared distribution 
where the degrees of freedom is 
2(c+ 1) and c equals total failures. 
Dividing the Chi Squared value by 
the total device hours at normal 
conditions gives the FIT rate at a 
given confidence level. 

Failure Mechanisms 

Semiconductor Failure Patterns: 
Characterization of semiconductors 
show that failure rates change during 
a device's lifetime. During early life, 
failure rates are higher and failures 
are classified as infant mortalities. 
After approximately 100 hours of 

_..._...........,_...._.... 
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operation the failure rate remains 
fairly constant until the device enters 
the wearout phase of its operating life. 
Wearout is rarely observed. Infant 
mortality is attributed to manufactur
ing defects. Random defects account 
for failures during normal life. 

Common Failure Mechanisms: 
Table 1-1 shows typical fail modes for 
CMOS semiconductors and associated 
activation energies. Also listed are 
typical methods of detection and 
prevention. 

Logic Devices Reliability 
Program 

Objective 

The objective of Logic Device's 
Reliability program is to insure the 
highest possible reliability of all our 
products. This is accomplished 
through strict control of all direct 
materials used in manufacturing and 
comprehensive characterization and 
qualification of all Logic Devices 
products. All changes to designs, 
processes or materials are evaluated 
and approved prior to release to the 
manufacturing area and hence to the 
customer. Establishing requirements 
and performing qualification testing 
are the responsibility of the reliability 
department. Existing products are 
monitored by the reliability depart
ment to insure detection of any 
reliability problem at the earliest point 
possible. 

Reliability Program Components 

Qualification Policy: 

All new products, packages, and 
processes receive an initial qualifica
tion according to internal specification 
QAP-1035. All changes in design, 
mask layers, process, and package are 
evaluated for qualification require
ments and requalified according to the 
requirements found in MIL-M-38510 
pai:agraph 3.4.2. Changes classified as 
major are requalified according this 
document and notification is sent to 
existing customers prior to final 

- ...-... ....-... -....-.... - ~~-----
- - _ .... ___ -- - ~---- --~ ,_.__,__, 
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Table 1-1. Common failure modes and association energies along with 
detection tests and preventative actions. 

Activation 
Feil Mode Energy Detection Prevention 

Oxide defects 0.3eV High voltage operation Ultra clean process 

Contamination 1.0 eV High temperature bias Ultra clean process 

Silicon defects 0.5eV High voltage stress Quality Control/ 
Clean process 

Metal 

electromigration 0.5eV High temperature Optimum design rules 
operating life and process control 

Maski Assembly 

defects 0.5eV High temperature life Quality Control/ 
Inspection 

Microcracks NA Temperature cycling Process control 

Soft error NA Low voltage operation Process control, 
and accelerated alpha Optimum design, and 

production approval. 

Reliability Monitor Program: 

source 

Production products are monitored on 
a regular basis as specified in Section 3. 

Failure Analysis/Corrective Action: 
Any failure in qualification or monitor 
testing receives a failure analysis by 
the reliability department. Evaluation 
of the fail mode will determine the 
appropriate corrective action. 
Records of all failure analyses and 
corrective actions will be kept on 
record for a minimum of 5 years. 

Data Preparation/Reporting: 
Preliminary qualification data, 
customer qualification data (883C), 
and monitor data is prepared by the 
reliability department. This data is 
continuously being generated and is 
added to the reliability manual on a 
quarterly basis. 

Qualification Program 

Criteria for performing a qualification 
is divided into three major areas: 

1. Process Qualifications, 

2. Product Qualifications, 

3. Package/ Assembly Qualifications. 

Material quality 

Qualification Procedure: 

New products requiring qualification 
will typically follow the flow shown 
in Fig. 2-1. The Quality Assurance 
department is responsible for per
forming all qualifications. 

Preliminary Qualification - An internal 
procedure designed to give timely 
reliability information on new prod
ucts or processes. Preliminary qualifi
cation consists of Operating Life, 
Temperature Humidity Bias, Tem
perature Cycling, ESD, and Latchup 
testing. This testing is intended to 
provide early data on reliability for 
new products. 

Military Qualification - All products 
intended to be marked as 883C 
compliant will be qualified according 
to the Military Qualification Flow. 
This flow is derived from Mil-Std-
883C, method 5005. 

Commercial Qualification - Commercial 
qualifications are done on products 
offered in non-hermetic packages. 
The qualification is based on JEDEC 
STD-22B. Differences between this 
qualification and the military qualifi
cation are primarily associated with 

_.._..... ...._..._~ 
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Figure 2-1. New product qualification flow. eters meet the specification limits over 
the specified temperature range. 
Typically the sample size is 116, 
accepting on no failures. This test is 
performed on each military lot. Initial Qualification 

Commercial Qualification 

environmental package tests designed 
for plastic packages. 

Qualification Data - Qualification data 
is prepared by the Quality /Reliability 
Department and is added to this 
report on a quarterly basis. 
Qualification Requirements: 
Table 2-1 indicates minimum qualifi
cation requirements of all Logic 
products. The extent of the qualifica
tion is based on the category of 
change ranging from a new product 
or process, to minor changes to 
existing products, processes, or 
packages. 

Package/Assembly Qualification: 
The following criteria will invoke a 
package/assembly qualification. 
1. Newpackage 

2. Package material of process change 

3. New assembly plant 

Qualification Test Flows 

Military Qualification Flow: 

Products offered as compliant to MIL
STD-883C are qualified per Method 
5005 as a minimum requirement. At 
the discretion of the reliability depart
ment, more stringent testing may be 
completed for evaluation purposes. 

Commercial/Industrial Qualification 
Flow: 

Qualifications for commercial/ 
Industrial products are done on 
devices in non-hermetic packages. 
This data is supplemented by the data 

- ...-... ...-.. -...-... - ......_...._._.-. - - ------ -- ------ ------ ----------

Military Qualification 

generated from military qualifications. 
Test methods used for testing non
hermetic packages are found in 
JEDEC-STD-22B. Differences in 
military and commercial/industrial 
qualifications are related to package 
related tests although some conditions 
on other tests may vary slightly. Refer 
to JEDEC-STD-22B and test methods 
in MIL-STD-883C. 

Military Test Groups, MIL-STD-
883C 

Group A: 

The purpose of Group A testing is 
verification that all electrical param-

GroupB: 

As shown in the Military Test Flows, 
tests done in this subgroup are 
designed to insure the integrity of the 
assembly process. This group is also 
required for each military lot. 

Group C: 

Better known as life test, devices are 
subjected to a minimum 125°C 
temperature for 1000 hours. Acceler
ated life testing may be performed at 
the manufacturers discretion as long 
as the chip temperature does not 
exceed it's absolute maximum rating. 
The minimum requirement for 
performing this test on a device family 
is within 4 quarters of the device date 
code. 

Group D: 

As shown in the Military Test Flows, 
these tests are designed to accelerate 
stresses on the device package. 
Devices are subjected to variations of 
temperature, humidity, mechanical 
pressure and corrosive environments. 

Table 2-1. Minimum qualification requirements for all Logic Device' 
products. 

Process 

1. New Fab Process 

2. New Fab Location 

3. Process Modification 

4. New Fab Equipment 

Product 

1. New product in qualified Fab. 

2. Mask (Layer) Change 

3. Design Change 

Package/ Assembly 

1. New Package - Non-hermetic 

2. New Package - Hermetic 

Quallflcatlon Requirement 

Full Military/Commercial Qual 

Full Military/Commercial Qual 

Per 38510 para. 3.4.2 

Per Logic Q.A. determination 

Full Military/Commercial Qual 

Group A, C, Temp. Cycling 

Full Military/Commercial Qual 

Temp. Cycle, Thermal Shock, THB, 
Autoclave, Phys. Dim., Lead lnteg., X-ray 

Temp. Cycle, Thermal Shock, Phys. Dim., 
Lead lnteg., lid Torque, X-ray 

-~ ~-.._... 
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The minimum requirement for Group 
D qualification is within 52 weeks of 
the device date code. 

Environmental Test Descriptions 

Temperature Cycling. Devices are 
subjected to alternating ambient 
temperatures of -65°C to + 150°C. 
Cycle time is 30 minutes. 

Thermal Shock. Devices are subjected 
to rapid temperatures controlled by 
liquid environments for a specified 
number of cycles. 

Biased Humidity Life. This test is 
performed on non-hermetic packages 
only. Devices are subjected to 85% 
humidity and 85°C temperatures for 
1000 hours minimum while under 
bias. 

- ~ ~-....-..... - ------ - ____ ,.._ -- - ----- ---------

Autoclave (Pressure Cooker). As the 
name indicates, devices are subjected 
to pressure and elevated temperature 
in 100% humidity with no bias. This 
test is designed for non-hermetic 
packages only. 

Salt Atmosphere. Devices are placed in 
a corrosive environment for a mini
mum of 24 hours and evaluated for 
corrosion. 

Resistance to Solvents. Device marking 
are exposed tc;> solvents and must 
remain legible. 

Mechanical Shock. Devices are sub
jected to 5 shock pulses of 1500 G's for 
0.5 µS each pulse and then evaluated 
for visual and electrical damage. 

Moisture Resistance. Devices are 
subjected to temperature cycling in 
90-100% humidity to simulate a 
corrosive environment. 

Table 3-1. Monitor Test conditions. 

Reliability Manual 

Reliability Monitor Program 

Objective 

Logic Devices reliability monitor 
program is designed to minimize 
any potential impact of a reliability 
problem on our customers by con
tinuous evaluation of key products 
within each generic process family 
and package technology. This 
program is also intended to gather 
ongoing data for evaluation of 
reliability improvements. Addi
tional tests may be added for evalua
tion purposes at the discretion of the 
reliability department. Rejected 
devices receive failure analysis 
leading to appropriate corrective 
action. Each process/package family 
is tested a minimum frequency of 6 
months and each process family 
quarterly. 

Monitor tests 

See Table 3-2 for monitor test 
conditions. 

Test Name Conditions Sample Size 

Early Failure Rate 80 hours, 125°C 77 

Latent Failure Rate 2000 hours, 125°C 77 

Pressure Cooker 96 hours, A 102* 100 

Biased Humidity Lite 1000 hours, A101* 77 

Temperature Cycle 15 Cycles, Note 1 77 

*JEDEC STD-228 Test Methods. Done on plastic packages only. 

Note 1: Plastic packages tested to A 104, condition B. Hermetic packages tested to 
Method 1010, condition C of MIL-STD-883C. 

-- ---=oE=v=1cE=s=1N=c=oR=P=oRA=rE=o======================================== Quality and Reliability 
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Assembly Flows 

KEV: 

0 MANUFACTURING 

QUALITY ASSURANCE LOT INSPECTION 

QUALITY ASSURANCE PERIODIC PROCESS MONITOR 

The following diagrams represent nominal process flows as of the date of issue. Specific 
details are available in Logic Devices Manufacturing Instructions. 

- ...-... ..-.. -...-... - ~.--.--. - - ------ -- ------ -_...._.. -------- - ---=~=v=ce=s=~=c0=R=~=AA=T=e=0~~~~~~~~~~~~~~~~~~~~aualltyand Reliabili~ 
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Assembly Flows - Commercial Plastic 

PLASTIC 
0°c to 70°C 

Commerclal Screening 
(No Suffix) 

CONTINUED 

- ...-... ....-...-...-.... - ~..-.--....-- - -~--- -- - ------- --~-.----

SAW 

BREAK 

2NDOPTICAL 

QA 2ND OPTICAL 

DIE ATTACH - EPOXY 

CURE 

WIRE BOND 

3RD OPTICAL 

QA 3RD OPTICAL 

MOLD 

POST MOLD CURE 

DEFLASH - TRIM/FORM 

SOLDER DIP 

SINGULATION 

PLASTIC 
0°c to 10°c 

48 Hour Burn-In 
("R" Suffix) 

CONTINUED 

_.._....~-~ 
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(Continued 
from 

previous page) 

- ~ ~- ........ - ~-----~ - - _.., ___ -- - ----- --~-.--__... 

Assembly Flows - Commercial Plastic 

MARK 

LOAD 

FINAL VISUAL/PACK 

SHIP TO LOGIC 

LOGIC IQA- QAP 1039 

TEST 70°C - IOP 1015 

BURN-IN 48 HOURS - IOP 1013 

TEST 70°C - IOP 1015 

QA PDA - 7% MAX 

QA TEST 70°C - QAP 1037 

EXTERNAL VISUAL - IOP 1005 

PACK - IOP 1021 

QA FINAL VISUAL - QAP 1029 

RELEASE TO INVENTORY 

(Continued 
from 

previous page) 

_..._........._,__..._.,.. 
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Assembly Flows - Commercial Hermetic 

HERMETIC 
0°C to 70°C 

Commercial Screening 
(No Suffix) 

INCOMING INSPECTION 
ALL MATERIALS AND PIECE PARTS ONLY 

FROM APPROVED/AUDITED VENDORS 
PER APPLICABLE LOGIC, JEDEC, AND 

MILITARY SPECIFICATIONS 

SAW- IOP 1001 

BREAK - IOP 1002 

2ND OPTICAL - IOP 1019 

QA 2ND OPTICAL - QAP 1021 

DIE ATTACH EPOXY - IOP 1022 

QA PROCESS MONITOR 
INSPECT FOR DIE POSITION QUALITY 

HERMETIC 
-55°C to + 125°C 

Commercial Screening 
(No Suffix) 

AND UNIFORMITY OF ATTACH AND ATTACHMENT 
STRENGTH, PER MIL-STD-883, METHOD 2010 

AND 2019 CRITERIA 

CONTINUED 

- ...-... .....-... -...-... - ..-.... ---. ------ ------- -- - ----- --~-.-.---

BOND-IOP 1010 

QA PROCESS MONITOR 
MONITOR BOND STRENGTH FAILURE MODE, 

PER MIL-STD-883, METHOD 2011 

3RD OPTICAL - QAP 1020 

CONTINUED 

_....._.,. ..__._ .._... 
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(Continued 
from 

previous page) 

- ~ ....-....-..-.... - ....--~---- - ----- -- ------ -
_.....__. _____ __ 

Assembly Flows - Commercial Hermetic 

QA 3RD OPTICAL - QAP 1022 

SEAL - IOP 1004 

SOLDER DIP - CERDIP ONLY 

MARK-IOP 1011 

TRIM - IOP 1008 (IF APPLICABLE) 

TEST + 70°C - IOP 1015 

TEST +125°C-IOP 1015 

QA TEST+ 125°C 
MIL-STD-883, METHOD 5005 

QA TEST -55°C 
MIL-STD-883, METHOD 5005 

QA TEST + 70°C - QAP 1037 

EXTERNAL VISUAL - IOP 1005 

PACK - IOP 1021 

QA FINAL VISUAL - OAP 1029 

RELEASE TO INVENTORY 

(Continued 
from 

previous page) 
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Assembly Flows - High Reliability 

HERMETIC 
0°c to 70°C 

48Hour Burn-In 
("R" Suffix) 

CONTINUED 

- ...-... ~-....-... 
-~~-~ - - -~--- -- ------- -
_ ____.. _,,_ _ _. 

INCOMING INSPECTION 
ALL MATERIALS AND PIECE PARTS ONLY 
FROM APPROVED/AUDITED VENDORS 
PER APPLICABLE LOGIC, JEDEC, AND 
MILITARY SPECIFICATIONS 

SAW- IOP 1001 

BREAK - IOP 1002 

2ND OPTICAL - IOP 1019 

QA 2ND OPTICAL - QAP 1021 

DIE ATTACH EPOXY- IOP 1022 

QA PROCESS MONITOR 
INSPECT FOR DIE POSITION QUALITY 
AND UNIFORMITY OF ATTACH AND ATTACHMENT 
STRENGTH, PER MIL-STD-883, METHOD 2010 
AND 2019 CRITERIA 

BOND-IOP 1010 

QA PROCESS MONITOR 
MONITOR BOARD STRENGTH FAILURE MODE, 
PER MIL-STD-883, METHOD 2011 

3RD OPTICAL - QAP 1020 

_._... ~-~ 
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(Continued 
from 

previous page) 

- ...-... ..-..-....-... - ~...---.-- -_ .. ___ -- ------- ----.-. -----__. 

Assembly Flows - High Reliability 

QA 3RD OPTICAL - QAP 1022 

SEAL - IOP 1004 

MARK-IOP 1011 

TRIM - IOP 1008 (IF APPLICABLE) 

TEST + 70°C - IOP 1015 

BURN-IN 48 HOURS - IOP 1013 

TEST + 70°C - IOP 1015 

QA PDA - 7% MAX 

QA TEST+ 70°C - QAP 1037 

EXTERNAL VISUAL - IOP 1005 

PACK-IOP 1021 

QA FINAL VISUAL - QAP 1029 

RELEASE TO INVENTORY 

=~=~c=~=51=~=0R=~=AA=T=ffi~~~~~~~~~~~~~~~~~~aualltyand Reliabili~ 
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Assembly Flows - MIL-STD-883 

HERMETIC 
-55°C to + 12s0 c 

MIL-STD-883 Class B 
Compliant ("B" Suffix) 

HERMETIC 
-55°C to + 125°C 
HI-REL Extended 

Screening ("E" Suffix) 

CONTINUED 

- ~ ....-...-~ - ......... --.----- - ------ -- ------ -

INCOMING INSPECTION 
ALL MATERIALS AND PIECE PARTS ONLY FROM 

APPROVED/AUDITED VENDORS PER APPLICABLE 
LOGIC, JEDEC, AND MILITARY SPECIFICATIONS 

SAW- IOP 1001 
PER LOGIC SPECIFICATION 

BREAK - IOP 1002 
PER LOGIC SPECIFICATION 

DIE VISUAL INSPECTION 
PER MIL-STD-883, METHOD 2010, CONDITION B 

DIE VISUAL INSPECTION 
PER IOP 1006 

QA VISUAL LOT ACCEPTANCE 
SAMPLE INSPECTION PER MIL-STD-883 

METHOD 2010, CONDITION B. AOL= 0.65% 

QA VISUAL LOT ACCEPTANCE 
PER IOP 1006 

DIE ATTACH 
PER LOGIC SPECIFICATION 

QA PROCESS MONITOR 
INSPECT FOR DIE POSITION, QUALITY AND 

UNIFORMITY OF ATTACH, AND ATTACHMENT 
STRENGTH, PER MIL-STD-883, METHOD 2010 

AND 2019 CRITERIA 

WIRE BOND 
PER LOGIC SPECIFICATION 

QA PROCESS MONITOR 
MONITOR BOND STRENGTH, FAILURE MODE 

PER MIL-STD-883, MEHTOD 2011 

CONTINUED 

_.___. ----- ,_....... _.._.. ....___ ..._.... 
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(Continued 
from 

previous page) 

CONTINUED 

- ...-.. ..-...-~ - ~------- - -~--- -- ------- -----------

Assembly Flows - MIL-STD-883 

INCOMING VISUAL INSPECTION 
LOW POWER (30x) INSPECTION OF WORKMANSHIP 

PER MIL-STD-883, METHOD 2010, CONDITION B 

QA LOT ACCEPTANCE 
QA SAMPLE INSPECTION OF WORKMANSHIP 
PER MIL-STD-883, METHOD 2010: AOL= 0.65% 

SEAL 
PER LOGIC SPECIFICATION 

LEAD FINISH - SOLDER DIP 
(GOLD OPTIONAL) 

PER MILITARY SPECIFICATION 

LEAD FINISH - GOLD & SOLDER 
PER SPECIFICATION 

LOT ID-MARK 
PER LOGIC SPECIFICATION 

TEMPERATURE CYCLE 
PER MIL-STD-883, METHOD 1010, CONDITION C 

CENTRIFUGE 
PER MIL-STD-883, METHOD 2001, CONDITION D 

FINE AND GROSS LEAK TEST 
PER MIL-STD-883, METHOD 1014 
FINE LEAK: CONDITION A OR B 

GROSS LEAK: CONDITION C 

LEAD TRIM 
WHEN APPLICABLE PER LOGIC SPECIFICATION 

(Continued 
from 

previous page) 

CONTINUED 
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Assembly Flows - MIL-STD-883 

(Continued 
from 

previous page) 

(Continued 
from 

previous page) 

CONTINUED 

- ...-.. ....-... _....._ - ~-----. - - _.., ___ -- - ----- --~-------

PRE BURN-IN ELECTRICAL TEST= +25°C 
PER LOGIC SPECIFICATION 

PRE BURN-IN ELECTRICAL TEST= +125°C 
PER LOGIC SPECIFICATION 

BURN-IN 
PER MIL-STD-883, METHOD 1015 

POST BURN-IN ELECTRICAL TEST = +25°C 
PER LOGIC SPECIFICATION 

POST BURN-IN ELECTRICAL TEST= +125°C 
PER LOGIC SPECIFICATION 

PDA VERIFICATION 
5%PDAMAX 

FINE AND GROSS LEAK TEST 
PER MIL-STD-883, METHOD 1014 
FINE LEAK: CONDITION A OR B 

GROSS LEAK: CONDITION C 

100% ELECTRICAL TEST T = + 125°C 
PER LOGIC SPECIFICATION 

100% ELECTRICAL TEST T = -55°C 
PER LOGIC SPECIFICATION 

QA GROUP A, ELECTRICAL TEST T = +25°C 
PER MIL-STD-883, METHOD 5005 

SUBGROUPS 1, 7, 9. L TPD = 2 

QA GROUP A, ELECTRICAL TEST T = + 125°C 
PER MIL-STD-883, METHOD 5005 
SUBGROUPS 2, SA, 10. L TPD = 2 

CONTINUED 

_.._.....~-~ 
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Assembly Flows - MIL-STD-883 

(Continued 
from 

previous page) 

(Continued 
from 

previous page) 

- ....-... ~-...-... - ------ - ----- -- - ------ -------

QA GROUP A, ELECTRICAL TEST T = -55°C 
PER MIL-STD-883, METHOD 5005, SUBGROUPS 3, 8B, 11 

L TPD = 2 (B SUFFIX), L TPD = 10 (E SUFFIX) 

100% EXTERNAL VISUAL INSPECTION 
PER MIL-STD-883, METHOD 2009 

FINISHED PRODUCT UNIT PACKAGING 
PER LOGIC SPECIFICATION 

QA EXTERNAL VISUAL INSPECTION 
PER LOGIC SPECIFICATION, AOL= 0.10% 

TO INVENTORY 

FROM INVENTORY 

FINAL MARK 
MARK PART NUMBER PER LOGIC OR CUSTOMER SPEC. 

ELECTRICAL SAMPLE TEST 
T = +25°C, AOL = 0.10% 

FINAL VISUAL INSPECTION 
PER MIL-STD-883, METHOD 2009 

FINISHED PRODUCT UNIT REPACKAGING 
PER CUSTOMER SPECIFICATION IF DIFFERENT 

FROM LOGIC STANDARD PACKAGING 

QA FINAL VISUAL INSPECTION 
PER LOGIC SPECIFICATION 

QA PLANT CLEARANCE 
GROUPS A, B, C, D ATTRIBUTES DATA (WHEN REQUIRED) 

ISSUE CERTIFICATE OF COMPLIANCE 

PACK AND SHIP 

-- ---=~=~c=E=51=~=0R=~=AA=T=~~~~~~~~~~~~~~~~~~~=Qualityand Reliabili~ 
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MIL-STD-883 Test Flows , " -

883C Test Flows 

The following tables define the testing performed on Logic Devices 883C compliant products. Table 1 
defines test subgroups 1 through 11 (per MIL-STD-883 method 5005, Table 1) in terms of the specific 
electrical parametric tests which makeup the subgroup. The specific electrical limits for the tests within each 
subgroup are given in the device data sheet. Data sheet specifications bearing a note stating that the 
parameter is guaranteed but not 100% tested are excluded from subgroup testing. Table 2 defines which of 
these subgroups of tests are performed at various stages in the production and qualification processes. 

SUBGROUP 

1. 
2. 
3. 

4. 
5. 
6. 

7. 
BA. 
BB. 

9. 
10. 
11. 

TEST 

DEFINITION 

Static tests @ 25°C 
Static tests @ max temp 
Static tests @min temp 

Dynamic tests @ 25°C 
Dynamic tests @max temp 
Dynamic tests @min temp 

Functional tests @ 25°C 
Functional tests @ max temp 
Functional tests @ min temp 

Switching Tests @ 25°C 
Switching tests @max temp 
Switching tests @min temp 

MIL-STD-883 
REQUIREMENTS METHOD 

Final Electrical Test 5004 

GROUP A 5005 

GROUPC&D 
Endpoint Electrical 5005 

- ..-... ....-...-~ - ------ - -~--- -- ------ --~-.--------
DEVICES INCORPORATED 

COMMENTS 

Static tests arc:! defined as those given under the heading "Electrical 
Characteristics" in the device data sheet, with the exception of ON 
(Input Capacitance) and CoUT (Output Capacitance). 

The only dynamic test defined for Logic Devices products are ON 
(Input Capacitance) and CoUT (Output Capacitance). 

Functional tests are not explicitly given in the data sheets, but consist 
of stimulation of the device inputs and monitoring of the device 
outputs with a pattern judged to give a good probability of detecting 
any internal functional defect. The specific patterns used for any Logic 
Devices' product are available on request. 

Switching tests are essentially the same patterns used in subgroups 
7, BA, and SB, with the exception that the device is required to 
successfully execute these patterns within the timing constraints 
given under the heading "Switching Characteristics" in the device 
data sheet. 

SUBGROUPS 
TESTED COMMENTS 

1,2,3, 7, B, PDA applies to 
9, 10, 11 1, 7 only 

1, 2, 3, 4, 7, 8, Subgroup 4 tested only 
9, 10, 11 at initial qualification 

and after major process or 
design changes 

1, 2, 3, 7, 8 

Quality and Reliability 
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Technology and Design Features 

Latchup and ESD Protection 

Latchup is a destructive phenomenon 
which was once common in CMOS 
circuits but has now been largely 
eliminated by improved circuit design 
techniques. Latchup takes place 
because of the existence in CMOS of 
an inherent p/n/p/n or n/p/n/p 
structure between Vee and ground. 
Either of these two can form a pair of 
transistors connected so as to form a 
positive feedback loop, with the 
collector of one transistor driving the 
base of the other. The result is a low
impedance path from Vee to ground, 
which cannot be interrupted except by 
the removal of power. This condition 
can be destructive if the area involved 
is sufficiently large to dissipate 
excessive power. One example of the 
formation of such a structure is shown 
in Fig. 1. The equivalent circuit is 
shown in Fig. 2. 

As shown in Fig. 1, the n+ regions 
which form the source and drain of an 
n-channel MOS transistor, also act as 
the emitters of a parasitic npn transis
tor. The p-well forms the base region, 
and then-substrate is the collector. 
The current gain of this transistor is 
relatively high because it is formed 
vertically and therefore the base width 
is quite small. This is especially true 
of fine-geometry CMOS processes 
which tend to have very shallow 
wells to reduce sidewall capacitance. 
The p+ region in the well is called a 
well tap, and is present to form a low
resistance connection between the 
well and ground. The source region 
cannot serve this function because it 

- ~ ....-....-~ - ~.--.-. - - -~--- -- -... ____ -------------

forms a diode between the n+ source 
and the p-well. 

Also shown in Fig. 1 is an additional 
parasitic pnp transistor. The source 
and drain regions of the p-channel 
MOS device form the emitters, the 
n-substrate is the base, and the p-well 
is the collector. This transistor is a 
pnp, and generally has a beta much 
less than 1 since it is formed laterally 
and the gate region is relatively large. 
Like the vertical npn, it can have mul
tiple emitters. The n+ region tied to 
Vee in the substrate functions simi
larly to the well tap discussed above. 

Note that the base of the npn and the 
collector of the pnp are a common re
gion (the p-well), and similarly the 
base of the pnp and the collector of 
the npn are common (the n-substrate). 
Thus, the pnpn structure necessary for 
latchup is formed. Also, due to the 
the physical distance between the well 
and substrate taps and the base 
regions which they attempt to contact, 
a small resistance exists between the 
base regions and their respective well 
taps, denoted Rs (substrate) and Rw 
(well). 

Latchup begins when a perturbation 
causes one of the bipolar transistors to 
turn on. An example would be excur
sion of the output pad below ground 
or above Vee due to transmission-line 
ringing. If the pad goes more than 
0.7 V below ground, the npn will turn 
on since its base is at approximately 
ground potential. The npn's collector 
current will cause a voltage drop 

across Rs, the bulk substrate resis
tance. This voltage drop turns on 
thepnp. 

The pnp transistors' collector current 
forces a similar voltage drop across 
Rw, the well resistance. This raises 
the base voltage of the npn above 
ground, and can cause the npn to con
tinue to conduct even after the output 
pad returns to a normal voltage range. 
In this case, the current path shifts to 
the grounded emitter. 

Note that any effect which can cause a 
transient turn-on of either transistor 
can cause the latchup process. Com
mon causes include: 

1. Ringing of unprotected 1/0 pins 
outside the ground to Vee region. 

2. Radiation-induced carriers gener
ated in the base of the bipolar 
transistors. 

3. Hot-powerup of the device, with 
inputs driven high before V cc is 
applied. 

4. Electrostatic discharge. 

Protecting Against Latchup 

Latchup, while once a severe problem 
for CMOS, is now a relatively well
understood phenomenon. In order 
for latchup to occur, the product of 
the current gains of the two parasitic 
transistors must exceed 1. Thus, the 
primary means for avoiding latchup 
is the insertion of structures known 
as "guard rings" around all MOS 
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transistors (and other structures) 
likely to be subjected to latchup
causing transients. This includes 
output buffer transistors and any 
devices which form a part of the ESD 
protection network. These guard 
rings absorb current which would 
otherwise drive the base of the lateral 
device, and thus dramatically reduce 
its gain. 

Since external electrical perturbations 
are the dominant cause of latchup in 
non-radiation environments, protect
ing the "periphery" of the chip is most 
important. Therefore, since guard 
rings require a lot of area, they are 
generally used only in critical areas 
such as those mentioned above. 

As an additional protective measure, 
strict rules are enforced in the layout 
regarding the positioning of the 
substrate and well taps. They are 
spaced closely together throughout 
the die, reducing the values of Rs and 
Rw. This makes it more difficult to 
develop the base drive necessary to 
regenerate the latchup condition. 

Measurement of susceptibility to 
latchup is done by connecting a 
current source to an input or output of 
the device under test. By increasing 
the current forced to flow into the pin 

N+ 

and noting the point at which latchup 
occurs, a measure of the device's 
ability to resist latchup-inducing 
carrier injection is obtained. Note that 
depending on the device, the current 
source may require a rather large 
voltage compliance in order to 
provide an adequate test. 

While early CMOS devices had a 
latchup trigger current of a few tens 
of milliamps, most current Logic 
Devices products typically can 
withstand more than 1 amp without 
latching. As a result, latchup is no 
longer a practical concern, except for 
extreme conditions such as driving 
multiple inputs high with a low
impedance source during powerup 
of the device. 

Electrostatic Discharge 
Input protection structures on CMOS 
devices are used to protect against 
damage to the gate oxides of input 
transistors when accumulated static 
charge is discharged through a device. 
This charge can often reach potentials 
of several thousand volts. The input 
protection network is designed to 
shunt this charge safely to ground or 
Vee, bypassing the delicate MOS tran
sistors. 

=-==-==-=-==-=================================Technology and Design 
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Several features are required of a 
good input protection network. Since 
static discharge pulses exhibit very 
fast risetimes, it must have a very 
fast turnon time. It must be capable 
of carrying large instantaneous cur
rents without damage. It must pre
vent the voltage at the circuit input 
from rising above about 10 V during 
the time when the several-thousand
volt discharge is shunted to ground. 
It must not create appreciable delay 
for fast edges which are within the 
0-5 V input range. And finally, it 
must be well protected against 
latchup caused by inputs which are 
driven beyond the supply rails, inject
ing current into the substrate. Much 
research and experimentation has 
been devoted to optimizing the 
tradeoffs between these conflicting 
goals. 

All Logic Devices products employ 
one of three input protection struc
tures shown in Fig. 3. Most devices 
currently use the Type 1 input protec
tion. This structure is designed to 
absorb very high static discharge en
ergies and will draw substantial 
current from the input pin if driven 
beyond either supply rail. Hence, it 

Type 1-A/B 

- ....... .-... -..-... - .-.....~---- ------ -- - ------ -------

Latchup and ESD Protection 

provides a ''hard" clamp. Besides its 
advantages for static protection, this 
clamp can effectively reduce under
shoot energy, preventing oscillation of 
an unterminated input back above the 
0.8 V Vil MAX level. This makes the 
circuit ideal for noisy environments 
and ill-behaved signals. This input 
structure may not be driven to a high 
level without power applied to the 
device, however. To do so would 
result in curre~t flowing through the 
diode connected to the devices' V cc 
rail, and supplying power to the entire 
board or system backward through 
the device Vee pin. This may over
stress the bond wire or device metalli
zation, resulting in failure. 

The Type 2 structure employs a series 
resistor prior to the two clamp diodes. 
This results in a "soft" clamping effect. 
This structure will withstand the tran
sient application of voltages outside 
the supply rails for brief periods 
without drawing excessive current. 
In contrast to the Type 1 structure, 
this circuit will provide only a modest 
reduction of the energy in an under
shoot pulse. It is somewhat more 
tolerant of power-up sequences which 
cause the inputs to be driven before 

Type2 

Vee is applied, however. In the 
course of routine product upgrades, 
devices employing this structure are 
being redesigned to use a Type 1 
input protection. 

The Type 3 structure uses a large area 
N-channel transistor (part of an open
drain output buffer) to protect the 
input. The drain-well junction of this 
device serves the function of a diode 
connected between the input and 
ground, protecting against negative 
excursions of the input. The ava
lanche breakdown of the output 
device serves to protect against 
positive pulses, giving the effect of a 
zener diode between the input and 
ground. This circuit is used only for 
inputs which are designed to have 
their inputs driven without power 
applied. The lack of a diode to Vee 
prevents sourcing of power from the 
inputs to the Vee supply. 

Table 1 gives Latchup figures for the 
three input protection structures used 
in Logic Devices products. Table 2 
indicates the input structure used for 
each part type. 

Type3 

-~ .,.__~ 
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Latchup Current 
Structure Immunity 

Min Typ 

Type 1A/8 400mA 1000mA 

Type 2 150mA 250mA 

Type3 400mA 1000 mA 

Device Input Structure Device Input Structure 

Multipliers/Multiplier Accumulators Register Files 

LMU08/8U Type 1A LRF07 Type 2 

LMU557/558 Type 1A Peripheral Products 

LMU12/112 Type 1A L5380 Type 1A,3 

LMU16/216 Type 1A L53C80 Type 1A,3 

LMU17/217 Type 1A 16K Static RAMs 

LMU18 Type 1A ALL Type 18 

LMA 1009/2009 Type 1A 64K Static RAMs 

LMA 1010/201 O Type 1A ALL Type 18 

LMS12 Type 1A 256K Static RAMs 

Arithmetic/Logic Units ALL Type 18 

L4C381 Type 1A Special Architecture RAMs 

L29C101 Type 1A ALL Type 18 

Special Functions FIFOs 

LSH32 Type 2 ALL Type 18 

LSH33 Type 1A 

L 10C23 Type 1A 

Pipeline Registers 

L29C520/521 Type 1A 

LPR520/521 Type 1A 

L29C524/525 Type 1A 

L 10C11 Type 1A 

L29C818 Type 1A 
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Technology and Design Features 

Power Dissipation in 
Logic Devices Products 

In calculating the power dissipation of 
Logic Devices products, attention 
must be given to a number of for
merly second-order effects which 
were generally ignored when dealing 
with bipolar and NMOS technologies. 
By far the dominant contributor to 
power dissipation in most CMOS 
devices is the effective current path 
from the supply to ground, created by 
the repetitive charging and discharg
ing of the load capacitance. This is 
distinct from DC loading effects, 
which may also consume power. The 
power dissipated in the load capaci
tance is proportional to CV2F, where 
C is the load capacitance, Vis the volt
age swing, and F is the switching 
frequency. This mechanism can 
frequently contribute 80% or more of 
the total device dissipation of a truly 
complementary device operating at a 
high clock rate. , 

The power dissipation of input level 
translators exhibits a strong peak at 
about 1.4 V, but is reduced substan
tially when the input voltage exceeds 
3.0 V (see Fig. 1). Fortunately, this 
voltage is easy to achieve in practice, 
even for bipolar devices with TTL 1/0 
structures. These generally will pro-

duce a VoH of at least 3.5 V if not fully 
loaded. As a result, dissipation in the 
input structures is usually negligible 
compared to other sources. 

Two further sources of power dissipa
tion in CMOS come from the core 
logic. The sources of internal power 
dissipation are the same as those 

The second contributor to the power 
dissipation of a CMOS device is the 
DC current path between Vee and 
ground present in the input level 
translators. These circuits are voltage 
amplifiers which are designed to 
convert worst case 0.8-2.0 V TTL
compatible input levels to 0 and 5 V 
internal levels. With 2.0 V applied to 
the input of most level translator 
circuits, about 1 mA will flow from 
the power supply to ground. A 
floating input will at best have similar 
results, and may result in oscillations 
which can dissipate orders of magni
tude more power and cause malfunc
tioning of the device. 

"'...,..__.___.. 0 ~~~---~---~--~......_~.._~.._~...._~..___.....___.....___, 

- ...-.... ....-..-~ -.-......---- - ----- -- -~---- --~..,_. _ _.. 

0 
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Power Dissipation 

discussed for external nodes, namely 
repetitive charging of the parasitic 
load capacitances on each gate output, 
and the power drawn due to a direct 
current path to ground when gate 
input voltage levels transition through 
the linear region. In practice, the 
internal voltage waveforms are 
characterized by high edge rates and 
rail-to-rail swings. For this reason, the 
latter source of dissipation is usually 
negligible, unless NMOS or other non
complementary logic design tech
niques have been used. 

The capacitance of typical internal 
nodes in CMOS logic circuits are a 
few femtofarads. However, there can 
be thousands, or tens of thousands 
of such nodes. As a result, the core 
power dissipation is strongly depend
ent on the average rate at which these 
nodes switch (the "F" in CV2F). Fortu
nately, for most complex logic circuits, 
with non-pathological external stimu
lus only a small fraction of the logic 
nodes switch on any given cycle. For 
this reason, internal power is gener
ally quite small for these device types. 
Exceptions include devices containing 
long shift registers or other structures 
which can exhibit high duty cycles on 
most internal nodes. These devices 

- ...-... ....-i.-..-.... - ....--..-.-.-- ------- -- ------ -_._._... _,_ _ _. 

can dissipate significant power in the 
core logic if stimulated with alternat
ing data patterns and clocked at a 
high rate. 

To summarize, of the several contribu
tors to power dissipation, the CV2F 
power of the outputs is usually domi
nant. Because output loading is 
system-dependent, it is not possible 
for the manufacturer to accurately 
predict total power dissipation in 
actual use. As a result, Logic Devices 
extrapolates measured power dissipa
tion values to a zero-load environ
ment, and publishes the resulting 
value. This value includes the effects 

power to the typical published figure. 
The output power is given by: 

where: 

N = the number of device outputs 
(divided by 2 to account for the 
assumption that on average half 
of the outputs switch on any 
given cycle) 

C = the output load capacitance, per 
pin, given in Farads 

= the power supply voltage 

F = the clock frequency (divided by 
2 to account for the fact that a 

of worst-case input and power-supply V 
voltages, temperature, and stimulus 
pattern, but not CV2F. This value is 
weakly frequency dependent, and the 
frequency at which it is measured is 
published in the device data sheet. 

registered output can at most 
switch at only half the clock 
rate). 

The maximum value is for worst-case 
pattern, and the typical is for a more 
random pattern and is therefore more 
representative of what would be 
experienced in actual practice. 

A good estimate of total power dissi
pation in a particular system under 
worst-case conditions can be obtained 
by adding the calculated output 

A less pessimistic estimate, appropri
ate for complex devices when reason
able input voltage levels and non
pathological patterns can be expected, 
would neglect the published value 
and use only the calculated value as 
given above. 

_..._...~-....._.... 
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Products Listing 3851 O Package Codes 
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Logic Devices 
Pkg. Code 

CerDIP - (Type C, I) 

38510 
Pkg.Code 

Cl - 24-pin, 0.3" wide ........................................ D9-1 
C2 -20-pin, 0.3" wide .................................... DB-1 
C3 - 22-pin, 0.3" wide ........................................ NA 
C4 - 24-pin, 0.6" wi~e ........................................ 03-1 
CS - 28-pin, 0.3" wide ........................................ NA 
C6 -28-pin, 0.6" wide ........................................ Dl0-1 
Cl -16-pin, 0.3" wide ......................................... D2-1 
CB -18-pin, 0.3" wide ........................................ I>6-1 
C9 - 32-pin, 0.6" wide ........................................ NA 

Hermetic DIP, Sldebraze-(Type D, H) 
Dl - 24-pin, 0.6" wide ........................................ 03-3 
D2 - 24-pin, 0.3" wide ........................................ D9-3 
D3 - 40-pin, 0.6" wide ........................................ DS-3 
D4 - 64-pin, 0.9" wide ........................................ D13-3 
DS - 48-pin, 0.6" wide ........................................ Dl 4-3 
I>6 - 64-pin, 0.9" wide, cavity down................ D13-3 
D7 - 20-pin, 0.3" wide ........................................ DB-3 
DB - 22-pin, 0.3" wide........................................ NA 
D9 - 28-pin, 0.6" wide ........................................ Dl0-3 
Dl0-28-pin, 0.3" wide ........................................ NA 
Dl 1 - 28-pin, 0.4" wide ........................................ NA 

Ceramic Flat Pack - (Type F) 
Fl - 24-pin ........................................................... F6-2 
F2 - 28-pin ........................................................... F12-2 

Ceramic Pin Grid Array - (Type G) 
Gl -68-pin ........................................................... NA 
G2 - 68-pin, cavity down .................................. NA 
G3 - 84-pin........................................................... NA 

Ceramic Leadless Chip Carrier (LCC) - (Type K) 
Kl - 28-pin, 0.450" x 0.450" ................................ C-4 
K2 - 44-pin, 0.650" x 0.650" ................................ C-5 
K3 - 68-pin, 0.950" x 0.950" ................................ C-7 
K4 - 22-pin, 0.290" x 0.490" ................................ NA 
KS - 28-pin, 0.350" x 0.550" ................................ C-11 
K6 - 20-pin, 0.290" x 0.425" ................................ C-13 
K7 - 32-pin, 0.450" x 0.550" ................................ C-12 
KB - 20-pin, 0.350" x 0.350" ................................ C-2 
K9 - 48-pin, 0.550" x 0.550" ................................ NA 
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Lead finish (A= solder dip; B =tin; C =gold) 

Fabrication date code (year, quarter) 

Assembly date code (year, week) 

Su blot 

Quality Assurance job number 

Country of origin 

_..._.., ..._,_._...._.... 
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Product Marking Guide 

• 

TOP 

LWie 
L29C520PC22 
SA9A 8903~ 

BOTTOM 

• 

TOP ONLY - CAVITY UP: 300 MIL 

TOP ONLY-CAVITY UP: 600 MIL 

TOP ONLY - CAVITY DOWN 

!.~@?~ 883C 
LMA101 ODM845 

SA9A A ~ 
USA 1234A 8903 

0 

LMA201 OJC65 

SA9A 8903 L\ 

BOTTOM 

USA 

1234A 

NOTE: Package marking may vary due to space limitations. - ...-.. ....-.... -..-.. - ~---.-...-. - ------ -- ------ --~~--.... 
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• 

• 

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

TOP 

!::@~;;:; 883C 
L29C520FM 822 

8903 A D 

BOTfOM 

USA 1234A 

SA9A 

TOP ONLY 

!::@=~~ 883C 
L4C381 GMB40 

SA9A A~ 

USA 1234A 8903 

Product Marking Guide 

TOP 

i.OWC 883C 
L29C520KMB22 

8903 A ~ 

BOTfOM 

SRAM-TOP 

• 
883C 

L7C185 

KME85 ~ 

8903 A 

NOTE: Package marking may vary due to space limitations. 
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Mechanical Drawings 

C1 - 24-pin CerDIP 
(0.3" Wide) 

C2 - 20-pln CerDIP 
(0.3" Wide) 

C3 - 22-pin CerDIP 
(0.3" Wide} 

- ~ ~-...-... - ~....-.-~ - ------- -

E:::::::::::i1gi 
I 1 

1 
·
242 -.I SEATING PLANE 4 f.258 

0.145 

:::b '"') 
~ .... , 

-.--- I I II O.o16 0.031 
0.125 J -+t 1"4-0.100 -+t 1-4- 0.020 
o.2oo TYPICAL 

E:::::::::iJ :1~ 
11---~ ----, 
I+-- 0.956 ----I 

0.145 

:::b '"'] 
~ 0011 

-.-- I I 11 o.o16 0.031 
0.125 J -+t 1-4- -+t 1-4- 0':020 
0.200 0.100 

TYPICAL 

r- 0.297 -I 
le o.315 :JI 

_fl o• 
0.009 f50 
0.011 I ~ I 

j'4- 0.400 -i 

SEATING PLANE 

r- 0.297 _, 

le o.315 ::ii 

_fl o• 
0.009 150 
0

·

011 

I o.360 I 
l"4"" 0.400 -i 

E::::::::::i1~ 
1

1 
1.062 ----, SEATING PLANE • ms----! 

0.145 

:~:;b '"'] 
~ 0011 

....-- I I 11 0.016 0.031 
2-.:illJ -+t 1-4- 0.100 -+t 1-4- 0.020 
0.200 TYPICAL 

r- 0.297 _, 

le o.315 ::ii 

_fl o• 
0.009 f50 
0.011 I 21§.Q I 

j'4- 0.400 -i 

~=-~-~-~--~-~=~-~-~=============================================Packaging 
DEVICES INCORPORATED 

9-9 LDS.P001-0 



Mechanical Drawings 
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Mechanical Drawings 
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Mechanical Drawings 
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D4 - 64-pin Hermetic DIP 
(0.9" Wide) 
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Mechanical Drawings 
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Mechanical Drawings 

D7 - 20-pin Hermetic DIP 
(0.3" Wide) 

DB - 22-pln Hermetic DIP 
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Mechanical Drawings 
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Mechanical Drawings 

F1 - 24-pln Ceramic 
Flat Pack 

F2 - 28-pln Ceramic 
Flat Pack 
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Mechanical Drawings 
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Mechanical Drawings 

............................. ·.·.·.·.~·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· ..... ~·>>>>:<<<::::f<· ·>:.:-:-:.:.:.:.:.:.;.:.:;:<;>:;:.:, :::::::::;:;:::::::::::::::::;:;::::::::::::::::::::::::::::::::::;· ::::::::::::::::::::::::: ::.:::• ... •.• .. ::.:.•.• .. ::·:_.::• .. ::·:_._•.• .. ::• .. :_··~:::':~···~:·:: .. :::_·:~: •. :_~.·::'::::_:·::,·::'~:::''.~.·:~:-···:·::•:'::~.• ... :::~--·.• .. :·:.·~·.:(~>>:::::::::::::;:-:-:-· ·.· .. ·-:::p~~~j1¢j,f'4~jp:::Q'.ft.l.f.tY.~Rl~~bffa~Y,,)J Ltt?tt:tt><<<<<t>•>t>:::::t:::::::: :::::::•:::::::•:::::•: 
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Plastic J-Lead J4 - 28-pin .. 490") 
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Mechanical Drawings 
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K1 - 28-pin Ceramic LCC 
(0.450" x 0.450") 

0.020 x45° 

Top View 

K2 - 44-pin Ceramic LCC 
(0.650" x 0.650") 

0.020X 46' 

K3 - 68-pin Ceramic LCC 
(0.950" x 0.950") 

Top View 

- ~ ....-..-~ - ......_..-.-~ - ------ -- ------ -------

Skit View 

SldeVllW 

BoltomVl9w 

0.045 
o.055 
TYP. 

~ 
.rltrMW'MW'M"M"'""l'M'N"N'M!'tft<rtn.~ 0.097 

0.045 
0.055 
TYP. 

=--==-==--==-=-============================================Packaging 
DEVICES INCORPORATED 

9-20 LDS.PD01-0 



K4 - 22-pin Ceramic LCC 
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Mechanical Drawings 

K7- 32-pln Ceramic LCC 
(0.450 "x 0.550") o.050 -;! ,,..,... r-~lf I 

0.544 
0.560 

.-LL 
0.040 x 45° 
(3x) 

r-- 0.060 r- 0.120 

Top View Side View 

KS - 20-pln Ceramic LCC 
(0.350" x 0.350") 

0.020 x 45° 

0.040 x 45° 
(3x) 

K9 - 48-pln Ceramic LCC 
(0.550" x 0.550") 

- ....-. ...-.. -~ 
- ......._ ___ ____ 
- - ----- -- ------ -_..._.~--.... 

Top View Side View 

Bottom View 

Bollom View 

0.045 
0.055 
TYP. 

=--==-==--==-=-=============================================Packaging 
DEVICES INCORPORATED 

9-22 LDS.PD01-0 



Mechanical Drawings 
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Mechanical Drawings 
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Mechanical Drawings 
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Mechanical Drawings 
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Mechanical Drawings 
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Mechanical Drawings 
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Mechanical Drawings 
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Mechanical Drawings 
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Thermal Considerations 

The temperature at which a semi
conductor device operates is one of 
the primary determinants of its relia
bility. This temperature is often refer
red to as the "junction temperature", 
although this term is more appropri
ate for bipolar than MOS technologies. 
Heat dissipated in the device during 
operation escapes through a path 
consisting of one or more series 
thermal impedances terminating in 
the surrounding air (see Fig. 1). 

The presence of this nonzero thermal 
impedance causes the temperature of 
the device to rise above that of the air. 
Each of the components of the overall 
thermal impedance causes a rise in 
temperature which is linearly depend
ent on the power dissipated in the 
device. The coefficient is called 0, and 
has the units °C/W. The 0 value for 
each thermal impedance represents 
the amount of temperature rise across 
the impedance as a function of the 
power dissipation. Usually, 0 is 
given a subscript indicating the two 
points between which the impedance 

- ...... ....-....-~ - ~----- -_ _, ___ -- ------ --~-------

is measured. Thus the junction 
temperature of an operating device is 
given by: 

where: 

T. 
J 

junction temperature of the 
device, °C, 

T AMB = ambient air temperature, in°C 

Pd power dissipation of the 
device, in W, 

sum of all thermal imped
ances between the die and 
the ambient air, in °C/W. 

The thermal impedance of a given de
vice is dependent on several factors. 
The package type is the predominant 
effect; ceramic packages have much 
lower thermal impedances than 
plastic, and packages with large 
surface areas tend to dissipate heat 
faster. Another factor which is be
yond the control of the device manu
facturer but which is nonetheless im
portant is the temperature and flow 

rate of the cooling air. Secondary 
effects include the size of the die, the 
method of attaching the die to the 
package, and the organization of high 
power dissipation elements on the die. 

Because all Logic Devices products 
are built with low-power CMOS tech
nology, thermal impedance is less of a 
concern than it would be for higher 
power technologies. As an example, 
consider a typical NMOS multiplier 
similar to the LMU16, packaged in a 
64-pin plastic DIP. Assuming 1 W 
power dissipation and 0JA of SO°C/W, 
the actual die temperature would be 
50°C above the surrounding air. By 
contrast, the Logic Devices LMU16 
has a typical power dissipation of 
only 60 mW. This device in the same 
package would operate at only 3° 
above the ambient air temperature. 
Since operating temperature has an 
exponential relationship to device 
failure rate (see Quality & Reliability, 
Section 5), the reduction of die tem
perature available with Logic Devices 
low-power CMOS. translates to a 
marked increase in expectedreliability. 

AMBIENT AIR 

_...._.. ....___..._... 
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Thermal Considerations 

To assist the user in calculating 
cooling requirements and in making 
reliability predictions based on MIL
HDBK-217, the following table of 
estimated eJA values for Logic Devices 
products is provided below: 

No. Width Package Approx. 
Leads (in) Code e JA (Still air) 

Plastic Dual-lnline 

20 P6 6S-80 

22 PS 6S-80 

24 0.3 P2 60-7S 

24 0.6 P1 S0-70 

28 0.3 P10 60-80 

28 0.6 pg S0-80 

40 P3 S0-60 

48 PS 40-60 

64 P4 40-60 

Sidebraze, Dual-lnline 

20 07 3S-4S 

22 08 3S-4S 

24 0.3 02 30-40 

24 0.6 01 2S-40 

28 0.3 010 30-40 

28 0.6 09 2S-40 

40 03 2S-3S 

48 OS 20-40 

64 04 20-30 

64 Cav. dn 06 20-30 

- ...-... ~-....-... - ------ ------- -- ------ -
___ _,_, _ _. 

No. Width Package Approx. No. Width Package Approx. 
Leads (In) Code 0 J A (Still air) Leads (In) Code 0 JA (Still air) 

CerDIP, Dual-lnllne Plastic SOIC (Gull-Wing) 

20 C2 60-7S 24 U1 6S-80 

22 C3 60-7S 28 U2 60-7S 

24 0.3 C1 SS-70 Plastic SOJ (J-Lead) 

24 0.6 C4 40-SS 24 W1 6S-80 

28 0.3 cs SS-70 28 W2 60-7S 

28 0.6 C6 40-SS 

Pin Grid Array 

68 G1 40-60 

68 Cav On G2 30-50 

84 G3 20-40 

Plastic J-Lead Chip Carrier 

28 J4 S0-70 

44 J1 40-60 

68 J2 3S-SS 

84 J3 3S-SS 

Ceramic Leadless Chip Carrier 

28 K1 40-60 

44 K2 3S-60 

68 K3 2S-SO 

84 K4 20-40 
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Application Note May 1987 

Real-Time Digital Image Transformation 
by 

Joel H. Dedrick 

This application brief describes the design of a special effects generator for commercial broad
cast television application. It demonstrates efficient realization of real-time pixel filtering, two 
dimensional interpolation, first order coordinate transformation, and display memory address 
generation. These operations are used in a variety of applications including mechanical and 
electrical CAD /CAM, image recognition, machine vision, RADAR/SONAR display processing, 
and other similar problems in which two or three dimensional data must be reformatted or 
manipulated for display. 

Introduction 
The television special effects generator 
is commonly used to provide a range 
of effects for broadcast use. These 
include the inclusion of reduced size, 
live or froz.en inset pictures (e.g., 
"scene of the accident" shots in news 
programs) contained anywhere in the 
main video shot. Also, causing images 
or text (the network logo, a photo
graph and statistics of an athlete, etc.) 
to overlay the main video, and to be 
moved around the screen, rotated, 
and sized as appropriate. 

The design described here can accom
plish any first order translation (dis
placement in 2D space), rotation, and 
scaling (enlargement or reduction) on 
the input image in real time. By first 
order we mean that the translation, 
rotation, and scaling of the image is 
constant throughout the image for a 
given direction (X or Y), and thus no 
curvature of the image may be pro
duced. Introducing second or higher 
order warping is a straightforward 
extension of the concepts presented. 
By real time, we mean that the system 
is capable of altering the effect gener
ated throughout its range on a frame
by-frame basis, effectively provid
ing for smooth progressions in the 

- ~ ~-...-.... - .-.... .-..-. -....-. - - ----- -- ------- --~~---

translation, rotation, and scaling 
operations giving the appearance of 
motion of the processed image around 
the screen. 

Image Transformation -
A System Overview 
The image transformation system 
works essentially in two steps: First, 
the incoming image is lowpass filtered 
in both the vertical and horizontal di
rections. This is done because the 
effect required may include shrinking 
the picture. This essentially amounts 
to subsampling, or extracting every 
"nth .. pixel sample from the input im
age to form the output image. Sub- . 
sampling the input image without 
filtering would result in aliasing, since 
the new spatial sample rate may be 
insufficient to meet the Nyquist 
criterion. (The Nyquist criterion for 
calculating the required sample rate in 
a sampled data system states that the 
sampling frequency must be at least 
twice that of the highest frequency 
component in the signal. Aliasing 
is the term for the type of distor-
tion which occurs if this condition is 
not met.) 

It is important to note that the cutoff 
frequency for the lowpass filters 

should be selected so that the above 
criterion is met, but a lower cutoff 
frequency than necessary results in 
loss of information (a "smearing" of. 
the output image). For this reason, 
the cutoff frequency, and therefore 
the coefficients, of this filter must be 
adjusted according to the amount of 
scaling desired. This is done inde
pendently in the horizontal (X) and 
vertical (Y) directions. 

The second step in the transformation 
process is to extract the individual 
pixels in the input image in the 
specific sequence required to form the 
output image. 

Simple Transformation -... 
Examples U 
Some examples of the transformation 
process will illustrate the steps re-
quired: 

For a simple shrink of an image by a 
factor of two in each direction, (Figs. 1 
and 2) every other pixel (Picture Ele
ment) of the image would be extracted 
to form a scan line in the output 
image. Since this results in only half 
the number of pixels required on the 
scanline for television, the remaining 
pixels are blanked. Similarly, in the 

=~=V=l:=s=~=C~O-R=~=AA=~=D========================Appl~~ooNo~ 
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Real-Time Digital Image Transformation 

vertical direction every other scanline 
is skipped, effecting a similar shrink 
along the Y axis. 

The capability of moving the input 
image around the output image plane, 
called translation, is accomplished 
during the creation of the output im
age. By controlling on a line-by-line 
basis, when the sampling of the input 
image begins, and by blanking all 
pixels which map to coordinates out-

Figure 1. Normal TV Image. 

side the input image, translation can 
be accomplished. In addition to 
scaling, Fig. 2 shows translation of the 
(reduced size) input image to the 
center of the output image. 

A more complex example arises when 
the image must be reduced in size as 
above, and also rotated 45° (Fig. 3). 
In this case, the scan direction (order 
in which pixels are displayed to pro
duce an image) has changed between 

the input and output image, as shown 
by the arrows in Fig. 3. Because the 
in-put image is now being scanned at 
an angle rather than in the normal 
horizontal direction, the desired 
sample points will generally fall in 
between the actual locations of avail
able pixels (Fig. 4). Note that this will 
also occur with simple scaling when 
the scale factor is not an integer. 
Because of this phenomenon, some 
type of interpolation will be required 

Figure 2. Same Image after 2:1 shrink In 
both axes, and translation to center of 
output frame. 

r---------, 
I I 
I I 
I I 

!e0tmmJ~i L _________ J 

Figure 3. Addition of 45° rotation to the 
scaled image. The arrows show the scan 
directions In the input (small arrow) and 
output coordinate frames. 

Figure 4. Sample points on one scanline 
through the Input to form the result in 
Fig. 3. The black dots are the input 
(normal) Image samples, the white dots 
are the desired sample points for the 
scaled and rotated output. The sample 
rate Is reduced (spacing increased) to 
shrink the Image, and the scan angle 
causes rotation . 

""" / ' 
/ ' 

' / ' . / ' / ' / ' / '"/ 
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Real-Time Digital Image Transformation 

to calculate the value of a point which 
does not fall exactly on a pixel loca
tion. For the system under discussion, 
bilinear interpolation is used for this 
calculation. 

Image Transformation 
System Implementation 
The video effects generator block 
diagram is shown in Fig. 5. Television 
signals are expressed digitally as three 
channels of data. One channel, con
taining luminance or brightness infor
mation, is sampled at 14.3 MHz. The 
other two channels together express 
the chrominance or color of the image, 
and the aggregate of these also repre
sents a 14.3 MHz data stream. It is 
common practice to split the datapath 
into two halves, one operating on the 

luminance channel, and the other op
erating in an interleaved fashion on 
the chrominance channel, with control 
information common between the 
two. The diagram represents a single 
such channel easily capable of sustain
ing a 14.3 MHz datarate. 

Display Memory, Display Address 
Counter 

The system is composed of several 
major blocks as shown in Fig. 5. The 
Display Memory contains the output 
video image. The address sequence 
for this memory is provided by a Dis
play Address Counter, which counts 
in a fixed sequence, scanning the 
pixels within a line from left to right, 
and sequential lines from the top to 
the bottom of the image. The address 

Figure 5. Video special effects generator block diagram. 

VIDEO____._ 
DATA-- ...... 

IN 

HORIZONTAL 
ANTIALIASING 

FILTER 

.... VERTICAL 
ANTIALIASING 

FILTER 

provided to this memory uniquely 
selects an individual pixel in the 
output image, and is denoted by 
(X,Y), respectively the horizontal and 
vertical displacement from the upper 
left corner. 

Coordinate Transformer 

The Coordinate Transformer 
calculates the address of the pixel 
location in the input image, denoted 
by (X',Y'), corresponding to the 
location currently addressed by the 
Display Address Counter. A general 
first order transformation from one 
2D coordinate space to another can 
be implemented as: 

X' =aX+bY +c 

Y'=dX+eY +f (1) 

~~COEFFICIENTS .COEFFICIENTS VIDEO FRAME 
STORE 

t-

SYSTEM CONTROLLER 
COORDINATE 

TRANSFORMER 

X' Y' 
(INTEGER+ 
FRACTION) 

.... 

1 WRITE PORT+ 
4 READ PORTS 

READ ACCESS FOUR 
NEAREST-NEIGHBOR 

PIXELS TO X, Y ADDRESS 
(SUPPLIED IN INTERGER + 

FRACTION FORMAT) 

l j 

CONTROL PANEL/JOYSTICK INTERFACE, ___ ...___ _ _. ... X'1+1• X'1+ ~~· I--,.. 
FILTER TRANSFER FUNCTION LOOKUP, 

COORDINATE TRANSFORM OFFSET, 
INCREMENT CALCULATION 

CLOCK GENERATION AND CONTROL 

[ CONTROL PANEL J 

- .-.... .....-.. -..-... - ......-.~-.-. - ------- -- ------- --~ ---------

X'o v0 
Y' Y' dY' 

dX' dY' 
1+1• l+dy 

a>r di( 

DISPLAY ADDRESS 
COUNTER 

(SCANLINE ORDER) 

.... 
X', Y' ,. 

(FRACTION 
ONLY) 

... 
X, y 

-.,. 
(INTEGER) 

BILINEAR 
INTERPOLATOR 

] 

DISPLAY MEMORY 

l 

t-
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Real-Time Digital Image Transformation 

By appropriate choice of the six coeffi
cients a-f, this set of equations can 
map any point in the X,Y (output) 
image plane to the corresponding 
point in the X', Y' plane if the two 
images are related by any combina
tion of translation, rotation, and 
scaling. 

However, since the Display Memory 
(X,Y) is always scanned in a fixed 
order, a generalized transformation as 
given above is not required. Signifi
cant hardware savings can be realized 
by taking advantage of the fact that 
once the input image point corre
sponding to the first pixel on an 
output image scan line is known, the 
locations of successive input points 
are related to the first by fixed offsets 
in X' and Y'. This is true because 
while the input image may be scanned 
at any angle, the path through the 
input image corresponding to an 
output scan line is always a straight 
line (for first order transformations). 
Thus, generating addresses in the X',Y' 
space is reduced to a simple recursion 
formula requiring only two additions 
and no multiplications. This formula 
takes the form: 

X'i+l = X'i + dX'/dX 

Y'i+l = Y'1 + dY'/dX (2) 

Note here that dX'/dX and dY'/dX 
are constants, so a simple program
mable accumulator suffices to calcu
late input image addresses once the 
starting point for a given scanline is 
known. 

Figure 6 shows the coordinate trans
former implemented with two Logic 
Devices L4C381 ALU's. The operand 
select function of the L4C381 is used 
to feed back the contents of the output 
register to the B input, implementing 
a programmable-rate increment 
function. By allocating one ALU for 
X' and one for Y', the recursions in 
Eq. (2) are implemented in only two 
devices. The B operand register of the 
AL Us holds the starting value for the 

- ...-... ...,.-.._...,_,.., - ~ .-..-.-.-. - - ----- -- ------- -------

next scanline, which is passed to the F 
register to initialize it. The A operand 
register holds the increment value 
dX' I dX or dY' I dX which is added to 
the accumulator (F register) contents 
on each cycle. 

As discussed above, the desired pixel 
location in general does not corre
spond to the actual location of a pixel· 
in the Frame Store. As a result, the 
X',Y' address must provide much finer 
resolution than the actual pixel grid 
used in the image. This is accom
plished by providing both an integer 
and a fraction part of the X' and Y' 
displacements. For example, if 10 bits 
of integer and 4 bits of fraction (14 bits 
each for X' and Y') then a 1024 x 1024 
image could be addressed to a spatial 
resolution of one sixteenth of a pixel. 
This fine resolution is required to 
produce adequate interpolation of 
the pixel value which is stored in 
the Display Memory. The L4C381 
implementation of the coordinate 

transformer easily meets this require
ment: In implementing a 16-bit 
accumulator for both X' and Y, the 
L4C381 provides two additional bits 
of resolution so that the address 
increments in X' and Y' directions can 
be specified to a full 16 bits of preci
sion, even though only 14 bits are 
actually used. This is important 
because in a recursion formula, small 
errors in the desired increment 
accumulate with each cycle. The net 
effect is quantization error in the 
desired angle of rotation. The addi
tional bits provide finer control over 
the desired angle. 

Video Frame Store 

The Video Frame Store is a RAM 
bank which stores the filtered input 
image. It is designed to execute four 
simultaneous read operations per 
clock cycle. For each address (X',Y') 
of the desired location provided by 
the Coordinate Transformer, the 

Figure 6. Coordinate Transformer. The L4C381 ALU is used as an 
address counter with programmable step size. 

START POINT ---------.---------.-----
AND SLOPE 
FROM SYSTEM 
CONTROLLER 

L4C381 

x· 
(OUTPUT FRAME X COORDINATE) 

10 BITS INTEGER+ 
4 BITS FRACTION 

Y' 
(OUTPUT FRAME Y COORDINATE) 

10 BITS INTEGER+ 
4 BITS FRACTION 

- ........ ~-.._... 
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Frame Store outputs the values of the 
fou.r stored pixel values closest to the 
addressed point. In order to accomplish 
this, only the integer part of the X', Y' 
address need be considered. If l(X') is 
taken to mean the integer part of X', 
and similarly with Y', then for an 
input address X',Y' the desired four 
pixel locations are: 

l(X'), I(Y') 

l(X'), l(Y')+ 1 

l(X')+ 1, l(Y') 

I(X')+ 1, l(Y')+ 1 

The organization of a memory capable 
of executing these simultaneous read 
operations is shown in Fig. 7. Pixel 
data is assigned to four internal RAM 
banks in such a way that adjacent 
pixels are never stored in the same 
bank, i.e., one bank is assigned to even 

Real-Time Digital Image Transformation 

row numbers and even column 
numbers only, etc. 

The X' and Y' addresses are processed 
by a set of UC381 ALU devices in 
order to generate internal addresses 
used to access the four RAM banks. 
The input X' and Y' addresses are each 
applied to a pair of ALU's configured 
so as to selectively increment the 
address depending on whether it is 
even or odd. For example, if the Y' ad
dress (row n~ber) is even, then the 
RAM banks containing data for even 
row numbers should be supplied with 
this address directly, and those con
taining odd row numbers should be 
supplied with Y'+ 1. Conversely, if Y' 
is odd, it will be incremented for 
presentation to the even row RAM, 

and passed directly to the odd RAM. 
As an aside, note that since the data 
for any row is distributed between 
two RAM banks, the least significant 
bit of the address generated above 
will be discarded. This is so that data 
elements are stored in contiguous 
locations in the RAM banks, fully util
izing the available storage. As a 
result, the actual address supplied to 
the even and odd row data may be the 
same, or may differ by one. 

The X' address is similarly modified to 
produce internal addresses for even 
and odd column numbers, and the 
resulting four addresses are combined 
to access the four RAM banks. The as
sumption here is that a row and 
column address can be concatenated 

Figure 7. Video Frame Store. This special purpose memory accepts a desired sample location (X 
and Y Address) and reads the four plxel values closest to the desired point. 
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Real-Time Digital Image Transformation 

to address a RAM bank, i.e., the 
internal plane sizes are integral 
powers of 2. Once these addresses are 
formed, four memory accesses are 
executed in parallel. Finally, multi
plexers route the appropriate data to 
the four output ports, with selection of 
these muxes again determined by 
whether X' and Y' are even or odd. 

Bilinear Interpolation 

The four pixel values read from the 
Frame Store on each clock cycle are 
processed by the Bilinear Interpolator 
to produce the actual value written to 
the Display Memory. Bilinear inter
polation is a means for interpolating a 
value between sample points in a two 
dimensional grid. It operates as 
shown in Fig. 8. 

The four shaded points Pl-P4 in the 
figure represent actual pixel values in 
the Frame Store. These are the four 
closest pixels to the desired point, 
denoted by P. P represents location of 
the point addressed by (X',Y'). As dis
cussed above, X' and Y' have both an 
integer and fractional part, with the 
fractional part of each representing 
offsets in the horizontal and vertical 
direction between pixels in the Frame 
Store. The interpolator is presented 
with the four pixel values Pl-P4, and 
the fractional parts of X' and Y', 
denoted dX' and dY'. The interpola
tion process can then be derived as 
follows: 

First, the value of an imaginary pixel 
located between Pl and P2 is deter
mined. This point, labeled P' in Fig. 8, 
is offset from Pl by dX', the same hori
zontal offset as the output point P. 
Unlike P, however, P' has the same 
vertical value as Pl and P2, so it repre
sents interpolation in the X direction 
only. P' can be seen in Eq. 3 to be a 
weighted sum of Pl and P2, with the 
weights inversely proportional to the 
distance of P' from Pl and Pl. 

P' = Pl(l - dX') + Pl(dX') (3) 

Note that the weights applied to Pl 
and Pl, namely (1- dX') and (dX') 
sum to one, resulting in no net ampli
tude gain through this process. 

In a similar way, a point P'' can be de
termined which is a horizontal axis in
terpolation between P3 and P4 (Eq. 4). 

P'' = P3(1 - dX') + P4(dX') (4) 

Having determined P' and P'', the final 
step is to interpolate between these 
two to determine the desired point P, 
with the fractional part of the Y axis 
address dY' used as the weighting 
factor (Eq. 5). 

P = P'(l - dY') + P"(dY') (5) 

By substituting Eqs. (1) and (2) into 
(3), the following is obtained: 

P = Pl (1 - dX')(l - dY') + 

Pl(dX')(l - dY) + 

P3(1 - dX')(dY') + 

P4(dX')(dY') (6) 

Figure 9 shows the implementation of 
the bilinear interpolator. The inputs 
are dX' and dY'; the fractional parts of 
the coordinate transform address. 
Each of these fractions is 4 bits, for a 
total of 8 bits. A 256 word lookup 
table PROM is used to derive the four 
weights required for the interpolation 
in parallel. Four LMUl 12 multi.pliers 
apply these weights to the four pixel 
values Pl-P4 in parallel. The LMUl 12 
is a 12 x 12 multiplier which is avail
able in a 48-pin package, due to the 
fact that only the 16 most significant 
outputs are brought out. Since 16 bits 
of information is more than sufficient 
for video, it is an appropriate choice to 
save space over the more typical 64-
pin implementations of 12 x 12 multi
pliers. The four weighted pixel values 
are then summed using a network of 
three L4C381 ALU devices. These 
provide the 16-bit add function re
quired, as well as integrating the 

Figure 8. Biiinear Interpolation. 
Blllnear Interpolation Involves 
first executing linear Interpola
tions between two pairs of 
adjacent points on successive 
scanllnes, resulting In P' and 
P". Then, a flnal linear Interpola
tion Is performed between these 
two Intermediate results to form 
an approximation of the Image 
value at the desired location P. 

P1~.T 
J dY 

_P-$- ----jf-~ 
I 1-dY 

P3. P"-$- P4. _t_ 

P' = P1 (1-dX) + P2 (dX) 
P"= P3 (1-dX) + P4 (dX) 

P = P' (1-dY) + P" (dY) 
= P1 (1-dX) (1-dY) + 

P2 (dX) (1-dY) + 
P3 (1-dX) (dY) + 
P4 (dX) (dY) 

pipeline registers necessary to main
tain the desired clock rate. 

One final function is performed by the 
interpolator: The transformations 
available on the input image may 
result in portions of the output 
display which contain no video data. 
A simple instance occurs when the 
input image is reduced in size, in 
which case the remaining portions of 
the display must be blanked. Also, 
since the amount of size reduction can 
be changed in real time, the pixels to 
be blanked must also be set on a 
scanline-by-scanline basis. This 
requirement is conveniently met by 
the L4C381, since its instruction set 
contains a force-to-zero function. By 

LO~Es:::; 
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Figure 9. Biiinear lnterpolator. LMU11212 x 12 multlpllers and L4C381 ALUs form a compact Im
plementation of the equations In Fig. 8. The coefficients are precomputed and stored In PROM. 

X (X ADDRESS .:...... 
FRACTION) 

4 
Y (Y ADDRESS +. 

FRACTION) 

256 x 32 
PROM 

4x8 
BITS 

setting the function control lines of the 
last ALU stage to 000 (force-to-zero in
struction) when writing the nonimage 
areas of the display memory, the pixel 
data stored in these locations is 
blanked. This instruction control is 
provided by the system controller. 

Horizontal/Vertical Anti-aliasing 
Filters 

Pr~or to any operation on the data 
which involves resampling, a lowpass 

- ...-... ~-~ - .-.-. .----. -~ - - ----- -- ------ --~-------

12 
P1 

(1-dX) (1-dY) 

P2 

(dX) (1-dY) 

P3 

(1-dX) (dY) 

P4 

(dX) (dY) 

filtering pass must be applied to the 
data to avoid aliasing distortion. The 
filter chosen here is a Finite Impulse 
Response (FJR) type. 

Figure 10 shows the conventional flow 
diagram for an FIR filter. The data is 
applied to a delay network, the length 
of which corresponds to the desired 
filter length. Each delay element 
output is weighted (multiplied) by the 
appropriate coefficient, and the results 
are summed to form the filter output. 

L4C381 

Figure 11 shows an alternate, but 
equivalent implementation of the 
same flow diagram. In this implem
entation (known as the transpose 
form,) the delay elements are distrib
uted through the summation or 
output path, with the input data 
distributed simultaneously to all of 
the weighting operators. This form of 
the flow graph is more convenient for 
implementation in LSI form, since it 
results in a series of identical func
tional blocks, each of which performs 
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Real-Time Digital Image Transformation 

a multiply, add, and delay function. 
The dotted. line in Fig. 11 illustrates 
the repeated function, and Fig. 12 
shows an implementation of the flow 
diagram for the horizontal filter using 
the LOGIC Devices LMS12. 

The LMS12 is a filter building block 
especially suited to the transpose form 
FIR structure. It provides a 12 x 12 bit 
multiplication, and addition of a third 
input of 26 bits to the result. Thus the 

FIR structure under consideration can 
be implemented. with no external logic 
using this device, saving considerable 
real estate over more conventional 
implementations using multipliers 
and discrete external adders and 
delay elements. 

The vertical (Y dimension) filter is 
formed in a similar way (Fig. 13) 
except that a delay equal to the length 
of each horizontal scanline is inserted 

Figure 1 O. F.l.R. Fiiter (Canonical Form). 

x(n) 

Figure 11. F.l.R. Filter (Transpose Form). 

h4 

y(n) = ho x(n) + 
h1 x(n-1) + 

+ 
h4x(n-4) 

An alternate formulation of the equation In Fig. 1 O allowing Im
plementation by cascading Identical functional blocks. The sum
mation Is now distributed across the filter delay and Is therefore 
Inherently pipelined. 

LMS12 

sn~H~ 

y(n) = ho x(n) + 
h1 x(n-1) + 

+ 
h4x(n-4) 

between each LMS12 and its neighbor. 
In this way, the input pixels contribut
ing to a given output sample are 
vertically adjacent, i.e., separated. in 
the input datastream by a number of 
samples equal to one less than the 
length of one scanline. Since this filter 
implementation makes available all of 
the coefficient registers independ
ently, they can be loaded at any time 
by the system controller with coeffi
cients appropriate for the cutoff 
frequency desired. 

-~~-..._... 
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Figure 12. Horizontal Anti-aliasing Filter. 
This realization of the transfer function In Fig. 11 uses the LMS12 filter building block. It is capable 
of exceeding 25 MHz data rates for any filter length, while allowing instantaneous coefficient 
changes. 

VIDEO ---......---------"T"--------------. 
DATA 

IN 

Figure 13. Vertical Anti-aliasing Filter. 

••• 

... 
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FILTERED 
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A modification of Fig. 12 allows filtering in the vertical direction by inserting a delay equal to the 
length of a scanline between each pair of filter taps. 
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Application Note December 1986 

Ultra-High Performance FFT Using 
DSP 'Designer Chips' 
by 

Edgar R. Macachor and 

Joel H. Dedrick 

New high-speed CMOS building blocks provide a clean 
implementation of the FFT for applications where 
single-chip DSP microprocessors cannot provide the 
necessary throughput. 

Introduction 
As single-chip microprocessors for 
DSP mature, digital spectrum analysis 
for low to medium bandwidth appli
cation has become widely available at 
reasonably low cost. For many real
time applications however, the single
chip units do not have the throughput 
to do the job. This article shows how 
to determine when you've outgrown 
a single-chip solution, and gives im
plementation details for an FFf 
engine which is 10 to 100 times faster 
than the single-chip units studied 

The FFT and Current Single
Chip DSP Microprocessors 
In digital signal processing (DSP), the 
Fast Fourier Transform (FFf) is used 
to evaluate the Discrete Fourier 
Transform (OFT) of a signal. Typi
cally, the signal is continuous and 
periodic in the time domain. To 
obtain the OFT of a continuous signal, 
the FFT is necessary to reduce the 
computation time. For example, if the 
original signal is represented as 
having real and imaginary compo
nents and sampled N times during its 
full period it takes 4N2 multiplica
tions and N(4N-2) additions to com-

- ...-... ..-i.-...-... - ....--~--- - _., ___ -- ------- --.....-. .....-.-_. 

pute the DSP directly. In contrast, the 
FFf, in particular the decimation
in-time algorithm, only requires 
(N /2)log2N stages of multiplications 
and additions. Each stage is defined 
by the basic cell of the FFT, the 
butterfly flow graph, and shown in 
Fig. 1 (a) using the notation of Ref. 1. 
By taking advantage of the symmetric 
property of the W~term, Fig. l(b) al
lows for better computational effi
ciency. Figure 1 (c) is further obtained 
to serve as the working model and 
shows that four multiplications, three 
additions and three subtractions are 
required per butterfly. The additions 
and subtractions are combined with 
the multiplications via a multiplier I 
accumulator (subtractor) unit. 

The FFT butterfly computation can be 
accomplished using presently avail
able single-chip DSP units. These 
current third-generation products can 
be categorized into two groups. The 
first group contains some on-chip 
memory to hold the executable 
instructions and the data to be proc
essed. The TI TMS32010 /20 and the 
NEC µP077230 belong to this group. 
The architecture of these devices 
allows the process to be "optimized" 
if both program and data are in the 

on-chip memory at all times through
out the whole process. However, the 
computational throughput is still slow 
since only two data elements can be 
operated on at any given cycle. 
Another drawback is that, if the 
number of sample data points to be 
processed exceeds the on-chip mem
ory capacity, then data need to be 
stored externally. As a result, addi
tional cycles to fetch data from 
external memory further degrade the 
computational throughput. Still 
another factor is the increase in 
software overhead. Since data is now 
fetched from external memory, 
instructions that would have enabled 
parallel processing cannot be taken 
advantage of anymore. Therefore, one 
has to resort to straight-line coding to Ill 
get maximum performance at the ex-
pense of increasing the code size. 

The second group of "single-chip" 
DSP units require external memory 
for program and data storage. The 
National LM32900 and the Analog 
Devices ADSP2100 belong in this 
category. Their architecture allows for 
efficient access to both program and 
data memory via independent busses. 
However, these DSP units still can 
only process one set of operands at 
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Figure 1. Butterfly Cell working models 

(b) 

Xm (q) ~--------~----~-..:f~ Xm+1(q) 
WN -1 

(c) 

Xm+1(P) = Xm (p) + Xm (q) WN 

= {Re[Xm (p)] + (A-0)} + {lmP<m (p)] + (B+C)} 

Xm+1(q) = Xm (p) - Xm (q) WN 
= {RelXm (p)] - (A-0)} + {lmlXm (p)] - (B+C)} 

A= RelXm (q)] • Re[WN 1 

B = RefNN] • Im[ Xm (q)] 

-~....-...-...-... - ..-....~---- --~--- -- ------ -
_ ......... ____ _,, 

C = ReP<m (q)] • Im[ WN] 

0 = lm[Xm (q)] • Im[ WN] 

any given cycle. For FFrs involving 
32-bit complex data, external memory 
fetch cycles degrade the computa
tional throughput. One method of 
improving the performance is by op
erating two devices in parallel to 
handle two sets of operands at a time. 
In this case, however, the user is faced 
with issues regarding synchronization 
and control of the two devices. 

Building Block Approach 
The "functional building block" 
architecture overcomes the limitations 
of the "single-chip" DSP units. This 
method allows the user flexibility in 
achieving the high-throughput 
requirement by minimizing the 
number of machine cycles per butter
fly computation. The only penalty is 
the typical increase in the number of 
components used. However, this 
penalty is more than offset by the in
creased performance. An efficient 
functional building block architecture 
for high-speed DSP is shown in the 
block diagram of Fig. 2. The architec
ture achieves 2 machine cycles per 
butterfly, pipelined for 32-bit complex 
data FFr. The detailed implementa
tion of the butterfly cell is shown in 
Fig. 3. The architecture is described as 
follows. 

In the block diagram of Fig. 2, the 
butterfly cell is embedded in the 
system, under microprogram control, 
to handle the FFT computation. The 
overall architecture utilizes both a 
general purpose CPU, i.e., a Motorola 
68000 or equivalent and functional 
building blocks to serve as the FFr co
processor. The architecture allows for 
the execution of four phases to obtain 
the DFP. The four phases are: sam
pling, data formatting, computation, 
and outputting the DFP via the DAC. 

The analog input signal is first fed 
into a pre-processor where it is band
limited via an anti-aliasing filter. The 
input signal can also be split into its 

-~ -..__-~ 
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Figure 2. A representative system block diagram DSP 
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MAIN 
MEMORY 

MICRO MICRO 
PROGRAM 1----- PROGRAM 

SEQUENCER MEMORY 

quadrature components at this stage 
or this may occur as a result of other 
operations such as heterodyning 
implemented digitally. The SAM
PLER converts the analog signal into 
its equivalent digital data representa
tion. The sampling process can be 
controlled either by the CPU or the 
DMA controller. Reference 2 shows 
that the controlling element also 
determines the maximum throughput 
rate of the sampling process; hence, 
the maximum input signal band
width. After sampling, or at the con
clusion of other DSP processes, each 
of the real and imaginary data 
samples is assumed to be stored in 
contiguous memory locations in main 
memory. Therefore, real data can be 
stored in even address and imaginary 
data in odd addresses. 

- ~ ~-~ - .-..-..-----. = = ===-== = -~-.-...---

ADDRESS 
SEQUENCER 

COMPLEX 
DATA 
FILE 

COMPLEX 
----------------~ARITHMETIC 

UNIT 

Data Formatting 
Assume that in the 16-bit system of 
Fig. 1 the analog input signal is 
sampled 1024 times to represent one 
sample period. Furthermore, if all the 
samples are real numbers and storage 
is to begin at address OOOOH, then the 
normal data storage sequence is such 
that the consecutive samples are 
stored in contiguous memory loca
tions in main memory. This is par
ticularly true in the case where the 
sampling process is treated as a data 
block transfer under CPU or DMA 
control. However, to be able to 
execute an in-place computation of the 
decimation-in-time FFT algorithm, the 
original data sequence obtained 
during the sampling phase must be 
restructured. This process involves 

address-bit reversal and is illustrated 
in Fig. 4. 

An algorithm for generating the 
addresses in the bit-reverse order is 
discussed in Ref. 3. As pointed out, a 
highly flexible FFf Address Sequencer 
is sometimes required if the data 
buffer is not located at address OOOOH, 
or if the FFT size is variable, due to 
the different sizes and fields of the 
address bits that need to undergo 
bit-reversal. Further complications 
are encountered when X(N) data is 
complex. As shown in Fig. 2, the 
16-bit real and 16-bit imaginary data 
in main memory is to be mapped into 
a 32-bit field in the COMPLEX DA TA 
RAM. A general purpose FFf Address 
Sequencer can be efficiently imple
mented with the combination of Logic 

-~~-..._.... 
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Figure 3. Detailed Butterfly Cell Implementation with the control f leld. 
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Devices' LRFOS multiport register file 
and IAC381 16-bit ALU. Because of 
their ability to be controlled by 
microcode, these two high-speed 
CMOS LSI devices provide the 
flexibility required of the FFT Address 
Sequencer. Also, the overhead time 
required to pre-sort the complex data 
sequence prior to the computation 
phase is reduced. 

Handling the Computation 
In Figure 1, the butterfly operands 
Xm(p), Xm(q), and W ~are all complex 
variables. The results of the computa
tions Xm+ 1 (p) andXm+1(q) are also 
complex variables. W r are known 
coefficients and storea:1 in a read-only 
memory device as part of the COM-

PLEX DATA FILE in Fig. 2. The other 
part of the COMPLEX DA TA FILE 
consist of the input data samples 
stored in COMPLEX DA TA RAM in 
sorted order as defined by the bit
reversal process. The elements of the 
COMPLEX DATA FILE are32 bits 
wide to accommodate the 16-bit real 
and 16-bit imaginary components. 

The computation phase starts with 
the CPU generating a code for the 
MICROSEQl]f:NCER. The MICRO
SEQUENCER interprets this code to 
access the first microinstruction in the 
MICROPROGRAM MEMORY and 
stores it in the MICROINSTRUCTION 
REGISTER. The microinstruction is 
horizontally organized so that differ
ent processing blocks can be con-

Figure 4. Normal data sequence during sampling phase and result 
of re-structuring via address bit reversal. The new data sequence 
Is stored In the complex data RAM. 

ADDRESS BITS 

j.-- FIELD FOR BIT REVERSAL -+I 
1s11.aj_1sj12j11_l!o 9JaJ1JsJsl4Jsl2J1Io 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 0 1 1 

i i 
0 0 0 1 1 1 1 1 1 1 1 1 

0 0 1 0 0 0 0 0 0 0 0 0 

0 0 1 0 1 

0 0 1 1 0 

0 0 1 1 1 

i i 
0 0 1 1 1 1 1 1 1 1 0 0 

0 0 1 0 1 

0 0 1 1 0 

0 0 1 1 1 

- ...-... ....-.. -...-... - ........_,.--.-- ------- -- ------ -------

SEQUENCE 
AFTER ADDRESS 

CONTENTS BIT REVERSAL 

X(O) -------X(O) 

X(1) X(512) 

X(2) X(256) 

X(3) X(768) 

+ + 

X(513) 

X(514) 

X(515) 

+ 
X(1020) 

X(1022) 

X(1) 

X(513) 

X(257) 

X(769) 

i 
X(255) 

X(767) 

X(511) 

-----X(1023) 
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trolled simultaneously; thus executing 
one microinstruction in one cycle of 
CLOCK2. The microinstruction field 
for controlling the butterfly cell is 
shown in Fig. 3 along with the de
tailed hardware implementation of 
the butterfly which consist of Logic 
Devices' LRFOS multiport register file 
(2), LPR520 pipeline register (2), 
LMA101016-bit multiplier/accumula
tor (2) and lAC381 16-bit ALU (2). 
The operands Xm(q) and W ~are to be 
held in the register file temporarily 
while the Xm(p) is passed down the 
pipeline register. The computations 
are done in a pipelined fashion and 
facilitated by the internal pipeline 
registers of the LMA 101 Os and 
L4C38ls. The results of the computa
tions can then be stored back into the 
COMPLEX DATA RAM to be used in 
the next iteration. This is really the 
essence of the in-place computation of 
the decimation-in-time FFT algorithm. 
The status of the components com
prising the butterfly cell is outlined in 
the state matrix of Fig. 5. 

Digging into the Microcode 

During state SO, the Address for 
storing one of the first set of operands, 
Xm(q) is loaded into the B and C 
Address Port register of the LRF08s. 
Since Xm(q) is composed of 16-bit real, 
Re[Xm(q)], and 16-bitimaginary data, 
Im[Xm(q)], the LRFOBs' registers are II 
set up such that Re[Xm(q)] will be 
stored in register Ro and lm[Xm(q)] in I 
Rl. This is easily done by setting up 
the microcode to take advantage of 
the simultaneous register access 
capability of the LRFOS. In this case, 
the address bits are B2B1Bo = 000 and 
C2C1Co = 001 respectively. During Sl, 
Xm(q) is written into the LRF08s via 
the B and C input ports and at the 
same time the address for storing the 
real and imaginary part of W ~, 
Re[W ~] and lm[W ~] respectively, are 
also written into the Band C Address 
Port registers. This time the address 
bits are B2B1 Bo = 010 and C2C1 Co= 
011. This will allow storage of Re [W ~] 

_.._..,......_,_._..._... 
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Figure 5. Butterfly computation state matrix. 

DEVICE so S1 S2 S3 S4 SS S& S7 S8 S9 $10 

LRF08 LOAD WRITE WRITE WRITE WRITE S3 S4 S3 S4 S3 S4 

REGISTER Xm(qo). Xm(qo). i\VJ>. Xm(q1) [W~1. 
RLE WRITEADR. LOAD READ LOAD READ 

iWJo lm[Xm(qo)] iWJ1 lm[Xm(q1)] 
WRITE ADR. & [W~]o. WRITEADR. &[WN]1 

LOAD READ LOAD 
Xm(q1) iWJo Xm(q2) 

WRITEADR. WRITEADR. 

LRP520 Xm(p0)-+R1 Xm(p0)-+R2 Xm(p0)-+R3 Xm(pOHR4 
PIPELINE Xm(p1)-+R1 Xm(p1)-+R2 Xm(p1)-+R3 HOLD Xm(p1)-+R4 HOLD Xm(p2) HOLD 
REGISTER Xm(p2)-+R1 Xm(p2)-+R2 Xm(p2)-+R3 ~R4 

LMA1010 LOAD lm[Xm(qo)]x {Re[Xm(qo)]x OUTPUT SS S6 SS S6 
MAC1 lm[W~]o& lm[W~=D Re~]o}- Re[X']. 

lm[Xm(qo)] D = Re[X']. LOAD EVALUATE 

Re~]o& S3 LOAD. "NEW"D. 
Re[Xni(qo)) 

LMA1010 LOAD lm[Xm(qo)]x {Re[Xm(qo))x OUTPUT SS S6 SS S6 
MAC2 Re~]o& RelWJ=B lm(WN]o}+ lm[X']. 

lm[Xm(qo)] B=lm[~]. 

L4C381 
ALU 1 

L4C381 
ALU 2 

into register R2 and Im[~~] into R3 of 
the LRF08s. During 52, W N is written 
via the B and C input ports and simul
taneously read out via the D and E 
output ports. The imaginary part of 
Xm(q) is also read out of the bi
directional A-port. In addition, the 
address for storing a "new" Xm(q) is 
written into the B and C Address Port 
registers. Xm(p) is also loaded into the 
LPR520 pipeline register. Note that 
during this state two sets of complex 
operands, W~and Xm(p), are simulta
neously accessed from the COMPLEX 
DA TA FILE. During this state all the 
complex data operands for the first 
FFr butterfly computation are avail
able in the working registers. For a 

- ...-.. ...... -...-.... - ....,._, .._._. --- ------ -- ------ ---...r -------

LOAD EVALUATE 
lm[W~o& S3 LOAD. "NEW" B. 
Re[Xm(qo)] 

Re[Xm(pO)] Re[Xm(pO)] S6 S7 S6 
-Re[X'] = -Re[X'] = 

Re[Xm+1(qo)) Re(Xm+1(po)) 

lm[Xm(pO)] lm[Xm(pO)] S6 S7 S6 
-lm[X1 = -lm[X'] = 

lm(Xm+1(qo)) lrn{Xm+1(po)) 

1024-point FFr, the first set of oper
ands correspond to 

Xm(p) = X(O), the first sample 

Xm(q) = X(512), the 513th sample 

W~ =W~=l 

The operands lm[W r ], Re[W r ] 

and Im[W~] are lat~ed into lfue 
LMA1010s input registers during 53. 
From Fig. l(c), note that the Im[Xm(q)] 
term is common to the expressions for 
B and D. Therefore, B and D can be 
simultaneously evaluated during S4 
and the result stored in the corre
sponding LMA1010's accumulator. 
During 56, ALUl and ALU2 control 
bits are set so that both L4C381s will 

Xm+1(qo) Xm+1(po) Xm+1(q1) Xm+1(q1) 

act as subtractors. The contents of the 
MACl and MAC2 output registers are 
shifted into the input registers of the 
L4C381s. The other operands are the 
real and imaginary components of 
Xm(p), Re[Xm(p)] and Im[Xm(p)] 
respectively, which has been shifted 
down the LPR520 pipeline registers 
during states 52, 53, S4 and SS. 
Referring to Figs. l(c), 4, and 5, the 
real component of Xm+1(q) is evalu
ated by ALU1 while the imaginary 
component is evaluated in ALU2. A 
new set of D and B values are also 
evaluated. The new D and B values 
correspond to the new set of Xm(q) 
and W ~ operands loaded into the 
MACl and MAC2 input registers 
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during S5. The real and imaginary 
components of Xm+l(p) are evaluated 
in ALUl and ALU2 respectively 
during S7. By holding the contents of 
the LPR520s, all the operands needed 
to obtain Xm+1(q) during S6 are also 
available to obtain Xm+1(p) during S7. 
The in-place computation is realized 
by storing Xm+1(q), during S7, into the 
location in COMPLEX DATA FILE 
occupied by Xm(q). In the same 
manner, Xm+l(p) is loaded into Xm(p) 
during SB. 

From the state matrix of Fig. 5, note 
that a steady state condition occurs 
after, the state 56 such that a butterfly 
computation is completed every two 
cycles after an initial overhead of only 
6 cycles. The efficient handling of the 
computation is largely aided by the 
flexibility of the LRF08 multiport 
register file. A good example is illus
trated during state S3 when the real 
and imaginary components of a new 
Xm(q) are written into register R4 and 
Rs via the B and C data input ports 
and at the same time "previous" 
Re[Xm(q)], RE[W ~] and lm[W ~] 
are read out of register Ro, Rl and 
R3 via the output ports A, D and E 
respectively. 

Dealing with Overflow, Under
flow and Precision 

Overflow can occur at the front end 
when the input signal exceeds the full
scale range of the ADC. Depending 
upon the application, this can be pre
vented by using an automatic gain 
control (AGC) stage within the INPUT 
SIGNAL PROCESSOR or a hard 
limiting circuit to limit the maximum 
excursion of ADC. Another overflow 
condition involves exceeding the 
dynamic range of the fractional 
number representation. If the oper
ands Xm(p), Xm(q) and W ~are frac
tions in fractional 2's-complement 
form, then the product of any of two 
operands is always a fraction. How
ever, the FFr also involves accumula-

- ~ ~-~ - .-..- ---------- ------ -- ------ -- ........ -.-__ 

tion of the product terms and the 
addition of two large positive frac
tions could result in an integer and a 
fraction. In this case the highest frac
tional number represented is exceeded 
and an overflow condition occurs. 

From Fig. 3, the output of the 
LMA1010s are rounded to a 16-bit, 
single precision value and applied to 
the ALUs. However, the internal 
accumulation/ subtraction process 
uses the full 35-bit double precision 
value. Overflow occurs when the 
MAC1/MAC2 operands are both-1.0, 
i.e., 8000H, and the product is added 
to an accumulator containing + 1.0. 
One way of handling this is to provide 
a fixed divide-by-two scale factor by 
using the R31-R16 output bits of the 
MACs. Since the bits have the signifi
cance of 21to 2-14

, the dynamic range 
is reduced by 1 bit, which might be 
unacceptable in certain applications. 
Another method is to limit the most 
negative number representation of the 
coefficient, W~, to be-1.0+1 LSB 
(8001H). This guarantees the result of 
the multiplication/accumulation to be 
less than 2.0. In this case, the MACs 
R30-R15 ouput bits having the sig
nificance 2° to T 15 are used and the 
dy-namic range is improved by 1 bit. 
Another potential source of overflow 
is at the ALUl and ALU2 when the 
MACs outputs are added with the 
operands at the output of the LPR520s. 

The modified butterfly cell, shown in 
Fig. 6, implements block-floating
point arithmetic to handle the poten
tial overflows by means of the LSH32 
32-bit Barrel Shifter /Normalizer. In 
this configuration, for a given stage of 
the FFT the ALU's outputs are fed into 
the SHIFT ENCODER LOGIC block. 
If either one or both the ALU's output 
is greater than 0.5, a shift code corre
sponding to the maximum output of 
either ALU is generated and latched. -
This is done because if either ALU's 
outputs is equal to or greater than 0.5 
for the current FFT stage, then an 
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overflow could occur during the next 
stage. To avoid this possibility, the. 
shift code that is latched during the 
current stage is fed into the S14-So 
inputs of the LSH32s. Then during 
the next stage all the input operands 
are uniformly scaled down by shifting 
right. 

Underflow can occur when two large 
negative fractions produce a result 
less than the most negative fractional 
number that can be represented by the 
system. The hardware that handles 
the overflow condition at the 
Xm+l(p) output can be replicated and 
used to handle the underflow condi
tion at the Xm+l(q) output. 

The addition of the LSH32 for input 
scaling certainly adds flexibility to the 
system at the expense of additional 
hardware. However, it may not be 
needed in applications where it is 
known that overflow or underflow 
cannot possibly occur. In this situ
ation, only the sign bit (R31) and the 
15 most significant fractional parts 
(R30-R16) at the LMA1010s outputs 
are applied to the input of the 
L4C381s. Regardless of the presence 
or absence of the LSH32s, the conver
sion to single precision result is 
obtained by rounding up the accumu
lator contents of the LMA1010s. 
Rounding up is done automatically by 
asserting the RND control bit of the 
LMA1010s. The performance rating 
of the Logic Devices' "functional 
building block" architecture is shown 
in Fig. 7 along with the single-chip 
DSP units. Note that although the 
instruction cycle time is approxi
mately the same, the Logic Devices' 
architecture is close to an order of 
magnitude faster. It is also important 
to note that the 100 ns cycle time of 
the Logic Devices' architecture using 
high-speed CMOS components is 
comparable to architectures imple
mented with bipolar components with 
an added advantage of much lower 
power dissipation. 
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Figure 6. Modified Butterfly Cell Implements block-floating-point arithmetic to handle potential 

LSH32 
32-BIT SHIFTER 

SHIFT 
ENCODER 

- ~ ...-...-~ - ~--------- ------ -- ------ -------

Xm(q) 

WN 

LSH32 
32-BIT SHIFTER 

B C 

16 Re 

LSH32 
32-BIT SHIFTER 

Xm(P) 

LRF08 D LPR520 

E A 

A B 
LMA1010 

MAC1 

A B 
L4C381 
ALU1 

16 

Re[Xm+1 (q)] 

A B 
LMA1010 

MAC2 

A B 

L4C381 
ALU2 

16 

lm[Xm+1(p)] 

Im 16 

LSH32 
32-BIT SHIFTER 
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Figure 7. Performance ratings for different DSP units based on execution time of 1024-polnt, com
plex FFT. 

DSP UNIT MEMORY (1) 

TMS32010 (Tl) 144 x 16 -D -RAM 

1536 x 16 -P-ROM 

µPD77230 (NEC) 2-512 x 32 -D -RAM 

1K x 32 -D -ROM 

1K x 32 -P-ROM 

LM32900 (NNational) EXTERNAL 

ADSP2100 (Analog Dev.) EXTERNAL 

LOGIC DEVICES (Fig. 3) EXTERNAL 

BUILDING BLOCKS 
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INSTRUCTION 1024-POINT SAMPLING 
CYCLE TIME COMPLEX FFT RATE(MAX) 

200ns 75.9 ms (2) 13.1 kHz 

150 ns 10.75 ms (3) 100 kHz 

100ns 13.42 ms (3) 78kHz 

125ns 7.2 ms (3) 142 kHz 

sons 0.5ms 2MHz 
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Design Feature 

Minimize parasitic 
problems in high-speed 

digital systems 

Parasitics are usually small enough to have 
little effect on performance. However, the 
or;ganizational, access-time, and coordi
nated-switching requirements of today's 
high-speed digital systems make ideal breed
ing grounds for these undesirable signals. 
Therefore, you must now account for those 
parasitics you could previously ignore. 

James K Murashige, Logic Devices Inc 

Parasitic problems, which are rarely overtly obvious, 
musn't be neglected in your system's design process. 
If they are, your system may be plagued with bugs, 
glitches, gremlins, and intermittent failures. 

When digital designers encounter system problems, 
they frequently place the blame on the circuit ICs. 
However, IC manufacturers go to great lengths to 
characterize and test their devices. In most cases, it 
is not the ICs that are the main cause of parasitic 
problems. Rather, it is the pc-board interconnects be
tween circuit components that prove problematic. 
Compounding the problem further is the fact that to
day's faster ICs are very susceptible to noise. 

Parasitic problems due to pc-board-interconnect wir
ing are difficult to diagnose and cure because the para-

EDN March 29, 1990 - ..-.. ~ -~ - ....-..--~ - ------ -- ------- --~~---

sitics are speed, layout, and material sensitive. It's 
possible to have thousands of interactions on a typical 
circuit board, and under certain conditions these inter
actions can combine to exceed digital noise margins 
and cause false triggering. Unchecked parasitics can 
also increase your circuit's power consumption, cause 
data loss, and cause devices to fail. By modeling the 
mechanics of parasitic operation early in the system
design phase, you can effectively anticipate and sup
press problems. 

In essence, electronic design involves the use of com
ponents to· control, convert, and manipulate voltage 
and current to develop a useful function. Designers 
must therefore characterize electronic components in 
terms of how they interact with and relate to voltage 
and current. The defining relationships are resistance, 
capacitance, and inductance. 

In the real world, no component is a pure resistance, 
capacitance, or inductance-all devices exhibit a mix
ture of R, C, and L. One of these components usually 
predominates; the others are considered parasitics. 
Wiring, whether discrete or printed, also contains R, 
C, and L components. 

Resistance is the least troublesome parasitic because 
it has no dependence on speed. Even if the C and L 
quantities are quite small, parasitic capacitance and 
inductance cause a great many problems because they 
define a differential relationship between voltage and 
current. 

The parasitic values of R, L, and C in circuit-board 
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In the real world, no component is a pure 
resistance, capacitance, or inductance-all 
devices exhibit a mixture of R, C, and L. 

wiring are interrelated. A study of the makeup of resis
tive, capacitive, and inductive parasitics (Fig 1) makes 
it much easier to minimize their effects. 

Copper-clad, glass-epoxy boards are typically used 
to achieve the desired high conductivity/low resistance 
qualities so important to wiring. Copper-foil thickness 
is customarily specified as the number of ounces of 
pure copper per square foot of board area. Each ounce 
contributes 0.00135 in. of thickness to the cladding. 
Parasitic resistance has a low value-a 10-mil-wide 
trace on a 2-oz copper-clad board has a resistivity of 
only 2.27 mfl/linear in. Also, because resistivity is in
versely proportional to the cross-sectional trace area, 
increasing cladding thickness or widening the trace 
proportionally lowers resistivity. 

Parasitic capacitance arises because a circuit trace 
is one plate of a pc-board capacitor. Adjacent circuit 
traces, or inner layers of a multilayer board, are the 
other plates. The dielectric material for this parasitic 
capacitor is air and/or the board material itself. Dielec
tric constants vary for different board materials (it's 
about 5 for commonly used GIO epoxy boards). You 
can calculate board capacitance using the expression 

C=KA!d, 

where K equals dielectric constant, A equals the plate's 
surface area, and d equals the distance between the 
plates. Obviously, capacitance will be greatest over a 
large plate area with minimal plate separation. For 
example, a IO-mil-wide trace has a parasitic capacitance 
of 1.2 pF/linear in. of trace; the capacitance will double 
for a 20-mil-wide trace. 

The self-induced magnetic field generated around a 
circuit trace carrying a current produces the parasitic 

Fig I-You can minimize paNJ8itic prob· 
lems by thinking of the pc board as a compo
nent. As the electrical-equivalent circuit il
lustrates, traces are really comprised of a 
combination of resistance, capacitance, and 
inductance. 
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inductance. Parasitic inductance is dependent on the 
length, width, and thickness of the trace as given by 
the expression 

1 =length/( width+ thickness). 

A IO-mil-wide trace will have an inductance of approxi
mately 17.5 nH/in. Note that the above expression 
indicates that inductance will decrease as you increase 
either trace width or cladding thickness. 

The simplified case of using a IO-mil-wide trace gives 
you some working values for R, C, and L, and also 
determines the qualitative effects of varying trace ge
ometry. Though these parasitics have low values, they 
can become significant when you're working with high
speed signals. Digital-system designers should pay par
ticular attention to the areas of power distribution and 
signal transmission. 

Proper power distribution is critical 
To operate at high speeds, ICs must, when switch

ing, supply high levels of drive current on their out
puts. Internal IC circuitry will draw more power when 
activated for full-speed operation. It is relatively sim
ple to design a board's power-distribution system so 
that it satisfies steady-state conditions. However, 
parasitics in the system can cause momentary current 
limitations and supply-voltage drops. These transient 
conditions can show up in the signal outputs or couple 
through the power-distribution system to adjacent de
vices in the circuit. 

To illustrate parasitic problems, consider the task 
of supplying power to an L7C185 8k x 8-bit static RAM 
(Fig 2a). Here, the L7C185 sits 6 in. away from an 
ideal 5V supply. V cc is routed to the RAM along a 

2.27 mil/IN. 40 nH/IN. = ~ I 0.18pF/IN. 
'AelN. 
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6-in.-long, 10-mil-wide trace, while a second 10-mil
wide, 6-in.-long trace provides the ground return. Each 
trace will have a parasitic resistance of 6 x 27mn=162 
mfl and an inductance of 6x17.5 nH = 105 nH. The 
L7C185 draws a quiescent current of 20 mA; for•full
speed operation, it requires 160 mA. 

Because a 160-mA current will introduce only a 26-
m V drop in both the V cc line and the ground return, 
the RAM's parasitic resistance will be negligible. The 
RAM's V cc value will be 4.948V. However, parasitic 
trace inductance can cause problems because, as its 
defining equation V = Ldi/dt illustrates, rapidly chang
ing current through an inductor produces significant 
voltage drops. For example, a 20-nsec read operation 
from the L7C185 will generate an inductive voltage 
drop of 105 nH x 140 mA/20 nsec = 0. 735V across both 
traces, leaving only 5-1.47=3.53Vat the RAM's sup
ply pin. Such a low value can lead to signal transients 
or cause data loss until V cc can stabilize. 

A more serious condition exists when the RAM pow
ers back down and tries to stop the current flow. The 
sudden decrease in currertt generates a large negative 
voltage spike across the trace-inductive reactances 
relative to the power supply. For a 20-nsec off time, 
the chip's instantaneous voltage will be 5+ 1.47 
=6.47V. The result is the creation of signal transients 
that may overstress and damage the IC. 

Good layout can make a difference 
There are several solutions to the problem of para

sitic inductance in power distribution, the most obvious 
being to widen the power traces. Widening power 
traces from 10 to 100 mils decreases inductance to 13.1 
nH/in. In fact, the most effective board layouts employ 
multilayer boards, which have separate power and 
ground planes. In addition to providing the lowest pos
sible inductance, this separate plane approach also sim
plifies the design of the power-distribution system. 

The best solution to trace-inductance problems uses 
bypass capacitors to provide localized power sources 
for each IC. By physically locating decoupling capaci
tors next to each IC, you shorten the Ice current loop 
to the physical length of the traces between capacitor 
and IC (Fig 2b). You can reduce trace length even 
more by using modern under-the-chip capacitors, which 
attach directly to the IC power pins-virtually reduc
ing the trace length to zero (Fig 2c). 

Before you can calculate minimum capacitor values, 
you must first establish an acceptable variation in the 
chip's supply voltage and then apply the defining equa-
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Fig 2-Proper decoupling techniques can significantly reduce para
sitic problems. The design goal here is to minimize the effects of 
parasitic inductance by keeping the I cc current loop as short as 
possible. 

tions for capacitance. Most modern ICs are specified 
to operate with a 5V ± 10% V cc· While a 0.5V variation 
may be acceptable if you're considering only one IC, 
it may be too high when you consider the contributive 
effects of neighboring ICs switching at the same time. 
In memory systems, for example, simultaneous access 
to banks of eight or 16 devices is quite common. In 
this case, it is wise to hold the supply variation to 
0.05V. Using the previous full-speed-operation figures 
of 140 mA and 20 nsec for current and switching time, 
respectively, the calculations yield a capacitance value 
of 0.056 µF. 

By shortening the inductive trace length, decoupling 
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Digital-system designers should pay particu
lar attention to power distribution and sig
nal transmission. 

capacitors also minimize overstress voltage by absorb
ing any inductive voltage spikes. In essence, you can 
think of decoupling capacitors as temporary current 
storage devices that help to smooth peak IC current 
demands. 

Designers typically employ standard-value 0.1-µF 
capacitors for decoupling service. So why not use larger 
capacitors to reduce supply-voltage variations even fur
ther? There are a number of reasons, all of which are 
related to capacitor characteristics. The first has to 
do with size considerations-it's simply more difficult 
to physically place large capacitors close to ICs. Sec
ond, construction limitations increase the parasitic in
ductance in large capacitors. Large-value capacitors 
can have the equivalent inductance of several inches 
of circuit-board trace and negate the advantage gained 
by using larger capacitance values. 

Finally, there's the problem of EMI. For maximum 
EMI suppression the decoupling capacitor must reach 
resonance in the frequency range of interest-typically 
30 to 50 MHz. Again, larger-valued capacitors have 
intrinsically larger inductance values. Viewed from the 
standpoint of resonance, this larger inductance value 
lowers both the capacitor's resonant frequency and its 
EMI suppression effectiveness. Thus, smaller-valued 
capacitors with higher resonant frequencies suppress 
EMI much better. (Ceramic-type capacitors generally 
exhibit the best high-frequency characteristics for EMI 
suppression.) 

The same interconnect parasitics that cause prob
lems in power distribution also plague signal transmis
sion, which is not surprising because power distribution 
and signal transmission are functional complements of 
each other. In power distribution, the signal source 
(power supply) remains constant while the load 
changes; in signal transmission, the signal source 
changes while the load stays the same. 

The previous analysis of power-distribution parasi
tics used an empirical approach (a lumped parasitic 
circuit model) to solve the problem. The approach 
yielded good results and also simplified the explanation 
of the underlying principles involved. In signal trans
mission, however, the principal parasitic effects stem 
from the even distribution of parasitics along a line. 
Therefore, you must use a different approach to ana
lyze the problem. Though this new approach involves 
a more involved circuit model, the analysis is applicable 
to power-distribution problems. 

Because parasitic resistance is constant over fre
quency, it is generally not problematic. Parasitic ca-
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Fig 3-You must match a line's characteristic impedarwe at all 
interfaces if you want to minimize ringing, undershooting, or over
shooting problems. 

pacitance and inductance, on the other hand, greatly 
affect signal transmission because of the time-deriva
tive relationships they define between voltage and cur
rent. 

One bad effect is delay. As a signal propagates down 
a trace it has to charge the distributed capacitors and 
inductors along the way, thereby introducing delay. 
System designers often neglect circuit-trace propaga
tion delay when calculating worst-case delay paths. 
Instead, they focus on the source and driver specifica
tions of the circuit's I Cs. Unfortunately, trace-propaga
tion delay can become a significant factor in high-speed 
systems that require large loads or critical timing re
quirements. 

Assuming you have an ideal signal source, the propa
gation delay TPD through a line will be equal to \/LC. 
Returning to the 10-mil-wide trace example in Fig 2A, 
the delay per unit length calculates out to T PD = 
V17.5 nHxl.2 pF=0.145 nsec/in. The trace delay 
itself is small, but when it's combined with even moder
ate loading values it can create large signal delays. 

When you're working with MOS circuitry, for exam
ple, loading is principally capacitive. You can evaluate 
the effect of this loading by applying the formula for 
T PD to a calculated bulk value of C and L. Doing so, 
you obtain TpD=VL(CT+C1)=V(LCT)+(LC1), where 
CT equals total trace capacitance and C1 is the total 
capacitive load value. CT is usually much smaller than 
C1, so T PD will be predominantly caused by the parasitic 
trace inductance combined with load capacitance-the 
LC1 factor. 

To illustrate delay problems, consider the design of 
a memory array utilizing a single source to drive eight 
L7C185 SRAMs (static RAMs) and in which similar 
signals (such as addresses) are daisy chained from one 
chip to the next. Each L7C185 presents a 5-pF load 
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on each input. With eight SRAMs in parallel, the total 
load capacitance equals 40 pF. If the circuit board is 
laid out well, the SRAMs will be located close to each 
other to keep trace lengths to a minimum. 

Assuming that you can use a 6-in. length of 10-mil 
trace to connect all the RAMs, the trace contributes 
a capacitance value of 7.2 pF and an inductance of 105 
nH to the delay calculation. Total T PD then becomes 
Y105 x 7.2 + 40 = 2.23 nsec. The example illustrates 
that trace inductance and IC load capacitance are in
deed the major contributors to signal delay, with trace 
capacitance making only a minor contribution. It's obvi
ous that, as with power distribution, propagation delay 
occurs because trace inductance retards the instantane
ous flow of current. Therefore, the best way to mini
mize propagation delay is to minimize trace inductance 
by maximizing trace crosssectional area-by widening 
trace widths or paralleling trace runs. 

Bring characteristic impedance into play 
Because of the time-derivative properties of the dis

tributed capacitance and inductance along the trace, 
voltage and current propagating down the trace main
tain a fixed-phase relationship to each other. Given 
this fixed-phase relationship, you can use characteristic 
impedance, expressed by the relation VL/C, to model 
traces for signal-transmission analysis. 

A second, more serious consequence of parasitic ca
pacitance and inductance is the introduction of signal 
transients. These transients arise because of the reluc
tance of the distributed capacitance and inductance to 
allow instantaneous changes in voltage and current 
along the trace. 

Signal transients-in the form of undershoot, over
shoot, and ringing-can occur unless you match the 
characteristic impedance of a trace at its interfaces. 
Reflected voltage and current wavefronts generated 
to satisfy boundary conditions generate these tran
sients, which can cause false switching, increase power 
dissipation, and generate EMI. 

To illustrate the problem, consider the case of a 5V 
signal propagating down a 1000 line terminated with 
a 3000 load (Fig 3). Initially, a 50-mA current front 
(5V/1000) follows the voltage front as it propagates 
down the line. When the fronts reach the 3000 load, 
a discontinuity develops-a 50-mA current is flowing 
through the line, but 5V into 3000 equals only 16. 7 
mA. To satisfy this boundary condition, fronts of 2.5V 
and - 25 mA reflect back down the line toward the 
signal source. The load voltage is now 5+2.5=7.5V 
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(b) 

(d) lcAPACITOR~Q 

Fig 4-There are many impedance-matching techniques available 
to solve transient problems. Though load-matching schemes (a), (b), 
(c), (d) are usually the preferred choice, you must turn to a source
matching scheme (e) when you're dealing with multiple loads. 

and current is 50- 25 mA-values which satisfy the 
boundary conditions. 

Back at the source, the reflected voltage and current 
fronts must again satisfy boundary conditions. Doing 
so may lead to more reflected waves. In time, the 
oscillations decay, and the line will achieve a steady
state condition of 5V throughout its entire length with 
a current flow of 16.6666 mA. A matching load of 1000 
would have satisfied boundary conditions and created 
no reflected waves. 

Line reflections occur anytime signals are transmit
ted along unmatched lines. However, they only cause 
problems when they fail to coincide with the edge of 
the driven signal, a condition which arises when the 
signal rise time is faster than the period over which 
the reflections dampen out. To simplify reflection-mag-
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The most effective solution to trace-induc
tance problems uses bypass capacitors to pro
vide localized power sources for each IC. 

nitude calculations, it's useful to define a reflection 
coefficient p where V r(renectec1i = p V;oncidenti· In general, 
you can derive p by satisfying boundary conditions as 
follows. 

The voltage and current initially flowing through the 
line are V; and V;IR0 • At the boundary, the termination 
impedance, Rt, equals V/lt. After reflection occurs, 
Vt/It= Rt.Given this relationship, you can calculate the 
reflection coefficient as 

An examination of p yields several bits of informa
tion. If Rt is greater than R0 , positive voltage reflec
tions will occur. Negative voltage relections occur 
when the opposite is true. For an open-circuited line, 
Rt dominates and p = + 1. In this case, Vr = V; and the 
termination interface will generate a reflection of 2V;. 
High-impedance terminations such as this can possibly 
create overvoltage conditions and increase power con
sumption because of the higher voltage levels they 
generate. Sufficient overvoltage levels can damage the 
input of ICs or induce latchup in a CMOS device. With 
a short-circuited line, R0 dominates and p = -1. There
fore, Vr= -V;, which negates V;. Negative voltage 
reflections can cause false switching action when you're 
dealing with multiple signal edges. 

When line and load impedances are matched, there 
are no transmission problems. Voltage reflections ping
pong along the line, attenuating themselves by p each 
time they reach the source or load. The reflections 
eventually decay to zero and the line achieves steady" 
state conditions. The decay time of the voltage reflec
tions depends entirely on the reflection coefficients p 
at either end of the line and the amount of propagation 
delay down the line. 

Choosing a suppression technique 
You can suppress transmission-line transients by 

matching impedances at either the source or the load. 
Load matching is the best option because it allows you 
to minimize source impedance, which enhances drive 
capability and improves signal rise time and de drive 
capability. Typically, the load will be the high-imped
ance input of a MOS IC, which means you'll have to 
lower load impedance to match the line impedance. 

There are several ways to lower load impedance. 
One utilizes an active termination employing a pull-up/ 
pull-down resistor network (Fig 4a). The effective load 
impedance equals the parallel combination of Rp, R0 , 
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Fig 5-Transient problems in power-distribution systems are sig
nificantly reduced when you use decoupling capacitors to minimize 
load-impedance variations. 

and the output impedance of the IC. In addition to 
matching impedances, this technique also establishes 
an active termination voltage, which can be used to 
help a weak source driver with rise-time and fall-time 
performance. The matching technique does have one 
drawback, however: there's a de current constantly 
being dissipated through the termination resistors. 

A second load-matching approach uses just a pull-up 
(Fig 4b), or pull-down resistor (Fig 4c). Either of these 
schemes solves the dissipation problem, but weaker 
source drivers will have problems with the additional 
load imposition, especially if multiple load paths are 
involved. 

You can avoid all de loading problems by using an 
ac-coupled load-termination scheme (Fig 4d). During 
the switching phase, the capacitor is virtually transpar
ent, and the pull-down-resistor impedance combines 
in parallel with the load impedance to match the line 
impedance. Under steady-state conditions, the capaci
tor blocks any current flow and removes the resistive 
load from the circuit. You choose the capacitor value 
to achieve a minimum impedance at the voltage-reflec
tion frequency V vR = 1/2T PD· 

To this point we've considered only a single imped
ance discontinuity at the load. In a typical system, 
however, discontinuities may occur anywhere there is 
a physical change in the transmission path. Such 
changes occur when you split a trace to drive multiple 
IC inputs, widen or narrow a trace, or pass through a 
connector. 

With several discontinuities in each line or with mul
tiple load locations, it may become impractical to match 
all load impedances. If so, you must opt for source
impedance matching. Typically, the signal source em
ploys a low-impedance driver, so you must raise the 
network's source impedance to match that of the line. 
To raise the source-output impedance you simply add 
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a series resistor at the driver output (Fig 4e). 
Again, power distribution and signal transmission 

are complements of each other. You can see the rela
tionship by applying the impedance-analysis techniques 
to power distribution (Fig 5). As the figure shows, 'the 
power-supply voltage remains constant while the im
pedance of the load varies. Voltage reflections and fluc
tuations occur during the transition between steady
state conditions. In order to minimize transients, there
fore, you must minimize the factors that cause fluctua
tions from a steady-state condition. 

Load impedance is the variable factor in power distri
bution, so your goal is to minimize load variations. 
Adding decoupling capacitors minimizes impedance 
variations because the capacitors become the dominant 
factor in the load-impedance equation. For example, 
assume that an IC being powered by the 5V power 
supply varies its current consumption from 50 to 100 
mA. Correspondingly, the IC's output impedance var
ies from 100 to 50!1-a 100% variation. At 1 MHz, a 
0.01-µF decoupling capacitor has an impedance of 
15.9!1. When you consider the parallel combination of 
capacitive and IC impedances, the load will now vary 
from 12.06 to 13. 72!1-a 13.8% variation-which will 
lead to significant reductions in voltage transients. 
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